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YK 004.896

YIIPABJIIHHS )KUTTEBUM IIMKJIOM IHOOPMALIMHUX
CUCTEM

B.B. BumneBcrekuii
Incmumym npobrem mamemamuunux mawun i cucmem HAH Yxpainu

Iam ’smi npogpecopa Jlumeunoea B.B. npucesuyemocs

B 2018-2019 pokax MeHi JOBEIOCS KOOPAUHYBATH BEIUKY JOCIITHUIBKY
poborty B iHTepecax MiHicTepcTBa 060poHH YKpainu. Po6ora Oymna mpucBs-
YeHa OCIIHKCHHIO CYJacHHX IMiAXO/IB Ta PO3po0IIi BiAMIOBIAHUX periame-
HTYIOYHX BiIOMYUX JOKYMEHTIB JJIsl YIPABIIHHS KUTTEBUM ITUKIOM iH(pOP-
MaliiHUX CHCTEM BOEHHOTO NMpu3HaueHHA. Came mix Jac miei podoTH 4acTo
NPUTaayBaB CBOI Hepii KOHTaKTH 3 Ipodecopom JluTBrHOBHUM Bitaniem Ba-
CUJILOBUYEM, SIKI PUITAJIHA HA [T0YATOK ABOXTHCSYHUX POKIB, KoM Bitamii
BacuiboBHY MepeiIiios 3 TPYIO0 TOCITIIHUKIB IO HAIIIOTO IHCTUTYTY. ATKe,
came 3aBJsikU Bitato BacunboBruuy JINTBHHOBY B HAaIlIOMY iHCTUTYTI IOYalI
BUKOPHCTOBYBATHCh TaKi TEPMiHH, SIK: TEXHOJIOTI4HA 3pLIiCTh KOMIaHii, MO-
Jenb Oi3Hec-TpoleciB, MOAENIb MPEAMETHOT raly3i, IHKeHepis CKIaIHol CU-
CTeMH, MPOICCHUH MiAXiA Ta iHII CydJacHi TepMiHH, sIKi 3apa3 BKe BBEICHI
JI0 HaIlIOHABHUX CTAHAAPTIB 3 iMKeHepii cucteM. B THX mpoekTax, siKi 10-
BeJIOCS BUKOHYBATH MiJl KEPIBHUITBOM Ipodecopa JINTBHHOBA, BUKOPUCTO-
BYBAIKCH MIA0JIOHH TOKYMEHTIB, 1[0 0€3yMOBHO Bi100Oparkalii I1i Cy4JacHi Te-
pMiHE Ta MPOIECHUH MiAXix B3arami. A OT I MEPeHOCY IHOT0 MiAXO0ay Ha
PiBEHb IHXKEHEPHUX PO3pPOOOK B iHTEpecax 0OOPOHU JiepkKaBU 3HAIOOHIIOCS
Mmaibxe 20 pokis. [Ipu oMy, 1iell npolec Nepexoay 3HaXOJUThCS JIMIIE Ha
[TOYATKOBIH CTail, OCKIIBKH JI0 IOTO Yacy MpU PO3pOOKax CKIagHUX 1H(O-
pMaLiiiHUX CUCTEM MU BUKOPHCTOBYEMO JIOKYMEHTO-OPI€HTOBAHI paJisiHChKI
crargaptu rpynu [OCT34.

[likaBo 3a3Ha4YMTH, 1110 IPH OLIBII MITHOOKOMY BUBYEHHIO MTPOLIECHO-OPi-
€HTOBAHUX ITiIXO/IiB POCKTYBAaHHS y TMOPIBHIHHI 3 JOKYMEHTO-OPiEHTOBA-
Humu migxogamu ['OCT34 3’scyBanocs, Mo OCTaHHIM B3arali He mependa-
YEHO TEPMiHY «yNpPaBIiHHS )XKUTTEBUM LIUKJIOM», X04a MOHSITTS <OKMTTEBUI
LMKJI aBTOMaTH30BaHOi cucteMu» Mae Bu3HaueHHs 1 B [OCT34. IlosicHio-
€TBCS Lie JyXe mpocto. Jist Toro, mob ynpasisity, Tpeda AeTepMiHyBaTH Ji-
STIBHICTD TI0 CTBOPEHHIO CHCTEMH JI0 THUIIOBHX IIPOLECIB, SIKI MAlOTh CBOT
BXOJIM Ta BUXOAH. T0/i, 00Uparoyr KOMIJIEKTH THUX YH 1HIIUX MPOIIECIB IS
KOHKPETHOT'O TIPOEKTY, OyIe MOKIMBAM OAa4UTH BECh )KUTTEBHHA LUK iH(DO-
pMariifHoi cucTeMu B IWHaMimi Ta ynpasistd HUM. Cami mporecu Ha men
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Yac BUBYAIOTHCS JAUCIHUILTIHO 3 HA3BOK «iHXKEHEPis CHCTeM» abo «chcTe-
MHa H)KEHepis» Ta peKoMeHzoBaHi B crannapti 1SO15288, saxuii Bxke mMae
yKpaiHChKy Jokamizarito ta craryc JJCTY [1].

' B
ﬂgogecu yrooum
( Mpouec 3akynieni Ta nocTayaHHA ]
- »
2 iz N
i Mpouecwu opraHisauinHoro sa6esne4yeHHs NPoOeKTy
. . Mpouec ynpaBniHHA
Mpouec ynpaeniHHA MNpouec ynpaBniHHA nopTenem NpoeKTie
3HAHHAMU MOAENIIIO JKUTTEBOTO LIUKIY (Portfolio)
Mpouec ) JlonomixkHi
ynpasniHHA nnzgﬁﬁﬁm opraHisauivHi Mpouec
NIOACLKUMN inJy ax?:r CB6IG npouecu ynpasniHHA AKICTIO
pecypcamu PacTByKTyR JKUTTEBOTO UMKITY
b J
[ MpoekTHi npouecu i
Mpouec ( MNpouec
nnaHyBaHHA MNponec ynpasniHHa lMpouec
ynpasniHHA = ynpasniHHaA
nporpamu/ pu3ankamu NRUKHATIAM KOHdirypauiero
NpoeKTy J L pilleHb
h ( MNpouecn
MNpouec lNpouec »
. YHDaBniHaﬂ aaﬁeaneueunﬂ ng:gg-éea?mﬂ yggzggﬁgg
iHcbopmalieto AKOCTI KUTTEBOTO LMKy
= Mpouec ouiHkM Ta
lMpouec ynpaBniHHA =
3 : ynpasriHHA Nporpamoto/
BiICTEXKYBaHICTIO BUMOT NPOeKTOM
»
S )
[ TexHi4Hi npouecun
-
Mpouec BUaHaueHHsi Mpouec Mpouec Mpouec
noTpeod i BUMoOr BU3HAYEHHsA BUMOT BU3HAYEHHA SaBaANIS
3auikaBrneHnx CTopiH A0 cucTtemMun apXxiTekTypu P Y
-
Mpouec MNMpouec fisstiesinarsali MNpouec noricTuyHol
aHanisayBaHHA aHanisyBaHHA T‘:B::: oBa rgH:j;, nigTPUMKN Ta
AiAanbHocTI abo micii cucTemm P K cynpoBoay
MNpouec MNMpouec MNMpouec MNMpouec B':ggueca
Bepudikauil Banipauii nepexony ekcnnyartauii eKcnny§¥aui1
(. J

Puc.1 IIpouecu ®UTTEBOTO LUKITY iHGOPMALIHUX CUCTEM

Jis cucteM BOEHHOTO TPU3HAYCHHS, 30KpeMa iH(QOPMAIIHHUX CHCTEM
MiHicTepcTBa 000poHHN YKpaiHu, HaMu JokaiizoBaHi pekomennauii HATO,
SKi BUKIIAJICHI B aJMiHICTpaTUBHUX mpoTokonax AAP20 ta AAP48 HATO
Ta B IUIOMY TaKoX BiamoBimaroTh cranmapty 1SO15288. 3aranpHa cxema
MpOIIeCiB HaBeICHA Ha pHC. 1.

STk MOKHA MOOAYHTH 3 prcC. | BCHOTO TAKKMX IPOIIECIB Ha IIeH Yac BHIIICHO
31 i BoHM po3aiieHi Ha 4 IpyIH, a caMme — MPOLIECH YrO/H, IPOLECH OpraHi-
3aMiiHOr0 3a0€3MEeUYCHHS IPOCKTY, MPOSKTHI MPOIIECH Ta TEXHIYHI MPOIECH.
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Haii0inp1 cKi1aJHOFO 33/1a4€I0 B XOA1 YIPaBIiHHS )KUTTEBUM LIUKIIOM, Ha
Halll TIOTJISI, € OpraHi3aliiHi pinieHHs Ha 6ol 3amMoBHUKA. OCKUIBKH TaKky
PEKOMEHIOBaHy KiJbKICTh MPOLECIB AJIsl KOKHOTO MPOEKTY 3AaTHI OpraHizo-
BYBaTH Ta BUKOHYBAaTH JIMIIE BiAMOBIAHI MPOEKTHI odicH, sKi Ha Iel vac
MIPOCTO Bi/ICYTHI.

OTxe, mepexi Ha Cy4YacHi HMiAXOAH YIPABIIHHS KUTTEBUM LUKIOM iH-
(opMamiifHUX CHCTEM B HAIIMX Peajlisax e Tonepeny.

Jlitepatypa
1. ACTY ISO/IEC/IEEE 15288:2016 (ISO/IEC/IEEE 15288:2015, IDT)

Imxenepist cucrem i mporpaMHoro 3adesmnedeHHs. [Iporecu KHUTTEBOTO LU~
KIIy CHCTEM

VK 339.944.2

HNEPCIEKTUBU KUTAMCKO-YKPAIHCHbKOI'O HAYKOBO-
TEXHIYHOI'O CIIIBPOBITHUIITBA

Dy XyH
Kepienux npoexmie

Kumaiicko-yxpaincoxuil Llenmp inosayitinozo cniepodimuuymea 6
Xapbini,

rxomnanin Hua Yue Oriental enterprise consulting management LTD.
Kumaiicexa Hapoona Pecnybnika

huayuedongfang_fh@163.com

Kommnanis Hua Yue Oriental enterprise consulting management LTD 3
2015 poky 3aiimae nipoBiaHi mo3uirii B Kutai B 0011acTi KHTaChKO-yKpaTHCh-
KOT'0 MIXpETiOHAJIbHOTO CHIBPOOITHUIITBA B chepi OCBITH, HAYKHU 1 TEXHIKH,
KYJIBTYPH 1 TOPTiBIIi. 32 OCTaHHI 5 POKiB KOMIaHi€0 OyJI0 OpraHi3oBaHoO Ha-
YKOBO-TEeXHI4UHI (hopymH, cemiHapu, 3ycTpiui - "Kurailicbko-YkpaiHcbkuid
HAyKOBO-TEXHIYHMH iHHOBaMiiHK# Gopym B Xapbini i [lepmmit nens Yipa-
ian B Xap6ini", "Cpoma XapOiHCbKa MiXXHApOHA BUCTaBKa HAYKOBO-TEXHi-
yHuX JocsirHeHb 1 Jpyruit Kutalicbko-YKpaiHChbKHI HAyKOBO -TEXHIYHHI
iHHOBawiitHui Gopym B XapOini "," XapOiHChKOMY MiXHapoxHUH (decTu-
BaJIb JILOAY 1 cHiry - 2020 ", Tperiii nenp Ykpainu B Xap0Oini" Ta iH..
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OCHOBHE 3aBJaHHsI KOMIIaHI1 MOJIATae B PO3BUTKY HAyKOBO-TEXHIYHOTO,
BUPOOHHMYOTO i KYJIbTYPHOTO CIIBPOOITHHUIITBA Mi’K KUTalChKUMU Ta yKpaiH-
CBKMMHU yHiBepcuTeTamu. KpiM TOro - 11e mepiu 3a Bce Jij0Ba 3ycTpiy mapr-
HepiB, sKi IIyKalOTh HOBI KOHTAKTH 1 TPOEKTH HA MIXKPETiOHAILHOMY PiBHI.

Kommnanist akTHBHO NMPOBOAMTH POOOTY B OpraHizamii CHiJIBHUX JOCIHi-
JUKEeHB, CTBOPEHHSI CITUTBHAX HAyKOBUX JabopaTopiif, 0OOMiHY CTyIeHTaMH,
acmipanTtamu Ta HayKoBIIMA. Taxk B gepBHi 2019 p B M Hanpuans kommaHiero
OyB opranizoBaHa Mi>kHapoIHa KOH(EpeHIIis 31 criBpOOITHHIITBA B cepi BU-
pOOHHUITBA, OCBITH 1 HAYKOBHX JOCIiIKEHb.

B pamkax xoH(epeHIii 0yno mpoBeaeHo GOpPyM PEKTOPiB KUTAHCHKHUX i
YKpaiHCBKHX YHIBEpCHUTETIB 1 HayKoBi miaGopyMu. Y HHX B3SIH y4acTh
Mpe/ICTABHUKY 0araThboX YKpaiHChKHX HayKOBHX OpTraHi3auiil i yHiBepcuTe-
TiB, 30KpeMa [HCTUTYTY mpobiieM MaTeMaTHyHUX MaiuH i cucreM HAH Yk-
paian, HTYVY «KIII im. 1. Cikopcbkoro », YepHIriBCbKOTro HallioHalIbHOTO
TEXHOJIOTIYHOTO YHiBepcuTeTy. CBOT HAYKOBI JOTOBI Il TPEICTABHIH AOICHT
Tpynosa O.B., nouent Ckirep 1.C.

Sk pe3ynbTat OyB MiANMCAHUI JOTOBIP PO HAYKOBO-TEXHIYHE CIIIBPOOi-
THHILTBO 1 CTBOPEHHS CIIUIBHOTO LEHTPY NpodeciifHO-TEXHIYHOT OCBITH MiX
[lleHpYWKEHCKUM TEXHOJIOTIYHUM 1HCTHTYTOM 1 UepHIriBCHbKMM HalliOHaNb-
HUM TEXHOJIOTIYHUM YHiBepcUTEeTOM. B pesynbrari 3aB'si3anucs TicHI Hay-
KOBI 3B'SI3KM MK YHIBEpCUTETaMHU.
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[in xkepisaIIITBOM TIpod. JInTBHHOBA B.B. Oynu po3mouati pobotu B 00-
JacTi mepeaadi eHeprii it moTped eneKTpoTpaHcnopTy 3 [HeTuTyTOM iHTE-
JIEKTYyaJIbHOI HayKH i TeXHiKH LLIeHbYWKeHCHKOTO TEXHOIOTYHOTO iHCTUTYTY
i [HCTHTYTOM eneKTpOHHUX Ta iH(opMatiifanx TexHooriit YHTY.

ome to ShenZ

3a opranizauiiiHoi miarpuMkn anminictpanii HoBoro paiiony Xap0Oina,
XapOiHCHKOTO yHIBEpCUTETY KOMep1ii, Y TpaBiliHHS HayKH 1 TexHiku Hapon-
Horo ypsity XapOina i komnanii Heilongjiang Huayue Oriental Enterprise
Management Consulting 5-7 ciunst 2020 6ye npoBexneHuit 3-ii «Kuraiicbko-
YKpaTHCBKHI HayKOBO-iHHOBALHHUHA popyM y XapOini». Y Horo pamkax Bi-
n0yBest «KpYTIHi cTiDy pektopiB Ykpainu i Kutato, B skoMy B3suUI y4acTb
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KEpIiBHUKHM XapKiBCHKOTO JIEPXKABHOI'O YHIBEPCUTETY XapuyBaHHs Ta TOPTi-
B, Jlep>kaBHOTO yHIBEpCUTETY 3aJJi3HUYHOTO TpaHCTIOpTy, CyMCBKOTO Jep-
JKaBHOTO YHIBEpCUTETY, HallioHaIbHOTO TEXHIYHOTO YHIBEPCUTETY «XapKiB-
CHKHMH MOJITEXHIYHUH IHCTUTYT», XapOiHy yHiBepcutTeTy komepuii, HaHb-
YaHBCKOTO aBiallifHOTO YHIBEpCUTETY i yHiBepcuteTy r.l[3smycu (mpos.
XeHmyHIBSH), a TakoX npenctaBHukH [loconperBa Ykpainu 8 KHP ta Mi-
HicTepcTBa OCB_iI.I/I- I_(llya}o.

[MapanensHO 3 3a3Ha4YeHHM 3aX0J0M BijOynacsi HayKOBO-iHHOBalliiHa
koH(pepeHIis, Ha sKiH, 30KpeMa, OyH MpeacTaBIeH] TPOEKTH YKPaiHChKUX
BY3iB 1 IHCTUTYTIB, sIKi IPOIIOHYIOTHCSI KHTAHCHKUM ITapTHEPaM JUIS CHUTBHOT
peaizanii Ta komepmiamizanii Ha puaky KHP. Ha niit npencraBnimm cBoi npo-
eKTH: XapKiBChKHH YHIBEPCUTET XapuayBaHHs 1 Toprisii, Jlep>xaBHui yHiBep-
CHUTET 3aJIi3HUYHOTO TpaHcropTy, CyMChKU epkaBHUH yHiBepcuret, Ha-
LIOHAJILHUH TEXHIYHUH YHIBEpCHTET «XapKiBCHKUH MOJITEXHIYHUHA 1HCTH-
TyT», XapKiBCbKHI JIep>KaBHUH YHIBEPCUTET paliOeNeKTPOHIKH, YepHiriBch-
KWl HalllOHAIbHUH TEXHIYHUHN yHIBepcUTeT, [HCTUTYT pobiieM MatemMaTHy-
Hux MamuH i cucreM HAH VYxkpainu, [HctutyTt enexrpo3saproBansst im. [la-
ToHa, [HCcTUTYT pamiodi3 uku i enektpoHiku HAH Ykpainu, YkpaiHcbkuit
IHCTUTYT HaJaTBEpIUX MarepianmiB iM. bakyss, MukonaiBcbkuit MOpChbKHI
cnemiaizoBanuii mopt «Hika-Tepay.

Kommnanist Hua Yue Oriental enterprise consulting management LTD po-
3IIMPIOE KOMYHIKaIiHY 1 MaTepiaibHy 0a3y KHTalChbKO-yKpaiHCHKOTO Hay-
KoBoOro criBpoOiTHHIITBA. Ha mouatky ciuns 2020 poky BinOytocst BIAKPUTTS
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«Kuraiicpko-ykpaincbkoro L{eHTpy iHHOBaniifHOTO CIiBpOOITHUITBA B Xap-
0iHI», SIKMH € 00'eIHAHOIO TIATPOPMOIO YKPATHCHKHX 1 KUTAHCHKHUX MapTHE-

piB.

3a pimreHHsM Braau Xap6ina nanuii LleHTp 3apeectpoBaHuii Ha MaiigaH-
yuky Jiangbei Integrated Development Area in Harbin New District i iforo
PO3BUTOK Takoxk Oyjie 3a0e3reuyBaTHCs BiANOBITHUMH IPOrpaMaMH i ATpH-
MKH, SIK1 TIFOTh JJIs1 y4acHHUKIB 11i€i 30au. KepiBuuiirso Llentpom Oyae 3miii-
cHIoBaTH XapOiHchkas kommaHnis Heilongjiang Huayue Oriental Enterprise
Management Consulting. 3 2015 poky 1s KOMITaHis 32 y3rOKEHHSIM 3 Blla-
JIOF0 YKpaiHCHKHX pPerioHiB mpezcTanisie B Kurai inTepecu XapkiBchKoi 00-
JacTi, 3 HelaBHBOTO Yacy iHTepecu CyMCBKOI 0071acCTi, a 3 CIYHS IbOTO POKY
- intepecu M.Cymu, M.CnaBytud, M.JIo3oBa i Mm.Ozeca.

Cropennst «Kuraiicbko-ykpaincekoro LleHTpy iHHOBamiifHOTO criBpo-
OiTHULTBa B XapOiHi» € BXIIMBUM €TallOM PO3BUTKY JBOCTOPOHHBOTO KH-
TailcbKO-yKpalHCHKOTO CIIBPOOITHUIITBA 1 OyJie BUCTYNATH TOJOBHUM py-
LIIEM TOAANBIIOT0 PO3BUTKY HAYKOBOTO, T'YMaHITAPHOTO Ta TOPTOBENHHO-
€KOHOMIYHOTO maptHepcTBa. LIeHTp QyHKILIOHYE SIK CTPYKTYpHHH ITiAPO3IiT
B eKOHOMIuHiii 30Hi Jiangbei Integrated Development Area in Harbin New
District i Oy/ie BUKOPHCTOBYBATH JI0JJATKOBI MOXJIMBOCTI (piHAHCOBOT MijT-
PUMKH HOTO AisUIBHOCTI, BKJIIOYarouM (hiHAHCYBaHHS peanizalii OKpeMHux
MIPOEKTIB, YYaCHUKAMH SIKMX € BY3U Ta IHCTUTYTH Y KpaiHH.

Tomy, 3apa3 MOKHa CTBEp/KYBATH, 110 S-piuyHUI TOCBIA peaizalii KoH-
nenuii moOyJ0BU BCEOCSHKHUX MIKPETiOHAIBHUX BITHOCHH MIX YKpaiHOIO 1
Kuraem Ha 6a3i ozHiel 3 kimouoBux nposiHniii KHP naB xopomri pesynbrary.
3a 5 pokiB 1 mwarhopma po3IMHPHIIACS HE TUIBKHU 32 PaXyHOK YKPaiHCHKHX
perioHiB, a i perioniB Kutato - 10 Hei npueaHanucs, nepi 3a Bce, By3H 1
npuBatHi ctpykTypu 3 Hanpuanto, Cianto i llleHpwKeH0, SIKMM He BUCTa4Yae
JIOCBily caMOCTiHHOT MOOY/I0BU BiJTHOCHH 3 YKpaiHOIO.
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Kpim toro, Bona Bxe Bigoma B Minicrepctsi ocBitn KHP, sike Takox
npuBepTae ii 10 opraHizauii HayKOBUX 3ax0iB sk B Kurai, Tak i B YkpaiHi.

IIpoTsirom octaHHIX 2-3 POKIiB HA IIEOMY MaiJJaHYUKy PO3TOPHYIIH CBOIO
JSUTbHICTh XapKIBCBKUE IHCTUTYT €HAOKPUHHOI matosorii, /{HinpoBchbKuit
HAIIOHAILHUHA YHIBEpCUTET, XapKiBCHKHI HAI[lOHAIBHUIN aBIiaKOCMIYHUHN
yHiBepcuTeT, KHiBCbKHIA iHCTUTYT HANTBEpANX MaTepianiB, [HCTUTYT eneKT-
po3BaproBanHs iM. [TaToHa. XapKiBCEKHM YHIBEpCHTETOM PaIiOeIeKTPOHIKN
OyI10 3miiiCHEHO MIIOTHUH MPOEKT BIIPOBAKEHHS B XapOiHi TEXHONIOTI{ BH-
POOHHIITBA aTBTEPHATUBHOIO OiOMaBa 3 MYJIOBHUX OCAJiB, SKHHA OTPUMaB
CXBaJICHHS MICLICBOI BJIaiN. 3apa3 ONpanboBY€ETHCS MOCTABKA YCTATKYBAHHS
[HcTHTYTY enekTpo3BaproBaHHs iM. [laToHa MEeIMYHOTO MPU3HAYECHHS B IIPO-
BIiHIIIIO, JIe TAPTHEPOM BUCTYIIa€ MEUYHUI yHiBepcuTeT M. L[3samycu 3a mia-
TPUMKH MicueBoro ypsay. Y Bepecti 2019 p. 6inbie 80 maricTpaHTiB, acri-
paHTIB 1 JOKTOpaHTiB HaHbYaHCHKOTO YHIBEPCUTETY MOBITPOIUIABAHHS 1 KO-
CMOHABTHKH BCTYITWIH 10 XapKiBCbKOrO aBialliifHoro yHiBepcuret iM. XKy-
KOBCBhKOTO 1 KHIBCHKOTO aBialliifHOTO YHIBEPCHUTETY.

M BipUMO B ITOJANBIIHIA PO3BUTOK HAIIOI CIIIBHOT miaTdopMu: € mpa-
THEHHS TIAPTHEPIB, € BENNKI TUIaHU, € cepiio3Ha miarpumka. 7 ciuas 2020 Ha
3ycTpiui 3 ykpaiHCBhKOIO feneratieto Mmep Xap0ina Cyns Yxe MoasKyBaB yK-
palHIsIM 32 MATPUMKY ICTOPHYHOI ITaM'sTi TBOX HAPOIiB, OaraTopiuHy CIIiB-
mpairio 3 XapOiHOM i MiATBEpaUB IOAABITY TOTOBHICTH MiCTa HOTIHOIIO-
BaTH CIIIBIPAITIO HA BCiX HAPsMKaX, 1 30KpeMa, pO3BHBATH IHCTPYMEHTH (i-
HaHCYBaHHSA peastizalii epeKTUBHUX CHUIbHUX HPOEKTIB.

[ = = TSN t

MeMopiaJadLaa OIS

y A e e 7 4

FHHitaYieel dDorig Farig

HuaYue Oriental enterprise consulting management co., LTD
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BAJIEHTUH MUKOJIAMOBUY TOMAIIEBCHKUM —
IMPO®ECOP, HAYKOBEILb, 11514 OCBITHU

C.®. Tenenuk, [.B. Crenienko, O.I'. J)Knanosa
Kuiscoxuii nonimexuiunuii ynisepcumem im. leops Cikopcvkoeo

PanrroBo obGipBanock xuTTs npodecopa Banentnna MukosaiioBuua To-
MaIeBCcbKOro. JIlymMKkaMu mpo HayKoBYy poOOTY CBOTO y4HS, ITO I0PO3i Ha Ha-
YKOBY JIOTIOBiJlb HA CEMiHApi CIemiaIi30BaHOI BUCHOI pajH.

Po6orTi BiH OyB BimmaHmii 3aBXKIH. Moro 3mHar0Th i MOBaXkaroTh B 6araTbox
yHiBepcuTeTax YKpaiHH Ta IMOCTPaISHCHKOTO MPOCTOPY, OCKUIBKH BiH OYB
MpoBiTHUM (paxiBIeM 3 iMiTaIliifHOTO MoJeoBaHHS cucTeM MoBoio GPSS,
aBTOPOM IIHPOKOBIIOMOTO HABYAIBHOTO IiAPYYHUKA 3 MOAECNIOBAHHS CHC-
TeM [1] Ta KHIXKKY 3 iMiTalliiiHoro MmojaenoBanus Moo GPSS [2]. MoxHa
CKa3zary, 110 came 3 HOro Mpi3BHIIEM OB’ s13aHa OUIBLIICTh HAYKOBUX POOIT
3 IIbOTO HANPSMKY HayKOBOI JAisUIbHOCTI B YKpaiHi. BiH € po3poOHHKOM iH-
TEPaKTHBHOI CUCTEMH IMITaIlIHHOTO MOICTFOBAHHSI CHCTEM MacoBOTO 00CITy-
TOBYBaHHSI Ta TpaHCIOPTHHUX Mepex [SS200, sika ycminiHo IeMOHCTPYBalach
Ha Bucraui CeBIT-2006 y m. "'anHoBep, Himeuunna. Banentinn Mukomnatio-
BUY IPUHMaB y4acTh y HAYKOBOMY PEIaryBaHHI IepeKiagy HalBimoMimrol
kauru Kenbtona B., Jloy A. “Umuraunonnoe moaenuposanue” [3].

OpmHuM 3 mepmmx B YKpaiHi BiH CTBOpUB cailT 3 TeMaTHkH “Momemto-
BaHHS CHCTeM, Jie PO3MIIIyBaB I[ikaBy iH(OpPMAIII0 PO HOBI MPOEKTH Ta
HAYKOBI KOH(EPEHIIil, IKi IPOBOASITHCS 3 Ii€r0 TeMaTukor. Y 2006 pori Ha
[OMY CalTi 3’SIBHJIOCH MOBIIOMJICHHS Tpo [lepiny MiKHAPOIHY HAYKOBO-
NpakTH4YHy KoH(DepeHiilo MaTemaTnyHe Ta iMiTaliiiHe MOAEIIOBaHHS CHC-
tem (MOJIC).

Just koudepenuii MOJIC BiH OyB HE MPOCTO yYaCHUKOM, YJICHOM IPO-
IpPaMHOT'0 KOMITETY, a podecopom, 3a JyMKOIO SIKOTO 1 OPajolo iXaJiu Ha
1F0 KOH(EPEHIIit0 MOJIOI Ta O1IbIIT JOCBIAYCHI HayKoBIIi. BanenTrnn Muko-
JIaOBHY 3aBXKIM MiAKPECIIIOBAB, 0 i7Ies CTBOPEHHS KOH(EPEHIIil HaJIe)KUTh
Biraniro BacunmsoBray JIuTBHHOBY, a BiH 11 TUTbKH migTpumaB. [Iporte Bci
YYaCHUKH CIpUAMAaNH iX SK €IWHUH ineiiHuid neHTp koHdepeHmii. Bonn
OyJI OZHOOYMIISIMH B HAYKOBUX IOCIIJDKEHHSX, PO3BHBAIIM Ta MiATPUMY-
BaJIM PO3BHTOK IMITAI[IfHOrO MOJEIIOBaHHSA B YKpaiHi. 3aBXIU TUBYBAJO,
HACKIIbKHU IIUPO BOHY PAJIiIi HOBOMY HAyKOBOMY pe3y/IbTary, LiKaBill 1o-
TOBiJli, XOPOLIOMY JIONOBiTauy. IX cripaBeBI CXBaNbHi BiATyKH HATHUXAJIH
MOJIOAMX HAYKOBIIIB Ha HOBI jociikeHHs. Ko)KHOro poky Ha KoH(epeHIii
anpoOOBYBAJIOCH AECATKH KaHAWAATCHKHUX Ta JOKTOPCHKUX HAYKOBUX POOIT
11X aBTOpH HEOJIMIHHO OTPUMYBAJIH TaK MOTPIOHY Mepes 3aXUCTaMu CYBOPY
aJie CrpaBeINBY KPUTHKY IIpodecioHaiB.
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3aBnsiku Banentnny MukonaiioBudy 6arato KoJjier-HayKOBIB, acIipaH-
TIB Ta CTYJIEHTIB BiKpWIN 1Jis cebe Take siBHILe, sk KoHpepenuis MO/JIC.
[Ticnst BaYKKOTO HABYAIBHOI'O POKY JUIS KOJKHOTO YYacHHUKa Ll KOH(epeHIis
€ “KOBTKOM CBIXKOTO MOBITps” 3aB/SKHA OPTraHiYHOMY ITO€AHAHHIO (hPOpMab-
HOTo i He()OPMaIBHOTO CHUIKYyBaHHs, HAyKOBOTO i JIpy>KHbOro. | Haa3BH-
YaifHO Ba)KJIMBY POJIb Y CTBOPEHHI Takoi arMocdepu rpamu npodecopu B.B.
JIutBrHOB Ta B. M. TomameBCbKHI.

BanentnH MukoigaifoBIY MpalioBaB Ha Kad)eapi aBTOMaTH30BaHUX CHC-
TeM 00podku inpopmarii Ta ynpasmiras HTYY “KIII im. Irops Cikopcb-
Koro” 3 ii 3acHyBaHH:A y 1978 pori. Jlo mboro BiH KiTbKa POKIB yKe IpaIfoBaB
Ha Kadenpi TeXHIYHOI KiOepHETHKH HAIIOTO yHiBepCHTETy. Bapro 3a3Ha-
YUTH, 0 HOTO NUIIX K BYSHOTO 1 npodecioHana B ranysi iHpopmaniitHux
TexXHOoJori# 3aBxau 0yB noB’s3anuii KI11. I BnpogoBxk ycix pokiB BiH 3aBxKIU
BUJIUIABCS] CBOEIO BPIBHOBAYKEHICTIO Ta CIIPABEIIMBICTIO, IParHEHHSM CaMo-
BIOCKOHAJICHHS 1 PO3BHUTKY, KPUTUYHHUM IOTJISIOM HA JKUTTS y BCIX HOro
nposiBax. Y BIIHOIIEHHSX 31 CTyJIeHTaMH, BCTAHOBHBIIHN “TIpaBuiia rpu’”, BiH
HIKOJIK X HE 3MIHIOBaB, i caMe UM BUKJIMKAB [OBAry CTYACHTIB Ta KOJIET.
Taxumu X BiH pa3oM 3 Ipy>KHHOIO TaMaporo BUXOBYBaB 1 CBOIX AiTEH - CHHA
Bamuma i noapky Haramiro.

Banentnny MukonaiioBudy 3aBxau Oyio MpUTaMaHHUM CydacHe Oa-
YeHHsI MpaliBHUKA 3aKJagy BUIOI OCBITH SIK BHKJIAJada, BUCHOTO 1 1HXKe-
Hepa. Moro nexii HiKo/IH He 3iTPyThes 3 TaM’STi CTY/ICHTIB, SIKUM BHIIANO Y
HbOTO BUMTHUCS, a MIIPYYHUKH 3 MOJICTIOBaHHS JAECSATKH POKIB € 0a30BUMU B
VKpaiHi Ta if Ha BCbOMY IOCTPAASHCHKOMY TpocTopi. Moro Mosorpadii i
CTaTTi JaJii MOLITOBX 0araThbOM HAayKOBUM iJiesiM HOTO YYHIB Ta MOJIOIMX
BucHHX. HaykoBi izel Banentun MukonailoBUY 3aBXKIK JTOBOIUB 10 1HXKe-
HEpPHUX pO3pO0OK, 3aBeplleHNX 1HPOPMAIITHUX TEXHOJIOTIH, SIKi IPUHOCHIIN
KOPHCTh Y PI3HUX cepax JIOACHKOT isUTbHOCTI.

SIKmo HamaraTuch TpbOMa CIIOBAMH OITH-
catun BanentmHa MukonaiioBuda, To 1ie Oy-
IIyTh CJIOBA “UICHICTB, HAIHHICTE 1 Pi3HOOI-
yHicTh”. [Ipu 30BHINIHINA CTPUMAHOCTI BiH OYB
IyXe moIsHuM. barato BHITyCKHUKIB Kade-
JIpY BUKOHYBAJIM IMIUIOMHI IPOEKTH Ta Maric-
TepChbKi aucepTamii Mg HOro KepiBHUIITBOM.
BanentnH MukonalioBHY yMiB NPHUBHOCHTH
naj B IX MIPKyBaHHS, PO3CTaBJIATH AYMKH B
JIOTIYHIH ITOCIIJOBHOCTI, BIIKHUIATH BCE 3aliBe,
i Te, 0 CIIOYaTKy BUIIISAAI0 YUMOCH HE3PO3yMUINM Ta 3aIUTyTaHHM CTaBajo
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LTICHUM 1 JIOTIYHUM. 3a4acTy TEIUli BIIHOCHHU 3 HOro “migomiyHuMu’ 30e-
piraimch i mMiATPUMYBaJIKMCh BIIPOJIOBXK OaraTbOoX POKIB MiCIs OTPUMAaHHS
HUMU JUILIOMIB.

Pimaumvu uis Banentuna Mukosaiiosiya 0ynu JIbBIB, 1€ BiH 3’ IBUBCS Ha
CBIT 1 IIPOBIB TepIIl POKU CBOTO XHTTA, 1 KHiB, ne BiH HaBYaBCs, CTBOPUB
ciM’10 1 3HaHmOB cebe y OcBiTi i Haywi. Ane BanerTna MukoaaifoBIY HIKOJIH
HE BIATOPOIKyBaB cede Bix pemTy cBiTy. Bin OyB maTpioTroM Ykpainu i mo-
gyyBaB cebe JlronuHoto cBity. | 11e Oyno nmpupogHUM I HBOTO, 00, Ha HOTO
IyMKY, BUMarajio JOTpIMaHHs OJHAKOBUX )KUTTEBHUX 3acasl.

Baneatnn MukonaiioBnd OyB JIFONMHOIO Pi3HOOIYHHMX iHTEpeciB, KpiM
pobotu y HpOTO Oymno GaraTo X00i: Typu3M, miuaBaHHsA, GoTorpadis, camis-
HULTBO (i Lle Aaneko HenoBHUI nepenik). OKpiM po3yMHOI TOJIOBU BiH MaB
TaKoX 1 30J10Ti pyku. HaneBHo, uepe3 olHaKOBHI MOTJISA Ha )KUTTS Ta HAYKY
Biraniit BacunboBuu JluteBuHOB Ta Banentun MuxkonaiioBuu TomamieBch-
KUH OYJIM TaKOX JIPY3sIMH Y TIOBCSIKIICHHOMY YKHTTI.

Byrtu Bigmanum cBOil crpai, 30epiraT BiI4yTTsi CBOOOAH 1 JITOOOBI 110
KHTTS, JOIIOMaraTtd TBOPYid MOJIOAI MPOSIBUTH CBOI 3710HOCTI 1 pO3yMiTH
HOBI HayKOBI iz1ei - 1e Te, mo 31aeThes OyI0 CEHCOM iX JKHUTTS, 1 YOMY CIiJ
HaM HaBYMTHCH. BiH XMB, mpamioBas, 10MOMaraB. mATpUMyBaB. BiH Takum
1 3aJMIIMBCS, aje Temep TiAbKM B HAMIMX CIOTaAax i HallMX CIpaBax.
HeszBaxaroun He Te, mo Ha kKoH(pepernuii MOJC2020 mu He mobaymMo
pimaEX 0614 mpodecopis B.B. JluteuHoBa Ta B. M. TomarmeBcskoro, ix
izei, IyMKH Ta IUIaHM 3aJMIINCh 3 HAaMU 1 Ham IX BTUIIOBaTW Ta
MPOJIOBXKYBATH.
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ANALYSIS OF APPROACHES FOR SOLVING GEOGRAPHIC
INFORMATION PROCESSING AND SUBMISSION TASKS IN
COMBAT VISUALIZATION SYSTEM
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Institute of Geology of Taras Shevchenko National University of Kyiv,
Ukraine

Pampukha I.V., Levinskova N.V., Syniavska I.K.
Military Institute of Taras Shevchenko National University of Kyiv,
Ukraine

Tkachenko A.A.
National Defence University of Ukraine named after lvan Cherniakhov-
skyi, Ukraine

An analysis of the wars and military conflicts of recent decades has shown
that contactless methods of armed struggle have come to the fore. The
effectiveness of weapons and the quality of decisions made by the
commanders of different levels of control depends on the prompt receipt of
information and its transmission to all levels and types of Armed Forces. The
development of the modern army, as well as the development of modern
society as a whole, is based on the introduction and development of
information technologies (IT) and information and communication
technologies (ICT). ICT consists of IT, as well as telecommunications, media
broadcasts, all types of audio and video processing, transmission, network
management and monitoring functions. The positive dynamic of the state of
ITC is a central indicator of the competitiveness of the Armed Forces. The
decisive factor in the implementation and application of IT and information
system (IS) is information, and more precisely the actions related to it:
processing, transfer, exchange not only inside and between subject of the
information object, but also externally through appropriate network
technologies (communications). Automation of the military and
communications management processes requires the development and
application of special electronic mapping data processing technologies, the
development of large-scale integrated systems that encompass all elements
of the military organization from primary military teams to senior command
of the Armed Forces, and the intellectualization of controls. Obviously, the
contradictions that arise between the large flows of information and the
available capabilities for processing and using them, necessitate the
development of new means of command the AF. Of particular interest are the
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so-called military geoinformation system (GIS VP), which have become an
integral part of modern automated system for managering troops and
weapons, supporting effective decision-making by commanders of different
units and levels, planning for military operation and types of combat support.
In the Armed Forces governing bodies, digital terrain information (CIM) is
used to coordinate time and time different types of information The CIM
enable all levels of AF management to keep up-to-date large-scale special
mapping documents, promptly created by the available CIM, to provide
information about targets location, develop optimal routes of movement of
AF units, and address other specifics tasks in the interests of headquarters and
troops. The main requirement for GIS VP is to submit large volumes of
various coordinate-time information. The data are provided to the military
and arms management authorities in the process of researching, analyzing
and evaluating the situation, planning operations, preparing target missions
and flight tasks.GIS VPs provide:

- increasing the efficiency of officials by timely bringing to them the
necessary information about the terrain and the processes; - possibilities of
spatial manipulation of mapping data and development of new connections
that used in the decision-making process; - providing effective means of
processing and analysis of spatial-distributed information: operational-
tactical; intelligence; background-target information; meteo- and geophysical
data; results of monitoring the area of responsibility. GIS VPs allow to
expand the possibility of obtaining terrain data and operational environment
during combat by the use of digital images not only in the optical (visible)
range but also in other spectral ranges in combination with radar data;
automated decryption of objects in space and aerial images; presentation of
terrain at different times of day and time of year; complementing large-scale
urban plans with a digital model of urban territory, close to plans for buildings
and structures. Other important tasks of the GIS VP are to solve a number of
tasks related to information support: support of a real-time protected segment
of geospace containing coordinate-object data on the deployment of military
units, as well as ensuring the regime of distributed use of the said space by
all interested bodies of state and departmental management. However, the
achievement of these tasks is problematic for a number of reasons:

- a large spatial scope of the visualization system of combat situation
(SVBO), which includes the means of collecting, processing, transmission of
spatio-temporal information, as well as control points of SVBO and
consumers of geoinformation; - the large number of different sources of geo-
information and the need to operate large volumes of heterogeneous geodata
coming from different communication channels, often in incompatible
standards; the need for geo-informational support of the relevant state and
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departmental authorities for geodata information on the current state of the
situation in the interests of managing the units of the Armed Forces, which
may be located in different regions of the globe. The features and levels of
the various controls impose certain requirements on the characteristics
(volume, accuracy, frequency, etc.) of the geo-information they need; the
large volume of heterogeneous geodata circulating in the SVBO complicates,
and sometimes makes impossible, the effective functioning of the SVBO in
the interests of the AF. Thus, it can be stated that there is a problem - the need
to ensure the solution of the problems of processing and submission of
geoinformation in the WSS with specified efficiency by optimizing the
methods of processing and dissemination of geo information in the SVBO
(fig.1) (Antonov N.G., 2007). The solution of this problem is possible only on
the basis of application in the information processes of dynamic display of
the combat situation of modern basic mechanisms of geoinformation
technologies using the original geoinformation methods of processing and
analysis of spatial information. Such logical geoinformation tools include,
first and foremost, models and methods for generating spatial information,
procedures for storing and editing large-scale spatial information, and
methods for managing spatially distributed geodatabase to ensure consistent
and consistent processing of these heterogeneous data. Main features of
geoinformation in SVBO: 1)volume; 2)multidimensionality;
3)heterogeneity; 4)structuring - lack of a fixed structure of geoinformation;
5)territorial distribution of geoinformation means for obtaining and
accumulating geoinformation; 6)uncertainty about the structure and type of
geoinformation. Taking into account the identified range of problems, the
structure of the computer technology of providing the activity of the Armed
Forces can be proposed and the partial tasks for the purpose of the research
objective can be formulated (Fig. 2) (Antonov N.G., 2007)

Conclusions. The most important tasks of the GIS VP in the process of
geoinformation processing are: reducing the dimension of geoinformation
from the bottom to the top of the hierarchy due to its generalization
(generalization); improving the accuracy of information from the bottom to
the top of the hierarchy; transformation of geoinformation into a form suitable
for use in management. The prospects for the use of geoinformation
technology in military affairs are quite broad. Their active development and
implementation is largely constrained by the lack of the necessary funds to
finance large-scale work on the creation of truly modern ATMs and the
development of GIS EEs, as well as the purchase and adaptation of existing
samples of geoinformation products. Although the solution to these problems
is a matter of time, further delaying them does not allow the GIS potential to
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be used effectively, and it entails significant costs for ineffective military
management.

The purpose of GIS VP
f ensuring the solution of Informational

problems with a given efficlency Wp

Conditions of dacision
-a large number of different sources of
information:

-the variety of consumer requirements for
information quality:

~geo-referencing of data in GIS VP; Problematic
-lack of effective methods of supporting situation
managerial decision making.

situation Wr«Wp

problem

I technologie

ision-making method:

Fig. 1. The problem of processing geoinformation in the system of visualiza-
tion of the combat situation

Information support of GIS VP

)

System of input and storage geographicalinformation

" ealent iation and development ofa datzh hatalowsthe introduction of atypical £ onof
different format and first designing thespatial database)
Geoinformation pre-processing system
(theoret iation of i algorism and

- Automatic peneralization on linear and point. ubje;.t:f

v
System of storage of information on a permanent medinm (theoretic iation and development of the stmcture of
geo bt K inginto account it idi andlinear method of physical recording on an extemal
medinm).
Information search and selection system. T ical back d and pm
Special i thods fc i thods of solving applied problems on dynamic data stroctures;
geoinformation: || -method ofestimating the proximity of the isolines;
-quick search, selection and visualization of -method of estimating the arithmetic mean of the geospatial field
geomformation of a given scale fora given combat observation amay;
area -a method of restoring a relief form to discrete valies.

System for providing remote access to geoinformation
Development of the structure, algorism and programs of distributed mutti mf ional medim taking nto account
the bandwidth of large geoi ion comm to provide information req Armed Forces units.

Fig. 2. Functional diagram of geoinformation tools for providing GIS VP
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THE IMPLEMENTATION OF GEOINFORMATION SYSTEMS IN
JOINT COMBAT TRAINING OF TACTICAL GROUPS

Homa V.V., Bezuhlyi V.M.
National Defense University of Ukraine by lvan Cherniakhovskyi of
Kyiv, Ukraine

Tsyba M.M., Chukhleb O.V., Dryzhynin V.A.
Taras Shevchenko National University of Kyiv, Ukraine

The analysis of the anti-terrorist operation and the operation of the joint
forces in the east of Ukraine forced the state governance to pay great attention
to the joint training of the defense forces to be able to defend jointly the
sovereignty and territorial integrity of the state. Due to the geographical lo-
cation Ukraine is a maritime state, and the defense of interests at sea is con-
sidered as one of the most important strategic objectives. The publication
outlines the challenges and solutions regarding to the resource support of joint
combat training of the tactical groups. The purpose of the publication is to
disclose the necessity of geo-information systems implementation into the
educational and technical base used in the joint combat training of the Naval
Forces and the Maritime Security Service of the State Border Service of
Ukraine for performance of the tasks jointly.

For more than 20 years, the US Army Topographic and Engineering
Center has been providing personnel training for the use of the Combat
Terrain Information System geo-information system, the core of which is the
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DTSS digital topographic decision support system.
(URL:https://tst.stu.cn.ua/index.pl?task=arcls&id=11). In the United States
of America geo-information systems are used in practice training during
command and post exercises applying Joint Conflict and Tactical Simulation.
(JCATS) (URL: http://sit.nuou.org.ua/article/view/190487)
(Figure 1, 2).
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Figure 1 Conflict Slmulatlon Flgure 2 Simulation of deploy—

in the coastal area applying ment of tactical group applying
JCATS JCATS

For the crews training in joint navigation issues, use of armament and
military equipment the Russian Navy introduced the training complex “Re-
gel”, “Mostik”. (Figure 3, 4).

Figure 3. Training of the crew Figure 4. Training on the
applying the training complex “Re- simulator “Mostik”
gel ”
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Geo-information systems are also widely used in NTPro 5000 simulators
for training of TRANSAS ship crews (Figure 5).

P T SOLSEGNES A AEARSSE

Figure 5 Training of the personnel of the main command post of the ship
on passage of the channel applying the simulator NTPro 5000
Taking into account all above mentioned, it should be noted that the resource
support of joint combat training has a significant impact on the effectiveness
of the joint training of the tactical groups. So, the process of joint combat
training of tactical groups of the ships EJKT (t) will be described as an

objective function of the optimization task, taking into account the predefined
parameters:

Escr (t) = ficr {NST (t); N res (t); Ny, (t); Ngs (t)} :
1)

N, (t ) — the “staff training” parameter at a discrete moment of time;

N jrgs (t) —the parameter that indicates the level of training of “joint tacti-
cal group of the ships” to accomplish its tasks at a discrete moment of time;

N,, (t) — the “joint combat training management” parameter at a discrete
moment of time;

N g (t) — the “resource support joint combat training ” parameter at a dis-
crete moment of time.
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Accepting N RS (t) as joint combat training optimization criterion, de-

termine the parameters for its calculation, find out which parameter will pro-
vide the effectiveness of joint combat training by implementing modern sim-
ulators equipped with geo-information systems. The optimization process
criterion should consist of a set of parameters that characterize and reveal its
physical content. Examining the system of resource support of combat
training, we can conclude that the resource support of the joint combat
training should consist of logistics, financial support, educational and
technical base, methodological support, and could be presented in the
following formula:

NRS (t) = fRS {QL (t);QF (t);QETB (t);QMS (t)} — max
)
QL (t)— the “logistical support” parameter at a discrete moment of
time;
Q- (t) — the “financial support” parameter at a discrete moment of time;

Qere (t) —the “educational and technical base” parameter at a discrete mo-
ment of time;
Qus (t) — the “ methodological support ” parameter at a discrete mo-

ment of time;
Having examined the parameters that determine the content of the
objective function of the resource support, it could be concluded that

Qs (t) the “educational and technical base” parameter will affect the
optimization process criterion N (t) in the case of implementation of
modern simulators, educational samples applying geo-information systems.

The calculation of the parameter Qg1 (t) is proposed as follows

Qere (t) = iil | ! @

Pi _ number of samples of the educational and technical base;
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Bi _ number of samples of the educational and technical base which
are planned to be purchased

ne {1, N S n} - the set of numbers of samples of the educational and

technical base is needed to provide the required level of joint combat training.
Therefore, in order to improve the resource support of the joint combat
training of the tactical groups, it is necessary to pay attention to the
implementation of the modern samples of educational and technical base
applying geo-information systems, namely: to increase the training level of
the headquarters personnel regarding the planning and use of the joint tactical
groups, to conduct command and post exercises applying Joint Conflict and
Tactical Simulation; to increase the Training level of the personnel of the
main command post of the ship regarding the accomplishment of the tasks
within the joint tactical group applying the simulator NTPro 5000.

Conclusions. To sum up, geo-information systems are widely used both
in modern weapons and equipment and in the decision-making regarding the
training and use of the naval tactical groups. The implementation of the mod-
ern weapons and military equipment requires the creation of an appropriate
training and material base that will meet the requirements of the joint combat
training system. Therefore, among the factors that influence the training level
of the personnel, improvement of the educational and technical base, that is,
the applying of geo-information systems in it, is one of the effective and rel-
evant for improving the effectiveness of joint combat training.
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T'IC Y COUIAJIbBHUX MMPOEKTAX MICTA: AHAJII3 MEPEKI
MEJUYHUX 3AKJIAIB

C. IO. Nanmuna, A. C. HeuaycoB
Hayionanvnuii aepoxocmiunuii ynieepcumem im. M. €. JKykogcvkoeo
«XapxigcoKkuti agiayitinutl iIHCIMUmMymy»

Po3BuTOK MicT — 11e mpuponHUii poriec. [IpoekTn po3BUTKY MicTa cripsi-
MOBaHi Ha BIOCKOHAJICHHS BUPOOHNYO1, EKOHOMIYHOI Ta COIiaJbHOI cepu.
OpHak, B OCTaHHI ACCATIIITTS comiainbHa cepa MicT YKpaiHu po3BUBasIacs
Iy’Ke HepIBHOMIPHO: TIPHU PO3BUTKY TOPTiBII, IIEHTPIB BIAMOYHHKY i pO3Bar
CIOCTepIiraeThCs 3acTill 1 pyiHYBaHHA ciIyk0 MenuaHoi cdepu. [Ipu pomy,
chepa OXOpOHHU 3I0POB'S € SIKICHOI XapaKTEPUCTHKOI CKOHOMIYHO-aKTHB-
HOT'O HACEJICHHSI: CTaH 3/I0POB'sl Hallii 0e31M0CcepeIHbO BIUIMBAE HA IIPOAYKTHU-
BHICTh MpAaIli 1 MEPCICKTHBH COLIATbHO-EKOHOMIYHOTO PO3BUTKY CYCIIIbC-
1Ba [1]. CaMe TOMy coIliaJibHI IPOCKTH B MEAUYHIN chepi € TyKe aKTyasb-
HUMH.

Meperka 3aKiialiB OXOPOHH 3JI0POB'S — [1e CYKYIHICTb 3aKJIaJiB MicTa, L0
3aJI0BOJIGHAIOTH MOTPEOy HACENCHHS B MEJUIHOMY 00CIyroByBaHHi. PyHK-
LIOHYBaHHA TaKol Mepexi 3IIHCHIOEThCS 3 ypaxyBaHHSIM MOTpeOM Hace-
JICHHS] B MEIMYHOMY OOCITyrOBYBaHHI, HOTO CBOEYACHOCTI Ta JAOCTYITHOCTI.
[pu poMy T piBHEM JAOCTYIHOCTI PO3YMIIOTH MOIIUBICTh HAJaHHS Talli-
€HTaM HEOOXiJHOTO CIEKTpa MOCIYT MEBHOI AKOCTi 3 MiHIMATbHIMH BHTpa-
Tamu 4acy [2].

ITpunycrumo:

- BCI MEIIKaHIli, 1110 TPOXKMBAIOTh HA MEBHIA TEPUTOPIi, € MOTEHIITHUMH
NanieHTaMu MEJMYHOTO 3aKJIay 1 yTBOPIOIOTh MHOXKHHY MAIli€HTIB;

- ciendika MEMYHUX TOCIYT HE BPaXOBYEThCSI, BBAXKAETHCS, 110 MEJ/IU-
YHUI LEHTp B 3MO31 HaJaTH OYAb-Ky MEIUYHY ITOCIYTY, SIKOI MOTpedye ma-
LI€HT, OJJHAK CyMapHa KiJIbKICTh IMTOCTYT OOMEXCHa;

- ICHy€e «Merka MOJIMBOCTEN)» MEIMYHOTO 3aKJa Iy, 3SHAUCHHS SKO1 3aJre-
JKUTD BiJl MAKCUMAJHHOT KUTBKOCTI MAIli€HTIB, IKAM OJJTHOYaCHO MOXKYTb OyTH
HaJIaHi MEJTUYHI TIOCIIYTH;

- HE BPaxOBYEThCS SKICTh HAaJJaHHS MEAWYHUX TOCIYT, PEMyTalis JIiKkaps
TOIIO, TOOTO Ha NMPUHHATTS PIlIEHHS IIPO 3BEPHEHHS B KOHKPETHIH 3aKiaj
BILJIMBAE TLIBKHU HOT0 OJU3BKICTD 10 IMAI€HTA;

- KOHKYPEHIIis 32 TaIi€HTIB yCepeanHi Mepexi BiCYTHS.

Enementn Mepexi — MeIWYHI 3aKIaJu — PO3MIIIYIOThCS TaK, M00 3Ha-
YeHHS HUTb0BOT (PYHKIIIT, SIKe 3aJIe)KUTh BiJl BiICTaHEH Bij 3aKiIagy 10 MicIie-
3HAXO/[KEHHS MAaIliEHTiB, 0yJI0 MiHIMaIbHUM, TOOTO [3]
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N
G =) dg —>min, (1)
k=1
ne dx — Bigcranb 110 k-ro mauieHra, N — 4iciio naui€eHTiB, sSKi NoTpeOyoTh
MOCITYyT MEINYHOTO 3aKiany.
3a yMOBH, I1I0 PiBEHb JOCTYMHOCTI Oy/e MaKCUMAanbHIM, TOOTO [4]
> AP
_ keE,
Nt

R 100% pu Y Py =Z )

keE,
nie Py — 9ucio mocniyr, sike Halae MEIUYHUHN 3aKJIajl BCIM MallieHTaM; t;ﬁ

— HOpMa Yacy Ha IOJ0JIaHHs BIJICTaHI MIX MaIli€eHTOM, SKil motpedye moc-
JYTHU, 1 MEAWYHUM 3aKJIJIOM, 1110 HA/IA€ MOCIYTY; 3 — CTATUCTHYHUI Koedi-
I[IEHT BIUIMBY BiacTaHi; N — MakcHMasbHa KUTBKICTh MALIEHTIB, SKUM OJTHO-
YacHO MOXKYTh OyTH Ha/laHi MOCIYTH B METUYHOMY 3aKJjai; t - yac, 3Ha4YeHHS
SIKOTO 3aJICKUTh BiJl MAKCHMAJIbHO JOMYCTUMOI BIICTaHI MIXK HAIli€HTOM 1
MEIUYHUM 3aKJIQJI0M.

TakuM 4MHOM, pO3TallyBaHHS MEAWYHOIO 3aK/Iaay € ONTUMaJbHUM 32
YMOBHU MaKCHMi3aLii HOMUTY Ha HOTO MOCITYTH 3 ypaxyBaHHAM MOXKIUBOCTEH
3 iX HajaHHs. AJle TeOMETPUYHUH ceHe 3anadi (1) 103Bosie iHTepIpeTyBaTH
eneMeHTH QyHKIi (2) Tak:

E PktEB — KIJIBKICTB ITAIli€HTIB, SKi IPOXHUBAIOTH B MEXKax KoJIa 3 pafi-
keE,

YCOM, 3HAUCHHSI SIKOTO 3aJIC)KUTh Bij 4acy, IPOTATOM SKOTO NAaLli€HT MO0JIae
MaKCHMAJIbHO JOMYCTHMY BiJCTaHb BiJl MiCLSl MPOXHUBAHHSI A0 MEIUYHOTO
3aKIany;

Nt — unciio mociayr MeIMYHOTo 3aKiajy, siki BIH MOXKE HaJaTu s Ta-
LI€HTIB, [0 IPOXXUBAIOTH B MEXKaxX KoJia 3 PaliycoM, 3HAYECHHS SKOTO 3alie-
JKUTP Bif gacy t.

Binmosimao no ABH B.2.2-12: 2018 «[InanyBanHs i 3a0yaoBa TEpUTO-
piit» YUCeNpHICTh HACEIICHHS PaiOHy MICTa 3aJICKUTh BiJl KUTIOBOTO (DOHIY
1 HOPM HTJIOBOT IUTONII Ha OJTHOTO MEIIKAHIS i po3paxoByeThes 3a popmy-
7010

N :E: S'SHOpM ’
a a
ne N — HaceneHHs paifoHy (K anpiopHa KiJIbKiCTh MAli€HTIB), SKE MOT-
pedye mociryr MeauIHOro 3akiany; F — o0csr xutiaoBoro GpoHIy; a — HopMa
JKUTIIOBO] IUIOII Ha JIIOAMHY; S — IJIOIIA MIKpPOPAaHOHY; Syopw — HOPMAaTHBHA
IIITBHICTD 320y 10BU JKUTIIOBOTO (OHIY.
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VY 1pOMy BUNAAKY ITOIUT HA ITOCIYTH MEAMYHOTO 3aKJIaly BU3HAYAETHCS
KIJIBKICTIO HAaceNIeHHs (IalLi€HTIB), 1110 IPOXKUBAE Ha MeBHIH Tepuropii. [1o3-
Ha4yMMo IIoly miei Teputopii Sy, . 3 iHIOro 60Ky, KilNbKICTh IOCIYT M-

YHOTO 3aKJIaMy, SKi BiH HaJa€ Iy TAI€HTIB, IO MIPOKUBAIOTH Ha TIEBHIH Te-
pHUTODIi, BU3HAYAETHCA BiICTAHHIO, SIKE MPODKIPKAE MAIIEHT Bif OyIUHKY 1O
3aKJIaay 3a 3agaHuil mpoMiKoK dacy. [Tnomry, 3HaueHHS AKO1 3aJIeKUTH Bif
i€l BificTaHi, OyIeMO PO3IJISAIATH SIK TUIOIY MOKPUTTS MEIHYHUMH TTOCITY-
ramu i nosHauuMmo S . OTxe, BUpa3 (2) mogamo Tax:
So
R= S -100% . 3)
n
Takum yrHOM, aHAaJI3 MEPEKi MEIUIHUX 3aKJIaliB 3BOAUTHCS JI0 aHATI3y
MPOCTOPOBO-PO3MOAICHUX AaHUX, eeKTHBHA 0OpOOKa SKUX MOKIMBA 3a
nomomororo reoirdopmarniitaux cucrem (I'IC). [Momamo mporec anamizy y
BUTJIsIII KOHTEKCTHOI fiarpamu (puc. 1), 110 BU3HAYa€ €AUHY TOUKY 30pY, Cy-
0'ekTa i METy MOJICITIOBAHHSI BiIMIOBITHO 0 BUMOT JIF0YMX CTaHIAaPTIB, HOP-
MAaTHBIB 1 HOpM.
bR TR SR SHOVG Yacosi HOPMATHBY AOCTABKM NALjEHTE

AOMEAUIHOTD 3aKnaay

KpiTepii nopiBHaHHA BiMOM 40 MICUA PO3TaUYBaHHA
MeaIHOTO 3aKnagy

(0PMa XMTNOB G NNOW) Ha NIOAWHY

Mana micTa

OUj#ika AOCTYMHOCTI ICHYIoUWIX 3aKNaaie
PoaTallyBaHHA MKpOpalioHis Mo TepuTOpi MicTa

3aBaHTaXeHICTB aBTOROPIr MCTa AHanis Mepexi Meguurin | PEROMEHAOBaHI MICLIA POIMILEHHA MEAHHIX SaKNagiB
v aaknapis .
KOOPAVHaTH ICHYIOUIX MEAVHHIIX Jaknagis MicTa Al Tlepenik paitoHie MicTa, Wo He NOTRENWMN & 3O0HY

AOCTYNHOCTI MEA-HIX 3aKnaai

Mana as Topopir micTa

A0

FF‘"S""EEQ&?""”“’
Puc. 1. KonTekctHa miarpama mporecy aHalizy Mepei MeJUIHUX 3a-
Ki1aziB 3a gornomororo I'IC

MOXJIMBICTh BHKOPHCTaHHS 3alpONIOHOBAHOT MOJElNi OLliHIOBajacs B
MPOEKTaX PO3BUTKY COLIaBbHOT iHPPACTPYKTYpH M. XapKoBa IIpH aHai3i cu-
CTeMH HaJaHHS HeBiakmaaHoi mpomomord. [TiCyMKOBI pe3ysibTaT aHali3y
HaBeJeHi B Ta0m. 1.

Tabmmrs 1 PiBeHb JOCTYITHOCTI TiKapeHb HEB1AKJIATHOT JOMTOMOTH M. Xa-

KOBa

HopmMa uacy Ha nepese- [Tepion yacy
3CHHS MAIli€HTa J0 JIKapHi, 8-00 12-00 16-00
XB
5 21,33 % 18,49 % 18,76 %
10 61,69 % 59,39 % 59,20 %
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O1iHKa TOCTOBIPHOCTI MOJIEli TIOKa3asa, 110 MOMepe/iHi OLiHKH IUIONI
TepUTOpii, Ha sKIH NPOXKMBAIOTH MallieHTH ( Sy, ), 1 YUCETBHOCTI HACEICHHS

(N), o oTpuMmaHi 3a JOIIOMOTOIO MOJIENI, HE Cylepeyars TaHuM [ 0JIOBHOTO
00J1acHOTO YIPaBIiHHS CTATHCTUKU M. XapKoBa. 30KpeMa, TOXHOKa B BU3HA-
YeHHI 3HaYeHHs S, cxiana 6nu3bko 1,8% (B Oik 3011bIIEHHS), y BU3HAUEHH]

N — 1,7% (B cropoHy 3MeHIIeHHs ). Takox oJiepkaHi 3HAYSHHS OLIHOK PiBHS
JoctymHocTi (Tabn. 1) He cymepeyars CBITOBHM AOCHIIKEHHAM [4]: unM Oi-
JBIIIE TIOKPUTTS 30HH JIOCTYITHOCTI JTiKapeHb, THM BHIIIE iX PiBEHB TOCTYITHO-
CTi.

YpaxyBaHHS iCHYI0UYOi TPAHCIIOPTHOI iHQPACTPYKTYPH MiCTa Ta 3aBaHTa-
JKEHOCTI JIOPIT IOKAa3ajo:

- IiKapHi HAWOUTBII TOCTYIIHI O 8 TOJ. PaHKY, HAWMEHII TOCTYITHI — THEM
o12ron.;

- Y OJJHAaKOBHX yMOBaX 3aBaHTa)KCHOCT] aBTOAOPIT 301IbIICHHS AOITyCTH-
MOT'0 Yacy JIOCTaBKH HallieHTa 301IIbIIY€ IO TOKPUTTS B CEPEIHBOMY B 3
pasu;

- MaKCHMaJIbHA TIOMIA TTOKPUTTs ckianae 219,9 km? (B 8-00 mpu yacosiit
HOpPMI JiocTaBky nanienrta 10 xB.).

L1i pe3ynbTaTi MOXYTh OYyTH BUKOPHCTaHI B COL[aJbHUX MPOEKTAX MPH
ONTUMI3aIlil i PO3BUTKY iICHYFOUOI MEIMYHOI .

3acrocyBaHHs KapTorpadiYHUX JaHWUX i MOZIEJCH, TO3BOIMIO BUMITUTH
CiM paifioHiB, 1[0 HE BXOAATH B 30HY JOCTYITHOCTI JiKapeHb HEBIAKIATHOT 0-
MOMOTH. 3a OJIepKaHUMHU OIliHKaMu Om3bko 98 764 memkaHIiB XapKkoBa He
3MOXYTh OTPUMaTH MEJUYHY JIOTIOMOTY BUACHO, IIIO0 TaKOX MOJKE CTaTH OK-
PEMHUM TMPEMETOM JIOCII/PKEHHSI B YMOBaX MPOBEACHOI MeIMYHOT peopMu
B YKpaiHi.

PesynbraTy, HaBeneHi B poOOTi, OTPUMAHO MpH peajizalii HayKoBO-/10-
CIi THUIIBKOT po00TH «MeTo0510rist 00po0Ku maHux 133 a1 BUpilIeHHsI 3a-
BJIaHb MOHITOPHHTY AOBKULIsH» (per. Ne 0120U100530).
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BUBIP IHTEPBAJIIB ATIPOKCUMALIT ®YHKIIIT 1151
BUPILLIEHHS 3AJIAY OIUCY 3ABPYJHEHOI TEPUTOPI{

0.0. Kpsxual, O.B. Kopanenko?
LCxionoyxpaincoruii nayionanvuuii ynisepcumem imeni Bonrooumupa

Hans

2Iucmumym s0epuux docrioxcens HAH YVrpainu

VY Bumnazaky anpokcuMmariii GpyHKmii 3a metomom J[x. 3oiiTreHeiika, 0coo-
JIMBO, TIPH peaizallii 3aBaHb ONUCY PO3BUTKY JIOKaJIbHOI Ha[3BUYAITHOT CH-
Tyauii [ 1], BAHUKaE 3aBJIaHHs BUOOPY IHTEpBaAIly alpOKCHMAIlii 3 HACTYITHHM
BUPILICHHSM [TOCTABJICHOT 3a1a4i 151 00MEKeHO1, Oe3mepepBHOT Ta 0THO3HA-
4yHOT (PYHKIUIT Ha KIHIIEBOMY IPOMIXKY iHTepBaity anpokcumanii. Taki 3agauqi
MOXYTh BHHHKHYTH NpPU OOpaxyHKax KOHKPETHHUX CHTYaliil, sKi OIHCY-
FOTHCS APYKHUMH (YHKINSIMU Ta Bi3yai3ailii pe3yJibTaTiB MOJICITIOBAHHS He-
JIHIHHUX [TPOLIECIB.

Bupinryrouu 3aiauy [2], 30kpema, peanizyrou mixXij 10 BU3HAUYEHHS [10-
YaTKOBOI TOYKH NP BUKOHAHHI PO3paxyHKiB 3 BUKOPUCTAHHIM METOY MO-
KIIMBUX HanpsMKiB J[kx. 3olTeHelKa, SKHI JO3BOIISE 0OpaTH TOUKY, TOOY-
JyBaTu 3 Hei BEKTOp pyXy 3 3aJaHUM KPOKOM i BU3HAYMTH 33 HANPSIMKOM
BEKTOPY JIPYTY TOUKY JUII HOOYIOBH HACTYITHOTO KPOKY, HEOJHOPA30BO I0-
cTae oTpeda BiJIIYKATH MOJIIHOM 3aJJaHoro CTyNeHo. [Ipy 1iboMy BUKOHY-
€TBCS PsiJl iTepalliid, sIKi MOXYTh IPU3BECTH JI0 OUIBILIOrO 00CATY pPO3paxyH-
KiB Ta mepeTBopeHb. Lle 3amekuTh Bix po3MipiB 3a1adi Ta KiIbKOCTI 0OMe-
XKEHb Yy KOXXHOMY BHnazky. [Ipuiimaemo, mo icHye QyHKmis f(t) 1 mesika

AUCKPCTHA MHOKWHA TOYOK:

E={,.Y,... Yy, € [a,b]
Y,=a, Y,.,=b. @

Tpeba BinmrykaTi NogiHOM 331aHOTO CTyHeH!o k:

1, (t):Zk“xi t'.
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Sxuii MiHIMI3Yy€e BETHYUHY g(x)z maEx| f (ti )— IT, (ti) no ycix X 3 00-
tie

nacti AcCE_,, ne A BusHauaeThes:

n+1
A={xeE,,: fV(a)=T1"(a); f(b)=T1{(b) i=0,1.

TaxkuM YMHOM, BUPILIYIOYH 3a/1auy, NocTaBieny y [2] MeTogom Moxiu-

BHX HaNpsMKiB, MOXHa OTPUMATH BUPIIEHHS JOBLILHOT 33/1a4i HAHKPAIIOTro

HaOJIMKEHHSI TIOJTIHOMOM Hk(x) ysKmii f(x) Ha BiIpi3Ky [a,bl
[Ipumyckaemo, mo ¢GyHKII0 f(x) HEOOXITHO ampOKCHMYBATH MOJIHO-
MOM P(x) i3 33/IaHOK0 TOYHICTIO Ha [a,b} Bci By3nmu anpokcumaliii Jimumo

Ha TPH KJIacu:

1) IMomocHi Touku. JI0 HUX BiIHOCATHCS TaKi TOYKU X, B SIKAX ITOBHHHI
OyTH BUKOHaHi BUMOTH:

a) 3Ha4YCHHS (YHKIII 1 MoTiHOMa 30iraloThCes;

0) cipaBa i 3:1iBa BiJ TOUKU X 30iratoThCs 3 MIEBHOIO TOYHICTIO MEPIIi IO~
X1THI.

2) ®ikcoBaHi ToukH. JI0 BOTO KIIaCy HaNe)KaTh TOUKH, B SIKHX 3HAYCHHS
¢ yHKUIT 1 HONiHOMA MTOBUHHI 30iraTucs.

3) 3BHyaiiHi TOYKH arpokcumaii (B MOAaNbIIOMY B pOOOTI BXKUBA€ETHCS
TEPMIH «TOYKH anpoKcumalii»). Jlo HuX BIIHOCSTHCS BCi Ti BY3JIM allpOKCH-
Malrlii, SIKi He HaJeXaTh aHi 10 MOJIOCHHX, aHi 10 (HIKCOBAaHUX TOYOK.

Jo Bubopy mimiHTepBaITy IS f(X) HEOoOXiTHO BUCYHYTH HACTYIIHI BH-

MOTH:

1) BeepenuHi miniHTepBaTy MOBHHHI OYTH BiJICYTHI IIONIOCHI TOYKH;

2) [ligiaTepBaa MOBHHEH OYTH OOpaHUi TAKMM YHHOM, 100 CTYITiHB all-
POKCHMYIOYOT'O MOJIIHOMY HE MEPEBUIIYBaa JIOMYCTHMY.

VY 3B's13Ky 3 epepaxoBaHUMHU BUMOT'aMH JI0 BUOOPY, TPOIIOHYETHCS CIIO-
YaTKy BUOUpATH IiJiHTepBaI:

a) sIKui gopiBHIOE Aeskii BenuunHi E1>0 (o ke Oyia 3amaHa), SKIIO
B JIAaHOMY 1HTEpPBaJIi BIICYTHI MTOJIOCHI TOYKH;

0) sKuil MOPIBHIOE BiJICTaHI BiJ KiHI MONEPEIHBROTO MPOMIXKKY IO T0-
JIFOCHOT TOYKH, SIKIIO 15l BiZICTaHb He nepesunrye E1.

BBaxkaeTbcs 3a TOLiTBHE, 1100 TOYKH alPOKCUMAIlii Ha IHTepBaIi BU3HA-
yanucs 3a popmynoro X j=a+Ww,, e {W,-} — IICEB/IOBHITA/IKOBA MOCIIIIOB-
HICTB yMcell. SIKIO KUIBKICTh TOYOK apOKCHUMAII] € JOCHTH BEJIHMKOIO, IO
XapaKTepHO IUIS HAIIOTO BHIAJKY, TO TaKMi BHOIp 3MEHIIYE HMOBIpHICTH
HEBU3HAYEHOCTI PH 3HAXOHKEHHI HAOIMKEHOTO 3HAYSHHS MOXixHOoi pyHK-

wi f (X) .
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[Tpu BupimeHHi 3a71a4i riodanbHOT anpokcumanii GyHkuii npu nepexoi
BiJl OJTHOT'O IIPOMDKKY JI0 HACTYITHOTO, BHHUKAE TAK 3BaHa 3aj]a4a «3rIaIxKy-
BaHHS» B KpalHiX ToukaX. Y 3B'S3Ky 3 IIUM BCi KpaifHi TOUKH OynemMo BBa-
MKATH MOJIOCHUMH.

Jlema 1. TTonrocHI TOYKY BIANOBIZAIOTH TOUKAM Ci , 2i=0,k +1 , mo

HaBeJIeHI IpH MocTaHoBLi 3ajaui (1), y Bumaaky = E1> max C - Ci—l"
i=1,k+1
3a3HaueHe YMCIIo MiAiHTepBalliB apoKcuMalii Oyze TOpiBHIOBATH YUCITY ITi-

. . . k+1 .
JIHTEPBAJIB, SIKI 3aJAI0THCSI CUCTEMOIO TOUOK {Ci }0 , AKILO CTYMIHb aNpo-

KCHUMYIOUOTO MOJIHOMY HE MepeBepIlye IPUITYyCTUMY Ha BCIX MiiHTepBaiax.
VY BUMaJKYy, SKIIO HaBeJCHA HEPIBHICTh HE BUKOHYETHCS, TO YUCIIO i/ iHTe-
PBaiB 1J1s TOOYIOBH P(X) Oy/ie TIepeBHIIYBATH MOTIEPEIHBO TepeadaucHy
KUTBKICTh MiJiHTEPBAIiB.

Jlaii npumycTuMo, 1110 NOCTaBJIeHy 3aa4uy CJIiJl BUPIIIUTH Ha KiHIIEBOMY

TIPOMDKKY [a,ﬂ ], ne GyHKIIsA f(X) , IO aIIPOKCUMYETHCS, € 0OMEKEHOIO,
Oe3mepepBHOIO Ta onHO3HaYHOM. [Ipn 0Opanomy macmTabi odepeMo Biapi-

. C,.C . .
30K OJMHUYHOI JOBXKUHU [ 0 1]. Takoxx mpuiiMaeMo, 10 BCEPEAUHI LIbOTO
BIZIpI3Ky BiICYTHI MOJIIOCHI TOUKH. [lonepeaHpo 1oCiiKyeMo Ha [IbOMY Biji-

f(x) C,>C

. [Ipmitmaemo, 1o 0. Hexait Bigpizok po36uto Ha N gac-

pi3Ky
THH, TOOTO N +1 ouku anpokcuMariii € 3agaauMu. Cepes HUX €:
a)toukn C, i C;

6) N odikcoBanux TOUYOK;
B) (N +1)— N —2 =N — N —1 3Bruaiisnx TouoK.
. . . .0
Hexait x? — IIOBiJIbHA TOYKA AiJIEHHS; xg =C, 1 Xyy = C1- Bsaxaemo,
110 HaM 3a7aHi 3HaYeHHs (X) B KOYHIH 13 TOYOK X? , TOOTO 3a7aHa CyKy-

nHicte f (X?).

Busnauumo
50 = £(x,)-£(x°), @)
a TaKko>k OOYHCIIMMO BEJIMYUHHU
(0)
ol% = % ®
1j XO XO

TR
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3Ha4YeHHS al(oj) CHIBMAA€E 31 3HAYCHHSM MEPIIOi TOXiTHOT f (X) B OJHINA

0

i3 cepenHix TOUOK & € [x?, xj+1]. Kpim Toro, mpu goctataso Benmukomy N,

O-l(oj) 3 OyAb-SKOI0 TOYHICTIO CITIBIIAIA€ 3 CepelHIM 3HAYeHHSIM IepIIoi mo-
0

ximHOi Ha [X? , X j+1] . 3 BpaxyBaHHSM TOTO, III0 OCHOBHA YaCTHHA BY31iB 00H-

panacs 3a merongoM MoHte-Kapiio, MOXHa TakoX CTBEPIPKYBaTH, LIO al((})

JIOCTaTHBO MaJio BiIPI3HAETHCA BiJ 3HAYCHH IEPIIOi MOXiAHOI B OyIb-sAKil

TOYIIi IPOMIKKY [x?, x?ﬂ .

(0)

. . .. (0 . 0
SIKI10 AOCHiAUTH MOBEAIHKY (DYHKIIIT O'l( )(X) , 3aaHoi Toukamu O7 j

Ha BIIPi3Ky [CO, C1]’ TO MOXKHA OTPHUMATH HACTYITHI TPU BUIAIKH:
1) ‘O‘l(’(})ﬂ - O'l(ﬂ-)‘ < é;(o)’ e 5(0) > 0 — pgocurs mane uncno. TobTo,

(dhyHKIIIsS O_l(o)(x) 3 BIZJOMOIO TOYHICTIO ITOBOAMTHCS K IOCTIHA BEJIMYMHA.
VY 11pOMy BUIAAKy MPHUPOIHO MOKIACTH CTYIIHb MMOJIHOMA PiBHIN OIMHUIL
n=1.
2) OyHKIis o-l(o)(x) — 3HAKOIIOCTIiHA Ha [CO, Cl] u Gl(%) #0. Toni
n=2.
3) O'(O)(X) — 3HaKO3MiHHA Ha [C C ] 3 ypaxyBaHHSM TOTO, II0 YUCIIO
1 o Ci] 3 ypaxy m

N HacTiIbKHM BelnMKe MIONO JOBXKHHH BifIpizKa, IIO HMOBIpPHICTH BTpaTH
3MiHM 3HAKY CTae ayxe manorw. [Ipuiimaroui aeski oOMexxeHHs 3amadi [1] Ta
MIJX1J] 10 TPakTHYHOT peanizauii [2], MOXKHA BU3HAYHMTH CTYIIHb MOJIHOMA,
SK:

n=l+m+p+1. (4)
[IpuposHO, 1110 B HABEJCHOMY OCTAHHHOMY BHUIAJIKY HE BPAaXOBYETHCS

MOJKJIUBICTh KPATHOCTI BHIIIE JTBOX OKPEMHUX KOPEHIB TIOIIHOMY.

Jlema 2. Slkmo no iHTepBay [CO, Cl] BXOJIUTHb ) (IKCOBAHUX TOUOK,

BIZIMIHHMX BiJ THX, IO 3HAXOIWIKMCS Ul BUpimeHHs 3axau [1 — 2], To 1o
cTyneHio mnomiHoMy N, mo Bu3Ha4aeThes 3a (4), HEOOXiHO J0JaBaTH ) .

VY SKOCTI BUCHOBKY MO>KHA 3a3HAYUTH, 1110 HABEJACHUH MiAXia Moxe Oyre
3acTOCOBaHU y cepi miATPUMKH IPUHHATTS pillleHb JUIsl BUPIIICHHS Oara-
TBOX 3aJ]a4, MTOB’SI3aHMX 3 OTMCOM CKJIQJIHMX CHCTEM 3 HEJIiHIHHOIO AnHaMi-
KOIO IPOIIECiB, 0 B HUX MPOTIKAIOTh. 30KpeMa, 3a3HaYeHe MOXe OyTH BH-
KOpHCTaHe JIJIsl MPOTrpaMHoi peaizallii cnocody onucy 3a0pyIHeHOT TEpUTO-
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pii, sika € HEOHOPITHOKO 32 CBOEK 0I0r€OXiMIYHOI CTPYKTYPOIO, a Peuo-
BUHA-3a0py/IHIOBAY € AKTMBHUM PEAreHTOM Ta JIi€ M0 Pi3HOMY B Pi3HHUX IIIa-
pax cepeoBHILA.

Jlitepatypa

1. Kpspxuy O.0. Anpokcumaltisi CKnaaHuX GyHKIIN IS OUCY PO3BUTKY
JIOKaJbHOI Haa3BUYalHOI curyamii / MareMaTWdHi MaIlliHU i CHCTEMH. —
2016.—Ne 1. - C. 148 — 157.

2. Kpsoxrma O.0. Tpodpumayk O.M., Kosanenko O.B. Anroputm Bu3Ha-
YEHHS II0YaTKOBOI TOYKH IPU MOJEIIOBaHHI 32 METOJJOM MOXJIMBUX HAIpPs-
MKiB // Pagioemextponika, iHpopmartuka, yrmpasmiaas. 2019. Ne 3, C. 40 — 46.
DOI: https://doi.org/10.15588/1607-3274-2019-3-5.

VIIK 551.468.4

MATEMATHUYHE MOJIEJTIOBAHHA PITYHOI MIHJIMBOCTI
I'TAPOJIOTTYHUX XAPAKTEPUCTHUK Y JIMMAHI CACHK 3A
YMOB BIIHOBJIEHHS1 BOJOOBMIHY 3 MOPEM

J.B. Kymnip, }0.C. TyukoBeHko
Ooecwvrutl depacasnuil exonoeiunull yuieepcumem, m. Odeca, Yxpaina

Jluman Cacuk (KyHmyk) posramoBanmii Ha miBaHi Omechkoi oOnacti
(29,653 cx.x., 45,666 nmu.u1.) B Mexax TarapOynapcekoro Ta Kinmificbkoro
paiioHiB, moOmm3y Bin Aenpty p. AyHaid. [Ipu BigmiTHi piBHS BOIH B JTIMMaHI
0 M BC moma #ioro akBaTopii craHOBUTH Onm3pK0 210 KM2. JoBxuHa nu-
MaHy 3 IMBHOYI Ha MiBJIEHb CKIaAae 29 KM; IUPHUHA 3MIHIOETBCS Bif 3 10
12 kM. MakcumanbHa rIMOrHa B JIMMaHI JIocsTae 3 M.

o xinng 70-x pokiB XX cr. nuMaH Cacuk sBJISB COOOI0 HalliB3aKpHUTe
BOJIOWMHIIIE, BOJIOOOMIH SIKOTO 3 MOPEM BiZI0yBaBCsl €30 AMYHO 38 PaXyHOK
YTBOPEHHS THMYACOBHX MNPIPB y MILI[AHOMY HEPECHILY, IO BiIOKPEMIIIOE JIU-
MaH Bijl XKeOpusHIBChKOT 3aTOKH MIBHIYHO-3aX11HOT 4acTHHUA YOPHOTO MOPSI.
ITig wac peamizamii npoekty J{yHaii-/[HICTPOBCHKOI 3pOINyBaIbHOI CUCTEMHU
y 1978 poui, Cacuk OyB 3’enHanuii 3 p. JlyHall IITYYHHM KaHAJIOM 3arajib-
HOIO JIOBKMHOIO Onu3bKko 13,5 KM, 0OJagHAaHMM CHCTEMOIO HPOITYCKHHX
LITFO31B Ta prb03aropomKyBasIbHUX criopy. [1pu ibomy auMan OyB ocTaTo-
YHO BIZOKPEMJICHHMH BiJl MOPS IIUIIXOM PO3MIMPEHHS Ta yKPIIUICHHS Miia-
HOT'O MOPCBKOT'O IIEPECHITY, 110 IKOMY OYJIO IPOKJIaIeHO aBTOOPOTY.

V renepiurHnii yac IMMaH He (GYHKIIOHYE B SIKOCTI Iepe10a4eHoro npo-
€KTOM BOJIOTOCIOapPChKOT0 KOMIUIEKCY TMPICHOBOJHOTO BOJOCXOBHINA Ye-
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pe3 He3a0BUIbHI MOKa3HUKH SIKOCTI HOTO BOA (BHCOKHI piBeHb MiHepali3a-
111, NepeBUIIEHHS BMICTY XJIOPHIB, CYyNb(ariB, 3a0pyIHEHHS Ba)KKUMH Me-
Tanamy, peHonamu, nectunuaamu). Boga Cacnka HerpuaaTHa sk aist 3a0e3-
MEYEeHHS! KOMYHaJIbHO-TIOOYTOBHUX ITOTPEO 1 MUTHOI'O BOAOIOCTAYaHHs Hace-
JIHHS, TaK i IS 3poeHHs 3emenb [1]. Takok OCHOBHUMH TiPOSKONOT Y-
HUMH [IpoOJeMaMy JIMMaHy € MiABHIICHUN piBeHb eBTpodikarii Horo Bof,
nocTiiiHe 3aHeceHHs kaHay «JlyHaii-Cacuky Ta BiIKIaneHHs 3BaKCHIX Ha-
HOCIB, IO MOCTYMAIOTh 3 IYHAHCEKUMH BOJAMHU, Yy IMIBJCHHIH YacTHHI JH-
MaHy.
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Puc. 1 — Po3paxyHkoBa ciTka, 1o-
OynoBaHa /Ui akBaropii auMany Ca-
cuk: 1 — nmitounit kanan «/lynaii-Ca-
cuk»; 2 — xaHan «YHopae mope-Ca-
CHK», L0 TIPOTIOHYETHCS

3Ba)karoun Ha BHKJIAJCHE,
aKTyaJbHOIO € 3a/ada HayKo-
BOro OOIPYHTYBaHHSI 3aXOJiB,
SKi  1mependavyaroTh  BiJHOB-
neHHs quMmany Cacuk o Horo
MIPUPOJHOTO CTaHy MUIIXOM
3’eIHaHH 3 MOpeM. MeToto 1a-
HOi po0OOTH € OLiHKa, Ha Mijc-
TaBi pe3yNbTaTiB MaTeMaTHY-
HOTO MOJIETIOBAaHHS, OYiKyBa-
HO{ MIHJIUBOCTI PIYHOTO IHKITY
TiIPOJIOTIYHNX XapaKTEPUCTHK
JMMaHy, BKIIFOYHO 3 MiHEpai-
3aI(€I0 BOJ, IICAS BCTAHOB-
JICHHS] PeXKUMY MOCTIHHOTO BO-
JOOOMIHY JINMaHy 3 MOPEM.

Jlyist BUpilLIEHHST TIOCTaBIIe-
HOi 3ajadi 3acTOCOBYBAJIach
YHCeJIbHA TiIPOTEPMOMHAMI-
yaa moxens Delft3D Flexible
Mesh (Delft3D FM) y 3D-Bapi-
anTi [2]. Mozenb 3acHOBaHa Ha
YHCEIbHOMY BHPIIICHHI TPUBU-
MipHHX piBHsSHb Hap’e-Ctokca
JUTSL HECTUCITUBOI PiTUHH HA Mi-
ki Boxi y HabmwkeHHI By-
ciHecka Ta rigpocraTuku. Cuc-
TeMa MPOTHOCTUYHUX nudepe-
HIIHHUX PIBHSIHL MOJETI CKJa-
JA€TBCS 3 PIBHAHB PYXY, PiB-
HSHHS HEPO3PUBHOCTI, PiBHIHD



TPAHCIIOPTY CKAISIPHUX BEIUYUH (TEMIIEpaTypH, COJIOHOCTI, 1HIUKAaTOpPiB-
TpacepiB) Ta 3aMHUKa€THCS JIBOIIApaMETPHYHOIO
k-&-Mo1emTr0 TYpOYISHTHOCTI.

Jnst ananranii Mmoneni 10 ymoB nmMaHy Cacuk Oyna 3reHepoBaHa He-
CTPYKTypOBaHa KpUBOJiHII{HA po3paxyHKOBa CiTKa, sSKa ckiananack 3 4927
BY3:iB Ta 4697 po3paxyHKO-BHX €IIEMEHTIB 3 IIEPEMIHHUMH po3MipaMH (Bif
20 mo 500 m). Citka 3 ZOCTaTHBOIO TOYHICTIO OTIHCY€E OCHOBHI OCOOJIMBOCTI
reoMopdoJIoTiuHOi OYZOBH TUMaHy Ta MiCTUTh 00JacTi Teneckomizaii (1, 2
Ha puc. 1) 1 KOPEKTHOTO BpaxyBaHHS BY3bKHX 3’ €JHYBAIbHIX KaHANIB HA
aKBaTOPii TMMaHy, i3 30epekeHHIM IPUHHATHOTO Yacy po3paxyHKiB Ha 3Ha-
YHHX (PIYHUX) MIPOMDKKAX dacy.

Just 3aBganHst B Moeni nodst riubun inmany Cacuk (B M BC), Bukopuc-
TOBYBAJIMCh JIaHI PE3yJIbTATIB MPOMIPHHUX pOOIT Ha akBaTopii JHMaHy IO
MOTIEPEKOBUM rajicaM, BUKoHaHuX y 2009 porri.

ITo BepTukam B Mozeni 3agaBanuch 10 po3paxyHKOBHX PIBHIB y 0-CHC-
TeMi KOOpJHMHAT, KOXKEH 3 sIKMX MaB ToBUIMHY B 10% Bij NOBHOI MIIMOMHHU.

Apanrariist MOJIeJIi 10 yMOB JIMMaHy OyJia BUKOHaHa 1711 yMOB 2019 poky.
[pu po3paxyHkax, Ha BEepXHii (3 aTMoc(heporo) BiIKpUTii TpaHUI MOJEINi
3aJ[aBaJINCh: YacOBA MIHJIMBICTh TEMIIEPATYPH MOBITPS, HAIPAMY 1 MIBUAKO-
CTi BITpY, KIJIBKOCTI aTMOC(epHHX OmMadiB (32 JaHUMH CIIOCTEPEKECHb Ha
I'MC «IIpumMopcrKe»); BITHOCHOI BOJIOTOCTI IMOBITPS Ta BiICOTKY XMapHOCTI
Heba (3a nanmmu cnoctepeskeHs Ha [ MC «Capatay). Ha 6oxoBiif BigkpuTiit
rpaHuli 3’ €JHyBaJIbHOTO KaHany «J/{yHaii-Cacuk» B MozieIi 3a/1aBaJIuCh CIIO-
crepexeHi nporsirom 2019 poky KojiMBaHHs piBHS Boju y p. JyHait Ta MiH-
JIMBICTh TEMIIEpaTypH i MiHepaiizauii AyHaicbkol Boau, HajgaHi JlyHaichb-
KOIO TiIpOMETEOpOJIOTIUHO 00cepBaropiero. BinMiTku nHA B 3’€qHYBaAIb-
HoMy KaHa «JlyHaii-CacHk» Ta pekuM POOOTH TOJIOBHOTO MPOIYCKHOT'O
T3y Kanary y 2019 potii 3a1aBajinch B MOJIEII BiAMOBIAHO 10 iHpOpMaIIii,
HamaHoi KinmiiicbkuM MKpaifOHHHM YIPaBIiHHSIM BOJHOTO rOCIoJapcTBa. Bu-
TIAPOBYBAHHSI 3 BOJIHOI ITOBEPXHI JIMMaHy PO3paxoBYBaIOCh B camili Mozeli 3 ypa-
XyBaHHAIM MiHepaJTizamii BOJI JINMaHy.

Pesynbratn amanTarii Ta KanmiOpyBaHHS MOJEII MPUBEICHI HA pUC. 2.

Ha HactynHOMY eTarni BUKOHAHHS MOJEIbHUX pPO3paxyHKiB OyJo IpoBe-
JICHO CIICHApHE MOJENIOBAHHS Ul THX K€ TiJJPOMETEOpOJIOTIYHHUX YMOB
2019 poky 3 3aBIaHHSIM B MOJEII BiIKPUTOTO 3’€JHYBAIBHOTO KaHainy «Ho-
pHe Mope-Cacuk». Posrnmsmanmick Taki BapiaHTH BOZOOOMiIHY Ha IpOTs3i
poky: (1) BapianT 1 — xanan «Hopue Mope-Cacuky» mupunHoio 70 M; KaHaN
«dynait-Cacuk» Bigkputwuii; (2) Bapiant 2 — kanan «Hopae mope-Cacuk»
umpuHoro 100 m; kanan «/{ynaii-Cacuk» Binkputwii; (3) BapianT 3 — kaHai
«Hopuae mope-Cacux» mupunoto 70 M, kaHan «/[ynaii-Cacuky 3aKpUTHI;
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(4) BapianT 4 — xanan «Hopue mope-Cacuky» mmpusor 100 M, kanan «Jly-
Haii-Cacuk» 3akputuil. Ha BimkpuTii MOpchkil rpanumi kanamy «YHopae
Mope-Cacuk» B MOJIeNIi 3a1aBUTUCh KOJMBAHHS PiBHS MOpSI, MiHJIMBICTh Te-
MIIepaTypH i coIoHOCTI MOpcbkoi Boau (3a nanumu I'MC «IIpumopcbke»).

0.4
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Puc. 2 — Minnugicts piBHs (a), cosoHOcTi (0) Ta TeMneparypu Bou (B)
B smmani Cacuk y 2019 poui (Ha ainstHui akBaropii 6inst ¢. bopuciska):
1 — 3a pe3ynpTaTaMy MOJICIIOBAHHS; 2 — HATYPHI CIIOCTEPEIKEHHS

BBakaeTbces, MO MICIs BiZHOBIECHHS BOIOOOMIHY 3 MOpEM, TIPH ITiBU-
IICHHI 3HA4YeHb COJIOHOCTI BoAM 110 7-8 %o, BimOymeThcs MacoBa 3arudein
npicHOBo#HOI ¢uopu 1 QayHu. Pesympratn MomemoBaHHS, HaBEICHI Ha
pHC. 3, IEeMOHCTPYIOTh, Yepe3 KU NPOMIXKOK Yacy 3 MOMEHTY NOYaTKy BO-
I00OMiHY 3 MOpeM Oyze DOCSATHYTA I KPUTHIHA MEKa COJIOHOCTI 32 Pi3HUX
BapiaHTi]?ApraBHiHHﬂ BOJIHUM PEXHMOM J}HMaHy.
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Puc. 3 — Po3paxoBana 3a pi3HUMH BapiaHTaMH BOJJOOOMiHY pidHa MiH-
JIMBICTH COJIOHOCTI BOJ| JIMMaHy: a — BapiaHT 1; 0 — BapiaHT 2;
B — BapiaHT 3; T — BapiaHnT 4 (1 — y miBHi4HIi YacTuHI JuMaHy 6iis c. Bopu-
ciBKa; 2 — y IiBACHHIH YaCTHHI aKBaTOpii JIMMaHY)
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MICSLL POKY
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BuCHOBOK: pe3ynbTaTH MOJCIIOBaHHS OyIyTh BUKOPUCTAHI JJis BU3HA-
YCHHS ONTUMAIILHOT'O PEIKUMY HAJIXOHKEHHS MOPCHKIX BOJI 10 Bojgoiimu Ca-
CHK B IIEpioJT IEPETBOPEHHS MPICHOBOJIHOI €KOCHCTEMH B MOPCHKY, a TAKOK
HEOOXIIHMX 3aXO0MIB MO0 MiHIMi3anii HEraTUBHUX €KOJOTIIYHUX Ta 1HIIUX
HACIIIJIKIB I[bOTO MPOILIECY.
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TPAHC®OPMAIIISI BHYTPILIHIX YCAMITHEHUX XBUJIb
HAJ IIJIBOJHOIO CXOJAUHKOIO Y TPHUILIAPOBIM
CTPATU®IKAILIL

Tepnenpka K.4?), Manepuu B.®), Bpopuenko 1.9
Tuemumym Ipoorem Mamemamuunux Mawun i Cucmem HAHY,
Yxpaina Hayionanenuii yenmp «Mana akademis nayx Ykpainuy , Yxpaina

BHyTpilIHI XBUIIi HOMIMPIOIOTHCS HAa MMOBEPXHI PO3ALLY 1apiB pi3HOT I'y-
cTuHU B cTpatudikoBaniil piguHu. CriocTepeKeHHsI CBITOBOrO OKeaHy Jie-
MOHCTPYE MOCTiIiHY NPUCYTHICTh BHYTPIIIHIX XBWJIb B 0araTbox MOpsX Ta
npuOepeKHUX 30HaX OKeaHiB. Y pOOOTI YMCEIBHO JOCITIDKYETHCS 3a1ada
po TpanchopMallifo BHYTPIIIHIX YCcaMiTHEHHX XBWJIb Y TPUILAPOBIK cTpa-
Tudikaiii Haa MiIBOJHOI CXOIMHKOI (CXeMa YHCIIChHOTO €KCIIEPUMEHTY
mmokaszana Ha puc.1). BuniieHo pi3Hi pexXKHUMU B3a€MO/IIT B 3aJIC)KHOCTI BiJT Ima-
pametpa GuiokyBaHHS B 1 6e3po3mipHOi aMIutiTyan XBuii o. Buineno o6-
JlacTh 3Ha4eHb B i o 1e B pe3ynpTati B3a€MO/Ii1 epiioi MoJu 3i CXOAMHKOIO
(OpMYIOTBCS XBIJIC BUIIUX OapOKIIHHUX MO, [t MOIeTFOBaHHS THHAMIKH
BHYTPIIIHIX BiJIOKpEMJICHUX XBWJIb B TPHIIIAPOBIi CTpaTiKOBaHil piluHi HaJ
JIOHHUM YCTYIOM B Lili poOOTi BUKOPUCTOBYIOTECS T'iJIpOJMHAMIUHA HET1/I-
pocTaTHYHa YnCceNbHa MOJIENb 3 BUTbHOIO oBepxHeio NH-POM [1]. Monens
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NH-POM 3acHoBaHa Ha pillicHHI PiBHAHB TiAPOMHAMIKHY IS B'I3KOT HECTH-
CJIMBOI pivHK B pH-HaOnmmxeHHi byccinecka.

YucenbHI €KCIIEPUMEHTH MPOBOJMINCS JJIsI BHYTPILIHIX XBWJIb-TIOHH-
JKCHHS. B pe3ynbpTati mpoXoKeHHS XBIJICKO PI3KUX 3MiH perbedy mTHa Gop-
MYIOTBCS SIK XBHJISL, SIKa TIPOMIILIA 338 CXOJMHKY TaK i XBWIIA, sIKa BigOwiacs.
[Ipu pi3HUX CHIBBIAHOIIEHHSIX aMIUTITYAH XBHJII Ta BHCOTH CXOJWHKHA MO-
KYTh (popMyBaTHCS SK XBHJI MEPIIOi TaK 1 XBHJI Apyroi GapOKIiHHUX MO
SK y BiZOWTIH XBUIII TaK 1 y XBHJII IO IpoHmIa. Sk mOKa3aB aHAII3 YHCENb-
HUX Pe3yJIbTaTiB, TpaHC(POPMAILIis MOKE XapaKTepH3yBaTUCS JBOMA ITapaMe-
Tpamu: 1-mapametp OnokyBanHs B = h3+ /|ai|, 2 — 6e3po3mMipHa amInTiTyna
ad = |ai|/h], mI0 MOpiBHIOE BiTHOIIEHHIO aMILTITY X ITaJaf0q0] XBIJII 10 TIIH-
OuHU BepXHBOTO mapy. Ha puc. 2 moka3aHo mopiBHSIHHS KOe(IIliEHTIB Bij-
OWTTS Ta MPOMYCKaHHs IS epuroi Ta apyroi OapoxiiHHuX Moj. HaBeneno
3iCTaBJICHHS PE3YJIbTATIB MOJIEIIOBAHHS 3 pe3yJibTaTaMHi TEOPETUYHHX OLli-
HOK, 3po0JieHHH B paMKax ciaboHemniHiiHoi Teopii [2].
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Puc. 3 3anexHicts BitHOCHUX BTpaT eHeprii OF B Tpuiiaposiii crpatu-
¢ikarii npu Tpanchopmariii XBUIb Bi mapaMeTpy 0onkyBanHs B. (a) - mo-
PIBHSIHHS 3 TeOpi€ro, (0) - MOPIBHAHHA 3 pO3paXxyHKaMH y BUIAKY JIBOLIA-

poBoi cTparuikarii

TakuMm 9UHOM B 3aJISKHOCTI Bifl mapameTpa OjokyBaHHs B BHaineHO Ho-
THPH Pi3HUX PEKUMHU B3a€MOJIi1 BHYTPIIIHBOI ycaMiTHEHOI XBIIi: Pexxum 1.
Cnabka 83aemo0is. 3a CXOOUHKY MPOXoANTh XBWIA 1-1 Mmomu (B> 6). Pexxim
2. Ilomipna é3aemo0is. Xswis, mo npoinma 1-i ta 2-1 Mo Ta Bigduta
xBuis 1-i Mo (4 <B <6). Pexxum 3. Cunbra 63aemodisn. XBUIA, O TPOA-
nuia 1-1 Ta 2-1 Moy Ta Bimbura xBuist 1-1 ta 2-i moxu (0 <B<4). [lunamika
€BOJIIOI] XBWJIb Yy IIbOMY BUMAAKy Habarato ckianHima. Pexum 4. Bio-
oumms. Jlominyroda Binoura xsuis 1-1 moau (B <0). Brpatu eneprii BHacii-
JIOK B3a€MOJii BHYTPIIIHBOT OJMHOYHOT XBHJIl MEPIIOi MOJH 13 CXOJHHKOIO
cTaHOBIATEH 10 50% eHeprii magarouoi xBuii (puc.3). PesyiapraTti Moaeiio-
BaHHS 100pe Y3TOJUKYIOTHCS 3 Pe3yabTaTaMH, OTPUMAHUMH 3a JOTIOMOTOO
CITabOHENiHIHHOT Toepii A pexkumy 1 Ta pexxumy 2.
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MOJUPIKALIS I'TAPOJOTITYHOI'O BJIOKY CIIITP RODOS
JJISI KOMIIVIEKCHOT'O MOJIEJIIOBAHHSA BOJJHUX OB’€EKTIB

120, Pylypenko, M. Zheleznyak, *M. Sorokin, 12S. Kivva
nstitute of Mathematical Machines and Systems, National Academy of
Sciences of Ukraine, Kiev, Ukraine

2Ukrainian Center of Environmental and Water Projects, Kiev
3Institute of Environmental Radioactivity, Fukushima University, Japan

CIIITP RODOS [1] - eBpomeiicbka CHCTEMOIO MiATPUMKA MPUAHATTA Pi-
1IeHb B o0nacti pagianiitnoi 6esnexun. RODOS Bkimouae B cede Moy at-
MOC(EpPHOTO Ta BOJHOTO TIEPEHOCY, MOIYJI OL[IHKH MOXKJIMBUX J103 Ta TIOPaJ
1m0/10 3ano0ikHUX 3ax0iB. RODOS BUKOPHUCTOBYETHCS B OUIBII HIX Jecs-
ThOX KpaiHax €Bpomeiicbkoro corw3sy, 30kpema B Himewuuni, [ommanmii,
[Monbmi. RODOS 6yso BupoBamkeHo B YkpaiHi B pamkax npoektiB €C B
2016-2018 pokax I BCiX NiFOYMX aTOMHHX CTaHIIH YKpaiHH, a Takox
00’exTiB YopHOOMIIECHKOT 30HU BiTIYKCHHS.

[lepeHoc BOIHUMH HIISIXaMH € OJHAM 3 OCHOBHHUX CIIOCOOIB IMMOIMPEHHS
panioakTHBHOTO 3a0pymHEeHHA. Mirpailis HyKITiOiB depe3 BOTHI CHCTEMH
MOJKE CTAaHOBHUTH 3arp0o3y Ha 3HAYHO OLTBIINX MacIITabax dacy MOPiBHIHO i3
aTMOC(EPHOIO MIrpari€ro, MPo MO CBITYUTH JOCBiJ BUBUCHHS YKPATHCHKIX
Ta SIMOHCHKHUX pidok micis YopHoOmibchbkoi Ta DyKyciMchKoi aBapiit. Jlis
MO/IeIIFOBaHHsI TpolieciB BogHoro nepeHocy B CIITIP RODOS BukopucToBy-
€ThCs1 OJI0K TiposoriyHoro mozenoBanHs RODOS-HDM [2], B ckiaz sikoro
30KpeMa BXOJSTh:

1 Mogens po3paxyHKy paliOakTHBHOI'O 3MHBY 3  BOZ0300pYy
RETRACE R, sika BUKOPHCTOBYETHCS Ul PO3PaXyHKY BEIHMYUHH MOTOKY
HYKIITIB 3 3a0pyIHCHUX HYKIITaMHA YaCTHH BOJ0300py IO PIYKOBOi CHC-
temu. B sxocti BximHuX manux moxyinb RETRACE R BukopucroBye pe-
3YIBTaTH PO3PAXYHKY MOIYISI aTMOCc(epHOoro meperocy cucremu RODOS-
ADM.

2 OpnnosumipHa Mozenb RIVTOX SV, sixa n03BoJisie po3paxoByBaTH Ti-
JPOAMHAMIYHI TIPOIIECH Ta MPOIIECH EpEHOCY HYKIIIIB Ta HAHOCIB B po3ra-
myxeHnx piukoBux cucremax. RIVTOX SV mpuiimae pe3ynbTaTH MOAYIS
RETRACE R B sK0OCTi BXiTHUX JJaHUX.

3 JIsoBumipHa monens COASTOX UN, sika 03BOJISIE pO3PaXOBYBaTH
TiApOAMHAMIYHI TIPOIECH Ta TEpPEeHIC HYKIiAIB 1 HAaHOCIB JUII BOJHUX
00’€eKTiB, AKi HE MOXKYTh OyTH TOYHO 3MOZETHOBAHI B OJHOBHUMIPHOMY IIiJI-
XOJIi, 30KpeMa 03ep, CUCTEeM pidka-moliMa TOIIo. B sSKocTi BXITHUX NaHUX
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MO/JIeTIb BUKOPHCTOBYE BBEIEHI KOPUCTYyBadeM YacoBl psiIv KOHLEHTpALil
HYKJIJIIB Ha TpaHULi 00J1acTi MOJICITIOBaHHSI.

Hocein HanamrtysanHss RODOS-HDM nans ykpaincekux [3] Ta sMOHCH-
kux [4] pidok MOKa3aB iCHYBaHHS HEOOXiTHOCTI B KOMIUIEKCHOMY MO/ICITIO-
BaHHI BOJAHUX 00’€KTiB, 30KpeMa B MOEHAHHI OJJTHOBUMIPHOTO Ta IBOBUMIp-
HOTO MOZENIOBAHHS ISl ONHCY IIPOLECIB MEPEHOCY B CKIAAHUX CHCTEMax
THUITy piuka-mo¥imMa 3 NOJAIBIINM ITOIIUPEHHAM YepPe3 PO3raly’KeHy PidKOBY
cucTeMy. 3 METOIO CTBOPEHHS BilMIOBiqHOTO QyHKITioHATY, Moaeni RODOS-
HDM 6ynu moauikoBaHi HACTYITHUM YHHOM:

1 B mogens RETRACE R Oymu momaHo (yHKIiOHaNm po3paxyHKY IO-
TOKY HAaHOCIB 3 B0om0300py. Po3paxoBaHi MMOTOKH 3aCBOIOIOTHCS MOJEILTIO
RIVTOX SV B SKOCTI rpaHUYHUX YMOB JJIsI MOAYJISL PO3PAXyHKY MEPEHOCY
HaHOCIB.

2 Mogeni RIVTOX SV ta COASTOX_ UN 0ys0o Moan¢ikoBaHo [yisi BU-
KOPHCTAHHS iX B JIAHIIFO)KKAX MOJEJCH: 00UIBI MOJIEI MOXKYTh BUKOPUCTO-
BYBATH PE3yJIbTaTH MOJICIIOBAHHS 1HIIOT B SIKOCTI MEXOBHX YMOB, IO JO-
3BOJISIE PO3PAXOBYBATH JOBUIbHI JAHIIOTH AUISTHOK OJHOBHMIPHOTO Ta JIBO-
BUMIPHOTO MOJICTIFOBAHHS.

3 Mogems COASTOX_ UN Ttakox 0yino Moan(hikoBaHO IS IPSIMOTO 3a-
CBOEHHS PE3YNbTaTiB po3paxyHKy arMmocdepHoro Moxyinsi RODOS-ADM
OUITXOM IHTepIoNAmil mons 3a0pyIHEHHS Ha OOYHCIIOBAJIbHY CITKY
COASTOX_UN.

Hoguit ¢yHKIioHaN Mozeneit Oy/in MPOTECTOBAaHO Ha TPHKIALAX PIYOK
[Mpun’stb (Ykpaina) Ta Abakyma (SInoHist).
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TH®OPMAIIMHA CUCTEMA KJIIMATHYHOI'O
MOHITOPUHI'Y

M.B. Tanax!, C.B. T'ony6?
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Ykpaina
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MOHITOPHHT — Il TEXHOJIOTisl 3abe3neueHHsl 1H()OpPMALEI0 NpPOLECiB
NPUIHATTS PillleHb, y pa3i €KOJOrTYHOrO0 MOHITOPUHTY — mpouecy Gpopmy-
BaHHS KePYIOUMX BIUIMBIB IPH YHpaBiliHHI ekocuctemoro [1]. MoHiToprHT
KIIMaTHIHAX (aKTOPIB Mae Ha METi BUSBUTH 3MiHH BIaCTHBOCTEH €KOCHC-
TEMH Ha OCHOBI CIIOCTEPEKEHb 3a KIIMAaTOM JOCIiKyBaHOI Tepuropii. Bu-
3HAUCHHS [IEPeITiKy 03HAK, 32 SKUMH MOXKHA OITUCATH CTaH EKOCUCTEMH, Tpa-
JUIIIHO Tependavae momyk 6ioiHaukaTopiB. JJocmimKkeHHS X XapaKTepuc-
THK JI03BOJISIE BU3HAYATH CTaH JOBKULIA 1 BUABIISITH BIUIMBOBI (hakTopu [2].

B 1iii po6oTi gociiKyBaBcs POLEC BAKOPUCTAHHSI O101HAMKATOPIB IS
OLIIHKH KJIIMaTHYHUX TIapaMeTpiB. bynu copmynboBaHi HACTYIIHI MOTE3H.

Iimote3a 1: «CriocTepexeHHsI 32 03HAKAMHU CTaHy JAPIOHUX CCaBIIB J10-
3BONIUTH chopmyBaTu MacuB BXijHUX nqanux (MBJI) nocratupoi iHbpopmaTu-
BHOCTI 151 HOOY0BU MOieieii 00’ €KTIB MOHITOPHHIOBOKO 1H(GOPMAIIIHHOO
cucremoro (MIC). IpiOHi ccaBIli € BaKIMBUM KOMIIOHEHTOM €KOCHUCTEM, Ta-
KO’K BOHH MAIOTh TOTEHIIIAN B SKOCTI IHIUKATOPIiB CTIHKOTO JICOKOPHUCTY-
BaHHJ, 110 OCOOJIMBO BaXKJIMBO JUIS NPHUPOJOOXOPOHHMX TepuTopii [3]. B
AKOCTI 010i1HIUKATOPIB NMPOIOHYETHCS BUKOpucTaTh Lepus europaeus Pall. i
Martes martes L. [Tepmuii 3 1iux BH/IIB HAJIEKUTH J0O TPU3YHIB, a IHIIAN — JI0
xrokakiB. Ll 1Ba BUIM 1MOB’sI3aHiI MiX COOOI0 Xap4OBUMU BimHOCHHAMH [4,
5].

I'imoTesa 2. ns miaBuieHHs iHGOPMATHBHOCTI TEXHOJIOTii MOHITOPHHTY
HEOOXiTHO CTBOPUTH KOMIUIEKCHUM MOKA3HUK, KW OM poOACTHO TO€THAB
BIIACTHBOCTI KUTbKOX 010HITUKOTOPIB.
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Jnst nepeBipkH Li€l rinoTe3u OyB MPOBEICHUH eKCIIEPUMEHT. MeToro Mo-
HITOpUHTY OyJO BHSBJICHHS 3aJIS)KHOCTEH AWHAMIKM NOMYNSLii IpiOHMX
CCaBLIB 3 PI3HUMHU XapUOBUMH CTPATETISIMH BiJI KIIIMAaTUYHUX XapaKTepHC-
THK CTaHy JOBKIJIIS.

BinmoBigHO 10 METOMOJIOTIT CTBOPEHHS 1H(GOPMAIIHIX TEXHOJOTIH 1H-
TEJNIEeKTyalbHOTO MOHITOpUHTY [ 1] Ha mepromy etamni MOHITOpUHTY OYB c¢o-
PMOBaHUIT MacHB BXiTHHX JaHUX i3 Pe3yNIbTaTIB CIIOCTEPEIKEHD 3a TOKA3HH-
KaM{ CTaHy OiOIHIWKATOPIB MpH 3MiHI KIIMAaTHIHHX XapaKTEPHCTHUK IO-
BkUDTL. Takum grHOM MOOymoBanmit MB/] MicTuTs iH(MOpMaIiiro po peak-
Iif0 eKOCUCTEMH Ha TWHAMIKY KIiMaTHUHUX (axTopiB. TodTO, MOHITOpHH-
roBa CHCTEMa BHMAarae OIHCY 3aJIeKHOCTI TOMYJISMii CCaBIiB HA TOCIIIKY-
BaHii TepuTopii (HaLliOHAIBHUN NPUPOTHUN MapK «BIKHHUIBKUIT») BiJ MO-
TOJHUX YMOB.

Jnst onucy KIIMaTHYHHUX XapaKTEPUCTUK BUKOPHCTOBYBAJIHCH PE3YJib-
TaTH CHOCTEPEKEHb METEOCTaHIII{ MPUPOIHOTO MApKy: TeMIIepaTypa NOBITPs
1 KUIBKiCTh onaziB. BoHn Oy BUKOpHCTaHI sSIK He3aJexHi 3MiHHI. B sikocTi
3aJIeKHUX 3MIHHUX BHKOPUCTaHI NMOKa3HUKU YHCEIBHOCTI MOMYJIALIN KOX-
HOTO i3 0i0IHANKATOPIB HA 3aJaHili TEPUTOPIi.

Jis xoxHOTO OioiHaMKaTopa Oyna moOymoBaHa MOAEIH 3aJIeKHOCTI Ki-
JBKOCTI OCOOWH TpU3yHA Ha 3aJaHiil TepUTOpii BiJ TeMmepaTypu HOBITPA i
KiTbKoCTi omaaiB. L1i Mozeni yTBOPHIIN HIKHIO CTPATy KOMIDIEKCHOTO ITOKa-
3HMKA. BuxinHi curaam nux Moxeneit cpopmysanu MBI 1 moOynoBu Mo-
Jeni Bumoi crparu. Ilicias cuHTe3y MoAei BUIIOI CTpaTH yTBOPHIIACH JIBO-
1IapoBa MO/IelIb KOMIIJIEKCHOT'O 1HAMKATOPA, 10 IIOEJHAB Y CBOTH CTPYKTYpi
MOJIeNIl JIOKJIBHUX O10HITUKATOPIB.

Jis cuHTe3y Mojeneil BHKOPHUCTOBYBAaBCSA OaraTOPSIHHM aJropuTM
MI'VA [6]. dnst noOy10BU Mozeni BXiTHUX JaHuX cuHTe3aTopa MIC Buko-
PHUCTOBYBAJHCS pe3yJbTaTH CIOCTEPEXeHb, OTpUMaHi B mepiox 3 2002 no
2013 pik. Pesympratn cnoctepeskens 3a 2014-2019 poku Oynu BUKOpUCTaHI
JUTS TIEpEBIPKH CTIHKOCTI Mozenmi. CeleKiist MOIe3IeTyBalach 3a KpUTEpieM
peryisapHocTi. BiH po3paxoByBaBcs SIK cepeHbOKBAIpAaTHYHE BIIXMICHHS
pe3yIbTaTIiB MOACTIOBAHHS BiJl peaJbHAX 3HAYECHBb B TECTOBIH MOCITIJOBHOCTI
TOYOK CIIOCTEPEXEHHs. BIIMB 03HAK OIIHIOBABCS Yepe3 3HAUE€HHs BaroBHUX
KOe(IIi€HTIB 3MIHHUX MOJICTIOBaHHSA [1].

CepenHs MOMUIIKA MOJICTIOBAHHS PI3HUTHCS MO POKaxX i CTAHOBUTH BiJl
0,34% mo 8,22%, 1m0 K03BOJISIE 3POOUTH BUCHOBOK, II0 OTPUMaHa MOJEIH €
JOCTaTHBO TOYHOIO 1 CTIHKOI0, TOOTO CTPYKTYypa i€l MOJeIi MiCTUTh JJOCTO-
BipHY iH(OpPMAIIiFO TIPO BIACTUBOCTI 00 €KTiB MOHITOPHHTY. | KOMITIIEKCHUH
MOKa3HUK BU3HAETHCSI KOPUCHUM.

57



[Ticns migTBEepKEHHS KOPUCHOCTI OTPUMaHHUX MOJIENEH pe3ylIbTaTH BH-
KOPHUCTaHHS KOMIUIEKCHOTO MOKa3HUKa CTaHy JOBKLLIS IMif/laBajiach eKcrie-
pTHi#t ouinni. ITopiBHIOBaNMCH BUCHOBKH, oTpuMaHi Ha Buxonl MIC micns
BUKOPHCTAaHHS KOMIUIEKCHOTO MOKa3HHUKa JUIsl MEPETBOPEHHS DE3yJIbTaTiB
CIIOCTEPE)XEHHS 13 BUCHOBKaMHM ekcnepTiB. [yt nporo OyiM BHKOpUCTaHI
naHi, 3i0pani Ha TepuTOpii HamioHambHOTO Mapky "Bmxaumekuit". Bymo
BCTAHOBJICHO IMPOTHJIC)KHUH BIUTMB MaKCHMAJIbHOI TEMIEpATypH MOBITPS i
omajiB y BepecHi Ha YMCENbHICTH momyirdii Lepus europaeus Pall. s
Martes martes L. O0yB Bu3HaueHH iHIIMNA HAOIp 3HAYYIINX YHHHUKIB. 30K-
pema, BUSIBIEHO MPSMUI BIUIMB CEPEJHbOI MAKCUMAJIBHOT TEMIIEPATypH IO-
BITPA B JFOTOMY, MAaKCHMAaJIbHOTO JTOOOBOTO TpajlieHTa TeMIIEpaTypH B CidH1
1 MiHIMaJIbHOT KIJIbKOCTI ONa{iB B UepBHI HA YUCEJIBHICTh MOMYJIALIT JaHOTO
BUAy. BcTaHOBIEHI TEeHACHINT MiATBEPHKYIOTHCS JIITEPaTypPHUMHU JaHUMH,
IO CBIIYHUTH NPO MOXKJIMBICTH 1 €()EKTHBHICTh BUKOPUCTAHHS JIOCIIKyBa-
HUX BUJIB B sIKOCTI OioiHmukaTopis [7-10]. OxHak Oyio 6 HEMpaBHIBHO MO-
B's13yBaTH KOJIMBAHHS MOMYJISALIT TBAPHH 3 JOCHIIPKyBaHUMU (pakropamu. Ha-
NPUKNIAJ, ePEeKT «3aIli3HIOBaHH» € CYTTEBUM (haKTOPOM IIpH BUBYEHHI BiJl-
TYKiB BikpuTHX cucteM [10-12], TOMy B HaCTYITHHUX OOCHTIHKEHHAX Oymo 0
JIOTIYHO MPUHHATH HOTO 10 yBaru npu (GOpMyBaHHI MAaCHBY BXiTHHX JaHUX.

TaxuMm yrHOM 0OMABI TNOTE3H OTPUMAIIN CBOE EKCIIEPHUMEHTAIBHE Mi/T-
BepykeHHs. [loBeneHO e(peKTUBHICTh BUKOPHUCTaHHS AWHAMIKN OIS
JPiOHMX CCABIIB B IKOCTi OJJHOTO 3 0101HIUKATOPIB MOHITOPHHTY JIOKAIEHUX
3MiH MOoroju. BukopucraHHs 4nceIbHUX XapaKTePUCTHK 03HAK IX CTaHy J10-
3BOJIMJIO OTPUMATH MAacHB BXIJIHUX JAHUX JIOCTATHBOT iIHHOPMATHBHOCTI JUIs
noOyI0BU aIeKBAaTHHX 1 CTIMKMX Mojeneld. Bukopuctanus Meroay 6arato-
IaPOBOTO MOJICJIIOBAHHS JIO3BOJIMIIO MMOOYTyBaTH KOMIUIEKCHHN MOKa3HHK
CTaHy JIOBKLILISL, SKUH poOACTHO MOEHYE Y CBOIM CTPYKTYPI BIaCTHBOCTI MO-
JieJieid JIOKaJbHUX O10HIIUKATOPIB.

IIponemMoHCTpOBaHO BUKOPUCTAHHS OaraTopiBHEBOI iH(popMaIiitHoi cuc-
TEMH MOHITOPUHTY JUISl BUSIBIICHHS BIUIMBY TPEHJIB MOTOAHUX (akTOpPiB Ha
MOy ST 00'€KTiB O10MOHITOPHHTY Ha MPHUKIIAAL IPOaHATi30BaHUX JaHUX.

3anpornoHOBaHUI METO/] 103BOJISIE BCTAHOBHUTH NIPIOPUTETHICTH BUKOPH-
CTaHHSA OKpeMHX OlOIHIMKATOPIB B 3aJEKHOCTI BiJ] pe3yNbTaTiB MOJEIIO-
BaHHs. [lepeik npoaHani3oBaHUX MOKAa3HUKIB JJIsI pOOOTH MOHITOPHHIOBOT
CHCTEMH MOKe OYTH pO3IIMPEHHUH JK 32 paXyHOK 010iHAWKATOPIB, TaK 1 KIIi-
MaTHYHUX MMOKa3HUKIB.
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3ACTOCYBAHHSA JUHAMIKH JIAHKEBEHA JIJISAA
MOJIEJIIOBAHHS HOIIUPEHHSA BIPYCHUX IHOEKIIA HA
MNPUKJIALI COVID-19

C.0O. 3aika, A.T. Jlobypeun
Hayionanvuuii ynisepcumem «Ilonmascvka nonimexuika imeni FOpis
Kounopamrwoxkay, m. [lonmasa

CepenoBuiie iCHyBaHHS JIFOJIHA 32 OCTAHHIO COTHIO POKiB 0yJI0 3pyiHO-
BaHO B pe3yibTaTi 0€3p03CyAHOI 1 XIKAIBKOI MPAKTHIHOI! isITBHOCTI JIFO-
IUHA Ha BCiX MOXJIMBHX DPIiBHSAX, B TOMY YHCII B MIKpPOCBITi. JJnHaAMigHOT
piBHOBarw, sika popMyBanacs y 6iocepi IpoTAroM oCTaHHIX PHHAKMHI Ae-
CATKIB TUCSYOJIITh, OiNbIIe He icHYye. JIF0ACTBO 3MyIlICHE OOPOTHUCS 33 CBOE
ICHYBaHHsI, peaJli3ylo4y HOBI 3acO0HM HANpPAaBJICHOTO BILIMBY HAa HABKOJIMIIIHE
cepezoBuine (MecTUIUAN, G YHTIUIN, IHCCKTHIIUIM, TepOIIiIn, aHTHOAKTe-
plaJibHI JIiKapchKi NpenapaTH, MEeTUICHHs Ta iHIIe) 1 Bce OUIblle Biaamsio-
YHCh BiJI CTaHy piBHOBaru. 3pyiHOBaHI €KOJIOT1YHI Hillll HE MOXKYTh 3aJIMIIIa-
TUCS TOpOXxHIMHU. JIFoMHA BXKE CIPOBOKYBAJIA KOPCTOKY OOPOTHOY BCHOTO
JKUBOTO TpoTH *kuBOTO. IIloch Mae 3aruHyTH i OyTH 3aMiHCHHM YHMCH iH-
IIAM, OLTBII )KUBYYHM, aTPECHBHUM 1 3aTHUM IIBHIIIIE 32 IHIIAX aIanTyBa-
THCS 710 HOBHX YMOB. | He 000B’53K0OBO IIe BAACTHCS 3pOOHUTH caMe JIFOIHHI.
[osiBa COVID-19 € numie ogauM i3 MATBEPIKCHD CKa3aHOMY Buie. Hesa-
JISKHO BiJ TOTO, JI¢ BIpYC HAPOIWMBCSA, [KMH BHHUIIOB 3 IUIAIIKH (49U MIPoOi-
PKH) Ha cBOOO/Y 1 BIIEBHEHO 3asBIISIE CBITOBI, XTO TYT Xa3siiH. X04YeThCs Bi-
pUTH, 11O HA 1IeH pa3 Ha HBOTO yIIpaBa 3HalAeThcs. AJie 3aBTpa HAC YeKaTH-
MyTh HOBI BHIpoOyBaHHs. Ha »anb, € 6araTo miJcTaB CTBEPKYBATH, IO
CBIT J10 HUX SIBHO HE TOTOBHH 1 FTOTYBAaTHCS HABITh HE 30MPAETHCS. A MOTIM
MOsKe OyTH Mmi3HO. YpOaHizallis 3aBK /11 03HAYa€ BUHUKHECHHS BEIUKHX CKY-
MUYeHb JIF0JIel Ha NEBHUM YMHOM OOMExeHHMX TepuTopisx. [lo mporo vacy
Tpum Ta TOCTpi pecmipaTopHi BipycHi iH(pexmii (PBI — e B Tomy uucii i
KOpOHAaBipycHi iH(eKii) 3aliMai mepIre Micie 3a YaCTOTO W KUTBKICTIO
BUTIAJIKIB y CBIiTi. PaHime rpum OyB TOJOBHOIO CKIIQJOBOKO 1H(EKIIHHOT 3a-
XBOPIOBAHOCTI 1 CMEpTHOCTI. 3apa3 CHTyamlis 3MIHIOETBCS 1 HaHAeMis
COVID-19 noticHnia Bxe 3BHYHI JIIOJCTBY 1 BUHIDIA HA MEpIIe Micle Mo
cMepTHOCTI. /1o MOsSIBM HOBOTO KOPOHABIpyCy 3HAUHa YaCTHHA HACEJIEHHs Ha-
101 IepKaBM Maya JOCHTH cllabKe YSBICHHS PO MpOodiTakTHKY BipyCHHX
iH(eKIi# Ta 3aCTOCYBaHHS 0COOMCTHX 3ac00iB 3aXUCTy. Bee 1e mpakTHaHO
ITHOpYyBaJIOCS Ha BCiX PIBHAX, HAPUKJIAM, i1 yac emigemii rpumry. Hocinus
MacK{ BBXKAJIOCS Mai)ke 03HAKOIO MOTaHOT'O TOHY, 1110 CHPHSLIO IIBUIKOMY
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MIOMIMPEHHIO 1H(EKIIH. 32 TAKMX YMOB Ha3BUYAHO BayKJIMBO BMITH, BPaxo-
BYIOYHM OCHOBHI IapaMeTpH 3aXBOPIOBAHOCTI, CIIPUSATH 3raCaHHIO JJOKIBHUX
nposiBiB iHQEKLiT 1 MepemKo/pKaTi BUHUKHEHHIO emijieMii 4M MaHjgeMii.
Tomy BaXXJIMBUM IHCTPYMEHTOM Cy4acHOI €MiJIeMioJIorii, SKHH MOXe Jomo-
MOTTH Kpalie 3po3yMiTu (pyHJaMeHTaIbHI MEeXaHi3MHU MOIIMPEHHS iH(eK-
LiIfHNX 3aXBOPIOBAaHb, 0COOINBO HOBUX, € MAaTEMaTHIHE MOJICITIOBaHHS.

Enimemis 4n maHgeMis € MacoBUM, TPOTPECYIOYUM Yy daci # mpocTopi
PO3MOBCIOKEHHSIM iH(EKIii cepen roae, MO 3HAYHO TEPEBHIIYE 3BH-
YaifHO 3apeecTpOBAHUI Ha NaHil TepuTopii piBeHb 3aXxBoproBaHoCcTi. EHze-
Misl — IOCTiifHE iCHyBaHHS Ha OyAb-sKil TepUTOpPii MEBHOTO (JacTime BCHOTO,
iHdeKmiHOro) 3aXBOPIOBaHH. SIK BiTOMO, eITiieMis 3 4acom 3racae abo J10-
CSITHE CTIMKOT0 eHJIeMIYHOTO cTany. Lle 3a5exuTh Bij| IJI0T0 psify (pakTopis,
30KpeMa BipyJICHTHOCTI 30yJHHKa Ta METOy Horo mepeaadi. MoXIHBICTh
iH(IKyBaHHS Yyepe3 NOBITPsIHE CEPEOBHIIE 3pOCTAE B YMOBAX BEJIHMKOT II1Ib-
HocTi. Penpoaykuis BipyciB rpumy Ta I'P3 BinOyBaeThcs aysxe MIBUAKO 3 KO-
pOTKUM iHKYOariiHuM nepiogom — 1-2 mobwu [1-3]. s COVID-19 e 5-14
10, a B IGSKHUX BHMAJKaX HaBITh OuIbie. [Ipu bOMY 3apaXkaTH IHIIHX JIFO-
JIHA TIOYMHAE paHille, HiXK cama mounHae xBopitu. Ille oxHa BiAMiHHICTS —
XBOpO0Oa TPUBA€E y KiIbKa pa3iB JOBIIIE.

Kimpka pokiB ToMy MU IPOBOIMIIN BUBUYCHHS MPOIIECIB caMOOpTaHi3amii
Yy IBOBHMIpHHX aJICOPOUMIHHUX CHCTEMax MIISIXOM MOOYIOBU BiIMOBiTHIX
MaTeMaTUYHUX MOJENICH B3a€EMOY3TOKEHOTO XaOTHYHOTO PyXy YaCTHHOK.
Taxuii pyx Ayke HaraJyBaB IepeMillleHHs JII0/IeH Ha TePUTOpPIl PUHKY YU Ha
Bynuni. Ha nepiuuii noris, BiH 34a€ThCsl XaOTUYHUM, ajie B JIHCHOCTI Y KO-
YKHOT JIFOJTHH € SIKach CBOSI MeTa. Y cHCTeMi a7icopOOBaHUX YACTUHOK TEX €
«MeTay. 3a JaHUX TEPMOAMHAMIYHUX YMOB BOHHM 3[IHICHIOIOTH CBO mepeMi-
LIEHHS TaK, 100 eHEepris CUCTEMH CTajla MiHIMaIbHOIO, & EHTPOIIisi MaKCH-
MaJbHOW, TOOTO, 006 cucTeMa MpsMyBaia 10 Xaocy. Aje y BiIKpUTHX, He-
TMHIHHAX, HEPIBHOBAKHUX CHCTEMAaX MOXE BiIOYBaTHUCS IXHS CTPYKTYpH3a-
mist (camoopranizaris). Lle MoxyTh OyTH sKich MPUMITHBHI (opMu ymopsia-
KOBAHOCTI, aJie BOHH BIUIMBAaTUMYTh Ha XapakTep NpoTikaHHA npouecy. Po-
PMaJbHO TEpEeMIleHHs acOpOOBaHNX YaCTHHOK 1 YaCTUHOK-areHTIiB y MO-
neni (JIroeil) ayke cxoxi. MaremMaTHdHa MOJIENb PYXy YaCTHHOK yxke Oyia
CTBOpEHA HAMHM 1 MU BUPIIIMIN IO MOJENb 3aCTOCYBATH JUIsl BUBUCHHS I10-
IIMpeHHs BipycHUX iH(pexmii B ypboekocuctemax. Taka poboTa BUSBHIIACS
YCHINIHOI0. Pe3ynpTaT JOMOBIJAINCH HA HAYKOBUX KOH(MEPEHIIIsIX. AJie IS
Bepudikamii Mozesi He BUCTadaJI0 JOCTYIHHX HaM PE3yJIbTaTiB KiJIbKiCHUX
nociimkens. Huni x y 3B°s13ky 3 mangeMieto COVID-19 mu 3mornu 3HaiiTu
noyxe Oarato HiHHUX MaTepiamiB Ha caitax [1 — 3] He TiNBKH y CBiTI Ta 1O
pi3HUX KpaiHax, a i 10 OKpeMHUX perioHax YM HaBiTh MiCTax. Y HAC 3 BUIACS
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XOpOIlla MOXKIJIMBICTb MPOAHAIi3yBaTH 1 IIOPIBHSATHU 3 PEaIbHICTIO Hallli 1aBHI
pe3yJIbTaTH Ta OJIepXKATH HOBI sIKpa3 1o kopoHasipycy COVID-19.

B ocHoOBy Hamoi Moziei MoKJIajeH0 BU3HAUCHHS TIOBEIIHKH 1 BIaCTHBO-
CTEl OKpEeMHMX areHTiB Ta IXHbOT B3aeMOIi MiXK COOOI0 3 ypaxyBaHHSIM MOX-
JMBUX 3MiH YMOB (QyHKIioHyBaHHs [4]. Kepytounm napamerpom € HMOBIp-
HICTh iH(iIKyBaHHS TPH BUMAIKOBII 3ycTpidui 37aTHOTO 3apakaTH Ta 3/aT-
HOTO CIIpUAHATH iH(eKIifo areHTiB. Po3nominy BUMagKoBuX 3ycTpiueit are-
HTIB Ta IpoIieciB nepeaadi iHpekmii € HopmarsHUM. Ha 0CHOBI IIbOTO 3HAXO0-
JUTHCS IHTETpalbHa XapaKTepHCTHKA CTaHy MOJEILOBAHOI cucTeMH. Mare-
MaTHYHA MOJEINTb PO3IOBCIOKEHHS PECIipaTOpHO-BipyCHOI iH(eKmii axek-
BaTHO BimoOpaska€ OCHOBHI POCTOPOBO-YACOBI CKIIaI0BI yPOOEKOCHCTEMH 3
ypaxyBaHHSM 3arajbHUX PUTMIB XHTTSI OCHOBHHX COL[aJIbHUX T'PYII CYCITi-
JbCTBA B PEABHHUX IIPOCTOPOBO-4aCOBUX KOOpAMHATaX. PeamizoBaHo pyx
€JIEMEHTIB CHCTEMH Ha OCHOBI JIMHaMiku JIaH)keBeHa B cepelnHi KOHTaKTHHUX
rpyn. IHTepdeiic nporpamu 103BOJISIE 3MIHIOBATH MapaMeTpy 3ajadi 3 ypa-
XYBaHHSM BJIACTHBOCTEH KOHKpeTHOT iH(pekIii. HeBemnuka KibKicTh peryio-
I0YHX TTapaMeTpiB pOOUTH MPOrpamMy yHIBEPCAIbHOIO, IO JO3BOJISIE JICTKO 11
HaJIAIITOBYBATH BIATIOBiAHO 10 moTped. Po3mip pezepByapa momiit 3aqaeTses
y METpax, BpaxOBYIOTbCS BJIACHI PO3MIpH areHTiB, MPEACTABICHUX Y MOJEI]
JmuckaMi. JIUCKpeTHHI yac U po3paxyHKiB IOPIiBHIOE OHIN XBUIIMHI, a pe-
3yJIBTAT 3aMUCYEThCS y (Gaii moaeHHo. Jluckam 3a00pOHEHO NEPEeKpUBATH
OIMH OJHOTO. MOJenp MU 3aCTOCOBYBAJIM Ul IIPOTHO3YBAaHHS CUTYyalii y
OKpEMHUX HEBEIIMKHX HACEJICHNX ITyHKTaX 3 YHCEJIbHICTIO HACEJICHHS Y KiJIbKa
THUCSY YOJIOBIK. Y HAIpPSMKY 3POCTaHHS YMCIIa )KUTEIIB )KOJHUX 0OMEKEHb
HeMae. MoJienb JI03BOJISIE BpPaxOBYBaTH PI3HUMH CIIOcO0aMH parToBi repe-
MiIIIeHHs iH(QIKOBaHMX areHTIB Ha BEJIKKI Biagani — nonpoTu JIesi. [TokasaHo,
10 Ha eMiJeMiyHi NpolecH MoXHa e(EeKTHBHO BIUIMBATH 3a IOMOMOIO0
HaWMPOCTIIINX 3aC001B — CIELialIbHUX ITOB 30K, SIKi 3HWKYIOTh IMOBIPHICTh
3apakKeHHs MOBITPSHO-KpaNeIbHUM CIiocoOoM. MacoBe BUKOPHCTAHHS Ta-
KHX 3aC00iB y IepeeriIeMiuHuil mepio]] 34aTHe BiABEpHYTH iHPEKIio abo
K Yy pasi il BHHUKHEHHS 3HU3UTH YUCIIO iH(pikoBaHUX. OYEeBUAHO, IO TOPIB-
HIOBAaTH CHUTYaIlil0 3 KOPOHABIPYCOM y PI3HUX KpaiHaxX € CMHCII JIMIIE TOMI,
KOJI XapaKTEPUCTHKU TOAAIOThCA B OJHAKOBHX CHCTeMax KoopauHaT. He
3p0o3yMilio, YoMy Ha caiitax [l — 3] momaroThCs 0IeHH] 3HAYEeHHSI 3arajbHOT
KIJIbKOCTI XBOPHX, a HE BiJHOIICHHS YHCIa XBOPHUX JO 3arajibHOi KiNBKOCTI
HaCeJIeHHA y KpaiHi. AJpke HeMae HisIKOTO CEHCY HMOPIBHIOBATH 3arajibHy Ki-
JBKICTh XBOPHX y KpaiHaX - TiraHtax i KpaiHax — Kapaukax. SIKIo po3ris-
HYTH IIOACHHI BiZICOTKH XBOPHUX, TO Ha ChOTOHINITHIN AeHb 1e Oyne: y CIIA
—0.49; Icnanii — 0.5; Anrmii — 0.46; Itanii — 0,38; Binopycii — 0,36; Himeu-
guHi — 0,3; Ykpaini — 0,05; Tuaii — 0,009; Kurai — 0,006, a bpaswumnii, ne 3apas
II0JICHHUH NIPUPICT XBOPUX HaWBUILMIA y CBIiTi, 11e Oyne e 0,16%. ScHo,
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[0 1 MIBUIKOCTI POCTY HEOOXIIHO MOPIBHIOBATH y BITHOCHHX OJUHUIISX.
Lleii moka3zHUK MOXe XapaKTepu3yBaTu e()eKTHBHICTh KAPAaHTUHHUX 3aXO0/IIB
y KOXHIi 3 kpain. Hanpuknan, y HiMeuuuHi BiH HAOJIMKa€THCSI 10 HYJIS IPU
0,3% xBopux. lle Halkpammii pe3yabTaT cepei BCiX IMEpeNideHHX BHIIE
kpain. Haii6inpm nikaBumu € nokasnuku y Kurai, [Haii Ta Ykpaini. Ha sxains,
Bci pe3ynbTatu [1 — 3] 3anmexaTs BiJ KiTBKOCTI 1 SIKOCTI TECTYBaHHS Y KOXKHIH
3 kpain. Hampuxiag, y MOCKBi BiICOTOK XBOPUX BKe JOCST 3Ha4eHHS 1,33,
a y camiii Pocii mume 0,38. [lo peui, 1,33% ne HailBHIIMIA TOKa3HUK Yy CBITI.
BaxxnmmBo Oyino 0 3HATH, SIK 3MIiHIOETHCS 3 YaCOM KUTBKICTh THX, IO yXK€ IIe-
pexsopiB Ha COVID-19. Mu 3xiiicHnnm cepito KOMI FOTEPHHX eKCIIEPUMEH-
TiB IO BIUTUBY KapaHTHHHUX 3aXO0/iB Ha PicT KiMBKOCTI XBopux. CyTh eKcre-
PUMEHTY NOJIATajja B TOMY, IO CIIOYATKY BipyC HOIIUPIOBABCS OE3IepeIIKo-
JHO, a oTiM depe3 30-50 aHiB BBOAMBCS KapaHTHH. 1{e 03Hauano, 1o 3Hu-
KyBasiacsi IMOBIpHICTh 1H(iKyBaHHs. BusBHIOCS, 1110 pe3ysibTaT CUIBHO 3a-
JIOKUTH Bil MOMEHTY BBEJCHHS KapaHTHHY 1 YiTKOCTI Horo peaiizauii, o
OyJo BioMo i 1o Hac. Mu mokasaiu, 1o Oy/Jb-SKi BUIIAJKOBI IIPOLECH, SIKi
BIUIMBAIOTh Ha WMOBIPHICTh 1H(IKYBaHHS (HANpHKJIA/, MOTOAHI YMOBH, SIKi
BIUIMBAIOTh HE TUJIBKU Ha BipyC, a i Ha MOBEIiHKY JIFOAEH) 34aTHI iCTOTHO
3MIHIOBAaTH Tepedir MpoIeciB MomupeHHs iH(peKIii, 3yMOBIIOIOTh BHHUK-
HEHHS y CHCTEMi B3a€MOJIIOUNX (PIYKTyamiid Ta eNeMEHTIB CTPYKTypHU3aIlil
cucreMu. Jlo pedi. Y BUCOKOOPTaHI30BaHOMY i IPOiH(HOPMOBAHOMY CYyCITiTb-
CTBi TpoOJIEeMH KapaHTHHY MOKHa YCIIIIHO BHUPINIYBaTH i 0e3 HaaMipHIX
3YCHJIb JIEPXKABH, SIKIIO HE ITHOPYBATH €JIeMEHTapHOI0 (JeprKaBolo i 11 Hace-
neunsm). [lpuknamy MokHa 3HaiTH 3a agpecoro [3].
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riB, YepHir. gepx. TexHou. yH.-T, 2013. — 2013. — C. 38-41.
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VJIK 004,9

AHAJII3 MOJIEJIEM BUSHAUEHHS PUZUKY KPUTUUYHO
BAXKJIUBOI IH®PACTPYKTYPU

B.B. Beryn, T.B. [Moxingyx
Inemumym npobaem mamemamuunux mawun i cucmem HAH Ykpainu,

Hepoicasna cryscoa nadzsuuavinux cumyayii MBC Ykpainu.

VYupasniaasa (KBI) ta norenniiino Hebesneunnmu o6’ekramu (ITHO) B
VYkpaini He BigNOBiae Kpamioi CBiTOBii mpaktumi. Y cBiti 3 KiHI 70-uX
PoKkiB 20-T0 CTOPIYYS BUKOPUCTOBYIOTHCS CHCTEMH YIIPABIIHHS BUCOKOTO Pi-
BHS HAa OCHOBI pH3HK-opieHTOBaHOTO miaxoxy (POII) Ta mpuHIMTIB pHHKO-
BOI EKOHOMIKH, III0 3aCHOBAaHI Ha JICKJIapyBaHHI Ta CTPaXyBaHHI PU3UKY Ta
HIMPOKOMY BIIpOBaKeHHI iHpopmauiiHux texuosorii (IT). B namiii nep-
»KaBi BIACYTHs iH(opMaliiiHa TeXHOJIOTIsl YIpaBiHHS O€3IEeKOI0 MpHIaTHA
JUTS yTipaBiiHHs 6e3nekoro mupokoro kiacy [THO ta KBI 3 MoXITUBICTIO Ki-
JIbKICHOT OLIIHKU PU3HUKY, Ky 3[aTHUH 3pOOUTH 3BHYAHHUIA iHCHIEKTOp. IH-
CIIEKTOpP B yMOBax YKpaiHM 3a3BH4Yail € CIEI[iajicTOM Biji HU3bKOTO JIO Ce-
PEIHBOTO KJIACY Y rally3siX, siki KOHTpoJttoe. Le pa3om 3 BiacyTHicTIO iH(OP-
ManiiHoI MATPUMKH € OJHOIO 3 NMPHYHH, IO MPU3BOIUTH 10 HEBHIIPAB/A-
HOTO 3pOCTaHHA HeOaXaHWX IOMIN 1 aBapill He3Ba)KatOUH Ha CIaJ BUPOOHU-
IITBA, 110, B CBOIO Yepry, MPU3BOUTH /10 3HAYHUX BUTPAT OIOKETHUX KOII-
tiB. Xoua 1 mUTaHHSA TigiiMatucs HeoxHopa3oBo [1,2], Ha cTopinkax «3e-
neHol KHUTHY» [3] Tex, ane mpobiieMa yrpaBIliHHSA O€3MEKOI0 Ha OCHOBI IMa-
pamurmu POII ta 3aa4i knacudikauii KBI npakTuaHo He BUpillieHi 10 1bOT0
yacy. HixTo B jepaBi He 3aiiMaeThCsi CHCTEMHO IIMMH BXJIUBHUMH 3a/1a-
qaMH.

B IITIMMC pospobiena indopmariitna Texnomnoris oesnexu (ITH), sxa
3/1aTHA BHPIIIYyBAaTH yCi 337a4i [[bOr0 KJacy Ha OCHOBI YHMCJICHHHX OIIHOK
PHU3MKY 3a MPHUHIMIIAMU TPHOXPIBHEBOIO YIIPaBiIiHHS (MOHITOpUHTY) [4].
ITh 3acHOBaHa Ha IMOBIPHICHOMY MOJICTIOBaHHI MPOIIECIB i CKIaTHUX CHC-
TeM, skumu 3BudaitHo € [THO ta KBI. T'omoBHMME (BHpIMIaTbHUMHI) MOZE-
msimu ITH € Moserni BUSHa4eHHS IOTOYHOTO PIBHS PU3MKY Ta BU3HAUCHHS I10-
TOYHOTO CTaHy Oe3leku. 3BiCHO, Mpolenypa OLIHKK PU3UKIB € BaXIIHUBOIO
(camoto BaxkimBoro) npoueaypoto POII. Kpamumu MeTogamu 1i BUKOHAHHS
€ MEeTO/IH HMOBIPHICHOTO CTPYKTYpHOTro-NoriuHOro Mosemoanus (MCJIM)
[1], sKi O3BOJIAIOTH YUCIEHHO BU3HAYNTh HMBIPHICTH HeOaXkaHO1 moIii (aBa-
pii) B poOoTi ckIagHOTO 00’€KTa B 3aJIEKHOCTI Bix (pakTOpiB Ta 0OCTaBUH
(hyHKIIOHYBaHHS FOTO MiANPHEMCTBA. ICHYIOTh I MIXXHAPOHI CTAaHIAPTH 3
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BIZIMOBITHUMU pPEKOMEHaNisIMK 11 BUKOHAHHS, alle cepell MOXKJIMBUX Bapia-
HTIB Ma€ OyTH Takui, IKUH HAMOUIBIIE MiIXOAUTh JUIT YMOB BUPOOHHIITBA.
B IITIMMC 3anpornoHoBaHi pillleHHs 3a/lad OLIHKH PU3UKIB IIUIIXOM CTBO-
PEHHS 3a Taly3siMA BUPOOHMIITBA TUIIOBUX Iporpam Ha ocHOBI WEB TexHo-
norin 3 iHTepdericoM, ki MOKYTh OYTH 3pO3YyMIIHM AJIS YCiX KOPHUCTYBadiB
[5].

JUst TpaBMIIBHOTO 3aCTOCYBAaHHA IIUX MOJIENEH MOTPiOHO MOTIEepeiHE BU-
3HAYUTHUCS 3 THIIOM 00 €KTY Ta HWOTO pHU3UKaMH, TOOTO MEPIIOI0 3aTauero
Mae Oyt po3poOka MeTomoiorii KIacudikarii 00’eKTiB KPUTHIHOCTI, sKa
3BHYAIHO y OLIBIIOCTI MPOMHUCIOBUX KpaiH 3aKOHO/IaBYO 3aTBEPKEHA.

[otpebye BU3HAYEHS CTPYKTYpa KpiTepisl BiIHOLIEHHS OOEKTY 110 KJIacy
KBI, sika BpaxoBye BaXJIUBICTh OOEKTIB, pIBEHb 3arpo3, piBeHb BPa3JIHBOCTI,
PO3MIp MOXIIMBOTO 30MTKY, METOJIOJIOTII0 1 METOJAHM aHaji3y PU3UKY IJIs
KOXHOI Tpymu o6ektiB [6,7]. 3BuuaiiHO MaTeMaTHYHHI amapar aHai3y
KpUTHYHOCTI 3acHoBaHHHI Ha POII, mo B mijoMy BiJmMOBifae Kparmii
cBiToBMiA mpaktui. Lle minTBepmkye i nurata «3eneHoi KHUrn»: «SIk BBa-
KalOTh aMEPHUKaHCHKI €KCIICPTH, OLiHKAa PU3MKIB Ma€ CKIIaJlaTH OCHOBY IIO-
JITHUKH i3 3a0€e3NeUeHHAS HAIllOHATFHOI Oe31eKH, siKa 3 GyHIaMEeHTAIbHOI TO-
YKH 30pYy SIBJISIE COOOIO MPOIIEC YIPABIiHHS PU3HKAMI».

UwncnoBe 3HAYEHHS PH3UKY YacTo [6,8] BHKOPHCTOBYETHCS B SIKOCTI
IHTeTpaJpHOTO TOKa3HWKa 3axwmieHocTi Z. Iamekc 3axmmenocti KBI
MIPOTIOHYEThCST BH3HAYATH SIK BiJHOIICHHS 3aKOHOJABYE YCTAaHOBIICHOTO
JIOITYCTUMOT'0 3HAa4€HHsI IHTErPAJIbHOTO PU3UKY JUIsl OOEKTIB TEBHOI TPYIH
[R] mo moTouHOTO 3HAUEHHS IHTETPATBEHOTO PU3HKY:

= - £
=

Bukopucrannst merojonorii iMoBipHicHoro MopentoBanHs (IAB) Ta
BIJIMIOBITHOrO MAaTPiYHOrO MPEACTABJICHHS KIiHIIEBUX CTaHiB [9] BU3HAHO
CBITOBOIO TIpaKkTHKO0. T00TO, 3371242 ONTUMAILHOTO YIIPABIiHHS OE31EKO00
KBI ta ITHO Bupimyetbcs y ii TpUPOAHOMY BHAI 32 aNTrOPUTMOM
KOMIUIEKCHOI omiHkd pusnkiB. Bimmiaaicte KBI ta TTHO 3 TOYKi 30pYy
ONITUMAJIBHOTO YIIPABIiHHS € B TOMY, 110 KBI MatoTs cxitanHy MeTomosorito
kiacudikanii. 3BUUaiHO IIepUINM elIeMeHTOM Kiacupikarii € Tun Hebe3nekn
Ta Talmy3b MiSIBHOCTI: XiMmiuHa (OTpyeHHs), eHepreTndHa (BHOYXOBa,
MOKEeXKHA), Xap4yoBa (OTPYEHHS,EHEpreTHYHA 3alIeKHICTh), OioJjoriuHa
(nebesmeuHi emigemii), iHhopmariiiHa 6e3mexa JUIst JepKaBHOTO YIPaBIiHHS
tomo. Hactymanm enementom kinacudikarii KBI € mokasHuku BaxIUBOCTI
00€exTa (MOKAa3HUKHM TEPIIOTO PiBHS): 3HAYUMICTh 00'€KTa JUII €KOHOMIKH
KpaiHu, HaHECEHHS LIKOAM MPECTHXKY JepKaBH, MOMKIIUBICTh 3arpo3u Hace-
JIEHHIO 1 TepuTopisiM. KoxeH oKa3HUK MEePIIOro PiBHS PO3KPUBAETHCS Yepe3
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MOKa3HUKH JAPYroro piBHs yepe3 koedinieHTH 3Hauyocti [7]. B ocHOBi BU-
3Ha4YeHHs KOe(illieHTIB 3HAYYIIOCTI JIe)KaTh EKCHEPTHI MPOLEAypH MapHUX
HOpiBHSAHB. B pamkax naHoi npouenypu eKcriepTaMyu BUHOCSTBCS CyDKEHHS,
HACKIJIbKM OJMH TIOKa3HHWK IEepeBepINye IHIIMH 3 TOYKH 30py BIUIMBY Ha
NPUHHATTS piIEHHs PO BKIIOYEHHs 00'exTa 10 nepeniky KBI. /lns BusHa-
YeHHs Bard MOKa3HHKIB 3a Pe3y/bTaTaMH MAapHUX HOPIBHIHB (POPMYETHCS
MO3UTHBHAa OOCPHEHO CHMETPHYHAa MAaTpuIs. SIK BHCHOBOK, IepIIa
MaTeMaTHYHa (HayKoBa) 3ajmada kiacudikamii mMoxe OyTm 3pobieHa 3a
AHAJIOTIEI0 3 KPAIIEI0 CBITOBOIO MPAKTHKOIO.

Jpyra 3ajada — BU3HAUEHHS YHCIOBOTO 3HAYCHHS PH3HKY TEX MOTpeOye
pimreHHs 3a Trmamu Hebesnek. Hanpukinan XiMidHy Hebe3rmeKy BU3HA4aeMO
y ZIBa KPOKH: Ha HepuIoMy 3a gonoMoror MCJIM 06’ekTy BU3HAYAEMO iMO-
BIpHICTh HEOa)XKaHUX TMOMIN, Ha IPYrOMY — PO3IOBCIO/DKCHHS OTPYHHOT
XMapH Ta MOJKJIMBI HACHIKH IHOTO 3a JI0MOMOror0 mporpamMu «ADAM» [9].
AHanoriuHo BUBYX0-NoxKexHa Hebesneka — 3a VICJIM 06’eKTy BH3HAYAEMO
IMOBIPHICTb BUTOKY HE0E3IeUHOi pe4OBHHU, Ta Ha APYTOMY KpPOLi HACIIIKH
BHOYXY YHM TMOXKEXi 3a CTaHAAapTH30BaHOI Meronukoro [10]. Baxmsim €
BUIBHUH JOCTYN HAaceNEHHA OO CalTiB 3 OE3MeKH 3a IPHKIAZIOM KpaiH
€Bpocor03y.

BucHoBkH. [IpHHIMIIOBOIO M MEPIIOPSAAHOIO 334a4€I0 B YIOPSIKyBaHHI
iHpopmamiitHoro 3abesmedeHHs pobotn KBI B VYkpaini € pospoOka
MeTonoJIoTii OIiHKM KpuTuyHocTi. Ll poGoTa Moxke OyTH BHKOHaHA
cymicHuMmH 3ycuiisivu BueHuXx HAHY ta mpaktukis JICHC. Teoperuune
pillIeHHs 3a/1a4 YMCIIOBOT OI[IHKM PU3HUKIB iCHY€E JJIsl yCiX THIIIB HeOe3Iek,
JUISl IPAKTUYHOT peajtizaiii noTpiOHe JepikaBHe 3aMOBIICHHSI.
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VJIK 528.9

BEB-CEPBUC MOJEJIUPOBAHUA ATMOC®EPHBIX
3ATPSI3HEHUI B OBJIAYHOM HH®PACTPYKTYPE

C.5. Maiictpenko, A.A. Tlononckuii, A.B. Xamuenkos, T.A. JloH110B-
3arpeba, K.B. Xypuunasa, O.1. Ynosenko, 1.B. Kopanery
HUnemumym npobrem mamemamuvecxkux mawun u cucmem (MIIMMC),
Ykpauna

B paboTe mporpaMMHO peaTn30BaHbl U3MEHEHHS apXUTEKTYphI BeO-cep-
BHCA TIPOTHO3MPOBAHMS aTMOC(EPHOrO 3arpsi3HEHUs I PacueToB Ha cep-
Bepax IUAaTGOpMbl OOJIAYHBIX BBIYMCICHUH YKpPanHCKON HAIMOHAILHON
rpun nadpactpykrypsl (YHI') [1]. XocTHHT cHCTEMBI IepeHeCeH C CEPBEPOB
HIIMMC Ha 6onee MoHble cepBepa koopaunatopa YHI — UT® HAH Vk-
paunbl. Pa3zpaboTaHHbINH BeO-cepBUC MHTETPUPOBAH B €-KATaJOI' CEPBHUCOB
BupryansHoro nentpa nudpoBoi HaykH, 4TO MO3BOJISIET HCIOJIB30BAThH Pa-
3pabOTKy B TOM YHCIIe ¥ [yl 00y4eHHs CTYAEHTOB COBPEMEHHBIM TEXHOJIO-
TUSM IPOTHO3UPOBAHMSI OKpYy Karolel cpenpl. [IpakTuueckoe 3Hau€HUE 10-
JYYSHHBIX PE3yJIbTATOB 3aKJII0YAETCs B TOM, YTO IPEACTaBICHHAS TEXHOJIO-
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TS MOJKET OBITh UCIIOJIb30BaHa B YKPauHCKOM rUIpoMeTIeHTpe, ['ocynapc-
TBEHHOU CIy)XO€ 4Ype3BBIYAHHBIX CHUTyaluid, MUHHUCTEPCTBE DKOJOTUH M
JpYTUX BeJOMCTBaX, TpeOyomux odecrneyeHus nogpoOHbBIMH JaHHBIMH TH-
JPOMETEOPOJIOTHYECKOT0 aHallM3a W NPOTHO3MpoBaHMs. PaspaboraHHble
CEepBUCHI MOTYT OBITH IPEIOCTABIICHBI TAKXKE M IIUPOKOMY KPYT'y HCCieno-
BaTelNiell OKpy)KaroIe cpeasl B paMKax peanusanuu EBpomelickoit obmay-
Hoit naunuarusel (EOSC).

B npenpinymmx paborax aBTopamu gokiana Obuia paspaboTaHa BeO-cu-
CTeMa IIPOTHO3MPOBAHHS PACHPOCTPAHEHHS aTMOC(HEPHBIX 3arpsA3HCHHH B
pe3ysbTaTe aBapUHOTO BHIOpPOCA B MPOM3BOJBHOIM TOYKE HAa TEPPHUTOPHH
YKpauHbI HA OCHOBE UCIIOIBb30BAaHNS COBPEMEHHBIX TEXHOJIOTUH MPOTHO3H-
POBaHMS MOTOJIbI M PACIIPOCTPaHEHUs 3arps3HeHui [2,3]. YuursiBas To, 4TO
BBITIOJTHEHHE MPOTHOCTUYECKUX PACUETOB TPEOyeT CYIIECTBEHHBIX BBIYHC-
JIUTEIBHBIX PECYPCOB, TPAIUIOHHAS KIHEHT-CepBEPHAs apXUTEKTYpa, B KO-
TOpPOH pacyeThl BHIMOJIHAIOTCS HA BBIJICICHHOM BBIYHCIHUTEIBHOM CepBeEpe,
He TI03BOJISIET NMPEJOCTABIATH BE0-CEPBUC IIUPOKOMY KPYT'Y ITOJIb30BaTEIeH.
st obecrieueHus mpocToro u 3PPEKTUBHOTO Mpoliecca MPOrHO3UPOBAHUS
aTMoc(epHOTO 3arps3HEHHsI BBIOpaHA apXWUTEKTypa BEO-KIHEHT - BeO-cep-
Bep - oOnauHble BeIUUCICHNUS (puc. 1). B naHHON peanusanny KIMEHTCKAs U
cepBepBepHas 4acTH (YHKIMOHUPYIOT Ha KOMIIBIOTEPE C XapaKTepUCTH-
KaMu: 1aBa ¢u3udeckux npomeccopa Intel Xeon E5S335 @ 2.IT, no 4 siopa
Kaxerid, 16 ['0 omepaTUBHOM maMsATH, *KecTKul nuck oobemom 1 T6.

m

Canqeesniiee

Puc. 1. Apxurexrypa 0061a4HOTO CepBHCa.

BsaumopelicTBue ¢ ynaneHHbIM cepBepoM BeinoaHsercss no SSH mpoTo-
koiy. st 3anmycka maremarndeckoid mogenu CALPUFF [4] B obnaunoit
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nHppacTpyKType OBIJIO CO3AaHO JBa MHCTAHCA: IS pacuyera pacipocTpaHe-
HUSI B MaJIbIX (reorpaduueckux) obnacTsax | Ul pacueTa B OOJbIIMX 00Ja-
CTsIX. XapaKTepUCTHKH [IEPBOTO WHCTaHca: skecTkui auck 300 I'6, 1 I'6 na-
MATH, | s1po mpoueccopa. XapakTepUCTHKA BTOPOTO MHCTAHCA: JKECTKHN
muck Ha 200 I'6, 8 I'6 mamsTu,4 sipa mporieccopa.

B Texymeit HacTpoiike o6xauHoi mwrathopmer YHIT LTIMMC moxer co-
31aBaTh MakcUMyM 10 BUpTyanbHBIX MamuH. [Ipu 3TOM MOXKET HCTONIB30-
BaThCs He Oojee 20 BUPTyalbHBIX IPOIECCOPHBIX sep, He Oomee 50 rura-
0alT mamsTH, MakCUMyM lTepabaiiTa IICKOBOTO MPOCTPAHCTBA (TpUUEM
pasouroro He Oonee, yem Ha 10 BHpTyanmbHBIX qHcKOB, Volumes). C yaeTom
HWHCTaHCOB, co3naHHbIXx MIIMMC s pemeHus ApYTrux 3aaad, IMEIOIIHEeCs
st UTIMMC pecypcest o6naunolt HHOPACTPYKTYPHI OIM3KH K MPEAETbHBIM
3HAYEHHSIM, 0OCOOCHHO 110 UMEIOLIEMYCs KOJIMUECTBY JUCKOBOTO IIPOCTPaHC-
TBa (pHuc. 2).

O0001IeHHO Tporece GOPMUPOBAHMS MPOTHO3a BKIIIOYACT CIICAYIOIINE
stanbl. [Toxp30Barens peructpupyercs B cucteme, GOpMUPYET MapaMeTphl
NPOTHO3a ¥ MHULIMKPYET 3aImyck pacuyera. CepBepHBIN CEPBHUC OTCIICKUBACT
W3MEHEHHS B )KypHaJe PacuyeToB Ha HaJIWYHE MPOTHO30B B OYEpEIH UIS
pacyera; popMHUpYET KOHPHUTYPALIOHHBIE (halliIbl IS BBHITOTHEHHUS pacyeTa;
YCTaHABIMBACT COSAMHEHHUE IJISI B3aMMOACHCTBHUS MEXIy Web-CepBepoM H
«CBOOOIHBIM» BHPTYaJIbHBIM HMHCTAHCOM, HCIIOJIB3YsS CKpHIT tUrnon, uHu-
LUHAPYET 3alyCK HOBOTO pacueTa B 0OJIAYHOW MH(PACTPYKType; OTCIEKH-
BaeT Mpolecc 3aBeplleHnsi (OPMUPOBAHKS NPOTHO32; 3aMHCHIBAET PE3YJib-
Tathl pacueToB B b/l. Tlony4uB npusHak okoHYaHHsS (OPMHUPOBAHUS TPO-
THO3a, M0JIb30BaTeNb IPOCMATPHUBACT U aHAIM3UPYET PE3yJIbTAaThl IPOrHO3a
Ha nuhpoBoii KapTe.

Limit Summary

Volume

Network

Puc. 2. meroruecs orpaHnYCHUS Ha HCIIOIb30BAHUE PECYPCOB B 00-
naynoit uadpactpykrype YHI amst UTIMMC.
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Ckpunt tUrnon mosyyaeT B Ka4ecTBe MapaMeTpa UMsI HHCTaHCA. 3aTeM
STOT CKPHUIIT MPOBEPSET, BKIOUEH M MHCTAHC. CKPUNT MPOU3BOJUT KOHT-
POJIbHOE BBIKITFOUEHHE U MOCIIE May3sl 10 ¢. BKIIOYaeT HHCTAHC, €CITH OH ObLT
BBIKJIFOUEH HA MOMEHT 3arycka ckpunra. Ha puc. 3 npeacTaBieHsl pe3yiib-
TaTbl TeCTHpOBaHMs ckpumTa turnon. Cravana inctanc DSTEST-B Owin
BeimoueH  (craryc  SHUTOFF, 1). Tlocme 3amycka  KOMaHJIBI
«turnon DSTEST-B» craryc uncranca m3mensercs na ACTIVE (2).

Pacuer atMoc(epHO# TUCIIEpCHH OCYIIECTBISIETCS € MOMOIIBIO aMepH-
kanckoit mogenn CALPUFF [4] Ha ocHOBe JaHHBIX YHCIIEHHOTO MPOTHO3a
norogsl cucremMsl WRF-Ykpauna [ 5], a7 3a1aHHON ITOIB30BaTeeM 001acTH
Ha TeppUTOpUH YKpauHbl U HHPOPMAIUU 00 MMEIOIUXCSI UCTOUYHHUKAX 3a-
TPS3HEHHUS.

polonsky@cloud-11:~>nova list 2>/dev/null

|
| 1a74abb3-86bF-42b5-b35e-4036a03d23¢ce | CALPUFF-A | ACTIVE | - | Running ]
| 76Fa95b2-9cch-4387-84F3-82c321Fdb3FY | GALPUFF-B | SHUTOFF | - | Shutdoun |
| Running I
| shutdoun |
| Running I
| Running I

urf-private=10.0.1.18
i 5

ng to restart...
2e890987-538b-465b-9aba-cd1837cBc5b8 while it is in um_state stopped (HTTP 489) (Request-1D: req-7832e7f3-5c58-4836-|
92 05-aFF558300029)
Request to start seruer DSTEST-B has been accepted.
polonsky@cloud a list 2>/dev/null

| 1a74abb3-86bf-42b5-b35e-4936283d23ce | CALPUFF-A | ACTIVE | - | R
| 76Fa95b2-9ccb-4367-84F3-82c321Fdb3FS | CALPUFF-B | SHUTOFF | - | Shutdoun

| ecF9239e-bbaa-41cc-a183-0F6a7F13F312 | DSTEST-A | ACTIVE | - | Running
| 2e890907-530b-465b-9aba-cd1837c0c5be | DSTEST-B  |{ ACTIVE || - B

| 1a4067e8-6c88-4c84-af68-85c62ecud218 | WRF | ACTIVE | - ri A7, 194.44.37.63
| 9a538555 34ebb13 | WRF2 | AGTIVE “| - i 44.37.169

polonsky@cloud-11

Puc. 3. CKpUHIIOT TeCTUPOBaHMS CKpuITa turnon.
Jlutepartypa

1 Zynovyev M., Svistunov S., Sudakov O. and Y. Boyko (2007)
"Ukrainian Grid Infrastructure: Practical Experience," 4th IEEE Workshop
on Intelligent Data Acquisition and Advanced Computing Systems:
Technology and Applications, Dortmund, 2007, pp. 165-169.doi:
10.1109/IDAACS.2007.4488397

2 Kovalets, L.V., Maistrenko, S.Y., Khalchenkov, A.V., Zagreba,
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(2017). Povitrya web-based software system for operational forecasting of
atmospheric pollution after manmade accidents in Ukraine. Hayka Ta inHO-
Baii, 13(6), 11-22. doi: 10.15407/scin13.06.013

3 Maiictpenko C.51., Xamuenkos O.B., J{onios-3arpeba T.O., becnamos
B.I1., Xypumnasa K.B., I[Tononcekuit O.0., Koanens I.B. Beb-cucrema npo-
THO3YBaHHS aTMOC(EpHOTO 3a0pyAHEHHS B YKpaiHi HAa OCHOBI JIaHIIOTa MO-
JieTieid MporHo3y morou Ta arMocdepHoi nucnepcii. MaTtemaTnyHi ManiuHu
icuctemu 2019. Ne 2. C. 71-79.
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4 Scire J.S., Strimaitis, D.G., Yamartino, R.J. (2000) A user’s guide for
the CALPUFF dispersion model (Version 5). USA, Concord: Earth Tech,
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YK 338.24

OLIHKA 3ABPYJHEHHSI ATMOC®EPHOTI'O ITIOBITPA
3AJIEZKHO BIJ OBCAT'IB KIHHEBOT O ITIOIIUTY

B.B.Kynuk, O.1. SIctpemcpkuit
JTHHY «Axademis pinancosoeo ynpagninuay, Yxpaina

3a0pyaHeHHS aTMOC(EPHOTO MOBITPS MAPHUKOBUMH ra3aMi CTAHOBUTH
TOCTPY €KOJIOT1YHY mpoliieMy B YKpaiHi, sika HOTpeOye CUCTEMHOTO aHali3y
Ta PO3pOOKH BiIOBIIHOI CUCTEMH NPUPOI03aXUCHHUX 3aXO0/1iB, B TOMY YHCIIi
LUISIXOM PEryJIIOBaHHs KiHIIEBOTO MOMHMTY.

B VYkpaiHi po3po0iieHi METOOIOTIYHI MaTepiald B YaCTUHI OOJIKYy BH-
KuaiB B aTMochepre noBiTps [1, 2], 3aificHIO€ThCS TIepioguyHa MyOmiKaiis
€KOJIOTIYHOTrO paxyHky [3], HalioHATBPHUX PAXYHKIB, 30KpeMa TaOJHIlI «BHU-
TpaTU-BUIYCK»[4], 04iKy€eTbCsl po3poOKa Ta BIPOBAJDKCHHS B CTATHCTHYHY
MIPAKTHKY (3BITHICTB) €KOJIOTO-€KOHOMIYHHUX paxyHKiB (Moaeinb JleoHTheBa-
dopra) Ta iH.

CyvacHa eKOHOMIYHA KpHU3a, BUKJIMKaHa TaH/AEMI€l0 KOPOHOBIpYCY, CYT-
TEBO OOMEXKHIIA OOCSITH BUPOOHHMIITBA, 1 BiMOBITHO BUPOOHUIITBA BUKHUIIB.
Kpim Toro, 11 HACIIAKOM € 3MEHIIICHHS KIHIICBOTO MOIMHMTY, a OTXKE, 1 JesIKe
MOKpAIIEeHHsI eKOJIOTIYHOI cuTyalii, OB’ s13aHoT 13 3a0pyAHEHHSM HABKOJIU-
HIHBOTO CEPEOBHIIA, 30KpEMa BUKHUIaMH [TApHUKOBUX rasis [5].

Bce 11e Bka3ye Ha HaraJbHY HEOOXIIHICTh OI[IHKH 3MiH OOCSTIB BUKH/IIB
y 3B’SI3KY 13 3MiHaMU CTPYKTYPHU 1 OCOOJHUBOCTEH KiHIIEBOTO IOIMUTY Pi3HUX
BHIB ASUTFHOCTI. 3BiCHO, IIe MOTpeOye 3aydeHHs iHCTPYMEHTAPil0 MiXKra-
JIy3eBOTr0 OaiaHCy, METOIOJIOTIYHHX ITOJIOXKEHb MO0 OIIHKHM MPOTHO3HUX
3HA4YeHb BUKUIB [5], miAroToBKM HEOOXiAHOI BXiqHOT iHhOpMAaLii 11t MOie-
JIIOBaHHS Ta iH.

Ouinka 3a0pyTHEHHs TapHUKOBUMH Ta3aMH 3aJIS)KHO BiJl 00CATIB KiHIle-
BOTO IONUTY B YKpaiHi 3AiHCHIOBaNACh 32 TaKUMHU napamerpamu : 1) i3 10
3a0pynHIOBadiB aTMOC(EpHOTo MOBIiTPst Oynu oOpaHi Tpu HaHOIIBII KPUTH-
4Hi 3a0pyIHIOBaYi (JJBOOKHUC BYTJIEII0, OKUC a30Ty 1 METaH); 2) BCi BUAM €KO-
HomiuHOi mismeHOCTI (BEJl) Oynu arperoBani no tprox BEJl (nepBunHNKI,
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BTOPUHHHH Ta TPETHHHHH CEKTOPH); 3) MiATOTOBJIEHI HEOOXiTHI €KOJIOro-
eKkoHOMIuHi jaaHi 3a 2013-2017pp.

HaBaHTa)keHHS! BUpOOHHIITBA BUKU/IIB HA KIHIIEBUI HOIHUT CEKTOPIB OLli-
HIOBAJIOCH 32 (DOPMYJIOHO:

Z=B(E-A)TEY+H,

Je A — MaTpHIls PAMHX BUTPaT, Y — BEKTOP KiHIEBOTO mmomuty, (E-A)-
1 — marpuns noBHuX BuTpaT (oOepHeHa MaTpurs JleoHnTseBa); H — BekTop
BUPOOHHUIITBA BUKHIB TOMAITHIMA TOCIIOIaPCTBAMH.

PesynbraToM OOUYHCIIEHB CTANM OIIHKH OOCSTIB BKAa3aHWX BHKHIIB 32
TppoMa arperoBannmMu BEJ] ta momorocmomapctBamu mpotsarom 2013-
2017pp., mo crpudrHEeHi KiHmeBuM nonutoM (puc. 1 -puc.3). [Ipotsarom moc-
JIJDKYBaHOTO MEPioNly 3arajioM CIIOCTEPIracThCsi 3MEHIIECHHs (i3UYHUX 00-
CSITiB BUKHIB JBOOKHCY BYTJICIIO, OKUCY a30Ty Ta METaHy HOPIBHIHO i3 00-
csiramu BUKHIIB 2013p. Oco0arBo 3HaAYHE 3MEHIIICHHS HABAHTAKCHHS BUKHU-
JIB Ha KiHIIEBUI monmuT crioctepiranocs B 2013-2014pp.

Haii6inbmim 3a0pyqHIOBaYeM aTMOC(EpHOTro HOBITPsS € BTOPHHHUH Ce-
KTOp (IPOMHCIIOBICTB), BUKHIU SKOTO CTaHOBJIATH Onn3bko 50% 3a Bkaza-
HUMH 320pyaHIoBadaMu. Jlpyre MicIie 3a 00csraMi BUKHIIB ITOCIIa€ BTOPHH-
HUH cexTop (ctepa mocmyr) — 6nmmspko 25% 3a nBoOKKCOM ByTIero, 30% 3a
okucoM azoty Ta 38-29%% 3a meraHoM. YacTka BUKHUIIB IEPBUHHOTO CEK-
TOpYy (arpocexTop) 3a IBOOKHCOM ByTJeIo Omm3pko 6-10%%, 3a okxmucom
azoty 10%, 3a metanom 11-15%%.

85 »
65 — —
45
2013 2014 2015 2016 2017
«=4—[lepBUHHUII CEKTOP BropunHuii cextop
TpeTuHHUH ceKTop JlomarHi rocriogapcTsa
=== Bcboro

Puc. 1. Jlunamixa Hasanmasicents 6UpOOHUYMEA 0800KUCY 8Y2Nleyio 3d CeK-
mopamu, 2013 — 100%
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75
50
2013 2014 2015 2016 2017
==& [lepBUHHHII CEKTOP === BropuHHMIi cCEKTOp
TperunHuit cekrop Jlomanini rocogapcTa
=== Bcporo

Puc.2. Jlunamixa noenozo nasanmasicenus, 6UpoOHUYMEa OKUCY d30MmYy,
2013 p. —100%.

80 \‘//\L —
55 <
30
2013 2014 2015 2016 2017
==& lepBUHHUI1 CEKTOD ==~ BTOpUHHUIA CEKTOP
TperuHHU cexTop Jlomarsi rocroapctsa

==¥== Bcroro

Puc. 3. IopisHanbha Ounamixa no6HO20 HABAHMAICEHHS UPOOHUYMBA Me-
many Ha Kinyesuil nonum 3a cexkmopamu, 2013 p. —100%.

3 ToukH 30py MiHiMi3alii 00CATIB BUKH/IIB, JOIIIBHO CTUMYJIFOBATH Ti
CEKTOPY €KOHOMIKH (BU/IM €KOHOMIYHOT JIisUTbHOCTI), KIHIIEBUIl OMUT SKHUX
TeHEPYE MEHIIe BUKUIIB. 3 iHIIOI CTOPOHH, B CKOHOMIYHI# CHCTEMI MAlOTh
OyTu CTBOpPEHI PUHKOBI MEXaHi3MH, 10 CTUMYJIIOIOTH 3MEHIICHHS IPSIMUX
BUTpAT (MaTpuLl A), HAIPUKIA [UITXOM 3aXHUCTy KOHKYPEHIIl 1 T.4. BUBE-
JICHHSI HA PUHOK HOBUX OUITBII eHeproe)eKTHBHUX TEXHOJIOTIH Ta iH.

Bucnoexu. [lpeacraBieHui miaxijg 10 OMiHKA BUKUIIB MOXke OyTh: 1) mo-
HIMpEeHNH Ha OinbI JeTanizoBany kinacudikanito BE/I, B po3pi3i Oinbur mmu-
POKOTO CIIEKTpY 3a0pyIHIOBaYiB; 2) BUKOPHCTaHUH ISl CLIEHAPHOTO MOJIe-
JIFOBaHHSI BUPOOHHIITBA BUKHJIIB 32 YMOBU 3MCHIICHHSI BUTPAT, HAIPHUKJIIA]
Ha 1%, Mo exoHOMIII B I1iIoMy abo 3a okpemumu BEJ].
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JlitrepaTypa:

1 MeToanka po3paxyHKy BUKUIB 3a0pyIHIOIOUMX PEUYOBHH Ta MapHHUKO-
BUX Ia3iB y MOBITpPS BiJ] BUKOPUCTaHHS MajKuBa Ha OOYTOBI noTpedu B 10-
MOT'OCIIOJIapCTBaX 3aTBepkeHa HakazoM [lepskkomctary Big 22.04.2011 Ne
98.

2 MeTomonoriyai TOJ0KEHHS 31 CKIIQaHHSI PaxXyHKY BUKHIIB y aTMOC-
(hepHe OBITPs 3aTBepKeHA HakazoM Jlepskkomcrtaty Bix 19.10.2015 Ne 298
13 3MiHaMH, 3aTBepPKeHUMH HakazoM Jlepxcraty Bim 20.08.2019 Ne 280.

3 Paxynok BukuaiB y atmocdepse mositps y 2017 poui. Pexwum goctymy
: www.ukrstat.gov.ua. [[lara 3Bepuenns: 1 gepsust 2020].

4 TabmuIst «BUTPaTH-BUIYCK» YKpaiau 3a 2017 pik B OCHOBHUX ITiHaX //
Craructnunuii 30ipHuk. K.: Jlep>kaBHUiI KOMITET CTaTHCTHKU YKpaiHu,
2019. Pexxum noctymy : www.ukrstat.gov.ua.

5 Eurostat Manual of Supply, Use and Input-Output Tables. Office for
Official Publications of the European Communities, European Commission,
Luxembourg, 2008.

VK 351.861

PE3YJIbTATH HEHPOMEPEXEBOI'O MOJIEJIIOBAHHS TA
IMPOI'HO3YBAHHSA KIVIBKOCTI 3EMJIETPYCIB 3
MATHITYJIOIO >5 11O 3EMHIA KYJII

B.B. Trotronuk?, O.0. TroTionnk?, T.X. Araszane!
! Hayionanonuii ynieepcumem yusineHozo 3axucmy Ykpainu

2 XapkiecoKutl HayioHanbHuil eKOHOMIYHULL YHiGepcumem
imeni Cemena Kysneys

Mertoto poOOTH € PO3BUTOK HAayKOBO-TEXHIYHUX OCHOB CTBOPEHHS CHC-
TEMH HITYYHOTO IHTEJIEKTY ISl MOHITOPUHTY Haa3BuuaitHux curyariii (HC)
TEKTOHIYHOTO MOXOKEHHSI, 10 peali3yeThes NIISIXOM HOoOYy10BH Helpome-
PEXHMBHX MOAENEH MPOTHO3YBaHHS PIiBHSA ceiicMiuHOi HeOe3NeKu TepuTopii
3eMHOT Kyl 3a KUIBKICTIO Ta pyHHIBHOIO eHeprieto HC TekToHIYHOTO MoXo-
mxenns [1-3]. [ToOynoBa HefipoMepexeBUX Mo/Ieseil IPOrHO3YBaHHS PiBHSA
celicMiuHOT HeOe3nekn TepuTopii 3eMHOI KyJii B poOOTI IPOBEAEHO 3 BHKO-
puctanasM ctatuctiuaHoro nakety STATISTICA.

BiamoBigHo 10 MeTH AOCTIKEHHST pO3B’sSI3aHH HAYKOBOI 3ajadi y po-
6oti 3abe3nedeHo mUISIXOM MOOYNOBH INTYy4YHOT Helipomepexeoi ([ITHM)
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MOJIeNi — MOZETIi YacOBOTO DALY, 1€ BUXIITHUM MOKAa3HUKOM € Nz(t) — cy-

MapHa 1o 3eMHiH KyJli KUIbKICTh 3eMJIETPYCiB (3a yMOB, mo M >5 — marHi-
TyJa 3eMJIETPYCY) B 3aJI€)KHOCTI BiJl IOTOYHOTO Yacy aHamizy t.

st po3po0ku 11iei Mmoaeni oOpaHo 6araromaposuii nepcentpon (BILIT).
BxigHnMu mapaMeTpaMu miei MOJENi € pe3yIbTaTH aHaNi3y MIOMiCIIHOI AH-
HAMIKH MMOKa3HUKA Nz(t) 3a 2009-2018 pp., sixi HaBeaCHI Ha puc. 1.

Jnst HaBYaHHS HEHpPOMeEPEK BCl CIIOCTEpPEXEeHHs 0yJI0 po3aiieHe Ha TpH
BHOIpKH. 3a YMOBUaHHAM 37iHICHIOBAJIOCS BUIIAIKOBE PO3AITICHHS CIIOCTEpE-
JKeHb MDXX BHOiIpKaMHu, 00 YHUKHYTH IIepeHaBUYaHHS MEPEKi Ta JJIs TapaH-
TYBaHHS SKICHOTO y3arajibHeHH: (mporHo3yBaHH:). [leprra Bubipka (IToBua-
mpHA — 50% crmocTepe)xeHb) BUKOPHCTOBYBANAcs JUId HaBYAHHS MEPEXKi;
apyra (KortpossHa — 25% crioctepekeHs) — U1l Kpoc-BaiJanii aIropuTMy
HaBYaHHA Mij yac oro pobotu; Tpets (TectoBa — 25% criocTepexens) — Uit
OCTaTOYHOTO HE3aJIeKHOTO TECTyBaHHs HaB4YeHOI Helipomepexi. HaByaHHs
nposezeHe i3 meuakictio n=0,01.

PesynbTat OMiHKY BiTHONMICHHS MiXk MOXHOKOIO MPOTHO3Y Ta CKJIATHICTIO
apXiTEeKTYpH SBUBCS OCHOBOIO JJISI TIOJIANIBIIIOTO KOHCTPYIOBAHHSI TPHIIIAPO-
Boi MLP 13-10-1 mepexi, sika Mae TPUHAIIATE BXoAiB, 10 enemMeHTiB y cxo-
BaHOMY IIapi Ta OJHY JOTiCTUYHY BUXIAHY (YHKIIIO, Ky IIPEJICTaBICHO Ha
puc. 2.

3UMA BECHA JITO OCIHb

N (t) mﬂi::;::ﬁm Becnse ‘ Tlitue ‘ “Ocine ‘ Q(t) LOD (t)
410 * * * ¥
T4

— e

390 /./\<\ \\ Nz(t)'._ N r’,.
S / P

ECR S S . ) e

N

350 /

T12
T10
T08
330 [
T06
310

200 T 04

270

250

12 1 2 3 4 5 6 7 8 9 10 11
Micsis

Puc. 1. Y3aranpHeHa o 3eMHii KyJii MoMicsiuHa AMHAMIiKa TOKa3HUKIB
Bapiaii MBUAKOCTI 0CHOBOr0 00epTaHHs 3emii ( LOD(t) )

BiJUTaTTEHHST BHYTPIIIHBOTO si1pa Bin neHTpy 3emuoi kymi (Q(t)) Ta cy-
MapHOi CeHCMIYHOT aKTHBHOCTI ( Nz(t)) 3 Mar”irygoro M>5

npotsirom 2009-2018 pp.
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Puc. 2. Apxirekrypa Tpuuiapooro nepcentporna MLP 13-10-1 3 noriu-
HOIO IIepe/iadyelo CUTHAMNIB JUI aHalli3y YacOBUX PSIB MO0 MIPOTHO3Y MO-
MICSYHOT JTUHAMIKH ceiicMigHOi akTUBHOCTI 3eMHOI Kyii ( Ny (t))

Buxopucranas y JaHOMY BHUITAJKY JIOTIYHUX (YyHKIIiH akTHBAIli1, 3 Tapa-
MeTpaM# MacIuTaOyBaHHs, 0a3yBasiocs Ha 3aJaHii 9acTIi po3Maxy JIOTI9HOT
byukuii, pisaoi 0,9, mo Bignosinae [0,05; 0,95] Jiana3oHy HaBYaHHS Heli-
poHHOI Mepexi. ODyHKLi€I aKTHBALil CXOBAaHOTO INApy IEPCenTpPOHa
MLP 13-10-1 € rinep6omiuamii TaareHe. Lle m03BOIsI€ MPOBOIUTH HE3HAYHY
eKCTpanoysmiro qanux. Kpim Toro, BUKOpUCTaHHS JOTIYHAX (QYHKIIH cTabi-
Ji3y€e TIPOLeC HABYAHHS.

160
150
140
130
120
1o
100

90

Ns(t)

0 0 20 30 40 50 60 70 S0 o0 100 10 120 130 140 150 160

N ()
Puc. 3. 3anexHicTh MiX 3HAYEHHIMU ITOKa3HUKA CEHCMIYHOT aKTUBHOCTI
. . *
3eMHOI KyiIi, 1[0 CIIOCTEPIrarThes, ( Nz(t)) 3a CTATUCTUYHUMH JaHUMH Ta

TIPOTHO3YIOTHCS ( Nz(t)) Mmepexero MLP 13-10-1
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Howmep crniocTepeikennst
Puc. 4. 3anexHicTh y 4aci (BiJy HOMEpY CIIOCTEPEKEHHS) MiXK 3HaUCH-
HSIMH [TOKa3HHKA CEHCMIUHOI aKTUBHOCTI 3€MHOT KYJIi, [0 CIiocTepira-
*
totbes, (Ny (t)) 3a CTATUCTUYHUMH JaHUMHU Ta MIPOTHO3YIOTHCA ( Nz(t))
Mmepexero MLP 13-10-1
PesynbraTi mepeBipkd aeKBaTHOI MPOrHOCTUYHOT MPaIe31aTHOCTI Me-

pexxi MLP 13-10-1 npexacraBneHi Ha puc. 3, siKi XapaKTepH3yIOTh BiJHO-
LICHHS MiXK 3HAUYSHHSIMH IIOKa3HUKA CEUCMIYHOT aKTUBHOCTI 3eMHOT KyJIi, IO

. *

criocrepiratoTbes ( Nz(t)) 3a CTATHCTUYHHUMHM JaHUMH Ta NPOTHO3YIOThCS (
Nz(t)) Mepexetro. KoedinieHT kopensiii Mixk [IMMHU TOKa3HUKaMH 3a pe-

3yJlbTaTaMd HaBYaHHA Mepexi "NMOBYAIBHOI BUOIPKOK" JIOpIBHIOE
re. ~0,953. I'padix 3amexHOCTi y uaci (Big HOMeEpYy CIHOCTepe-
Ny (N (t)

JKEHHsI), 3 BIIIIOBIIHUM PiBHEM ITPOTHOCTUYHOI aJJleKBaTHOCTI, M)k 3Ha4YEH-

HSIMH MOKa3HHUKA CEHCMIYHOI aKTUBHOCTI 3€MHOT KyITi, IO CHOCTEPIraroThes

*
( Nz(t)) 3a CTATUCTUYHUMM JaHMMH Ta IPOTHO3YIOTHCS ( Nz(t)) MEPEKEI0

MLP 13-10-1 mpezncrasneno Ha puc. 4.

PoGory naBuenoi MLP 13-10-1 mepexi mpo/eMOHCTPOBAaHO Ha OCHOBI
aHai3y pe3yJbTaTiB ceiicMiuHoi akTuBHOCTI 3emHOi Kyl y 2019 poui. Pe-
3yJIBTAaTH IPOTHO3Y NPEACTaBIIeH] y Ta0l. 1, 3a pe3yabTaTaMy aHali3y JaHUX
SIKOT MOXKHA CTBEPJUKYBATH, 110 OTpuMaHa Helpomepexa MLP 13-10-1 no-
3BOJISIE 3 BiAIIOBIIHOIO 0 JAaHUX pHUC. 3 1 4 aJeKBaTHICTIO MPOBOIUTH HPO-
THO3 PiBHSA CEMCMIYHOT aKTHBHOCTI 3€MHOI KyJIi 3a KiNbKICTIO BUHUKHEHHS
3eMJIETPYCiB 3 Mar"iTyaor M >5.
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Tabmuus 1- Pesynmprar npornosyBanHs mepexeto MLP 13-10-1 piBus
CeliCMIYHOT aKTUBHOCTI 3eMHOT KyJIi

t 2019 pix
0l 02 03 04 05 06 07 08 09 10 11 12
NG(t) | 120 | 104 | 118 | 113 | 93 | 103 | 117 | 127 | 131 | 137 | 138 | 123
Ne(t) | 103 ] 86 | 135 | 92 | 78 | 86 | 134 | 148 | 154 | 114 | 158 | 147
3
Ne@ | oqs |17 | 14 | 18 | 16 | 17 15 17 18 17 14 19
%

Takum yuHOM, B p0OOTI OTPUMAHO HEUPOMEPEKEBY MOJICITh, sIKa J103BO-
JIsiE POTHO3YBATH PIBEHb CEHCMIYHOI aKTUBHOCTI 3€MHOT KYJIi 3 aJIcKBaTHi-

CTIO Ha piBHI r’i% s = 0953

tNx(t)
JlirepaTypa

1. AangponoB B.A. HaykoBO-KOHCTPYKTOPCEKI OCHOBH CTBOPEHHS KOM-
TUIEKCHOI CHCTEMH MOHITOPUHTY HaJA3BUYAHHIX CHTYaIlill B YKpaini: MoHO-
rpadis / B.A. Argponos, M.M. Jlieizirrok, B.JI. Kanyrin, B.B. TroTioHHK. —
XapkiB: HanioHanpHUl yHIBEpCUTET LUBUIHLHOTO 3aXHUCTy YKpainu, 2016. —
319c.

2. Trorionuk B.B. PazBuTtre 0cHOB reoMH(pOPMAIIIOHHBIX CUCTEM MOHHU-
TOPHHTa 4YpE3BBIYaWHBIX CHUTYallMd TEKTOHUYECKOTO IPOUCXOXKACHUS /
B.B. Tiotionuk, JI.®. Uepnorop, B.J[. Kanyrun, T.X. Arazane // [Ipuknaana
pamioenexTpoHika — XapkiB: XapKiBCbKHil HalliOHAIBHUH yHIBEPCUTET pa-
TOCTEKTPOHIKK; AKaJeMis HayK IPUKIaTHOI pamioenekTponikm, 2019. —
T.18.—Bumn. 1, 2. - C. 52 — 65.

3. Vadym Tiutiunyk, Vladimir Kalugin, Olha Pysklakova, Olexandr
Yaschenko, Tural Agazade. Hierarchical clustering of seismic activity local
territories Globe / EUREKA: Physics and Engineering, 2019, no. 4, pp. 41 —
53.
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CEKIIISA 2
CYYACHI ACIIEKTU MATEMATHUYHOI'O TA IMITAHIﬁHOFO
MOJIEJIIOBAHHS CUCTEM Y BUPOBHUIITBI



UDC 629.735.3301

TRANSPORT CATEGORY AIRPLANE FUSELAGE MASTER
GEOMETRY PARAMETRICAL MODELING METHOD

A.S. Chumak1[0000-0003-2913-7038] L.Y. Buival1[0000-0002-3374-
7720] A.M. Humennyi1[0000-0003-1020-6304] O.G. Grebenikov1[0000-
0002-1509-0665] and D. Konyshev2[0000-0002-4537-532X]

! National Aerospace University "Kharkiv Aviation Institute”, Ukraine
2 State Company "ANTONOV", Ukraine
a.chumak@khai.edu

A transport category airplane fuselage master geometry parametric
modeling method is developed basing on its generalized theoretical drawing
and geometric parameters matrix, which are changed in given ranges.

Main tasks to solve:

1 Analysis of transport category airplane fuselage requirements and its
design features.

2 Development of fuselage generalized theoretical drawing and geometric
parameters matrix.

3Creating fuselage master geometry parametric model in Siemens NX
integ rated design system.

4 Determination of the model geometric characteristics in given
parameters ranges, results verification.

The main features of fuselage master geometry parametrical modeling
method:

— accommodation of payload crew and equipment prescribed by the
airplane technical specifications;

— efficient structural integration of aircraft units providing minimum
mass, high reliability and maintainability of airframe;

— high quality of external surface providing low aerodynamic drag;

— compliance with the requirements of regulatory documents (AP-25,
CS-25, ICAO SRP A6, AC-25, OST), particularly in placement of
passengers, crew and a view from the cockpit.

The developed parametric model of fuselage master geometry provide [4,
5, 6]:

1 a single source of information about the fuselage surface configuration
for further aircraft design, preparation for its production and operation;

2 fuselage parameters and its surface shape associative coupling;
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3 high surface quality, the absence of gaps or tangent discontinuities
which were unspecified structurally, smooth and streamlined contours.

A simplified parametric model of fuselage master geometry is described
for frontend design stage application. It can be used for preliminary analysis
of the fuselage and the whole aircraft characteristics, as well as for the
exchange of preliminary data on its configuration between developers.

Airplane Technical
Requirements Specification
* AN VA
Y
Airplane outlines automated formation
Conceptual design, statistical data analysis, take-off mass and
geometric parameters estimation, airplane units LCS development

Airplane preliminary layout and centring

.. \
Auviation rules and
current regulatory
documentation

A

Fuselage surface generalised theoretical drawing develop-
ment. Geometrical parameters matrix formation

¥

Fuselage surface parametrical modeling in integrated
environment. Global variables set up, Parametrical
sketches creation, Section surfaces creation, Transitions
surfaces creation, Sewing fuselage surface

R
Alternative
configurations
development

Master Geometry Characteristics and
Surface Quality Analysis

C Project documentation update )
Y

Figl. Fuselage master geometry parametrical modeling method scheme.
The method was tested using data of An-1X8 family transport category
airplanes, as well as in frontend designing of new airplane for local airlines.
Side views of created fuselage models presented on the fig.2 in unified scale.
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Fig. 2. Fuselage master-geometry parametric models.

As result of the testing, the possibility of automated model editing in
given ranges of geometric parameters values is confirmed.

Accuracy of the model is estimated by comparison of the results to
characteristics of existing airplanes fuselages, error is shown for
correspondent data in tab 2 in braces. Error caused by simplifications of
generalized drawing not exceeding 5%. This result is acceptable for frontend
design stage.

Table 1. Resulted Model Geometrical Properties

Airplane model
Parameter,  designation, An-
unit x174 | AIX8 1y
Passenger Cargo
Fuselage diameter d;, mm 2300 3350 3900
Fuselage fineness ratio, 4, 7 8,2 7,69
_ Nose section fineness ra- 19 1,65 18
tio, 4, n
. Tail section fineness ratio, 3 3,15 3
h
Fuselage length, L, mm 16100 27470 30000
(0,11%) (0,11%)
Fuselage washed surface, 98 243 299
S, m? (0,69%) (0,24%)
Fuselage internal volume, 50 183 271
Vv, m? (0,35%) (4,06%)

Transport category airplane fuselage master-geometry parametrical
modeling method provides definition coordination and description of
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fuselage mathematical model by means of up to date integrated design
systems accordingly to the requirements of airplane design specification and
regulatory documents. Better accuracy and editing automation allow
reducing the number of design iterations in comparison to traditional methods
of descriptive geometry and improve usability of the model in parametrical
engineering analysis applications for aerodynamic and mass characteristics
study and optimization on early design stages.

Parametrical master-geometry model represents main geometric features
of the transport category aircraft fuselages (fuselage fineness ratio, nose and
tail section fineness ratios, fuselage cross-section shape, cockpit windscreen,
nose and tail axis deflections) and ensures the smoothness of the aerodynamic
surface and the possibility of solid model creating.

The proposed method allows change the model automatically in a given
range of geometric parameters, which make it useful in further parametric
studies of the aerodynamic, strength and mass characteristics of the fuselage
with aid of computer engineering analysis systems.

Literature:

1 Grebenikov, A.G.: Metodologiya integrirovannogo proyektirovaniya i
modelirovaniya sbornykh samoletnykh konstruktsiy. National aerospace
university Kharkov Aviation Institute, Kharkov (2006).

2 Aviation Rules. Airworthiness standards transport category aircraft.
Part 25. IAC (2014).

3 Balabuev, P.V. ANTK Antonov Strategy and Practice in the Creation
of AN Airplanes Based on Full Electronic Product Definition [Text] / P.V.
Balabuev, V.l. Matusevich // Information technology in high technology
engineering: Computer support for industrial business / under the general. ed.
A.G. Bratukhina. - K .: Technika. - 2001 .-- S. 84 - 97.

4 The concept of creating a passenger aircraft for local airlines, Yu.N.
Geremes, A.G. Grebenikov, A.M. Humenny, et al. // Open Information and
Computer Integrated Technologies, Sat. scientific tr University of them.
NOT. Zhukovsky “KhAI” - Issue 47. - H., 2010 .-- S. 20-33.

5 Torenbeek, E.: Advanced Aircraft Design: Conceptual Design, Analysis
and Optimization of Subsonic Civil Airplanes. Delft University of
Technology, Netherlands (2013).

6 HayuHble OCHOBBI HWHTEIPHPOBAHHOIO MPOEKTHUPOBAHHS CaMOJIETOB
TpaHcnopTHO# Kateropuu:[MoHorpadus| JC Kusa, AI' I'pebennkoB - X.:
Har. aspoxocm. yH-T um. H.E. XKykoBckoro 2014.

83


https://scholar.google.com/scholar?oi=bibs&cluster=8929407236404723049&btnI=1&hl=en
https://scholar.google.com/scholar?oi=bibs&cluster=8929407236404723049&btnI=1&hl=en

UDC 66.011

MATHEMATICAL MODEL OF HEAT TRANSFER PROCESS OF
PRODUCTION OF GRANULATED FERTILIZERS IN FLUIDIZED
BED

Bogdan Korniyenkol, Lesya Ladieval and
Liliya Galata 2
! National Technical University of Ukraine "Igor Sikorsky Kyiv Poly-
technic Institute”, Kyiv, Ukraine

2 National Aviation University, Kyiv, Ukraine

Ukraine is one of the largest agricultural countries in Europe. The
Ukrainian agricultural sector is a leading industry with a well-developed
business structure and high investment prospects. Growing of cereals is a
major part of the market and therefore an important issue is to ensure the
growth of grain yields. To increase the yield, it is necessary to increase the
amount of nutrients in the soil. This is achieved by the introduction of mineral
fertilizers.

One of the most common methods of making mineral fertilizers is
granulation. Fertilizers in the form of granules have several advantages over
conventional fertilizers in the form of powder or liquid, namely, ease of
transportation, are well absorbed and less amenable to soil weathering.

The design of the granulation process apparatus is simple, and due to the
high heat transfer and mass transfer rates, it is possible to design compact
granulation plants compared to other technologies. On an industrial scale, the
granulation process requires a large amount of energy, namely natural gas,
which is used to heat the air in the process chamber. Reducing the amount of
gas used for the granulation process by at least 10-15% at constant product
quality indicators would significantly increase the efficiency of the
granulation process and significantly reduce production costs. One important
step in solving the problem is to create a mathematical model of the process
that should correctly reflect all stages of the granulation process [1-3].

Therefore, the task of developing a mathematical model that will enable
the creation of an energy-efficient granulation process control system that
will maintain the moisture content of the granules at a given level is an urgent
task.

The basis for controller design is a dynamic process model. In principle,
the more accurate the process description, the more we can say about the re-
sult of the process. But the excessive amount of detail can also dramatically
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complicate the design process of the controller, so assumptions are made at
some point that subsequently simplify the controller design without compro-
mising the accuracy of the process result.

The granulation process in the granulator is greatly influenced by such
parameters as the temperature of the granules, the fluid temperature of the
fluidized bed and the moisture content of the granules. In the mathematical
model created, much attention is paid to controlling these parameters so that
the control system can ensure efficient use of resources and high quality of
products.

The moisture content of the granules, the air temperature inside the gran-
ulator used for the granulation process, and the temperature of the granules
are closely related, because if the air temperature exceeds the temperature
range, there will be excessive heating of the granules and a critical reduction
in the moisture content of the granules. As a result, excess energy will be used
to heat the air, which is not energy efficient, and reducing the amount of
moisture in the pellets can lead to their fragility, which negatively affects the
process of transportation and use of mineral fertilizers, so it is important that
mathematically developed the model met the requirements [4].

When creating a mathematical model, the following assumptions were
made:

- the change of the parameters of the fluidized bed occurs in time, without
taking into account the radial component and the change in height;

- heat exchange between air, particles and droplets is convective;

- change in temperature and moisture content along the width of the layer
does not significantly affect the formation of granules, so we can neglect it;

- fluidized bed is well mixed, no stagnant zone.

The processes of dehydration and granulation are described by the
developed mathematical model in the form of a system of three differential
equations. Equation (1) describes the change in air temperature used to heat
the layer and pellet formation:

(1)

where p - the density of the granules, kg/m3; C - the heat capacity of the
granules J/(kg'K); Ta - temperature of the coolant, K; V, - velocity of the
coolant, m/s; ¢ - the porosity of the flow of granules; o - the heat transfer
coefficient, 1/s; - the coefficient of horizontal thermal conductivity, m?/s;
F - area of the gas distribution grid, m?; T, - temperature of the granules, K;
Gp, - the consumption of the original solution, m¥/s; x, - the concentration of
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the original solution; r - the heat of vaporization, J/kg; Ca - the specific heat
of air, J/(kg'K); x - the height of the device, m; y - width of the device, m.

Equation (2) describes the change in temperature obtained in the
granulation process of granules:

@

where Vjq - the speed of the spray solution, m/s; q - the heat released during
the crystallization of the solution, J/kg.

Equation (3) describes the change in the moisture content of the gran-
ules:

@)

where Wy - the moisture content of the granules; D - the diffusion coefficient,
m?/s; B - the mass transfer coefficient, kg/m?; ¢1, ¢» are the weights.

The mathematical model developed in the form of equations (1) - (3) takes
into account the fluid dynamics of the fluidized bed, as well as the kinetics of
the granulation and dehydration processes.

A mathematical model of heat exchange of the process of production of
granular fertilizers in the fluidized bed was developed. The mathematical
models of the fluidization and granulation process in the fluidized bed are
analyzed. The main processes affecting the production of granular mineral
fertilizers - heat exchange, mass transfer, vaporization, crystallization - are
determined. Transient characteristics of air temperature, temperature of
granules and moisture content of granules were obtained. The computer
experiment confirmed the adequacy of the proposed mathematical model of
the process of production of granular mineral fertilizers in the fluidized bed.
The main characteristics that affect the production of pellets in a fluidized
bed are air temperature and pellet temperature. To obtain a fertilizer of a
given quality, it is necessary to control the moisture content of the granules.
The proposed mathematical model of heat transfer of the process of
production of granular fertilizers in the fluidized bed together with the
controller can be used to build an automated process control system.
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The process of moving a vehicle, especially on the uphill, affects the
traffic flow and on road safety, which is why modern vehicles are equipped
with automatic systems that help the driver begin to move on the uphill. A lot
of scientific works [6-17] have been devoted to the study of vehicle moving
processes, which indicates the relevance of this area of research. An analysis
of these works showed that the process of starting a vehicle moving on the
uphill is determined by the change in the elastically deformed state of the
vehicle pneumatic tires, the applied forces and the corresponding reactions
from the side of the road surface. It is known that after a vehicle stops on the
uphill, the pneumatic tires of its braked wheels remain deformed by the
longitudinal component of the gravity. In this case, elastic forces are formed
in the pneumatic tires of the braked vehicle wheels, which compensate for a
part of the longitudinal force acting on the vehicle. In this case, the elastic
longitudinal deformation of the pneumatic tire determines the longitudinal
displacement of the wheel axis and, accordingly, of the car body. It is obvious
that the dynamic state of the axis of the blocked wheel after the vehicle stops
on the uphill determines the nature of the operation of automatic systems that
help the driver when the vehicle begins to move.

An analysis of scientific papers [6-17] on modeling the process of starting
a vehicle’s movement showed that they are based on a description of the
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dynamic state of the vehicle, and the deformation of pneumatic tires [21]
mounted on wheels affects the control and dynamics of the vehicle’s
movement. To determine the displacement of the reaction of the surface of
the road surface in [1], a study was carried out determining the nature of the
vehicle’s movement, and in [2] equations were given for determining the
longitudinal shear of the vertical reaction during vehicle movement. An
analysis of [3] showed that, based on theoretical and experimental studies, its
author has developed a method for calculating the position of a normal
reaction relative to the center of the contact patch of a pneumatic tire with the
surface of the road. The studies of the angular deformation of the pneumatic
tire of a wheel, carried out in [4], made it possible to obtain equations for
describing the angularly damped oscillations in a flexible pneumatic tire
depending on the magnitude of the torque, wheel load, and tire characteristic.

Determining the stress state of the tires of all the braked wheels of a
vehicle standing on the uphill is a difficult statically indefinable task. In this
regard, at the first stage of the study of the dynamic state of the axis of the
locked wheels under the action of the longitudinal component of the vehicle’s
gravity, we accept the following assumptions and conditions:

- after stopping the car on the uphill, it is held in place by the wheels of
one axis;

- wheels of the same axles have the equal loads, dimensions and
characteristics;

- the wheels of one axis are replaced by one wheel located in the central
longitudinal plane of the vehicle;

- there is no air movement around the vehicle;

- the suspension of all wheels is absolutely stiff;

- the surface on the roadside is absolutely flat and hard, located at an angle
o to the horizon;

- the force of adhesion of the wheels to the supporting surface is greater
than the longitudinal forces acting on the wheels.

The results of modeling the rectilinear motion of the wheel axis relative
to the center of the fixed tire patch shows that the initial coordinate of the x0
axis can have a positive and negative value depending on the ratio of the
uphill of the road and the braking coefficient z = jr / g. The change in the
coordinate of the wheel axis in the case of a vehicle stop with a slowdown jr
= ¢ - sina, which is characterized by the absence of longitudinal force and
longitudinal deformation of the tire x0 at a given time. For the uphill of the
supporting surface of the road of 5 degrees, this case is observed when the
vehicle slows down jr = 0.855 m / s2. It should be noted that the results are
obtained for braking with four wheels, and holding the vehicle on the uphill
is performed by two wheels of a non-driving axle. Obviously, the time to
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reach the position of the stationary point and the extremum of the amplitude,
as well as the coordinate of the stationary point, do not depend on the level
of deceleration during braking. With a decrease in the mass of the car to 1050
kg, the coordinate of the stationary point decreases, ceteris paribus. In this
case, the time to reach the position of the stationary point and the extremum
of the amplitude decreases. A decrease in the mass of the vehicle determines
a decrease in the amplitude of the oscillations, but the oscillatory process is
retained in view of the low damping ability of the tire.

The presented mathematical model of the rectilinear motion of the axis of
the locked wheel after braking the vehicle on the uphill can serve as a
theoretical basis for the formation of the structure of automatic driver
assistance systems at the beginning of movement, analysis and synthesis of
control algorithms in this mode. Taking into account changes in the
coordinate and speed of the axis, the braked wheels at various dynamic
conditions of the vehicle at the beginning of the movement on the rise allows
to more correctly assess the dynamic and energy parameters of the beginning
of movement, to clarify the requirements for the algorithm of automatic brake
control systems of the vehicle and, as a result, to improve the quality of
process control.
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X IO BUSBJIEHHSA AHOMAJIIW B TAHUX EKT

C. B. Peyrceka, baknan 1.B., Omiitauk 10.0., Jlinyk K.1.
Hayionanvuuii mexuiunuii ynieepcumem Yxpainu « Kuigcokuu nonimex-
HiyHul incmumym imeni Ieopst Cikopcbko2oy, kagpedpa asmomamuszo8anHux
cucmem 06pobku ingpopmayii ma ynpasninuat, Yepaina

Beryn. B xapaionorii Hapasi Bce 4acTillle BAKOPUCTOBYIOTHCS IIPOTPaMH,
110 JI03BOJISIIOTH 3HIMATH KapiorpaMy 0e3 MOCTiifHOro KOHTPOJIS Ta MPUCY-
THOCTI JKaps. 3 MOSIBOIO TaKWX INPWIAAiB BUHUKA€E OaKaHHS aBTOMAaTU3Y-
BaTH rnpornec 3HATTA nokazHukie EKI™ Ta po3BuBaTh puHOK anropuTMmiB Ma-
IIMHHOTO aHalli3y OTPUMAaHUX AaHHX JUIS BUSBJICHHs MpobieM 3 cepueMm. s
TOT0, II00 TaKi aJTOPUTMH MOTJIA SKICHO 3aMIHUTH COO0I0 TICpBUHHHI aHa-
73 JaHUX JIKapeM, TyXe BaXIJIMBO HE TUIBKH 3aCTOCYBAaTH IIPUAATHHUH IS
LOTO AJTOPHUTM IEPEBIPKH, a il MPaBUIBLHO MIATOTYBATH JlaHi J0 aHaJi3y,
NepEeBIPUTH SIKICTh CUTHAITY, II[0 HAIHIIOB.

Hini mocmimkennst. Jlocnimkenus meronis anamizy EKD curnamy na
HOro SIKICTb, AOCIIIKEHHs] METO/IIB BUSIBJICHHSI 111/103p Ha XBOPOOU ceplis B
noroui nanux EKT Ha ocHOBI 6a3u ganux Bigomux EKI anomaiid.

OcHOBHA YacTHHA.

B 2018 pomi A. M. IIpokormuyk y cBoiii mpami «CeHcop OioMEeIHYHIX CH-
THaNIB st QpoBoi enekTpoHHOT JadopaTopiin[1] mocmigus onTUManbHe
TIO€/THAHHS EJICKTPO/IiB B KoMInIekci 3 ratuukoM EKI s fioro nogansnioro
3acTocyBaHHs. BiH po3nucas ngeranbHy po3mudposky EKI™ ta po3pobus me-
TOJIM JJIS1 TiABHIIEHHS 11 TOYHOCTI.

B 2019 poui O. I'. ABpynin, B.B. Cemenenp, B.I'. Abaxymos, 3.10. T'o-
tpa, C.M. 3nenko, A.B. Kinencekwuii Ta C.B. [1aBi0B cTBOpHIIM HaBYATbHHIMA
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nociGruK «OCHOBH peecTpariii Ta aHai3y Giocurnanisy»[2]. Moro posmin «bi-
OCHUTHAJIM CepLEBO-CYIMHHOI cucTeMn» npucBsuenuii onucy EKI, onucani
MOJKJIMBI TIATOJIOTIT CepIIsl.

BuienaseseHi mparni JaroTh TOCUTDH IIUPOKE PO3YMIHHS TOTO, SIK came
Burisgae EKI curnan, npote Ha chOTOJHINIHII IEHh HEMA€E YiTKO BU3HAYE-
HUX aJTOPUTMIB, sIKi O JaBay HaM MOBHY po3mH(poBKy. PaxiBLi-iHkeHepH
JOCTIDKYIOTh IIe TUTaHHS Ta IPOTOHYIOTh CBOI BapiaHTH BUPILICHHS IPO-
omemu. Hanpukian, rpyna ¢axisuiB HanioransHOTO yHiBepcHTETY «JIBBIiB-
ChbKa TIOJIiTeXHiKay y Tparii [3] mopiBHIOOTE pi3Hi MeToaM Kiachdikarii, mmo
BUSIBJISIIOTD 1 KOPETYIOTh aHOMAJTii CUTHATIB.

Emextpokapaiorpama — 11e KpuBa JiHisA, HA AKi MOXXHA BUAUIATHU II ST
OCHOBHHX OTIOPHHX TOUOK-3yOuiB: P, Q, R, S Ta T[1]. Koxen Takuit 3y6ern
— MeBHa crais 30y/keHHsT Miokapaa. bijpliicTh ceprieBo-CyIMHHUX MaTo-
JIOTi{ TaK YM iHaKIIE BIUIMBAIOTH Ha 10 KPUBY.

Ockinbku EKT iHTepBanu 1yske HEOJHOPIIHI 1 HE CX0Ki OJIMH Ha OHOTO,
BUHMKaE IMpolsieMa NMpHUBEACHHsS CUMBOJIPHHX JIAHIIOXKKIB JI0 3arajlbHOTO
Buy. B mporieci 1ociipkeH s eKCIIepUMEHTAIBHO MiATBEPKEHO, o 99%
roropux PQRST iHTepBaniB MoxHa OMUCATH HOBXHUHOIO B 25 CHMBOJIB 3
Unicode Tabmumi (Bix 192ro mo 292ro) [6].

Jiist Toro mo6 npuBecTy iX 10 TaKOTo BUTIIALY, BHKOPHCTOBYETHCS aJro-
PUTM JTiHIHHOI iHTepHOIALii mocimoBHOCTI yrcen[S]. Bei obuncneHus Be-
IyThCs B IMUCKPETHUX OAMHMILIX, BEMTMYNHA KPOKy — | cumBoII. 3a momomo-
rolo OliHOYHOT (YHKIIT MOXKHA BHU3HAYMTH, HAMPSMOK YEProBOrO KpPOKY,
1100 He BIAXWJINTHCH Bij 3a7aHOT TpaekTopii. PIBHSIHHS TPAEKTOPIi:

Fie1= (y. + 1)X*XiY = (ininY) + X =F+ X.

e Xi, Yi — KoopaAuHATH MOTOYHOT TouKH; X, Y — MpUPOCTH 110 ocsix X, Y.

["0J1I0BHOIO METOO 3aCTOCYBaHHS aJITOPUTMY JIiHIIHOT iIHTepIosLii moc-
JIIOBHOCTI yKcel € 3anoBHeHHs npoOiniB B curHani EKT, yrounenHs mose-
ninku kpuBoi. Ilicms nmpuBenenHs PQRST inTepBamiB 10 3arajabHOTO BH-
ISy, CTa€ MOKIIMBHUM IX TIOPIBHSIHHS, BUBEACHHS 3aKOHOMIPHOCTEH, BUSB-
JICHHSI aHOMAJTiHA.

Posrnsgaersest 3aqaua kinacugikamii Ha 2 kiacu (OiHapHa):

Y =[0. .1] — MHOXHHa 3HAYEHB, ¢ Y = 1 — OZIHO3HAYHO € AaHOMAJTis,
ay =0 — oIHO3HAYHO HEMAE aHOMAJTii.

Xm={{x1,y1}...{xm,ym}} — MHOXHHa BiAPi3KiB Kapaiorpam, 1
SKHX B1ZIOMO 3HaU€HHS y (TUILy aHOMAJII).

Xn ={x1, x2 ... xn} — MHOXHHA TOYOK, II0 MPOXOIATH NEPEBIPKY
SIKOCTI 332 OJTUH pa3, n = 25.

[MoTpi6HO MOOYyBaTH aNrOPUTM a, SIKMH 31aTHUH Kiacu(ikyBaTH
JOBUTRHHM BiAPi30K Kapaiorpamu XN:

aX—-Y
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st mepBuHHOTO aHaizy Beaukoro MacuBy EKI iHTepBainiB noTpiOHuMiA
LIBUKHUH aJTOPUTM, IO JACTh 3MOTY BIJICIKTH O4EBHHI iHTEepBan O3 aHo-
MaJtiid Ta JacTh nepea0aYeHHs: CTOCOBHO TOTO, sIKi caMe aHOMaJii BiporimHi
Ha naHiit EKT. Anroputm Busnauennss MSE (Mean Square Error) migxoautsb
JUISL BUDIIIEHHS Takoi 3aaavi. BiH BUMipIoe BigcTaHb MK KO)KHHUMH JIBOMa
Toukamu 3 1BoX iHTepBaniB PQRST (inTepBan 3 mokasuukiB EKI moqman Ta
inTepBai 3 BusBieHoro EKI" anomariero meBHoro THIY). B manomy Bumanky
MSE 0yne moka3HHKOM TOTO, HACKIJTBKHM BHXiJHA TOYKa OJM3bKa A0 KiHIle-
BOI.

Ha pucynky 1 MmoxHa mobGaduTH, K came ciiBcTaBistoThCs rpadiku EKT
Ha KokHi# Toutti aiist MSE anroputmy

Pucynox 1 — Pesynbrar po6otn MSE anroputmy

Taxum urHOM, ITpoaHasizyBaBuM KoxHy JlaHKy PQRST okpemo Ta nopi-
BHSBIIH ii 3 iH(OpMAIIi€t0, 110 MICTUTH 0a3a JaHHX aHOMAJlii, MOXKHA OTPHU-
MaTH iH}popmartito mpo te, Hackiapku EKI mamienTa nomioHe 10 Toi uu iHmo1
aHomautii. {71 BUpimeHHs mpoOireM MaciTaOyBaHHS 3aCTOCOBYETHCS TEXHO-
norist Apache Spark, 1o 103BoJ1sI€ po3oIiTUTH 00UUCIICHHS Ha KIIaCTep Ma-
[IVH, [0 MO JIeTko Oytu MacimtaboBaHuM. [yt 301TBIICHHS IIBAIKOIIT
BUKOpHCcTaHO TexHouorii Spark Streaming, o 1o3Bonuna 06poOKy cUrHamy
B IIOTOKOBOMY PEKHMi Ta B MEPCIEKTHBI HAJaCTh MOXKIIHBICTH BUSBICHHS
AHOMAJIiil B peXKUMIi OHJIAMH.

Jis mpoBeeHHs eKcepuMenTy 0yio B3sTo BuOipky 3 1200 EKI cerme-
HTiB mamieaTa Ta 6au3pka 200 EKT" cermenTiB xBopo6[4]. [Tonepeaniit ana-
13 Ta neperBopeHHs EKI B miHTBiCTHYHI TAHIFOKKH [6] T03BOJIMB BUKOPH-
croByBatu jumie oBHi AaHi (PQRST inTepBanm) Ta oTpuMartn neBHy Aoxa-
TKOBY iH()OpMAILiIO ITPO HUX.
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Type PQS MSE | rank |

——————————————————————————————————————————————— t————t
4 BE-18| 1|
4 BE-18| 1|
4 .00E00EEEE00EREREER| 3|
4 .00E00EEEE00EREREER| 3|
4 .355999999999999876| 5
——————————————————————————————————————————————— +-———+

Pucynox 2 — Pesynprat po6oTr anropurmy ninpaxynky MSE

Ha puc.2 mpencraBieHo JTiHTBICTHYHI JTaHIIOKKH Ta Pe3yIbTaTH Iiapa-
xyHKy MSE ni1st curHairy mami€eHTiB 3 MiJ03pOr0 Ha XBOPOOH CepIis, IS SIKIX
CXOJKICTh CHTHAJIIB 3 Ia0JIOHAMH aHOMaii ckiaB Oinmbie 97%

BucHosku.

s Toro, mo6 anroput™ Oyi0 103BOJICHO BUKOPHCTOBYBATH 3 NIEBHUM
JATYUKOM, JJISI MOHITOPWHTY CTaHy IAIli€HTIB BiJJajeHO, PO3POOHHUKH TO-
BUHHI TapaHTYBAaTH, [I[0 CUT'HAJI, SIKHI IMiJI¢ Ha BXiJ] alTOPUTMIB aHaJi3y, Oyae
HaJIe>KHOT SIKOCTI.

Otpumanuii knacuikaTop Ma€e BUCOKY TOUHICTh. Ha cXoxkux Ha aHOMa-
JIiI0 IAHUX BiH MOKa3ye BipOTiaHICTh 95-98%, a Ha HecxokuX — 50% 1 HIKYE.
HIBMAKICTE TAKOTO aNTOPUTMY HPSIMO MPOIOPILiHA KUIBKOCTI OJJHOYACHO
o6po6moBanux nanux mnpo EKI" anHomanii B 0a3i. OpienToBHHH Yac s 00-
pobku 1 Trcsui npukiaiB aHomaniit — 40 cexyun. Apache Spark namgae mo-
JKIIABICTH 0€3 3HAYHUX BUTPAT MACIITA0yBaTH KiIach(pikaTop Ha BEIUKY Ki-
JBKICTh MaIlIWH, HAJAF0UYH JIIHIHHIA TpUPICT €PEKTUBHOCTI MPH 30UIBIIICHH]
KIJIbKOCTI MamuH. TOMy € MOXKIIMBICTh BUKOPUCTAHHS KJIacTePy 3 JEKITBKOX
MallllH, 0 CYTTEBO MPUIIBUAIINTL POOOTY aITrOpUTMY.

Jannit anroput™ neperBoperns EKT -maHIIoXKiB Ta mapanensHoi 00po-
6xu B SPARK MoXHa ayxe MpoCTO BUKOPUCTOBYBATH JUIsl IHIIMX (YHKIIIH
OLIIHKH, Ki1acudikaTopis, Touo. BiH 103BoJIsi€ 3HAYHO 3MEHIIUTH 00 €MHU J1a-
HHX Ta 3BY3UTH KOJIO MOIIYKY.
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VIIK 004.94

MO/IEJTIOBAHHSI CACTEMM NEPEJBAYEHHSA ITPOCTOIB HA
BUPOBHUITBI AJI51 TEPMOIIVIACTABTOMATY

Aunexcukos 1. O., [loniana €. O.
HTYY «KIII im. leops Cikopcovrozo»

B maHiit cTaTTi po3riTHYTO pIlIeHHS I ONTHMI3allil mpoIecy podoTu
3aBoxy, OIHHUM i3 HAHOLIBII 3aTPATHHUX TPOLECIB € MPOIIECC TEXOOCITYTOBY-
BaHHS MaIlNH Ha JiHii. TexHiuHe 00CIyTOBYBaHHS MAIIMHA MOXXE OYTH BH-
KOHAHO JIMLIE MiJl 4ac MPOCTOI MalIWHM, KOJIM BOHA HE BUPOOJISE MPOIYK-
uito. Ha nanuii MOMEHT, iCHY€e TpW BapiaHTH IUIaHyBaHHsI IPOCTOIB!

1. Reactive maintenance — po6ota MalIHHHU 0 TEPIIOi MOJTOMKH, IO
MPU3BOJUTH JI0 il IPOCTOXO.

2. Preventive maintenance — po6ota ManivH# 10 3aIJIAHOBAHOTO MPO-
CTOI0, IO BiJOyBa€ETHCSI B BU3HAYCHUIT Yac.

3. Predictive maintenance — po6oTa MaIIdHA 10 KPUTHIHOTO PiBHS,
KOXXHHUI1 MPOCTIH IJIaHYEThCS BIATIOBIHO Ja CTaHy MALIMHH B PEabHOMY
qaci.

OnruManbHUM BapiaHTOM, IO JIO3BOJINTH MIHIMI3yBaTH BTpaTH, SIBJIS-
eThest came Predictive maintenance[1]. Moro uiss He Tinbku 3amo6irtu Hesa-
IUIAHOBaHMM MPOCTOSIM, a TAKOXX MIHIMI3yBaTH yac, BUTPAueHHH Ha 3aruia-
HOBaHi MPOCTOi.

Jis moOynoBu Mojeni, mo Oyle BUPAaXOBYBATH MOTPeOy TEXHIYHOTO
Brpyuanns (Predictive maintenance), tpe6a anami3yBatu JaHi MamivHd, a y
KOXXHOI MallIMHY CBO1 IIOKa3HUKH.
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Jlaii po3riistHeMO XapaKTEepUCTUKH, 110 BILUITMBAIOTh HA BU3HAYEHHS IOT-
peOHOCTI TeXOOCIYroByBaHHs. A TakoX, IIOKaKeMO, YOMY IIaHYBaHHS 00-
CJIyTOBYBaHHSI € HaraJIbHOIO IIOTPE0OIO.

IcHye GaraTo BHAIB MallMH, 0 BAKOPUCTOBYIOTHCS Ha 3aBOJAX, Y JaHil
ctarTi Mu Oyznemo posrisiaaty auie Tepmormnactasromar (TITA ab6o IMM -
Injection molding machine) — imkekmiHO-THBapHA aBTOMATH30BaHA Ma-
MIWHA AT TATTA IUTACTMAC il THCKOM, € YHIBEPCAIbHUM OOTaJHAHHIM /I
OTPHMAaHHS MOIITYYHUX BHPOOIB 3 TIIaCTMAC.

OCHOBHUMH TIapaMeTpaMH, SKi MArOTh HAHOINBIINII BIUIMB Ha TEXHIKO-
€KOHOMIYHI XapaKTePUCTHKH TEPMOILIACTaBTOMATIB, €:

e 00'eM BIOpPCKYBaHHS 3a IUKJ (00'€M BUIIMBKH);

e 00'eMHa NIBUIKICTh YHOPCKYBaHHS (4ac yIOPCKYBaHH!);

®  THCK JIMTTS Ta IUIOLIA JINTBA;

e  3YCHJUIS 3aMHUKaHHS 1 PO3KPUTTA Ipec-(HopMH;

®  XiJ pyXOMOi IUIUTH, MaKCUMaJIbHa BIICTaHb MIX IUIUTAMH, 1X JKOP-
CTKICTh Ta IIBUAKOXIIHICTE,

e mractudikamiifHa 30aTHICT 1 [iama30H TEMIIepPaTyp iHXEKIIIHOTO
IITIHApA.

Came 3MiHA JaHUX ITapaMeTpiB, a00 BIIXUICHHS IX Bil HOPMH MOXE CH-
THai3yBaTy PO 3MEHIICHHS €()eKTHBHOCTI MAIIMHH, 3 OTXKE B OAAIBIIOMY
PO 11 MOJIOMKY.

Taxox, i 9ac BUPOOHUUIOTO MPOIIECY iCHY€E MOTpeda OLMiHKA ePEeKTHUB-
HOCTI po0OTH 0018 IHAHHS, aJie He 3aBXK/IY € MOXKJIMBICTh OLIHUTH BHYTPIILIHI
XapaKTepUCTUKU MalnHK. JlaHy npoOsemMy BUHpIlIYe MOKa3HUK e(eKTHB-
HocTi o6naananns, Hagan OEE (Overall Equipment Effectiveness) — e oc-
HOBHHUH MOKAa3HHK 3arajibHOr0 JOTJISLY 3a OOJaJHAHHSM, BiH BigoOpakae
caMme CTyITiHb e(DeKTUBHOCTI BUKOpHCTaHHs 001aqHanns. 3uaueHus OEE Bi-
JINOBIa€ HA HACTYITHI TUTaHHS:

1. Hackinbku e(peKTHBHO B BUKOPHCTOBYETE CBOE O0JIaTHAHHS?

2. SIki mMOKa3HUKH 3HIDKYIOTH €(EKTHBHICTH O0JIaTHAHHS?

3. Ha mo came 3BepHYTH yBary, mio0 MOKpamuTi eheKTUBHICTH?

Just po3paxynky OEE HeoOXiTHO IepeMHOKUTH HACTYITHI IOKa3HUKH:

1. JocrymHicTh 001agHanHs (Availability) - BiZHOIIEHHS MAIIMHHOTO
4acy J10 YUCTOTO Yacy poOOTH.

2. TIpomyktusHicts (Performance) — BiIHOIIEHHSI IIOTOYHOTO BUPOO-
JICHHSI JI0 3aIJIaHOBaHOT O,

3. Skicts (Quality) — BiJHOLIEHHS KITBKOCTI SIKICHHX JIETaJIeH 0 yCix
BUPOOJICHUX JI€TaNCiH;
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Start up, Changes ,
Failure, Waiting
Production capacity
PERFORMANCE

(D/0O icro-stops,
Actual Production

Puc. 3.1 — I'padiune 300pakeHHS CKIIATOBUX Koe(biuiemy e(heKTHBHO-
cri[2]

BumMiproBaHHA 3araipHOi e(pEeKTUBHOCTI 0OJaHAHHA Tependadae MOHi-
TOPUHT TOTO, SK (YHKIIOHYe 0oONamHaHHA abo TpoTikae mporec. BusHa-
genHss OEE BinOyBaeTbcs Ha OCHOBI MIOACHHOTO (DiKCYBaHHS IMOKa3HUKIB,
[0 Bi00OpaxarTh cTaH oOmagHaHHs. [le crpuse BIAKpUTOMY MiIXOAy IO
oOminy iH(popMali€ro i 3armodirac BUNaakam Koy norade (GpyHKIiOHyBaHHs
BEPCTATIB CTAaBUTHCS B IPOBUHY KOHKPETHOTo pobiTHuKa. Tox yoMy nepen-
0ayeHHs TPOCTOIB, IS MOJAJBLIOr0 TEXHIYHOTO OOCIYroBYBaHHS €
HITIUIBHOIO 1oTpeboto? Po3risiHeMo, 1110 Take NpocToi Ta ixX THmu.

IIpocToi - 1e yac, KoM MalliHa CTOITh 0e3 podoTu. SIKIo iCHYE aeska
BUPOOHHYA JIiHIS, TO TIPH MIPOCTOI OJIHI€T MAIlIMHU 3YIHHSAETHCS BCS JIHIS, a
OTXe€ 3YIHHSETHCSI BAPOOHUIITBO, 110 IPU3BOAMTH /10 3HAYHMX (piHAHCOBHX
BTpaT.

IMpocroi noainAOTECA Ha:

3arutaHOBaHi — NMPOCTOT, BTPATH Bijl SIKMX yXe IIPOpaxoBaHi Ta MiHIMi30-
BaHi B mpuOyTok. [Ipukian: pa3 B Micsib NeBHIA MalIMHi TOTPiOHE TEXHIYHE
00CITyroByBaHHs, sike TpUBa€ roguHy. A0o x 3MiHa npec-hopM Ha TEpMOII-
JIaCTABTOMAT MAIIMHI.

BaxiuBo: 3aruiaHoBaHi IPOCTOT TAKOX € BUTPATAMH.

HesarutanoBani — (B O1JIBIIOCTI BUITAJIKIB) I[€ CaMe ITOJIOMKA 00JIaHAHHS,
110 TPU3BOJUTH JI0 3HAUYHHUX BTPAT, SIKI HEMOJIIMBO ITPOPAXyBaTH.

[NopiBHsIbHA XapaKTEpPHCTHKA 3aIUITAHOBAHMX Ta HE3aIlJIaHOBAHHX IIPO-
CTOIB:

[Mpunycrumo, npocriii mammHu A komrye 1000 yMOBHUX OIUHHID 32
TO/INHY.

3aruiaHOBaHMH NPOCTIif, a came TeXHIYHA NepeBipKa, pa3 B MiCsIb Ha JBi
roauau Oyzxe xomrysatu 2*1000 y.o. = 2000y.0., Tak SK Lie 3amIaHOBaHa
ITOTis1, TO MIHIMI30BaHi BUTPATH HA BUKJIMK KOMaH/IH 3 TEXHIYHOT i ATPUMKH,
Yac, OKU TeXHIYHA MiATPUMKA TO011e 10 MICIS MOl
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HesamnanoBauuii npocTiii 6yze KOmTyBaTH A0poskye. [ 0/juHa Ha BUKIIMK
KOMaH/IM TEXHIYHOTO 00CIyroByBaHHS + rofMHa BUTpadyeHa Ha Jopory + 2
TOAMHH poOOTH, 0TKe BUXoAuTh 1*1000 + 1*1000 + 2*1000 = 4000 y.o., 110
MIEPEBHUIILYE OIUIATY 3aljIaHOBaHOT'O ITPOCTOIO Yy JIBa pasu.

OTxe, HalKpaIIUM BapiaHTOM €, KOJI TEX0OCIyroByBaHHS - 3alljlaHOBa-
HUH MIPOCTii, a TAaKOXK 1X KITBKICTh Maa.

PosrisHeMo 3amady perpeciiiHoro Buay|[3], sk oxHe i3 MOXIMBHX airo-
pUTMiB cTBOpeHHS Mozeni. To0To, MI MaeMO JesKy HMepioudHICTh podoTH
MAIlIiHH, a caMe BiJl 0OCIYTrOByBaHHS JI0 ITOJIOMKH MAITMHH, Ta IMOBIpHICTh
BUXOAY 3 JIaAy JaHoi MamuHU. Ham HeoOXiMHO, onepyroun iCTOPHIHIMH J1a-
HUMHU pOOOTH MAIIMHM 3a JESIKUH Mepiof], CIIPOTHO3YBATH, Yepe3 SKUH dac
sKa Oyzie mojioMKa. B 3aexHOCTI Bi/i HAIIOrO NPOTHO3Y iH)XEHEPH MOXKYTh
TUIaHyBaTH HEOOXIIHI 3aX0/IH, a caMe TeXHIYHe 00CIIyroByBaHHs MAIlIHH.

ToOTo 115t KOHKPETHOI CUTYalil TOLIILHO BUKOPUCTOBYBATH perpeciiini
ITOPUTMH, SIKI MAIOTh 33/1a4y came 3HaXOAUTH Yac, 4epes3 sKuii nepeadaya-
€THCS NOJIOMKa B cucTeMi. B pamkax 11i€i 3a1aui HEOOX1IHO PO3IIISIHYTH TaKi
AITOPUTMH, SIK JIiHII{HA perpecisi, BUMAAKOBH JIiC Ta 1HIII.

Juist Toro, mo0 3MEHIIUTH KiJBKICTh TOMWJIOK, ITPH MPOTHO3YBaHHI Ha-
CTYIHOI ITOJIOMKH Ha MalluHi, HEOOXiJTHO BCTAHOBUTH JIO3BOJICHHH B paMKax
Hamoi 3amadi koedirieHT 3HauMMocTi. 3a3Buuaid BiH 0.05, ToOTO HMOBIp-
HICTP TIOJIOMKH MAITTHH PaHiIlle PO3paXx0BaHOTO TEPMIiHY OyIe HOpiBHIOBATH
0.95. Lle 3HaueHHS 3aJA€THCSA HA MOYATKY MOMIYKY MOJENI AJS IMPOTHO3Y-
BaHHs Ta BC1 MOJIEJI, 1110 HA TECTOBUX 3HAYEHHSX HE Oy1yTh JaBaTh 10CTaT-
HbOT TOYHOCTI He OYyTh IPUIMATH y4acTh Y MoJaibliit po3poodui. Liei ko-
eQIIliEHT HEe € OCTATOYHUM Ta MOXKE 3MIHIOBATHCS 3aJICKHO B MOAAIBIIOT
poboTn MamuHu. [HKeHepH, 110 00CIyroBYIOTh AaHy MalluHy MOXYTh 3a-
MPOMOHYBATH 301JIBIIMTH JIMIT AJIs1 OUIBIIOT TOYHOCTI IPOrHO3yBaHHs, a00
HABIAKH 3017BIIUTH KOCDIII€HT.

BucHoBku

OTxe, Hallla OCHOBHA IIiJIb, BHKOPUCTOBYIOUH aITOPHTMHU perpecii, me-
pendaduTH pemTy KOPUCHOTO TepMiHy eKcInTyaTamii (remaining useful life)
JUIs MamiHA. L{e T03BONMHTE CTBOPUTH PIlIEHHS, IO MOXKE OYTH IpOaHai-
30BaHe, Ta OTPUMATH 3HAUCHHS, a caMe, CKUIbKHM 4acy MalliHa MaTuMe 10
BiIMOBH. AJie, HaBiTh Micisl MOOYAyBaHHS perpeciiiHoi Mozaei, HeoOXiqHO
MIPOJIOBXKYBATH poOOTY HAJl MOIU(IKAIIEI0 MOAEIi, TOMY IO came ITiJ] 4yac
poOOTH CUCTEMM Ha TiANPUEMCTBI MOXKHA Ji3HATHUCS BiJ iHXKEHEPIiB SIK IS
HUX Kparie, 100 mpaitoBajia CUCTeMa. 3MiHM TaKOTO POJIY MOXYTh BKITIO-
yaTh B ceOe 3MEHIIeHHs KoedillieHTa 3HaYyIOCTi, JOJaBaHHs HOBHUX Ipa-
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BUWJI, SIKI MOXYTh OyTH IOOY/IOBaHI B 3aJI€XKHOCTI Bifl esiKOTo nepioay (Ha-
TIPUKIIaM, IMiJABUIIEHHS HAaBAaHTAKCHHS MAllMHU B 3aJIE)KHOCTI Bil JTHS TH-
*Hs1) 200 BiJ] KOMIIJIEKCHOTO 3HaYE€HHs ACKIJIbKOX JaTUYMKIB, a HE OHOTO.
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VIIK 004.5

METO/IM TA IHOOPMAILIMHA TEXHOJIOT'ISI BUSHAYEHHS
SIKOCTI BUTOTOBJIEHOI MPOAYKIIIT

Jlakrionos O.1.
Tlonmascokuil noaimexHiuHull Ko1eodC HaylOHATIbHO20 MEXHIYHO20
yHigepcumemy «XapKi6CbKuil NOAIMEXHIUHUL THCIMUMYM»

1. Betyn

OpHa 3 iCHYI0UMX TPOOJIEM CHOTOJICHHS — HEJJOCTATHE JIOCIIDKEHHS MO-
Jenield CKIIaJHAX CHCTEM, JIe BUBYAIOTHCS Pi3HI 38 3MICTOM ITiJICUCTEMH, a Ta-
KO BIUIMB B3a€MO/IIi €JIEMEHTIB mijicucTeM cucteMu «Bepctatank—O0po6-
JoBaNbHUH eHTp—Kepyroua nporpama BUTOTOBICHHS AeTamiy», nani BOKIT
Ha SIKICTh BUTOTOBJICHOT NPOJYKIIT Ta BiIOIp BEPCTATHHKIB.

JlocmikeHHI0 MaTeMaTHYHUX MOJIeJIel MpUTaMaHHi poOOTH HAayKOBIIIB
pi3HMX HAYKOBHUX MIKiJ, 30kpema [1-4]. ITigxoau BUPI3HSIIOTHCS YHIKaIbHOO
TEXHOJIOTIEI JIOCIIJDKEHHS, JIe BUKOPUCTOBYETHCS TIOTY)KHHI MaTeMaThuy-
HUH arapar 3 BIANOBITHUMH peasli3oBaHUMHU MTPOTrpaMHUMH 3acobamu. [Ipu
bOMY, JlaHa TeMaTHKa BUBYAJacs i HAMM Ha MOIEpeIHIX eramax JOoCii-
JoKeHHs [5].

IcHyroumii m0CBia gociimkeHsb [1-5], Bka3ye, HEOCTATHHO BUPIIIEHOO
Ipo0JIEMOIO CHOTOJICHHS € YAOCKOHAJIEHHS Ta pO3p0o0Ka METOIiB 00 € THAHHS
OLIIHOK y 1HJEKCH, IX IporpaMHa peajizalis 3 METOI0 BUBYEHHS BIUIMBY CH-
HEPreTUYHOTO e(heKTy Ha SIKICTh BUTOTOBJICHOI IMPOYKIIii.

2. IlHCTpyMEHTAapii JOCHi IHKEHHS
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2.1 ®opmyBaHHs 0a3u TOCIIIHKCHHS

Ha nmepuromy etami JOCTIKSHHS 3A1HCHIOBAIOCS] HAKOTIMYCHHS TICPBUH-
HUX OIIIHOK 32 O3HaKaMHM KBaJli(hiKaliifHOTO po3psiy, TUILY POAYKTUBHOCTI
00pOOITIOBANIEHOTO IICHTPY Ta PIBHS CKIAIHOCTI KEPYHOUOi POTrpaMu 3 Me-
TOrO (popMyBaHHS MOJICIIi TeHEPATBHOT CYKYITHOCTI, 1[0 HapaxoBye 419 cuc-
teM BOKII. Bubipka mociuimkeHHS HOpMy€eTHCS METOJIOM OIHO(AaKTOPHOTO
0e3MOBTOPHOTO BHUIIAIKOBOTO Binbopy [6]. Binbip HeoOXimHoro obcsry erne-
MEHTIB BUOIpKHU 3 MOJIeNi TeHepalIbHOI CYKYIMHOCTI 3IiH{CHIOETECS METOIOM
MexaHigHoTO Binbopy [6].

2.2 Metoau 00'efHAHHS OIIHOK Yy 1HIEKCH

IIporpama mociikeHHS nependadae BUKOPUCTAHHS JBOX iHAEKCIB, IO
oGupaiucs 3a 03Hakor po3kuay [7]. [epmmit — ingexc sixocti geram (Lgy).
Jpyruit — [anexc skocTi B3aemomii exeMeHTiB migcucteM cucremu BOKII
(I;[B).

Ingexc sikocti merami (Lgx) omupaeThest HAa MOAETh AOCTimKeHHs [8],
BKJIFOYA€ TPU KOMIIOHEHTH: NIOPCTKICTh, TOUHICTh TOBEPXHI 1 HAIHHICTD BH-
roTOBJICHOT meTali. KoxkeH KOMIIOHCHT CKIIaaeThCs 3 MOKA3HUKIB SKOCTI Ha
OCHOBI SKHX 3IHCHIOETECS 30ip CAMOOIIIHOK Ta EKCIIEPTHUX OIIHOK BHTOTO-
BJIEHOT JE€TaII.

MonemtoBaHHS 1HIEKCY SKOCTi B3a€MOJII1 €IEMEHTIB MiICHCTEM CHCTEMH
BOKII (Isp) 3miticHtoBamocs moreHTOM Jlncenko M.B. 3a mMareMaTHYHOIO
MOCTaHOBKOKO 3aBAanHs JlaktioHoBa O.l., 1e BUKOPHUCTAHO BiIOMYy Teope-
THKO-MeToonoriuny mocuiky [9]. Hapasi mane mociipKeHHs MiAr0TOBICHO
J10 myOuTiKartii.

Iunmexc sikocTi B3aemoii enemenTis migcuctem cucremu BOKII (Igg), 1o
BPaxOBYE CUHEPreTUUHHI eeKT, BU3HAUaeThCs 3a piBHICTIO (1):

Lap=Aa X1+ Ao Xo+ AaXs+ AW+ AsWot AsWa+ AW, (1)

1€ A, A2, A3, A4, As, A6, A7 — 3HAUCHHS TUTOMOI Bard BaroBux Koe(iieHTiB

BU3HAYAIOTHCS 32 TIEBHUMHU KPUTEPISIMH METOJIOM aHAIli3y iepapxiil Hesae-
JKHO BiJ 00csry Bubipku [7];

X1 — OIlIHKA COLIaILHO] ITJICHCTEMH;

Xy — OILlIHKA TEXHIYHOI IiJCUCTEMH,

X3 — oIiHKa iHpOPMAaLiHHOT MiICUCTEMH;

W1, W, W3, W4 — ioka3HHKH, SKI HaJeXaTh 10 MHOXHUHH [ 1,5].

BusHaueHi OIiHKM iHAEKCIB BUKOPHCTOBYIOTECS Y METO/IaX MaTeMaTH4-
HOT CTAaTUCTHKHU Ta METO/Iax Biabopy.

2.3 BiJjoMi iHCTpYMEHTH JOCIIHKEHHS

JIoBeICHHS BUCYHYTHX TiIIOTE3 Iepeadadano BUKOPUCTAHHS JOJATKOBUX
IHCTpYMEHTIB 0OpaHHS SIKUX OOIPYHTOBYBANOCS. [HCTpYMEHT BHSBIICHHS
MiATPUMKH YMOBH HOPMAJIFHOTO pO3MOAiny — Kpurepiit Koamoroposa-Cwmi-
proBa [10]. IucTpymeHT BuBYeHHs noBip4oro iHtepsany [10]. IncTpymeHT

100



BHUBYCHHS B3a€EMO3B 513Ky MIX 1HICKCHUMH OIIIHKAMHU — KOS(DII[IEHT paHTOBOT
kopeswii Cipmena [10]. [HcTpyMeHT Binbopy BepCTaTHUKIB — METO/T JIiHi-
HOI 3ropTku [7]. IHCTpyMEeHT BH3HAYEHHS TOYHOCTI — JOBipYMid iHTepBan
[10]. IncTpymeHT BU3HAYCHHS Yy TIHBOCTI — Koediuient enacruunocti [10].

3. [IporpamMHa peanizaliist iIHCTpyMEHTapi0 JOCIIKEHHS

3.1 Anroput™m iHpOpManiiHOI TEXHOIOTIT

3anpornoHoBaHi TEXHOJIOTI] BU3HAYCHHS iHACKCIB, 3a3HaYCHI METOIH Ma-
TEMaTHYHOI CTATHCTHUKH, BiTOOPY ABISAIOTH CO000 (pyHKITIOHAN iH(pOpMATITiii-
HOi TexHoorii. [IoCmiqOBHICTh IX BUKOPHUCTAHHS PO3TIIOAETHCS SIK CXeMa
anroputMy iHGOpPMamiiHOI TEXHOJOTIi, o Mo0yI0BaHN METOJOM TIOKPO-
KOBOI gertaizarii.

[NepeBipka ajieKkBaTHOCTI MOJIeJIel Ta NpaKTHYHOT peasizalii 010K-cxeMu
3IICHIOBAJIOCS 32 JOTIOMOTOI0 TECTOBOT BUOIPKH ISl BCIX MOJKIJIMBHX KOM-
OiHaIlii omiHoK. [le 103BOMMIIO peani3yBaTH alfOPUTM Y BUTJISII IPOrpam-
HOTro 3ac00y — BeO-caiiTy MOBOIO nporpamyBaHHst PHP.

4. Pe3ynbTaTu AOCIIIKECHHS

BukopucTOBYIOUM METOJ] MEXaHIYHOTO BimOopy BimiOpano 81 cucremy
BOKII, mo ckmama gociimxkyBany BHOipKy. OiHKH BHOIpKH 3HalIeHi 3a
CIIIICKOM BiJIMIOBITHUX 1HAUKATOPIB Ta OLIHKH MigcucTeM X1, X2, X3 BUKOPH-
CTOBYIOYH 3alPONOHOBaHI METOIU 00’ €HYBAJIKCS B JBA 1HICKCH. [HAEKCH
mijaaBanucs nepesipii kpurepiem Koiamoroposa-Cumipaosa [10], ae Bcrano-
BJICHO PiBEHBb 3HAYMMOCTI AOCIHIIKYBAHUX 1HICKCHHUX OL[IHOK CTAaHOBHTH Oi-
apie 0,2. Tomy, mociiKyBaHa rifnoTe3a HOPMaIbHOCTI HE BiJXUIISIETHCS.

Ha nactymHoMy eTari 3[iHCHIOBANIOCS TOCTIIXKCHHST B3a€MO3B 3Ky 1H-
JIEKCHUX OIIIHOK KoediienToM kopessiiii CriipMeHa, Jie IpH piBHI 3HAYUMO-
cri oo = 0,05, BCTAaHOBJIEHO, 3B’SI30K MiX 1HIEKCHMMH OLIHKAMM CHJILHMH 1
npsamuii, e P =0,723. IcHyBaHHS B3a€MO3B 3Ky MK IHIGKCHUMH OLiH-

KaMU BKa3ye Ha BIUTHB PiBHS iHICKCY SKOCT1 B3a€MOJII1 €JIEMEHTIB IiICUCTEM
cucremu BOKII (Iss) Ha inaekc sikocti geraini (Isy). 3adikcoBaHe icHyBaHHS
B332€MO3B’SI3KY JI03BOJIMIIO BUBUMTH BEKTOD BIUTUBY 3pOCTAHHS B3a€EMOJIIT iH-
JEKCHHX OIIHOK Ha BiJI0ip BEpCTATHUKIB.

Binbip BepcTaTHUKIB 3MIMCHIOBABCS 3a KPUTEPIEM 1HIEKCY SKOCTi B3ae-
MmoJii enementiB mincuctem cucremu BOKII (Is8), Ae BcTaHOBIEHO: mepii
paHroBi Micus JEMOHCTPYIOTH BEPCTATHUKH 3 BUCOKMMH OIIHKaMU iHAEKCY
axocTi xetani (Igyn). JlomaTkoBo iHAEKC SKOCTI B3a€MO/IiT €IEMEHTIB ITiJICHC-
teMm cuctemu BOKII (1) minnaBaBcs MOPiBHAHHIO 3 BiIOMHM ITOKa3HIKOM
[7] Ha mpeMeT TOYHOCTI OIIHOK 32 O3HAKAMH PO3KH/LY, TOBIpYMX iHTEPBAIIB
Ta YyTJIMBOCTI 32 03HAKOIO Koe(illieHTa eTacTUIHOCTI.

PesynbraT nocnijpKeHHs 1MOKa3aiy NepeBary BUKOPHCTAHHS 3arporo-
HOBAHOTO MiAXOAY HaJ ICHYIOUHMH, TaK SIK 32 O3HAKOIO PO3KHULy OTpHMAJIH:
3anponoHoBanuM migxogom 0,299, simomum 0,352. 3a 03HAKOK IOBIpYHX
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IHTEpBaJiB, HA OCHOBI yCepeIHEHUX OLIHOK 3 iiMOBipHicTIO 0=0,9, BCTaHOB-
JIeHo JIoBipyi iHTepBamu 2,72+0,18 Ta 1,82+0,161 ans 3anpomoHOBaHOTO i
BiJJOMOT0 METOIy BINMOBIMHO. 3a pe3yNbTaTaMH JOCIHIPKCHHS YyTIHUBOCTI
BCTaHOBJICHO, 3aIIPOIMIOHOBAHUI METOJT IEMOHCTPYE MO3UTHBHI 3HAYCHHS Ya-
CTKOBUX IOKA3HUKIB €IaCTUYHOCTI, a BiTOMMI — Bix eMHi.

BucnoBxku

1. CtBopeHi, anpoOoBaHi Ta peali3oBaHi y MporpaMHOMY 3ac00i iHIEKCHI
OWIHKH TIOKA3aJH 3POCTaHHS SKOCTI BHUTOTOBJICHOI MPOAYKIII y B3ae-
MO3B’sI3KY 13 MiABHICHHIM TmiacucTeM cucteMu BOKII.

2. ToyHiCTB 3aIIPOTIOHOBAHOTO i BiJOMOTO METOIB 32 O3HAKOIO PO3KUIY
ctaroBuTh 0,299 Ta 0,352 BinmoBigHO. YyTIHBICTH, 32 03HAKOIO KOediIlieHTa
€JACTUYHOCTI 3alpOMOHOBAHOTO i Bimomoro Metoxis 01=0,372; b,=0,324;
b3=0,308 Ta b1=-0,333; b,=-0,182; b3=-0,338 BiamoBiaHO BKa3ye Ha mepeBary
3aMporoOHOBAHOTO MeToaYy. Lle MOsICHIOEThCS BILTHBOM CHHEPTETUYHOTO ede-
KTY, SIKHH € TIOKa3HUKOM MPUPOCTY SIKOCTI MPOIYKIIii.

3. IlepCHeKTHBOIO HACTYIHHUX MOCTIKCHb € BU3HAYCHHS TOYHOCTI OIli-
HOK CTaJIUMU METOJaMMH.
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AHAJII3 HEUTPOHHOI AKTUBHOCTI HA IEPU®EPIi
JIOKAJII3OBAHHUX B HBK-OY HAKOITMYEHD
MMAJIMBOBMICHUX MATEPIAJIIB

Tl'onyn P.JI1., CaBenbeB M.B.1, Bucorcekuit €./1.1, Cymenko K.O.1,
Ckirep 1.C.2
Ynemumym npobnem 6esnexu AEC HAH Yipainu

2Yepuizieckutl HayionanbHull MexHoN02i ULl yHIGepcumen

Amnauiz nunamiku IIITH no yeranoBkn HBK «APKA» B persiamenTHe
MOJI0KeHHs. Y aHii poOOTi B OCHOBHOMY OYJIM CHCTEMAaTH30BaHi 1 MpoaHa-
Ji30BaHl pe3ysbTaTH BHUMIPIOBaHb CHCTEMHM KOHTPOJIO SIEpPHOI Oe3mekn
(CKJIB) 3a 2016 +~ 2019pp, a Takok HEWTPOHHHUX BUMIPIOBaHb, OTPHMAHUX
iHmuMu  cucteMamu  kKoHTpoimro OV ( «DIHIII-I», «PIHILI-Py,
«CUT'HAJI») 3a mepioa 1988+ 2016pp . o ycranoBku HoBoro be3neunoro
Kongaiimenty (HBK) «APKA» B mpoekTHe nonoxeHHs Haj O0'ekToM «YK-
purtsi» (OY) GararopiuHa IuHaAMiKa HEHTPOHHOI aKTUBHOCTI MaJMBOBMiC-
nux mac (IIBM), mo yrBopuiucst B Xo/1i 3anpoekTHoi aBapii 4 eHeprodJIoKy
Yopuoodunbcrkoi AEC (HAEC) mana cTiiikuii i mepe0dadyBaHUi XapakTep.
PeecTpyBaBcs moOCTYMmOBHIA cliaJ MIUTBHOCTI MOTOKY He#tponi (LLITH),
SIKMI TIpU cTabiIbHOMY MIAKPUTHYHOMY cTaHi cKymieHs [IBM B mouatkoBuit
nepion (1988 + 1990 pp.) OyB n0oB's3aHmii 3 anbda-posnanom 242Cm, anani
BU3HA4aBCA HeWTpoHamu crioHTaHHoro finenHs Cm?* (Ta — 18 pokis) i
Pu?? (Ta, - 6.10% pokiB).

3a maibke 30 pokiB criocTepesKeHHS 3HaUYIIl BiAXWIEHHs (aHOMaJIiT)
BiJl CEpETHHOPIYHOI0 TPEH/LY CIIOCTEPIraiycs B OCHOBHOMY B paiioHi IPUMi-
meHHs 305/2. Ilpy 1pOMy NpUYMHA MOSBU HEHTPOHHUX aHOMAJIH 3aBXKIH
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OyIa oB's13aHa 31 3MIHOIO KOHIIEHTpaLlii BOJIOTH B 30Hi JIOKaJi3allii CKYIT4eHb
[1BM (puc. 1). Pezynbraru BumiproBansb (10 ycranoBkr HBK) CKAb takox
MOKa3yI0Th, 110 B pi3HUX To4YKax MoHiTopuHry II{ITH Bu3zHauanacs peryssp-
HUMH CE30HHUMU/PIYHUMH TPEHAAMH, Ha SIKI HaKJIaJaJIuCs JIOKaJIbHI aHOMa-
Jii, SIKi CYIPOBOKYIOTH MPOIIECH HAAXOIKEHHS 1 yTPUMaHHS JIOIIOBOI, Ta-
7101 Ta TexHigHoi Boau Beepenuni OY. Ce3onHi / pigni Tperau I1ITH Bu3Ha-
Yanucs 3MiHaM# KOHIIEHTparlii Boau BecepenuHi kommmiekcy HBK-OVY i mpak-
TUYHO 3aBXKAM 30iranmcs 3 mepiogamu KOHICHcAIil (TpaBeHb - BEPECEHb) 1
BUTIAPOBYBaHH (BepeceHs - KBiTeHb) Bosioru BecepeanHi HEK-OVY. JlokanbHi
HEUTPOHHI aHOMaii Oy HAaCIiAKOM IPOIECiB HAAXOKEHHS/TOTILY 10-
II0BOi/Taoi BOAM B/i3 30HU Jokamizamii ckymueHs SIOM. Ilicnsa mouaTky
excruryaranii HBK «Apkay Taki HeHTpoHHI aHOMaTii TPUITUHUIKCSL.

JunHamika HelTpoHHOI akTHBHOCTI micas ycranoBkn HBK «APKA»
B perjiaMeHTHe MO0JIOKeHHS. 32 pe3yJbTaTaMU KOMIUIEKCHOTO aHajli3y BHU-
JTHO, 1110 B Jeakux BuMiproBaibHux kaHanax (BK) IIITH cramionapHoi cuc-
TeMH AAEepHOTo KOHTpoJto, Hanpukiag Ne 04, 09, 12, 14 (puc. 2), npakTHYHO
BifACyTHi 3Hauymli 3Miau B nuHamiku IIITH. Ce3onni Bigxunenns LIITH ue
nepeBuInyioTs 10% Bix cepeAHPOPIYHNX 3HAYEHB 1 HE € iH()OPMATHBHO LiHHI
UL MOHITOPHHTY PiBHS MiAKPUTHYHOCTI cKymueHb [IBM.

w3 HBK

! \
r.r*,ﬂ.l.h“ ,,,,,, Lol | it il =1

Puc. 1 Ilpuxnan nuuamiku LITH, sixa peectpyerscs BK HITTH CKAB i
3aJIeKUTH BiJl PeXKUMY HAIXOKEHHS BOIH Beepeauny OY
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Hara
Puc. 2 Junamika HIITH, mo peectpyerbess BK CKAB, BJ] sikux nokamizo-
BaHi B miBieHHOMY Oaceitni Butpumku (I1BB) i mp. 304/3

V Toii xe yac icuye rpyna BK HIITH CKSIB, ski peectpyroTs 4iTKO BHpa-
KEHUH (aKT 3pOCTaHHS HEHTPOHHOI aKTUBHOCTI IICNIS TOYATKy YCTAaHOBKH
HBK «Apka» B pernamentHe mnojioxeHHs. Hampukman, BK Ne 1, 2, 3, 6
(puc.3). 3uaune 30inbHIcHHS. sike peectpyerhes LIITH (mo 90%) 3adikco-
BaHO HEWTPOHHHMH AeTeKTopamH (puc. 4) TLIBKM HAa HMXKHIX BIIMITKax
HBK-OV.
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Puc. 3 lunamixa L{ITH B BK, sxi peecTpytoTs 3pocTaHHS HEHTPOHHOT
aKTUBHOCTI BeepeauHi komiuiekcy HBK-OY
TakuM 4MHOM 3a pe3ysibTaTaMM aHali3y HEHTPOHHOI aKTUBHOCTI MicCIs
ycranoBkd HBK «APKA» B pernaMeHTHe MOJI0XKEHHS IMiATBEPUKY€EThCS Ha-
SIBHICTh TIOTCHIIWHO sJepHO-HeOe3meuHnx ckymueHb [IBM i Bu3HaveHa iX
JIOKami3zalisa Ha HKHIX BigMiTkax OVY.
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Puc. 4 Helitponni gerextopu CKB, po3ramosani Ha nepudepii ckyn-
yenb SJO/IM B nom. 305/2

BeiiBner-ananiz BumipoBans IIITH CKSAB. B pesynprati aHamizy
OTprMaHO Halip KOCQIIi€HTIB, MO XapaKTePU3YyIOTh PIBEHb KOPEISAIil MixK
BEHBIICTOM 1 aHAIII30BaHUX «BIKHOM». MaKkcHMaibHi 3HaUCHHS KOe]ilieHTIB
BKa3YIOTh Ha IEPIOTUIHICTH MPOLECIB IO YaCTOTi, 9acy i MOIYJAIisM . [Ipu
KOpeJSiHHOMY aHaji3i 0yJI0 BUKOPHUCTAHO 3 MiIXOAH - aHATI3 eKCIepUMe-
HTanpHUX AaHux (Bumiptoasb IK IMITH CKAB); ananis s psaaiB, orpuMa-
HUX IIUIIXOM NEePEMIIyBaHHS €KCIIEPUMEHTANIbHUX JIAaHUX; aHaJIi3 CreHepo-
BAaHUX BHUIIAAKOBHUX pH}IiB JaHUX 3i CXO0KUMH CTaTUCTUYHHUMU XapaKTCpUc-
THKaMU. Pe3yabTaTi KOPEAIIHHOro aHami3y Ui pe3yIbTaTiB BUMIPIOBAHb
IK:

1. BuCOKe 3HaueHHs Koedirienta koppemwii (1o 0,8) mokasye, 10 Ha
JlaHi IETEKTOPH BIUTUBAE OJTHE JHKEPEIIO 30BHIIIHBOT ITO3UTHBHOT PEaKTUBHO-
CTI.

2. Pe3ynbTaTi MOAETIOBaHHS BUNAAKOBHX BUOIPOK 1 3reHEpOBaHUX BUOI-
POK BKa3ylOTh Ha iX aOCONIOTHY HE3aJIEXKHICTh (KoedilieHTH Kopewsil
=0,01) mo o3nagae - BK LIIITH CKb peectpyroTs peansHi ¢izuuHi nporecn

3. Cucrema inpTpiB, sKa BAKOPUCTaHA HA JAHUX JETEKTOPaX YaCTKOBO
HE CIpaBIISETHCS 3 POOOTOIO, OCKUTBKH 3yCTPIYarOTHCS MOOJMHOKI BUKUIN.

BucnoBku Ha »xainp, rinoreza npo 3poctanns LIITH micns HacyBaHHS
ApKH B IPOSKTHE IOJIOKEHHS 3HAHIUIa CBOE €KCIIepHUMEHTAJbHE IMiATBep-
mxennst. [licns ycranoBku HBK B pernmameHTHe MOJIOKEHHS (JHCTOMAN
2016) 3miHMIHCS BOJOTO-TeMIlepaTypHi ymoBH 36epiranas SOAM. Ilicns
nporo rpyna BK IITH CKSIb peecTpyroTh 4iTKO BUpaKeHE 3pOCTaHHS HEil-
TPOHHOI aKTHBHOCTI. ByJ0 BMKOHAaHO aHaii3 JOCTOBIPHOCTI BHMipIOBaHb,

106



SIKM{ BUKJTIOYHB TIPUITYIICHHS, 1110 IPHYMHOIO 3POCTaHHS € METPOJIOTI4HI Bi-
JIMOBH persiaMeHTHOI cucteMu MoHiTopuHry CKSIb. Cratuctnuna o6pobka
pe3ynbrartiB BuMiptoBanb LI[ITH mnoka3sye, mo Ha ITUHaMIKy peecTpOBaHOI
HEWTPOHHOI aKTUBHOCTI B OCHOBHOMY BILJIMBAE OJTHE MPEBATIOIOYE JKEPETIO,
SIKMM € peanbHuil iznunuii npouec Bcepenuni HBK-OVY.
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GENERATION OF INFORMATION IMPACTS SCENARIOS IN
MANAGEMENT DECISION SUPPORT SYSTEMS

Andriy Boychenko?, Dmytro Lande?
nstitute for Information Recording of National Academy of Sciences of
Ukraine, Kyiv, Ukraine

2National Technical University of Ukraine “Igor Sikorsky Kyiv Poly-
technic Institute”, Kyiv, Ukraine

The growth and complexity of the information space requires scientists to
immediately solve the problem of increasing the effectiveness of the
information impact in the information-analytical component of modern
computer networks. As a result, analysts have to work with information
resources that are unprecedented in their volumes, versatility, dynamism and
growth rates. This forces specialists to improve methods and technologies for
loading, structuring and analyzing various data [1].

Development of scenarios for the evolution of a situation is an important
component of information security and computer systems and networks
management [2]. These scenarios provide an opportunity to investigate how
significant is the impact of each influencing factor on the functioning and
security of computer systems.

The features of developing scenario models using cognitive maps and
methods for developing of information impacts scenarios based on the
analysis of the content of global computer networks are considered. This
approach provides a solution to the problem of generating and ranking
scenarios for impacting objects that correspond to the selected key concept
analyzing the input text arrays working on a full-time basis.. Improved
information models and computer domain analysis tools have been
developed. This makes it possible for an expert analyst to investigate these
processes and generate results in a form convenient for decision-making. A
method is proposed for constructing a domain model in the form of a semantic
graph formed according to the monitoring of computer networks by
determining the most significant concepts and the relationships between them
[3]. A method is proposed for the formation of optimal scenarios of
informational impacts on target objects of a subject area based on finding
many routes of influence distribution. Software and algorithmic tools for
transferring data to the OWL format are developed [4].

The construction of cognitive maps allows you to reflect the main factors
and possible reciprocal flanking between them, and is the basis for building
more detailed computer scripts to develop the situation. Thus, the use of
cognitive maps in the implementation of the scenario approach can
significantly increase the effectiveness of analytical activities. The approach
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considered allows us to structure the problem, identify the most significant
concepts (factors), take into account the connections between the concepts
and the nature (strength) of these connections, and also choose the best
combination of methods and thereby increase the validity of decisions [5].

The research results, in particular, information models, data analysis and
visualization algorithms, are used in scenario generation tools in several
security and defense decision-making support systems.

This research was supported by CYRADARS project (SPS G5286 “Cyber
Rapid Analysis for Defense Awareness of Real-time Situation”) in the frame
of the NATO Science for Peace and Security program.
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Network security is a critical part of a system configuration. This report
will look at a network security configuration algorithm for Unix servers
(RHEL, Centos 6.x).

The configuration algorithm has the following steps:

1. Network configuration

2. Strong password policy configuration

3. System upgrade and vulnerability checks

4.  Logging and monitoring

The configuration allows to prevent network attacks and data loss. It also
allows to detect cyber hacking within a short period of time.
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Network configuration

RHEL official documentation provides the following recommended prac-
tices for securing the network [1]:

1. Configure firewalls and ensure they are activated at boot. Only those
network ports needed for the use and management of the system should be
allowed. Test and review firewall rules regularly.

2. Ensure that remote management of the system takes place only over
secured network channels. Tools such as SSH and network protocols such as
TLS or SSL provide both authentication and data encryption to assist with
secure and controlled access to systems.

3. Ensure that guest applications transferring sensitive data do so over
secured network channels.

Firewalls can commonly be configured in one of two ways, either set the
default rule to accept and then block any unwanted traffic with specific rules,
or by using the rules to define allowed traffic and blocking everything else.
The last one is the recommended approach since it allows pre-emptively
blocking traffic, rather than having to reactively reject suspicious connec-
tions. A mostly closed firewall will provide greater security than a mostly
open one [2].

The recommended firewall configuration is shown below. The user-space
application program iptables allows configuring the tables provided by the
Linux kernel firewall, as well as the chains and rules it stores.

# sudo iptables -A INPUT -m conntrack —ctstate
ESTABLISHED,RELATED -j ACCEPT

# sudo iptables -A INPUT -p tcp --dport 22 -j ACCEPT

# sudo iptables -A INPUT -p tcp --dport 80 -j ACCEPT
# sudo iptables -P INPUT DROP

So, the first rule is used to allow established connections continue. The
second and third rules allow input TCP traffic to port number 22 and 80 that
means SSH and HTTP access. However, other traffic will be dropped by the
last rule. The rules have to be saved to prevent overwriting them after server
restart.

# sudo iptables-save > /etc/sysconfig/iptables

Another important part of network security is remote access configura-
tion. Remote management should take place only over secured network chan-
nels. Tools such as SSH and network protocols such as TLS or SSL provide
both authentication and data encryption to assist with secure and controlled
access to systems.

In order to restrict access to services that do not have encryption,
TCP_WRAPPERS should be configured. They are controlled from
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[etc/hosts/allow and /etc/hosts/deny files. The following example shows how
to restrict access to telnet service from all locations.

#cat /etc/hosts/allow
ALL: 0.0.0.0/0.0.0.0
#cat /etc/hosts/allow
telnetd: 0.0.0.0/0.0.0.0

So, the mentioned practices are related to some traffic restrictions, limit-
ing access for IP address, protocol type, port or even service. The same ap-
proach should be used for access configuration to a whole system. The best
way to ensure network security is private network configuration that allows
to access the system only from internal devices or via VPN.

Strong password policy configuration

By default, Linux operating systems requires password length of mini-
mum 6 characters for the users and does not have any password policy con-
figured. Without strong password security, your system will never be safe. A
hacker who manages to compromise a firewall can attempt to log in as a user
and gain access to machines on the network. However, if all your users have
strong passwords, you stand a good chance of foiling the hacker’s illegal at-
tempts to break into your network [3].

Strong password should have the following requirements:

1. Minimum password length is 8 characters.

2. At least one lower-case letter.

3. At least one upper-case letter.

4. Atleast one digit.

5. At least one other character.

In order to enforce the password policy, it’s needed to configure
[etc/pam.d/system-auth file. All the mentioned requirements are set in the ex-
ample below, where minlen key is minimum password length, dcredit is digit,
ucredit, Icredit and ocredit mean upper-case, lower-case and other letter re-
spectively.

# nano /etc/pam.d/system-auth

password requisite pam_cracklib.so try first pass retry=3 type=
minlen=8 dcredit=-1 ucredit=-1 Icredit=-1 ocredit=-1

Moreover, there are tools that allow to find weak user passwords on the
server, for example “John the ripper”.

Besides strong password policy configuration, password expiration also
have to be configured. The chage command is used to set up password expi-
ration. The configuration is stored in /etc/login.defs file. However, the men-
tioned command with list parameter can be used to get current settings for
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user. By default, all Linux users have no password expiration configured. It
is shown on the example below.

# chage --list username
Last password change : Feb 24, 2020
Password expires : never
Password inactive : never
Account expires : never
Minimum number of days between password change : 0
Maximum number of days between password change : 99999
Number of days of warning before password expires : 7

The below command sets password to expire on 27/09/2020. The mini-
mum number days between password change is set to 3 days and the maxi-
mum number of days between password changes is set to 90 days. The user
account will be locked automatically after 10 days and the warning message
will be displayed for 10 days before password expiration.

| # $ sudo chage -E 27/09/2020 -m 3 -M 90 -1 10 -W 10 username

The changes are being replicated in /etc/shadow file that contains entries
with the following structure.

{userName}:{password}:{lastpasswdchanged}:{Mini-
mum_days}:{Maximum_days}:{Warn}:{Inactive}:{Expire}:

So, in order to approve account management, strong password policy and
password expiration have to be configured.

System upgrade and vulnerability checks

Applying security patches is an important part of Linux server mainte-
nance to avoid vulnerabilities in software. Linux OS has built-in package
manager for system updates that allows to check which applications are in-
stalled, find and install the needed software in repository, update and remove
applications.

In order to apply all security updates the following command should be
used.

# yum update

Moreover, this package manager can be configured to send notifications
with available updates via email.
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The installed software should be reviewed regularly and all unnecessary
applications should be uninstalled to avoid security issues. The bellow com-
mands can be used to show the list of installed packages and remove unnec-
essary software.

# yum list installed
# yum remove packageName

Logging and monitoring

In order to find out hacking attempts and collect the information for fur-
ther investigation, it’s required to configure logging. For example, auth.log
contains the information about login attempts and is useful tool to find out
which account was used by hackers. Another important log is access.log of
Apache service. It shows which IP address is used to access web-interface
that helps to investigate an attack on web-site and add suspicious IP to the
black list.

Logs also can be useful to find out software misconfiguration that may
lead to various cyber-attacks. A lot of services have default logs that are
stored in /var/log folder. The list of important logs is shown in the table be-
low.

Log name Log description

/var/log/messages General system message
/var/log/auth.log Authentication log

Ivar/log/kern.log Kernel logs

/var/log/yum.log Yum command log file

/var/log/maillog Mail server logs

Ivar/log/httpd/ Apache web-server access and error logs
Ivar/log/mysqld.log MySQL database server log file

Logging level (e.g. info, warn, debug etc) have to be configured in
[etc/rsyslog.conf due to system needs.

System state should be logged, but also monitored by monitoring pro-
grams (e.g. Nagios, Zabbix, Graphana etc) or custom shell scripts that use
information from Linux built-in utilities or logs and inform system adminis-
trator about suspicious values of metrics. Any suspicious system behavior
may be a result of cyber-attack.

Monitoring of such metrics as memory usage, network, CPU and disc load
is especially important since significant increase of resources can be a signal
of cyber-attack.
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ANALYSIS OF CRITICAL INFORMATION INFRASTRUCTURE
PROTECTION MODEL (CIIPM)
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National as well as multinational cyber security and the international well-
being are dependent on critical information infrastructures (CIl). Cyber
defense of such Cll should be the top priority for the managers at all levels.
Testing the models with software products will decrease the operational costs,
shorten the time and increase the productivity. The operational analysis of
model presented here have been done by software product Capella, part of
the PolarSys software package of the Eclipse Foundation.

The studied operational architecture defines the high-level interactions
between participants / entities and the system capabilities they need. Thus,
we will get a model that applies to all entities and relationships, diagrams and
operational participants created in the model

The results of the operational analysis consider the stakeholder needs in
the context of an interrelated infrastructure. It describes the entities
operational capabilities, the scenarios they perform, as well as defining the
interrelationships in the implementation of these scenarios.

Keywords:

cyber security, critical information infrastructure, cyber model software
testing, Capella.
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NHCTPYMEHTAJIBHBIE CPEJCTBA OBECIIEYEHU S
UH®OPMAIIMOHHOM BE3ONACHOCTH NPEJNPUSTUS

I0.M. JIuceukwit, JI.11. Kan6a3os
I «2C DH/] TH YKPAUHA»

B coBpeMeHHBIX yCIOBUSIX MH(OPMATH3ALUHN U KOMIIBIOTEPU3AIMU pa-
60Ta MpeanpUATHI pa3NUIHBIX CEKTOPOB SKOHOMUKH BO MHOTOM 3aBHCHT OT
YPOBHS 6€30MIACHOCTH WX UH(POPMAIMOHHBIX U MaTepHaIbHBIX akTHBOB [1].
OpnHa 13 BaXXHBIX 33/1a4, KOTOPYIO HEOOXOJMMO PEIIaTh TaKUM IMPEATIPHs-
THSIM, — 3TO ONIEPATHBHEIH cO0p, 00paboTKa U aHaIH3 HH(POPMAIIHH C TENIBI0
HanOBICTPEHIIETO PearnpoBaHUs HA Pa3HOTO POJA COOBITHS M yCTpaHEHHUE
UX BOBMOXKHBIX HETaTHBHBIX Mocnenctsui [2]. Ilpu stom nadopmanus, mup-
KyJIUpYIOIlas Ha IPeANPHITHH, TOJDKHA OBITh aKTyalIbHOM, IETIOCTHOM, 10C-
TOBEPHOM, ayTeHTUYHON, KOHPUICHIIMATEHON U JOCTYITHOH.

Henpiii psa npeAnpUsTHIl OTEUECTBEHHOTO pUTEHI-PbIHKA, TAKUE KaK HH-
TepHEeT-Mara3uHbl, TOPTOBBIE IUIONIA/IKH, [UIATEKHBIE CEPBHUCHI U Jake Oa-
HKH, CYIIECTBYIOT UCKITFOUUTEIBHO B BUPTyalbHO# cpeze [3]. A 3To B CBOIO
ouepenp JenaeT 3agayu obecreueHus: HHPOPMAIIMOHHONW 0e30MacHOCTH M
OTIEPaTHBHOTO pPearkpoBaHMs Ha OTKIOHEHHS OT IITATHOTO PEXUMa PabOTHI
0COOEHHO aKTyanbHbIMU [4].

CBoeBpeMeHHas U 3G PEKTUBHAS KOOPAWHALMS AEHCTBUI CTPYKTYPHBIX
MOApa3/esICHUH TPEIIPHUATHS B CITydac BOSHUKHOBEHHS BHEIITATHBIX CHTY-
aruii Tpedyet hopMupoBaHUe IIEHTpa cOopa, 00pabOTKH U aHaJH3a CYIIeCT-
ByIoLIel HH(OOPMALIUH JUIs OTIEPATHBHOTO pearupoBaHMs Ha IIOTEHIIMAIbHBIE
yrpo3si [5].

Wudopmaruzanust Bcex chep AEATEIBHOCTH NPEIIPHITHS BBIABUTAET
JIOTIOJTHUTENbHBIE TPEOOBAHMUS 10 KOHTPOJIIO MEpUMeTpa MH(POPMAIMOHHO-
texHonoruueckoii (UT) uHGpacTpyKTyphl it 00€CHEUEHNs 3alUThl HH-
(hopMmarmy, a TaKKe IPeayIpexkACHUS MOTEPH, HECAHKIIMOHUPOBAHHOTO JI0-
CTyNa, KPaXXH WIN MOBPEXJICHNS HHOOPMALMOHHBIX aKTHBOB IIPEIIPHATHS
[6].

OCBEZIOMIICHHOCTh TOAPA3JICNICHUI HPENNPUATHS O TEKyIeH oOcTaHo-
BKE, OTepaTHBHAs 00pabOTKa M aHaJIN3 JaHHBIX MO3BOJIIIOT 00ECIIEUNTh He-
00X01MMy0 HH(POPMAMOHHYIO MOJIEPXKKY Tpoliecca NMPUHATHS PeleHUH
U CBOCBPEMCHHOTO pearnpoBaHus Ha ee usmeHeHus [/]. Iloatomy Bompoc
CO3/1aHMs ¥ BHEIPCHUSI HHCTPYMEHTAIBHBIX CPEACTB, MO3BOIIIONNX 3 de-
KTUBHO peIIaTh BHIIICNIEPEUNCIICHHBIE 3a/1auH, SBISCTCS BECbMa aKTyallb-
HBIM.

B xadecTBe TakOro MHCTPYMEHTAIBHOTO Cpe/IcTBa obecnieueHust HH(op-
MAaIMoOHHOI 0e30macHOCTH HpeAnpusITus npesyiaraercs LleHTp omepatus-
Horo pearupoBanus (LIOP), koTopsri mo3BossieT 3¢dexTuBHO pemaTh
CJIe/TyIOLIHeE 3a/1a9H:

1 oneparuBHas aHAINTHKA, COBMECTHAst paboTa M 0OMEH JIaHHBIMU;

2 |P-renedonns, 3anmuck 3BOHKOB U BUICOKOH(EPEHIICBSI3b;
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3 Koppesys U aHaJIu3 COOBITHH MH(POPMAIIMOHHON 0€30MaCHOCTH;

4 aBTOMAaTH3MPOBAHHBIN MOUCK YS3BUMOCTEW IMPOTpaMMHOro odecrede-
Hus (I10) kopnopatusroit UT-uHppacTpyKTyphI;

5 noBebIlIEHHE CKOPOCTH PEaKUK Ha COOBITHSI 0€30I1aCHOCTH;

6 moBbImeHne 3(pGEKTUBHOCTH aHaIN3a U JIOKAJIU3AI[MK HEIITATHBIX CH-
Tyanui, nmpobiem B padote kputnynoit UT-unppacTpyKTypsl;

7 OTCNIECKMBAHHE M OINEPATHBHOEC YCTPAaHEHHUE 3JIOYMBIIUICHHBIX ICH-
CTBHI BHEITHUX (PaKTOPOB W/IIIH aTak;

8 orkazoycroitanBocTh LJOP B ciaywasx c6ost 060pynoBaHUs, HHTEPHET-
KaHaJIOB CBSA3H HJIH MOJTHOTO OTKITIOYECHUSI 00BEKTa OT 3JIEKTPOCETH;

9 mmudpoBaHKe JaHHBIX, IPOTUBOACHCTBNE HECAHKIINOHUPOBAHHOMY II0-
CTyITy K HHQOpPMAaLNY;

10 6e3omacHoe monximoueHue Qunmanos k uHppactpykrype LIOP mis
COBMECTHOTO B3aMMOZEUCTBUSI 1 OOMEHA JaHHBIMH MEXIY OOBEKTaMHU M
CTPYKTYPHBIMH MOJPA3ACICHUSIMHU IIPEIIPHATHSL.

st coznanust IIOP ucnonb3yeTcst mporpaMMHOE | armnapaTHoOe obecrie-
YCHHE TaKuUX MpoM3BoAHTEsCH, kak Microsoft, Fortinet, Tenable, ESET,
Cisco Systems, Samsung.

OcnoBHBIME KOoMIToHeHTaMu LIOP sBrsttotest (puc. 1):

e cucteMa BueocTeHa 1 ynpasisitomee [10;

e TUTIOBOE pabodee MECTO ONEePaTOPa/CIEUATINCTA;

® [IPOTpaMMHO-aNINapaTHOE oOecTedeHne coopa, aHATNTHKHI, CKAHUPOBa-
HUS ¥ KOHTPOJISL HCIIOJIb30BaHUS HHPOPMAIMOHHBIX PECYPCOB;

e cucteMa INPOTHBOJCHCTBHS BBITOKAM HH(GOPMalHM, KOHTPOIIO J0-
cTyna K MHGOPMAIMOHHBIM pecypcaM, aBTOMAaTH3MPOBaHHAs CHCTEMa IO-
HCKa ySI3BUMOCTEH;

® cepBepHOE 000PYAOBaHKE /11 00OPAOOTKH M XpaHCHHSI JaHHBIX, BUPTY-
anbHasg UHOPACTPYKTYPA;

® TEJICKOMMYHHKAIIMOHHAs! CETh, MEXKCeTeBble 3KpaHsbl, IP-tenedonns,
BUJICOKOH(EPEHIICBA3b, cUCTeMa OOMeHa COOOIICHMSAMH, 3JICKTPOHHAS
1oYTa,;

e cucrteMa KOHTPOJISI JOCTYIIA, BUJCOHAOIIOACHHS H aHAJTUTHKH.
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Buenpenue LIOP npeamonaraet npoBecHUE CISAYIOMUX PadoT:

e oOciienoBanue cyniectBytomeil M T-nHGpacTpyKTyphl, IpOEKTHPOBa-
Hue L{OP, MonepHM3aiys KOpropaTuBHOW HHPPACTPYKTYPHI C y4ETOM Tpe-
OoBaHUi1 ONIEPaTHBHOIO LIEHTPA;

® [10JITOTOBKA KaOEJIbHOW CETH, CHCTEM Oecrepe0OiHOro U rapaHTHpo-
BaHHOTO DJIEKTPOIMUTAHNUS, CUCTEM KOHIULIMOHHUPOBAHHMS;

® BHEJPCHUE CHCTEM WH(POPMAIMOHHOW 0e30IacHOCTH, KOHTPOJA JI0-
CTyIa, BUICOHAOIIONCHNS 1 aHAITUTHKH;

® BHE/IPEHHUE CHCTEM MOHHTOPHHTA M yIIPaBICHU HHYPACTPYKTYpOH;

¢ 000pymOBaHME MOMEIICHAN [IEHTPa, KOMIUIEKTAINS MeOeITbI0 U O(uC-
HBIM 000pYIOBaHHEM;

® rapaHTHIHOE W MOCTrapaHTHHHOE 00CIy)XKMBaHUE, TEXHUYECKas IOJ-
JepxKKa, 00ydeHHe epcoHana.

A Taxoke Takue 3TaIbl U CPOKH BHEAPCHUA: 00CIeJOBaHUE U IPOEKTHPO-
BaHME JIO IBYX MecCsIeB; ocTaBka obopynoBanus u [10 ot ogHOro 10 Tpex
MeCSIEB; MOATOTOBKA WHKEHEPHOW MH(PACTPYKTYphl OT OJHOTO /O JABYX
MCCALCB.

Taxum 06pa3om, 00Iast JUINTEIBHOCTD PEATN3aIN IIPOSKTa 110 BHEAPE-
Hito LIOP Ha npennpusiTiy coCTaBiseT OT TPEX A0 LMIECTH MECSIIEB.
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MPOTHO3YBAHHS PIBHS 3AT'PO3 3 BUKOPUCTAHHSM
MEPEX BAUECA

Mimenko M.B., I'pebennuk A.I'., TpyHosa O.B.
YepHiziscoKkuii HAYiOHATLHUL MEXHONI02IUHULL YHIgepcUumem

VY cydacHOMY CBIiTi THTaHHS KibepOe3neku HaOyIo TOCUTh BEJIMKOT aKTy-
ANBHOCTI, aJPKe TMTOMA Bara iHpopMallii, [0 3HaXOAUTHCS ¥ €JICKTPOHHOMY
BUTJIA1 3pOCTAE 3 KOXKHUM JHEM, TOCTPO CTABIITYM MUTAHHS PO ii 3aXucT. 3
BIJOKPEMJICHHSIM PO3IOIUICHNX 1HPOPMALIHHIX CHCTEM y OKpeMi Kopropa-
THUBHI KOMIT IOTepHI Mepexi, iHpopMarlist craia OUTBII i30IbOBAHOO Bif 30-
BHIIIIHIX BIUTHBIB, IPOTE HENiHIHHICTH Ta CKJIAHICTh MPOTIiKAaHHS MPOIIECiB B
TaKAX MEpekax, a TaKOX PAJ 3arpo3, M0 Hece B cO01 HEe TUTPKU 30BHIMIHIH,
a i BHYTpIlIHIN MepexeBuid Tpadik, Aa€ MiACTaBU J0 MOCUICHHS KOHTPOJIIO
Ta aHaJli3y MEPEKEBHUX MOTOKIB.

Ha nanwii MOMEHT icHye psil iHQOpPMAaLITHUX CHCTEM, METOIO SKUX € BU-
SIBJICHHS Ta 3arMo0iraHHs MEPEKEBHM aTakaM Ta aHOMallisiM Tpadiky, IpoTe
OUIBLIICTE 3 HUX MPALIOE B PEabHOMY 4Yaci 3 MHOXKHHOIO BXKE BiIOMHUX 3a-
rpo3, Hajgae iHdopMmalliro ab0 BXKMBa€e HEOOXITHUX il 32 (PaKTOM HACTAHHS
miei 3arpo3u. Taki cHCTeMH NMepeBaKHO MOOYAOBaHI Ha CUTHATYPHOMY Me-
TOJIi BUSIBJICHHS 1 HE BPaXOBYIOTh IIKIUIMBHX yTPy4aHb HOBOTO THITY Ta OCO-
6nMBOCTEl KOHKPETHOI KOMIT' FOTEPHOT MEpPEexi.

I3 pO3BUTKOM Ta IIMPOKHUM PO3MOBCIOPKCHHSAM METO/IB IITYYHOTO iHTe-
JIEKTY, aKTUBHO TTOYaJI PO3BUBATHUCS CHCTEMH, SIKi IIOOY/10BaHI Ha aIaNTHB-
HUX METOJaX BUSBIEHHS Ta mporHo3yBaHHs 3arpo3 I13. 3okpema, y 2014
poli, ATeHTCTBOM IEpeIOBUX 000POHHUX AOCHiIHUIBKUX mpoekTiB CIIIA,
Oyu10 iHiLilOBaHO CTBOpPEHHS Kiacy iH(QOpMaLiiHUX cHCTEeM, TOOYI0BaHHX
Ha OCHOBI IITYYHOTO 1HTENIEKTY, IPU3HAYEHHUX JJIsl 3HAXOJHKEHHS, IEPEBIpKU
Ta BusiBIEeHHs Kibepsarpo3 [1]. Ilei kiac cucrem otpmmas Ha3By Cyber
Reasoning Systems (aHrI. — cucTeMu KiOeppO3CYPKEHHsI) Ta aKTHBHO PO3-
BUBA€ETHCA Y cepi kibepamarans, 30kpema Cyber Grand Challenge. {aHi cu-
CTEMH, MPALIOI0YN y pealbHOMY Yaci, OpiEHTOBaHI HAa BUCYHEHHS TillOTE3H
PO ICHYIOYI 3arpo3u s JociimpkyBanoro [13, mepeBipku 1i€i rimore3u ta
il maTBep/LKeHH abo BimxmineHHA. [IpoTe Ha naHWt MOMEHT, CHCTEMH Ta-
KOTO KJIacy € JIOCUTh €HEeprOMiCTKHMMH Ta HE PO3paxoBaHi HA BUSBIICHHS Ta
MPOTHO3YBaHHS PiBHA 3arpo3 JUIsl KOPHOPATHBHOI KOMIT I0TepHOT Mepexi [2].

BupinieHHst mpoOsieMHu IPOTHO3YBaHHs 3arpo3 [Uisi KOPIOPATHBHOI
KOMIT FOTEpHO{ Mepexi Hagano 6 MOKIMBICTh CIELialicTy 3 KibepOesmnekn
3aBYaCHO BXKMBATH 3aXOJIIB JI0 iX JOCHI/PKEHHS Ta ycyHeHHs. Takox, B 3aie-
HOCTI BiJl OOpaHMX METOJiB MPOTHO3YBaHHS, 1€ AOTIOMOTJIO O, 3 IEBHOIO
TOYHICTIO, 3aBYACHO 1IeHTH(]IKYyBaTH HAMIPH aTaKyBaJbHUKA, 30KpEMa IoC-
JOBHICTH HOTO NIl Ta JHKepea MOMXIIMBHX 3arpo3.

OnHUM 3 HAHOUIBII THYYKUX Ta TOYHUX METOMIB IPOTHO3YBAHHS PiBHS
3arpo3 € MPOrHO3YBaHHS PiBHS 3arpo3 3a JOMOMOT0I0 HMOBIPHICHUX MEpEexX
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Baiieca. MeTon mporao3yBaHHs 3arpo3 3a Jonomororo baecoBux mepex no-
CUTh TICHO TOB’S3aHUH 3 MiAX0JaMM, 3aCHOBAaHMMH Ha rpadax aTaku.
BaiiecoBa Mepexa, sk mpaBuio, oOynoBaHa Ha ocHOBI rpada arak. Bin-
MiHHa puca baitecoBux Mepex — 11e YMOBHI 3MiHHI Ta IMOBIPHOCTI, 5IKi BiJ0-
OpakeHi B MOICII.

BaiiecoBa Mepexa — 11e iMOBipHiCHa rpad)0Ba MOJIENb, SIKa CKJIAAETHCS 31
3MIHHHX Ta 3B’S3KiB MK HUMH. J[aHa Meperka IpeACTaBIIsie COO00 CIPsSMO-
BaHUH allMKJIIYHAN Tpad 3 By37IaMu, IPEICTaBICHUMH TUCKPETHUMHU a0 He-
MepEePBHAMH 3MiHHUMH, Ta peOpaMi, IO BiTOOPaKaroTh 3B’ I3KH MK HAMH.
Byznu yTpUMYIOTh CTaHU BHITAIKOBHX BEIMYWH Ta (OPMY YMOBHOI IMOBIp-
Hocri [3].

Jlnst Habopy BumankoBux 3Minuux X = {x;, ..., X, } y Mepexi baiieca, dy-
HKI[isl CIIUTBHOT MIITBHOCTI HMOBIPHOCTI BH3HAYA€ThCs 3a opmyroro 1, me
P, (x;) mpencrapmsie BiAMOBIAHE 3HAYCHHS HMOBIPHOCTI 3MIiHHUX y OaTBKiB-
CBKUX By31ax Mepexi, a P(x;/Pa(x;)) — yMOBHa HMOBIpPHICTh y AOYipHIX
By3JIax.

P(xy, .., xn) = [lizg P(xi/Pa(xy)) @

Y BaifecoBux Mepexax, HMOBIpHOCTI 3B’sI3KiB OHOBIIOIOTHCS 32 TOTTOMO-
roro Teopemu baiieca, 3a ¢akToM HamXxomKeHHS HOBOI iHQopmamii. Takum
YHHOM, 3 MOSIBOIO HOBHX 3arpo3 i Mepexi, moOyaoBaHa Mepeka baiteca
OHOBJIOETHCSI TA HAJIA€ aKTYaJIbHI IIPOTHO3H PO PiBHI 3arpos.

Peanizauito NporHo3yBaHHS PiBHS 3arpo3 3 BHKOPUCTAHHSM MEpPEex
Baiieca HEOOXIHO PO3ALIUTH HA J[BI YACTHHHU:

1. «Odunaiin pexum» — noOy0Ba Mepexi baiieca Ha OCHOBI CIIOBILIEHb,
OTpHUMaHuX BiJ BcTaHoBjeHuX IDS cucteM Ta nependoavyeHHs B LIJIOMY piBHS
3arpo3 AJIst CHCTEMU.

2. «OunaitH pexxum» — nepeabavyeHHsS HMOBIPHOCTI MalOyTHIX 3arpos,
NUIIXOM T0Zadi Ha BXix moOymoBaHili Mepexi baiieca iHdopMariii mpo HOBI
3arposu.

Ha Bxig anroputmy momaroTbes crioBimeHHs cuctemu IDS y dopmari
IDMEF (Intrusion Detection Message Exchange Format). CrioBitueHHs Ta-
KOTO THUILY BKJIFOYa€ B ceOe, sIK MiHIMYM, HACTYITHI TOJIS:

- Time — yac CTBOPEHHS CIIOBIIIIEHHS;

- Alert type — Tum crioBiteHHS;

- Source — agpeca mKepena aTaky,

- Destination — agpeca npu3HayeHHs aTaky.

[Ticns oTprMaHHS CHOBIIIEHD BUKOHYETBCS 1X arperamisi 3a TUIIOM OIIO-
BIiIlIEHHS /1T OCJIIIOBHUX YaCOBUX 3HA4YEHb IX CTBOPEHHs (opmyina 2).

A [AlertType] = Ay, [AlertType] = --- = A [AlertType], (2)

ne ty, ..., t, — MOCIIJOBHI YacOBi 3HAYEHHS CTBOPEHHS CHOBIiMIeHb. J{s
arperoBaHoro crosimeHHs A, tuny AlertType,, 30epiratoTbcsi 3HaUSHHS
ajZipecu JKeperna aTaku Ta aapecH MPU3HAYEHHS aTakd KOXKHOTO 3i CITOBi-
ieHb A;.

ITicnst arperariii CrioBiIIIEHb 3a THUIIOM, BUKOHYETHCSI O0OUHUCIICHHS KOPEIsi-
mii MiX JBOMa TOCTIZOBHMMH arperoBaHWMHU CIOBIEHHAMU A, THUIY
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AlertType, 1a B, tuny AlertTypeg. CrioBituenns npo 3arposu A, , B; BBa-
JKAIOTHCS] KOPEIbOBAHUMH, SKIIO BUKOHYETHCS OfIHA 3 IBOX YMOB!
1) {A:[Source] = B.[Source], A.[Destination] = B.[Destination]};
2) {A:[Destination] = B;[Source]}.

J111s1 KOYKHOT TapH KOPEJIbOBaHHUX CIIOBILIEHb 00UUCITIOETHCSI HIMOBIPHOCTI

iX BUHUKHEHHS 32 (hopMyIoro 3:
Corr(A,B)

PB/A) = o ®)
ne Corr(A, B) — kibKicTh 3B’s13KiB MiX crioBinieHHsMu A Ta B,
Corr(A,*) — 3aranbHa KiIbKICTh 3B’SI3KiB, CIPUYUHEHA CMIOBIMICHHIM A

(Moxe GyTH BHpakeHa Y KiJIbKOCTI Source aapec Iist CIOBIMeHHS 4).

B pesynpryrouiii baiiecoBiii Mepexi By3laMH BHCTYIIAIOTh arperoBaHi

CHOBIIICHHA, a pedpaMu MiXK HUMH — OOYHCIICHI HMOBIPHOCTI iX BHHHK-

HCHHS.
CTBOpeHi 32 BKa3aHUM aJrOPUTMOM Mepeki 300pakeHi Ha PUCYHKaxX

1,2

Soresian atteck araph
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Pucynok 2 — baecoBa mepexi
CHOBIIICHB PO 3arpPO3H IS Tepi-
oxny 7 mHIB

Pucynok 1- baecoBa mepexa
CHOBIIICHB TPO 3arpo3u JJIs Tepi-
ony 3 nHi

BinzHaunMo, 110 KiIbKICTh arperoBaHUX CIIOBIIICHB ITPO 3arPO3H 3pOCTAE
31 30inbLIeHHSM nepioay arperainii. baecoBa Mepeka H00yIOBY€ThbCs, SIK
TIJIBKH HAJAXOIUTh 1H(GOPMALlisS PO HOBY 3arpo3sy.
Otpumana baecoBa mepexa BHKOPHCTOBYETHCS B OHJIAMH peXHUMi I
MIPOTHO3YBaHHS PiBHA 3arpo3 3a 00paHuil MPOMIKOK Jacy t.
st 3aificHeHHs nepenOavyeHHs PiBHS 3arpo3 B OHJIAIH PEXHMI, criova-
TKY 0OMpa€eThcs Iepiol NPOrHO3YBaHHS U (POPMYBaHHS B opIiaiiH pexumi
BianoBigHoi baecoBoi mepesxi. Hactymaum kpokom, B cTBOpeHY B oduaiiH
pexuMi baecoBy Mepexy, IepenaeTbcsi Ha3Ba OCTAHHBOTO CIOBIIEHHS PO
3arposy 3 0a3u gaHuX. Y pe3yJbTarTi, aIrOPUTM IIOBEPTAE HMOBIPHOCTI MOSBU
yCiX IHIINX CIIOBINIEHb, HAABHUX Y MOOYAOBaHIN Mepexi, oouncieHi 3a ¢o-

pMmyoro 1.
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OTxe, OCIiIKEHUI METO 103BOJISIE HE TUILKU IIPOTHO3YBATH PiBEHb 3a-
rpo3 /I KOPIIOPaTUBHOI KOMIT'IOTEPHOT MepeKi, ajie i TOCiPKyBaTH 110c-
JIJIOBHICTB iX BUHUKHEHHS, a/Ipecy JpKepela Ta IpU3HAYeHHs, TUIT 3arpO3H,
TOIO. AJITOPUTM € aJalnTHBHUM, OCKUJIBKH HOro po0OTa HE 3aJICKUTH BiJ
KOH(Irypauii KoprmopaTHBHOI KOMII'IOTEPHOT MEpPEexi.
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SIMULATING AND RESEARCH OF BLOCK PARAMETRIC
MATRIX AFFINE-PERMUTATION CIPHERS (BP_MAPCS) FOR
CRYPTOGRAPHIC TRANSFORMATIONS

V.G. Krasilenko, A.A. Lazarev, D.V. Nikitovich
Vinnytsia National Technical University

Introduction, analysis of recent publications, formulation of the
problems. In the era of electronic communications, the need to transmit and
cryptographic transformations (CTs) specific text and graphic documents
(TGDs) in the form of table data, 2-D, 3-D, 4-D arrays, drawings, diagrams,
resolutions has essentially increased [1-7]. Many TGDs contain restricted
access information that in encrypted form, to transmit over communication
channels, providing only access with their digital signatures. For security
purposes technologies of cryptography, tools for CTs [1-7] and protocols for
the formation of keys and their exchange [8, 9] are used, but only small part
is devoted to methods oriented on matrix models (MM) [2, 3] and tools. That
is why the search and research of new matrix models (MM) of CT,
improvement of matrix ciphers are actual strategic task. In works [1, 2]
generalized algorithms for CTs, so-called matrix affine-permutation ciphers
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(MAPCs) [3] based matrix affinity ciphers (MACs), as modifications of
known affine ciphers [2], were proposed. The results of simulation [1-7] of
processes of CTs of images on the basis of such models have shown their
significant advantages such as: greater stability, increase in speed. In work
[2] on the basis of MACs the algorithm for creating a digital blind signature
(DBS) is proposed. The results of modeling algorithms for creating a 2D key
are also known [8]. One of main components of MAPCs [3] is matrix
permutation model (MM_P), which has obvious simplicity. Further
improvement of matrix-type ciphers based on such MM _P is highlighted in
papers [6, 7]. Their basic operations are elemental multiplication, matrix
addition and matrix permutation models (MM_P) with multiplication
matrices. However, as shown in papers [4], the CTs on their basis, without
additional operations, do not modify histograms of TGDs. For most of works,
there is a common significant disadvantage, especially for work related to
MAC [1, 5], MAPCs [3] and the like [2, 4, 6, 7], which requires the use of at
least two MK, if implemented multiplicative and additive components.
Therefore, the search to improve especially the multi-step MAPCs [7] while
maintaining stability and other characteristics, in order to reduce the number
of MKs to one, and their experimental verification is a necessary urgent task.
The emergence of multi-processors requires creation of appropriate matrix-
algebraic models (MAM), matrix-type systems (MT) for CT. The promise of
the MAM for the CT is evidenced by the ability to check the integrity of the
cryptograms and the presence of distortions in them, increasing the crypto-
stability and expanding their functionality, as experimentally shown in [6].
The generalization of the MAM to a matrix-block view is necessary in terms
of the versatility of block algorithms and independence on data volumes.
Thus, the actual purpose is development of block modifications of the
MAPCs with the possibility of choosing its parameters, cyclic/block keys,
their simulation on real information objects (10), demonstration of their
possibilities and advantages.

Presentation of research results. The CT algorithm for encryption based
on BP_MAPCs consists of the following steps: 1) the partition of 10 into
blocks in the form of matrices with a dimension 2™x2™, where m =4, 5, 6, ...
and with element-bytes in a digital format that at m = 4 is equivalent to the
length of the block 256x8 = 2024 bits; 2) the permutation of the bytes of each
block using the current key (CK), which is formed synchronously from the
main key by the selected procedure according to the parametric model, the
argument of which is index of block, 3) matrix affine/affine-permutation
transformations (MAPTS) of bytes in block using the CK, the same as on
stage 2 or similar, but according to parametric model, 4) concatenation of
received blocks for formation of cryptogram of 10. The decryption process
has the following steps: 1) decomposing the cryptograms on blocks, 2) using
MAPT for reversing of blocks based on the reversed CKs; 3) reversing the
permutation of bytes of blocks by CKs; 4) concatenating the transformed
blocks into the restored 10. The steps of permutations and affine CTs can
change and repeat in different sequences. Modeling of BP_MAPC was done
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with Mathcad. Windows for CT modeling by BP_MAPCs are shown in Fig.
1-5. The essence of MAPT is to apply to blocks, as set of bytes (PIC_S,
images), procedures pixel by pixel modulo multiplication/additions by
corresponding 8-bit MKs (direct/inverse) of same dimensions, depending on
the parameters, formation modules, which are shown in Fig. 2. As can be seen
from the figures, the simulation Results of the processes of direct and reverse
CT TGD, images confirm the correct operation of the models. As it was
shown by researches, several iterative multiplications of the data (MD) on the
MK P (permutations) to may not be sufficient with the application of the same
MK for TGDs. In order to improve the algorithm, we propose applying
various current MKs to blocks and increasing the dimension of MK and
blocks do 256x256 bytes. Thus, the idea and essence of BP_MAP-ciphers of
CTs consists in using the functional dependencies of their parameters on
block indices and additional vector keys (VK). The MP in the generally
accepted form should be square with N x N elements (0" or "1"), where N =
2%6, The power of the set of MPs, that is, their number is estimated as N!,
which gives huge values. Each address of a block can be represented using 2
bytes, indicate two coordinates (row and column) of the block. This enables
to represent any permutation P by 2 blocks (256 x 256 elements) of bytes,
putting in each identical address of these blocks the corresponding high byte
(in first block) and the least significant byte (in second block) the coordinates
of the new address of the byte for permutation. The Mathcad module for
generating the main MK (MP) and of its components KeyA, KeyB in format
of 2 gray images is shown in Fig. 2. We will show Mathcad windows with
modules, formulas for calculating entropy and plotting a histogram, with
parametric modules of forward and reverse CTs (qw-multiple permutations
of block F bytes) and stream-MKSs (larger MP) in isomorphic representation.

ACN= [for q20.1
for §e0.288
for 1e0.258
N0
for je0. 258
A «floor(rnd 256))
while Ny = 1
A « floor(rnd 256
Na«e1
A% j-A

Fig. 1. The module for the generation of the head MP (KeyA and
KeyB).

The analysis of histograms before/after the CTs confirms that the
proposed models give better results. The TGD entropy was 0.738, and the
cryptogram entropy increased 10.6-10.8 times and became equal to 7.82-
7.999. The entropy of cryptogram has become almost equal to 8 bits per
element: 7,999 (- 0.009 %!). Without knowledge of MK it is impossible to
restore MD. As was shown in [2], already with dimension of 32x32 MK (P),
the stability is ensured. The power of possible keys set has increased by many
orders of magnitude with dimension 256x256 8-bit elements of key (power
of keys set is estimated 2562 !!). Therefore, stability has increased
significantly.
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‘rypto MAFP_MS =258 = 25
Crypto_ MAFP_MS ml = 257 m2 = 256 kg = 127

—
R_Cm_MAFP_MS = [mod([(lm + R1)-(KeyA + R1)] .ml') ~R1

R_Cma_MAFP_MS '« lmo(l(R,('mAMAFP,.\IS + KeyB ,ml)] (L]

R_Cmap_MAFP_MS = T_PI_P(R_Cma_MAFP_MS qMS KeyA KeyB)
Derypto_ MAFP_MS

R_Dp_MAFP_MS = T_Plo_P(R_Cmap_MAFP_MS qMS$ KeyA  KeyB)

R_Dpa_MAFP_MS = (mod(R_Dp_MAFP_MS + R1.256 - KeyB m2))

R_Dpam_MAFP_MS = [mualuk_npn_.\l.ur_ms + RI).(KeyAO + R1)] ,m1) ] -RI
i . G
Verafication Ver R_MAFP_ms = | [Im - R_Dpam_MAFP_Ms| )

min(Ver_R_MAFP_ms) = 0 max(Ver_R_MAFP_ms) = 0

Figure 2. Mathcad window with BP_MAPC of forward/reverse CTs
(pixel-by-pixel affine encryption/decryption and multiple permutations.

~é«n-1w»2‘|v3‘:-4-|-5»|-5<
~ MATPHYHI AGIHHI [l
CJTIHX MIITHCIB ]
BerylL  BHKopHCTaHHA
OYPXTHEOTO POSBHTKY KDHITTOT
T2 TIPOTOKOTE [1, 2], 5 0
[H{POBHX AaHHX.

CTHKOCTI, TIOPBHSHO 3 CKay
3AIPOTIOHOBAHO MOTH{IKOBAHI

In 095 R_Cmap MAFP MS

Figure 3. The results of cryptographic image Im conversion using
BP_MAPC: the original image, cryptogram and histogram of cryptogram.

mg = 0.255 o
H_PIC_colR := hist(int,R_Cmap MAFP_MS) mg:= g
2565 T
H_P[C_cnIng 156 [r—
255 ‘ -
i 100 200 300
intEg
Rl-kg R_Cmap_MAFP_MS

Figure 4. The results of cryptographic conversion of single-level image
R1 using BP_MAPC.

For MAM, it is urgently necessary to form a whole series of permutation
matrices (MP) from main MK (MMK). Previously considered only MMK of
general type was considered, but not the MP series. The aim of the work is
to study the processes of formation of the MP flow for CTs and to check their
properties. And in [9], questions were considered of creating by the parties a
secret main MK of type P with isomorphic representations and the synthesis
of set number of sub-keys of a similar type from it, therefore they are not
considered in detail here, but will be covered in the report.
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CMSr CMSg,CMSh DCMSr, DCMSg , DCMSh PIC_colR ,PIC_colG ,PIC_colB ErCM_DCmsr-255, ErCM_DCmsg 2!

Figure 5. Forward and reverse CT color images using BP_MAPC.

The conclusions: New block parametric matrix-algebraic models and
matrix affine-permutation ciphers for CTs are proposed and modulated. The
results of their modeling are presented using direct and inverse CT scans over
images as an example, which indicates their correct operation and
effectiveness. The entropy-histogram analysis of the obtained cryptograms,
the advantages of the proposed modifications of ciphers with an increased
permutation matrix are shown. The aspects of creating existing MKs are
considered. Models can be implemented on matrix processors and have high
speed, stability of transformations, and are more resistant to attacks.
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MULTIFRAME REMOTE SENSED IMAGERY
SUPERRESOLUTION

Sergey A. Stankevich, Artem A. Andreiev, Artur R. Lysenko
Scientific Centre for Aerospace Research of the Earth, Ukraine

Introduction

Spatial resolution is the most important criterion of remote sensing capa-
bilities. Regardless of the continuous improvement of remote sensing imag-
ing systems, in many cases a lack of spatial resolution is evident. Spatial res-
olution enhancement makes remote sensing applications more successful, so
such enhancement is important and relevant now. However, the possible res-
olution of the remote sensing imagers’ hardware is limited by the micromin-
iaturization technology of semiconductor sensor arrays on the one hand and
the maximum allowable size of the lens on the other hand. However, the su-
perresolution can be engaged too by joint processing of several subpixel-
shifted images of the same scene [1].

Method

The general image processing dataflow for a subpixel superresolution in-
cludes three stages: 1) acquiring several subpixel-shifted input images; 2) as-
signing a joint subpixel grid for all input images; 3) restoring the superreso-
lution image from the input ones on the subpixel grid.

The first stage is done by co-registering and cutting the input images. The
usual correlation method is used:

(AX", Ay )iy = argmax r[I(x, y), J(x+AX, y+Ay)] @8]
where |, J are overlapped images with grid coordinates x and y, Ax, Ay are
integer pixel shifts between images, r[-] is the mutual correlation operator,
AX", Ay" are optimal pixel shifts corresponding to image stacking.

The joint subpixel grid Fig. 1 of co-registered images is determined in the
second stage so that as the minimum possible number of pixels of the input
images overlap each subpixel of grid.
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The optimization necessary to satisfy this condition is performed by the
following criterial function:

3 S +6y? - min @
1e3

where dxi, dyr are coordinate subpixel shifts between the oversampled image
| and assigned joint subpixel grid, 3 is the input images set.

joint grid @

Fig. 1. Joint subpixel grid of input images set

After the subpixel shift of each of the input resampled images is
determined, it becomes possible to re-interpolate them onto a joint subpixel
grid. The enhanced image restoration in the third stage can be carried out in
various ways: by simply averaging the images re-interpolated onto a joint
grid, by weighing them in proportion to local signals or inversely proportional
to noise, and by means of any sharpening technique [2].

An important requirement of the first two stages of processing is the
availability of a special procedure for determining the displacement of the
input images: the integer pixel one — for image co-registration and subpixel
one — for re-interpolation. In addition, the values of mutual subpixel shifts of
all pairwise combinations of input images are necessary for the optimal
assigning of the joint subpixel grid. The determining of integer pixel and
subpixel shift of two images can be performed both in spatial and in
frequency domain; in particular, a similar procedure is described in [3] and
implemented as special-purpose software (Fig. 2).

& R-lmage - m} X
Execute | Break Fragment Size: |64 i‘ Quit |
Master image: | D:WORKS/MWEBS/SkySat(0.8m)-Frame(3s)-Airport-Dubai. tif ... |band# 1 il
Slave image: |D:/MWORKSMWEBSISkySat(0.8m)-Frame(4s }-Airport-Dubai tif .. |band# 1 jl
Temporary directory: |C:\WUsers\ST\ppData\LocalTemp
| calculations and selection | Copy |
] 57%
‘warinngs, errors and
Clear ™ MoWrap Save
R = 0.9738; pos(320, 192); dx = 07 dy = 0 -~
R = 0.9737; pos(384, 192); dx = 07 dy = 0
R = 0.59709; pos(443, 192); dx = 0r dy = 0
R = 0.8781; pos(512, 192); dx = 0; dy = 0
W

Fig. 2. Graphical interface of software for image shift calculation
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After all mutual subpixel shifts of the input images are determined, it
becomes possible to project them onto a joint subpixel grid. Then, the
resulting value is formed in each subpixel from the set of values
corresponding to the input images. In this way, the output image is obtained.
The specific method for restoring the output value in subpixel may vary
depending on the quality of input images.

Result

In Fig. 3 a double-sized output image is shown, which obtained from four
input SkySat satellite subpixel displaced images simply averaging over a joint
sub-pixel grid.

_}au-qu’v.ﬂ.“g‘ -

o ———
i i ok vk ma v, PR J

Fig. 3. Multiframe imagery superresolution demo:
— input SkySat satellite four images, subpixel displaced relative to each other
b — output double-sized image by proposed method

The obtained result was evaluated using spatial frequency analysis. The
bidirectional point spread function (PSF) h(x,y) of digital image was
approximated by gaussoid with separable parameters ¢ and ¢:

2
X2 y

h(,y) = — e 27" .¢ % ©)
2n-0-¢
which were calculated through optimal approximation of both horizontal and
vertical edge spread functions (ESF) of digital image [4]. The best EFF
selections were extracted from the digital image by statistical filtering in a
4x4 sliding window.
According to PSF (3), the bidirectional modulation transfer function
(MTF) T(¢, ») of digital image is calculated

TG )= e et @

whereby the spatial resolution components rx and ry can be determined for the
predefined modulation threshold. The Fig. 3 test image spatial resolution
evaluation results are in the table:

Table 1. Spatial resolution components of test image

Spatial resolution, Input image Output image
pixels (full pixel size)  (half pixel size)
I 1.51..1.55 1.65
ry 1.66..1.79 1.78
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It should be noted that the spatial resolution components are ry = 2.45 and
ry = 2.76 pixels for image obtained by dumb duplication of the original test
one.

Conclusion

Thus, the sufficiently high potential of the proposed method for
multiframe remote sensed imagery superresolution is demonstrated. This
method will be quite useful in special remote sensing applications that use
video sequences for imaging. At the moment, there are more and more such
applications, especially among aircraft drones [5], although satellite video
systems are commissioned too.

The main difficulties, just as the priorities for future improvement of
proposed method, are sensitivity to imperfect co-registration of input images
and significant computational burden. The first problem is pure
photogrammetric, and its solution goes beyond the scope of this study. The
second drawback is possible to weaken by transferring main computations
into the frequency domain. Such transferring will require essential
mathematical updating of the method.

And finally, the proposed method will be claimed in those remote sensing
applications where precise allocation of small-size objects is required.
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A chatbot is a software designed to simulate a human conversational
partner in online communication [1]. Types of such communications include
but not limited to text-to-text, text-to-speech and, newly available due voice
recognition technologies, speech-to-text and speech-to-speech. Integration
of chatbot into application is the nowadays best practice, supported by the
most part of widely used software brands, such as Facebook, Slack, Apple,
Google etc.

AWS provides Amazon Lex service for building chatbots. Amazon Lex
is developed based on automatic speech recognition and natural language
understanding technologies, which provides developers abilities to  build
lifelike conversations [2]. However, it should be noticed that speech
recognition is supported for limited set of languages.

Considering features of Amazon Lex, general algorithm of a Amazon
Lex-based chatbot operation contains following actions:

— user sends request to Amazon Lex;

—  Amazon Lex processes request and detects key words and terms;

—  recognized key terms are sent to middleware;

—  middleware processes obtained keys according to internal algo-
rithms;

— middleware obtains corresponding response from internal or exter-
nal dictionary;

—  response is provided to Amazon Lex and is sent back to user.

Described general algorithm is presented on Figure 1.

Recognized Key Words ~ Request For Predefined Response

Request
From ——p=|
User

Fig. 1. Amazon Lex operation algorithm
Determination of a response is performed by middleware and can be
represented as a linear function:
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X = f([Kl -Km])l (1)

where Kj....Kn — is a set of key words, for which single response will be

provided, f is a predetermined correspondence between keywords and

response, that should be provided, if such key words are presented in a user
request.

To provide high quality support service presented approach of direct
correspondence is not the best decision. Introduction of Al-powered
algorithms to define chatbot responses can significantly increase their quality.

To make chatbot responses “smarter”, more flexible and custom linear
function of correspondence should be replaced by a system of functions,
which consider customer characteristics and dependency between these
characteristics and provided responses.

Determination of a response can be represented as a system of functions

x = fi([Ky .. K]

yl yn
[Ky ... K] = £ ([z1 an ; @)
Wi . Wy

where Kj....Km —is a set of key words, for which response will be provided
, and which is generated from the f2; f> is a function that determines key words
for a user based on matrix of user parameters; f1 is a correspondence function
between keywords and response.

Proposed algorithms are performed by middleware. Generally, there is no
limitation for middleware implementation. But considering good integration
between all AWS services, such as Amazon Lex and AWS Lambda, it’s
recommended to use AWS Lambda for performing Al-algorithms and
calculations. Dictionaries with responses could be implemented using AWS
storages, such as Amazon S3 or Dynamo DB. RDS and Aurora DB could be
also used, but relational DB are not the best decision to store text.
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Natural language processing - the intersection of machine learning and
mathematical linguistics, aimed at studying the methods of analysis and
synthesis of natural language. Today NLP is used in many areas, including
voice assistants, automatic text transfers and text filtering. The main three
areas are Speech Recognition, Natural Language Understanding and Natural
Language Generation).

NLP solves a large set of tasks that can be broken down into levels (in
brackets). Among these tasks, one can distinguish the following: Recognition
of text, speech, speech synthesis (signal); Morphological analysis,
canonization (word); POS-tagging, recognition of named entities, selection
of words (word-combination); Syntactical parsing, tokenization of sentences
(sentence); Extracting relationships, defining a language, analyzing
emotional color (paragraph); Annotation of the document, translation,
analysis of the subject (document); Deduplication, information search
(corps).

Preprocessing of the text translates the text into a natural language in a
format convenient for further work. Pre-processing consists of different
stages, which may vary depending on the task and implementation. Below is
one of the possible set of steps: Translation of all letters in the text into lower
or upper register; removing digits (numbers) or substituting for a text
equivalent (regular expressions are usually used); removing punctuation.
Usually implemented as a removal of characters from a predefined set; Delete
whitespace; Tokenization (usually implemented on the basis of regular
expressions); Removing the stop words; Stemming; Lemmatization;
Vectorization.

The lemmatization approach is an alternative to stemming. The basic idea
of bringing the word to the vocabulary form - lemma. For example, for the
Ukrainian language: for nouns - a nominal case, a unique number; for
adjectives - nominative case, single number, male gender; for verbs,
sacraments, gentry - the verb in infinitive imperfect form.

Most mathematical models work in vector spaces of large dimensions, so
it is necessary to display text in vector space. The main approach is a bag of
words: a vector of the dimension of a dictionary is created for a document,
for each word its own dimension is highlighted; for a document it is written
a sign how often the word is encountered in it, we get a vector. The most
common method for calculating the attribute is TF-IDF (TF - word frequency,
term frequency, IDF - inverse document frequency, inverse document
frequency). TF is calculated, for example, by a word count counter. The IDF
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is usually calculated as the logarithm of the number of documents in the shell,
divided by the number of documents where the word is represented. Thus, if
a word has been encountered in all the documents of the corps, then such a
word will not be added anywhere. The breadth of the word bag is a simple
implementation, but this method loses some of the information, for example,
the word order. To reduce the loss of information, you can use the N-gram
bag (add not only words but also word combinations), or use the methods of
vector representation of words, for example, it allows you to reduce the error
in words with the same spelling but different values.

Since the number of similar documents in a large body can be huge, it is
necessary to get rid of duplicates. Since each document can be represented as
a vector, we can determine their proximity by taking a cosine or other metric.
The minus of this deduplication method is that for large enclosures, a
complete search on all documents will be impossible. To optimize, you can
use a locally sensitive hash, which will place close-to-similar objects.

Semantic (meaning) analysis of the text - the allocation of semantic
relations, the formation of a semantic representation. In the general case, the
semantic representation is a graph, a semantic network that reflects binary
relations between two nodes - semantic units of text. The depth of semantic
analysis can be different, and in real systems most often only the syntactic-
semantic representation of the text or individual sentences is constructed.
Semantic analysis is used in tasks of the analysis of the tonality of the text
(Sentiment analysis), for example, for automated determination of the
positive feedback.

Detection of named entities and extraction of relationships. Named
entities are objects from the text that can be assigned to one of the predefined
categories (eg, organization, personality, address). The identification of
references to similar entities in the text is the task of recognizing named
entities.

Using N-gram. N-gram is a sequence of n elements. In NLP N-grams are
used to construct probabilistic models, text similarity tasks, text and language
categorization. By constructing an N-gram model you can determine the
probability of using a given phrase in the text. The N-gram model calculates
the probability of the last word of the N-gram, if all the previous ones are
known, while it is assumed that the probability of occurrence of each word
depends only on the preceding words.

N-grams are used in the task of detecting plagiarism. The text is split into
several fragments, represented by N-grams. A comparison of N-grams with
each other allows you to determine the degree of similarity of documents. In
a similar way, the problem of correcting spelling mistakes can be solved by
selecting candidates for replacement.

Neural networks are also used for NLP. Artificial neural networks are a
system of connected and interacting simple processors - artificial neurons.
The algorithm of such processors is often very simple. For example, the
processor can simply transform the signal received at the input, using a
certain mathematical function, in the output. And, nevertheless being
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connected to a fairly large network with a managed one interactions, such
individually simple processors together are capable to perform rather
complicated tasks. Recurrent neural networks differ from other types of
networks by the fact that except for links that move from one neuron to
another directly, as in networks direct distribution, as well as communications
that take place in time. That is, the signal from one neuron in step t will go to
another (or the same) neuron at step t + 1. Thus recurrence neural networks
can be saved information in time, thereby "memorizing" some data. These
are theirs peculiarity just very much helps in the translation, classification and
processing natural text as a whole, since our language is arranged in this way,
that some data at the beginning of the block of text, may affect the
understanding and translation at its end.

As mentioned before, system has adaptive evaluation method as well as
some sort of open question evaluation system that based on NLP (Natural
Language Processing).

Let’s consider the different techniques used by computer-based
assessment systems, as well as existing CAA approaches. Methods of
automatic evaluation of free text are divided into three main types: statistical,
extraction of information and complete processing of natural language [1].

The statistical technique is based only on the matching of keywords, so it
is considered a bad method. It cannot solve such problems as synonyms in
student responses, but also does not take into account the order of words and
also cannot deal with lexical variability.

The technique of extracting information consists in structuring
information from the text. Can be used to extract communication between
concepts. First, the text is divided into concepts and their relationships. Then
the dependencies found are compared with the expert data (introduced by the
instructors) to give the student an assessment.

Full Natural Language Processing (NLP) involves a parsing analysis of
the text and finds the meaning of the student's response and compares with
the teacher's answer for assigning a final score.

Methods based on ontology, keyword analysis, natural language
processing and information mining techniques are the main approaches to
evaluating the text. Full text parsing and semantic analysis are difficult to
implement and very difficult to localize into other languages. Thus, the
extraction of information offers an affordable and more reliable approach,
using the NLP tools to search for specific content in the text and without in-
depth analysis.

Advance NLP method evaluates the text, calculating the score, based on
a clear correlation between the concepts between the student's response and
the teacher's answer (i.e., an expert response) [2]. If there is access to more
than one answer, the similarity is evaluated with respect to each response
independently, and the best is used to determine the final score. The text is
divided into tokens (words, numbers, and punctuation symbols), the
boundaries of sentences are indicated. Conducted synonymous, numeric (for
example, '7th' equates to ‘seventh'), acronymic transformation. Concepts turn
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into intermediate forms and agree on the basis of several modules that
compare essence and heuristic representation of concepts. On the basis of
work of all modules an estimation is made.
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MOAEJIUPOBAHUE KOPABEJIBHBIX BOJIH C
HCIOJb30BAHUEM YPABHEHUI MEJIKOH BOJIbI HA GPU

M.B. Copoxkun
Hucmumym npobrem mamemamuueckux mawun u cucmem HAH Yxpa-
UHbl

Bsenenue

Panee B UTIMMC aBtopamu paboTsl [1] Obuta pa3paboTaHa dyucCIICHHAS
Mozens ShipSim pacuera kopaOenbHBIX BOJH W X BO3JCUCTBHUS HA NPH-
IBapTOBaHHbIE KOPAOIIH U OEperoByIO JIMHNIO, OCHOBAaHHAS Ha PELICHUH He-
TMHEHHBIX ypaBHeHUI Menkoit Boasl (HYMB). Monens moka3zana xoporiee
corJjlacue npy CpaBHEHUH C 1a00PaTOPHBIMH JaHHBIMHU M IAHHBIMH MOJIEBBIX
u3Mepenuii [1, 2]. Ceifyac oHa yCHENIHO HCIOIB3YEeTCs B MHKEHEPHBIX MPO-
€KTax MY NMPOEKTUPOBAHNH IIOPTOBBIX KOH(UTypanuii, CXeM MaHEBpPUPOBa-
HUS ¥ CTOSTHKU KopabJeii [3].

Monens peanu3zoBaHa Ha si3pike FOrtran mjis pacueToB Ha OJHOM SIpe
neHTpansHoro nporeccopa (CPU). TunuuHoe BpeMst pacyera CICHApHs IS
OJTHOY TIOPTOBOM KOH(MUTYPAIUH, OJJHOTO THUIIA KOPAOJIS M OJHON CXEMbI Ma-
HEBPHPOBaHMsI, HA COBpeMeHHOM npoueccope Intel nam AMD nopsiaka He-
CKOJIBKHX YacoB.

B KpyIHOM WH)KEHEPHOM HPOEKTE MOTYT OBITh I€CATKH KOH(QHUIYPAIHH,
THUIIOB KOpaOJiel 1 cXeM MaHEBPUPOBAHUSI, YTO MPUBOIUT K 3HAUUTEIEHBIM
BpEMEHaM MOJICJIMPOBAHMS BCEX CIIEHApHEB U 3a/IepKKaM peasIu3alny 1mpo-
€KTOB.

Jnist yckopeHust pac4eToB He0OX0IMMO MPHUBIIEKATh METOBI Mapalieib-
HBIX BBIYMCIICHHH Ha MHorosiiepHbix CPU, kiactepax, BBICOKOIPOM3BOAH-
TENBHBIX rpaduueckux npoueccopax (GPU).

B mocnemHee BpeMs HOIMYJSIPHBIM CPEICTBOM, YIIPOIIAONINM pa3pa-
6otky mist CPU u GPU, crana mojens napajiiebHOr0 NporpaMMHUPOBaHUS
OpenACC. Ona mpencrasisier co0oif HAOOp AMPEKTHB KOMITIUIATOPA IS
s361k0B C 1 Fortran. C mOMOIIBI0 HUX MOXKHO YKa3aTh yYaCTKH aJrOpUTMa,
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KOTOpPBIE MOTYT OBITh 0OPabOTaHBI MHOTOSACPHBIMU MPOLIECCOPAMH B MHO-
TOTIOTOYHOM PEXUME.

OpenACC umeer psia npeumymniectB. OHa HOAAEPKUBACT HECKOJIBKO
KOMIIbIOTEepHBIX apxutekTyp, CPU Intel, AMD u POWER; GPU ot NVIDIA,
Ha OCHOBE OJIHOTO MPOrpaMMHOT0 Koja. [103BoIseT peann3oBarh comepKa-
IIUICS B aJITOPUTME MApaUIeIU3M Oe3 ero CylieCTBEHHOTO Peoopa3oBaHus.
JomycKaeT MoIaroBoe pacnapauieinBaHue.

B nacrosmeit pabore nporpamMmmHuas moaens OpenACC ucmons3oBaiach
IUTSL pacriapayutenuBanust Mozenn ShipSim mist muorosimepusix CPU u GPU.

DopMyaupOBKa MOAENU

Mogens ShipSim ocnoBana Ha HYMB, onuchIBarONIMX aIBEKIMIO, TH]I-
POCTAaTHYECKOE AABICHHUE U JOHHOE TPEHUE, TOMOITHEHHBIX CBOOOIHBIM Ie-
HOM, KOTOPBIil yIUTHIBACT ABHIKCHUE KOPAOJIsL:
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l"J'Iy6I/IHe CKOPOCTH IIOTOKA, qx y KOMIIOHCHTBI pacXo/a BOAbI YEPE3 €A1~

HUYHYIO OIMPHUHY, P - oTHOCTS BOBI, 9. YCKOpEHHEe CBOOOIHOTO Taje-
77 n T']

HUS, '/ - ypOBEHb IOBEPXHOCTH JHA, X, Y - KacaTelIbHbIE HAIPSKEHHs Ha

JIHE B X ¥ y HaNpaBJICHUIX, KOTOPbIE MOT'YT OBITH alIpoOKCUMHUPOBAHBI Op-

MyJoif MaHHUHra!
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Biusane kopabns 8 HYMB yunTtbiBaeTcsi HEOJHOPOTHOCTHIO IaBJICHUS,
BBI3BaHHOI OcaJKoil cyiHa
P=pgd, 3
rae d - riyGHHA ero MmorpyKeHusi B paccMarpuBaeMoii Touke. [Iporpa-
MMHO 0CaJ[Ka pealn30BaHa Kak rop0, B BUJIE MEPEBEPHYTOTO KOPITyca Kopa-
61151, IBMOKYIIUIACS 1O ero MapmpyTy [1].
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ITepemerenue HEOAHOPOAHOCTHU AABICHUS IPUBOIUT K HEOAHOPOHOC-
TSIM TI0JICH THIPOJMHAMHYECKHX TEPEMEHHBIX M TeHEpally KopaOelbHbIX
BOJIH.

PaccunTanHble THAPOJMHAMHMYECKHE INEPEMEHHBbIE HCIONB3YIOTCS Ui
obcuera Harpy3ok. GOpMBI KOPITYCOB CyJIeH pa30OWBAIOTCS Ha MHOXECTBO
JMHENHBIX CETMEHTOB, KaXK/IbIi CO CBOUMH pa3MepaMu M OpUeHTaIeH. 3Ha-
YEHUS TUIPOJUHAMUUYECKHUX IIEPEMEHHBIX UCIOJIB3YIOTCA ISl HOJACUETA CUIT
JIaBJIECHMUS HAa Ka)KIblM JUHEWHBIA cerMeHT. IlocerMeHTHbIE CHIIBI CyMMHU-
PYIOTCS Ui IOJIY4YEHUS MPOJOJIBHON M MONEpEeYHOH KOMIIOHEHTBI CyMMap-
HOM CHJIBI M1 CYMMAapHOTO MOMEHTA CHJI, JCHCTBYIONIINX Ha KOPaOIIb.

YmncieHHBIH METOA M ero napaJjiejbHas peaju3anus

YpaBHEHUS MOJENH PEIIAIOTCS HA IPSIMOYTOJIBHOM PACUETHOM CETKE SIB-
HOM CXeMOH KOHEYHBIX 00BEMOB NpEIUKTOp-KOppekTop Tuma ['oxyHoBa,
UMeIoNIel 2-i1 MOPsIIOK TOYHOCTU TI0 BPEMEHH U NIPOCTPAHCTBY.

Hlae 1. - Ucxons us kpurepusa Kypanra-®punpuxca-JleBu, Beraucisercs
TeKyllee 3HaueHHe BpeMeHHoro mara. Yucno KypaHnTta o6bI9HO ycTaHABIH-
BaeTcsi MeHbIIMM WK paBHbIM 0.4. [llae 2. - BeruucnseTcs MOJI0KEHUE U
OpHMEHTALMS IBUKYIIETOCs KOpaliis, HOBIH pesibed), COOTBETCTBYIOIINIT HO-
BOMY TOJIOKEHHUIO ero mHUma. [[laz 3. - BEIYUCISAIOTCS MOTOKH Yepe3 rpa-
HUIIBI KOHTPOJIBHBIX 00BEMOB C TIOMOIIBIO CXeMBI | 0TyHOBa H IPHOIKCH-
HOTO perreHus 3agaun Pumana. [llaz 4. - BEIYUCIAIOTCS TIpeCKa3bIBacMBbIe
3HAYCHHS THIPOAMHAMHYECKUX IepeMeHHbIX. [[lae 5. - KoppekTupyeMmsie
MOTOKU PACCUUTHIBAIOTCA C HCIOJB30BAHUEM OIPAHUUUTENS] MOTOKOB.
lae 6. - BeIYHCISAIOTCS CKOPPEKTHPOBAHHBIC 3HAYEHHs THIPOJUHAMHIYE-
CKHX TiepeMeHHbIX. [[lae 7. - JloGaBisieTcst BKIa1 OT CBOOOIHBIX YJIEHOB ypa-
BHeHus. [llaze 8. - PacCCUMTHIBAIOTCS HATPY3KH HA CyIHA.

ITpuBeneHHBIE IIATK PEATU3yIOTCS B BUJE IIUKIIOB TI0 BCEM KOHTPOIBHBIM
o0bemMaM, MX I'paHUIaM, CErMEHTaM, Ha KOTOpble pa3dura Gopma CyJeH.
ITpugem, BBULY TOTO, YTO pa3HOCTHASI CXeMa sIBHAs, UTEPAIlUH [[UKJIOB He3a-
BUCUMEI. T0 eCTh pacyer 3HaueHHI B IIOOOM 00beMe, TpaHHIIe, CETMEHTE He
3aBHCHUT OT 3HAUYCHUH B IPYTHX 00beMax, PaHUIIAaX, CETMEHTAX Ha TEKYIIEM
BPEMEHHOM L1are.

B Taxoii cxeme ecTb €CTeCTBEHHBIN Mapaienu3M, KOTOPbIA MOXKHO pea-
JI30BaTh ¢ moMoIIbio TupekTuB OpenACC At MHOTOTIOTOYHOH 00padOTKH
Ha MHorosiiepHblx CPU u GPU. Tosibko AJis1 pacyeToB ¢ UCHOJb30BAHUEM
GPU HyXHO SBHO yIIpaBIIATh 3arpy3Koi/BEITpy3Koii ganusx ¢ CPU, Ha GPU
1 00paTHoO.

Bnaugane CPU uHUIManIM3upyeT pacdeTHbIE CETKU penbeda, cyaeH, Gpu-
3MYECKUE MapaMeTphl U OCHOBHBIE THAPOJMHAMHYECKHE TepeMeHHbIe. [le-
pen 3amyCcKOM BPEMEHHBIX WTEpalliil Bce MHUIIMATN3UPOBAHHBIC TaHHBIEC,
KoTopble OymyT obcunTeiBaThCst GPU, 3arpykaroTcs B €€ HaMsITh C TOMOIIBIO
nupextuB !$acc data copy (...), a BcmoMorareibHBIE MEpEMEHHBIE WHU-
nuanusupyroTcs HemnocpeactBeHHo Ha GPU ¢ nomompro 1upekTus
I$acc data create (...). Bwkenue kopadis paccuntbiBaetcst Ha CPU u Heo-
Oxonumble mapaMeTpsl 3arpyxatorcs Ha GPU ¢ mnomompio JUpeKTuB

139



I$acc update device (...). TuapoauHamuyeckue nepeMennsie cornacHo [lla-
eam 3-7 Boruucistorest Ha GPU. MHuoronorodHast 06paboTKa IIUKJIOB oIpe-
nensercs aupextusamu !$acc kernels loop present(...). Kmou present(...)
YKa3bIBaeT, YTO JAaHHbIE yKe NpUCYTCTBYIOT B mamatu GPU. [{is MHoromno-
TOYHBIX Omepaluii moucka Munumyma (Llae 1) n cymmuposauus (Llae 8)
UCTIOJIb3YIOTCS JUPEKTHBBI c penykuuei -
1$acc kernels loop reduction(min|+:...). Tlepen BBHIBOIOM 3HAaYeHWi mepe-
MEHHBIX BO BHemrHue (aiinbl, mepemennsie konupyrores ¢ GPU ma CPU ¢
nomorrso aupektus !$acc update host (...).

Pe3yabTaThl TECTUPOBAHUS U 3aK/II0YeHHE

Juis TectupoBanus 2QPEKTHBHOCTH HapaiieabHoH Moaenn ShipSim Me
HCIIONB30BAIM Pabouyl0 CTAaHIMIO ¢ ABYyMs |8-saepHBIMH Ipoleccopamu
Intel Xeon E5 2699 v3 2.30 GHz u rpadudeckyro kapry NVIDIA GeForce
RTX 2080 Ti.

B kadecTBe TeCTOBOro ObUT BHIOpaH CliCHApHUil C MPOXOJOM TaHKEpa IO
peke Can /[xanunaTo BONM3u Tepmunana bapoopc Kar (Texac, CILIA), y npu-
Yaja KOTOPOTO NPHUILBApTOBaH KOHTeHHepoBo3. CeTka pacueTHOW 00aacTH
umeeT pazmep 1870-1976=3695120 y3noB. MogenupoBanucs 10 cex nBuxke-
HUS TaHKepa.

Kon mMozmenun tpanciupoBaics B HCHONHSEMbIE (aliilbl 11 MHOTOSIIEP-
HeIX CPU (multi-core, MC) u GPU ¢ momomsio kommusitopa PGI Fortran
18.10. Ongrosimepras Bepcus mporpammsl (1 core, 1C) TpaHCIHpOBaNacek ¢
nomMotsio Kommraropa Intel Fortran 16.0.

Tabnuua 1. CpaBHeHHE BpEMEH MOJICIUPOBAHUSI

1 core Multi-core GPU
T,s 111.76 33.18 2.54
T /T 1 34 44.1
Tuc/T - 1 13.1

W3 cpaBHEeHMS BPEMEH MOJICIUPOBAHMS Pa3IUYHBIX BEPCH MOJENH
ShipSim, npusenexroro B Tabnuie 1, cieayeT, 4To pacrnapasuiciiBaHHE C
oMot OpenACC okazanock 3¢ dexrususiM: GPU Bepcust ObicTpee 0j1-
HomporeccopHoi B 44.1 pa3 u 6sicTpee MHOTOsIIepHOM B 13.1 pas.
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EXPERT’S STUDY ON SITUATIONAL AWARENESS OF
OPERATIONS DIRECTED AT THE WIDE DISSEMINATION OF
MALICIOUS INFORMATION

N.T. Stoianov, M.G. Bozhilova
Defence Institute “Prof. Tsvetan Lazarov”, Bulgaria

The NATO Science for Peace and Security (SPS) Programme supports
security-related practical cooperation based on scientific research, innovation
and knowledge exchange within NATO’s wide network of partner countries
[0]. One of the priority of SPS Programme is cyber defence. It funded Cyber
Rapid Analysis for Defense Awareness of Real-time Situation project
(CyRADARYS) for supporting research activities in this area. The objectives
of CyRADARS project are to develop novel theoretical foundations,
methods, and research prototypes of software tools for producing situational
awareness of major cyber campaigns: operations directed at wide
dissemination of malicious information [0].

As a starting point of the project research, the consortium has conducted
an experts’ study about user requirements for situational awareness. This
report presents a summary of the results from the study on the needs of
different stakeholders in Bulgaria, Ukraine, and the USA in order to be
informed about a campaign of dissemination of malicious information.

Thirty-four experts have participated in the study. Their distribution on
nationalities and organizations (public/private) is the following:

1 20,6% - from Bulgaria; 73,5% - from Ukraine; 5,9% - from USA.

2 24,2% - representatives of private companies; 75,8% - representatives
of public organizations

According to type of organization from cyber security point of view, the
experts are representatives from:

1 Academic and research institutions

2 Industrial organizations

3 CERTs

4 Cyber security domain organizations

5 Internet Service Providers

6 Educational institutions.

The definition of malicious information is a controversial topic. In the
Council of Europe’s Information Disorder Report [0], authors introduce a
new conceptual framework for examining information disorder, identifying
three different types: mis-, dis- and mal-information. The difference between
these three types of information is based on the intention— just falseness or
harm.

1 Dis-information is when false information is knowingly shared to cause
harm.

2 Mis-information is when false information is shared, but no harm is
meant.
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3 Mal-information is when genuine information is shared to cause harm,
often by moving information designed to stay private into the public sphere.

Questions of the study were divided into three groups. The first group was
about the responders' understanding of the meaning of malicious information
and the major sources of this type of information for their organizations
(domains).

The results from the expert’s study about the meaning of malicious
information show that for more than 52% of the responders, malicious
information means malicious software. For over 38% of the experts,
malicious information is equal to disinformation or fishing scam or spam.
The results are given in figure 1.

What does malicious information mean to you?

34 responses

Fake news 12 (35.3%)

Misinformation 9 (26.5%)
Disinformation 13 (38.2%)

Mal-information 4 (11.8%)

Advertising 5(14.7%)
Spam

Phishing scam

13 (38.2%)
13 (38.2%)

Malicious software 18 (52.9%)

all above 1(2.9%)

Figure 1. The expert’s study results about the meaning of the malicious
information

As a response to the second question in this group, the experts identify
“emails” as the most probable way of dissemination of malicious information
(see figure 2).

Which are the major online sources of malicious information in your
specific domain/organization?

31 responses

News organization website (

incl. blogs, 11 (35.5%)

Emails 21 (67.7%)
Social media 13 (41.9%)
Radio and TV sites

YouTube 2 (6.5%)
Specialized forums 6 (19.4%)

o 5 10 15 20 25

Figure 2. The results for the major online sources of malicious infor-
mation

The second group of questions was dealing with the current state of
situational awareness in stakeholder organizations. The responses are the
following:

1 Do you have the policy to combat the digital spread of malicious
information? — 75,3 % “No”

2 Do you/your organization use some automation technics to analysing
the information that you receive or spread? — 63,6% “No”
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3 Does your organization keep a blacklist of unreliable sources of
information (websites, blogs, media, etc.) — 61,3% “Yes”.

The truth verification of digital information is not automated at the current
stage, according to expert answers.

Objectives of the third group of questions are to elicit the user
requirements about functions of the software tools for situational awareness
of the malicious information dissemination, which will be outcomes of the
CyRADARS project.

The summary results from the expert opinions about the function of the
software tools are summarized in figure 3.

Identify the functional activities that the CyRADARS software tools for
situational awareness should provide:

32 responses

Detection 23 (71.9%)

Alerting 20 (62.5%)

Classification 12 (37.5%)

Visualization 15 (46.9%)

Figure 3. User requirements about functions of the CyYRADARS soft-
ware tools

More than 76% of the experts prefer the alerting function to be
implemented through the email messages, over 56% express that they would
like to be informed by the reports.

Finally, based on the experts' study it could be concluded that:

1 In the organizations, there is a real need for situational awareness of
operations directed at the wide dissemination of malicious information. For
81.3% of the experts CYyRADARS research could be useful for their
organization to combat the digital spread of malicious information.

2 There is not a common understanding and a general definition of the
malicious information and it depends on the context (domain) of its use.

3 The experts identified emails as the most probable source of malicious
information.
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HONEYPOT TYPES AS A POSSIBLE DATA SOURCE FOR THE
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Defence Institute “Prof. Tsvetan Lazarov”, Bulgaria

The report presents a review of types of honeypots from CyRADARS [0]
points of view. A honeypot could be used for collecting current malware
attack patterns, studying hacker behaviour, looking for internal attacks from
insiders, etc. Having threat intelligence without impact on production systems
and networks is a promising tool for a collection of research data. The study
reviews open source honeypots. The aim is to select the most applicable
honeypot types and the ways they should be deployed so the CYRADARS
tools will be fed with relevant data.

Honeypot is a computer system or application aiming to attract hackers to
attack it so to watch and study the hackers’ behaviour. In that way, the
honeypot can be defined as a fake system that looks like a real system.
Honeypots are developed to be intentionally vulnerable, so an attacker to
detect and try to exploit the vulnerabilities.

There are different types of honeypots and different classifications. One
of them is based on the type of attacked resources, the other is on the level of
interaction.

Based on the type of attacked resources, the honeypots are classified as
server-side and client-side. Honeypots designed for detection and studying
attacks on services are called server-side. This type honeypots act as a server—
they expose an open port, multiple ports, or whole applications and listen
passively for incoming connections, established by remote (malicious)
clients. Server-side types of honeypots are considered to be by default,
associated with the term ‘honeypot’ [2].

Client-side honeypots actively seek services with malicious behaviour of
the server or the content it serves. The most popular honeypots of this type
are those detecting attacks on web browsers and their plugins, propagated via
web pages [2].

Other classification is based on the level of interaction between intruders
and systems. These are low interaction, high interaction and medium
interaction honeypots.

Low interaction honeypots are tools that work by emulating their
resources— services (server-side honeypots) or client applications (client-side
honeypots). Interaction with an attacker is depended by the accuracy of
emulation [2]. These honeypots are easier to deploy, maintain, but could
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provide only limited information. It is only the basic simulation of a machine,
and it’s certainly not in-depth enough to capture complex threats such as zero-
day exploits.

High interaction honeypots are tools that provide real operating systems
and resources, i.e they are not emulated. However, it is possible to use a
virtual environment and it is in fact common practice. The main advantage of
high interaction honeypots is real behaviour of the operating system and/or
resources during the attack. This type of honeypot is able to detect zero-day
attacks [0, 0].

Medium interaction honeypots begin to emulate collections of software
to present a more convincing front to the attacker, but still shield the host
operating system. They are designed to offer attackers more ability to interact
than do low interaction honeypots but less functionality than high interaction
ones.

There are as many honeypots as types of software running there are. The
aim is to identify the more relevant ones for CYRADARS objectives.

We select based on a literature review the most popular honeypot tools
that could allow us to obtain valuable data for the CyYRADARS awareness
system.

Cowrie [0]

Cowrie is a medium to high interaction SSH and Telnet honeypot
designed to log brute force attacks and the shell interaction performed by the
attacker. In medium interaction mode (shell) it emulates a UNIX system in
Python, in high interaction mode (proxy) it functions as an SSH and telnet
proxy to observe attacker behavior to another system. Cowrie’s main features
in emulated shell are:

1 Fake filesystem with the ability to add/remove files.

2 Possibility of adding fake file contents so the attacker can cat files such
as /etc/passwd. Only minimal file contents are included.

3 Cowrie saves files downloaded with wget/curl or uploaded with SFTP
and scp for later inspection.

Glastopf [0]

Glastopf is a Python web application honeypot. Main features of Glastopf
are:

1 Vulnerability type emulation is implemented instead of vulnerability
emulation. Once a vulnerability type is emulated, the honeypot can handle
unknown attacks of the same type.

2 HPFeeds logging is supported for centralized data collection.

3 Remote File Inclusion via a build-in PHP sandbox, Local File Inclusion
providing files from a virtual file system and HTML injection via POST
requests.

Dionaea [0]

Dionaea is a low-interaction honeypot that captures attack payloads and
malware. Dionaea is an open source software that embeds Python as a coding
language with help of Libemu library which detects shellcodes and also
supports the IPv6 standard and the TLS protocol.
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Thug [0]

Thug is a client-side honeypot, i.e a tool designed to mimic the behavior
of a user-driven network client application. Thug is a Python low-interaction
honeypot aimed at mimicing the behavior of a web browser in order to detect
and emulate malicious contents. It can be used to analyse links, determining
whether they serve up malicious JavaScript, ActiveX or Flash components.
It can download payload samples and integrates with VirusTotal to analyse
what gets served [0].

SpamHAT [0]

SpamHAT is designed to catch and prevent spam from attacking any of
email boxes. This is a low interaction honeypot, which emulates the SMTP
service.

Modern Honey Network (MHN) [0]

MHN is a centralized server for management and data collection of
honeypots. MHN allows to deploy sensors quickly and to collect data
immediately, viewable from a neat web interface. The honeypot deploy
scripts use several common honeypot technologies, including Snort, Cowrie,
Dionaea, and Glastopf. MHN is a Flask application that exposes an HTTP
API that honeypots can use to:

1 Download a deploy script

2 Connect and register

3 Download snort rules

4 Send intrusion detection logs.

The Honeypot mainly used to simulate a variety of services and holes, to
induce the occurrence of various attacks, and study the intruders’ behavior.
The purpose of the honeypots is to collect intelligence, because of that, they
could provide to the CyRADARS tools with data.
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The study is devoted to automated processing of documents of a subject
domain for formation of text corpus, construction of directed weighted
networks of terms and using of these networks for building of knowledge
bases of decision support systems during information operations recognition
[1].

For forming the text corpus, a tool for professionals in the field of
information analysis and information warfare — the content monitoring
system «InfoStream» [2] was used. As a result, 135 publications that
thematically related to Brexit were downloaded. The computerized
processing of text corpus such as the tokenization, lemmatization, stop-words
removal, stemming process and terms weighting was made.

In this work, for building the undirected networks of terms the Horizontal
Visibility Graph algorithm [3,4] is used.

A new approach for determining the directions and the weights of links in
the network of terms that correspond to certain concepts of the considered
subject domain is proposed. By its application, an ontological model of the
subject domain related to the information operations recognition was built.

A new approach for building the knowledge bases of decision support
systems during the information operations recognition using the directed
weighted networks of terms of subject domain is proposed. Using it for
building of knowledge bases allows saving time and financial resources by
reducing the use of expert information and make it possible to detect gaps in
the knowledge bases of decision support systems.

Literature

1. U.S. Department of Defense.: Information operations roadmap.
Washington, D.C. GPO, (2003).

2. InfoStream, http://infostream.ua/, last accessed 2020/04/10.

3. Lacasa, L., Luque, B., Ballesteros, F., Lugue, J., Nuno, J. C.: From time
series to complex networks: The visibility graph. Proceedings of the National
Academy of Sciences 105(13), pp. 4972-4975. (2008). doi:
10.1073/pnas.0709247105

147



4. Lande, D. V., Snarskii, A. A., Yagunova, E. V., & Pronoza, E. V.: The
use of horizontal visibility graphs to identify the words that define the infor-
mational structure of a text. In: 2013 12th Mexican International Conference
on Artificial Intelligence, pp. 209-215 (2013).

VJIK 004.75

METO/bI OBECIIEYEHUS HAJEXKHOCTH UCIIOJIb30BAHUSA
NHO®OPMAIIMOHHBIX CTPYKTYP B OBJIAYHbIX
BBIYNCJIEHUSAX

A.M.Xoma0a, , B.®.I'pegannnos, K.C.3aBepraitno

Hnemumym npobaem mamemamuueckux mawun u cucmem HAH Ykpa-
UMb,

Yepnueo8ckuil HAYUOHATbHBIU MEXHOAOSUYECKUL YHUGEPCUMEm

B Hacrosmiee BpeMs aKTyaJdbHBIMH SBISIOTCSI MCCIIEJOBAaHMS METOIOB
obecrieueHnsT HAAEKHOCTH HCIIOJIB30BAHUS W BOCCTAHOBIICHHS COCTOSIHHH
MH()OPMALMOHHBIX CTPYKTYp B 00Ja4HBIX BBIYHCICHUIX. Bo MHOTHX Hcce-
JIOBAaHMSAX HAJEKHOCTh OOJAYHBIX BBIUMCICHUI CBS3BIBAIOT C TaKHUMHU
BBDKHBIMHU XapaKTEPUCTHKAMHU KaK MPOU3BOJUTENBLHOCTD, JOCTYITHOCTD, Ha-
JI©KHOCTB M 0e30macHOCTh uIst cucteM [ 1-4]. MeTozbl obecrieueHus: Hagex-
HOCTH HCIOJIb30BaHUsI MH()OPMALMOHHBIX CTPYKTYP B OOJIaYHBIX BBIYHCIIE-
HHUSX COCTaBJISIOT TPYIIY HCCIENIOBAHUA OTKA30yCTOWYHUBOCTH CHCTEM.
Cpenu OCHOBHBIX POJICH ITPH UCHOIb30BaHNHN MH()OPMALIMOHHBIX CTPYKTYD B
00JIauHBIX BBIYHCIICHHUSX BBIJEIIOT cleaytomue [5]:

- MOCTaBIIMK 007agHBIX yeuyT (cloud provider);

- MOTPEeOUTEINh HITH MTOJTb30BaTeh 00IauHbIX yeuyT (cloud consumer);

- mocpenHUK oOmavHbIX yeryr (cloud broker).

B psane citydaes, eme BBIIEISIOT CIISIYIOIUE POJIH:

- TIOCPETHUK MEX/1y OOJauyHbIM IPOBAiiIepOM U MOTPEOUTEISIM, ITPEHO-
CTaBJISIOUIMH YCIYTH HOAKIIIOUEHHI0 U TpaHcmopty (cloud carrier);

- KOMIIaHUs WK (PU3NYECKOe JIMIO, BHINOJIHSIOUINE HE3aBUCUMYIO Olle-
HKy 00maunbiX yeayr(cloud auditor).

[Moxneprxka MeTOI0B 0OecTIeueHHs HaJIe)KHOCTH UCTIONB30BaHus HHPOP-
MAalMOHHBIX CTPYKTYpP B OOJaYHBIX BBIYUCICHHUSAX OCYIIECTBISIETCS C TIOMO-
mpto cucteM. OCHOBHBIMH CTPYKTYpPHBIMHM KOMIIOHEHTaMH CHCTEM olecrie-
YEeHUsI HaJIS)KHOCTH 00JIaYHbIX BHIYUCIICHUH SIBIISIOTCS CIIETYIOIINE MOTYIIH:
npeoOpa3oBaHMs JaHHBIX; MPOBEPKU JAHHBIX; IPUHATHS PELICHHH; OLIEHKH
HE0OX0IMMOCTH YCTAaHOBKH KOHTPOJILHOW TOYKH; BOCCTAHOBJICHUS COCTOSI-
HUH pacrpeeIeHHONH HH(POPMAIIMOHHON CTPYKTYPBI.

Mertobl obecriedeHus] Ha/Ie)KHOCTH UCTIONb30BaHHUsT UH()OPMAIHOHHBIX
CTPYKTYp B OOJa4YHBIX BBIYHCICHHUSX 3aKJIIOYAIOTCS B CO3/aHMU KOHT-
POJIBHBIX TOYEK M OTEPAIMii 10 BOCCTAHOBJICHHUIO COCTOSHUN MTPOTPAMMHBIX
cpenact. Kak npaBuiio, Takne nHGpOPMALMOHHBIE CTPYKTYPBI SBJISIOTCS pac-
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Npe/ICICHHBIMU U MCIIOJIB3YIOT HECKOJIBKO y3710B. [loaTomy, MeToabl obec-
MICYCHUSI HAJIC)KHOCTH MCIIOJB30BaHUS HH(POPMAIIMOHHBIX CTPYKTYp B 001a-
YHBIX BBIUYMCIICHUSIX HANPaBJICHBI Ha 3(Q()EKTUBHOE CO3MaHUEC KOHTPOIBHBIX
TOUEK U OIepalyil 10 BOCCTAHOBJIEHUIO COCTOSHUM NPUKJIAIHBIX pacIpese-
JICHHBIX CUCTEM.

BmMmecre ¢ TeMm, cymiecTByrOT Ipo0OJieMbl, KOTOPBIE CBSI3aHBI C OTKa30yc-
TOWYMBOCTRIO OONAYHBIX BbUucieHui. [Ipm paborte uH(OPMAITMOHHBIX
CTPYKTYp C OOJaYHBIMH TEXHOJIOTHSIMA HamOoJiee ySI3BHUMBIMH SBIITIOTCS
nporeccel. Tak kKak WH(POPMAIMOHHBIX CTPYKTYPHI Ha OCHOBE OOJIAYHBIX
BBIYUCIICHHUH SBIIIOTCS PacIpeeIeHHBIME, TO TPOOJIEMBI B OCHOBHOM IIPO-
HCXOAT Ha YPOBHE CUHXPOHU3ALHUH.

K ogHOMY M3 IEHCTBEHHBIX METOIOB PEIICHHS STOW MPOOIEMBI IIPHHA-
JISKUT TOMCK PEIIeHUIl COXpaHEeHUs] COCTOSHUM MPOIECCOB, HAXOISAIUXCS
Ha pacIpeesIeHHBIX y3J1aX ¢ IOMOIIbIO KOHTPOJIBHBIX TO4eK. JlaHHBIN MeTo
M03BOJISIET JIOBOJILHO A(P(PEKTHBHO BOCCTAHABIMBATH COCTOSIHUE IPOLIECCOB
B ClTy4ae BOSHUKHOBEHUS OTKAa30B B 00JIaYHBIX HH(POPMALMOHHBIX CTPYKTY-
pax. J{ns 9Toro HeoO6X0AUMO YTOOBI MPOLECCHl OOMEHUBAINCH COOOIIEHH-
SIMA M@Ky COOOM i1 KOHTPOJISL X COCTOSHMIA. B pe3ynbTare 3TOr0 mpo-
HCXOIIUT COTIIACOBAHHOE COXPAaHEHHE COCTOSHUE HEOOXOIUMBIX ITPOIECCOB.

Jpyroii, HeCTaHIAPTHBIN METO/I MOBBIICHUS 0TKa30yCTOMIMBOCTH 00JIa-
YHBIX BBIYHCICHHN 0a3upyeTcs Ha HECOTIACOBAHHOM COXPAHCHHH COCTOSI-
HUH npoueccoB. [laHHBINA METOJ 3aKJIFOYAETCS] B TOM, YTO KaXKIbI IpoLece
YAAJIEHHOTO y3Ja CaMOCTOSATEIbHO BBIMOIHIET COXPAaHEHHE KOHTPOJBHBIX
Touek. OZHAaKO, B 3TOM ClIy4dae, BOSHHUKAIOT NMPOOJIEMBI ¢ CHHXPOHU3AINEH,
KOTOpast MOXKET MPUBOJUTH K IMMOTCPAM JaHHBIM B Oazax JaHHBIX, HEIIpaBU-
JFHOM BBINTOJTHEHMH TPaH3aKLUi TOCNe OTKaTa B MEPBOHAYAIBHBIE COCTO-
AHUSA, CHUXKCHUEC TTPOU3BOAUTEIIBHOCTU TPU BOCCTAHOBJICHUHN COCTOSTHHH 1O-
cie cboeB. He cMoTpst Ha Takue MOOOYHBIE JACHCTBUS, JaHHBIA METOJ IIH-
POKO HCIIONIB3YeTCS Ha KPYITHBIX paclpeesIeHHBIX 00IaYHbIX IUIaTGopMax.

[Ipu ucmosp30BaHUN METOJOB OOECIICYCHUST HAICKHOCTH HCIIONIB30Ba-
HUS THPOPMAIMOHHBIX CTPYKTYP B 0OJIAYHBIX BEIYUCIICHHUAX BaXKHOI 0co0e-
HHOCTBIO SIBJISIETCSI MOPSJOK COXpPaHEHHsI KOHTPOJIbHBIX TOYEK B PaccMOT-
PEHHBIX METOJAaX 3aKJIKYaeTcs B MOCIEA0BATENbHOCTH ACHCTBUM U UMeEET
ONPEEIICHHBIN KU3HEHHBIA UKJ pealu3aliui KOMIIEKCa TaKuX MOCIeN0-
BaTeNbHbBIX AeHCTBUNA. JKU3HEHHBIN UK ONIpEAETISeT ITAbl COXPaHEHUS KO-
HTPOJIBHBIX TOYEK I'I€ NPOUCXOIUT BBIITOJTHEHUEC NPOBEPKU OCYIIECTBIIAC-
MBIX OTI€panrii ¥ MPUHATHE PEIICHUS O HEOOXOIMMOCTH CO3aHNs TaKOH TO-
yku. Takasi mociegoBaTeIbHOCTh JEUCTBHUI BbIpak€Ha B HEKOTOPOM pa-
3BETBJICHHOM QJIFCOPUTME JCHCTBUM TIJie 3a1€ICTBOBAHBI Psijl BAXKHBIX MOAY-
nei cuctemsl (puc. 1).
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Pucynox 1. AnroputM paboTBI CHCTEMBI 00ECIIeUCHUsT HAIe)KHOCTH UC-
MOJIH30BaHUST HHOOPMAITHOHHBIX CTPYKTYP B OOJIAYHBIX BBIYUCICHUSIX

Pabora cucrembl oOecriedeHHsT HAIC)KHOCTH OOJAYHBIX BBIYMCICHUSIX
(puc. 1) mo3BossieT 3GGEKTUBHO CO3/1aBaTh KOHTPOJIBHBIE TOYKH, KOTOPHIE
Ka4eCTBEHHO BOCCTAHABIHMBAIOT 33/IaHHbIC COCTOSIHUS PaCIpe/IeeHHO HH-
(hopmaioHHOW CTPYKTYpHI. 1151 BOCCTAHOBIICHHUS COCTOSTHHS paciipeiesieH-
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HOM MH(OPMALMOHHOM CTPYKTYPBI IPUMEHSIETCSI OTKAT K KOHTPOJILHOM TO-
YKe Ipolecca Ha y3J1e Y KOTOpOro BO3HUKIN cOou. Bmecte ¢ TeM, BBINOIHSA-
€TCsl BOCCTAHOBIICHUE COOOIICHUH, KOTOpbIe OBUIM OTIIPaBJICHBI B MEPUO]
BPEMEHHU MEX/y OTKa30M B y3Jie paclpe/eeHHOH HHPOPMAIIMOHHON CTPY-
KTYpO#l ¥ KOHTPOJBHOW TOYKOW. ITO MPOMCXOIUT C IOMOIIBIO BEACHUS IPO-
TOKOJIOB JIEHCTBHM, KOTOPBIE XpaHATCS B 0a3axX JAaHHBIX cepBepoB. Takum
00pa3oM, CyIIeCTBYET BOSMOKHOCTh BOCCTAHOBIICHHUS ITPOIIECCA IOBTOPHO C
MIOMOIIIBIO TeHEPAIMH KOHH COOOIIEeHNH, KOTOPBIE OTIPABIICHBI 10 OTKa3a
YIAJICHHOTO y371a PacTpeaeICHHON CTPYKTYpHI. Takke, CyIIeCTBYIOT pa3in-
YHBIE MEXaHH3MBbI YIIPABICHHSI CHCTEMBI 00ECIIEYEHHUS Ha/Ie)KHOCTH 0071ad-
HBIX BBIYUCIICHUI KOTOPBIE IPOITUCHIBAIOTCS B KOH(DUTYpaIMOHHBIX (haiinax.
Tak, BpeMs1 OKOHYaHHS PaOOTHI CHCTEMBI MOXKET COOTBETCTBOBATH TAKOMY
napaMeTpy Kak o0miasi poJIo/DKUTEIEHOCTh MOHUTOPUHTa HH(OpMaLnOH-
HOM CTpYKTYpbl. BpeMsi Hauana paboThl CHCTEMBI MOXET OBITH OIPENEICHO
B IUIAHUPOBILUKE UCIIOJIb3YEMOM ONIEPALIMOHHON CUCTEMBI.

Eie omuuM crmoco0oM opraHu3anuy 0TKa30yCTOWYMBOM paboThl 001a4-
HBIX BBIYUCIICHHUI SIBJISIETCS] UCIIOJb30BAaHME METONA COXpaHEHHs cooOle-
HUi. Takoil alropuTM opraHu3aluy 0TKa30yCTOWYMBON PabOThl 00IaYHBIX
BBIYMCIICHUH TPENIoaraeT 3amich KaXIOro cooOmieHus B 0a3y NaHHBIX
cepBepa aCHHXPOHHO 0e3 OCTaHOBKH ITPOIIECCa BHIMOIHEHUS oneparuii. Ta-
KHE 3aIlMCH MOTYT BBIMOJHATHCS IIEHTPAIM30BaHHO (Ha CepBepe) WM pac-
TpeeNIeHHO (Ha y3/1ax), B 3aBHCUMOCTH OT KOH(pHUrypanuu (HaCTPOEK) CHC-
TEMBbI. DTO MO3BOJISICT BOCCTAHABINBATh CUCTEMY IOCIIE OIINOOK (Min cO0eB)
0e3 U30BITOYHOT'0 CHHXPOHHOTO COXPaHEHHS COOOIICHUI B 0a3aX JaHHBIX.
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YK 004.02

3AJJAYA CKJIAJAHHS PO3KJIATY METOJOM
MPOMEHEBOI'O OLIYKY

I6nyxceiin 1., CyBoposa B. €.
Hayionanvnuii mexuiunuil ynigepcumem Yxpainu « Kuigcokuti nonimex-
niynutl incmumym imeni leops Cikopcovroco», Ykpaina

Pobota mpucBsaeHa po3B'SI3yBaHHIO 3a/1avi CKIAJaHHS PO3KIAIy METO-
JIOM TIPOMEHEBOTO NOIIyKy. 3amada, MI0 PO3IIIIIAETHCS BIXHOCHUTBCS IO
kiacy NP-moBHEX 3amad. PO3IIsIHYTO MiAXOIM 10 pO3B’sI3aHHS HaBEICHOTO
kiacy 3anad. ChopMyIp0BaHO OCTAHOBKY 3anadi. [IpoBeeHO MOpiBHSIIb-
HUH aHaJi3 alTOPUTMY IPOMEHEBOTO MOITYKY 3 iHIIMMH alTropuTMaMiu. Po3z-
TIIIHYTO OJTUH 3 TIOIINPEHNX METO/IB IUCKPETHOI ONTHMI3amii — METOJ TiJI0K
Ta MeX. HaBeneHo anroputm pos3B’si3aHHs 3aiadi UM MeTosoM. OnucaHo
METOJI IPOMEHEBOI0 MOIIYKY Ta PO3POOJICHO AJITOPUTM PO3B’sA3aHHS 33134l
CKJIamaHHs po3kiany. [IpoBeneHo nqocmipkeHHs e()eKTUBHOCTI PO3POOIICHIX
AITOPUTMIB.

IMTocTaHoBKa 3aaui:

[ToTpibHO 00po6HTH 1 3as1BOK. KokHa 3asiBKa Ma€ A€KijIbKa IapaMeTpiB:
(haxTHUHUIT "ac, Mo moTpideH It 0OpOOKH 3asIBKH P ; Ta OaxaHnil yac dj,
JIO SIKOTO 1151 3as1BKa TIOBMHHA OyTH 00po0JeHa (3aJIe)KUTh BiJ] yacy MOJaHHs
3asBKH). Takoxk BKa3aHa I[IHHICTb 3asBKHU (ITpad 3a KOXKHY rOJUHY 3aTpH-
MKH 00pOOKH 3a5BKH) W;.

Hexait maemo:

T; = max (G; — d;; 0), (8]

ae C}' = Ef:]_ Pi, )I = ﬁ

Toni minpoBa (YyHKIISA 3342491 MATUME HACTYITHHN BUTIISI:

z =27, T;w; — min. (2)
3amava BiTHOCUTHCS 10 Ki1acy NP-TOBHUX 33134, OT)KE MOXKJIMBI METOAH
BUpIIIIEHHS 3a7[a4 HACTYIIHI:

1 MeToz TiIOK Ta MEXK;

2 MeTOJ] IPOMEHEBOTO TOIIYKY.

B ocHoBi MeToay Tiok Ta Mex [ 1] JIeXKHTE 1/1es1 TOCiTOBHOTO pO30UTTS
MHOXHHH JIOMyCTUMHEX pillleHb. Ha KO)KHOMY KpOIli METOY SIIEMEHTH PO3-
OuTTs (MiMHOKHHU) MiIAI0THCS aHAII3y — MICTUTh JIaHa ITiIMHOXHHA OTI-
TUMaIbHE PINICHHS YM Hi. SIKIIO po3risaaeThes 3a1a4a Ha MiHIMyM, TO Tie-
peBipKa 3MIMCHIOETHCS NIISIXOM MOPIBHSIHHS HIKHBOI OI[IHKU 3HAYCHHS IIi-
7H0BOT QYHKINT HAa JaHid MiAMHOXUHI 3 BEPXHBOI OIIHKOIO (yHKIIOHATY. B
SIKOCT1 OLIIHKH 3BE€PXy BUKOPHCTOBYETHCS 3HAUEHHS [ITbOBOT QYHKIIIT Ha Je-
SIKOMY JIOITyCTUMOMY PO3B’SI3KY.

OinpTpoBaHUN TPOMEHEBUH Momryk [2] — [e ajamnTaris MeTOay TiIOK i
MEX, B IKOMY Ha Oy/Ib-sIKOMY PiBHi OLIHIOIOTECS HE BCi By3/1H. TiTbKN Haii-
O17IbII IEPCHEKTUBHI BY3JIM Ha piBHI k BHOMPAIOTHCS SIK BY3JIH JJISL pO3rajy-
JKeHHs. Permta By3iiB Ha I[bOMY DPiBHI BiIKHJAIOTHCS Ha3aBxau. KinbkicTh
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BY3JIiB, 110 3aJIMILIMJINCS, HA3UBAETHCS INUPUHOIO poMens. [Ipouec oriHkwy,
SKAH BU3HAYae, sIKi BY3JIM € MEPCIEKTUBHUMH, € HAWBAXKJIMBIIINM €JIEMCEH-
TOM IIbOTO MeToxy. /Iyt BCiX By3JiB, 3reHepOBaHMX Ha piBHI K, poOUTHCS
rpy6e npopokyBanHs. Ha migcraBi pe3ynpTaTiB nuxX rpyOuX IIPOTHO3iB 00H-
Pa€eThCs KibKa BY3JIiB JJIs OUTBIN PETENBHOT OI[IHKY, a IHIIII BY3JIM BiIKUIa-
I0ThCsl Ha3aBK/u. KimbKicTh By3iiB, 00paHuX AiIst OUIBII peTeNbHOT OIHKHY,
Ha3WBaIOTh MHUPHHOIO (inbTpa. Ha mimcTaBi pe3ynsratiB OLTBII peTenhHOI
OIIHKH BY3JIB, SIKi IPOXOAATEH (PIIBTP, MIIMHOXKIHA IUX BY3JiB (YUCIIO, pi-
BHE IMIMPHHI IIPOMEHS, sIKe He MOXe OyTH Oinbine mupuHu (inbTpa), BUOH-
Pa€ETHCS 3 TOTO MICI, 1€ TeHEPYIOTHCS TOJATKOBI TUTKH.

Kosxen pas, Konu By30J MOBHHEH NPOITH pETENbHY OIIHKY, BCE IIE HE
3aIIaHOBaHi POOOTH IIAHYIOTHCS BiOBITHO 31 CKIIaJJOBHM IPABUIIOM JTHC-
neruyepuzanii. Takuil po3kian Bce 1 MOXHA FeHEPYBAaTH JOCHThH LIBHIKO,
TaK sIK 1Ied Mpolec BUMAarae TUIbKU copTyBaHHs. O0'€KTUBHE 3HAYCHHS Ta-
KOTO PO3KJIy € OKa3HUKOM MEPCICKTHBHOCTI IOTO By3:1a. SIKIIO 3aisHa
JIy’Ke BeJIMKa KiJIbKICTh pO0iT, BY3/IM MOXKYTh OyTH BiJ(1IbTPOBaHI LIIIXOM
BUBUCHHSI YaCTKOBOT'O PO3KIJIaAY, SIKMH TeHEPYEThCS LUIIXOM IUIAHyBaHHS
TIIBKH MMHOXHHHU POOIT, [0 3aJHIITHIACS 32 MPABIIOM JAUCIICTUCPU3AILiT.
He#t posmmmpennii 9aCTKOBUH PO3KIaA MOXe OYTH OIiHCHHH, i Ha OCHOBI
Horo 3HAYCHHS BY30JI MOXKe OyTH BiTKUHYTHI a00 30epeskeHuil. Ko By301
30epiraeTsesi, Horo MoKHa IIPOAHAI3yBaTH peTEbHIIIE, 3aIUIaHYBaBIIH pe-
mTy poOOTH 3 BUKOPUCTAHHAM CKJIQJICHOTO TIpaBHiIa AUCIeTdepu3anii. 3Ha-
YeHHs Ib0BOI (PyHKIIT IBOTO PO3KIaAy MPEACTABISIE BEPXHIO MEXY Kpa-
IIOT0 PO3KIIaAy cepel HallaKiB bOTo By3Ja.

OCKIJTbKH METOJI TLJIOK Ta MEX € JIyXe 3aTpaTHUM, BaXKJIMBO MaTH €BPHC-
THKY, siKa 3a0e31euye JOCUTh rapHuii rpadik 3 NPUHHATHUMH 00YHCITIOBAIb-
HUMHU 3aTpartamu. JlesKi eBpUCTHKHU CHaJaloTh Bipa3y Ha IIyMKY: IPaBUIIO
WSPT ta MS. IlpupojHo urykatu eBpucTHYHE abo NPIOpUTETHE MPaBHIIO,
sKe MOEIHYE B cO01 XxapakTrepucTuku 1ux npasui. EBpuctuka ATC(Apparent
Tardiness Cost) — 1ie ckiaaeHe NPaBUIIO JUCTIeTYepH3allii, ke MOETHYE Mpa-
Bmwio WSPT i mpauno MS [3]. 3a npaBuinom MS 00YUCTIOEThCS cIa0KiCTh
po0OOTH j B MOMEHT 9acy t, TooTo max (d; — p; — t; 0), i obupaeTbes poboTa
3 MiHIMQJIbHUM MTOKa3HHKOM. WSPT mpaBuiio omucyeThes Tak:

pj Pk

Koken pa3, Ko MallimHa cTa€e BITbHO, JIJISI KOKHOT po0OOTH, 10 3aJTHU-
MIMIIACh, OOUNCITIOETHCS 1HAEKC paHxkupyBaHHs. [ToTiM obupaeThest podoTa 3
1HJEKCOM HAWBHIIOTO PEUTHHTY JUTsl Ioganbioi o0pooku. Llelt ingexc pan-
XKyBaHHS € (QYHKII€IO Yacy t, PH SKOMY MallliHa CTajla BiJIbHOIO, a TAKOX
BII pj, W; Ta dj po0it, o 3anumuncs. [Haekc BU3HAYAEThCS SIK:

I o —ma:({d;_—pj—t:o}
(x) = > € P (4)
]

Je K — napaMeTp MaciuTa0yBaHHS, SKUH MOYKHA BU3HAYUTH €MITIPUYHO;
P — Cepe/iHE 3HaueHHS yacy 00poOKu poOiT, 0 3THILIIITHCS.
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Sxkmo K € gyxe Benukum, To npasuiio ATC 3BoauTbest 10 mpaBuiia
WSPT. Skumo K € xyxe MaauM, IpaBUIO 3BOAUTHCS A0 IpaBuina MS, komu
HEeMae MPOCTPOYECHUX 3aBJaHb 1 1o npasuna WSPT s npocTpoueHux 3a-
BIaHb B IHIIOMY BUNaAKy. /Iyt po3paxyHKy K HaMm NOTpiOHE 3Ha4EeHHS Koe-
¢imieHTy R, 0 BU3HAYAETHCS SIK:

R = Amax—Amin (5)
Cnax

Toni:

SJxmo R = 0,5, ToK =45 +R;

skio B = 0,5, To K =6 - 2R.

MeTo/ TUJIOK Ta MEX € TOYHHUM aJiTOPUTMOM, 00 BiH mepedupae Bci MOXK-
JIMBI BapiaHTH PO3B’S3KIB, BIAKUIAIOYH SKICTh MHOXKMHH PO3B’SI3KIiB JIMILE
KOJI BOHM TOYHO BXKE € TipIIuMH 3a pexopll. [I[pomeneBuii anroputm He ra-
PaHTY€E TOUHICTB PO3B’A3KY, aJie IIPaIoe HabaraTo mBHME. Y 3B 53Ky 3 UM
MH MOXXEMO JOCIIINTH TOYHICTH pOOOTH aJITOPUTMY POMEHEBOTO HOIIYKY,
MOPIBHIOIOYN HOTO PE3YJIBTATH 3 PE3YIBTATOM POOOTH METOY T'1JIOK Ta MEX.

3reHepyBaBIIN BENUKY KUTBKICThH 13, Ta TOPIBHABIIM pe3ylbTaTd PoOiT
JIBOX aJTOPUTMIB, MU MOOAYMIIH, IO PO3B’SI30K AJITOPUTMOM IIPOMEHEBOTO
MOIIYKY CHIBIAZa€e 3 PO3B’A3KOM JIrOpUTMOM ['ioK Ta Mex OnIM3bKO Ha
95%. A y BenMKii KiUTbKOCTI BUMAIKIB HaBiTh 1 y 100% Bumaakax.

OTKe, aJropuT™M NPOMEHEBOTO MOIIYKY, HE TUBJISYUCH Ha TaKuil BeNU-
KU BIZpHB 32 TOKAa3HUKOM Hacy poOOTH, Aa€ y OUIBIIOCTI BUMAAKIB
PO3B’SI30K ONITUMAIIBHUI 200 J1y’Ke OJIU3bKHIA 10 ONTHMAIBHOTO.

Yac pobOTH arOpUTMY TLIOK Ta MEXK 3pOCTAE JYKE IBUAKO. A dac i
ITOPUTMY NPOMEHEBOT'0 TOIIYKY 3MIHIOETHCS MPSMOIPOINIOPLIHHO 710 PO3-
MIpHOCTI 3ajadi.

PesynbraTy €KCIIEpUMEHTIB JUIS [IUX aJTOPUTMIB JIMIIE MiATBEPANIN Te-
OpeTnYHi o4uikyBaHHsS — MeTox [IpoMeHeBOro MoIIyKy y OPiBHSHHI 3 METO-
JIOM TUIOK Ta MEX Ipalioe HaJA3BUYaHO IIBHJKO Ta, BOAHOYAC, A€ TyXKe
OJM3bKI 10 ONTUMAJIBHUX PO3B’S3KU. 3 OMIIAY Ha Iie, MOXKHA 3pOOHTH BU-
CHOBOK, 1[0 IPY HEOOXIZHOCTI BUPILICHHS 3aJa4i Teopii po3KiIaiiB € CEHC
obpatu I[IpoMeHeBHi MOMIYK SIK aIrOPUTM PO3B’sI3aHHS, SKIIO MU MOXEMO
JTO3BOJIMTH cO01 MOXHOKY B pO3B’s13Ky ~5%. L1 moxubKa € IiJIKOM IpUHHST-
HOIO JUTS 33/1a4i CTBOPEHHSI PO3KJIaly IIPOCIyXOBYBaHb XOPY.

Y BuUMazKy, KOJH pO3B’SI30K MOBHHEH OyTH aOCOIIOTHO TOYHHM, ajro-
put™ [IpoMeHeBOT0 MOMIYKY HE 1a€ TAPAHTII0 TOYHOCTI, 1 MOTPiOHO OyAe BH-
KOPHCTOBYBAaTH METOJ T'JIOK Ta MEX. AJie BiH € Ha/J3BUYaliHO HOBUILHUM,
TOMY IIel BapiaHT TeX He € ONTUMAaJbHUM 1 € ceHC crpoOyBaTH y MaiOyT-
HbOMY ITOKPAIIUTH [I€H aITOPUTM HE BTPAa4yalouy TOUHOCTI PO3B’I3aHHS.
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Abstract

Security is widely viewed as the greatest stumbling block towards
ubiquitous application of the Internet-of-Things (10T) concept. Data security
and privacy is no longer an after-thought and is now considered as an integral
part of today’s digital infrastructure. Often security strengths and processing
speeds are trade-offs. However, in many of the new emerging digital
applications, especially those that are mission-critical in nature, both high
security and extreme performance are of paramount importance. A key
component of any cybersecurity systems is the key underlying encryption
algorithm which is used to secure networks and communications as well as
data transmission and storage. This project proposes a novel proprietary
encryption algorithm that can match the security levels of de-facto industry
standard cryptography systems but with a higher throughput rate, suitably
applied as a solution for many 10T cyber security requirements, and ideal as
a hardware and software implementation.

Introduction

A Digital Sarawak future will witness a pervasively mobile and cloud-
driven interconnected digital world, where myriads classes of intelligent
devices, each with their own set of sensors and networking capability are
applied in new unchartered fields like smart cities, smart electricity grids,
transportation, logistics, retail, healthcare and agriculture. In many of these
areas and as our personal life and work gets more intertwined with digital
technology, the ethical, moral and responsible use of such powerful tools
poses many questions on security, safety and data privacy.

In fact today, security challenge is often a major stumbling block towards
full-scale deployment of innovative 10T solutions and the introduction of new
classes of powerful mobile devices. For example, security issues have
restricted the ubiquitous deployment of UAVs (Unmanned Aerial Vehicles)
or drones in many potential industries like agriculture, logistics, surveillance,
etc. Often security strengths and processing speeds are trade-offs. However,
since several of the emerging applications are mission-critical in nature, such
as Digital Healthcare, Autonomous Electric Vehicles (EVs) and UAVSs, both
high security and extreme performance (low latency) are critically needed. A
key component of any cybersecurity systems is the key underlying encryption
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algorithm which is used to secure networks as well as to protect data
transmission and storage.

Currently, most encryption technologies and products are developed by
advanced countries like US, UK, EU, China, Russia, Israel, etc., from which
Malaysia are still heavily dependent upon. Though difficult to prove,
backdoors or Trojan Horses cannot be discounted from being built into these
products (from the chip level to the application layer) that can potentially
compromise the national security of our digital networks and devices. It is
therefore of strategic interest that we take security fully into our own hands
in the long term.

This project proposes to develop a proprietary high-speed Sarawak
Encryption Standard (SES) algorithm that can operate within industry
standard networks and operating systems to secure and protect the privacy of
intra-government and commercial digital transactions and data. Both SES
encryption software and hardware implementation will be developed to meet
different cost-performance targets of the various market and application
sectors.

Literature review

At the heart and core of every digital cybersecurity systems is the data
encryption algorithm. In commercial and government sectors, there are
several so-called de facto industry encryption standards that are used
worldwide, namely the AES, RSA and Blowfish algorithms.

Given sufficient computing resources and time, these systems (especially
encryption software) are not impossible to hack by sheer brute force as
proven in several high-profile cases reported globally in recent years. The
advent of Quantum computers with its ability to perform brute force attacks
in a fairly short amount of time will pose serious fundamental challenges to
today’s encryption algorithms and technologies if no further development is
made. On the other hand, encryption strength and processing speed often need
to be traded-off against each other which makes real-time encryption on
VOIP communications, for example difficult and challenging.

In a series of works by Belgian cryptographers (namely, J. Daemen, who
developed the famous block cipher AES), a so-called Permutation-Based
Crypto (PBC) platform has been proposed as a promising cryptography
platform to meet the future needs and challenges of today’s and future digital
systems. PBC solutions are based on only one cryptographic primitive: a
fixed substitution F of sufficiently large (by cryptographic measures)
dimension n. This substitution is commonly called a sponge-function. Known
examples of sponge-function are: Keccak-F (n=1600, used in SH3), Bash-F
(n=1536, RP), Gimli (n=384, independent cryptographers), etc.

Usually sponge-functions are built using bit slice cryptographic
techniques, without S-blocks, and without adding numbers. Only logical
operations (OR, AND, XOR) and cyclic shifts are employed. This allows us
to achieve high data conversion rates on popular and low-cost hardware
platforms, especially on FPGA chips. This will enable a super-fast file
hashing function on cloud servers, real-time Blockchain processing and an
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IP-encoder capable of protecting high-speed communication channels
(several tens of Gb/sec).

Methodology

To meet the high encryption strengths and performance throughput of
emerging mission-critical applications such as Digital Healthcare,
Autonomous EVs, UAVS, etc., a sponge-based function algorithm has been
proposed as the basis for SES. The developed algorithms and protocols are
seen to be most suitable to realize different degrees of protection for high-
speed communication channels. Already, there is a need for IP encryption
solutions that can support up to 100 Gb/s data rates. There is reason to believe
that the developed algorithms and protocols will achieve the desired speed on
affordable hardware platforms.

Assuming a reliable and efficient sponge function is optimally designed,
it is possible to construct a range of basic cryptographic functions such as
hashing, tree hashing, encryption, generation of pseudo-random numbers,
imitation protection (message authentication), etc. Using classical
cryptography terminology, these algorithms are usage modes (modes of
operation) for the underlying sponge function.

Having fixed the various algorithms modes, an optimum construction of
cryptographic protocols and data structures can be readily performed. For
example, protocols for bidirectional interaction pairs subscribers with
multiple concurrent cryptogram or Merkle trees, which are widely used in
cryptocurrencies and EDS systems can be reliably protected from attacks by
Quantum computers (Quantum-proof) using the sponge function-based
algorithm.

Findings

The newly-developed algorithms were implemented on the Xilinx FPGA
platform, specifically on the Xilinx Artix 200T devices and developed using
ISE 14.4 and Vivado 2015.1 development tools. A comparison was carried
out (refer to Table 1) according to the following metrics: the number of used
logical blocks LUT, registers REG, memory modules BRAM, the
theoretically maximum possible clock frequency of the algorithm F,
indirectly, the length of the critical path or the maximum number of
combinational logic within one measure T and performance P.

Table 1
Algo- L R B F, T P,
rithm uT EG RAM MHz Mb/s
BELT 7 3 0/8 13 N*37+128, s, 1494
413 780 4 =512
AES 7 5 0/8 15 N*37+128, s, 1219
960 513 7 =768
SES 6 5 0/8 20 N*37+128, s, 2146
118 680 2 =1024

Discussions and conclusions

Based on the state-of-the-art technology and literature review, taking into
account the emerging security challenges of future digital systems, a modern
sponge function-based encryption algorithm that can potentially be applied
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for a wide range of solutions has been developed and implemented in FPGA
hardware devices.

Initial results have demonstrated that the SES algorithm can match the
security strengths of industry standard encryptions but with a throughput per-
formance that is orders of magnitude faster. It also provides a fair degree of
flexibility for the realization of a range of cryptographic tasks, basically built
on a single sponge-function. Its versatility and ability to be used in different
contexts, produces, among other things, in the most compact hardware and
software implementations.

Further work will be conducted to explore its applications in Blockchain-
based systems. Experienced ethical hackers and global cybersecurity certifi-
cation bodies will be invited to evaluate and test the strength of SES before it

can be deployed for commercial use.
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METO/bI IPUOPUTE3AIINU 3AJAY B TNBKUX
METOJAOJIOTUAX PABPABOTKH TPOI'PAMMHOI'O
OBECIIEYEHUS

N.B. bornan, A.A. 3anopoxxHuit
Hayuonanvnwtii ynusepcumem « Yepruco6ckas noaumexnuxa»

T'ubkue meromonoruu pa3pabOTKUA MPOrPaMMHOTO OOCCIICUCHHS, TaKHe
kak Scrum, Kunban u apyrue Ha JaHHBI MOMEHT SIBJISIFOTCS OJHHMH W3
CaMBbIX IMOIMYJIIPHBIX METOIOJIOTHI TIPpU pa3paboTKe MPorpaMMHOTo obectie-
yeHus [1].

Ha nanHbIif MOMEHT CYLIECTBYET MHOXECTBO PA3IMYHBIX METOJOB U MO~
XOJIOB K NMPHUOPUTE3ALUH 3a/1ay, KOTOPbIE MCIOJIb3YIOTCS OTAENIBHO WJIM B
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komIutekce. [IpakTiuyeckn Bce U3 HUX OTHOCSITCSI K OJJHOM U3 JIBYX BO3MOX-
HBIX KaTeropuii:

1 mMeTonbl, OCHOBaHHbBIE Ha WCIIOJIB30BAaHUH BXOJHBIX JAHHBIX M3HYTPH
KOMaH bl Pa3padOTYMKOB HJIM JaHHBIX, TOJYYEHHBIX OT 3aKa34YHKa.

2 MeTOJbl, OCHOBAaHHbIE HA HCIIOJIb30BAaHHU KOJMYECTBEHHOW OLICHKH
(3KcnepTHOE MHEHHE, METPHUKH, KJIACCU(HUKALIUH U T.JI.).

K MeTosam, OCHOBaHHBIM Ha HMCIOJBb30BAHUHM BXOIHBIX JAHHBIX, OTHO-
csrrest metoasl MoSCoW, User story mapping 1 MeTo1 MpOakTHBHOTO COBE-
pmreHctBoBanus Jxupo Kasakuta. Metog MoSCoW (Must have, Should
have, Could have, Won't have) [2] npHHAUISKUT K METOaM, OCHOBAHHBIM
HA KMCMOJIb30BAHUH JIAHHBIX, MMOJYYaeMbIX HUCKIIOYUTEIBHO OT YJICHOB KO-
MaH[Bl UCTIONHUTENEH mpoekTa mwin (u) 3aka3zunka. B merome User story
mapping [3] u3HauambHO (HOPMHUPYETCsI MPEACTABICHHE O TIOTCHIIHATEHOM
MOJIB30BATENIE CO3/]aBaeMOr0 IMPOrPaMMHOI0 00ECHEUYEHUs, a TaKkKe O TeX
HeﬁCTBHHX, KOTOPBIC OH CMOYKET BBLIIIOJIHATHL HAd HUM. Civit I[eﬁCTBH)I cocTa-
BIISIIOT TaK Ha3bIBaeMBbIi XpeOeT KapThl UCTOpHil. B ToM ciyuae, ecnu puo-
pyuTe3alunio 3aga4 B paMKaxX CIOPHUHTA BBINOJHAKT TOJBKO YJICHBI KOMaHIbl
pa3paboT4YMKOB, BO3MOXHO Takxke NpuMeHeHue merona J[xupo Kaakura
0/] Ha3BaHUEM TIPOAKTHBHOE CoBeplieHcTBOBaHMe [4]. J{ns ucnonp3oBanms
JIAHHOT'O METO/1a HEOOXOIUMO HAJIHIHE JBYXIBETHBIX CTHKEPOB, a TAKKE O/
HOTO 0OJIBIIOTO MOMEIICHHUS CO CBOOOAHBIME CTCHAMHU.

K MeTonam, OCHOBaHHBIM Ha KOJIHYECTBEHHOW OILIEHKE, OTHOCATCS MO-
nenb KaHo, MeTo/1, OCHOBaHHBIHN Ha TIOCTPOCHUH OLICHOYHBIX JIUCTOB, METO/I,
npeioxeHnsiii Kapiom Burepcom u MeTon CTpyKTypupoBaHusi GpyHKIUU
kadecrsa Momku Axao Quality Function Deployment (QFD).

Monenp Kano Obina paspaborana B 80-x ronax npodeccopom Hopuaku
KaHo u cyTh €e cOCTOUT B aHa/In3e yJOBJIETBOPEHHOCTH MOJIb30BaTeeit mpo-
nykroMm. CoryiacHO JaHHOMY TOAXO0IY Bce (DYHKIHMH MPOrPAaMMHOIO IPOIY-
KTa MOXXHO pa36I/ITI> Ha IATb OCHOBHBIX I'PYIIIIL: 0a30BBIE HITH KE OXHNOaCMbIC,
OCHOBHbIE WJIM K€ JKeJlaeMble, BOCXHUIIAIOUINE MM )K€ BO3ACHCTBYIOLINE,
HeWTpaJIbHBIC U HeXeNaTelbHbIE.

Yporems
yacnzersopemnoct

Bocropr

Vacazersopemne

Heftrpazsuocrs

Heyaoasersopemdl)

Yporem
peatmsamen

Herpiemes *

Orcyrereyer Mpmcyrcreyer na 6asoson HsSuro

vposne

Pucynox 1 — Mogens Kano
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K 6a30BbIM (pyHKUIMSAM NpHHAUIEKAT T€, KOTOPBIC JIOJDKHBI MPHCYTCT-
BOBAaTh B IPOIPAMMHOM 00ECIIEYeHNH 00513aTENIFHO, TO €CTh UX HAJINYHUE MO-
JpasyMeBaeTcsl Kak camo co0oit pasymeromieecs (uudpa 3 Ha pucyske 1).
OCHOBHBIMU (DYHKIMSAMH SIBISIFOTCSL T€ (YHKIHMH, KOTOpHIE Ha IPSIMYIO
BIMSIFOT HA YJOBIETBOPEHHOCTD mojib3oBaTels (mudpa 2 Ha pucynke 1). K
BOCXHMIIAIOINM (YHKIUSIM OTHOCSATCS T€, KOTOpPbIE SBISIOTCS HEOXHIaH-
HBIMH /71 TIOJTb30BATENS, TAKHE KaK HEO KM AAHHbIC TOMOITHUTEIbHbIC (YHK-
[MOHATbHEIE BO3MOKHOCTH (mmdpa 1 Ha pucynke 1). K HeliTpanbubM (yH-
KIUSIM IIPUHAUIEKAT T PYHKINH, HATMYUE WIH OTCYTCTBHE KOTOPBIX B TIPO-
TpaMMHOM IPOJYKTE HUKAaK HE BIMACT HAa YAOBICTBOPCHHOCTH ITOJIb30BATE-
neit (mudpa 4 Ha pucynke 1). HexxenateaIbHBIMHE Ke SBISIOTCS QYHKIMH, HA-
JIUYHE KOTOPBIX B MPOrPaMMHOM OOECIICUCHHH OTPUIATENIFHO CKA3bIBACTCS
Ha YIOBIECTBOPEHHOCTH MoJib3oBatesei (1udpa 5 Ha pucyHke 1).

MeTo, OCHOBaHHbIIT HA MOCTPOCHUH OLICHOYHBIX JHUCTOB [6]. cocTouT B
HNPUOPUTE3aLUH 33124, TOAJTEKALIUX pealu3aliy, IyTeM COIJIacCOBaHUs Ha-
6opa KpuTepHEeB OLIEHKU CO BCEMH 3aMHTEPECOBaHHBIMU JULaMH. CorslacHO
JTAHHOMY METO/1y U3HA4YaJIbHO ONPE/ICNSIOTCS OT IISITH A0 JICBATH KPUTEPHEB,
KOTOPbIC TIOMOT'YT BBIACHUTD, KAKUE 3a4a4UU SABJIAIOTCSA BAXXHBIMU U1 pCaJin-
3aliH B TEKYIIEM CIPHUHTE. 3aTeM BBIOMpaeTcs 3a7ada, KOTopasi BeposTHee
Bcero OyJeT peaan3oBaHa B paMKax AaHHOTO CIIPHHTA M KOTOPAs SIBISIETCS
MaKCHMaJIbHO MOHATHOM IS BCEX WICHOB KOMaHbl. JlaHHas 3a1a4a cunTa-
eTcst 6a30BOI M Bce paccMaTpHBaeMble 3a1aull OyoyT OIEHUBATHCS 110 KaK-
JIOMY BBIOPDaHHOMY KPUTEPHIO OTHOCHUTEIILHO JTaHHOHU 3a/1auu.

B pesynbrare crpoutcst Tabamua (tabnuna 1), TAe MO BEpTUKAIH
YKa3bIBAOTCS] KPUTEPHH, & 110 TOPU3OHTAIH — 3aJIa4H.

Tab6muna 1 — OLeHoYHbIHI TUCT

Kpure- Bec 3amaya | | 3amawa2 | 3amaua 3 | 3amaua 4
puit (bazoBas)
Kpure- 50% 1 0 -1 1
puii 1
Kpure- 30% 0 0 0 1
puii 2
Kpure- 20% 0 0 1 0
puii 3
Kpure- 10% 1 0 1 1
puii 4
CymmMma OasoB 0,6 0 -0,2 0,9
[Ipuopurer 2 3 4 1

Meron, npennoxxenHsiit Kapnom Burepcom, no3BosisieT OLIeHUTh OTHOCH-
TeNbHbIE IPHOPUTETHI ist Habopa ¢yHKIwmii [7]. CorlacHO JaHHOMY METO.LY
MPUBJIEKATEIBHOCTD (DYHKIIUU MPSIMO MPOIIOPIHUOHAIBHA €€ IMOJIC3HOMY Jei-
CTBHIO ¥ OOpATHO IPOMOPIIUOHAIEHA CTOUMOCTH H PUCKY, CBI3aHHOMY C €€
peanmmzanmei. [l peanm3anuu JaHHOTO METOJa HEOOXOIMMO, MPEXKJe
BCETO, ONIPEIENUTh (PYHKINH, KOTOPBIMH 00s3aTENBHO JOIDKHO 001a1aTh CO-

160



31aBaeMoe rporpaMmmHoe obecrieuenue. Jlajee 3aKka3unKy WM €ro npeJcTa-
BUTEJIIO CIIEAYET IO LIKaje oT 1 10 9 onpeAennTb OTHOCUTENBHYIO BBITONY,
KOTOPYIO €My JaCT pealn3alus KXol yKka3aHHOH QyHKIUH.

Eme oHIM METOOM KOJMYECTBEHHOW OLIEHKH SIBISIETCS METOJ CTPYK-
TypupoBaHus pyHKIMH KauectBa Momxu Axao Quality Function Deployment
(QFD) [8], koTOpBIit MO3BOJISIET COMOCTABUTD MOKETAHUS 3aKa3UhKa C UMEIO-
MIMMHCST aHAJIOTMIHBIMU IPOAYKTAMHU U PACCMOTPETh (QYHKIIUH CO3aBaEMOT0O
MPOTPAMMHOTO 00ECTIEUEHHMS, KaK C TOYKH 3PCHMUS 3aKa34HKa, TaK U C TOYKH
3peHNs NOTEHIUATIBHOTO Monb30Baressi. CyTh JAHHOTO METO/Ia COCTOMT B TIO-
CTPOCHUH TaOJIHIIBI CTIEMAILHOTO BHIA, KOTOpas Oyiaroaapsi cBoeit popme mo-
Jyddiia Ha3BaHUe «aoma kauectsa» (Quality House). M3HauanpHO OT MOTEH-
[IAJIBHBIX TI0JIb30BaTENEH CO3[aBAEMOT0 IIPOrPaMMHOTO TIPOLYKTA ITOTYJaroT
MH(OPMAIIKIO O TOM, KaKHe UX TpeOOBaHus K mporpamme. Jlanee 1uist kaxaoro
u3 TpeOOBaHMUIT OJIL30BATENS UM )K€ yCTaHaBJIMBaeTcs npuoputet. Ha cnemy-
FOIIIEM dTarle KOMaH/1a pa3padoTIuKOB (opMyIupyeT HyHKIMOHATIBHbIC Xapa-
KTEPHUCTHKH NPOAYKTA, IOCIIE YEro ITH XapaKTEPUCTHKK BMECTE C TPEOOBAHU-
SIMH TIOJIL30BaTelIel 3aHOCSTCS B LIEHTPAIBLHYIO YacTh TaOJIHUIIBL: TIO CTOJIOLAM
yKa3bIBalOTCs (PyHKLHOHAIBHBIE XapaKTEPUCTHKY, & TI0 CTPOKaM — IMOJIb30Ba-
Tenbekue. «Kpbla 1oMa KagecTBay MpeAcTaBisieT co00i KOPPEISIIHOHHYIO
MaTpHIly, B KOTOPOH yKa3bIBAa€TCSI CBA3b MEXK/IY IOJIB30BATEILCKUMHU TpeOo-
BaHUSIMHU M (DYHKIMOHAJIBHBIMH XapaKTEPUCTUKAMH: €CIIH OHHU NTPOTHBOpEYaT
JpYT IPYyTy, TO COOTBETCTBYIOIIAs SUCHKA TIOMEYACTCS 3HAKOM «-», CCIIH XKe
HE TIPOTHBOPEYAT — «+».

Ha naHHBII MOMEHT CYIECTBYET OOJIBIIOE KOJIMYECTBO Pa3IMYHBIX Me-
TOJIOB IIPHOPUTE3AIMH, YACTh U3 KOTOPBIX YYUTHIBAET MHEHHUE KOMAaH/IbI pa-
3pabOTYHKOB, Ipyras 4acTh — Pa3JIMYHbIe KOJIMYEeCTBEHHbIE MoKa3arenu. Hc-
MOJIb30BAHUE ITUX METOJOB IO OTHEIBLHOCTH MM B KOMIUIEKCE TTOMOXKET
651CcTpO 1 3(h(heKTUBHO peImnTh BONPOC, CBA3AHHBIN C yCTaHOBICHUEM IOC-
JIeJOBATEIbHOCTH PealIM3alliy 3a/1a4, MoJJIeKaIX pa3paboTke.
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NEURAL NETWORK TECHNOLOGY OF RECOGNITION OF
HACKER APPLICATIONS FOR TRAFFIC INTERCEPTIION AND
ANALYSIS

Alyoshin S., Haitan O.
National University «Yuri Kondratyuk Poltava Polytechnicy, Poltava,
Ukraine

The paper describes possibility and feasibility of use of intelligent
technologies in the basis of artificial neural networks for automatic
recognition of hacker applications for traffic interception and analysis. These
intelligent technologies will significantly reduce the time for decision making
after fixing the unauthorized entry into the user net and take protection
measures in time.

The process of active actions of unauthorized entry into the user net and
traffic analysis by an outsider is accompanied, as a rule, by a set of certain
attributes [1, 2]. These attributes can be quickly fixed and submitted by the
user to the input of a neural network, previously trained on a sample with
relevant attributes. In this case, it would be useful to apply the neural network
module of technical data analysis package, for example, Statistical0.ru.

The features of traffic interception are known. These are the main ones:
browser reconfiguration, not motivated activity of the traffic indicator in the
system, large amount of spam, system slowdown, unwanted redirection,
annoying banners, unwanted pop-ups, unknown numbers of special telephone
lines, someone else’s data in the Favorites folder, additional toolbars in a
browser, etc.

With such initial data, modern software platforms (Matlab, Statistica, etc.)
allow to design quickly a neural network environment, implement a wide
class of neural network architectures of various complexity and the rules for
modifying of weight coefficients in the training process [3].

Then the problem of the traffic intrusion fixing is reduced to solving the
primal problem of class recognition, the formalization of which can be

represented as follows:
[Y(t)E=FIX()I, @)

where Y (t) is the class number of the network state (intrusion or its

absence);
X(t) is vector of the current values of the input factors (features of

behavior) in a numerical or nominal format;
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F is functional for converting of an input factors array into a class number.

In general case, the input factors and the number of classes are vector
values.

It is proposed to use a trained artificial neural network with back error
propagation as a tool for automatic state recognition [6] and basic for
classification (1).

The construction of a mathematical model of the internal structure of
network status indicators based on the input set of factor signs is reduced to
the mapping of the factor space to the state space with a given reliability and
accuracy:

F:X = Yo, X CR™, Yo <R, @)

where X is vector of signs-factors of network status;
Yopt 1S OUtput value of network status class.

n_

An array of network factors X7 =X, Xp, . X} = X together with two
classes of network status allows implementing the well-known pattern
recognition rule [6]:

g €, it L(o,{og}) =5Upi L(o,{og}),

@)
L(w,{og}) > vy €,

where  L(w,{wy}) is arule according to which network status ey shall

be assigned to the relevant class;
{w}is a network state (1 or 2) in the attribute space (k, I) at all their

possible combinations (wpy, @g)) -

Mathematical and algorithmic procedures for constructing an adequate
model of the current network state with compulsory training of models on the
basis of the formed precedents and its testing by the method of synthesis of
neural networks with a given performance are presented [7].

Instrumentally, these problems are solved in the paradigm of existing
gradient methods of back error propagation of [7]. The adequacy of the neural
network models is determined by productivity, training errors on control and
test sets during training on a representative sample of examples. It allows us
to confirm the consistency of decisions based on simulation results [1,6,7].

Therefore, is was formulated and solved the problem of automatic
recognition of hacker applications for traffic interception and analysis based
on the use of intelligent technologies in the basis of artificial neural networks
in the environment of neuroemulator packages. It allows reducing the for
decision making after fixing the moment of unauthorized penetration into the
user's network and reducing the material resource for implementing this
process.
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VK 519.718

ATPUBYTBI 1 METPUKHU I'APAHTOCIIOCOBHOI'O
IMPOI'PAMHOI'O OBECIIEYEHUA

IT.J1.Cecnienec I'apcus, H.B. Cecnienec I'apcus
Hucmumym npobrem mamemamuueckux mawun u cucmem HAH Yxpa-
UMbl

C yBenu4eHHeM CI0XXKHOCTH KOMITbIoTepHBIX cucTeM (KC) moBeimrarores
TpeOOBaHUS K Ka4eCTBY M 0e30MacHOCTH porpaMmHoro obecriedenus (I10).
B KC kpurnyeckoro Ha3HaueHuUs NpuMeHeHre HekayecTBeHHOro I10 moxer
MPUBECTH K OOJBIINM MaTepHalbHBIM WIN Ja)Ke YeIIOBEYECKUM IOTEPSIM.
ITosTOMy K TakMM CHCTEMaM MPEABSIBISAIOTCA 0COOBIE — MOBBIIICHHBIE TPe-
0oBaHusI, TPeOOBAHMUS FAPAHTOCIIOCOOHOCTH, OOJIBITUHCTBO U3 KOTOPHIX 00sI-
3aTeIbHbI K HCIIOJTHEHHUIO.

I'apanTocnocobHoe mporpammuoe obecrnieuerne (I'TIO) — GezoTkasHOE U
6e3omacnoe 110 ¢ rapaHTHPOBaHO TOCTOBEPHBIM (pyHKIIMOHHpOoBaHUEM. [1o
aQHAJIOTHM C aTpUOYTUBHON Moaenbio rapantocnocooHoctn KC (AMI) [1],
chopMynupyeM aTpuOyTHBHYIO MoOJenb rapaHrocrnocobHoctn [10
(AMITIO), B ocHOBe KOTOpOH IONI0KeHBI TpeboBanms (aTpuOyTHI) K [10 00-
mero HazHayeHust (ISO/IEC 9126 [2]), pacmrpeHHble cliennaabHbBIMU aTpH-
Oyramu, KOTOpbIM OJbKHO cooTBeTcTBoBaTh 10 KC KpHTHUeckoro Ha3Ha-
yeHust. CeroHs TpyHO HaWTH OTPACiIb HAPOJHOTO XO3SIMCTBA, T1e Obl HE
tpeboanock rapantocrnocodHoe [10 (I'TIO) — sHepreTrKa, aBUACTpOCHHE U
KOCMOHABTHKA, TPAHCIIOPT, MEANIINHA, SKOHOMHKA, IIPOMBIIIUIEHHOCTH H T.1.
B xax 1ol n3 nepedrcieHHbIX 0Tpaciei pa3padoTaHbl CBOM OTPACIIEBbIE CTa-
HAAPTEHI 10 co3anuio 6e3omnacHoro 110, Ha KOTOpPbIE TO3BOJIAIOT PACIIUPATE
1 yTOuHATH npeiaraeMyio AMITIO u Hajjo OpUEHTHUPOBATKLCS TPHU OTIPEIe-
JIeHWH aTprOyTOB, METPHK, KpuTepues orenku 110 [3-9].

ATpHOYTHI rapaHTOCNOCOOHOI0 MPOrPAMMHOI0 o0ecreYeHns:

1 GyHKIIMOHAIBHOCTS;
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2 0€30TKa3HOCTh;

3 y1oOCTBO UCIIOIL30BAHMS,

4 3¢ peKTUBHOCTE;

5 compoBOXIaEMOCTE;

6 mOpTaTUBHOCTE;

7 U30BITOYHOCTD;

8 caMOKOHTPOITB.

1. ®YHKIMOHAJBHOCTb — COOTBETCTBHE ()YHKIIMOHAIHHBIX BO3MOYKHOC-
teit [10 TpeboBanmaM crienmpukamy. MeTpuku (GyHKIHOHATBHOCTH:

1 ¢pyHKUIMOHATPHAS TIOTHOTA;

2 TOYHOCTB;

3 cImocoOHOCTH K B3aHMMO/IEHCTBHIO;

4 corJIacOBaHHOCTB;

5 HHTErpUpyemMocCTb.

2. Be3oTka3HocTh — criocoOHOCTh [1O coxpaHsaTh pabOTOCIOCOOHOCTH
(YyHKIIMOHMPOBAHUS B YCTAHOBJICHHBIX YCIIOBHSIX 32 OTIPEJICIICHHBIN MEPUO/T
BpeMeHU. MeTpuku 6e30TKa3HOCTH:

1 3aBepIIEHHOCTS;

2 BOCCTaHaBIIMBACMOCTb;

4 yCTOHYMBOCTB K OTKA3aM;

5 yCTOMYMBOCTH K aHOMAJIHSM;

6 TOYHOCTE;

7 peaKTUBHOCTb.

3. Y100cTBO HCNOBb30BaHUsI (MPAKTHYHOCTH) — criocoOHOCTHh [10 co-
OTBETCTBOBATH HHAWBHUIYaJIbHBIM Tpe6OBaHI/I$[M HUCIIOJITHCHHUA. MeTpI/IKI/I
y100CTBa UCIIOIB30BAHUS:

1 ocBanBaeMoOCTb;

2 VHAMBUIYATH3AIINS;

3 mpocToTa NOAroTOBKU K pabore;

4 mpocToTa UCTIOIB30BaHUS - YI0OCTBO MOJIH30BATEIECKOTO HHTEpdeETica;

5 aHaMM3UPYyEeMOCTh Pe3yIbTATOB.

4. IppexTUBHOCTD — cIOCOOHOCTE [10 coxpaHATh pabOTOCTIOCOOHOCTH
(hYHKIIMOHUPOBAHUS TIPU 3aJaHHBIX pECypcax W B YCTAHOBICHHBIX YCIIO-
BUsAX. MeTpuku 3¢ peKTHBHOCTH:

1 3aHATOCTH PECYPCOB;

2 WCTIOJIB3yEMOCTh PECYPCOB.

5. ConpoBoxaaeMocTh (00CITYy>KHBaEMOCTh) — clIOcOOHOCTH 10 mome-
KaTh MPOBEIECHUIO KOHKPETHBIX M3MEHEHHH (MIPOBEPKH, MOIUGHUKAIMHA U
T.71.). METpUKH COMPOBOKIAAEMOCTH:

1 nmoamep>xuBaeMocCTh (CTaOMIBHOCTB);

2 aHaJIM3MPYEMOCTb;

3 N3MEHEMOCTb;

4 KOHTPOJICTIPUTOJHOCTB;

5 TecTHpyeMOCTB;

6 OOHOBIISIEMOCTb.
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6. IlopraTuBHOCTSH - criocoOHOCTH [1O OBITH EPEHECEHHBIM U3 OJTHOTO
TEXHUYECKOTO CPE/ICTBA B Ipyroe. MeTpUKH OPTaTUBHOCTH:

1 ajanTUBHOCTS;

2 ynoOCTBO YCTaHOBKH;

3 3aMEHAEMOCTb;

4 cOBMECTUMOCTb.

7. M30bITOYHOCTH — criocoObHOCTh [10 momnmepxuBath paboTocnoco0-
HOCTh (DYHKIIMOHHPOBAaHUS IBYyMs H Ooilee MeTomamu (cmocobamm). Met-
PUKH H30BITOYHOCTH

1 BpemeHHast H30BITOYHOCTE;

2 nHpOpMaMOHHAS N30BITOYHOCTE;

3 cTpyKTypHast H30BITOYHOCTH (MHOTOBEPCHOHHOCTD, N-BEPCHOHHOCTH) C
KOHTPOJIEM COBIACHUS (IPOBEPKH) PE3YIILTATOB).

8. CaMOKOHTPOJIb — CIIOCOOHOCTh aHANIN3UPOBATH (PYHKIIMOHUPOBAHUE
1O Ha Bcex 3Tanax MCIOJIB30BaHUS 110 HA3HAYEHHUIO CPEJICTBAMH BHYTPEH-
HEro KOHTPOJIsL. MeTPUKH CaMOKOHTPOJIS:

1 caMOBOCTaHABIMBAEMOCTb;

2 caMONpOBEPSEMOCTb;

3 mpexynpex1aeMoCTh OIINOO0K;

4 yCTOHYMBOCTE K OMIHOKaM;

5 pobacTHOCTE;

6 camorprcIocadINBacMOCTb.

AMITIO BaxHa B nepByI0 ouepeib Ha 3tane npoekruposanus [10, korna
aKTyaJleH BbIOOp HamOoliee ONTHMAaNbHOrO BapuaHta wucnonHenus [10.
AMITIO nmo3BOJIUT B JaJIbHEUIIIEM MOJTYUYUTh KOJTUIECTBEHHYIO OLIEHKY YpO-
BHS rapantocnocobHoctu I10, yno6Hyto ans BeiOopa Hanbosee KauecTBEeH-
Horo BapuaHTa ucrnonsexus [10.
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VJIK 004.89

IHTEJIEKTYAJIBHI ATEHTH MOHITOPUHI"OBUX
IH®OPMALIMHUX CUCTEM

Tony6 C.B., Kynunpka C.1O.
YepracbKutl 0epaacasHull mexHor02iunull yHisepcumem

MomiTopunrosi iHpopmaniiiai cuctemu (MIC) e mporpamHo0 peaiiza-
uieto iHpOpMaliifHOT TeXHOJIOTii 6araTopiBHEBOro 1HTENEKTYaJIbHOTO MOHI-
TopuHry [1] B 3amaHiit mpenMeTHii obmacTi. BukoprucTaHHS areHTHOTO Mij-
XOJy JI0 peari3allii mporeciB 0OpoOKH Ta aHai3y Pe3yIbTaTiB CIIOCTEPEKCHB
JIO3BOJISIE PO3pOOHUTH HOBI mpuHIUTH oOymosu MIC [2].

MIC moennye 3acobu 30UpaHHs, TPAHCIOPTYBaHHSA, 30€pexKeHHs, 00po-
Oxw, aHaJi3y Ta HEPETBOPEHHS PE3y IbTaTiB CIIOCTEPEIKEHB 3 METOIO 3a0e3Ie-
4UTH iH)OPMALIIEIO 1 3HAHHSAMM MPOLIECH IPUHHATTS pillieHb. BukopucranHs
areHTHHUX miaxoniB ao pearnizauii MIC no3Boiisie 3Ha4HO PO3LIMPHUTH TX MO-
JKJIUBOCTI Ta MiIBUIIUTH e()EKTHBHICTh MOHITOPHHTY. BUMAarae HOBUX NPUH-
[UTIiB OOy I0BU

Arentu-nieperBoproBaui njanux (AIT[]) BUKOHYIOTH OIHY i3 OCHOBHHX
¢ynkuiit MIC — 00poOKy i aHaii3 pe3ysbTaTiB CHOCTEPEkKEHb Ta Gopmy-
BaHH: BUCHOBKIB 32 pe3yJIbTaTaMH MOHITOPUHTY. BOHH pi3HATHCS 32 iHAMBI-
JIyaJIbHICTIO 3aBJlaHb, CTPYKTYPOIO, METO/IaMH CHHTE3Y MOJIEJICH, alropur-
Mamu ¢yHKiioHyBaHHs. AIIJl B3aeMoziioTh i3 0a3010 JAaHUX pe3yJIbTaTiB
CIIOCTEPEXEHb, SIKI BUKOHYIOTh (DYHKIIiIO TIEPBHHHOTO OMHCY 00 €KTIB J10C-
JJPKEHHs, Ta i3 iHmmMu eaeMentamu MIC miis caMOCTIiHOTO BHKOHAHHSI
OJTHOTO 13 3aB/1aHb MoHiTOpUHTY. KinbkicTs All, sixi moeauye MIC, 3anexunTsb
BiJl II00AILHOT METH CUCTEMH — KOMIUICKCY 3a/1ad MOHITOPHHTY, TIOTOJ[Ke-
HUX i3 3aMOBHHKOM.

AITJl xkmacu¢pikylOThCS SK IHTENEKTYalbHI areHTH, OCKIJIBKH MICTSTh
6a3u MOJIeTFHIX 3HaHb, BUKOPHUCTOBYIOTH IX ISl 1IHTENIEKTYaJIbHOTO aHAIi3y
pesynbrartiB crioctepexenb (IAPC), i popMyIOTs BUCHOBKH 32 pe3ylbTaTaMu
IAPC [3]. B 3anexxHOCTI BiJ CBO€] TOKaJIHHOT METH Ta BiJ BIACTHBOCTEH Ma-
CHBY PE3YJIBTATIB CIIOCTEPEKEHb KOXKEH 13 areHTiB (JOpPMYe Mepestik 3aB1aHb
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13 MEpEeTBOPEHHS ITaHUX, CHHTE3y€e MO/IeI 00’ €KTIB MOHITOPHHTY Ta BUKOPH-
CTOBYE X B SIKOCTI allrOPUTMIB IIepeTBOpPEHHs iH(opMaLii npu noOya0Bi Biia-
CHHMX 0a3 MOJIeNIbHUX 3HaHb. [IpH IIbOMY 3aCTOCOBYETHCSI IHTEJEKTyajbHa
npoueaypa Kiactepusanii MacuBIiB BXIHUX JaHHX, aJalTHBHOTO BHOOpY
BXKE€ ICHYIOYOTO a00 KOHCTPYIOBaHHS HOBOTO alTOPHUTMY CHHTE3Y MOJEII,
OLIIHKH Ta MEpPETBOPEHHS Pe3YJIbTaTiB MOJAEIIOBAHHS, Peajli3yloThCsl 30BHi-
IIHI KOMYHIKa1ii i3 inmvu enemenramu MIC.

IanuBinyaneHi 3aBganas AL/l 3BeeHi 10 THIIOBUX 3a7ad iHTEIEKTyallb-
HOTO aHaNi3y JaHUX — IPYITyBaHHSA, iNeHTH(IKAIis, IPOTHO3YBAaHHS, ONITHMI-
3amis Ta iHmIi. B 3anexHOCTI Bi iHAMBIAYyaJBFHOTO 3aBIAaHHS BUKOPHUCTOBY-
IOTBCS Tl 9M iHII MeToan MoOyIOBH aJTOPUTMIB CHHTE3Y MOJENEH, mpoIie-
IypH OIIHKK iH(OPMATHBHOCTI O3HAK, MOOYJOBH MAacWBY BXiIHHX JaHUX,
(hopmyBaHH: BUCHOBKIB 3a pe3ynbTatamu IAPC ontumizarist CTpykTypu are-
HTY.

Ha BigMiHy BiJl iCHYIOUHX MOHITOPUHIOBHUX CHCTEM, SIKI BUKOPHUCTOBY-
I0Th iHTeJeKTyanbHi arenTH, MIC 3a0e3neuye yMOBH Uil YTBOPEHHS areHT-
HUX (DYHKLIOHAJIIB — CHHEIPETUYHOTO MOEIHAHHS areHTiB, 30kpema AIl/], 3
METOI0 MiJBUIICHHS €()eKTUBHOCTI MOHITOPHHIY — 30UIBIICHHS KiIbKOCTI
BUKOHYBaHHX 3aBIaHb, NOKPAIICHHS XapaKTEePHCTHK PE3YJIbTATIB MOJEIIO-
BaHH Ta MiIBUIICHHS e()eKTUBHOCTI NPUHHATHX PillieHb O0e3 301TbIIeHH Ki-
JBKOCTI BUTPAUCHUX PECYPCiB.

Bymno mposeneHo cepiro excriepuMeHTIB i3 moOymosoto MIC Ha OcHOBI
MYJIBTHATCHTHAX CTPYKTYP Ul BUKOHAHHS 3aBIaHb IHTEIEKTYaJILHOTO MO-
HiTOpUHTY. [IpakTHYHO MiATBEPIXKEHO Y MOPIBHSIHHI 13 TpaauLiitHO0 1H(pO-
PMaIlifHO CHCTEMOIO 6araTopiBHEBOTO MOHITOPHUHTY [ 1] mizBHIIICHHS ede-
KTUBHOCTI BUKOHAHHS 3aBAaHb Kiacudikalil cTaHiB XBOPHX 32 JOIIOMOTO0
MIC [4]. YcnilHo BUKOHAHI 3aBJIaHHS 1HTEJIEKTYaJIbHOTO MOHITOPHHTY Te-
KCTOBHUX IOBIJOMJIEHb [5], BU3HAueHHs MOJIOHUX ICTOPUYHUX TNEPIONIB Y
KJ1ioMeTpii [6], eKOJIOr1YHOT0 MOHITOPHHTY IPUPOHBOTO NMapKy «BYKHHIIb-
Kuity [7].

TakuMm YMHOM BHKOPHCTaHHS areHTHOTO ITiIX0AY MPH Mo0yI0BI MOHITO-
PUHTOBHX 1H(POPMAIIITHIX CHCTEM € OCHOBOKO IUISI HOBOi METOJOJIOTIi CTBO-
peHHs iHQOpPMAIITHUX TEXHOJIOTIH IHTEeIeKTyaIbHOTO MOHITOpHHTY. [Ipo-
[ECH MPUHHATTS PIlICHHS 3a0€3MeUyI0THCS HE TUTBKHU IH(POPMAIIi€Io PO BIa-
CTHBOCTI OKPEeMHX 00’€KTIB MOHITOPHHTY, aJie¢ 1 MOKIMBOCTSIMH IS TIPOpa-
XYHKY HalpsMiB PO3BUTKY CHUTYaIlii BIIJIOMY.
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VK 004.942

IMPOTEKIIA APTYMEHTIB ITPU CUHTE3I TIPOI'HO3HUX
MOJIEJIEA B MOHITOPUHIOBUX IH®OPMAIIMHAX
CUCTEMAX

Tony6 C.B., 2Ton6aros JI.B.
Yepracvruii deporcasnuti mexmnonoziunuil ynisepcumem

2Iucmumym npobrem mamemamuuHux mawun i cucmem HAH Yrpainu

CuHTe3 MOJIelIeii € OCHOBHHM MPOIIECOM 00POOKH pPe3ybTaTiB cCriocTepe-
JKeHb Ta BU3HAYCHHS BIJOMOCTEH PO BIACTUBOCTI 00’ €KTIB JOCIIIKCHHS B
iHpOpMalIHHUX TEXHOJIOTISIX 0araTopiBHEBOrO IHTEJIEKTYaJbHOI'O MOHITO-
punry [1]. BopooBx neBHOro nepiojy 4acy MpOBOJHUTHLCS CIIOCTEPEKEHHS
3a YHCEeNIbHUMH XapaKTepPUCTUKAaMU O3HAK CTaHy 00’€KTa MOHITOpPUHTY. Pe-
3yIbTaTaM CIIOCTEPEXEHb Haal0Th (POPMY MATPHUIIl MACHBY BXIIHHUX JaHUX
(MBJ]) i mogaroTh Ha BXiJI CHHTE3aTOpa MOJIeJIeii MOHITOPHUHTOBOI iHpOpMa-
niinoi cucremu [1]. [HpopmMaTHUBHICTS O3HAK BHU3HAYAETHCS EKCIEPTHUM
IIJISIXOM Ha OCHOBI alpiOpHUX JaHUX. THIIOBOIO € CHTYyallisl, KOJIH iHpopMa-
THUBHOCTI 03HaK, XapaKTEePUCTUKH SIKUX YTBOpIotoTh MB/I, HenocTaTHbO [uIst
CHHTE3Y a/IeKBaTHUX MOJIeJIel iICHYIOUMMH 3aC00aMH 1 aKTyaJIbHICTb Ha0yBae
3aBIaHHS ITiABHUINCHHS Pi3HOMaHITHOCTI cuHTe3atopa mozeneir MIC. Tomy
METOIO IIi€l poOOTH € NOCTIHKEHHS NPOIECiB MiABUIICHHS PI3HOMaHITHOCTI
anropuTMiB cuHTE3y Mozeinei (ACM) MIC.

OnauM i3 3ac00iB TOOYIOBU MOJiesielt 00’ €KTiB MOHITOPUHTY, SIKHI pea-
J30BaHMN y CHHTE3aTOPi, € METOA TPYHOBOTO ypaxyBaHHS apTyMEHTIB
(MI'YA), 30kpema itoro 6aratopsimaumit anroputm [2]. OmgsuM i3 cmocobis
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MiJBUIICHHS PI3HOMAaHITHOCTI 0araTopsIHOI CeleKiii Mojenei € 3ade3me-
YEHHS IepeX0/y B HACTYITHUM s CEIEKLil 3aJaH0{ KIIbKOCTI apryMEHTIB i3
nonepeHporo psiny [2]. KinbkicTh apryMeHTIB BU3HAYA€THCSl €KCIIEPTHUM
nusixoM. B [3] mponoHyeThCs IepeBoJUTH 10 HACTYITHOTO Psiy CENEKLil Yn-
CJIO apTyMEHTIB, 1[0 AOPIBHIOE YMCIy He3zanexHux 3MiHHuX B MBJI. Kpim
TOro 3a0e3MeUy0Th MPOTEKI[iI0 BCIX apryMEHTIB 13 MOMEPEIHBOTO PAIY Ce-
nekii. He Boamoch BUSBUTH peKOMEHAIIIT, 10 JO3BOIMIN O BU3HAYNTH OII-
TUMAaNbHY KUTBKICTH apTyYMEHTIB IONEPEIHBOTO PANY CEJEKIii, IPOTeKIis
AKHX 320e31edye MaKCUMalIbHy aeKBaTHICTh MOJEJICH pH 3MiHi BIACTHBO-
creit MBJI.

Byna chopmynboBana rinoresa mpo Te, 1o IpH 3MiHi BIaCTHBOCTEH Ma-
CHUBY BXiJHHX JaHUX HEOOXiTHO pO3B’A3yBaTH 3a7ady ONTHMi3amii KiTbKOCTI
apryMeHTIB, JUIs SKHX 3aCTOCOBYETBHCS MPOTEKILis, NpU (HOPMYBaHHI KOX-
HOro pany cenekiii. [lyist nepeBipku wiei rinore3u OyB MpoBeIeHUH eKCIIepH-
MeHT. Po3B’si3yBanach 3amada CTPyKTYpHO-NIapaMeTpUyHOI ineHTUdiKawil
MoJiesied AJIsl IPOrHO3YBaHHS BapTOCTI KaHAJICHKOT'O JIojlapa Ha MOMEHT 3a-
KPHTTS TOPriB Ha Oipiki. B sikocTi MOJIeIbOBAaHOTO TTOKA3HUKA BUKOPUCTOBY-
BAJIOCH BapTICTh BAJIOTH HA MOMEHT 3YNHMHKH TOPriB HacTynmHoro N+1-ro
nua. HesanexxHnmu 3MiHHAME OyJIM 3HAU€HHS IIbOTO NMOKa3HKUKa B N, N-1, n-
2, n-3 mHi. Kpim Toro mis ¢popmyBanHs cnoBHUKa o3Hak MBI BukopucTto-
BYBAJIMCh 1HIII €KCIIEPTHO 3a1aHi ()aKTOPH, HA3BH SIKUX € KOMEPLiHHOIO Ta-
€MHUIICIO EKCIIEPTIB, | BOHM BUKOPHCTOBYBAINCH ITPH (pOpMyBaHHI CIIOBHUKA
O3HaK y 3amudpoBaHoMy BUTIsiAi. Hanepexa Bimomo, 1o BOPOIOBXK iCTOPH-
YHOTO NepioAy BJIACTHBOCTI MacHBY BXIHMUX AaHHX 3MiHIOBAIUCH. Tomy
copmoBanmii TakuM yHOM MB/] BiJmoBiIaB yMOBaM €KCIIEPUMEHTY.

byno cuHTe30BaHO Kiibka MOAENel i3 Pi3HOI KiNBbKICTIO apryMEHTIB,
kUM Oyiia 3abe3redeHa MpoTeKLis Ha KOXKHOMY psini cenekuii. OuiHroBa-
JIach MOXMOKA Ta TOPU30HT ITPOTHO3YBAHHS MOJIENI, 110 CHHTE30BaHa 3a OIH-
caHuM anroputmoM. [1pu aHani3i pe3yabpTaTiB I0CHIHKEHb BCTAHOBJICHO, 1110
npu 3MiHiI BractuBocTi MB/I onTHManbHa KiJbKICTh apTyMEHTIB IOTEpeN-
HBOTO DSy, A SKHX HEOOXiTHO 3a0e3rmeuyBaT MPOTEKIil0, 3MIHIOETHCS.
AHaNITHYHY 3aJIe)KHICTD 3MIHU KUTBKOCTI apTYMEHTIB BiJI iHIIAX XapaKTePH-
CTHK IIPOIIECY CHHTE3y MOJeJed OTpUMaTh He BAaJoCh. TOMY JIOIIJIBHO
PO3B’s3yBaTH 3aJady ONTHUMI3aIlil KIIBKOCTI KPalIuX apTyMEHTIB IS KOX-
HOTO psily OKPEMO.

TakuM YHMHOM TiNOTE3a OTpHUMAalia CBOE EKCIEepHUMEHTAlbHE MiATBep-
JokeHHs. OnTHMI3aIis KUTBKOCTI apTyMEHTIB, U1 AKHX 3a0e31eTy€eThCs IPo-
TEeKIis Ipu GOpPMyBaHHI KOXKHOTO PSAAY CEJEKIii, 3a0e3neduye IiABUICHHS
PI3HOMaHITHOCTI CHHTE3aTOpa MO 3a paXyHOK iX aJalTHBHOCTI 10 BiIac-
THUBOCTEH MACHBY BXiJIHHX JJAHUX.

JlirepaTypa
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V/IK 681.14

MOJEJIIOBAHHS KJIACIB TEKCTOBUX JOKYMEHTIB ITPH
BU3HAYEHHI IX ITPUKJIAJTHOI HAITPABJIEHOCTI

Kypro O.C.
Hayionanvuuii ynieepcumem “Yepuiciecoka nonimexuixka”

[TuTaHHS BU3HAYEHHS TEMATUYIHOI Ta MOP(OJIOTIYHOI CIPSIMOBAHOCTI Te-
KCTY CTa€ Bce OUIBbII akTyanbHUM. BOHO BUKOPHCTOBYETHCS SIK IS TOLIYKO-
BUX CHCTEM, TakK 1 JUIsl BU3HAUEHHS BIAMOBIJHOCTI CTAaTTI HAyKOBOMY XKYyp-
HaJly, y IKOMY BOHA MyOJIIKy€eThCs. AJIe SIKIIO B MAaCIITAOHUX CHCTEMaX TaKi
MOJyJIi € BOYZIOBaHHMH, TO 3HAWTH OKPEMHUIl CANUT, CUCTEMY 200 3aCTOCYHOK
J0BOJI ckiagHo. ToMy mus peanizauii noaiOHOT mporpaMu noTpioHO KOpek-
THO 00paTH MeTO/| Kiacudikallii TSKCTy, 3BaKatouu Ha 00’ €M 00’ €KTIB aHa-
i3y, U BU3HAUYCHHS TEMaTHYHOI CIIPSIMOBAHOCTI, KOMIIOHYIOUH HOTO 3 MO-
JyJIeM JUIsl BU3HAYEHHS CTHIICTHYHOT HAJIS)KHOCTI.

T'osoBHOIO MeTOI0 1aHOT PoOOTH € po3poOKa CHCTEMH, SIKa Ha OCHOBI
(haiiy 3 BUSHAYEHHMHU JJIS1 yCiX CIIiB TpaMeMaMu Oy/ie MPOBOANTH CTaTUCTH-
YHH aHATI3, TICIS aHATI3Y IKOT0 Oye pOOUTHCS BUCHOBOK MO0 CTHITICTH-
YHOT MPUHAJIOKHOCTI TEKCTY, a TAKOXK Ha OCHOBI CEMaHTUYHOTO aHAIII3Y Te-
KCTY 3 BU3HAYCHHSIM KJIIOYOBHUX CJIiB BU3HAYaTUME MOP(OJIOTIUHY HaIpas-
JICHICTb TEKCTY.

Bu3HadyeHHs TEMH TEKCTY BiZOYBa€ThCs TOBOJI mpocTo. PeanizoBanwuii B
OCHOBHOMY KPHIITI METOJI BUKOPHCTOBYE YaCTOTY CIIIB B SIKOCTI OCHOBHOTO
MOKa3HUKa. B naHOMy BHMIaJKy TeMa BU3HA4Ya€ThCs SIK MOCIIIOBHICTD Haii-
YACTINIUX CJB, IO 3yCTPIYalOThCS B TEKCTAX 1[bOro T [1].

[TopiBHAHHA AaHMX TEMH Ta TEKCTY BiIOYyBA€THCS HACTYIIHUM YHHOM:
BiIOMpaeThcs THCSYa HAWYACTIIIMX CJiB, IO XapaKTEpPHU3YIOTh CTHIb Ta
TEKCT, BU3HAYAETHCS KUIBKICTh HAlUacTIIINX CIIIB TEKCTY, 110 TAKOXK € Hai-
YacTIIIMMH CIIOBaMU CTHIIIO. Taka nepeBipka IPOBOIUTHCS ISl 33/1aHOTO Te-
KCTY Ta Bci€l 6a3u TeM. SIk BU3HaYeHa 00MpaeThCs TEMa, 10 Ma€ HaHOLIbITy
KiJIBKICTh OJTHAKOBMX HaWYACTIIINX CIIiB B MEPIIiH THCSUI CIIiB.

J1ist BU3HAUEHHS K CTUIIIO TEKCTY TOTPIOHO MOIEPEIHBO IPOBECTH HOTO
MOpGOJIOTIUHUH aHalli3, Ha OCHOBI SIKOTO OyZIe pOOUTHCS BHCHOBOK IIIO CTH-
JIBOBOT IPHHAIICKHOCTI TEKCTY [2].

Mopdodomnoriuauii aHai3 TEKCTY MOXHA MPOBECTH 3 JOIOMOT0I0 MOpdo-
aHaji3aropa - IHCTpyMEHTY JUIsl aHOTYBaHHS TEKCTY 3 YACTHHOIO MOBH Ta 1H-
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(opmariero npo semy. O6poOka KOXKHOTO (aiiiy, M0 MPOHIIOB MOP(OIIOTi-
YHUI aHali3, BKJIOYAE HOTO BIAKPHUTTS, IOPSAKOBE NPOYMUTAHHS 1 004mC-
JICHHSI CTAaTUCTUYHUX MapaMeTpiB. Y MOy HalIol Iporpamu, o BUKOHYE
CTaTHCTHYHY OLIHKY TEKCTY, MiIPaXxOBYIOThCS HACTYITHI MapaMeTpu: 3ara-
JIbHE YMCIIO CJIIB B TEKCTI 1 KUIBKICTh OYKB B HHX; CEPEAHE YUCIIO CIIIB y pe-
YCHHI; YUCIIO CIIiB, IO BIMHOCATHCS IO PI3HUX YACTHH MOBH, 1 iX 4acTKH
IIO/I0 3aTraJBHOTO YHCTa CIiB B 00pOOIIOBAHOMY TOKYMEHTI; KUIBKICTh KOH-
CTPYKIIi#, B IKUX OIWH 332 OJHUM CIiIYIOTH [IBa CJIOBa 3 MOPQOIOTidHOI Xa-
PaKTEPUCTUKOIO «IMEHHHUK» (30KpeMa, KiTbKICTh TAKUX KOHCTPYKIIIH, B SIKIX
ZIpyTe CIOBO 3HAXOMUTHCA Y (hOpMi POIOBOTO BiAMIHKA), a TAKOXK KUTBKICT
BUTIA/IKIB, KOJH OJIMH 32 OJHUM CIIIYIOTh CJIOBA 3 XapaKTEPUCTUKAMH «JIi€-
CIIOBOY» 1 «IMEHHMK); CITIBBIAHOIIEHHS JUHAMIYHOCTI 1 CTATHYHOCTI B TEKCTI.

OTpuMaHi JaHi 3alKMCYIOThCS B BiAnoBiaHI 3MiHHI. [ToTiM BinOyBaeThCs
3anuc OTPUMaHUX MaHWX B (ailyl, BKasaHui KopucTtyBadeM. J[Js KOKHOTO
00po0IIeHOTO TOKYMEHTa IporpamMa 30epirae HacTyITHI apaMeTpu: MiHiMa-
JIbHE, MAKCUMAJIbHE Ta CEPEIHE YUCIIO CIIIB Y PEUYEHHI, MiHIMalbHe, MaKCH-
MaJIbHE Ta CepelHE YUCIIO OYKB B OJHOMY CJIOBI; YHCIIO I'PYyN «IMEHHHK +
IMEHHHK» (B T.4. YUCJIO TPYI KIMEHHHK + IMEHHHK B POJIOBOMY BIIMIHKY») 1
TPYII «Ii€CTIOBO + IMEHHUK); 3HAUCHHs TapaMeTpa CITiBBiTHOIICHHS THHAMI-
YHOCTI 1 CTATHIHOCTI [T JAaHOTO TEKCTY; 3arajbHa KiJIbKICTh CIiB Y TEKCTI;
YHUCIIO IMEHHUKIB, Ti€CTiB, IPUKMETHHKIB, OCOOMCTHX 3aiIMEHHUKIB Ta dac-
THHOK B TEKCTi (2 TAaKOX IX 4aCTKy IIOZO0 3arajJbHOTO YKCIA CIIiB B TEKCTI).

IMoTim, SKII0 KOPHUCTYBaY BKa3aB, 110 HeMae HEOOXiTHOCTI 3alMCyBaTH B
(haiisr cTaTHCTUKY IO BCiX 00POOJICHUX TOKYMEHTIB, IPOrpamMa 3aBepIiye po-
60T1y. B iHIIOMYy BHIIa/IKy BiOYBaEeTHCS 3aIIMC HACTYITHUX MApaMeTPiB sIK ce-
penHs YacTKa iIMEHHHKIB, A1€CITiB, MPUKMETHHUKIB, YACTOK, OCOOMUCTHX 3aiiMe-
HHHKIB, KOHCTPYKIIIH «Ii€CIOBO + IMEHHHK», IMEHHHUK + IMEHHUK», «IMEH-
HUK + IMEHHUK B POJIOBOMY BiJIMiHKY, CEPEIHE 3HAUCHHs IapaMeTpa CIIiB-
BIJTHOIICHHS JMHAMIYHOCTI 1 CTATUYHOCTI, CEPEHS TOBKHAHA PEUYCHD Ta Ce-
penHs TOBXHHA ciiB. JJI KOKHOTO IMapameTpa TaKoX BKa3yeThCs HOTo Mi-
HiMaJbHE 1| MAKCUMaJIbHE 3HAYCHHS.

OTpuMaHi JaHi 3alACYIOTHCSA B TaONHUII 32 CTHIISIMH, HA OCHOBI aHANI3y
SAKHX CKJIQIAI0THCS TIPaBUIIA 7Sl BU3HAYCHHS CTHIIIO aHAJII30BaHOT'O TEKCTY.

Ipwu ominmi skoCTI KIacupikaTopa HEOOXITHO BPaXOBYBATH HE TIJIBKH Ti
BUIIAJIKH, B IKHX BiH ITPaBIJILHO BU3HAYHB IIPHHAJISKHICTH 00'€KTa 10 KIJIacy,
a ¥ BUMa Ky, KOJIM BiH 3p0OWB IOMMIIKY, JIJISl YOTO BBOJISATHCS HACTYITHI TI03-
HaveHHs [3]:

1 TP (true positive) - icTHHHO-TIO3UTHBHE PIlllCHHS (JOKYMEHT BiTHO-
CUTBCS JI0 Ki1acy A, kinacudikaTop BijHIC HOTO 10 Kiacy A);

2 FP (false positive) - mTOMHIKOBO-TIO3UTHBHE PillleHHS! (IOKyMEHT HE Bi-
JTHOCHUTBCA 0 Kiacy A, kimacudikarop BifHic Horo a0 kiacy A);

3 TN (true negative) - icTHHHO-HETaTUBHE PillIeHHS (IOKYMEHT He BiHO-
cHUThCs 10 Kiacy A, kiacugikarop HE BinHic foro no xiacy A);

4 FN (false negative) - moMuikoBo-HeraTUBHE pillieHHs (IOKyMEHT Bij-
HOCHTBCS 110 Kilacy A, kiacugikarop HE BinHic fioro no xnacy A).
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TOYHICTH CHCTEMH B MEKaX KJIacy — L€ YacTKa JTOKYMEHTIB, Jil-
CHO HaJICKATh TAHOMY KJIacy, MO0 BCiX JOKYMEHTIB, SIKi CHCTEMA BiHECa

JI0 IIbOTO KJIacy:
Precission = ——— 1)
(TP+FP)
IToBHOTA CHCTEMH — II¢ YACTKa 3HAHACHUX KIacu(ikaToOpoM JOKY-
MEHTIB, I1[0 HaJIeXKaTh KJIacy, OO0 BCIX JOKYMEHTIB IbOTO KJIACY B TECTOBIi
BUOIpIT:

TP
Recall = m (2)

F-mipa (F-measure) — xapakTepucTHKa, sIKa TO3BOJISE AAaTH OI[HKY OJ-
HOYACHO IO TOYHOCTI i HOBHOTH [4]:

F — measure = T L —,a € [0,1], 3)
*Precision i (1_a)Recall

Je a — xoediIieHT, 1o 3a/1a€ CIiBBiTHOIICHHS Bar TOYHOCTI 1 TOBHOTH.
Komu a = 0.5, F-mipa Hagae 0THaKOBY Bary 00OM XapaKTepPHUCTHKAM.

Jlist TecTyBaHHS MOJIYJTIO BU3HAYEHHS CTUITIO Oy10 00pano 1o 10 TekcTiB
JUTSL KOXKHOTO CTHITIO 3aJUI1 BUKOHAHHS X aHami3y. CaMe Ha Horo ocHOBI Oy-
JIyBQJIUCh MPABUIIA BU3HAYCHHS CTHIIIO. J[JIs1 IITOBOTO CTHIIIO OYJIM BUKOPH-
CTaHi 3aKOHH YKpaiHu; Uil HAYKOBOTO CTHJIIO OYyJI0 MPOaHATi30BaHO KHUTH
3 izukm, Ximii, OOTaHIKH, MEIUIMHHW; JJIS BUBUCHHS ITyONiIUCTHIHOTO
CTHJIIO BUKOPHCTOBYBAJIHMCh CTATTi 3 OHJAMH-KYpHANY, a sl XYI0XKHBOTO
cTiiTi0 Oyiu oOpaHi Taki kaury sk «KiHenp BiuHOCTI» A3imMoBa, kauru Ko-
Hau Jlois, «[Ipuroau Toma Coepay, «Jlitu kamitana I'panTtay ToI110, TOOTO
KJIacHKa 3apyOiKHOT (haHTACTUKH.

O1iHKy poOOTH CTHIILOBOI'O aHAJTi3aTOpa MOYKHA TO0AYMTH HA TAOIUII 1:

Tabmnuus 1 — Ouinka podOTH CTHIILOBOTO Kiacudikatopa

Ctuib TeKCTy TouHicTh IToBHOTA F-mipa

XymokHiH 1 0,9 1,05
CTHIIb

HayxoBuit 0,53 0,8 1,58
CTHIIb

[y6minucTu- 1 0,6 1,33
YHHUU CTUJIb

Jinosuit 0,88 0,8 1,193
CTHIIb

B 1inomy Mo>kHa CTBEpAKYBaTH, 10 pPO3po0IeHUH HaM1 IHCTPYMEHT yc-
MIITHO BIIOpaBCs 13 3aBAAHHAM Kiacudikanii TekcTiB pisHuX cTwiiB. [Ipen-
CTaBJIIE€THCSl MOKJIMBUM TIOJIIIIUTH Pe3yIbTaTH Kiacuikamii TeKCTiB, o
HaJIe)KaTh J0 MyOIIIUCTUYHOTO Ta HAYKOBOTO CTHJIiB, BUKOPUCTABIIH Mapa-
MeTpH OLTBIIT BUCOKOTO PiBHS.

Jnst opmyBaHHs 6a3u KIFOYOBHX CITiB 0YJ10 0OpaHO Taki TEMU SIK acTpO-
HOMisI, 610JI0TisI, EKOHOMIKA, iCTOpis, MaTeMaTHKa, TICUXOJIOTis, pemiris, ¢i-
3uKa Ta imocodis. Habip Tem Moxe po3puBaTUCS, 5K 1 KiTbKICTh TECTIB JIJIS
(hopmyBaHHS 6a3M KIFOYOBUX CIIiB.
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3a pe3y/bTaTaMu TECTYBaHHS MOJYJIFO BU3HAYCHHS TCMH JIUIIC 2 TEKCTH
OyJ0 BH3HAYCHO HEKOPEKTHO. | 3 TEKCTIB OYyB BiIHECCHHI 3aMiCTh €KOHO-
MiKH 10 IIcuxouIorii. Ajte Ha3Ba KHUATH «IIcHX0I0rist EKOHOMIKH» 1 TeMa €KO-
HOMIKA CTOsJIa HA 2 MICI{i, BIICTaBIIH JIMIIIE HA JEKIJILKA KJIIOUOBUX CIIIiB Bif
Toro, mo6 Oyru Ha 1 micui. Tako HEKOPEKTHO BU3HAYMJIACH TEMaTHKa
KHUTH 1po [BaHa BproxoBerpkoro — ii BiIHECIIO 0 peirii. Ajie BpaxoBYHOYH
KIIFOYOBi CJIOBA Ta BIPUB BiJ iHIINX TeM 3a KiJTBbKICTIO KIIFOYOBUX CIIiB — MO-
JKJIMBO, I1s1 KHUTA AIHCHO O1IbINe BITHOCUTHCS A0 PEIITii, HiXK 0 icTopil (ska
Oyna Ha 2 micri).

s IoBTOpHOTO TecTy poOOTH MOAYIIO OyIM BUKOPUCTAHI TaKi KHATH
AK: TMAPYYIHUK 3 Gi3ukn g 7 Kiacy, pedepat 3 icTopii, mapydHUK 3 TeHe-
Ky, «Lmro3is 6ora» Ta «Criepury HaviBaxkusime! JXKurtu, m00UTH, BUUTHCH,
3JMIINTH CITiay» (Icuxoiorist). Yci KHUru 6yiio BU3HAUYEHO 3TiHO iX TeMHU.

BpaxoByroun Taku MOKa3HUKH MOXKHA BBAKATH MOJYJIb BIAJIUM Ta B I10-
BHI# Mipi BUKOHYIOUUM CBOIO (DYHKIIIFO.

Cnucok BUKOPUCTAHHUX I’KEpPeEJT

1 ABromarunueckas oopabotka Tekcra [Enexrponnuit pecype] — Pexum
noctymy: http://tapemark.narod.ru/les/014a.html

2 CenmuBanoBa E. A. OCHOBBI JINHTBUCTHYECKOM TEOPHUHU TEKCTa 1 KOMMY-
aukanmn.— K., 2002.

3 Ornenka knaccupukaTopa (TOYHOCTE, MOTHOTA, F-Mepa) [ExexTponHuMii
pecypc] - Pexum JIOCTYIY:
http://bazhenov.me/blog/2012/07/21/classification-performance-
evaluation.html

4 Onenka kinaccudukaTopa (TOYHOCTh, ONHOTA, F-Mepa) [EnextponHuii
pecypc] — Pesxum moctymy:
http://bazhenov.me/blog/2012/07/21/classification-performance-
evaluation.html

VJIK 519.233.5

OIIHKA CTPYKTYPHOI CTIHKOCTI PETPECIHHOI MOJIEJI

C.M. Jlanau
Hayionanvuuti mexuiunuti ynieepcumem Yxpainu « Kuiscoxuii nonimex-
HiuHul incmumym imeni leops Cikopcbkozoy, Ykpaina

Cran npo0siemH.

BusHaueHHs KOHKPETHOI CTPYKTYpH PIBHSHHS perpecii € omHUM i3 3a-
BIIaHb perpeciitHoro anamizy [1]. Bunnkae 1151 mpo0Oiiema Ha erari crienudi-
KaIlii MoJieli 1 BUKJIMKaHa THM, IO TIPH 3aaHil 3araabHii crierudikarmii KoH-
KPETHHUH NepeiK 4IeHiB MOl HEMOXIINBO MEPEBIPUTH OJTHOYACHO, TAK 5K
KIJIBKICTh BCIX MOXKJIMBHX WIEHIB MOJIEII B pealbHUX poOoTax B 6araTo pasiB
MePEeBHUINY€E KUIBKICTh €KCIIEPUMEHTIB. [[pHanHOI0 HEOJTHO3HAYHOCTI BU3HA-
YeHHS € MYJIbTHKOIIHEAPHICTh (B OCHOBHOMY) 1 IPOTUPIYYSI B aITOPUTMAax
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BU3HAYCHHS CTPYKTYypu Mozeni [2, 3, 4]. HenpaBunbHO Bu3HayeHa CTPYK-
Typa He TUIbKH He J03BOJIsI€ OOIPYHTOBAHO aHasli3 3B'SI3KiB B JOCIIKYBaHi i
CHCTEMI 1 MPOTHO3 NOBE/IIHKH, aJie i He 103BOJISIE OTPUMATH NPAaBUIIBHY i71e-
HTHdiKkamio (ouinku koedinieHTiB perpecii). CnpaBa B TOMY, II0 OLIHKH
30epiraloTh CBOi CTaTHCTHYHI ONTHMAJIbHI BIACTUBOCTI IPU HENPaBHUJIbHIN
CTPYKTYpi, IPUUOMY TLIBKU IPH “He000pi” un “niepebopi” wieHiB Moeli,
TUTBKH B TOMY BHIIAJIKY, KOJIM MAaTPHIIA, IO SAKid OTPHMaHi KOeQimieHTH op-
TOTOHaJIbHA [3].

B [6] omiHKa SKOCTi TUIaHy BUBOIUTHCS, BUXOISIH 3 3aKOPEITHOBAHOCTI
fioro kooHOK. OIiHKOIO CIYTYye HIMOBIPHICTB TOTO, IIIO /1B 3HAUNMUX ede-
KTy MaroTh KoeQillieHTH MapHOi KOpeysimii o aOCOMOTHINA BeTM4nHI Oibie
o.. 3HadeHHs o npuiiMaeThes piBHUM 0,3. CTBEpIIKYETBCS, IO MIPU 3HAYCH-
HSX Ijj> Ol BUOUTEHHS e()eKTiB HEMOXUINBE (TaK0XK HEMOXKIIMBO PO3IUINATH iX
BIUTMB). BkazaHa MMOBIpHICTH po3paxoByeThes 3a Gpopmynoro P(Bi # 0, | rij |
>a)=2ql/K?(k-1), ne K — 3aranbpHa KijbKicTh eeKTiB, | — uncio 3Ha-
YUMHX €PEKTiB,  — YUCIIO KOe(illi€HTIB KOPEIALIiT, IJIsI KOTPUX BUKOHYETHCS
yMmoBa | Iij | > o.

3HauHUH IHTEpEC MPEACTABIsIE BUBUCHHS IMTAHHS MPO BIUIUB €()ECKTHB-
HICTh aNTOPUTMY BUIIICHHS 3HAYMMUX e(eKTiB [7]. AITOpPHUTM 3aCTOCOBY-
BaBCsI JI0 I'PYIH CIIEIiaJbHO CTBOPEHUX TECTOBUX 3a7ad. B poboTi BKasy-
€TBCS, 10 Ha e()EKTUBHICTh aJITOPUTMY BIUTUBAIOTh TaKi PaKTOPH K KPYTH-
3Ha CIaJaHHs BKJIaJy 3HAaUUMHX e(DEeKTiB, 3aKOPEIbOBAHICTh MaTPHIIi IIaHY,
piBeHb OXMOKHM BiATBOpIoBaHOCTI. OLliHKa BIUIMBY MEPLIMX JBOX (aKkTopiB
B 3aJICXKHOCTI BiJl 3MiHH iX 3HAYCHb HE TPOBOIUTHCS BITHOCHO TIOXUOKH BiJI-
TBOPIOBAHOCTI BKa3y€eThCs, IO MpH 2 - 5 % MOMUIKH, eheKTH, 10 MaJo Bij-
PI3HSIOTHCS Bifl ABOX-, TPOXKPATHOT MOMIJIKH HE BUALISIOTHCS, a00 BUILIS-
IOTBCS 3 BEIMKOIO MTOXHOKOK0. SKIIo moxubka OiibIne 5%, anroput™ mpartoe
nIyxke HeeeKTHBHO. PesynbraTn aHamizy 3BeneHi B Tabn. 1. BimMidaeTscs,
mo edeKTy, siKi aIrOpUTMY HE BIAETHCS BUAUTUTH, PO3MIIIEH] 110 CBOTi 3Ha-
YUMOCTi piIBHOMIpHO cepeq 3aranbHoi gyncna edekriB. [lomiOHI pesynbraTn
OTpHMaHi TaKOX B [8].

Tabmuus 1. CepeHiii NIPOLEHT BUIIICHUX CIPaBKHIX e(eKTiB

HasBHicTb . . .
. 3akopenso- HasBaicts BincyrHicTsh
TTOMHITKHT BHMI- BaHICTh KPYTH3HH KPYTH3HH
proBaHHs Y Py pyT
IToMuika Bi- [ri| =0 100 80
JCYTHSI | 1 |>0 70 53
ri|=0 93 -
TTommnka € i |
| rij >0 60 -

B nporpamuomy 3aco6i ITPIAM (manyBaHHS, perpecis i aHaniz Moje-
neit) [9] BUKOHYEThCS aHali3 MyJIbTUKOIIHEAPHOCTI B BUTJISI Ta0HII (HB.
Tabi. 2). Xoda Takui OMHUC J1a€ 3arajibHe YSIBJICHHS MPO MYJIbTHKOIiHEap-
HICTB, aJle HE € JJOCTATHBO YITKUM JUIA (DOPMYBAaHHS DPILICHHSA MEPECidIHUM
CIeIiaiCTOM.
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Tabumus 2. Tabauus aHasizy MynsTHKoniHeapHocTi B [IPIAM

Im'st max r,, IM's gmr Max r, My
perpecopa o .

a 0 3 ycima 0,79

- 041 > 0,65

x 0,12 x3 0,38

g 041 x2 0.23

Heo0xigHO po3pi3HATH OIIHKH SKOCTI IDIAHY 1 OI[iHKHU SIKOCT1 MaTPHIIi, 32
SKOIO IOOyZIOBaHa perpeciiiHna Moaeib. (s cuTyartii aHami3y IUlaHy A0 eKc-
MEepUMEHTY MOBa e MpPo WMOBIPHICTH MPAaBUIBLHO BU3HAYUTH CTPYKTYPY
IpU TOMY, 110 BOHA HeBinoMa. Jis cutyauii micis moGya0BH MoJeni MoBa
fe mpo HaJifHICTh BH3HAYEHHsS KOHKPETHOI CTPYKTYpH perpeciiinoi mo-
Jedi.

B3sBumm 3a ocHOBY iH(opMallito, sika npuBeneHa B Tab. 1 1 JoaaTKOBY
iHpopMalito, sika OTPUMYETHCS MPU aHali3l iHPOpMaTHBHOCTI Mozeni 1 1i
CTaTHCTHYHHX XapaKTEPUCTHK 3BEAEMO iX IO KOMIIAaKTHOTO y3arajJbHEHOTO
BUAY. BumaeTscs TOMUTBHIM aHAII3yBAaTH CTIHKICTH OTPUMAHOI perpeciitHol
MOJIET 32 HACTYITHUMH y3arajJbHEHUMH XapaKTePUCTUKAMH:

1 gacTka CyMHIBHHX €JIEMEHTIB CTPYKTYPH;

2 yacTKa pO3CISHHS, SIKa MOSCHIOETHCS CYMHIBHUMH €IEMEHTaMHU CTPYK-
TypH (sIKi 3aKOPEIbOBaHI OJIMH 3 OJHUM OLIBIIE HIXK 3 BIATYKOM) ((haKTHIHO
1e yactka R?) ;

3 y3araJibHEeHa OI[IHKA CTYIEHIO 3aKOpebOBaHOCTI (aKTOpiB i BIATYKY

AverYes/AverY.
K K
2l >l
Tyr AverYes = i= K ,aAverY = i= K

OO04HCITIOBATHCH MOXKE MTPOCTO, SIK BiJIHOUICHHS BIANOBITHUX CyM. € I0-
PIBHSIHHSIM MDKPErpecoOpHOro 3B’S3KYy 31 3B’SI3KOM PErpecopiB 3 BiATYKOM.
Ingukarop. Yum Onmxye 10 1, THM MEHII HaiHHKUI Pe3yNIbTaT 3 TOYKH Ipa-
BWJIHOCTI BU3HA4YEHHS CTPYKTYypH. [IpuKinaay NMOKa3HHUKIB Ui peasibHUX
MoJenel IuB. B Ta0II..3.

Tabmmms 3. [Ipukna i MOKa3HUKIB CTIHKOCTI perpeciitHoi Moeri
INoka3Huk 1 2 3 4 5 6 7 8 9
4acTKa CYMHIB-
Hux eneMentis | 0 0 0 0,251 0,29 | 0,5 0,6 0,5 0,64
CTPYKTYpH
gacTka  posci-
SIHHA, AKa I0AC-
HIOETbCS cymHi- | O 0 0 0,051 0,17 0,24 | 0,10 | 0,35 | 0,47
BHHUMHU CIICMCH-
TaMHu
AverYes/AverY | 0 0,15 | 0,32 | 0,63 | 0,63 | 1,00 | 1,10 | 1,05 | 1,07
Amnautiz Ta0:1..3 nokasye iHpopMamiiHy HaJIMIIKOBICTh IEPIIOTO Hapa-
METpY, 1 3BECTH OLIIHKY 0 ABOX MapaMeTpiB.
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B Tabn.. npuBeeHi OIIHKU CTIHKOCTI 1 peKOMEHAAIIi 10 3aCTOCYBaHHS
MOJIEJl PY Pi3HUX 3HAUYEHHSX BUOPAaHUX IapaMeTpiB.
Tabmuus 4. Pekomenantii 10 ananizy cTiikocTi

4acTKa JonatkoBi
po3ci- YMOBH
SIHHS,
sKa T0- BucHoBok
. Pexomenparrii
3Ha4YeHHs SICHIO- mpo  CTi- | P
AverYes/AverY | etbest KICTh CTpY- P P
. TaHHS MOAENI
CyMHIB- KTypH
HUMH
CJIEMCH-
TamMu
0 Bynb sixa HEMae ileasibHa 0e3 0OMEeKEHBb
mepecTopora
>0i<0,5 >0i<0,5 | Cyma <=0,7 | 3a10BiIbHA | BiTHOCHO CYM-
HIBHHX €()eKTiB
. TIJBKH B SKOCTI
. >0,5 i< _ . PV
>0,5 i<0,7 07 Cyma <=1 CyYMHIBHa HEJIHIHHOT KO-
’ pensuii
. >0,5 1<
>0,51<0,9 ‘ Cyma >=1 .
0,9 HecTilka He MpHaTHA
Xou ogHa
>=1 =1
3 YMOB
BucnoBoxk

3anpornoHOBaHI MOKAa3HUKU JIO3BOJIIIOTh B y3araJbHEHIH KOMIAKTHIH
(opMi OLIHUTH CTPYKTYpHY CTIMKICTH OTpHMaHOi perpeciifHoi mozemi i
MPUAHATH PIilICHHS TPO i1 BUKOPUCTAHHS.
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YK 004.8

AHAJII3 CYYACHHUX 3ACOBIB TA METOJAIB CEHTUMEHT
AHAJII3Y 3 NIITPUMKOIO YKPATHOMOBHHMX TEKCTIB

Mengennikos J[.C., Omiitauk 10.0.
Hayionanvnuii mexuiunui ynigepcumem Yxpainu «Kuiscoxuti nonimex-
Hiunutl incmumym imeni leops Cikopcbkozo»

Beryn. CeHTUMEHT aHaui3 TEKCTOBOI iH(popMalil Mae BETHMKUN HMOTEH-
1iaJ1 Jy1s 3aCTOCYBAaHHS Y MOHITOPUHIOBUX, aHAJITHYHUX Ta CUTHAJIBHUX CH-
CTEM, CHCTEM MiATPHUMKH KOPUCTYBaYiB, CUCTEM JOKYMEHTOOOIry, peKiam-
HUX TIaT(OpM, TAPTeTOBAHUX 33 TEMATHKOIO BeO-CTOPIHOK IIISIXOM BU3HA-
YeHHs 3 TeKCTy Horo eMouiiHoro 3adapsieHHs. L cTarTs nmpucssiueHa 3xe-
OUTBIIOTO JOCITIKEHHIO ICHYIOUNX METO/IB Ta 3aC00IB CECHTUMCHT aHANI3Y 3
MiATPUMKOIO YKPAaTHOMOBHUX TEKCTiB. AKTYaIBHICTh JaHOT poOOTH 00YMOB-
JIeHa TUM, 10 aHAJIi3 TOHAJIBHOCTI TEKCTIB BCE MIMPIIIE BUKOPHCTOBYETHCS Y
PI3HOMaHITHUX CHCTEMaxX 110 BChOMY CBITY Ta CTa€ Bce OLIbII 3HAUYIIHM.

Line gocaimkenns. J[ociipKeHHs CydacHUX 3aC00iB Ta METO/IIB CCHTH-
MEHT aHaJli3y 3 HiIATPUMKOIO YKPaiHOMOBHHX TEKCTIB

OcHoOBHa YacTHHA

TekcT NpUpOJHOI0 MOBOIO, KpiM iH(pOpMAILlii, MOXKE TaKOX BHCIIOBIIIO-
BaTH €MOILIIHY OIIIHKY TOTO, MpO IO #aeThcs. BucioBieHy B TEKCTI eMo-
[iIHY OI[iHKY Ha3MBAIOTh TOHAIBHICTIO a00 CECHTUMEHTOM (aHTII. sentiment).
JlronuHa OIHIOE CBIT OApa3y Mo 0araTboM IIKanxaM (XOpOIIU-TIOTaHHH, Be-
JMKUHA-MaJICHbKHUH, BECeNNii-CyMHHH 1 T.J.) Ta Wi HOIKajdK OyBalOTh MO-pi3-
HOMY €MOLIHO HaBaHTa)KeHi. AJie JJIsl IPOCTOTH MOXHA BBaXKaTH, 110 €MO-
IifiHa OLIHKA 3BOJIUTLCS JIO 1K MO3UTUBHUI-HeraTUBHUK[ 1].

IcHyIOTB Z1Bi BENUKI IPpyNy METOIB JUIsl pO3B’SI3aHHI 337124 3 CEHTUMEHT
aHai3y TeKCTOBUX JaHUX[2]:

1 CrarucTu4Hi METOIH.

2 Merou, 110 3aCHOBaHI Ha CJIOBHHUKAaX Ta MPaBHJIax.

Tako iHOZI BUKOPHCTOBYIOTH KOMOIHAIIiIO MEPIIOrO Ta APYTOTO IIiIXO0-
niB. PosriisiHemMo feTanpHiIIe HAWOMYJISIPHILIT METOIM CEHTUMEHT aHalli3y.
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MeToan, 1110 3acCHOBaHi HAa CJIOBHHKAX Ta MpaBWIaX. B ocHOBI 1ux Me-
TONIB[2] JECKUTH MOIIYK EMOIIIfHO HABAHTAXXCHOT JICKCUKH 32 JAHUM CJIOB-
HHKOM TOHaJIBHOCTEH, Ta IpaBUjaM 3 BUKOPHCTaHHSM JIIHI'BICTUYHOTO aHa-
ni3y. [IpucBoiBIIM BCIM CIIOBaM y peueHHI X 3HaAYSHHS! TOHAIBHOCTI 3a CII0-
BHHMKOM Ta ITO€JHABIIY iX 32 3aJaHUMU [IPAaBUJIaMHU MU OTPHMAEMO 3HAYCHHS
TOHAJILHOCTI IILOTO peueHHs. TakuM YMHOM, OLIHKY 3arajJbHOi TOHAJIBHOCTI
TEKCTY MOJKHA ITIpaxyBaTH, MiJICyMyBaBIIX 3HAYCHHS TOHAIBHOCTEH KOX-
HOTO OKPEMOTO pPedeHHS IIbOTO TeKCTY. BapTo 3a3HaumTH, M0 KpiM CIIiB Ta
CIIOBOCIIONIYYCHbB, IEBHE EMOLIifHE HABaHTa)KEHH MOXKYTh TaK0XK MAaTH €MO-
131 (aHTII. emoji), XeIITeTH Ta 3HAKHU IMyHKTYyamii (Hanmpukmazg “!”) [3].

T'o0BHUM HEIOMIKOM IIi€i TPYTIH METO/IB € TPYAOEMHICT MPOIIECY Mif-
TOTOBKHM CJIOBHMKA. 3a/UIsl OTPUMAHHS OLIHKH TOHAJIBHOCTI TEKCTY 3 BHCO-
KOO TOYHICTIO, CIOBHUK Ma€ OyTH CKJIa/IeHUH 3BayKarouy Ha MpeIMEeTHY 00-
JaCTh JOKYMEHTY, 1110 aHaTi3yEThCS.

MeTton, 10 3acHOBaHUil Ha TeopeTuko-rpadgoBux moaeasx. Lleit me-
ton[4] 6a3yeThcs Ha MPHUITYIICHHI, III0 HE BCI CJIOBA B TEKCTOBOMY KOPITYCI
JIOKYMEHTa piBHO3HAYHi. [IeBHI CJI0Ba CHIIbHIIIC BILUTHBAIOTh HA CCHTUMEHT
TeKCTy, 60 MaloTh OubIy Bary. [Ipu BUKOpUCTaHHI JaHOTO METOJY, CrioYa-
TKY OyIyroTh Tpad Ha OCHOBI TEKCTY, TIOTIM PAHXKYIOTh HOTO BEpIINHY, KJa-
CUQIKYIOTh 3HAlIEHH] CJI0Ba Ta MiAPaxOBYIOTh pe3yibTaT. KimacudikyBatu
CJIOBa MOKHa BHKOPHCTOBYIOUH TOHANBHUH CIOBHUK. KiHIIEBHUI pe3ynbraT
aHali3y 3aJeKUTh BiJl JBOX CKJIAIOBHX: IO3UTHBHOI Ta HeraTUBHOI. [lo3uTH-
BHA CKJIaJI0Ba SIBJISIE COO0I0 CyMy TOHAIBHOCTEH BCIX TIO3UTHBHUX TEPMiHIB
y TEKCTi, HeraTiBHA CKJIaJl0Ba - CyMy TOHAJIBLHOCTEH HEraTWBHHUX TEPMiHIB.
Pesysbrar aHaii3y 3HaXOAUTHCS SIK CHIBBIAHOLICHHS 332 HACTYITHOIO (hopmy-

JIOKO:

T_P
N

ne T - 3aranbHa TOHAJIBHICTH TEKCTY, P - mo3nTHBHA ckianoBa, N - Hera-
THUBHA CKJIQ/IOBA.

MaiuHHe HABYAHHS 3 BUnTedeM. [leii meTon[4] € HAWOLIBII ITUPOKO
BUKOpHUCTOBYBaHMM. CyTTIO TAKHX METOJIB € T€, L0 Ha MePLIOMY eTaly Ha-
BYAETHCSl MAIIMHHUK KnacudikaTop Ha 3a34aierigb po3MiueHUX TEKCTax, a
MOTIM OTPUMaHy MOJIeIb BUKOPHCTOBYIOTh JUIsl aHAIli3a HOBUX JJOKYMEHTIB.

["os10BHOIO IEpEBaroro AaHOTO MiIXOy € Te, 10 HaBYaHHI MOJIETI MaloTh
O1IBII THYYKI MOXKJIMBOCTI 100 0OpOOKM TEKCTOBUX AaHMX. Hampukian,
BOHH MOXYTh PO3Mi3HABaTH CEMaHTHYHO OJHAKOBI peueHHs[S], capkasm,
NpomaraHy Ta iHie.

MamunHe HABYaHHSA 0e3 BUHTeNs. B 0cHOBI Iboro merony[6] mokina-
JICHO Te, 1110 TEPMiHH, SKi HalYacTille 3yCTpidaroThCs y TEKCTI 1 B TOH ke yac
MPUCYTHI y MEHIIIN KiTBKOCTI B 1HIIMX HOKYMEHTaX Ifi€l KOJEKIii, MaloTh
HaWOUIBITY Bary B T€KCTi. BuAinmuBmum naHi TepMiHM, a MOTIM BH3HAYHUBIIN
iX TOHaJBHICTH, MOJKHA 3pOOUTH BHCHOBOK II[OJI0 TOHAJIBHOCTI TEKCTYy B3a-
rai.

3aco0u miATPUMKH YKPAaTHOMOBHHUX TeKCTiB. [ 0TOBHX pimeHs Ta 3aco-
0iB CEHTHMEHT aHaNi3y yKpailHOMOBHHX TEKCTiB He icHye. [Iporte € 3acobu
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Juist 00pOOKH yKpailHOMOBHHUX TEKCTIB, Ha 0a3i SKMX MOXJIHMBO Lie 3pOOHTH
Takuid aHaniz. B 90-x pokax rpyna eHTy3iacTiB CTBOpPHJIA BEJIMKHIA €JIEKT-
POHHUI CIOBHUK yKpaiHchkoi MoBH (BECYM) [7], Gepe mo4aTok 3 MPOeKTy
ispell-uk mns mepesipku opdorpadii ykpaincpkoi moBu y Biakputii OC
Linux. iz yac cTBOpeHHsS CIIOBHMKA BUKOPUCTOBYBanucs «I'pamaTndHuUi
CJIOBHHK YKpalHCHKOI JiTeparypHOi MoBu CroBo3MiHay [8] Ta «ClIOBHUKU
Yxpaiam» [9]. CnoBHHK Hasidye MOHAA 285 THCSY JIeM Ta MOCTiHO OHOBIIIO-
€TBCSL.

Mopdoomnoriuauii ananizatop pymorphy2 [10] miaTpumye ykpaiHCBKY Ta
POCiiicbKy MOBH, Ta 103BOJISIE IPUBOAUTH CIOBO JJO HOPMAIbHOI (hopMH, CTa-
BUTH CJIOBO B HOPMaJIbHY (hopMy, TOBEPTATH TPaMAaTHIHY iH(POPMAIIIIO TIPO
CJIOBO.

Haii6inbm nmomynsipHi METOAM aHani3y TOHAIBHOCTI JJIsl YKpaiTHOMOBHHX
TEKCTiB BUKOPHCTOBYIOTh JiekceMHui Meton[11], moOynoBanuii Ha npaBu-
nax[12]. Jlns Takoro migxony HeoOXiJHO BPYYHY CTBOPIOBATH CJIOBHHK, IIO
3a3BUYAll MiCTUTh JIEMY, TOHAJIBbHICTh, EMOIIIO 1 T.[I.

BucHoBku

JocimKkeHHs] METOIB Ta 3aC00iB CEHTUMEHT aHalidy 3 HiITPUMKOIO
YKpaiHOMOBHHX TEKCTIB IIOKa3aJIo, 110 aHaJIi3 TOHAIBHOCT] TEKCTOBUX JAHUX
€ Jy’Xe MEepCIeKTUBHUM HampsMkoM. [Ipore Ha maHWi MOMEHT HE ICHYIOTb
OKpeMi IporpamMHi 3aco0M 1711 BAKOHAHHS CEHTHMEHT aHali3y YKpaiHOMOB-
HUX TeKCTiB. ToMy € He0OXiHICTh peai3allii Takoro pilleHHs Ha OCHOBI ic-
HYIOUHX TOHAJIbHUX CIOBHHUKAX YKpaiHCHKOI MOBI Ta iHIINX MPOTpaMHUX pi-
IICHHSAX, SKi 3/1€011bIIOr0 BUKOPUCTOBYIOTH JIEKCEMHO-OPIEHTOBAaHHUN MijI-
xinm. B pamkax nmomasibiiux 10CiiKeHb Oy Ie 3anponoHOBaHO KOMOIHOBaHUH
METO]1 BUPIILIEHHS 3a/1a4i OLIHKU TOHAIBHOCTI TEKCTY 3 MiATPHUMKOI YKpai-
HOMOBHHX TEKCTiB Ta JOCIIKEHO HOro e()eKTUBHICTb.
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CKUIIAJJAHHA PO3KJIAAY BUBYEHHSA TEM ITPH IIIAT'OTOBLI
J0 ICITUTY 3A YMOBHU OBMEXEHOI'O YACY

T'orgapos K.O. Onydpiesa A.O. [Tomenko B.JI. Criepkay M.O.
Hayionanonuti mexuiunuii ynieepcumem Yxpainu « Kuigcoxutl nonimex-
Hiunut incmumym imeni leops Cikopcbkozo»

Beryn

B naniii crarTi onucaHo npakTHYHEe BUKOPUCTAHHS METOAY TlIIOK Ta MEX
JUISL BUPILICHHSI YCKIIaJHEHOT «3a/1a4i PO PIOK3aK» ISl 3HAXOKEHHS O TH-
MaJIbHOT'O PO3KJIaly MiJJrOTOBKH LIKOJIAPIB 200 CTyIeHTIB A0 icnuTiB. Takox
Oynu puBe/IeHI pe3yabTaT poOOOTH aNTOPUTMIB, IO TOBOAATH KOPEKTHICTh
BUKOPHCTAHUX METOJIIB.

Bci Temu MaroTh SIKMHCBH Yac, 10 MOTPiOEH U1l BUBUCHHS, Ta KOXKHA TEMa
Ma€ CBOIO Ba)XKJIMBICTh, TOOTO MOJKIIMBA TaKa CUTYallisl, 110 BUKJIaJad BBAXKa-
TUME JIesIKi TEMH HE JOCUTh BaYKJIMBHMU U1l BUBYEHHSI, HAIIPUKIIA TaKi, 110
MOXYTb OyTH y OiieTi 3 Iy’Ke MaJIOo BiporigHicTio. Takox JesKi TeMH He-
MOXIIMBO BHBYHTH, SKIIO HE BUBUECHI MOTIEPE/IHI TEMHU, ISl ypaxyBaHHs Ta-
KHX 3aJIEKHOCTEN BUKOPUCTOBYETHCSI MATpULA IiepeyBanb. KoxHuil BuKa-
Jlad cKiagae il cebe TuiaH, 3a SKUM BiH Oyjie MPOBOJAUTH HaBYaHHS. 3Ha-
YEHHSI BXKJIMBOCTI TEM Ta 4acy iX BUBYEHHS € KIFOUOBUMH €JIIEMEHTaMH Y
MOJANIBIIIOMY JOCIiPKEHHI.

ITocranoBka 3amadi
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[Ikona 3aiiMaeTbes MiAroToBKOIO y4HiB 10-11X Ki1aciB 10 BCTYNHUX ic-
muTiB. KoXXHOTO pOKYy BHIAEThCS crUcok TeM Al, A2, A3, ...,An ( 4;i €
{1;n}), wo BuHOCATBCA Ha icnUT (N-KLIBKICTH TEM), Ta JaTa NPOBEAEHHS
I[bOTO ICIHTY, 32 SIKOIO BHpaxoByeThes yac g0 icnuty(T). ITo xoxHil Temi
BUCTABIISETHCA Yac Ha 11 BUBYCHHS t;, T4 BXJIMBICTh BUBYCHHS TEMH ;. Y
JIESIKUX TEM € ITOCTIIOBHICTD, SIKy HE MOKHA MOPYUTYBaTH, aie B OyIb-sike
MiCII€ ITi€] TOCIiTOBHOCTI MOXKHA JTOJTATH TEMY.

IToTpiOHO 3HAWTH TaKWil TOPSIOK TEM, TIPH IKOMY KiJIBKICTh HE Mpoiine-
HOTO Matepiairy Oyzie MiHIMaIbHA.

Omnmc meToxy

Sk BimOMO, B METO/Ii T1JIOK 1 MEX € JBa MOMEHTH aJITOpUTMI3alii[2], mo
BU3HAYAIOTHCS CIEeN(]iKOI0 3aBJaHHs: PO3OUTTS BUX1THOI MHOKHHU KOMOi-
Halliil Ha MiIMHOKUHH 3 TIOAJIBIINM BUOOPOM MiIMHOKHUHH JJIsl Y4EPTOBOTO
PO30UTTS 1 0OUMCIICHHS HIDKHIX (BepXHIX) Mexk (OL[HOK) 3Ha4YeHb (DYHKLIT,
10 ONTUMI3Y€EThCS, HA MiIMHOKHUHAX. PO3OUTTA MHOKUHH HA i IMHOXUHU
HA3UBAETHCS PO3TANY)KECHHSIM, a BUOIp MiAMHOXWHHU IS PO3OUTTA - HOro
crpareriero. OmiHKa BEPIINHN OCTAHHBOTO SPYCY - PEKOPA - SBISIE COO0I0
MOTOYHE 3HAYCHHA (PYHKIII, IO ONTHUMIZYETHCS, SIKE JaTi MOPIBHIOETHCS 3
OIIIHKaMH BEPIINH TONEPENHIX APYCiB, B Pe3yIbTaTi YOTO HEMEePCICKTUBHI
JUI pO3TayKCHHS ITiIMHOXHWHHU BiICIBAIOTHCS, a MEPCIEKTHBHI PO30OMBa-
I0ThCS, TOMOBHIOIOYH JIEPEBO PillICHb.

ANTOpUTM 3aBepiuye pobOTy TOAl, KOiu OyJIyTh MOPIBHSIHI 3 PEKOPIOM
BC1 IOTOYHI OLIHKY BEPIINH. AJITOPUTM pealtizye po30HUTTS KOXKHOI 4eproBoi
MHOYKHHH Ha B IIMHOKUHH, BUOIP MIIMHOKUAHY [T PO3ralyKCHHS 311~
CHIOIOTh 32 MaKCUMaJIbHOK (MiHIMQJILHOIO) OLIHKOI (DYHKIIT, 110 ONTHMI-
3Y€EThCsI, OLIIHOYHI 3aBJaHHsI (GOPMYIOTBCS Tak, 10 OLIBLI TOYHO OOYHCIIIO-
I0ThCSI OL[IHKH.

IIlo crocyeThes maHOi 3a/1adi, TO MPOLEC PO3OUTTS YeproBoi MHOXKHHU
3IIACHIOETHCS HA JBi TiAIMHOKUHH, TIEpIIa 3 IKUX MICTHTh KOMOIHAII1 KOM-
MOHEHT BekTopa 3 X; = 0, apyra - 3 x; = 1. Ctparerist po3raiyXeHHs 0JIsTrae
B TOMY, 100 00HMpaTH YePTOBY IiAMHOXHHY JJIS PO3OHUTTS 10 MAKCHMATBHIH
OIIHIII BEpXHBOI MeXi (hYHKIIIT, 0 onTUMi3yeThes. B pesymnbraTi oTpumy-
€MOo OiHapHE JEePEeBO IMOIIIYKY PillieHb, 300pakeHe Ha puc. 1.

Apyc

[t}

Puc. 1. binaprae nepeBo NOIIyKy pilieHb
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Just oO0uKciIeHHs OIIHOK BEPXHIX MeX (yHKILIi, 110 ONTUMI3YyeThCS Ha
HiIMHOXXMHAX (DOPMYJIIOETHCSI HACTYIIHE OLIIHOYHE 3aBJaHHsA[3 ]: 3HalTH

Q= mapri - X;

Zti‘XiST

1
x; = {0;1}
1, SIKIIO € 3B 30K MiX TEMaMU
C; j = 4{Ta BAYKJIMBUM NOPSIIOK 1X BUBUEHHS
0, inake
Jis 3HaXOMKEHHS YCiX NOIMyCTUMHX PO3B’SI3KIB CIi IMEepeHyMepyBaTH
CIFCOK TE€M BIiIIIOBIAHO IO MaTPHII IepeayBaHb TakK, IO I Ci]-:1, i <j.
TakuM YHHOM IepIiia BepIIHHA HE MATUME MOTICPETHHKIB.
Toni OIiHOYHI 3aBJaHHS I BEPUIMHM I+1 MOBHHHI OyTH CHOPMYIBO-
BaHi Tak: 3HANTH

3a yMOB:

Qr+1 = maX(Qr + Z pixi)

i=r+1
3a yMOB:
r+1
z tl-xl- <T
i=1
Cl](x] —xi) = O,

nei,je[l;n]rai+#j

Cxema anropuTMmy po3B’si3aHHS 3a1a4i

JlomaTKoBI 3MiHHI:

Q;//3Ha4eHHS KPUTEPIiIO HA IIOTOYHOMY KpOIIi,

Qy// MakcMabpHe 3HAYCHHS KPUTEPIiI0 Ha TOTOYHOMY KPOIIi,

R // 3HauenHs pexopay,

X={X4, ..., X, }//BEKTOD TeM,

T; // yac BukopHCTaHuil Ha yci 00paHi TEMH, BKIIOYAIOUH [TOTOYHY.

BXi,H: Cij!pil ti,T

Buxin: x, L// CymapHwmii 9ac A1l BUBUCHHS MIEPEITIKY TEM

Kpox 1. [Tokmactu i =0 , pexopa R = 0.

Kpox 2. TToxmactu i=i+1 .

Kpok 3. TToknactu x;=0,

BU3HAYUTH OLIHKY Q; ipu x;=0 Ta 3ana-m’statu Q.

Kpox 4. IToknactu x;=1, BU3HaYUTH OIIHKY Q; , Bu3HauuTH T}, ipn x;=1.

Kpoxk 5. O6patu BepmuHy JUIsl TATYKSHHS 3 O1IbIIIOI0 OIIHKOIO ;.

Kpoxk 6. fxmo Cjj (xj-x;)<0 nepeiitu Ha kpok 11, iHakule nepeiTu Ha
KpOK 7.

Kpoxk 7 SIkmo T; < T nepeiitu Ha Kpok 8, iHaKIIe rnepeiT Ha Kpok 11.

Kpok 8. SIkmo Q; <R, nepeiitn Ha kpok 11, iHakme nepeifTn Ha KPoky 9.
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Kpoxk 9. fxmio i<n, 3anmam’sraty Oinbie (Q;, BIAMOBITHE X; , 1 TIOBEPHY-
THUCS 10 KPOKY 2; iHaKIe nepeity 10 kpoky 10.

Kpox10. [Tokmactu R piBEIM Oinpmomy Q;. 3amam’sTati BeKTOp X .

Kpoxk 11. IMoknactni=1-1.

Kpoxk 12. Skmio i =0 , 3ynHHUTHUCS; IHAKIIE IEpeHTH 10 KpoKy 13.

Kpoxk 13. O6patu Q;, sike Oyso 3anaM’siTOBaHe.

Kpoxk 14. fxmo Q; < R, nmoBepHyTHCs Ha Kpok 12, iHakmie nepeitu Ha
KpOK 3.

Omnwc pe3ynbTaTiB

[Ipu nocnizKeHH] BEIMKNX MAacHBIB JaHMX METO]] T'JIOK Ta MEX 32 4aCOM
MpAaIoe JOBIIE, IO € OYIKYBAaHUM Ta MOBHICTIO IPUPOJHUM, 00 301IbIIY-
€TBCS1 00’€M JIaHMX, 110 IOBUHHI OyTH aHani3oBaHi. Pa3zom 3 TM anroputm
I[bOTO METO/1Y MPOJIOBXKYE CHPOLIYBaTH MPOILEC BiAOOPY MpaBUIILHOT OCTi-
JIOBHOCTI TeM ISl PO3KJIIALTy.

st Oyap-sikoro 00’eMy MacHBY JaHUX, IO aHATI3y€eThCs, METO TIOK
Ta MEX BHJA€ AOBOJI TOYHMH pe3ybTaT 3a JOCHTh NPUHHATHUH Yac, MOKa-
3yroun cknaanicts 0(2N).

Bucnosok

[Ipobnema momIyKy Kpamoro CIHCKY TE€M 3yCTPIHa€eThCS Yy KOXKHOTO
y4Hs, y KO’KHOTO BUKJIaaa4a. Y qHi Iepe]] iCIUTaMHu MaloTh TOCTATHBO Mally
yacy Ha BUBUCHHS IINTaHb, Y BUKJIAAaqiB 3 KOKHIM POKOM 3MEHITYEThCS Ki-
JBKICTh TOMWH, BUAUICHUX Ha mpenMmer. B 00ox Bumamkax MmoTpiOHO BH-
BYMTH/PO3Ka3aTH siKHaWOIbIe. CaMe TOMY BHPIILIEHHS POOJIEMH € JT0CUTh
AKTYyaJIbHHM.

Cnucok aiteparypu
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YK 004.89

MOBYJOBA MOJIEJI IHGOPMAILIMHOI B3AEMO/IIi B
PO3PIBHEHUX IHOOPMAIIMHUX CUCTEMAX

Oxkcannu I.M, JlonymaHncekuii A.B.
Tnemumym npobaem mamemamuyunux mawun i cucmem HAH Yrpainu

BaxuBicTh Ta HeoOXimHICT iHTEerpawii iHpopMalii y po3pi3HEeHHX iH-
tdopmariitaux cuctemax (IC), oOMiH mi€eto iHpopMamiero, ToOyIoBa 3araib-
Hoi iH(popMarIIiitHOT KapTHHU CUTYaii, o0 cKIanacs (HalpuKIIa:, Ipu poOoTi
IC pi3HHEX cHUTYyaIlifHUX IEHTPIB), € HA CHOTOIHI OIHIEI0 3 HAWBAXIIMBIIINX
3amad y cdepi iHpopManiiHO-KOMYHIKAI[iTHIX TEXHOJIOTIH.

He muBistarck Ha TOCHTH BENWKHUN OCBIJ BUPIMICHHS MPOOIEMH iHTET-
pamii cucTeM Ta OepydH A0 yBaru IIBUAKHHA PO3BUTOK iHPOPMAIIHHUX TEX-
HOJIOTi#, MOJKHa CKa3aTH, 10 3aja4a iHterpauii iHpopMmaii y po3pisHeHHX
iHpOpMaLiHHUX CUCTEMAaX JIOCI € aKTyaJIbHOIO.

Po3risiHeMo nuisixu BUpilIeHHs 3a7ad4i iHTerpauii po3pizHenux IC, sxi
(YHKIIOHYIOTh OKPEMO Ta HE MAlOTh CIUIbLHUX 0a3 ab0 CXOBHII JJAHUX, alle
o0'emHaHi KOMYHIKaIliiHO, TOOTO Mae Micue (enepaTuBHA apxiTeKTypa.
3amada Moxe OYTH BHpillieHa HACTYITHUMH 3-Ma CII0CO0aMH.

1. Otpumanns poctyny ao iHpopmaniitaux pecypceiB (IP) inmmx IC ta
MOITYK B HUX HEoOXimHOI iH(popMarii. Aje pizHi npeamertHi obmacti (ITpO)
irmmx IC, pizui B/l (pensiuiiiai Ta Hi), 3a3BUYai JOBOJI CKIIaIHI, MICTITE Oa-
raTo JOMOMIXKHOI, 3aK0J0BaHoi iHpopMarii, Ta i MalOTh OOMEXEeHHHN T0C-
Tym. ToMy Takuii CIOCiO HE BBOKAETHCS AOIITBHIM.

2. CTBOpeHHS €IMHOT 3arajibHOT MOJIeNl IaHHX, TOOYA0BaHOT Ha €AMHIH
rio6anbHii oHTooriT 3aranbHoi [IpO, mo nepekpusac [1pO Beix IC, nannmu
3 KX NOTPiIOHO OOMiHIOBaTHCS, Ta MOOY/JOBA HA 11ili OCHOBI 3arajibHOTO Bi-
PTYaIBHOTO MPEICTABICHHS TaHUX, sike QyHKIOHYe ON-line Ha ceprepi iH-
terpauii. Lle noBoMi MomMpena 3aaava, aje TakoX He € IPOCTOO0 3 OTIISAY
Ha cknaanicts [1pO ta bJ1 pizaux IC.

3. Bussnenns indopmariii, ska HEOOXiHA TSI CIUTEHOTO BUKOPHCTAHHS
BCiX KopucTyBauiB pizHux IC Ta HajyaromkeHHs ii BUpoOieHHs y koxHii 1C
1 IOCTaBKYy 11 CITO’)KMBa4aM Ha iX BUMOTH.

Le#t crioci® BUABNSAETHCS HAHOLIBIT JOIUTEHUM 1 MOXe OyTH 31IHCHEHIM
3a JIOTIOMOTOI0 PO3POOJICHHS! OKPEMOi KOHIIENITYaJIbHOT MoJielli 0OMiHy na-
HUMH (OHTOJIOTIT) Ta BIIOBIAHUX CEPBICIB 3 BUKOPUCTAHHIM CEpBiC-Opi€H-
TOBAHOI apXiTeKTypH. Po3risiHemo 11eif crocid aetaiabHo.

ITepenbagaerncs, mo koxxkHa IC Mae y cBOi# CTPYKTYpi OKpeMHit MOAYIIB,
Jie MICTATBCS chopMoBaHi maui st oominy. Lli maui popmyrotscst on-line mo
TUIY «BITPUH JaHUX», TOOTO BOHM BXX€ MICTATh HEOOXIAHY aHANITHKY Ta
MpOBe/eHI po3paxyHKH. Taki JAaHi yTBOPIOIOTH iH(pOpMamiiHI mabIoHH i
CKJIaal0Th OCHOBY iH(OpMaLiHHIX KOPUCTYBAIBKUX cepBiciB. OCKIIBKH OC-
HOBHI aHAJIITHYHI pO3paxyHKH HaJ IIMMH JaHUMH ITPOBEJICHI 3a3/1aJIeTi b, TO
BOHH Oy/yTh NOTpeOyBaTH JIMIIIE HE3HAYHOI KIJIBKOCTI ITapaMeTpiB MOIIYKY
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(«mata», «gac», «Micle», «Ha3Ba» Ta iH.) IPU HaJaHHI KOPUCTyBady. Y HIa-
650HM OOMIHY OKpIM CTPYKTYpOBaHHMX JaHUX, oTpuManuX 3 b/, Takox mo-
JKYTh BKIIIOUATHCS 1 HECTPYKTYPOBaHI JaHi, sIKi MiCTATbCS y (ailiioBux cuc-
temax IC, sk TO TeKcTH, Bifieo-, ayio- ¢daim Ta iH.

VY onwucaniii Mojesi 0OMiH JaHUMU 3A1HCHIOETHCS 32 JOTIOMOTOI0 3a3/1a-
JIeTiZb PO3pOOICHHUX CepBICiB Ta iHTerpamiiHoi cepBicHOI mHMHH (Service
bus), 3a cxemoro «ITocrauanbuuk — Karasor cepsicis - CrioskuBawy (pruc.1).
Koxna IC y miit cTpykTypi MOke OYTH SK ITOCTa4aJbHIKOM, TaK i CIIOXKHBA-
4eM.

Bci po3pobmneHi Ta TOTOBI 10 BUKOPHCTAHHS CEPBIiCH 3aHOCSTHCS 10 Ka-
TaJIOTy CEpPBICIB, SIKilf MICTUTH pa3oM 3 OmHCOM iH(QOPMAIIHUX pecypciB,
JOCTYTI 0 SIKAX HA/Ial0Th OKPEMi CepBICH i CaMHX CEpBICiB, TAKOX 1 IHCTPY-
KIiI0 3 IX OTpUMaHHS Ta BUKOPUCTaHHS.

KopucryBaui (SIK Crio>kuBadi, Tax i mocTadyaibHUKH) OTPUMYIOTh JOCTYII
JI0 KataJjory cepBiciB y ciyx0i TexHiuHOI miaTpumku (Service desk) ua min-
CTaBl YKJIQJIEHUX HUMHU KOHTPAKTIB y BIAMOBIIHOCTI MO TOJNITHKH POOOTH 3
KOpPHCTYBa4yaMH.

Iadopmariiini cucremn

— IIOCTa4YaJIbHUKH Ta
CIHOKHMBa4i iHpopMaii
\,//; Karasor cepsiciB

/ po 1 \ pO 2 \ mpo3" pO D
V==t 1 _

- IIpoO uﬁMmy JAHUMH. = Y

~~ — __ __ Owurouoris indpopmaniiinoi Blaemopii __ — Samur

Bianosias 2

Pucynok 1 — Mogens 00Miny iHdopmariiero po3pizaerux IC

Hecrpykryposani
nani

Crpyseryponan l
nani JUETR ]
00MHY JaHMUMH

JlirepaTypa

1.Web Services Architecture. W3C Working Group Note 11, February
2004. URL.: http://www.w3.0rg/TR/2004/NOTE-ws-arch-20040211/.

YK 681.14
BUKOPUCTAHHA MYJbBTUATEHTHUX CUCTEM JJIsA
3AXHUCTY KOPIIOPATUBHUX MEPEXK

O.€. Tapacos, A.I'. I'pebennuk, TpyHosa O.B.
YepHiziecbkuii HAYIOHATLHUL MEXHONOTUHUL YHIGepcumem, YKpaina

CrpimKe 3pocTaHHsI 00UMCIIOBAIBHUX MOSKIJIMBOCTEH KOMII IOTEPIiB BOJ-
HOYac 3 X 3/€MIeBIEHHSM MPU3BEJIO JI0 MACOBOTO BIIPOBA/PKEHHS pi3HOMa-
HiTHUX TporpamHuX cucteM (IIC) y Bcix cdepax mrOACHKOI AiSITBHOCTI:
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OCBiTa, MeIUIUHA, (PiHAHCOBUH CeKTOp 1 T. A. He € BUKIIIOYCHHSM 1 KOPIIO-
parusHi Mepexi (KM) — cTpyKTypu, TOJIOBHUM IPU3HAYEHHSM SIKHX € 3a0€3-
NeYeHHs e)eKTUBHOCTI, €pPrOHOMIYHOCTI Ta 3aXMIIEHOCTI pOOOTH 1 BHYTpillI-
HIX MpOIIECiB MEBHOTO MiINpHeMCTBA abo opraHizaunii. Ha croroani 3axuct
KM i nanmx, 1110 B HUX 30€piraroThCs — OJIHA 3 HAHOLIBI HACYIHUX 3a/1a4, 3
SKOIO 3yCTpIYalOThCs CIEiallicT B Tanysi iHdopmauiiiHoi Oe3neku, Tomy
JOCTIKEHHST METO/IB LT BUpieHHs 3ana4 KoHTpoiro 6esnekn (KbB) € mo-
CHUTb aKTyaJbHUM.

Haii0inpIn mepcrekKTHBHOI0 CYyYacHO0 Taly33i0 UL MPOBECHHS TOCTi-
JUKeHB BBakaeTbesl mrygHuit inTenexT (II). Cepen meronis 1L moxHa BH-
IUTATH TPOIYKUiHHI CHCTEMH, HEHPOHHI MEpeXkKi, MyIbTHAreHTHI CUCTEMU
(MAC). Knacwgna teopis LI B mporeci BupimeHHs 3a7a4di CTBOPIOE OIHY
IHTEJIEKTyaIbHY CHCTEMY, SIKY 1€ iHOA1 Ha3MBaIOTh IHTEJIEKTYaJIbHUM arcH-
ToM. Taka cucrema, Mato4H JOCTYII 10 HEOOXITHMX 3HaHb Ta OOYHCITIOBAIIb-
HHUX pecypciB, BUKOHYE JIeSKy riio0aibHy mpobnemy. Ha Binminy, B Teopii
MAC BHKOPUCTOBYETBCS IPOTHIICKHUN MIAXIA — BCS CUCTEMa JAUIUTHCS Ha
MHOXKHHY areHTiB [2], KOKEH 3 SIKHX MOKE BUPIIIUTH JIUIIE ACSKY JOKAJIbHY
3aJa4y, OCKUJIbKM He BOJIOJIi€ BUYEPITHUMHU 3HAHHSMH NPO TJI00aNbHY Mpo-
omemy. Koxxaomy kommoHenTy KM cCTaBHTBCS y BIAMOBINHICTH TakKuit
aredT [1]. ToMy BHUpIIIEHHS TOCTaBICHOI 3a/1a4i MOJSTae B peali3allii MHO-
JKUHH areHTIB Ta opraHi3arii e(eKTHBHOI B3aeMO/IiT Mi’K HIMH.

Taxuif miaxix Mae HU3KY IepeBar:

1. Kommonentn tunoBoi KM po3noaiieHi Mo AEKTBKOX By3laX, TOMY
arentn MAC OyayTh Texx (QyHKLIOHYBaTH Ha Pi3HHX By3Jax, II0 3a0e3re-
YUTh EKOHOMIIO OOUYHCITIOBAJIBHUX PECYPCIB;

2. Buxopuctanass MAC 103BOJUTH JIETKO aJanTyBaTUCS JI0 3MiH B Mepe-
JKEBIl apXiTeKTypi;

3. 3a paxyHOK CTBOPEHHS] HOBUX are¢HTIB 3a0€31e4y€eThCsS THYUKICTh pi-
IICHHS Ta BUCOKA MaclITa00OBaHICTh;

4. Y 3B’S13KY 3 PO3IMOJIUICHO POOOTOX areHTIB MiABHITYETHCS BiIMOBO-
CTIHKICTh CHCTEMHU: il BaXkue aTaKyBaTH Ta BUBECTH 3 JIaJly, HIX CHCTEMH 3
€IMHNAM CEPBEPOM 3aXHUCTY;

5. YupasniHHA BCi€ro cucteMoro kopropatuBHoi 6e3nexu (CKB) moxe
MPOBOINTHCH LICHTPATi30BaHO.

®dopwmanizoane BusHaueHHSI MAC Mae HaCTYITHUH BUTIIAA [6]:

MAS = (A, Ea, 15, BOS, ICAA, COM,, ES), 1)

e MAS - baratoareHTHa CHCTEMA,

A — MHOXXHHA areHTIB;

EA — MHOXWMHA cepeioBHIL, B SIKHX (YHKIIOHYIOTh ar€HTH;

1A — MHOXMHA B3a€MOJIiH MiX areHTaMu;

BOS — mHOMHa 6a30BUX OpraHizaliiftHuX CTPYKTYp;

ICAA — HaOip iHAMBITyaTbHUX 1 CyMICHUX Jii ar¢HTIB;

COM, — MOXITMBI KOMYHIKaTHBHI Jii;

ES — crpareris eBosro1Iii.

Jns monentoBanHst MAC Oyni BUKOPHCTaHI CIIPOIIEH]I BapiaHTH areHTiB
Ta komnoHeHTiB KM. B anaxni3i npuiiMaroTh yuaTb areHTH 3aXHCTy, areHTH
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OPOTHIII, 8 TAKOXK arcHTH, 1[0 MOJICIIOIOThH MMOBEAIHKY 3BUYAHHOrO KOpHC-
TyBaya, 3JIOBMHCHHUKA 1 KOMIIOHEHTa — areHT-KOPHUCTYBay, arc¢HT-3JI0BMUC-
HUK 1 areHT-KOMITOHEHT BiJIMOBITHO.

3araneHuii BUrIIsL MoaeaboBaHoi MAC Ta 3B’SI3KM MIXK areHTaMH Mpe/-
CTaBJICHI HA PUCYHKY 1.

ATaky M Ta A3 Bap'ep Ta
36iNbIYIOYH HABAHTAKBHHA
4 y . Ve

Arewrarakn1 | | Arent aran2 | | Arewr araxns |
AN A ANy i /

Kounorenr 1 KomnoHenT 2 Komrowert | € >

Kopnerysas 1

OB4MCNIoKTE 3HaueHHA KB,
Arenr saxery 2 Arewr saxvery 3 | MOBIAOMMIRIOTb NPO &TKN TA
MEPEHABAHTAXEHHA

Argur saxvcTy 1

MogigemnRKTE arenTa npoTuall
PO aTakM Ta Npo HeaKTHEHI
KOMTMOHEHTH

BHELIKODXYE AreHTia atakn

CTeaTh 32 CTAHOM [HIMX
Bianoanioe pobaTy HeaKTuBHK Aver npoTal arewria aanicTy
AareHTIB 3aXMCTy

MepesapaHTaxye KOMNOHEHTH
cucTenm

Puc. 1 — 3aransauii surasg MAC

CKBb, mo nobynosana no npuniuny MAC, mae y cBoeMy CKIlali JieKi-
JIbKa KJIaciB areHTiB:

1. Aeenm ananizy (AA) — niepeBipsi€ 4M € MPOJIOMH B 3aXHUCTI, OLIIHIOE T10-
TEHI[HHUN 30UTOK 1 MOBIIOMIISE PO II€ IHIIMM areHTam, IO BXOAAThH 10
cxaanxy MAC. Skmo AA 3HaXOIUTh BPa3HUBICT, BiH MIOYMHAE TOIITYK are-
HTa KoH(QIrypamii, mo ycyHe 1i. Y pa3i mpoBeleHHS CKIAaeHOI MepeBipKU
areHT 3axXHCTy OUiKye ii 3aBepeHHs. [HIMi MOXKINBUIT BapiaHT — CKUJIaHHS
OOIISTHKY TicIs EeBHOTO 4yacy. TakuM YMHOM, KO)kKeH AA TTOBHHEH 3HAWTH
areHTa Juis yCyHEHHS 3Hal/IeHOT IIOMIJIKH.

2. Aeenm xougizypayii (AK) — ycyBae Bpa3inuBicCTh Ta HMITBEPIKYE Ti Bi-
ncytHictb. AK Brpasi iHimitoBaTH MOBTOpHY nepeBipky AA. s pobotn AK
HeoOXiTHa iH(pOopMaIlis PO OTOUYIOYi KOMIIOHEHTH, areHTaxX 3aXuCTy Ha T0-
TOYHOMY BY37i 1 areHTax KoH}iryparii Ha iHmux By31ax. CHCTeMHHIH aaMi-
HICTpaTOp MO’KE BUCTYIUTH y poJIi OLIbII «iHTeNneKTyansHoro» AK.

3. Azenm 3axucmy (A3) — 3abe3mneuye 0OUUCICHHS KOS(DILIEHTIB BiAXH-
nens (KB) okpemux kommnoneHTiB KM Ta Bchoro cepenioBuina B 1isiomy (puc.
2). Businsie mimo3pini Aii. AT€HTH 3aXHCTY B IPOLIECi CBOET poOOTH OTpUMY-
I0Th IMHAMIYHHI eTaioH Oe3meku sk s ogHoro kommnonenta KIIC, Tak i
qurs Beiel KTIC B niomy [3].
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4. Aeenm npomuoii (AIl) — ycyBae mporiec 3aificHeHHS HECaHKIIIOHOBA-
HUX Ji, IX JKepesro Ta HACTiIKA (IUB. pHC. 3). ATEHT MPOTHUIII TIiCIIS OTPH-
MaHHA [TOBITOMIICHHA Bifl A3 pO3IIyKye HaIlaal0uoro areHTa aTak i mepe-
BOJIUTH HOTO JI0 CTaHy «3aTpUMKay, TOOTO 3aBepInye aTaky. SKmo mpobiema
noysrae B A3, 10 BUWIIOB 3 JIany, BiH NMEPEBOJUTHCS O CTaHy «BimHOB-
JICHHSI» 1 3rOJIOM BiJJHOBIIIOE CBOIO POOOTY. SIKIIIO HABaHTa)KEHHSI KOMITOHE-
HTa nopiBHIOE 100, areHT NpOTUIIT «IIepe3aBaHTaXy€e» KOMIIOHEHT 1 BCTaHO-
BIJIIO€ 3HAYCHHsI HaBaHTaXXeHHs piBHUM 0.

5. Aeenm nasuanns (AH) — 30upae, 00po0JIsie Ta MOIIMPIOE AaHI PO Bpa-
3TUBOCTI JUTI HABYAHHS 1HIINX areHTiB. BiH BUKOPUCTOBYETHCS IHIIMMU are-
HTaMH JJIs OTPUMAaHHSA HOBHX BiJOMOCTEH PO ypa3NMUBICTh, CHTHATYP JJIS
MIePEBIPKHU, MOKIIMBHUX cXeMaX aTakd i T.1. AH sBiste coOoro 3aranpHUN iH-
tepdetic a1 HaB4aHHS iHmMUMX areHTiB. Cam AH Moxxe oTpumyBaTu iH)OP-
MAIIifO BiJI JTFOAWHY, BHKOPUCTOBYBATH BJIACHI aTOPHUTMHU HaBYAHHS Ha M-
CTaBi JaHUX, MpeICTaBlIeHNX B pisHUX bJI, abo mparroBaTu B 38’1311 3 A3.
BusiBUBIIIM aTaky 3a JOMOMOTOI0 CBOTO aJalTOBAHOTO MeXxaHizmy, A3 mi-
JUThCA «3HAHHAMN» 3 AH, a To¥i B cBOIO uepry 3 AA. Lle 103BOUTH YCYHYTH
npobiemy e Ha erari aranizy [1C.

Peanizamis 3M01eI,0BaHOT CUCTEMH Ha OJIHIA 3 BHUCOKOPIBHEBHUX MOB
MporpaMyBaHHS JTO3BOJITH KiJIbKiCHO oliHUTH KB Ta BU3HAYWTH BpasiuBi
MiClisi CUCTEMH, BUSBUTH YMOBH, SIKI CIIPHUSIOTh areHTaM-3J0BMHCHHKAaM B
YCIIIIIHOMY TIPOBE/ICHHI aTak.

Y SKOCTI BIIOCKOHAJIEHHSI CHCTEMH MO>KHA 3alIpOIIOHYBaTH pO3pOOKY HO-
BUX areHTiB 3aXMCTY 3 IHIIMMH MiX01aMHu 10 Bu3HadeHHs KB, Hanpukian,
Ha ocHOBI aHani3y SQL-3amuTiB 1o 6a3u mannx KM.
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YK 004.896

IH®OPMAIINHA CUCTEMA HNIATPUMKHU NPUNHSTTS
PIIIEHB ITPO BIAPAAHY OIIJIATY ITPAIII HA
MIAIMPUEMCTBAX ABTOTPAHCIIOPTY

Kynpsimosa O.B., Binoyce 1.B.
YepniciecoKuil HAYIOHATLHUL MEXHONOSTYHUL YHIGepCcUmem

IToTpeda BpaxyBaHHs MpH NPUHHSTTI YIPABIIHCHKAX PIillICHb 3HAYHOI Ki-
JBKOCTI JaHUX YCKJIaJHIOE MPOLEAypy BUOOPY NMPaBHIBHOTO pillleHHS. 3a-
3BHMYall Iie MOB'A3aHO 31 CKJIaJHOIIAMH, 1[0 BUHUKAIOTH TIiJ] 4ac 300py aKTy-
anpHOi 1H(OopMarii. O0cAr AaHUX, SKi HAIXOAATH, CTPIMKO 30UTBIIYETHCS,
1110 IPU3BOJMTH JI0 3MiH B cItoco0ax i MeTo/iax aHaii3y iHpopmarlii Ta BUMa-
rae aBToMaru3aii npouecy oOpoOKH, BUBYEHHS JaHUX Ta IHTEJEKTyai3amii
YIPaBITiHCEKHX IPOIECiB, TOOTO MPOEKTYBAaHHS Ta BIPOBAHKEHHS €(EKTH-
BHUX METOIB JIJIsI IPUHHATTS PIllIeHb 3a TOTIOMOTOI0 iHTEJIEKTYaIbHUX aB-
TOMaTH30BaHUX cucteM. Came 3a JJ0NOMOT 00 aBTOMaTH30BAHUX CHCTEM ITijI-
TPUMKH MIPUHHATTA PillIeHb TOCTA€ MOXKIIUBICTh MOPIBHIOBATH albTEPHATH-
BHi BapiaHTH pilleHb Ta OOMPATH 3 HUX, BAKOPHCTOBYIOYH IIPOTPAMHO-009H-
cimoBasbHi 3aco6u [1].
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J11s1 KO>)KHOTO MANIPUEMCTBA ITOTPEOH B CUCTEMI NPUIHATTSA PillIeHb € Pi-
3HUMH, 3a3BUYai iHpOpMaLis Mpo poOOTy AaHUX CHCTEM HE MOLIMPIOETHCS
y BiIKpUTHX pecypcax. X OCHOBHMM 3aBJaHHAM € 36ip inpopMartii, 06podka
Ta MPUUHATTS pillleHb Ha OCHOBI MEBHOTO alrOPUTMY, MOJIENi, HEHPOHHOT
Mepexi Ta iH. [2]. Hal6inpl nommpeHuM MEeToA0M € Mo0yaoBa MaTeMaTHy-
Hoi Mmozeni. Came meil croci0d MiAXOAWTH JUIS aBTOMAru3auii MiATPUMKH
TNPURHATTS PIillIeHb PO BiAPATHY OIUIATY Ipalli Ha I JIpUEMCTBAX aBTOTpa-
HeropTy. OCKiNBKH OCHOBHOIO YaCTHHOIO € caMe MOJeNb, IepeinemMo 1o
onucy ii CTBOPEHHS.

Jis moOymoBM MoJeNi crioyaTKy HeOOXiJHO BU3HAYNUTH Ipobiemy. Bu-
SIBJICHO JIeKIJIbKa, a caMe:

1 3i 30iTBIMICHASAM KiJBKOCTI TPAIiBHUKIB Ta 3aMOBJIEHh HEOOXi/THA Be-
JIMKa KUTBKICTh JIIOJICBKHUX PECypciB IS iX 00poOKH;

2 nroncekui (pakTop MPU3BOAUTH 10 3HAYHOIO BIJCOTKY MOXHOKH B
NPUHHATTI pillieHb MPO BIAPSIHY OIUIATY Ipari, To0To OyBalOTh BHIAJKU
KOJI po0OTa He OyJia BUKOHaHa abo K NpalliBHUK chanbcudikyBaB aaHi, Bi-
MOBIZHO Il KOIITH HE NMOBHMHHI OyTH OIUIaueHi pOoOITHUKY, iHAKIIE ITiANpHU-
€MCTBO 3a3Ha€ BTPAT;

3 U1 3amydeHHS HOBHX IPAIliBHUKIB HEOOXiTHO Ha/JaBaTH KOIITH Bif-
pasy 3a BUKOHaHy poOOTY, ITpX EOMY IIOCTA€ NpoOJieMa BU3HAYEHHS KOPEK-
THOTO 00’€My BUKOHAHHX POOIT;

4 HeMae CTaTUCTHKH B PEXKUMI PEabHOTO Yacy JUI BiACTEe)KEHHSI pOOOTH.

3Bakaroud Ha [3], TOOyZOBaHO cXeMy POOOTH CHCTEMH ITi ITPUMKH TPHHi-
HATTS pillieHb, SIKY 300paykeHo Ha PUCYHKY 1.1.

Ouinka poSoru
CHCTEMH

: Bizobp :
JaHHX !

InTepdeiic KopucTyBaua

BuaHaueHHs um
ymosa
B KpUTEpiio y nesHol |
pobotu H

Eran 1. PoapaxyHok
NOPOroBMX 3HaYeHb 1
KpuTepiis

Etan 2. MpuiAHATTA
pilweHsb WoAao onnaty no '
\ pobOoTI WNAXOM
: NOPIBHAHHA NOKA3HMKIB
H KpUTEpilo 3 NOPOroBuM
; 3HaYEHHAM

Pucynoxk 1.1 — Cxema po0GOTH CHCTEMH MIATPUMKHU IPUHHATTS pi-
IIEHb PO BiAPSIHY OIUIATY Mpalli Ha MiANPUEMCTBAX aBTOTPAHCIIOPTY
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Hactynauii etan — nodynosa Gararodakroproi mozeni. Tobro Ha na-
HOMY €Talli II0CTa€ 3aBAaHHs 3pO3YMITH, K B PEKHMI pealbHOTO 4acy BH-
3HAYUTH, sIKa MOi3/IKa MOBUHHA OyTH OIJIaYeHa, a sKa Hi.

Jlnist BupinieHHi 1aHoT 3a71a4l CTBOPUMO MOJIEIb AUHAMIYHOTO IPOTrpamy-
BaHHs1, TOOTO ITOIIIMMO MOJIEITh 32 KPUTEPISIMH 1 HA OCHOBI Pe3yJIbTaTiB KpH-
TepiiB OyJaeMo mpuiiMaTH pilneHHs. SIKII0 oruiaTta MiIXOAWTh Xo4ya O Imix
OIIMH 3 MHOKWHH KPUTEPiiB, TO CHCTEMa MIpUMaE PillleHHs He TUIATHTH Bix-
pa3y, a yekaTu 72 roauHU. SIKIIO 3a Il yac HaAilae oruiaTa Bi KIIi€HTa
CUCTEeMa JO3BOJHTH OIUIATY, B iHAKIIOMY BHITQAKY Ha OIUIATi Oyme mocras-
JIEHA MITKA «BIIXHWJIEHO).

Ha pucysky 1.2 300pakeHO anropuT™ BU3HAYCHHS CTaHy OIIATH IIPH Ha-
JIXOJKEHHI HOBOI pOOOTH pPOOITHHKA 3 MigPaXxyHKOM OJHOTO 3 TIOPOTOBHX
3Ha4YeHb KPUTEPIiB.

Touatok

T U]

_ j(n+1)

N = ]
L2 100

Fnpos = Kinpoo) + (Kmpoo) + 1 — Knpaoy) * {npeo} @)

m=1 (4)

Pucynok 1.2 — Bu3HaueHHS cTaHy OIJIaTH MPH HAIXOKEHHI HOBOI
poboTH POOGITHHKA 3 TiAPAXyYHKOM OJHOTO 3 IIOPOTOBHUX 3HAYEHD KPUTEPIiB

PosrisinemMo koxkeH 0J10K Mojieni pucyHKy 1.2:

(1) k;- xinbKicTh BAKOHAHUX POOIT 33 TOJMHY 1-UM NpalliBHUKOM, Je 1 <
i <n, n€N,n - kigpkicTh mpamiBHUKIB. CepeaHs KiIbKICTh BUKOHAHUX
poOiT 3a gac t i-M IpariBHUKOM BH3HAYAETHCS T.4.:
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T t
k=221 (1)
Jie t —yac poOOTH i-TO MpalliBHUKA.

(2) s BU3HAYCHHS TPAHMII, 0 BU3HAYAE MOMIIMBICTH BHILIAT POOIT-
HUKY. [IpoBe/IeMO copTyBaHH: 3@ 3pOCTAHHAM cepeﬂHlx KiJIbKOCTEil BUKOHA-
HUX po6iT 3a wac t Bcix npamiBauKiB: ko < ky < k, < -+ < k,,_; (BBaX)aeMo,
mo kn—l - kn)-

3Hax0aMMO HOMEP MEPUEHTIIA Ny 33 HOPMYIIOHO:

j(n+1)

np] - 100 ’ (1.2)
JUTSL IAHOTO BUMAJKY j = 99, oTke
_99(n+1)
(7. 100 (13)

SIKmoO Npge € Z, TO 3HAYEHHS NEPUEHTHIIA Pgg OyIe NOPIBHIOBATH BE-
JIWYMHI €IeMEHTa PAAa, [0 Ma€ HaKOMMYEHY YacToTy S, sika JIOPiBHIOE HO-
Mepy TepUeHTIIIS.

SKIO Npgg € Z, TO TMEPUEHTUIIL Pgg 3HAXOAUTHCS B MEXKaX JIBYX CIOC-
TepeKeHb. 3HAYCHHSIM IepLEHTIIs Oye cyMa, IO CKIaJaeThes 3 eIeMEHTa,
JUTS IKOTO HAKOMHUYCHA YacTOTa JOPIBHIOE CYMi I[1JIOTO 3HAYCHHS HOMEpa Tie-
PLEHTIJISE Ta Pi3HUL MiX 3HAYESHHSIM L[LOTO €JIEMEHTY 1 3HaAYSHHSIM HACTYTI-
HOT'O €JIEMEHTa, 1110 TOMHOKEHHUH Ha HEelllJTy YaCTHHY HOMepa MepIeHTLI.

(3) Omxe, BEpXHIO TPaHUIIA 3HAYECHHA BUIUIAT Y BUIAAKY Nygq & Z 1O-
piBHIOE

knpoo = E[np99] + (k[np99] +1- k[np99]) * {NPoo}, (1.4)

ne: {npgo} — 1iNa YacTHHA MEPUCHTLIIS;

[npyg] — mpoOOBa yacTHHA MEPUEHTIIIS.

(4)[1ns1 BU3HAYCHHS CTATYCy TPaH3aKI[il HEOOXIHO MOPIBHATH KiJIbKICTh
BUKOHAHUX pOOIT 3a rOJMHY i-UM MPALiBHUKOM Ta BEPXHIO TPAHULIS 3Ha-
YeHHs BUIJIAT, Y BUMAAKY Komu k; > knpgg, JI0 1TaHOT pOOOTH CTABUTHCS Mi-
tka 0 (m = 0), AKmo x k; < knpgg, = 1, o3Hauae, Mo KomTH OyIyTh Hapa-
XOBaHi.

OTxe, Oyio MoOyIOBaHO MOJIEIH IPUIHSTTS PillIeHs HA OCHOBI BU3HAUE-
HHUX KPHUTEpiiB, 10 3 BUKOPHUCTAHHAM MOPOTOBHX 3HAYCHb, SKi MiZpaxoBy-
I0ThCS B PEXKHMMI peajbHOTO Yacy, BU3HaYa€ CTaTyc KOJKHOT BUKOHAHOI po-
6otu. [ToOynoBana iHdopmMalliiiHa CUCTEMA JO3BOJISIE ABTOMATHYHO OTPUMY-
BaTH JIaHi TIPO BUKOHAaHY poOOTY Ta MpUHMaTH pillIeHHs BUKOHYBaTH MOMe-
HTaJbHY OIUIaTy KOIITIB YH Hi, IO JAO3BOJUTHh MOKPAIIUTH SKICTh CEPBICY
JUTSI TIpAIiBHUKIB.

Cnucok BUKOPUCTAHHUX I7KepeJi

1 Cutauk B. ®@. Cuctemu nmiaTpuMKy IpUHHATTS pimens: Hasu. moci6. —
K.: KHEY, 2004. — 614 c.

2 Bonoma O.®., Mamenko C.O. Mogeni Ta METOAN NPUHHATTS PillICHb.
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YK 004.056.5

IHO®OPMAILIMHA CUCTEMA PO3II3HABAHHSI TA OBPOBKH
NEPBUHHOI MIPOEKTHOI IH®OOPMAIIIL

Pornuk O.C., Tpynosa O.B.
Yepuizigcokuil HAYiOHATLHUL MEXHONO2TUHUL YHIGEpCUmem

Po3pobxa Oyap-IKOT0 JOAATKY, CHCTEMH, CEPBiCY, TOIIO — CKIIQJIHUHN Te-
XHOJIOT1YHHH MPOIIEC, 110 BUMarae 0araTo 3yCHib, 9acy Ta peTeNbHOI Mmiro-
ToBKH. [Iponecu muanyBaHHs Ta IPOSKTYBaHHS — HEBIJI'€MHI €TAIH B PO3PO-
6ui mpoxykTy. SKIIo HeMae peTeNbHO MPOIyMaHOTO CLIEHAPit0, KOMaHAa po-
3pOOHUKIB MOXKeE 3ITKHYTHCS 3 IpOOJIeMaMH Ta TPYAHOLIAMH, MapHO BUTpa-
THUBILM Yac i TpolLi, i, 0 HaWripiIe, KiHIEBUH pe3ysIbTaT MOXKE 30BCIM HE
BI/ITIOBIZIATH BUMOT'aM Ta OUiKyBaHHSM.

Po3po0ka npoyKTy — TUHAMIYHHIA TIPOLIEC, @ Y KOXKHOT KOMaHI! 1HUBI-
JyaJbHUN TiIXig 1 MOXIUBOCTi. TOMY BUHHMKAIOTh CUTYallii KOJIM MPOEKTHA
JIOKyMEHTallisl HeTIOBHA, HEJIOCTYIIHA, 3acTapiia, a iHOJ1 B3araii BiICYTHs. A
BUPIMICHHS IIFOTO MUTaHHS MOTpeOye OaraTo pecypcis, sIK JTFOICHKUX, TakK 1
(hiHAaHCOBHUX 1 YACOBHUX.

Haifuacrime Ha erami NMpOeKTYBaHHS BUKOPHCTOBYIOTH MOBY MOJEIIO-
BaHHsI UML. UML — 1e moTyXHu#1 iHCTpYMEHT, SIKHII MOKe 3HAYHO TTOJIIT-
IMINTH SIKICTh aHAJ3y 1 MPOEKTYBAaHHS CHUCTEM. ITepaTHBHE BUKOPHUCTAHHS
UML B aHai3i Ta NpOEKTYBaHHI JO3BOJISIE IOCSATTH KPAIIOTro PO3YMiHHS MiX
6i3Hec-komaHn 010 1 IT-komaH010.

BakMBUMU NUTAHHSMHU € TIPUCKOPEHHS IPOSKTYBaHHs 0€3 BTPATH KO-
CTi NMPOJAYKTY, NMHAMIYHE JONOBHEHHS HOBOIO, OHOBJICHHS 3acTapinioi abo
HEKOPEKTHOT iHpopMalliii, CKopoueHHs yacoBux 1 dinancoBux Burpar. On-
HHM 13 CMOCO0iB BUpIilIEHHs MPOOJIeMH € CTBOPEHHSI IOKYMEHTallii, BKe Ha
cTaii 3apOHKCHHS 116l Ta aHaIli3y MPOIYKTY.

B pamkax gocuimkeHHs BUSBICHO, mo st mooynosun UML miarpam Bu-
kopuctoByrThes Microsoft Visio, Enterprise Architect na onepauiitniii cuc-
temi Windows, Umbrello Project — na Linux, DrawExpress, Flowdia, Lucid-
chart — na Android. Ane sxo/1Ha 3 HUX HEMA€e MOXIIMBOCTI CTBOPEHHS J{iarpam
Ha ocHOBI (oTo abo mamonkiB. Jogatok Flowchart moBuHen BupimuTH 110
npobieMy i moegHaTH QYHKIIIOHAT CTBOPEHHS AiarpaMm ¢ ¢oTo Ta iX peaary-
BaHH:. ToMy, B X011 aHAII3y TpobiIemMu OyIi0 BU3HAUEHO, 110 JUI YCIIITHOTO
MO/IEITIOBAHHS CUTYAIlill HEOOXiTHO PO3POOHUTH JOJATOK KM O MaB HAaCTy-
MHUHA (YHKIIOHAT:

—  BuUOIip THITy Aiarpamuy;
—  CTBOpEHH: (OTO;
—  CTBOpEHHs Ta 30epeKeHHs Jliarpamu;
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—  penaryBaHHs Jiarpamu;
—  KepyBaHHS KaMepoIo Ta JIXTapHKOM MOOUILHOTO IPUCTPOIO;
—  eKCHOpT Jiarpam;
—  JI0[aBaHHS HOBUX THIIIB Jiarpam;
st ctBOpeHHs goaaTKy Oy oOpaHi HACTYITHI TEXHOJIOTIT:
- Unity 2020 — rpadiunuit pymriii 1uis CTBOpEHHsI iHTepeiCy CHCTEMIE;
- Vuforia — miaTdopma I0MOBHEHOT PeanbHOCTI It MOOLIBHUX HpH-
CTpOIB;
- Aspose.Diagram - pimeHHs IJ1st BAMOT IOI0 MaHiMyTFOBaHHs (aimamu
Microsoft Visio;
- Azure Computer Vision API - cimyx6a st po3mi3HaBaHHSI CHMBO-
JIiB;
- MoBa nporpamyBaHHs C#;
['onoBHa maHens Ta MaHeNb HaNAIITYBaHb J0JaTKa 300paXkeHi Ha PHUCY-
HKY | Ta pUCyHKY 2 BiIIOBIZHO.

Diagrams Types store

Pucynok 1 — I'osloBHa naHemb 1o1aTKa

Settings

Sound On/Off Dark/Light

About Us Privacy Policy

Share Mini Store

Remove Ads

Pucynok 2 — [larens HanamTyBaHb J0JaTKa
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CTBOpIOBaHMI 10JIaTOK Ma€ POCTHH Ta 3p03yMUINH iHTepdeiic 1 BoIHO-
4ac MOTYKHI IHCTPYMEHTH JUIsl aHalizy QoTo, Ta pejaryBaHHs giarpam. Bu-
KOPHUCTaHHS JI0JIaTKy JIacTh 3MOT'Y 3MEHIIHUTH Yac Ta BUTPATH Ha eTarli Ipo-
eKTYBaHHS IPOJYKTIB, IPUCKOPUTH CTBOPEHHS UM JOTOBHEHHS JJIOKyMEHTa-
1ii. OCHOBHUM 3aBIaHHSIM OCTaHHIX OyJe CTBOPEHHS MOJIYJIO Kl Oyne
aHaiizyBatu (oTo Ui MOOYIOBU AiarpaMu. 3acTOCYBaHHS JOAATKY AACTh
3MOry e(eKTHBHIIIEe Ta MBUIIIE MPOSKTYBAaTH NOAATKH, CHCTEMH, CEPBICH,
TOIO., IBUJIKO TIEPEHOCUTH JiarpaMy 3 Harepy B eNeKTPOHHHIN hopMmar.

Jlitepatypa

1 All About UML [Enexrponnuii pecypc]. — Pesxxum moctymy: https://qa-
platforms.com/all-about-uml/

2 Atmcerma M. UML Yrpomaer onucanue npoekToB [ Enekrpoxnmii pe-
cype]. — Pexxum goctymy: https://www.osp.ru/cw/2000/16-17/4602/

3 UML nns pa3paborunkoB npoektoB [Enexrponnuii pecypc]. — Pexum
nocrymy: https://habr.com/ru/company/ppr/blog/491146/

4 Tlepesep3a /[I. 3auem Ham UML? Mnu xak coxpaHHUTh cebe HEPBHI U
BpeMs [EnexTponHuit pecypc]. - Pexum JOCTYILY:
https://habr.com/ru/post/458680/

YK 004.354

KOHHOENT CUCTEMMU BIPTYAJIBHOT'O TUPY HA OCHOBI
BIJEO-BBOAY

H.O. Abpammiaa
Hayionanvuuii mexuiunuii ynieepcumem Yxpainu

"Kuigcoxuti nonimexuiunuti incmumym imeni leops Cikopcbvrozo”

Cuctemu BipTyaJbHOTO THPY AAI0Th MOMJIMBICTh BiANIPAl[bOBYBAaTH TEX-
HIKY CTpinb0H, yHUKatouu (hiHAHCOBUX BUTpAT, LIKOJAW JIsl €KOJIOTIi Ta pu-
3MKIB, TI0B’s13aHHX 13 pealbHUMHU CTpijbOamu. Taki cucremu € 0coOIMBO KO-
PUCHUMH IS TIATOTOBKH BIHCHKOBHX.

[MpuHoun poOOTH CUCTEMM IPYHTYETHCS HAa BHM3HAUSHHI IOJOXXEHb
00’exTiB Ha 300pakeHHI. 30KpeMa, OPi€EHTYBaHHSA IMOJSA 30pY BigOyBaeThC
3a paxXyHOK BH3HAUEHHS ITOJIOXKEHHS T'OJIOBU KOPHUCTYBada, a OpIEHTYBaHHS
HarpsMy CTBOJIa — 32 paXyHOK BU3HAYEHH:I MOJIOKEHHS CIIENialbHOTO Map-
KEPHOT0 00’€KTy, 1110 PO3MIILIEHHUI Ha KiHI[I MaKeTy CTBOJIA.

TaxuMm 06’€KTOM CIIyrye Ky0 i3 TBEpAOTO JIETKOTO MaTepiay i3 BiZIoMOr0
3 JI0OCTaTHBHOIO TOYHICTIO JIOBKMHOIO cTopoHH. [Jlo oxHi€el 3 rpaneii kyOy 1o
HEHTPY IPUKPIMIICHO KiHEeIb CTBOJIA MAKEeTy, peIiTa TpaHeil piBHOMIPHO IO~
(hapbOoBaHi y pi3Hi MaTOBi KOHTPACTHI OJIHE 10 OHOTO KoJIbopu. Komip mae
OyTH piBHOMipHHM.

Takoxk y cucteMi BUKOPHCTOBYIOTBCS: HIEPCOHAIBHUI KOMIT' IOTEp 3 Be-
JTIUKAM MOHITOPOM 200 MPOEKTOPOM 1 eKpaHOM; IMUPOKOKYTHA BileoKamepa;
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MakeT 30poi, 1110 JO3BOJIsIE IPHEAHAHHS MAPKEPHOTO 00 €KTY 1 110 MOJXKE I1e-
penaBaTH 10 MPOrpaMHOI CHCTEMH JIaHi PO HATHCKAaHHS HA Ta40K Yepes Ipo-
BiJTHUI uM Oe3MPOBiTHUI iHTEepdEiiC.

Kpim Toro, cucrema mparoBaTume Kpatie, Ko 3a/Hii iad oyzae npu-
KPUTHH MOHOXPOMHOIO HITOPOIO KOJILOPY, II0 KOHTPACTHHUH 10 KOJILOPIB
ycix rpaHell MmapkepHoro o0’ekty. Takox OakaHo, 1100 Ha TiJIi Ta 015131 KO-
puctyBada He Oy0 300pakeHb, KOJip AKAX MOXKe OyTH MOTIOHUM 10 KOJIbO-
piB rpaHeil MapKepHOTO 00’ €KTY.

Cucremy moOyoBaHO Ha OCHOBI TaKMX IHCTPYMEHTIB 1 TEXHOJOTIH, 5K
Unity (cumymsmis) tTa OpenCV (aHani3 BXiZHOTO HOTOKY 300paKeHb 3 Ka-
MepH).

Ilepen mepmum 3arycKoM CHCTEMH, HEOOXiTHO BUKOHATH KaliOpyBaHHS
kamepH [ 1], BUKOPHCTOBYIOUH MapKepHUH 00’ €KT Yy SIKOCTI MaTepHy AJs Ka-
MOpyBaHHsI, a TAKOK BU3HAYUTH KOJIP KOXKHOT IpaHi (SKIIO0 HEMae MEBHOCTI
y TOMY, [0 OCBITJICHHS Oy/e OHAKOBE JJIsl KOJKHOTO 3aMyCKy, KOJIp BapTO
BHU3HAYATH MPU KOKHOMY 3aIyCKY).

[Tpu 3amycky cuMyJIsiLii, KOPHUCTYBA4d YU aIMIHICTPATOp BH3HAYAE KAPTY
CHUMYIJISALT, MOTOAHI YMOBHM y CHUMYJALII Ta THI 30poi, sika BUKOPUCTOBY-
€TBCSL.

[lepen moyatkoMm poOOTH, KOPUCTYBA CTa€ PiBHO Iepe] KaMeporo, Bia-
OyBaeThcs BU3HAYCHHS KJIIOYOBHX TOUOK 00mmyads. Takox, 3a moTpedu, Mo-
JKIIMBa aBTOpH3amis 3a (oto. Ilicisd boro KOpHCTyBad MOXKE TIOYaTH TPEHY-
BaHHS.

Cuctema y pexxuMi peajibHOro 4acy BiJICHIIKOBY€E IOJIOKEHHS KOPHUCTY-
Baya Ha KapTi 3a KyTOM [OBOPOTY T'OJIOBH, MOJIO)KEHHSIM TOJIOBU Y KaJIpi Ka-
MEpHU Ta PO3MIPOM 300paKeHHS, 38 PAXYHOK BiJICIIIIKOBYBaHHS KIIFOUOBHX
TOYOK (KyTH oueil, KyTH ry0, KIH4MK HoCy, minoopins) [2]. OnHovacHo Bif-
CIIIZIKOBYETBCS TIOJIOKESHHSI MAPKEPHOTO 00’ €KTY: BU3HAYAETHCS MOJIOKEHHS
YOTHPUKYTHHUKIB BU3HAYCHUX KOJBOPIB Ha 300paxkeHHi [3], BU3HauaeThCs
TPUBUMIPHUH KyT NPOEKIii KOXKHOTO i3 HAX Ha IUIOLIMHY 30pYy KaMepH Ta 3a
IIMMHU KyTaMH 1 po3MipaMy 300pa’keHHS BU3HAYAETHCS MTOJIOKEHHS 1 HaNpsiM
CTBOJIA y CUMYJIsIIii. SIKIO cucTemMa He MOXKe PO3Mi3HATH 00INIUs KOPHUCTY-
BaYa Y TOJIOKEHHS MapKepHOTro 00’€KTY, KOPHUCTYBa4 OTPUMYE IIOBiIOM-
JICHHSI 13 IPOXaHHSIM CKOPHUTI'YBaTH CBOE MOJIOKEHHSI.

Ko xopucTyBau BUKOHYE TIOCTPiJI, Y CUMYJISMIi 13 BU3HAYEHOTO TI0JIO-
KECHHS Y BU3HAYCHOMY HAIPSIMKY ITOUYMHAETHCS MOJIENIOBaHHS [4] ONBOTY
KyJIi.

Y xapTi MOXXyTh OyTH Hamepes BU3HaU€Hi 00’ €KTH, 1110 MAlOTh OyTH Bpa-
XKeHi (MimeHi) Ta/abo 00’€KTH, BpaXXCHHS SIKUX HeIOIycTHMeE (3a00poHeHi
00’€eKxTH).

Cumynsnis Moke TPUBATH YIPOAOBX BU3HAUEHOTO NMPOMIXKY Hacy, 110
BU3HAYEHOI KIJIBKOCTI MOCTPLIIIB, 10 BpaXKEHHs BU3HAUCHOI KUTBKOCTI Millle-
Hell a00 110 3yIIMHKN BPY4YHY KOpUCTyBa4yeM 4H aaMiHicTparopom. ITicist 3a-
BEPILICHHS CUMYJISLIT, 32 Oa’KaHHSIM CHCTEMa MOXE JATH OIIHKY Jiif KOpHC-
TyBaya 3aJIS)KHO BiJl TOUYOK BIy4aHHS BUKOHAHUX Y CUMYJISIIT ITOCTPIJIB.
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OCHOBHOIO IIEPEBArol0 PO3IIITHYTOI CHCTEMH € MAKCUMAJIBHO IIPOCTa Te-
XHiYHa peainizanis. OKpiM MapkepHOro 00’€eKTy, 0 MOXe OyTH BUTOTOBJIE-
HUH BPYYHY 32 YMOBH HasiBHOCTI HEOOXIJIHMX IHCTPYMEHTIB, Ta OpraHizarii
(ikcanii HATUCKaHHS Ha CIIYCKOBHUII radyOK MaKeTy, YCi €JIEMEHTH CHCTEMH €
CTaH/APTHUMH 1 JIETKO JOCTYHNHUMH. TaKkoXk IepeBaror CHUCTEMH € BiICYT-
HICTh Oy/Ib-sIKUX TATYMKIB HA OJ[s131 KOPUCTYBaYa, 0 MOTJIH O 3CYBaTHCS ITi ]l
gac poOOTH CHCTEMH 1 CTBOPIOBATH JOJATKOBI HETOUYHOCTI.

OCHOBHUM HEIOJIKOM € Te, IO OONWYYS KOPHCTyBada Ta MapKepHUH
00’€KT TOBHHHI OTHOYACHO 3HAXOJUTHCS Y TIOJ 30py KaMepH, 110 MOXKe 00-
MEXYBaTH IIepECyBaHHSI KOPUCTyBaya.

Jlitepatypa

1 Camera calibration With OpenCV URL.:
https://docs.opencv.org/2.4/doc/tutorials/calib3d/camera_calibration/camera
_calibration.html (maTa 3BepHenns: 27.05.2020).

2 Head Pose Estimation using OpenCV and Dlib URL:
https://www.learnopencv.com/head-pose-estimation-using-opencv-and-dlib/
(mara 3BepuenHs: 27.05.2020).

3 T.M. Bnacogra, B.I'. KaiMbikoB AITOpUTM U IIporpaMma pacro3HaBa-
HUS KOHTYPOB H300pakeHUH KaK MOCIeJOBATEIIEHOCTH OTPE3KOB IMU(POBBIX
npaMeix. Mamemamuuni mawunu i cucmemu. Yepairis, 2005, Ne 4, c. 84-
95.

4 Mammpo .M. Bremmnss Oammmcruka. Mocksa : ['ocymapcTBeHHOE
W3IaTeNbCTBO 0OOPOHHOM MPOMBIIUICHHOCTH, 1949. 408 c.

YJIK 004.6:004

CTBOPEHHS MLOPS IH®OPACTPYKTYPH 3A JOIMIOMOI' OO
XMAPHHUX PIIIEHb

Kosasnenko M.A., cryn. rp. MI1In-181
Haykosunii kepiBauk: Jopom M.C., a.T.H., nodecop
YepniciecoKutl HAYIOHATLHUL MEXHONOSTYHUL YHIGepcUmem

VY cBiTi TpaguLiiHUX po3pOOOK MPOrpaMHOTO 3a0e3meveHHs Hadip mpak-
THK, BiIoMuX 51K DevOps, 103BOJIMB ITOCTaBUTH IPOrpaMHe 3a0€3MeUeHHS 110
BUPOOHMIITBA 32 JIIUCHI XBUJIMHY Ta 3a0€311e4nTH HOoro HajiliHe (YHKIIOHY-
BaHHsA. DevOps mokianaeTbcst Ha IHCTPYMEHTH, aBTOMAaTH3allilo Ta podoui
npouecH, o0 yCyHYTH BHITa/IKOBI CKJIAJHOCTI Ta JO3BOJHUTH PO3POOHUKAM
30CepeMTHCh Ha aKTyaJIbHUX MpoOJieMax, siki MoTpiOHO BUpiUTH. AJe ja-
HUH MiAXi7 He TaK MPOCTO 3acTocyBaTu Aiist moaeineit ML [1].

[epmonpuunHOIO € Te, o Mi>k ML Ta TpanumiiiauM mporpaMauM 3a0e3-
MIEYEHHSIM € IPUHINIIOBA Pi3HUI: ML — He mpocTo KOoJI, 11e KOJ IUTIOC AaHi.
Monens ML — apredaxT, sSIKUif CTBOPIOETHCS MIISIXOM 3aCTOCYBAaHHS alNTOPH-
TMY JI0 MacH HaBYaJbHUX JAHHX, [0 BILIMHE HA MOBEIIHKY MOJIEINI Y IIPOIy-
kTy. HaliBaxxnuBimie, 110 MOBEIIHKA MOJEI TaKOX 3aJICKUTH BiJl BXiTHHX
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JIaHUX, K1 BOHa OyJie OTpUMYBaTH Ha Yac rnepeadadeHHs, npo sKi BU HE MO-
JKEeTe 3HATH 3a3aaierigsp. ToMy Halaro/KeHHs cepejoBHILa IS O KiHIs He
nepeadavYeHUX MPOIICCIB HE € MPOCTHUM 3aBIaHHSM.

OcHoBHuMH npobsemamu DevOps metoay no ML e:

1 noBinbHE, KPUXKE Ta HEMOCIHIJOBHE PO3TOPTAHHS

2 BiJICYTHICTb BIITBOPIOBAHOCTI

3 3HIKEHHS Tparie31aTHOCTI (KOCO-TpeHyBalIbHE 00CITyTOBYBaHHS).

Ha puHKY XMapHHUX TEXHOJOTIH iCHYIOTh pIilIeHHS 332 JOIIOMOTOO SIKUX
MOJKJIMBO MIiHIMI3yBaTH MOJMJIMBICTh X Herapa3giB. OCHOBHHMH HIHC-
TpHUO FOTOpaMH TaHUX pillleHb Ha PUHKY € KommaHii Amazon ta Google, a
came cepricu Amazon SageMaker ta Google Datalab. Ili cepsicu myxe
CXO0’Xi OZIFH 3 OTHUM y 0aratboX QyHKIIiSX, ajie MaroTh 0arato BiIMiHHOCTEH
[2]. Ornsin ronmoBHuX (yHKINI HaBeaeHO HA pUCYHKY 1 [S].

Feature Amazon Google

Notebook environment Yes Yes

Train custom learning algorithms Yes Yes

Deploy custom learning algorithms Yes No

Automatic hyperparameter tuning Yes Only for TensorFlow models
Distributed training Yes Only for TensorFlow models

Puc. 1. Ornsiz 3a ronoBaumu AutoML ¢yHKIisiMu

Google Datalab: Tpouenypa HanamTyBaHHs OJOKHOTA 3aTyCKAETHCS 3a
JIOTIOMOrol0 XxMapHoi obonoHkr Google, sika 3HaXOIUTHCS B iHTEpdeici
Google Cloud Console. Google Cloud SDK Takox Mo>kHa BUKOPHCTATH JJIs
po3ropTaHHs HOYTOYKa. CepBic HE MICTHTH JKOJHUX 3a37aJeTih HAJAIITO-
BaHUX AITOPHUTMIB aye 3a Jormomororo cepsicy Google Cloud ML npomony-
eThes TuaTopma s 3amycky moneneit TensorFlow. He icHye mpsmoro
CrocoOy Al PO3rOPTaHHS MOAENEH 10 MPOIYKTOBOTO AOAATKY. AJyie MO-
Jiels, mo0OymoBaHa Ha i matdopMi, yITakoByeThCs B MoTyb Python i po3-
ropraetbest B Google CloudML. €xunuii crioci6 3acTocyBaTH BiacHHUMN anro-
putM™ - 3anucaru Horo B TensorFlow. CepBic He 3a0e3neuye aBTOMAaTHYHY
HacTpoiiKy rinepmapameTpiB. Ane € HyperTune, mo qomomarae B aBTOMaTH-
YHil onTuMi3alii Mozeni ML 11t mokpameHHs: TOYHOCTI / MiHIMi3aIlii MoMu-
nok. s ¢pyHKmis Takox HagaeTwes mmre At moaeier TensorFlow. Datalab
MocTavaeThes 13 OmokHOTOM Jupiter. Y HphOoMy HeMa BOyI0BaHHX 0i0mioTeK
HOyTOYKiB 3 MxNet Ta Apache Spark. LliHoyTBOpeHHS 3acCHOBaHE HA BHKO-
pHCTaHHI. AJie y BUNQ/IKy NEBHUX BHUIAJKIB Ta MOTPeO KIIIEHTIB, 1€ MOXE
MaTH pi3Hi miny [3].

Amazon SageMaker: ITicis Bxony B KoHconb SageMaker po3ropraHHs
HOYTOYKa 3HaXOANTHCS JINIIE 32 OAMH KIIIK. JloCTyIHI monepeaHbo onTuMi-
30BaHi anroput™Mu ML siKi po3ropTyIOThCSI Ha OOYHCIIOBAIBHUX CEpBEpax
Amazon. CrientianisHi anropurmu SageMaker MatoTh pi3sHOMaHITHI BapiaHTH:

199



i1 HATJs1I0M, €3 Harusiy Ta TIIMOOKOro HaB4aHHs. IcHye ciyx0a npsiMoro
posropraHHsl MozieseH , Ha Biaminy Bij Datalab. Posropranns moxnuse Ha
eJ1acTU4iil 00UHCITIOBANIBHIN 1HPPACTPYKTYP1 3 BUCOKOIO JOCTYIHICTIO MiCIIs
940r0 MOJIEIh MMOCTABISAETHCS 3 KiHIeBoto Toukoro HTTPS. Cam npomecc Ha-
barato mpocrtime mopisHsaHO 3 Datalab. CepBic Hajae MOXIJIHBICTh aBTOMA-
THU30BAaHOI HACTPOWKHM rineprnapaMeTpiB MPOTSITOM HaBYAJIBHOTO IEPiOny.
3HaXOAAThCA HAWKpamli 3HAYCHHS U1 HaBYaHHA anroputMmy. Lls ¢yHKmis
JIOCTYIIHA HE TUIBKH I BOYZOBAaHHX alTOPUTMIB, aje i Uil 30BHIITHHOTO
Jokepa. MoXInBO 3pa3y BUKOPHCTOBYBATH OJOKHOTH 3 TMOMNEPEIHBO BCTa-
HoBneHnMH Apache Spark Ta MxNet, TakoX MOXHa TpaIfoBaTH 3
TensorFlow. Llinu Ha SageMaker moBHICTIO IPYHTYIOTECS HA BUKOPUCTAHHI.
Sx wactura AWS free tier, SageMaker 9acTKOBO JOCTYITHHIA OE3KOIITOBHO.
[inu 3anmexath BiJl BAKOPUCTAHHS MOJICNICH 10 €HJT MOIHTY Ha 3aIuT, 30epi-
raHHs Ta IUIaTH 32 00pOOKY AaHUX Yy OJOKHOTaX Ta XOCTHHT-EK3eMILIsIpax
[4].

Google Cloud Datalab — e okpema mardopma. Bin BUKOPHCTOBYETHCS
JUTs o0y 10BH Ta po3ropTanHs Mojeneit ML. [ToTpiOHe BUKOPUCTAHHS 3 1H-
MUAMH  cTy’)k0amu, o0 po3kputu #oro moreHumian. Tomi sk Amazon
SageMaker cTBopeHM IS MOBHOTO KOMIUICKCHOTO oOCiyroByBaHHS ML.
Iepermsinaroun Bci mopiBHAHHS BHIIe, SageMaker 0€3yMOBHO Mae 3HA4YHI
HIepeBary.

Cnmcok BUKOPUCTAHUX JKepeJt

1. ML Ops: Machine Learning as an Engineering Discipline. // Towards
data science URL: [Enektponnuii pecypc] — Pexum pocrymy:
https://towardsdatascience.com/ml-ops-machine-learning-as-an-
engineering-discipline-b86ca4874a3f (mara 3Bepuenns: 02.04.2020). — Ha-
3Ba 3 €KpaHa.

2. Google datalab vs Amazon Sagemaker: Which cloud platform is best
for your ml project. // Analytics India Magazine URL. [Enextponuuii pe-
cype] — Pexxum moctymy: https://analyticsindiamag.com/google-datalab-vs-
amazon-sagemaker-which-cloud-platform-is-best-for-your-ml-project/ (nara
3pepHeHHs: 02.04.2020). — Ha3Ba 3 expaHa.

3. Cloud TPU pricing. // Google cloud docs URL. [Enextpontuii pecypc]
— Pesxxmm pmoctymy: https://cloud.google.com/tpu/pricing (mata 3BepHEHHS:
02.04.2020). — Hasga 3 ekpaHa.

4. Amazon SageMaker Pricing // Amazon SageMaker docs URL. [Enex-
TpOHHHH pecypc]| — Pexum gocTymy:

https://cloud.google.com/tpu/pricing (nara 3sepuenns: 02.04.20). — Ha-
3Ba 3 €CKpaHa.

5. Machine Learning as a Service — why Google is way behind Amazon
//' Medium URL. [Enextponnuii pecypc] Pexum  gocrymy:
https://medium.com/@issa.memari/machine-learning-as-a-service-why-
google-is-way-behind-amazon-73c3fbbe4a37 (nara 3sepuenns: 02.04.20). -
Hazga 3 expana.
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VIIK: 004.43

MOPIBHSIHHSI MOB ITPOTPAMYBAHHSI PYTHON TA R B DATA
SCIENCE

Anppycenko b.I'., Mamuyposcskuii B.C., TpyHnosa O.B.
YepHiziscoKkuii HAYiOHATLHUL MEXHONI02IUHULL YHIgepcUumem

VY cydacHOMY CBIiTI Maibke Oyb-IKy 3a/lauy MOXHA pPO3B’s3aTH 32 JIOTO-
MOTOI0 TIpOrpaMyBaHHA. BKaszaTw TOYHY KUIBKICTP MOB IpOrpaMyBaHHS
Maibke HeMOXUBO. Ha chorozHi icHye ONHM3BKO CEMHU COTEHh MOB IIpOTpa-
MyBaHHS, cepen Hux 245 Binomux [1]. Cepen ychoro mporo pisHOMAHITTS €
sk yHiBepcanbHi (Java, C++, Python Ta iH.), Tak i By3pkocmeniamizoBasi (1C,
R, Swift ta in.). [Io TOTO X, MOMYIAPHICTE MOB IPOTPaMyBaHHS 3MIHIOETHCS
KOXKHOTO MICSIIS, IO JOCHTh MPOCTO BifmcTexxyBaTu 3a iHmekcom TIOBE.
Cranom Ha uepBeHb 2020 poky TpiiiKy HaHMOMyJSPHIIIKNX MOB IpOrpamy-
BaHHs ckianaoTth C, Java i Python (qus. puc. 1).

Jun 2020 Jun 2018 Change Programming Language Ratings Change

1 2 c 17.19% ¥289%
2 1 v Java 16.10% +110%
3 3 Python £.36% 018%
4 4 CHt 5.95% 143%
5 § c# 473% H0.24%
6 5 v Visual Basit 469% +007%
7 7 Javaserpt 227% 0.44%
8 8 PHP 2.06% 0.30%
9 2 R 2,192, +1.27%
1 9 v st 173% £50%
Puc. 1. Innekc TIOBE cranom Ha uepsens 2020 [2]

He MoyxHa HEe MOMITHUTH Pi3KOro cTpUOKa NOMYJIIPHOCTI MOBH R, 1110 3y-
MOBJICHO 3POCTaHHSIM MOTPeOU B 00pOOIIl pi3HOMAHITHUX CTATUCTHYHUX J1a-
HUX, KOO0 3aiiMaeThcs HampsM mporpamyBaHHA — Data Science. Moro 3a-
BIAaHHS — aHaJi3, 00poOKa Ta npeCTaBIeHHS Y TU(POBOMY BUTIIS BETMKHX
o0csriB ganux. s po6oTH y JaHOMy HanpsIMKY IiepeBara HaJlaeThCsl HacTy-
ITHAM MOBaM nporpamysaHHs: R i Python.

[IpoBeneMo NOpiBHIHHS JaHUX MOB IIPOTrPaMyBaHHS Ha OCHOBI 3araJibHOT
Ta TexHi4HOI iHpopmarii. Mosa Python € 3HauHO yHiBepcalbHINIOW, OCKi-
JIKM MO’Ke BUKOPUCTOBYBATHUCS y PI3HUX HalpsMKax, Ha BiMiHy Bix R, sika
B OiIbIIiH Mipi, Opi€EHTOBaHA Ha CTATUCTHYHY 00poOKy maHux. OOuIBI MOBH

€: IMIIepaTUBHUMH, 00’ €KTHO-OPIEHTOBAHMMH, (PYHKI[IOHATBHUMH, MPOIIE-
TyPHUMH Ta peIeKCUBHUMH (IuB. Tabmd.1).
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Ta6umis 1. [TopiBHsHHS MOB mporpamyBanHs Python i R [3]

General and tech-
nical information Python R
Applications, gen- L .
Intended Use eral, W%%, scripting? Al, Appllcgtlon, statls-
scientific computing tics
Imperative Yes Yes
Object-oriented Yes Yes
Functional Yes Yes
Procedural Yes Yes
Generic Yes
Reflective Yes Yes
Event-driven Yes
Other paradigm(s) aspect-oriented
Standardized? “De f acto” standart No
via PEPs

Python miatpuMye y3aranpHeHe MporpaMyBaHHs, SIKE JO3BOJISE 3aMUCY-
BaTH aJTOPUTMH, IO IPUIMAIOTH Pi3HI THITM AaHUX Ta € IMOAIHHO-OPiEHTO-
BaHOIO MOBOIO, TOOTO BUKOHAHHSI ITPOTrPaMK BU3HAYAETHCS MOISIMU (il KO-
pHCTyBaua, MOBIJOMIICHHS IHIIUX MporpaM ado MOTOKIB, MOJIl onepaniiHoi
CHUCTEMH).

Mertoro naHOi po6OTH € IOPIBHAHHS MOB IporpamyBaHHs Python Ta R y
nporieci 00poOKH eKCIIEPUMEHTANBHIX JaHUX.

JI71st Hamroro MOCIiHKeHHS Oy BUKOPHCTaHI pe3yIbTaTh Kpociiatdo-
pmerHoro tecty Cinebench R15. Jlani mpo npomecop Oyino oTpuMaHo 3 J10-
Bigku: Name, Mark, TDP, L3, Frequency, Turbo, Cores, Threads, Technol-
ogy, RamSpeed) [4].

JocikeHHs Ha IBOX MOBax BiJIOyBaJOCs 32 TAKUMH HAIPSIMKaMU: T1a-
PCHHT IaHKX 3 caiiTy; moOya0oBa KOpEIsiifHOT MaTpHlli Ta perpeciiHux mo-
JIB, IPOBEJICHHS PErpeciiiHoro aHasi3y; NpPOrHO3yBaHHs 3HaYeHb Ha OCHOBI
Mo0YyJOBaHUX MOJIENICH.

3a pe3yabTaTaMu AOCIIDKEHHS Oyia ckiaaeHa Tabnuis (auB. Tabdm. 2).,
sIKa IEMOHCTPYE KITBKICTh 9acy (Mc), 3a SIKAH BUKOHYETHCS BiIIOBiTHA 00-
poOka naHmX Ha KOXHiH 3 MOB. IIOpiBHSHHS Yacy BUKOHAHHS MEBHUX 3a-
BIaHb HE JIa€ HAM OCTATOYHOI BiJIIOBi/I, SIKY 3 MOB Kpallle BAKOPHCTOBYBATH
npu o0poOI cTaTuCTHYHUX AaHUX. OCKUIbKH, 30epe)KEHHS Ta BUBCICHHS
naHux y R 3aiimae Oinbine vacy, Hk y Python. Ane B To# e yac mapcuHr
Be0-CTOPIHKHM Ta PO3paxyHKHU CTATHCTHYHHX JaHHUX Ha R BiOyBaloThCs MIBH-
JULe.
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Tabumist 2. Yac (Mc) BUKOHAHHSI IEBHUX OTEPaItii

Hanpsimok 1ocJtizKeHHs Python R

Tlapcunr BeG-cTopiHku Ta 3amuc g0 daitny 3 784982 681660
pO3MIMPEHHAM .XIsX
) 3unTyBaHHS JaHUX 3 (aiiny .xIsX Ta BUBEIEHHS 1136 5838
iX Ha eKpaH

TTo6ynoBa TabuI KOpEIsIni 991 1405

TTo6yn0Ba perpeciitHoro moJst 2648 1750

. E:TBOpeHHSI perpeciiinux mogeneit i moGymoBa 9259 10478

JiHi# perpecii

CTBOpEHHS perpeciiiHol Mojielli Ta BAKOHAHHS 1388 2395
nepeadadeHHs 0 3aJaHHM 3HAYCHHSIM

CTBOpEHHS MYJIbTHPErpeciiiHol Moaei 1921 3645

CTBOpEeHHST MyJIbTHpPErpeciiHOl MOJeNi Ta me- 1772 812
penbadeHHst 0 3aJaHMM 3HAYECHHAM

Beboro 804097 707983

[MopiBHSAHHS SKOCTI Ta KijbKoCTi iH(GOpMaLii npu moOy10Bi JIiHIHHOT My-
JapTUperpeciiinol Mopei, siky npornonyiots Python (puc. 2) ta R (puc. 3),
MOKa3aJo, 1110, y IJIOMY, BUBEJCHHS iH(opMalii € 1ocTaTHbO iHPOpMaTHB-
HuM. Ha 000X MOBax mporpamMyBaHHs: BKa3yIOThCS 3HAYCHHS KOCQIIIE€HTIB,
KOC(iIieHT KOpeJIsiii, cepeIHbOKBAIPATUYHI BIIXHUICHHS, BETUUUHHU CTATU-
ctuki CThIOJICHTA IS TICPEBIPKH TIMOTE3H 100 3HAYYIIOCTI BiIMOBITHUX
napametpiB. [Ipote Python me npononye 3HaueHHs KpuTepito JapOina-Yot-
COHa, KU BUKOPHCTOBYETHCS JUIS TECTYBaHHS aBTOKOPEIIALi.

QLS5 Regression Results

Dep. Variable: Mark R-=sguared: 0.9586
Model: QLS ndj. B-sguared: 0.9586
Method: Least Sguares F-statistic: 3476.
Date: Wed, 10 Jun 2020 Prob (F-statistic): 0.00
Time: 18:06:39 Log-Likelihood: -6483.8
HNo. Cbservations: 964 RIC: 1.298e+04
Df Residuals: 357 BIC: 1.302e+04
Df Model: ]
Covariance Type: nonrobust

coef std err T B>t [0.025 0.975]
Intercept -547.2389 55.301 -9.896 0.000 -655.763 -438.714
TILP 1.5617 0.267 5.843 0.000 1.037 2.088
L3 8.4982 0.895 9.430 0.000 6.741 10.256
Turbo 182.0977 13.043 13.962 0.000 156.502 207.693
Threads 60.1787 1.431 42,042 0.000 E7.370 62.988
Technology -8.4436 1.285 -6.569 0.000 -10.968 -5.821
RamSpeed 0.1056 0.020 5.210 0.000 0.066 0.145
Cmnibus: 224.585 Durbin-Wats=son: 1.491
Prob (Cmnibus) : 0.000 Jarque-Bera (JB): 2803.048
Skew: 0.689 Prok (JB) : 0.00
Kurtosis: 11.2389 Cond. HNo. 1.83e+04

Puc. 2. Omuc miHiliHOT MyJbTHperpeciiinoi Mmozeni Ha Python
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call:
Tm{formula = Mark ~ TDP + L3 + Turbo + Threads + Technology +
ramspeed, data = dataset)

Residuals:
Min 1q mMedian 3Q Max
-918. 87 -86.98 -12.46 91.82 1597.96

Coefficients:
Estimate std. Error t wvalue pPri=|t]|)
(Intercept) -347.23886 55.30059 -9.B96 <« 2e-16 #%=*¥*

TDP 1.56168 0.26728 5.843 7.03e-09 =
L3 B.49822 0.89548 9.490 <« Ze-16 **=
Turbo 182.09767 13.04257 13.962 < 2e-16 *%*
Threads 60.17874 1.43139 42.042 <« 2Ze-16 #®x
Technology -8.44362 1.28529 -6.569 B.28e-11 #¥*
Ramspeed 0.10561 0.02027 5.210 2.32e-0Q7 w=x
Signif. codes: © f#®%' 0,001 ‘**' 0.01 **' Q.05 *.” 0.1 ° " 1

Residual standard error: 202.5 on 9537 degrees of freedom
Multiple R-squared: 0.95861, Adjusted R-squared: 0.9559
F-statistic: 3476 on 6 and 957 DF, p-value: < 2.2e-16

Puc. 3. Onuc niniiHOT MybTUpErpeciiinoi Moaeni Ha R

R i Python € cBoro pomy KOHKypeHTaMH 3a 3BaHHS «HAHKPAIIOro» iH-
CTPYMEHTY AJisl poOOTH 3 TaHUMH, MAOYH BJIACHI IepeBaru Ta Heqoiiku. Ha
muTaHHSA: «SIlka MOBa Kpamie?» OTHO3HAYHO! BIAIOBINI JaTH HEMOKJIHBO,
OCKIJIBKH BCE 3aJICKUTH B1JT KOHKPETHOT CUTYaIlii, HeOOXiJHUX IHCTPYMECHTIB,
piBHS 3HaHb. 3a3BU4ail R BUKOPHCTOBYETHCS TOAI, KOJIHM JUIsl aHAJi3y AaHUX
HeoOXiTHI OKpeMi cepBepy a00 K BUUICHI 00YHCITIOBaIbHI MOTYXKHOCTI. Py-
thon sxe nomoMosKe y THX BHIAJKAX, KOJIU 3a/1ad4i, OB’ A3aHi 3 aHAIII30M J1a-
HHUX, BIUTITAIOTHCS B POOOTY BeO-IOMATKIB, & TAKOXK MPEKPACHO MiIXOIAHUThH
JUIsl pealtizarii ajdropuTMiB 3 X MOAAJBLUIMM HPAKTHYHUM BHUKOPUCTAHHSIM

[5].
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YK 004.056

METO/IM NIABULIEHHS 3AXUIEHOCTI IHOGOPMALIHHUX
MOTOKIB I3 3ACTOCYBAHHSIM XELIIYBAHHSI

A. B. fpminko, 1. O. Poznowmii, I'. B. Kocenrox
Yepracvkuil HayionanreHuil yHisepcumem imeni Boedana XuenvHuyb-
Koeo, Ykpaina

CyuacHi BUpOOHWYI CHCTEMH TTOETHYIOTH B OJJHOMY KOMILTEKCI JIFOACH i
TEXHIYHI PUCTPOI, B TOMY YHUCIIi — POOOTH30BaHI MOIYIi Pi3HOTO PiBHS iH-
TEJNEKTYaJIbHOCTI Ta aBTOHOMHOCTI, 110 Iepedavae iXHI0 KOOTIEPAIIifo B TIPO-
1[eci BUKOHAHHS MPUKJIaTHUX 3aBIaHb. HOBOTO piBHS CKIAIHOCTI (QYHKIIIO-
HYBaHHS TaKHX CHCTEM HaOyBae MPpH BUKOHAHHI 3aBJaHb y BIIKPUTOMY BHU-
pOOHHYOMY TIpOCTOpi, KN He 3a0e3medye 300 TAKOTO KOOIEPATHB-
HOTO YTBOPEHHS BiJl CTOPOHHIX BUPOOHHYHX Ta HEBUPOOHHUYMX (aKkTOpiB. 3
PO3BUTKOM BHPOOHHYMX CHCTEM CIIOCTEPIraéMO 3HHKHEHHsS (i3nyHMX
0ap’epiB MiX JIIOJBMHU Ta pOOOTaMH y TIPOLEC iIXHBOI CHUTbHOT BUPOOHNUOT
JISUTBHOCTI, @ TAKOXK IMepexia Koomeparlil y crniBpoOiTHUIITBO. OqHAK iCHYE
npobJiema, MOB’s13aHa 3 BiJICYTHICTIO HaJIGXKHOI JIOBIpH /0 Iiif poboTa mnpu
CHIBpOOITHHUIITBI. Y B3a€MOIIT JIFO/ICH BCi aCIEKTH IIBOTO MPOIIECY PO3ropTa-
IOTBCS BITHOCHO JIETKO Ta 0€3 0COOJIMBHX 3yCHIIb, 1 31e0LIBIIOTO 1€ BiIOY-
BA€THCA MIJCBIIOMO 3aBISKHA PO3YMOBIH 31aTHOCTI. JJocArHEHHS MOMiOHOT
JIBOCTOPOHHBOI Ta Oe3mepediitHol B3aeMOIii MiX JIFOJbMH Ta pOOOTaMH, IO
MPAIIOIOTh pa3oM, — IIe HOBE Benwke 3aBnaHHA [1]. BoHo Ge3mocepentbo
OB’ sI3aHe i3 3a0e3MeUeHHsIM TapaHTO3/IaTHOCTI YTBOPEHOT CHCTEMH KOMIIO-
HEHTIB 3 MPUPOJIHUM Ta IITYYHUM iHTeJaekToM. OHOIO 3 aKTyaJbHUX 33134
y LIbOMY KOHTEKCTI € 3aXHUCT BHYTPICUCTEMHUX KOMYHIKalil sSIK OAMH 3 KPO-
KiB Ha IUISIXY JOCSITHEHHS BULIIOTO PiBHS JAOBIPH Y JIFOAMHO-MAaIMHHIN CHC-
TeMi 3a paXyHOK JIOCTOBIPHOCTI iH(OpMAITii.

Y KoomnepaTHBHUX BHUPOOHHMYMX CHCTEMax 3 TiOpUAHUM (JIIOAMHO-Ma-
[IMHHKAM) THTEJIEKTOM MPH BUKOPHUCTAHHI iX y BIJKPUTOMY MPOCTOPI MOX-
JMBA Jis 3aBajl, B TOMY YHCIi — B KOMYHIKalliHHUX mporecax. Takox Mox-
JMBa BHYTPIIIHA KJIACTEPH3allisi CHCTEMH, SKa BiIOMBAETHCSA HA KOMYHiKa-
wiitHii cTpykrypi. [Ipu 11bOMy METOrO yTBOpEHHS KOMYHIKAIlifHUX KllacTe-
piB, KpiM CyTO PYHKIIOHATHHHUX acTeKTiB, Oyiio O HeJOMyeHHS (Y1 MiHiMi-
3allis) CTOPOHHBOT'O BTPYYaHHs (YMHUCHOT'O YH BHIIAIKOBOT'0) B KaHAIH iH(O-
pmariiiHoro oOMmiHy BuUpoOHMUMX mifgcucTeM. lle HaiibOinblie crocyeTbes
caMe MallMHHUX KOMIIOHEHTIB, OCKUIBKU TXHiM IHTEJCKT HE 3aBXKIU 31aTCH
PO3Mi3HATH JHKEPET0 HaAXO0PKEHHS JaHUX, BHACIIZIOK YOTO MOXKYTh OyTH 3a-
KaM¥ Pi3HOTO CTYHEHS TSKKOCTI.

TakuM YMHOM, TEXHOJIOTIYHO HEOOXITHUM € BUKOHAHHS aHami3y iHdop-
MAIliifHAX MOB1IOMJICHh Mi’XK KOMIIOHEHTaMH Kiactepy. [Ipore Hac Moxe 1i-
KaBUTHU HE TIJIbKH BUSBICHHS TOMWIOK, ajie i BUSIBIICHHS BIIMIHHOCTEH ABOX
iHpopManiiHuX ¢parmenTiB abo ix npumipHukis. [Ipuposna BiaMiHHOCTEH
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MoOXe OyTH pi3HOIO, a iXHS OI[IHKA — 3aJIeKHOI0 BiJl METH aHalizy iHdopma-
wii. SIkmo meroro Oyne KOHTpoIb 30epekeHHs iHpopMallil B KOMyHIKalil-
HOMY IIPOIECi, TO BIIMIHHICTD TPAKTYBaTUMETHCS K IOMHIIKA 3 YCIMa MOX-
JIMBHUMH HACJIiIKAMU pearyBaHHs Ha Hei. SIKIIo )k Hac IIKaBUTHME CTPYKTYpa
9M JUHAMIKa 3MiH 1HpOpManiiHUX (PAarMeHTIB, TO BIAMIHHOCTI CBITYUTH-
MYTbh Ipo (aKT Ta JOKAIi3alio JUHAMIYHHUX IIPOLECIB, 1HIII CyMyTHI mapa-
METpH.

Y 3aranpHOMY BHIIAAKY MOBIIOMIICHHS, SKIMH OOMIHIOIOTHCS KOMITOHE-
HTH CHUTYyaTHBHOTO KJIaCTepa, SBIAIOTH cO00r0 OJIoKH iHpopMaii, ckaneHi
3 aBTeHTHU(IKaIiitHOT Ta iHpopManiiHOi ckiIamoBoi. Y mporeci ineHTH(DIKA-
i KOpHCTyBaya MOIyIb-TIPUMad MOPiBHIOE aBTEHTH(IKALINHHI JaHi MOBi-
JIOMJICHHS, OTPUMAaHOTO BiJl MOAyIsI-TiepedaBada, 3 NAaHUMH, sKi 30epira-
I0ThCS B JIOCTYIHIA y MeXax KOMyHiKaliiiHoro kiactepa 6a3i nanux. Ilicis
BCTaHOBJICHHS JIOCTOBIPHOCTI aBTeHTH(iKaTOpa, HEOOX1THO MEPEBIPUTH BiJl-
cyTHicTh (anbcudikamniil y iHpopMaliiHiil YacTHHI HAAICIaHOTO TIOBIIOM-
JICHHSI, a B pa3i IXHHOTO BUSBJICEHHS — BUKOHATH BiJHOBJICHHS AiCHOT iH(pO-
pmartii.

Amnani3 3micty iH(GOpMaLiiHOT YaCTHHH MTOBIJOMJICHHSI TAKOX YaCTKOBO
a00 TMOBHICTIO MOKe OyTH BUKOHAHWH Kpunrorpadigaumu Metogamu. Ocki-
JBKM OKPEMHM BHIIaJKOM TaKOTO aHaTi3y MoXe OyTH BCTAHOBJICHHS (hakTy
Ta 00JacTi JIOKaTi3amii 3MiHH y OJTo1i JaHUX, He0OXiTHOO € po3poOKa METo-
B, SIKi TO3BOJISIOTH BUSIBUTH ACKIIBKA 3MiH y OKpeMoMy 0ot iHdopmariii
Ta BCTAHOBUTH iX KOOPAWHATH 3 METOIO iMeHTH}IKaIil Ta (JopMyBaHHS Bif-
noBigi. Hamu asist aHanizy crijibHO BUKOPUCTOBYBaHMX iH(OPMAIIHHUX pe-
cypciB OyJ 3alIpOIIOHOBaHI METO/IH, SIKi TIOEHYIOTh IPUHLIUITKA OpraHizarii
napoJjbHOi aBTeHTH(]IKaLiTl Ta inenTrdikamii 3 MeToiaMu xeuryBanHs. byio
PO3pOOICHO METO/IM BUSIBJIICHHS OZJHOKPATHUX Ta 0araTOKpaTHUX MOMHJIOK Y
Ostokax iH(OpMaIIii, a TAKOK METOJI BUSBJIICHHS 00JacTel TIOKaTi3allii Takux
MOMHJIOK Ta BiJIHOBJICHHSI I[UUIICHOCTI MIEPBUHHUX MOBIIOMIICHb. 3BaXKAIOUH
Ha OJTHOTHUIIHICTH 33a]a4 BUABICHHA QalbCU(IKaIii y KOXKHIN 31 CKIaJOBHX
TIOBIZTOMJICHHSI, BOHU PO3TIISAINCS K OJOKM JaHUX.

J11s1 BUSIBIICHHS OZTHOKPATHHUX MTOMUJIOK Y TTOBIJIOMJICHH] 3aIIPOIIOHOBAHO
MeTo, 0a30BaHUI Ha 00UYMCIEeHH] Xen-QyHKIi1. 3aCTOCYBaHHS alTOPUTMIB
XEIIyBaHHS 3 TAKOI0 METOIO € BLIOMOIO MpakTHKolo. OHAK, y 3aralbHOMY
BUTIAJIKY, OOYHCIICHHS Ta TOAANBINNI aHai3 Xell-(QyHKIIT TOBHICTIO BCHOTO
iH(OpMAamiHHOTO MOBiOMIICHHS T03BOJISIE TIEPEBIPUTH HOTO JOCTOBIPHICTS,
ajie He Ja€ MOKJIMBOCTI BUSIBUTH, B SIKUX came (pparmenTax indopmariii Bia-
Oynucs TOpyIIEeHHs MiJicCHOCTI. TOMY 3ampONOHOBaHUI METO] BUSBIICHHS
(anbcudikariii mependavae oduncieHHs xem-pyHKIi B KOXKHOMY 0J011i Un
HaBiTh B KOXKHOMY 3amuci HaAicIaHOTo moBimomieHHs. OOYMCICHHS XelI-
(hyHKIIH U1 KOXKHOTO 3anucy B Oomi iHdopMarlii 103BoJIs€ BU3HAYUTH 3a-
TIHC, B SIKOMY BiIOyJHCS 3MiHH, ajie HOro HEeJOJIKOM € BHCOKa HaJIHIIKO-
BICTb NP KOHTPOJI IIJIICHOCTI MTOCIIIJOBHOCTI 3aITMCiB HEBEJIMKOTO PO3MIpYy.
Jns cxemu 00paxyHKy, ska Iependadae oO4YHMCIEHHS Xenr-QyHKIIl Juis
0JI0Ky IaHMX, XapaKTepHa HEBHCOKa HAUTHIIIKOBICTb, IPOTE CyTTEBUM HEJI0-
JIKOM € HEMOXKJIMBOCTI BUSBICHH (hanbcudikariil B okpeMoMy 3ammuci.
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OCKIUIBKH PO3MIISIHYTI METOJM XEIIYBaHHS 3 METOIO BUSIBJICHHS (allbCH-
¢ikauii y moBitOMIEHH] BUSABWINCS (YHKIIOHAJIHHO HEIIOBHUMH CTOCOBHO
3ajayl JoKanizamii momkopKeHb iHdopmaii, Oys0 3aporoHOBaHO HOBUI
METO/I, SIKM{ OTPUMaB Ha3BY METO/LY IepexpecHoro xemryBanus. CyTh 3anpo-
MOHOBAHOTO METOY HOJIATa€e B 00YHCIIEHHI Xel-(DyHKIIT MOBIOMIICHHS JJIs
OJIOKY JaHUX 3a CXEMOIO, SKa MOETHY€E XEIIyBaHHs Uil OJIOKY NaHHX SIK Yy
TOPHU30HTAIIbHOMY, TaK 1 y BEpTHKaIbHOMY HampsiMax. Lle mae 3mory, 3acto-
COBYIOUH TIEPEBipKY 3HAUCHb XeMI-(DYHKII{ 3a IIpeInKaToOM, BUSBUTH MOPY-
IICHHS OIJTICHOCTI B TOPH30HTAIEHOMY Ta BepTUKaJIbHOMY Ojori [2]. Bu3na-
YUBIIN PAIOK (TOPU3OHTANBHUH OJOK JaHWX) Ta CTOBICIh (BEPTHKAIHHHUN
OIIOK TaHWX), Y SKAX BiIOY/HCS 3MiHH, Ha iX IEPETHHI MOKHA BUSBHUTH (a-
necuikoBaHUH (parMeHT MOBiTOMIICHHS.

[Ipu BusiBIIEHHI MOPYIIEHB LIJIICHOCTI OBIZOMJICHHS! BOHO PO30HBA€ETHCS
Ha Oj0ku iH(pOpMAIil, VIS KOKHOTO 3 HHUX OOYMCITIOETHCS 3HAUCHHS XCIIl-
(yHKUIT 32 aHANOTIE0 3 00YHCIEHHSIM XelI-(QDyHKIIT BChOTO MOBIIOMIICHHS.
Jani HeoOXiTHO MepeBipUTH JOCTOBIPHICTH TXHIX 3HAYEHb 33 MPEIUKATOM.
[MopymeHHsT WITICHOCT] MOBIIOMJICHHS BU3HAYa€ThCs 32 3MIHOIO 3HAY€Hb
xem-GyHKIi# okpemux 00kiB iHGopmarrii. Llei MeTo ] 103BOIIsE BUSBIIATH
OJTHOKPATHI IOMHJIKH y OBITOMJICHHSX.

Jln1s1 BUSIBIIGHHS Ta BUIIPABJICHHSA 0araTOKpaTHUX IIOMIJIOK BUKOPHUCTaHO
KOpHUTYIOUi MOXIUBOCTI KoaiB ['eminra [3]. IIporte mist kpunTorpadiqHuX mi-
nel 37aaTHicTh Kooy ['eMiHra BHABHTH ABOKPAaTHY IOMHJIKY Ta BHIPaBUTH
OJTHOKPATHY OMHJIKY B IBIHKOBOMY KO/Ii € HEAOCTATHHOI0. TOMY TOPEIHOIO
€ no0y/zoBa KOAIB, SIKi JO3BOJISIIOTH BHUSBUTU OUIBINY KUIBKICTH HOMHJIOK,
HIISIXOM BBEJICHHSI HA/TMIIKOBOI iH(popmaliil. OuiHka KOPUTy40i MOXKIH-
BOCTI TaKHX KOJIIB MOe OyTH BUKOHAHA 3a JOIOMOTOI0 [TApaMETPIB «KOJ0Ba
BIJICTaHb» Ta «MiHIMaJIbHA KOJOBA BiICTaHb». ['eMiHroM OyJi0 MmoKa3aHo ix
3aJICKHICTH BiJl TOBKHUHU KOJY Ta BBEJCHOT HAJTUIIKOBOCTI [4].

Kox I'eminra B 3araqpHOMY BUTJISIII MOXKe OyTH 3aJaHUI TOPOKYIOYOIO
MaTpPULCIO, SIKa CKIAJAETHCS 3 OAUHUYHOT MaTpHLi kXK Ta mpunmcanoi Mat-
puili nepeBipodHux eneMeHTiB Kxr. Tyt K — KiIbKICTh PSIIKIB OPOJKYOUOT
MaTpuiy, I — KiIbKiCTh CTOBIIIB MOPOKYO40T MaTpuii. Bemwunuu K i r
MaroTh 33JJ0BOJIBHSATH JIBOM YMOBaM: MO-TIepIIe, OTPUMAHHS ITOPOKYI0HOT
MAaTpHIl MAaKCUMAaJIbHO MAJIOTO PO3MIpY Ta, O-ApyTe, 3a0e3mevueHHs MiHIMa-
JILHOT KOJOBOI BiJCTaHi, HCOOXIqHOT IJis BHUSBJICHHS 3aJaHOi KIJIEKOCTI I10-
MMIIOK. /{7151 BU3HAYEHHS 3HaUCHb IePEBIPOYHIX €JIEMEHTIB MaTPHUIl HEOOXi-
JTHO BUXOJIMTH 3 OCHOBHHX BJIACTHBOCTEH KOPUT'YIOUHX KOJIIB.

Kpim npuHINTIB HaIJTUIIKOBOTO KOJAYBAHHS, 1HIIOO CKJIaJOBOIO METOa
TapaHTOBAHOTO BHSBIICHHS (hanbcuikalliil € METOAN XelIyBaHHs, SKi 3a0e3-
MEYyIOTh BiIHOCHO HEBHUCOKY HAUIMIIKOBICTh, HEBEIHKY KITBKICTh KPHIITO-
rpaiYHUX TEePEeTBOPEHb Ta MOXKJIMBICTH KOHTPOIIOBATH JOBXHHY XeIlI-
koxy. Jlns KOHTpoOMrO HiMmicHOCTI iH(pOpMAaNii BUKOPHCTOBYETHCS ITOHATTS
«CUHIPOM» 3 TeOpii JIHIHHUX KOMIB SK CYKYITHICTh O3HAK, XapaKTepHUX Ta
JIOCTATHIX JUIS PO3Mi3HaBaHHs MOMMIOK. OTpUMAaHUI METOJI Ma€ MOTEeHIial
3a0e3IeueHHs TapaHTOBAHOTO BUITPABJICHHS IOMHJIOK Oy 1b-5IKOT KPATHOCTI.
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TakuM 4YHMHOM, 3aCTOCYBaHHSI TEXHOJIOTii XelryBaHHs 3a0e3mnedye sk
MIBUJIKY aBTCHTH(IKALI0 B 0araToarcHTHOMY CEPEIOBHIII, TaK 1 MOXKIIH-
BICTb IIBHJIKOTO aHAJII3y CTPYKTYPH Ta 3MICTy HaAiCIaHUX NOBIIOMIICHB. 3a-
MPOTIOHOBaHI1 METO/M 3a0€31eUYIOTh BUSIBIICHHSI OJTHOKPAaTHHX 1 GaraTokpa-
THHUX IIOMHJIOK Ta FapaHTOBaHE BHUIPABIICHHS 3aJaHO0i KiIbKOCTI hanbcudi-
KOBaHUX (JparMEHTIB Yy MOBIIOMJICHHI IIUIIXOM BBEJCHHSI KOHTPOJIBHUX 0J10-
KiB iH(popMarlii Ta BUKOHAHHS MIEPEXPECHOTO XelryBaHHA. Po3pobieni me-
TOZX MOXXYTb CTaTH OJHHM 3 KPOKIB Ha IULIXY HOCATHEHHS HAJISKHOTO PiBHS
JIOCTOBIpHOCTI iH(pOpMAaIii y KOMyHIKaiiHIA CHCTEMi Ta MiIBUIICHHS 0-
BipH y CIIIBpOOITHUIITBI 200 cIiBIIpari Jiroael Ta poOoTiB.
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YK 681.14

IHOOPMAIIMHA CUCTEMA BU3HAYEHHS ABTOPCTBA
TEKCTY HA OCHOBI CHHTE3Y ®OPMAJIbHUX METO/IIB
ATPUBYIII

Kauanoscokuit T1.I1.
Hayionanonuii ynieepcumem ‘“Yepuiciecoxa nonimexuixa”

3aja4a BU3HAUCHHS aBTOPCTBA TEKCTY — L€ JIMIIE OJHA 33ja4ya 3 yChOTro
MOXJIMBOTO aHaJli3y TEKCTY, ITPOTE€ BOHA Ma0YyTh € HAlOUIbII HETPUBiAIb-
HOI0, OCKUIBKU MOTpeOye€ MOPiBHSAHHS TAKNX IMOKA3HUKIB TEKCTIB SIK TX CTHIIB,
CKJIQ/IHICTD peueHb Ta 0araTrcTBO CJIOBHHKOBOIO 3aracy aBTopa. AJie HacTi-
JIbKY HACKLUIBKH BOHA HE € TPUBiaJIbHOIO, BOHA € HEOOXIJHOIO B peallisiX 1moc-
TiIHOTO 301JIBIIEHHS TEKCTOBOI iH(pOpPMAIIii B CBITI.

Mertoro maHOi poOOTH € po3poOKka iHPOpMAIitHOT CUCTEeMH BU3HAYEHHS
aBTOPCTBA TEKCTY, 1[0 MOXKE CIIYTYBaTH CEPBEPHOIO YACTHUHOIO LIS IOJIATKY
a0o OHJIAH cepBicy, a TAaKOX il TeCTyBaHHSI.
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Jlnst BU3HaYEeHHS aBTOPCTBA TEKCTY HEOOXIIHO BU3HAUYUTH «aBTOPCHKUI
CTHWJIb» TEKCTY Ta MOPIBHSITH HOTo 3 IHIIMMH. BU3HauMBIIM HAWOIIBIT 1O~
OHMi1, MOXKHA 3pOOHUTH BUCHOBOK TIPO aBTOPCTBO HeBigoMoro Tekcry. Cepen
(hopMarbHUX METO/IIB BU3HAUEHHS aBTOPCTBA TEKCTY HANOIBII ITOIMPEHUM
€ METOJI, 1[0 PO3IJISIA€ CTATUCTHYHI MOKa3HUKHU TEKCTY Y BUIIISAII KOOpAH-
HaT TOYKH B N-MIPHOMY IIPOCTOPI, Ta TIOPiBHIOE TEKCTH 3a JONOMOror EBk-
migoBoi Bigcrani [1] mMik 1BOMa TOUKaMH, 110 TIPECTABISIOTH ITi TEKCTI B n-
MipHOMY pocTopi. YnM MeHIIa BiICTaHb MK HUMH, THM OJIMKYi TEKCTH 3a
crmneMm. [linpaxynox EBKitizioBoi BiicTaHi MpOBOIUBCS 32 (POPMYIIOIO:

L= X (pi — a)? )

ae
P Ta  — TOYKH N-MipHOTO MPOCTOPY

Cepen ycix MOKJIMBUX CTaTHCTHYHUX MOKa3HUKIB Oyiu oOpaHi HacTy-
TIHI:

1 B3aemHa iH(opMaIlist MiXk CyCiTHIMH TapaMHu JIiTep;

2 B3aemHa iH(pOpMAIisS MiXK TapaMH JTiTep Yepe3 OTHY;

3 B3aemHa iHOpMAIis MK TpiazaMu JiTep;

4 VIMOBIpHICTh 3yCTPIiTH B TEKCTi CJ10BA MEBHOI JOBKHHIL;

5 VIMOBIpHICTB 3yCTPITH B TEKCTi CIIOBA i3 CIHCKY DYHKI[IOHATLHUX CIIiB.

Jnst po3paxyHKy B3aeMHOI iH(opmalii BUKOPHCTOBYBaacsi HACTYIIHA
dhopmya:

Xi,Xi
a; =1(x;,x) = log#p(’;)

)

ae
a;j— B3a€MHa iHpOpMallis M eJleMEHTaMH 3 iHEKCaMH 1 Ta j,
X; — €JIEMEHT TEKCTY,

p(x;) — AMOBIPHITH 3yCTPITH EIEMEHT X; B TEKCTI,

p(x;, X;) — WMOBIPHICTB 3yCTDIiTH €JIEMEHTH X; Ta X; MAPAI B TEKCTI

Marpuus B3aemHol iHdopmanii Mix itepamu Oyna Ha3BaHa iH(popma-
[iHHUM TOPTPETOM TeKCTy[2].

J1J1st IpaBUIILHOTO MIEPECTABIEHHS CTHIIIO TEKCTY 00paHi CTaTHUCTHYHI 10-
Ka3HUKW TIOBUHHI 3aJ[0BOJILHSTH JBOM BHMOTAaM: CTIHKOCTI Ta PO3AUIBHOT
3matHocti[3]. Jlms TecTyBaHHS CTIMKOCTI HMOBIPHOCTI 3yCTpiTH B TEKCTi
CJIOBA MEBHOI TOBXKUHU OyJIM B3STi IIICTh TEKCTIB, 0 HAJEXAaTh IO OJHOTO
aBTopa: ['orosst, Ta I’ ATh IHIIMX HaJeXaTh J10 pi3HUX: ['opbkuii, JlocToeBCH-
kuit, [Tymkin, Toxcroit Ta TypreHes BifnoBigHO.

Ha pucynkax 1 Ta 2 noka3aHi IOpiBHSIHHS 3Ha4€Hb ITOKa3HUKIB /IS TBO-
PiB OJTHOTO aBTOpA Ta Pi3HUX aBTOPIB BiATIOBITHO.

209



TlopiBHRAHHA 3HaveHb AMOBIPHOCTER 3yCTPITM C0B 3 PISHOIO KINBKICTBIO /TP Cepe Pi3HIX TEKCTIB OAHOTO
asTopa

Pucynox 1 — IlopiBHSHHS MMOKa3HUKIB IMOBIPHOCTI 3yCTPITH CIIOBa
MEBHOT JOBXUHU JUISl TBOPIB OHOTO aBTOPa

TlapiHAKHA 3HakeHs AMOBIPHOCTEN 3YCTRITH CA0B 3 PISHOR KINBKICTEIO ATep Cepey pisHux astopla

Pucynok 2— [opiBHSHHS OKa3HUKIB KMOBIPHOCTI 3yCTPITH CJIOBa
MEeBHOT JIOBXXWUHHU JJIsl TBOPIB PI3HUX aBTOPIB

Sk BumHO 3 pucyHKiB 1 Ta 2 IMOBIpHICTB 3yCTPITH B TEKCTi CIIOBA IEBHOT
JIOBXKUHHM 30epirae mocTiiHi 3Ha4eHHS JJIs1 TBOPIB OJJHOTO aBTOPA 3 HEBEIH-
KAMH KOJIMBaHHSIMH, TIPOTE TSI TBOPIB Pi3HUX aBTOPIB BiIXUIICHHS Bill cepe-
JTHBOTO 3HAYEHHS CTa€ OUIBIINM, IO CIYTYE TOKa30M CTIHKOCTI Ta pO3aiib-
HOI 3/1aTHOCTI JIaHOTO MOKA3HHKA, IO CBIYUTH MPO Te, 10 BiH MOXKE CIYTy-
BaTH SIK MOKA3HUK iHJMBIyaJIbHOTO CTHIIIO aBTOpa Ta MOXe OyTH BUKOPHC-
TaHWUH Uil BU3HAYEHHs aBTOPCTBA TEKCTY. AHAJIOTiYHE TECTYBaHHS OyJio
MPOBEJICHE TS IHIIKMX MOKa3HKUKIB Ha MTPEMET CTIHKOCTI Ta PO3/iILHOI 3/1a-
THOCTI.

B xoxi po3pobnenHs cuctemu Oyo peasi3oBaHO YOTHPU METOAN BU3Ha-
YEHHSI aBTOPCTBA, TPH 3 IKUX BUKOPHCTOBYIOTh 3a3HAYEHI BHIIIE CTATUCTUYHI
MOKa3HUKH Ta EBKIIIOBY BificTaHb M)k HUMH, Ta YETBEPTHH, 110 BUKOPHUC-
TOBYE EHTPOMIiiHYy Kiacudikarito 111 BU3HAYCHHS Ta OPIBHSIHHS CTHIIIB Te-
KCTiB JJIsl BU3HAYCHHS aBTOpCcTBA. MeToa eHTporiiiHoi kinacudikauii[4] Bu-
kopucroBye nokazHuk H(T|S), sikuil xapakTepusye €HTPOMIIO AESKOTO TeK-
cry T o BigHOmEHHIO 110 Tekety S. Jlani BuOip mxepena texcry T mpu Has-
BHOCTI TEKCTiB Sy, ..., Sp, 110 IPEICTABIAIOTH N JPKEPEl, TIOBHHEH 3/1iHCHIO-
BaTHUCs 3rigHO 3 hopmyoio (3).

0(T) = argmin;H(T|S;) 3)
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3nauenns H(T|Si) moxe OyTu oTpuMaHe Bpy4HY, U IOTO HEOOXIIHO
BU3HAYUTH po3Mip B Oaiitax BuxigHoro texcry T Ta 3amam'sitaty #oro sk | T,
CKOPHCTYBABILIKCH OyAb-SIKMM apxiBaTopoM 3koMnpecyBatu TekcT T B C(T)
Ta BU3HAYUTH JIOBXHHY B 0aiiTax orpumanoro daiiny sk |C(T)|, nani HeoOxi-
JHO «migkneiTh» 1o TekeTy T Teker S1 Ta KOpUCTYIOYHCh THM CaMUM apXi-
BaTOPOM OTpUMATH 3KoMIipecoBanuii daiin s rexkcry T|S1 — C(T|S1), Bu-
3HAYUTHU HOTO MOBXKHUHY B Oaiitax sk |C(T|S1)|. Hami ckopucTaBmucs Gopmy-
7010 (4) MOkHa OTpuMaTH HeoOXxinHe 3HadeHus H(TS;).

H(TIS) = (|C(TISI|)1|~|_ [c(mDh 4)
Jis TecTyBaHHS TOYHOCTI pO3po0IIeHOT cucTemMu Oy BimiOpaHi aBa Ko-
PILyCH TEKCTIB, 10 TIEPIIOTO BXOIATH TBOPH BOCEMH Pi3HHUX aBTOPIB KIacH4-
HOI POCIMCBKOI JIiTepaTypH A0 IPYTOTo BXOISITH MOBiTOMIICHHS 3 KOH(EpeH-
il Mmecenmkepy Telegram 1o sikoi BXOIATH M'ATh 0ci0. TecTyBaHHS TPOBO-
JIJIOCS. IBOMA CIIoco0aMu: MepInii aBTOMAaTHYHO IMOJIISE TBOPU KOKHOTO
aBTOpa Ha TPEHYBaJIbHI Ta TECTYBAJIbHI Ta IPOBOJUTH TECTYBaHHS KOKHOTO
METOJly OKPEMO B JIEKIJIbKa €TaIliB Ha KOXXHOMY OOMPalO4H B SIKOCTI TECTY-
BJIbHUX JIAHUX PI3HUH TBIp U1 KOXKHOTO aBTOpa, IPYTHi METOJI TECTyBaHHS
noTpeOye MOy JaHUX Ha TPEHYBaJIbHI Ta TECTYBaJIbHI JaHi Bpy4HY. B X011
TECTYBaHHS HAa OCHOBI TPEHYBAJILHUX JAHUX 30UPAOTHCS CTATUCTHYHI ITOKa-
3HHUKH JUIsl KOKHOTO aBTOpa OKPEMO, 110 (GOPMYIOTh 3aralibHUH «IIOPTPET»
CTHJTIO aBTOPA, OTIM 30MPAIOTHCS CTATHCTHYHI OKa3HUKY JUIS KOXKHOTO OK-
pEeMOro TBOpY 3 MacHBY TeCTYBaJbHHUX NaHUX. Ha ocTaHHBOMY eTami TecTy-
BaHHS CTATUCTUYHI JIaHi Ul «pPealbHUX» TBOPIB NOPIBHIOIOTHCS 3 JAaHUMHU
KOXKHOTO aBTOpa, TOW «BiACTaHb» N0 sKOro Oyae MeHma Oyme oOpaHO sK
CIPaB)KHBOT'O aBTOP TBOPY. Pe3ysbraTu TecTyBaHHS METO/IB ITOKa3aHi B Ta0-
qamni 1.

Tabmuus 1 — Pe3ynbTaTu TECTyBaHHS peaii30BaHMX METOJIB BU3HA-
YEHHsI aBTOPCTBA TEKCTY HA TOUHICTh
Ha3Ba MeTOI[y BU3HAYCHHA aB- TO‘IHiCTI) MeTOI[y BHU3HAYCHA B
TOPCTBA TEKCTY XOJ1i TeCTYBaHHs, %

Portrait 81.494

Compression 50

Statistics 79.708

Functional Words 83.117

Method Combination 81.981

Sk BugHO 3 Tabnumi 1, peanizoBaHa CHCTeMa Ma€ CEPEIHIO TOYHICTH Oi-
abuie 80% Ha KOpIycCi TEKCTIB Pi3HOT JOBXUHH, CTHIIIO Ta O(OPMIIEHHS.

OTxe, po3po0iieHa cucTeMa Ta JOCIHiKEeHI B X0Ai i po3poOKH MeToH
BU3HAYCHHS aBTOPA JI03BOJISIIOTH BU3HAYUTH aBTOPA TEKCTY 3 01111 Hixk 80%
TOYHICTIO Ta HE MAIOTh BUMOT JI0 PO3MIipy, CTHIIIO Ta 0hOPMIICHHS TEKCTY, a
TOMY MOXX€ OyTH BUKOPHCTaHa Ha MPAKTHIII B IKOCTI CEpPBEPHOI YaCTUTHU J10-
JIaTKy a00 OHJIAlH CEpBiCy.

211



Cnucok BUKOPUCTAHHUX /I7KepeJt

1 CypxoBa A.C. UneHTuduKaIys TeKCTOB Ha OCHOBE HH(POPMAIIMOHHBIX
noptpetoB // Bectauk Hikeropoackoro yausepcurera uM. H.W. Jlo6auyeBc-
koro. — 2014. — Ne 3 (1) . — c. 145-149.

2 XwmenvoB JI.B. Pacio3naBaHue aBTOpa TEKCTa C UCIIOJIL30BAaHUEM Lie-
neid A. A. Mapkoga // Becta. MI'Y. Cep. 9: ®unonorus. 2000. Ne 2. C. 115-
126.

3 ®omenko B.II., ®omenko T.I'. ABTOpckuif HHBapHAHT PYCCKHUX JIUTE-
parypHbIX TekcToB // HoBas xporonorus ['perun: AaTraHOCTS B CpenHese-
KoBbe. M.: MI'Y, 1995. 422 c.

4 EBKitizioBa BificTaHb NIPY BU3HAYEHHI aBTOPCTBA TEKCTY [ EnekTpoHHmMiA
pecypce] - Pexxnm JOCTYILy bi (o) pecypcey:
https://cyberleninka.ru/article/n/otsenka-effektivnosti-metrik-rasstoyaniya-
evklida-i-rasstoyaniya-mahalanobisa-v-zadachah-identifikatsii-
proishozhdeniya-teksta/viewer

YK 004.02

NHCTPYMEHTAJIBHAA MOJEJIb ITIOJCUCTEMbI
MHOAJEPKKHU ITPUHATHUA PEHIEHUU

C.B. I'pubkor?, B.A. Jluteunos!, A.B. Onelinux?

Hucmumym npobaem mamemamuueckux mawun u cucmem HAHY,
Ykpauna

Hayuonanvnolii ynusepcumem nuwjesvix mexrono2uti, Ykpauna

OpHoit n3 Haubosiee BayKHBIX 3a/1a4 B PEICHUH KOMILJIEKCa MPobiIeM co-
3/1aHUSI CETH CUTyallMOHHBIX IIeHTpoB (CLL) opraHoB rocyaapCTBeHHON Bia-
cTi YKpauHsl [1] cTaHOBUTCS OTpabOTKa THUIOBBIX PEIICHHH B PAa3TUYHBIX
cdepax npobiemaTrke pa3padboTku, BHeApeHus U ¢pyHkuuoHupoBanus CLI.
Haubonee crnoxxHO#, Tpy1I0eMKOM U HauMeHee IPOABUHYTOH SBJISIETCS MPO-
OysieMa TPOTpaMMHOM peanu3allid HUMEIOIIHUXCSl OOIMX KOHIENTYalbHBIX
NPEe/IIOKEHHH, MTPEACTaBICHHBIX B JINTEPaTypHbIX MCTOYHMKaX. [Ipumenn-
TEJIBHO K YCJIOBUSAM U PEalbHBIM OTEUECTBEHHBIM BO3MOXKHOCTSIM CO3JaHUS
JeicTByromux noiHodynkunonansueix CLI (neduuur cnennanicTos u pa-
3pBIB MEXIY MX KBann(pUKanued u TpeOOBaHUSIMHU NPOEKTA, HEPEaTCTHY-
HBIE CPOKH U OFOJUKETHI U T.I1.) €MHCTBEHHBIM, BEPOSITHO, IIPHEMIIEMbIM I1y-
TEM pelIeHus NpoOJIeMbl SIBISIETCS IPOTOTUIIMPOBAHUE OTIEIbHBIX (parme-
HTOB (IIOJICHICTEM) MIPOTPaMMHOT0 Komruiekca. C yq4eToM COBPEMEHHBIX pe-
IIEHUI OTHOCHUTENIEHO CBOMCTB 1 KpUTEPHEB BBIOOpa MmIaTdopM It Iporpa-
MMHOH peaNn3aliil CUCTEM KIIMEHT-CEPBEp PAacCMaTPHBAETCS BO3MOXKHAS
MHCTPYMEHTaJbHAs MOJENb IPOTOTHIIA BEO-OPHEHTHPOBAHHOW MpOTrpa-
MMHOH peau3aIiiy NOJCUCTEMBI ITOAISPKKH MIPUHATHS PEIICHUNA B COCTaBe
cepsepa CLI, B yacTHOCTH, Ha 3Tamax MOArOTOBKH M IPOBEICHIS COBEUTAHNS
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[2]. OTa noxcucTeMa sSBISIETCS OCHOBOM BBIMOMHCHHS () YHKIMIA KOJUICKTHB-
Horo obcyxaeHus npoGiemsl (collaboration), a Hox MHCTpYMEHTAILHOMH MO-
JIETIbIO 3/1eCh TOHMUMAETCsl COBOKYITHOCTD ITPOTPAMMHBIX KOMIIOHEHTOB T10/I-
CHCTEMBI M PEIICHHUH [0 MX COBMECTHOMY NpuMeHeHuto [3]. Mcnonb3oBanue
BeO-nHTEpQelica 000CHOBBIBAETCS PsIOM (pakTOPOB, B YaCTHOCTH, U HEOO-
XOANMOCTBIO PabOTHI B IPOLIECCE COBEIIAHUS C YAaJCHHBIMH y4aCTHUKaMH-
9KCIEPTaMH.

Monens 6a3upyercss Ha KIACCHYECKON MHOTOCIOWHOW apXHTEKType C
pacmpeseneHneM Ha CIEAYIOIINE COCTABIISIONINE:

1 cioit KOHTPOJUIEPOB, C MTOMOIIBIO KOTOPBIX 00ECTIEUNBACTCS B3aUMO-
JIEHCTBHE C KIMEHTCKON YacThIO;

2 ajianTepsl, Ha yPOBHE KOTOPBIX OCYIIECTBILIETCS PeoOpa3oBaHNe aH-
HBIX U3 3aIPOCOB KJIMEHTOB B OCHOBHBIE OM3HEC-OOBEKTHI, HaJl KOTOPBIMU
OCYLIECTBIISIETCS JAJIbHEHIas 00paboTKa;

3 KJ1acChl, OCYIIECTBISIONIMX TPOBEPKH BXOIHBIX IAHHBIX HA COOTBETCT-
BUE YCTAHOBJICHHBIM MPABUIIAM;

4 OGu3HEeC-CepBUCHI, KOTOPBIE HEMOCPEACTBEHHO OTBEUYAIOT 32 BBINOJIHE-
HHE OU3HEC-JIOTHKH;

5 BcromorarenbHbIE HHCTPYMEHTAIBHBIE KJIACChl, KOTOPBIM OM3HEC-cep-
BUCHI JICTIETHUPYIOT BHINOJHEHUE OTACIBHBIX ONEpPaINii;

PENo3UTOpHH, IPeIHA3HAYCHHBIE IJIs1 HETIOCPEICTBEHHOH pabOTHI ¢ JaH-
HBIMH.

OyHKINOHAIBHBIE BO3MOYKHOCTH CEPBEPHOM YaCTH OTBEYAIOT HOTPEOHO-
CTSIM I10JIb30BaTEIe U CKOHIIGHTPHPOBAHBI B MOAYJISX, NTPEIHA3HAYCHHBIX
JUISL PelIeHHs] KOHKPETHBIX 3ajlay, peai3yIolmuXx QyHKIUOHAT CUCTEMBI - B
YaCTHOCTH, Ha dTanax MoJroTOBKH U MpOBeJieHNs coBenanuii. Kaxxaplii Mo-
JUyJIb TIPY BBITIOJTHEHUH 00pabOTKH HEKOTOPOTO 3ampoca oOpaiaercs s mo-
Jy4eHHs JaHHBIX K MH(OPMAaIOHHBIM pecypcam cuctembl. [locie npoBeze-
HUSI 00paOOTKH JaHHBIX U HEOOXOIMMBIX MOJCUCTOB PE3YJIbTAT OTOOpaXkae-
TCSI B 33JJaHHOM BHJIE KJIMEHTCKOTO MpriioxkeHus. KommuectBo Moxyseit He
perylaMeHTHPYETCS, YTO 00EeCIIeYNBAET, B CIIydae He00X0IMMOCTH, MOAEPHH-
3aIMI0 CYIIECTBYIOIINX M BKJIIOUEHHS HOBBIX MOJYJIEH /sl pelIeHns 3aaaq
NPUHATHUS PELICHUH.

[IporpammHas cucteMa OpHEHTHUPYETCS Ha «TOHKOT0» KIMEHTa U BKIIIO-
YaeT CIeAyIoINe KOMITIOHEHTBI:

1 nporpammuyto miardopmy Spring Framework, B rienmom obecrieunBaro-
HIYIO OCTPOEHHE IPOrpaMMHOIT HH(PPACTPYKTYPHI MTOJICHCTEMBI;

2 cpenctBa OubHOTEKH Junit U mporpaMMHoOi rtatdopmel Mockito mist
MO/IyJIbHOTO ¥ HHTETPAl[HOHHOTO TECTUPOBAHHs IIPOrPAaMMHOT0 KoJia pa3pa-
0aThIBAEMOI CUCTEMBI,

3 cpencTBa 00BEKTHO-PEIIIIHOHHOrO 0TOOpaxkenus: Hibernate s pa-
0OTBI C TaHHBIMY;

4 nporokon HTTP Request-Response, kak OCHOBY B3aMMOJIEHCTBHS cep-
BEPHOW YacTU ¢ KJIMEHTCKOM;

5 crannapr / cnermdukannu Open API onucanuns narepdeiicoB B3anmo-
JIeHCTBUS MEXKAY CEPBEPHON U KIIMEHTCKOM 4acThIO;
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6 cpencrBa (popMupoBaHUs Web-CTpaHuIl 111 0TOOpaXkeHus B Opaysepe
TOJIE30BATEIIS;

7 TIOZIXOX U CpeACTBa HENPEPbIBHOW MHTErpanuy K pa3paboTke mporpa-
MMHOT0 KOJla Ha OCHOBE IPOrpaMMHOT0 mpoaykra Jenkins.

[IpencraBnennas wHTEponepadenabHas COBOKYMHOCTh IPOrPaMMHBIX
wiatdopm obecrieunBaeT BHITOJHEHHE BCEX OCHOBHBIX TAIIOB 110 CO3/JaHUI0
HOJCUCTEMbl HOANCPKKH NPUHATHSA PELICHHH - OT MOCTPOCHHS Iporpa-
MMHOH HHQPACTPYKTYPHI MOACUCTEMBI 10 MOXYJIEHOTO  HHTETPAllUOHHOTO
TECTHPOBAHHS MPOrPaMMHOI0 Kozxa. COOTBETCTBYIOLIME NPOTrPaMMHO-TEX-
HOJIOTHYECKHE PEIICHHs YCIICIIHO anpoOHPOBaHBl B CHCTEME MOAICPIKKH
NPHUHATHS PEeLIeHHI 10 (HOPMHUPOBAHHMIO U ONCPATUBHON PEKOH(UTyparuu
TIPOM3BOJICTBCHHBIX IUIAHOB TPEATIPUATHS [4].

Mopenb nosana B 0000I1IEHHOM BHIE ¥ TpeOyeT yTOUHEHUsI, a TAKXKe pa-
3BHUTHS JJIsl KOHKPETHBIX ClIy4aeB IpUMeHeHH. B yacTHOCTH, TpeacTaBiieH-
HbIE IIPOrPaMMHBIE peLIeHUsI 0a3UPYIOTCS IPEUMYIIIECTBEHHO Ha KOHLIETILIUH
«TOHKOTO KIIMEHTa», YTO NpEeIyCMaTpUBaeT CO3/laHHE COOTBETCTBYIOLINX
MOJIyJIeH ATl peIIeHHsT KaXKI0H 101331241, U3 KOTOPBIX COCTOST OT/IENIbHbIE
¢ynkuuu cucremsl. [ HekoTOpbIX coBokymHocteit 3anau ClI Takoii mos-
XOJI MOXKET OKa3aThCsl HepallOHAIbHEIM.
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YK 004.4

PO3POBKA MOBUIBHOI I'PU “PHOTO HUNTER?”

®enopos B.B., Jlynanux P.B.
Hayionanvuuii ynieepcumem « Yepuiciecoka nonimexuixkay, Yxpaina

Bineoirpu — oiuH i3 HAMMOMYJISIPHIIIMX METOJIB O3B CHOTO/ICHHSI.
Yci MU 3HaEMO TIPO IIKOJY BiI€0irop, 0COOIMBO IS IITEH, ane Majo Je po-
3MOBIAAIOTH 1 PO TE€ IO Bif HUX € KOpHCTh. [Ipu moMipHOMY MpOBEICHHI
yacy y BiJieoirpax MOKHa PO3BHHYTH CBiif MO30K. A MOOLTBbHI IIPHUCTPOI Ha-
JTAIOTH O1NTBIIIe MOXKIIMBOCTEH, OCKITBKY BOHHU ITOPTATHBHI Ta 3aBISKH IEOMY
MO>KHA CTBOPUTH YHIKaJIbHUH JOCBI BUKOPUCTaHHS, HAIIPHKJIA] CIIOHYKaTH
JI0 aKTHBHOTO c1Ioco0y XUTTsA. ToMy MOOLITBHI irpH 3apa3 CTBOPIOIOTH 3 TEX-
HOJIOT1SIMH TOLIOBHEHOI Y BIpTYaJbHOI PEalbHOCTI Ta BUKOPUCTAHHAM Ma-
IIMHHOTO HABYaHHS.

Google Cloud Vision API [1] BUKOPHUCTOBYETBCS JJIsl PO3Mi3HABAHHS
00’exTiB Ha ororpadisx. Llel ¢pyHKIioHaT MOKHA BUKOPUCTOBYBATH Y ir-
POBUX LUIIX. Y Ipi MOXKHa KOJIKLIOHYBATH SIKiCh 00 €KTH 3a JIOIIOMOTOI0
KaMepH, IIyKaTH iX Ta CIOHYKaTH rPaBIiB Ha Te MO0 AyMaTH sIKi Iie MOKHa
3HAUTH.

3amada HACTYIIHA: CTBOPUTH irpOBHI MOJATOK HA MOOIIBHY INTaTHOPMY
KW Oy/ie BAKOPHCTOBYBATH TEXHOJIOTIIO pO3Mi3HABaHHA 00’ €KTiB Ha (OTO-
rpadisx. Cama rpa NOBHHHA CIIOHYKAaTH I'PaBLiB OyMaTH Ta JOCIiKyBaTH
HAaBKOJIMILIHIA CBIT Ta MpeAMETH HABKOJO, PO3BHBATH YBAary, CIOCTEPEXK-
HicTb. [HTEpdeiic Mae OyTH IPYKHIM 10 KOPHCTyBada Ta MPHUBaOIIIOBATH [li-
Teu.

“Photo Hunter” — peaizaris 1iux igei.

ApXITEeKTYpy JOAATKY MOXHa 300pa3iTH Tak:

Google Oauth [*

AP Mobile client

\ X
Web clien ><

Google Cloud |
Vision APl |

Node JS server Nginx server

23

storage

PostgreQQL

Pucynox 1 — apx1Te1<Typa JOJATKY “Photo Hunter”
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Bona Bkimouae y cebe

1 KiieHTChKUI MOOITBHUN 3aCTOCYHOK

2 AJMiHCHKHI BeO-3aCTOCYHOK

3 Node JS cepsep [2]

4Google Cloud Vision API cepsic

5Google OAuth API cepsic [3]

6 Nginx cepsep [4]

7 PostgreSQL 6a3a panux [5]

Lentpom nomatky € Node JS cepBep, sIKnit OTPUMYE 3aIUTH BiJl KITIEHTIB
Ta aBTOPH3Yy€ KOPUCTyBada. Y Ci KII€HTCHKI JOAATKH Ta aBTOPU3YIOTHCS Ue-
pe3 Google OAuth API cepgic, a Node JS cepsep Bepudikye depe3 HOTO
KopucTyBauiB. CepBep TaKOX OTPUMY€ 3aIlUTH Ha OTPUMaHHS KOJIEKIIiH Ta
MPEMETIB KOPUCTYBaya Ta 00pOOJIFOE 3aTUTH Ha JOAaHHSI HOBUX MPEAMETIB
y xouekiiii. CepBep A I[bOIO B3aEMOJIE€ 13 0a30 0 JaHHX, Ta CEPBICOM
Google Cloud Vision API, sikuit moBeptae Habip npeaIMeTiB 1110 6yJI0 po3iTi-
3uano. Node JS cepBep mopiBHIOE /15l IIHOTO IaHI KOPUCTYBaya Mpo KOIEKIIii
Ta MOTOBHIOE KOJIEKI{ KOpUCTyBaya y pa3i 3HaiIeHHsI TAKOTO MpPE/IMETY.

Nginx cepBep Ja€ 3MOTy OTPUMATH CTATHYHI PECYPCH, TaKi SIK KAp THHKH
abo mrock iHme. [lepeBara NQINX y ToMy 1110 BiH Kpaiie 00Cayropye darato
3aMHMTIB Ta ILE TaKa apXiTEeKTypa 3MEHIIy€e HaBaHTa)KCHHs Ha OCHOBHHI Node
JS cepsep. 11 3amucy cTaTHYHUX PECYpPCiB Yepe3 aaMiHChKUIA BeO-101aTOK
BHUKOPHCTOBYETBCS CITUIbHE cXOBUIIE. TaKuM YMHOM KOJIH BeO-KIIEHT BiAl-
pasisie Ha Node JS cepBep 3anut Ha momaHHs HOBoro mpeamety, Node JS
3anucye y 0a3y AaHUX JaHi Mpo MpeAMET, a KapTUHKY 3alHCYE Y CIiNIbHE
CXOBHIIIE, SIKE TIOTIM MOXKE BiJIIaBaTH PECYPCH JI0 KIIIEHTIB.

Jiist peanizaii bOro 3aCTOCYHKY OyJI0 00paHO TEXHOJIOTIT sSIKi T03BOJIS-
F0Th HAMMHCATH yCce Ha OJIHIi MOBI mporpamyBanus TypeScript [6]. Takum un-
HOM pPO3POOHMKH MOXKYTh 3aMIHHTH OJIMH OJHOTO a00 B3SITH KOTOCh Y KO-
MaHJy 1 BiH IIBHJIKO PO30epeThest 3 YCiM.

MoOinbpHU 3aCTOCYHOK Ma€ Iu3aifH Ta iHTepdeic OLIbIT mpUBaOIUBHIA
JUTSL IMTSTY01 ayIUTOPIT, 10 JO3BOJISIE IPUBEPHYTH yBary niteil. @peiiMBopk
React Native [7] no3Bosisie OTpuMAaTH HATUBHU# IOCBII BAKOPUCTAHHS 3aCTO-
CYHKY.

Iocnnanns:

1 Vision Al | Derive Image Insights via ML | Cloud Vision API? [Enex-
TpoHHUii pecypc]. — Pesxxum moctymy: https://cloud.google.com/vision

2 Node JS. [Enextponnuii pecypc]. — Pexum mocrymy:
https://nodejs.org/en/

3 Using OAuth 2.0 to Access Google APIs. [Enektponnuii pecypc]. —
Pexxum nocrymy: https://developers.google.com/identity/protocols/oauth2

nginx. [Enexkrponnuii pecypc]. — Pexxum nocrymy: https://nginx.org/en/

4 PostgreSQL: The world's most advanced open source database. [Enex-
TpoHHHIl pecypc]. — Pexum goctymy: https://www.postgresgl.org/
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5 TypeScript language. [Enexrponnuii pecypc]. — Pexum nocrymy:
https://www.typescriptlang.org/

6 React Native - A framework for building native apps using React. [Ene-
KTpOHHUI pecypc]. — Pexxum moctymy: https://reactnative.dev/

YK 004.05

ATPUBYTHUBHAS MOJIEJIb TAPAHTOCHOCOBHOCTH
KOMBIOTEPHOMU CUCTEMBbI

Myxa Ap.A.
Hncmumym npobaem mamemamuveckux mawur u cucmem HAHY

BakHBIM acnekToM Iporiecca CO3AaHUs rapaHTOCIOCOOHBIX YIIPaBIISIO-
IIUX CHCTEM KPUTHYECKOTO Ha3HAYCHHs SBIIETCS MpoOiieMa, CBSI3aHHAs C
OTIpeNieIecHHeM KOJIMYECTBCHHON OLEHKH JOCTHTHYTOTO YPOBHS TapaHTOC-
nocobHocty kommneloTepHoii cuctemsl (KC) npu npoekrupoBanuu. OgHUM
Y3 peleHU ATON MPoOIEMBI SIBISIETCS BHITIOTHEHUE CPABHUTEIHLHON OLIEHKH
YPOBHSI TapaHTOCIIOCOOHOCTH pas3IMYHBIX BapuaHTOB peanuzamuu KC ¢ me-
b0 TIoucka 3 eKTUBHOTO BapUaHTa ee peann3alyy.

Ha ceromusimHuii ieHb onpeelieHne KOMIUIEKCa METPUK M aTpUOyTOB
rapaHTOCIOCOOHOCTH, MO3BOJISCT MOJAOMTH K (hopMaTu3aIiii 0000IIEHHOTO
KPUTEpHS YPOBHS TOCTUTHYTOM TapaHTOCIIOCOOHOCTH pa3pabaThIBaeMO CH-
cremsl [1].

Juist 3TOr0 HEOOXOIUMO KaKIBIH aTpHOYT MOJETH PAacCMaTPHBATh Kak
KOMILIEKC METPHK, KOTOPBIE MOTYT OBITh H3MEPSHBI PACYCTHBIMU, dKCIICPHU-
MEHTaJbHBIMH WA SKCTIEPTHEIMHA METOIaMHU.

Ha ocHOBe KONMMYECTBEHHBIX OLIEHOK METPHK HEOOXOANMO BBIYHCISATH
KOJINYECTBEHHBIE OLIEHKU aTpHOYTOB U Jajiee Yepe3 HUX BBIYUCIATH KOJINYe-
CTBEHHBIE OLICHKU JIOCTUTHYTOT'O YPOBHS FapaHTOCIIOCOOHOCTH paccMaTpu-
BaeMOM CHCTEMBI JUISI Pa3JINYHbIX BAPHAHTOB €€ BBHIITOJTHEHHUS.

B xauecTBe aHAIMTHYECKOTO BBIPAXEHUS aTPUOYTUBHOM MOJAEH rapaH-
tocniocobnoctr KC (AMI'KC), mpennaraercss UCMONb30BaTh (PYHKIIMOHAI,
COCTaBIBIIOLINMH KOTOPOTO SIBIISIOTCSI HOPMHPOBaHHBIE 3HAYCHUS KOJIMYIeC-
TBEHHBIX OIIEHOK YPOBHEH peann3alui aTpuOyTOB M METPUK C COOTBETCTBY-
IOIIMMH BECOBBIMU K03 duunenTamMy. Benmunnb BecoBbIX koadduineHTos
3aBUCAT OT 0COOEHHOCTEI NPUMEHEHNS KaXK/J0H KOHKPETHON CUCTEMBI U MO-
T'YT OBITH BBIYHMCIICHBI AaHATMTHYECKH WJIN OLIEHEHBI AKCIIEPTHBIM METOJIOM.

G(AM) :;BiA ;

B.
rae N - konmuuectBo atpuGyros AMIKC; i - ko3 duIHeHT BIusHAS

I'FO anI/I6yTa; i KOJIMYCCTBCHHAA OLICHKA YPOBHA BBITIOJTHEHUA I -ro arT-
pn6yTa B OTHOCHUTCJIBHBIX BCIIMYHUHAX.
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Aiz_ziﬂijMij’

rae M. - konuuecTBo mMeTpuk | -ro arpubyra, - BeC ] - METpHKH
1

ij

I -ro arpu6yra, M jj — KOIMYCCTBEHHAsS OLCHKA YPOBHs BBIIOTHCHHUS J-i

MeTpuku | -ro arpubyTa B OTHOCHTEIBHBIX BETMYMHAX.

KonnuecTBeHHbIC OLIEHKH YPOBHSI BBHITIOJHEHUSI METPUKH TIPEICTABISIOT
c000if OTHOCHUTEIILHBIC BETUYUHBI, HOPMUPOBAHHBIC HA 3HAUCHHS, 33][aHHbIC
B crieliu()MKaIMH, WK TIPe/IeIbHbIC 3HAYCHUSL.

Honcrasus (1.1) B (1.2), moxydnm MaTeMaTHYECKYIO MOJIENb KOMILIEKC-
HOH OIIEHKH ypOBH: rapanrocnocodonoctu KC:

Gamy = le BizllﬂijMij : (1.3)
i= j=

IIpenosxeHHBIN KOMITIEKCHBIHM noka3aTens (1.3), oCHOBaHHBIN Ha aTpu-
OyTHBHOHN MOJENH, TOJKEH YYHUTBHIBATh KPUTEPUU peau3allii KaXaoh u3
METPHUK CUCTEMBI.

Jlis aTOrO IMpe/naraeTcs Mpu pacyeTe TaKoro KPUTEpHs YUUTHIBAaTh ycTa-
HOBJICHHbIE B TEXHMYECKOM 3aJaHuy TpeboBanus. Hanpumep, yctanoBieHo
MHHUMAJBHO JIONyCTHMOE 3HA4YE€HHE BEPOSTHOCTH O€30TKa3HOH paboThI

f
Rf min =0,996, a Takke MakKCHMaJIbHOE 3Ha-

OTKa30yCTOWYMBON CHCTEMBI

f
YCHHC qu max :1, a PacCyYCTHOC q)aKTI/I‘IGCKOG 3Ha4YCHUC NapaMeTpa Cco3aa-

i "R9=0,999. T
BACMOH CUCTCMBI ¢ s Y, . loraa, A1 BbIYUMCICHUA ypOBH?[ peanmaupm

MCTPHKH, C HCJIbIO CONOCTABJICHUA PA3JIMYHBIX IO BEJIMYMHAM METPUK MO-
JKHO IIPUMCHUTH METO paBHOMepHOI}‘I OIITUMMU3aIUH. Takum 06pa30M Haxo-

f f f f
marcs  BzammootHomenns M = ((RI-RImn)/( (RJma- (RS

S
min)=(0,999-0,996)/(1-0,996) =0,75.

Takoke, 9Ta *Ke 3a1a4a MOXKET OBITh PEIICHA HECKOJIBKO UHBIM, SKCIIEPT-
HBIM cHIOCOOOM OJ1arofapsi yCTaHOBJICHHIO YPOBHS BHITIOJHEHUSI METPHKHU B
HPOLCHTHOM OTHOILCHHUH.

[TockonbKy 3HaUCHNE KaXKAO0H METPUKH MOXET OBITh BHIYHCICHO HECKO-
JbKHUMH METOJIAMH, TOJIydeHHbIE 3HAYCHHUS] MOTYT OBITH YCpPEIHEHBI WU
n30paH HanboIee TOYHBIH METO BEIYUCICHISI METPUKH.

TIpennoskeHHBIN TOX0 MPOBEACHHS pacueTa YPOBHS TapaHTOCIIOCO0-
HOCTH pa3padaThiBaeMOii CHCTEMBI MO3BOJISIET OCYLIECTBIISITH CPAaBHEHHUE pa-
3JIMYHBIX BAPHAHTOB €€ peaIn3aliH.

Myxa Ap.A. KinbkicHa oIiHKa piBHS IapaHTO34aTHOCTI KOMI'FOTEPHUX
cucreM. Maremarnyni Mamuay i cucremu. 2019. Ne 4. C. 146-153.
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YK 004.94

MOJEJIOBAHHSA POBOTH CJIYXBHU INIATPUMKHU 3A
JOIIOMOI'OIO MEPEXK MACOBOT' O OBCJIYITOBYBAHHA

XKypxo /1. O., binoyc 1. B.
Hayionanvnuii ynieepcumem “Yepuiciecoka nonimexuixka”

Teopist MacoBOro 00CITyroByBaHHs — pO3/i TeOpii HMOBIPHOCTEH, 110 3a-
KJIaB TEOPETHYIHI OCHOBH KOHCTPYIOBAHHS i €KCIUTyaTallil MEpex MacoOBOTO
oOciyroByBaHHS. Y Teopil MacoBOro oOCIyrOBYBaHHS BHKOPHCTOBYIOTHCS
METOAM Teopii HMOBIPHOCTEH 1 MATEMaTHIHOT CTATHCTHKH [1].

BuxopucroBytoun 3acobu Teopii MacoOBOT0 0OCITYyTrOBYBaHHS MOYKHA 3MO-
JIEITIOBAaTH IMUPOKUI Kiac cUcTeM B (hiHAaHCOBO-eKOHOMIUHIN cdepi, chepi
BHPOOHHUITBA Ta 00CIyroByBaHHA [2]. OCOOIMBO KOPUCHUMH BOHH CTaJH 3
MOSIBOIO BUCOKOHABAHTAXXEHHUX MPOTPAMHUX CUCTEM, JIe 3 IX JONOMOT'0I0 MO-
JKHa JTOCJIJUTH MTOBEAIHKY CUCTEMH ITiJ] HAaBaHTaKEHHSM I1ie 110 11 peanizawii
Ta BIpOBa/pKEHHS [3].

OpHi€r0 i3 KIACHYHUX 3a]ad, JIe 3aCTOCOBYIOThCS 3aco0u Teopil Maco-
BOr0 00CITyrOBYBaHHS, € MOJAEIIOBAHHS POOOTH CITY)XOH MiATPUMKH KOpHC-
TyBauiB. Po3risaatoun i B po3pisi Mepexi MacoBOro o0CIyroByBaHHS, MO-
JKHA MPEICTABUTH 3BEPHEHHS KOPUCTYBAYiB K 3asIBKH, ONIEPATOPiB y BUTIISI
MpIIaIiB-0OpOOHUKIB, IO MAIOTh YEPTy 3asiBOK Ha 00poOKy [4].

KoskHoro i3 oneparopiB MO>KHa 0XapaKTepH3yBaTH HU3KOIO ITapaMeTpiB,
30KpeMa CepeJIHIM 4acoM OOCITyTOBYBaHHS 3asABKH Ta BipOTiTHICTIO YCITIII-
HOTO OOCITyTOBYBaHHS. Y Ci IIi TapaMeTpH BIUIMBAIOTH Ha IepeOir mporeciB B
cucreMi min yac mozenroBanus. Kpim Toro, Mepeska Moxe OYTH yCKJIaJHEHA
JIeKiJIbKOMa JIIHIIMH 0OpOOKH OTlepaTopiB it 00pOOKH OLIBII CKIIAJHUX 3a-
SIBOK, III0 HE 3MOTJIH 0OPOOUTH ONIepaTopH MONEPEAHBOI JIiHii, BIAMOBITHO 10
MNPUHLUITY pOOOTH KOHKPETHOT CI1y>KOM MiITPUMKH, 110 MOJIEIIIOETHCSL.

TunoBa Mepeka MacoBOI0 0OCIIyrOBYBaHHS, 110 MOJIEIIOE POOOTY CITy-
JKOM TIATPUMKH, 300paXKeHa Ha PUCYHKY 1:

EAC —

] IEEED!

—1] LOmEe
[EAE E—
1 i

Pucynoxk 1 — Meperxa MacoBOro 00CIIyTOBYBaHHS CITY>KOH MiATPUMKH

TyT BXiAHUH MTOTIK 3aIBOK A pIBHOMIPHO PO3IOIUISETHCS MiXK TphOMa 00-
poOHMKaMy nepiuoi JiHii 00cmyroByBaHHs. Y pasi ycrminrHoi 00poOKH 3asBKH
BOHH NOCTYIAIOTh Y BUXITHUI KaHa S, a y pa3i HeBJja4yi — 00CIyroByIOThCS

orepaTtopamMu Apyroi JiHii MiATPIMKH.
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[Ipote, 3Bakaroun Ha HEPIBHOMIPHHUH XapakTep 00CIyroByBaHHS 3asiBOK
KOKHHMM 13 OIIepaTopiB, AOUIJIBHUM OyJe ONTHUMI3yBaTH CTpaTerilo po3mo-
JITy 3asIBOK MIX OIepaTopamu. 30KpeMa, 1Jisi KOKHOTo orepatopa 0 Mo)KHa
OLIIHUTH BeMUuuHy Score(0), Mo npsiMO MPOMOopLiiiHa CTATUCTHYHINA HMO-
BipHOCTI rate ycmimHoi 06poOku 3asBKH Ta 00EpHEHO MPOTIOpPIIiiiHa cepen-
HbOMY 4acy 00CIyTOBYBaHHS 3aBKH tgyg 1 IOBKUHI 4EPTHU /10 0OPOOHHKA G

).

—,= (1)

tavg "q

score(0) « rate,

To 3 ycix mocTymHUX Ha AaHIf JiHI k oreparopiB Oye MOUITHHO BHO-
patu Toro, o Ma€ HalOLTbITY (GYHKIII0 OWiHKH (2):

score(Oyey:) = max(score(0)),i =1,k (2)

3a (YHKIIIO OI[IHKH MOXHA B3TH OYAb-sKY 13 (QYHKIIIH, 10 33 JOBOJILHSE
BHUIIIe3raAaHiii ymoBi (1), Ta moBeaiHKa K01 HAHKpaIIe MiAXOIUTh JJIs BUPI-
IICHHS] KOHKPETHOI 3a/a4i PO3MOIICHHs 3asBOK: ONTHMI3alis cepeIHbEOro
yacy 00poOKH, HIMOBIPHOCTI HEBIIadi UM JOBKHUHHU YEPT 10 OTepaTopa.

OmnrcaHa MOIETh peaizye OiIbII ONTUMATIBHY CTPATETII0 PO3MOILTY 3a-
SIBOK MK MapajeTbHIMA 00pOOHUKaMU, BPaXOBYIOUH iX CTaTUCTUYHI 0CO0-
JMBOCTI, Hi’K BATIQJAKOBUH PO3ITOILT UM PO3IIONLNT 32 IPIOPUTETOM, IO T03BO-
JUTH TOKPAIIUTH 3arajibHi MOKa3HUKU POOOTH CIYKOU i ITPUMKH.

CrnHcoKk BHUKOPUCTAHUX JKepeJt
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3.  Beasley, J. E. Queueing theory [Enexrponnmii pecypc] // J.E.
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621.3.019.3

CTPYKTYPA U OPTAHU3AIIUA BEB-CJIOBAPS 1JIsL
MCCJIEJOBAHMM B OBJIACTSIX PA3SPABOTKH,
MOJEJIUPOBAHUSA U NOJAEPKKHU @ YHKIIMOHUPOBAHUSA
TF'APAHTOCIIOCOBHBIX CUCTEM

T.3. DUJAPOB”
*Uncmumym npobrem mamemamuueckux mawun u cucmem HAH YVipa-
unvl, Kues, Yxpauna

CucreMHOE pa3BHUTHE MCCIECIOBAHNH B IPOOIIEMHOH (TIpeAMETHO#H) 00a-
ctu (IIpO) mo cozmarmio U KCIUTyaTanuy rapanTocrnocodnbix cucteM (I'C)
KPUTHYECKOTO NMPUMEHEHHS, MO3BOJIIIIO B MEPUOA TOCE IMyOIMKaluu pa-
60TsI 0 6a30Boit TakcoHomuu ['C [1] B 2004 r., - MOTYIUTH PsT HOBBIX OC-
HOBOIIOJIAralOIINX Pe3yabpTaroB [2 - 7]. OueBUAHO, YTO JaibHEHIIEMY pa3-
BUTHIO 3T0# [IpO Moriu ObI CIIOCOOCTBOBATH KaK pa3pabOTKa HHTETpabHON
METOJI0JIOTUH aHAJIN3a M CUHTE3a pPa3padaThiBaeMbIX M BEIOUPAEMBIX B IIPO-
1eccax pa3pabOTKH, OTIBITHOM U IPOMBINUICHHON SKcIutyataiu I'C, MeToab
U CPE/ICTBA PEIIeHNUs ISl HUX KOMIUIEKCOB Pa3HOIUIAHOBBIX 3a/1a4 UCCIIE0-
BaHMH, TaK U CO37aHHE OOBEANHSIIONIETO 3TH MPOOIEMbl TAKCOHOMHUYECKOTO
HMHCTPYMEHTApUs, KOTOPBIH CTal OBl a/IeKBATHBIM U HHTETPAIIBHBIM T10 CTPY-
KTYpEe M OpraHn3allii HEKUM «IIpeaasepreM B TaiHbl I'Cy». Peamsanust ta-
KOT'0 MHCTPYMEHTapHsl, IO CyTH, TpeOyeT ncroabp3oBaHus Texaoaornu BEb-
JOCTyNa K TEPMHUHOJIOTHH B 3TOH pa3BHBAlOIIEHcs 00IacTH, 3aHECCHHON B
COOTBETCTBYIOIINE TabIM4YHbIE 0a3bI TAaHHBIX..

Iesb10 naHHOM PadoTHI ABISETCS MPEACTaBICHHE OCHOB METOIUKH T10-
CTPOCHUS, EPUOJUUECKOTO0 OOHOBJICHUS U COBEPIICHCTBOBAHUS TEXHOJIO-
T'MU JIOCTYNA K TJIOCCAPHIO0 TEPMUHOB (IIOTIOJIHEHHS U KOPPEKLUH HhopMyIIu-
POBOK (MHOT I, aXe IIUTAT) TEPMHHOB, a TAK)Ke IPOrPaMMHUPOBAHUS OTIepa-
tuBHOro BEB-nocTyna Kk BKIFOUEHHBIM B Tiioccapuii GopMyInpoBKam Tep-
MHUHOB), OTPaXaIOIUX B CBOEH COBOKYIHOCTH CHCTEMHYIO IenbHOCTh [1pO
I'C. Tlocne 3aBepuieHus 3Tana NEpBUYHOTO (OPMUPOBAHUS TIIOCCApHUs TIO
pe3ynbTaTaM UMEBIINXCS paHee NOCTIbKeHH B naHHOH [IpO, cnemyer o6e-
CIIEYUTh U BO3MOKHOCTH BBEJICHHE HOBBIX TEPMHHOB C y4ETOM HOBBIX pe-
3ynbTatoB B 3TOM I[1pO.

B 3TOM mtaHe He Bceraa AOCTATOYHO HAWTH JIMIIb HOBBIA TEPMHUH IS
rioccapys. BxkiroueHHe HOBBIX TEPMHMHOB BO3MOXKHO TOJIBKO Ha OCHOBE
YCTaHOBJIEHUS MX CUCTEMHOHN B3aMOCBSI3H C paHee yiKe 00BEKTUBHO U 000-
CHOBaHHO BKJIFOYEHHBIMH B TAaKCOHOMHIO TEPMHHAMH, KaK 3TO CAEIAHO, K
npuMepy, B pabore [1]. Maso Toro, B mpoIiecce MpakTHYECKOTO HUCIONB30-
BaHUS TJIOCCAPHS, YACTO MOKET BOHUKATh HEOOXOAMMOCTh YTOUHATH (YHHU-
(unrpoBaTe, CTAaHAAPTU3UPOBATE) OMpPEICICHHS CMBICTAa KaXKIOTO U3 Tep-
MHUHOB TJI0CCapHsl, JOOUBASCH, IT0 BO3MOXXHOCTH, OJHO3HAYHOW M CTaHIap-
TU3UPOBAHHOH €ro TpakToBKH. Vcmonp30BaHKHEe TAKOro MOAXO0Ja MO3BONIAET
NPaKTHYECKU I0cie 0OOCHOBAaHHOTO BBEJEHHS KaXKJOro HOBOTO TEpMHHA
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MEepPEXONTh OT dTana OPraHu3alMOHHOTO (OPMUPOBAHUS (TIEPECTPYKTYPH-
3aIlM1) TII0CCApHs, - K 3TaIly NMPAaKTHYECKOTO MCIIOJIb30BaHMSI HOBBIX MOHS-
Tui B cocrase BeO-cropaps st [IpO I'C.

B cooTBeTcTBHU C LIENBIO TaHHOW pabOoTHhI, BBIICIUM KaK pe3yJIbTaThl pa-
00T MO CO3/IaHUIO OCHOB YKa3aHHOI MHTErpansHO# Metogonorud [1-7], Tak
1 pabOTHI 10 CHCTEMAaTHYECKOMY TAKCOHOMHYECKOMY aHaJIM3y 0cOOEHHOC-
TeH HAyYIHO-TIPAKTUYECKUX PE3yIbTaTOB B PAMKaX MPAKTHUCCKUX MPUIIOKE-
Hui paccmarpuBaemotii [IpO [8- 10]. AkTrBarusg Nog00HBIX MyOIMKAIHA MO-
cie paboTsl [1] BBI3BaHA TeM, UTO pe3yIbTATHI 3TON pabOTHI, KaK MpeIoa-
rajoch aBTOpaMH, MOJDKHBI OBUIM CTaTh aAE€KBAaTHBIM OPHUCHTHPOM [UIS
HOBBIX HaYYHBIX HCCIIEJOBAaHMI HE TOJIBKO B YKa3aHHOW, HO M B CMEXKHBIX
IIpO, a ocobeHHO B TeX M3 HUX, KOTOPHIC CBSI3aHBI C HOBBIMH HH(pOpMa-
LUOHHBIMHU U KOMIIbIOTepHBIMU TexHogoruamu (UT u KT).

AHanu3 paboT Mo HampaBJICHUIO TakcoHOMHUueckoro ananmsa [IpO I'C
MOKa3ajl, 9YT0 HeOOXOAUMBIH TaKCOHOMHUYECKUN HHCTPYMEHTapuil NOJDKEH
CTPOUTHCS HA OCHOBE Yy4€Ta CIENYIOIIHUX BAKHEMIIMX KauecTB, IPUCYLIUX
paspabotkam B I[IpO I'C:

- 3BOJIIOLIMOHHBIN XapaKTep pa3BUTHUs TEOPUU U IPAKTUKU MOCTPOCHUS
I'C;

- IPAaKTHYECKNA HE0003pHMOE TI0JIE JUIsl PACIIMPEHUS 00IaCTH COBPEMEH-
HBIX TpakTHdeckux npuioxeHnid ['C, Bkmodas HEOOXOIMMOCTH PacIpo-
CTpaHEHHsI CBOMCTB (cpencTB) oOecredeHns: TapaHTOCIIOCOOHOCTH, - Ha UX
Pa3BUTYI0 HHPPACTPYKTYpy M MEXCETeBOEe B3amMozeiicTBue (ynanéHHbIC
00BEKTHI, OT/ICNIbHBIE TPYIIIBI OJIb30BaTeNeH U T.11.);

- cyry00o MeXIUCIHUIUIMHAPHBIA HAyYHO-TIPAKTHUECKUH XapaKTep TaKhX
pa3paboToK, TOCKOJIBKY peanu3aliusi CBOUCTB (CpencTB) obecnieueHus rapa-
HTOCIIOCOOHOCTH, - 00s3aTeIbHO MPEAIoiaraeT Halu4Yue y pa3padoTInKoB
3HAHUI BO MHOTHX 00JIACTAX CHCTEMOTEXHUKH.

Takum 06pa3oM, IIpU CO3TJAHUHU M COBEPIIEHCTBOBAHIH YKa3aHHOTO TaK-
COHOMHYECKOTO WHCTPYMEHTAPHs, CIEIyeT COCPEIOTOUYNThCS Ha PELICHUH
CJI/TYFOIINX 3a/1ay:

- BEIOpaTh U3 YUciia Beaymux padort, - HanOomee 3Haunmble st [IpO I'C
TEPMHHOJIOTMYECKHE €ANHMIIBI (C yI€TOM ocobeHHOCcTel MeTogonoru [1]);

- B CTPYKTYpE TAKCOHOMHYECKOT0 iepeBa [ 1] 1 ero MoiepHH3NPOBAHHOTO
BapuanTa [10] (puc. 1), mIpUCBOUTH KaXKAOH TpyIIe MOHATHN (BETBSIM Je-
peBa) COOTBETCTBYIONIUI KiIacCH(DUKAIIMOHHBINA ypoBeHb; [loce uero

- BKJIIOYUTDH BCE TOHATHSA, periaMeHTupyemMeie aepesom [10] B otmemns-
HYI0 CTPYKTYPUPOBAHHYIO TaOIHIly, B KOTOPOH Kak[JO€ MOHITHE CIEIyeT
PacmioJIOKUTh B COOTBETCTBUU C IPUCBOCHHBIM UM YPOBHEM;,

- B OT/ICTILHOM CTOJIOIIE ATOW TabIUIIBI CIIeyeT MPUBECTH HAauboee cuc-
TEeMHOE W TOYHOE Ha [aHHBII MOMEHT OIpelIeleHHe KaXaAoro u3
BKJIFOYEHHBIX B TAKCOHOMUIO TTOHSATHH (€CJIM TAKOBOE UMEETCST), MPUIEM Ta-
KHe OIpeJiesieHHs [iesiecooOpa3Hee 1aBaTh Ha JBYX WM Oosiee sI3bIKax, 4uTo,
KaK IPaBHJI0, O3BOJIUT elE Oojlee YTOUHUTH aJJeKBaTHOCTh (POPMYIHMPOBOK
9THX MOHSATHH, TaHHBIC paHee Ha UCXOJAHOM WIIM Ha 6a30BOM TEPMHUHOJIOTH-
YECKOM SI3bIKE (B JaHHOM CiIydae, - aHIJIHHCKU A3bIK).
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OTMETHM TaKXke, YTO HEOOXOAUMOCTh AAIbHEHIIEro OIepaTUBHOIO CO-
BEPIICHCTBOBaHMs 0a30BOH M IOCIEAYIOEH pefaki TAKCOHOMUYECKOTO
MHCTPYMEHTApus ¢ y4éTOM pa3BuTus Teopun 1 npaktuku I'C kak mocie my-
Onmukanuu [1], Tak 1 B OyayiieM, cBsi3aHa ¢ NEPCIIEKTHBON pa3paboTKH ISt
IIpO I'C cooTBETCTBYIOIIEr0 MEKAYHAPOTHOTO TEPMUHOJIOTHYECKOTO CTaH-
Japra.

Kak mMbI oTMeuany, Hanbosiee CHCTEMHO U aIeKBaTHO OCHOBBI COBPEMEH-
Hot TakcoHoMun ['KC ommcansr B pabote [1] (B He€ BkiIroueHo Oosree 200
TEpPMHHOB Ha aHTJIUHCKOM S3bIKE, O0BEANHEHHBIX B CTPYKTYpPE €IUHOTO Ta-
KcoHOMMYecKoro nepeBa). CoBpeMeHHOe pas3BuThe pe3ynbraToB 1mo I'C
BBI3BAJI0 HEOOXOAMMOCTD MOJCPHU3AIMHN 3TOTO JIEpeBa C yUETOM BO3HUKHO-
BeHU B 3T0# [IpO HOBBIX HampasieHuil. CTPyKTypa MOJICPHHU3UPOBAHHOTO
aBTOPOM TAaKCOHOMHMYECKOTO JiepeBa NoHsTHil B o6iactu I'C npuBenena Ha
puc. 1.

Pa3BuTHe MonyueHHBIX HAMHU PE3yNbTaTOB B HAIIPABICHUAX TAKCOHOMH-
gyeckoro aHanu3za [IpO I'C coznanus ynpasinsiemoro BEb-cnoaps [11], B ya-
CTHOCTH, OCYLIECTBIICHO IyTEM YNOPSJOYEHHS, YTOYHEHHS CTPYKTYPHI H
CMBICIIOBOTO cofepkaHus oHTosoruueckoro aepesa [IpO I'KC u co3zganus
Ha 3TOH OCHOBE YIIPABIIEMOT0 TPEXBA3BIYHOTO (AaHTIIMHCKUH, YKPAaWHCKHH,
pycckuit) BeO-croBaps (TIoccapusi), BKIIOYAIOIIET0 B COBOKYITHOCTH Oolee
350 tepmuHOB. [IpakTH4ecKoe UCTIOIB30BaHHUE ATOTO BEO-TTI0CCAPHS BO MHO-
TOM TIO3BOJIUT emié Ooiree cuctemarn3upoBats 3HaHuS B [IpO I'KC, gto o6e-
CIIEYHT BBIXOJ PEabHbIX MPAKTHUECKUX HCCIEAOBAHUH B 3TOI 00MacTH Ha
HOBBIE HHCTPYMEHTAJIbHO-TEXHOJIOTHYECKUH M IPAKTUYECKUH YPOBHH.

Kpome Toro, B kauecTBe OCHOBBI JJIs BBISIBIICHUS aKTyaIbHBIX POOJIEM B
uccienoBanusx mo I'C 1 B TuiaHe JanbHEUINETO Pa3BUTHUS CTPYKTYPHI U Op-
rarm3aiun moaenu [IpO I'C, ucnons3oBaHMue NMpenIaraeMoro OHTOJIOTHYE-
CKOT'0 MHCTPYMEHTapHs He TOJBKO ropa3zio yNpoIIaeT CTPOUTH aleKBaTHBIE
aHATUTUYECKUE, IMUTALIMOHHBIE U AHAIUTUKO-UMHUTAIIMOHHBIE Mojienu [10]
JUIS pelieHns HanboJiee akTya bHBIX 33a1a4 B 3TOW 00J1aCTH, HO M TIO3BOJISIET
JIeNaTh 3TO O0oyiee 000CHOBAHHO.
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B T0 e BpeMsi, Kak Mmokasanu pe3yibTatsl pabotsl [11], BecomocTs pe-
3yJIBTATOB, MOJIyYEHHBIX K HAacTOseMy BpeMenu B [IpO pazpaboTku, co3a-
Hus 1 noanepxkku ['KC, - Bc€ emé HeJ0CTOUHO BBICOKA M3-3a OTCYTCTBHSI
CIMHOM METO0JIOTMIECKOI OCHOBBI MOCTPOCHHUSI X aHATTN3a TOJ00OHBIX CHC-
TeM, QpyHKImonupyromux B kauectBe CKpll Ha BcéM nepuojie KU3HEHHOTO
mukia (JKL[) IKC (ot ¢popMupoBaHust KOHIENINH UX pa3pabOTKH 10 YTHIIN-
3a1un), IOATOMY oJ00Has paboTa HaMU BeIETCS.

PO3BMHYTACTPYKTYPA LEPEBA BASOBWX TEPMIHIE TA BU3HAYEHE TAPAHTOSATHOCTI (PO 14)
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YK 517.957

MOP®OJIOTTYHI MIIAXOAU OBPOEKHU TPUPOIHLOI MOBH
JJIS1 POBOTH 3 IOITYKOBUMUA 3AIIMTAMHU

H.O. Tkauyk
Hayionanvuuii ynieepcumem « Yepuiziecoka nonimexmixkay

[IpuponHst MoBa — 11e MOBa CIUIKYBaHHSI JIIOAEH, sIKa HE Ma€ aBTopa Ta
He Oyia CTBOpEHa MITYy4YHO, Ha BiIMiHY BiJl MOB IpOrpaMyBaHHS Yd MOBH
xecTiB. Ha 1aHnii MOMEHT 3Ha4HA YaCTHHA JAHUX € MIPEACTaBICHUMH y BH-
TJIS/11 TIPUPOHOT MOBH, IO € TUIIOBUM ISl JIFOJIEH.

O6pobka npupoxaux MoB (NLP) - 1e migMHOXHHA TEXHIKH MITYIHOTO
IHTEJIEKTY, SIKa BUKOPUCTOBYETBCS JJIsl 3BY)KEHHSI PO3PHBY B KOMYHIKAIIisiX
MDX KOMIT'FOTEPOM Ta JIFOTHHOIO.

IIpu 06pob1i TPHPOAHEOT MOBH CTAIOTh BAYXIMBUMHE TaKi PO3/LTH HAYK.

@DoHoJIOTis - 1€ HayKa, sKa JOINOMAarae 3pO3yMITH 3aKOHOMIPHOCTI y
3BYIIl Ta MOBJICHHI, 1110 TIOB'SI3aHi 31 3ByKOM CBO€IO (Pi3UIHOIO CYTHICTIO.

[IparmaTrka — Hayka, IO BUBYAE Pi3HI CIIOCOOM BUKOPUCTAHHS MOBH.
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Mopdororis — Hayka, OO0 CTOCYEThCSI OYIOBH CIIIB Ta CHCTEMAaTHIHHUX
3B’SI3KIB MI’K HUMH.

CuHTaKCHC — HayKa, 1110 BUBYAIO CTPYKTYPY pPeUeHb.

CeMaHTHKa — HayKa, 10 CTOCYETHCS MPSIMOT0 3HAYESHHSI CIIiB, CJIOBOCIIO-
JIy4eHb, a TAKOX PEUYEHb.

Jlo BYeHHX, 1110 BUBYAIOTH JaHy TEMY B CBITi, BitHOCATBCS Y. Goldberg
[1], J. H. Martin [2], D. Jurafsky [2], R. M. Reese [3]. Cepen ykpainiis aHa-
73 mpupoxHoi Mosu BuB4aroTh H. [1. Jlapuyk [4] Ta B. 0. Tapanyxa [5].

O06pobka MpHPOTHEOi MOBH BUKOPHCTOBYETHCS B TAKUX cepax Oi3Hecy:

1 pO3BHUTOK TOJIOCOBUX MTOMIYHHKIB,

2 BUSIBJICHHS HACTPOIO KJII€HTA;

3 BUSBIICHHS CIIAMY;

4 HaOip HOBUX CITIIBPOOITHUKIB;

5 po6ora yaT-60TiB.

TpaauniiHo aHami3 CTPYKTypH ciiB (Mopdoiorist) HOAUIIETHCS Ha JBa
OCHOBHI 10JIs1 5IK (priekcist Ta nepuaris. Tomy MopdosoriyHa CTpyKTypa Ko-
JKHOTO CJIOBa MOXKE BKJIFOUATH TaKi €JIEMEHTH, sIK npedikc, cydikc, 3aKiH-
YeHHs a00 HaBiTh OKPEMHH KOPiHb, 1 LIl eIEMEHTH MOXYTh 3MIHIOBAaTH 3Ha-
YeHHSI OCHOBHOTO KOPEHs1 a00 OCHOBH cJIoBa [6].

Mopdosoriuanii aHani3 BUKOPUCTOBYIOTh AJIsI HOpMYBaHHS TekcTy. Ho-
PMYBaHHS TEKCTY — II€ TPUBEACHHS KOXKHOTO CJIOBA IO HOTO HOPMaNbHOI (ho-
pMH, A7 OLTBIT MIBUAKOTO Ta TOYHOTO aHAII3Y MPOTPaMHIMH 3aCO0aMH.

HopmyBaHHS IpUBOIUTE CI0Ba O HACTYITHOTO BUIJIAAY:

1 iMEHHMKH /10 HA3UBHOTO BIIMIHKY OZHUHH (KOTH — KiT);

2 niecnoBa 10 iHQiHiTHBHOT hopmu (TIpubiria — 6iraTn);

3 MPUKMETHUKH JI0 HA3UBHOTO BiIMIHKY OJHHHH YOJOBIYOTr0O poay (Kpa-
CHUBUMH — KPaCHBHH).

Po3risiHeMo /1Ba OCHOBHHX alrOPUTMHU HOpMaJIi3aii cIiiB.

CreMiHT — 1ie TeXHOJIOTis BIAKUIaHHS Cy(iKCiB, MpeiKCiB Ta 3aKiHISHHS
CIIiB TaK, 00 OTPUMATH OJHAKOBUII IS BCiX TpaMaTHIHUX (POPM CIIOBa KO-
piHb, mo HazuBaro cteMoM [7]. CteM ciioBa — HOro HaOLIBII eleMeHTapHa
(hopmMa, siKka MOXKe MaTH a00 HE MaTH CEMaHTHYHY IHTEPIPETAIIIIO.

Y OKyMEeHTax, HallMCaHUX IPUPOJHOIO MOBOIO, B)KKO OTPHMATH HEO0-
XigmHY iH(QOpMAIlFO IUITXOM KOMIT IOTEpHOTO aHami3y. OCKUIBKH i1 MOBU
XapakTepHi pi3Hi MOP(OIIOTIYHI BapiaHTH CIiB, [Ie IPU3BOJANUTH J0 HEBIAIO-
BIZTHOCTI JIEKCHKH. B anropurmax, o BUKOPHCTOBYIOTh CTEMIHT, JOKYMEHTH
MpeICTaBJIeH] cTeMaMu, a He TTIOYaTKOBUMHU clioBamHu. Lle o3Hadae, 1mo ocHO-
BHi allTOPUTMH MOKYTh 3HAYHO 3MEHIIIUTH PO3MIp iHAEKCY TOKYMEHTa, 0CO-
OIMBO 1T MOB i3 CHIIBHOIO MepeOipKoro (10 TaKKUX BiTHOCUTHCSA yKpaiHChKa
Ta POCifiChbKa MOBH), IO MPHU3BOJUTE 3POCTaHHS €(EKTHBHOCTI 00pOOKH 3a
4acoM Ta BUMOTaMH JI0 ITaM'sTi.

[Ipote icHyI0Th BUIIA/IKK, KOJIX CTEMIHT Mpalloe HeTOuHO. L{e moB’s3aH0
3 MOBaMH, 1110 MAIOTh Jy>ke 6arato caoBo(hopM 3i 3MiHHOIO (DOPMOIO KOPEHS.
[le MoXe CIPUYMHNATH HEPENEBAHTHI pe3yIbTaTH, 110 (GOPMYIOTh TPH THITH
MOMHJIOK.
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[ToMumiIKn CTEMIHTY IEpIIOro poay BUHUKAIOTh, KOJIM CTEM CITIBNAJaE 31
CJIOBOM, III0 M€ iHIIE 3HAYCHHSI.

[ToMuItkn cTEMiHry Ipyroro poay IoB’s3aHi 3 THM, 1[0 CTEM HE OXOILTIOE
BC1 CII0BA, IO MIiXOMATH IO ceHey. Jlist 3amobiraHHs HOMIJIOK MEPIIOro Ta
JIPYrOro poay HEOOXiHO KOHTPOJIIOBATH JOBXKUHY CTEMY.

[ToMuiikn TPEeTHOro poay CIPUYMHSIOTH CJIOBA, IO 3MIHIOIOTH OYKBH B
cepeanHi KOpeHs MPH BiIMiHIOBAHHI.

JlemaTtu3anis - e 3aBJaHHS 3HAXOKEHHS 0a30B0i (hOpMHU - JIeMH - 3a1a-
HOi cnoBodopmu. [Iporiec cxoxuii, Xxo4a i He € TOTOKHHUM, 3aBIaHHIM CTe-
MIHTY, 0 BUAaIs€ apikcH 31 CIIOBa i MOBEPTA€E CTEM, HAHOUIBITY CIITIBHY
YaCcTHHY, MOAUICHY MOP(]OIOTIYHO CIIOpiqTHEHUMH (popMaMHu.

JlemaTtu3anis BUMarae CIIOBHHK MOBH, SIKOIO HAaITMCaHWN TeKCT. [Iporpa-
MHe 3a0e31eYeHHs BUKOHYE MOIIYK JUIS BCIX CIIB TEKCTY X HOPMAaJIBHOI (o-
PMH TI0 CIIOBHHKAX 1 11€ MOKE CyTTEBO 3HM)KYBATH MPOTYKTUBHICTb.

Mero iemaTH3ailii BAKOPUCTOBYETHCS B MOUIYKOBUX allOPUTMaXx B IIPO-
1ieci cxemaru3ailii Be0-TOKYMEHTIB TpH iX iHAeKkcyBaHHI. Takox emarnsa-
I[is1 IOTIOMAra€ MOIIYKOBUM CHCTEMa 3HAXOMUTH JyOJii, sIKi BiIAPI3HAIOTHCS
OJIUH BiJl OJTHOTO JIUIIIE CIOBO(GOPMOIO.

[ourykoBi anropuTMHu HOPIBHIOIOTH HE CIOBO(OpPMH, a JeMH. SIKmio
JIEMH B IIUHIJI CIIBIIA/AI0Th, TO MIMHT BU3HAETHCS HE yHIKaIbHUM. LIIuHTI
— IIe HeBEJIMKa YaCTHHKY TeKCTy Bix 2 10 7 ciiB. TekcT po30MBaoOTh Ha IIH-
HTJIH TIPH TIEPEBipIIi TEKCTIB Ha YHIKAIBHICTb.

JlemaTn3anist MOMIYKOBHX 3alMTIB JO3BOJSIE€ YHUKHYTH NPUXOBAHUX IY-
6siB pu (OpMyBaHHI CEMaHTHYHOTO sapa A npocyBaHHA. Hampukian,
«3amoBuTH Ty Kui» ta « KuiB 3aMOBHTH Milly» JUIs IIOIIYKOBHX CUCTEM €
OJHUM 1 TUM CaMUM 3aIlUTOM «3aMoBuTH KuiB mima.

B 2013 poui mourykoBi CUCTEMH CTajld BUKOPHCTOBYBATH TEXHOJIOTIO
DSSM (Deep Structured Semantic Model). Mogens DSSM BukopucroBy-
€TBCS Ul PaH)KyBaHHs IMOLIYKOBHX pe3yJsibTariB. BoHa MoXe BiJHOBHTH
MPUXOBAaHY CEMaHTHUYHY CTPYKTYPY HOIIYKOBOTO 3aITUTy Ta TEKCTOBOI CTO-
piHKH, OyIyIOUHM BEKTOpPHE NPECTaBICHHS B MaJIOMY IPOCTOPI 3a OIIOMO-
roro OararomapoBoi HeiipoHHOT Mepexi [8].

Ha mouatky 11t KOXKHOTO TEKCTy OyIyeThcs BEKTOPHE ITPEACTAaBICHHS
Ha OCHOBI TpbOX-OyKBEHHX N-rpaM. B mepiry depry TeKCT CKICIOETHCS B
OJTHE CJIOBO (BUAAISFOTHCS BCI IIPOTANTMHM i OyIb-SKi 1HIIII CHUMBOJIH KPiM JIi-
Tep aHIIIKCHKOTO Ta yKpaiHCHKOTO alndasiTy). Ilicis goro Oy ryeThCst BEKTO-
pHE TPEJCTABJICHHS 33 aHAJIOTIEI0 3 MOJEIUII0 MiIllKa CIIiB, TUTbKHA 3aMiCTh
CITiB BUCTYMAIOTh TaKi TPhOX-OyKBEHI MOE€THAHHS.

[To-mieprmie, Take MEPETBOPEHHS BUPINIyE MPOOIEMY ITOMUIIOK B TEKCTI.
JloBre cioBo, B sKOMY 3poOjieHa MOMHIIKA B OAHIN OyKBi, MaTUME CXOXe
MPUXOBaHE YSBJCHHS 3 OPUTIHAILHUM CJIOBOM 1 CHCTEMa 3MOYKE BUKOPHCTO-
BYBaTH 110 iH(popMarriro. Ha BimMiHy Bij MOJIeNi MillIKa CIIiB, € HISIKOTO 3B's-
3Ky MK TaKHMH CJIOBaMH He OyJie 3a(iKCOBaHO Ta JUIs CJIOBa 3 MOMMUIIKOIO
npocTo He Oynie 310paHo HiIKOI cTaTUCTUKH [9].

[To-npyre, 111 MOJENb BUPINIYE MPOOJIEMY JOBIUX HEMOMYIIIPHUX CKJIA/I-
HUX CIIB, TAKHX SIK «KOpa0ieOyayBaHHsI». Mojenb, Ha moao0i TOro sk Ie
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poOUTH MaseHbKa TUTHHA, NIPUITYCKAIOYH 3HAUCHHS CJIOBA, SIKE BiH HE 3HAE,
HPUITYCTUTD, 1110 € CIOBO YUMOCH CXOKE Ha CJI0Ba «KOpadii» 1 «OyniBHUILI-
TBO» 1 OOY/lye CXO)Ke NMPHUXOBAHE YSBJIEHHS SIK HIOM Ti Ha BXIiJ NPHHIIOB
3anmuT «OyIiBHULTBO KopadiiB». Taknum 4MHOM AaHe TIepeTBOPEHHS J03BO-
nsie OyyBaTH CKUIBKH 3aBIOJHO MacIITabOBaHi MOJIENI JIJIsl CJIOBHUKIB JTOBi-
JTBHHX po3MipiB [9].

Takum unHOM, 06pOOKa MPUPOIHEOT MOBH € BaXKJIMBOKO T'aTy3310 HAYKH,
1110 BIUTMBAE HA PO3BUTOK CYYaCHHUX TEXHOJIOTiH KepyBaHHS KOMIT IOTEPHUMHU
CHCTEMaMH 3a JOIIOMOTOI0 Toocy. BukopucraHHs MOp¢OJIOTIYHIX TiIXO0-
IIiB, SIK CTEMIHT Ta JIEMaTH3alIlis, JOTIOMaraloTh 3MECHIIIUTH 9ac 0OpOOKH TeK-
CTy Ta BHABIITH HOro TeMaruky. Lli miaxoam akTHBHO BUKOPUCTOBYIOTHCS
HOIIYKOBUMH CUCTEMaMH Ul PO3YMIHHS 3aIIUTiB KOPHUCTYBaya.
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AJAIITUBHE YIIPABJIIHHSA 3AXUINEHICTIO
KOPIIOPATHUBHOI MEPEJKI HA OCHOBI HEUITKOI JIOT'IKHA

®inon A.A., 'pebennux AT
YepHizigcoKkuli HaYioHanbHULL MeXHON02iUHULlL YHisepcumem, YKpaina

VY cygacHOMY cBiTi KopnopatuBHa Mepesxa (KM) npencrasisie coboro He-
Bin’eMHHIA 3aci U1 CBO€YacHOTO OOMiHY iH(OpMalielo BcepeauHi Oyb-
sxoi kommadii [ 1]. Bona 3a06e3neuye ycnimay poOoTy y4aCHHUKIB KOJIEKTHBY,
Oyxp TO HeBenmuKa (ipma 4u MK XONAWHT. PO3MOBCIOMKEHHS TH(PPOBUX
TEXHOJIOTiH y BCIX Tay3X CTUMYJIIOE ITHPOKE BIIpoBaKeHHS KM Ha pi3HIX
piBHAX Oi3HECY HE3aIEKHO BiJ THITY, crienmu ik 9u MacmTaldy disuIbHOCTI.

[IpaBuiIbHE MPOEKTYBAHHS € JOCHUTH BaXJIMBHM €TarioM IpH MoOyI0Bi
KOpPHOpPaTHBHOI Mepexi. 3MeHIleHHs yacy npoctoro KM y pasi anapaTHux,
NPOTPaMHUX 1 TEXHIYHUX MIOMHJIOK Nependavae crabiibpHuil, Oe3nepepBHuil
OOMiH IaHUMH MiX yciMa y4acHUKaMH.

CreuianbHi MporpamMu i TOHKI HaJlalITyBaHHS IPaB AOCTYITY 10 OKPEMHX
JOKYMEHTIB, (QYHKIIH 1 pO3IUIIB 3HIKYIOTh PH3MK BUTOKY iH(opmarii,
BTpaTH KOHQIAEHIIHHUX AaHuX. KpiM LpOro, THX, XTO 3[IHCHIOE BTOPT-
HEHHSI, MOXKHA BIJICTeXKUTH 32 JIONIOMOTOI0 IPOTPAMHHX PIllICHb.

ITobymoa KM 06a3yeThbes Ha y3ro[KeHiH apXiTeKTypi JaHUX, maTopm
1 IOOaTKiB, 3a JOMOMOTOIO SIKMX 3a0e3meuyeThcss 0OMiH iH(opMariiero Mix
KopucTyBauamu. OTpuMaHH (YHKIIOHYI0OU0i KOPIIOPATUBHOI MepeKi gona-
TKOBO Tiepebadae po3poOKy 3aco0iB 00CITyTOByBaHHS 1 3aXUCTy 0a3 TaHUX.

[MocTiliHa 3aXUIEHICTh MEPEXKI 1a€ BEIMKE HABAHTAKEHHsI Ha TPOTrpaMHi
i anapaTHi 3aco0u, yHACIIIIOK Y0ro 30UIBIIYIOThCS 3aTPaTh Ha 00POOKY ycix
omepaiiii. BapTo npuaiiuTe yBary ontumisariii miaxoy 1010 BCTAHOBJICHHS
3aTpeOyBaHOI0 B JJaHWII MOMEHT piBHs 3axuuieHocti KM, Hanpukiaa tak
3BaHUM aJIANITUBHUM aJITOPUTMaM, 1[0 KOOPAUHYIOTh pOOOTY BCIi€l aarTHB-
HOI cHCcTeMH ynpaBiiHHA 6e3mexoro KM.

Mertoro poOOTH € TOCIiKEHHSI aJalI THBHOTO aITOPUTMY JUTS 3SMEHILICHHS
HaBaHTAXXECHHs Ha anaparHe Ta nporpamue 3abe3nedendst KM ta miarpumkn
HEoOXigHOTO piBHA Oe3meku iHdopMalii y JOBUTFHII MOMEHT 4acy Ha 0a3i
HEYITKOT JIOTIKH.

Cucrema yrnpasiiaas Oe3nexoro KM — 11e KoMITIeKCHAN MeXaHi3M 3aXu-
CTy yNpaBiIiHHS, 1110 3a0e31euye B pealbHOMY 4aci 3aTpeOdyBaHuil piBeHb 3a-
XHIIEHOCT] 3 ypaxyBaHHS BaXXJIMBOCTI 00poOmroBanux nanmx B KM. Bona
CKJIaJaeThes 13 3ac00iB aHANI3y 3aXHUIIEHOCTI, [0 BUKOHYE IMONIYK ypa3iIH-
BHUX MICIIb Ta OIIIHIOE 3aTPAaTH HA peaji3allifo BPa3jMBOCTi; 3ac00iB BUSB-
JIEHHS aTak, 0 BUKOHYIOTh OIIHKY Mifo3pinux ai B KM; 3aco6iB aganTarii,
10 BU3HAYAIOTh 3aTpeOyBaHUH piBEHb 3aXUIIEHOCTI B JTaHHI MOMEHT Yacy;
3ac00iB ympaBIiHHS, 10 KOOPJAUHYIOTh POOOTY BCi€l aJanmTUBHOI CUCTEMH
ynpaBiiHHs 3axunieHicTio KM.

s epexruBHOTO ynpasiniHHs Oe3nexoro KM mpornonyeTbcs BAKOPHCTO-
BYBAaTH aJalITHBHE YIPABIIHHI HA OCHOBI €TAJOHHOI MOJIENI, TIPH LILOMY 3a
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STAJOHHY MOJICJUTIO BUCTYMNAIOTh Mpodii ado madaoHu Oe3rnekn — napame-
Tpu KoHpirypauii 6e3nekn KM [4]. baza nmpodisnis 6e3nexu ckiagaeTbest mo-
nepenHbO Ha OCHOBI JaHUX MPO (YHKIIOHYBaHHS cucTeMH 3axucty KM.
Jiist omiHIOBaHHS piBHA 3axuineHOCTI KM Ha OCHOBI alaTHBHOTO aJiro-
PUTMY BBOJIMTBCS OHATTS IOMHIIKK PETYIIOBAHHA A = Yy — Vg, 1€ Yy — 38~

TpeOyBaHi napameTpy O€3NeKH, a ¥, — YPEryJIbOoBaHi mapamMmeTpu Oe3neKH.

3Bigcu moMmika peryiroBanHs 4 = (0, skmo napamerpu 6e3nekn KM moc-
TifHI 1 HC BUHUKA€E MOTpeda «BMHUKATH» 3ac00W ajmanTallii. Aje y BUINAAKY
Koy mapamerpu O0e3nexu KM 3MiHIOIOTECS (SIK HACIIOK 3MiHU PiBHS 3aXH-
mieHocti 00poboBaHOi iH(popMaIii), y)ke BHHHKae OTpeda iHimiari3yBaTi
3acobu amanTamnii cuctemu 3axumeHocti KM, ms Toro mo6 npusectr QyH-
KIIOHYBaHHS CHCTEMH 3aXUCTy iH(opMariii 10 HeoOXiTHUX TapaMeTpiB.

OyHKIIIOHATbHI BUMOTH IMI0A0 Oe3meku st KopuctyBadiB KM MOXyTh
BU3HAYKTH NIEBHI ICHYIOU1 CTaHAAPTH 3aXUCTY iHpopMarii. HalBiomimmmu
€ ISO/IEC 15408 «3aranbhi kputepii ouiHky iHGopMaLiiiHOT Oe3neKkn», 110
CTBOPCHI 32 METOOJIOTIEI0 1 HA OCHOBI KaTaJ0ry BUMOT MIXKHAPOJIHOTO CTa-
Haapty y cdepi O6e3nexu iHpopmarii [2].

Marematnynuii onuc napametpiB 6e3neku KM Ha ocHOBI Teopii HediT-
KUX MHOXHH JI03BOJIsiE epeKTUBHO (popMalti3yBaTH 1 AOCIiKyBaTu Garato
HE TITBKH KITBKICHUX, aJie i AKiCHUX HOMIH MUITXOM iX MpenCcTaBIeHHS y BH-
rmani: ¥x € X A ={(x py (x)}, ne (% pa(x)) — mapa koMnoHeHTiB (cHHT-
NTOH), CKIIaJICHA i3 eIEMEHTA X 1 CTYIECHS HOT0o HAIEKHOCTI [y (%) O MHO-
xuan X [5]. dns popmarnizanii GyHKIIOHATHHUX KPUTEPIiB OI[IHIOBAHHS Pi-
BHsI 3axuiieHocti KM MmpornoHyeThCs 3aCTOCOBYBATH ariapar JIHIBICTUYHUX
3MiHHUX. B 3araibHOMY BHUIJISIL, JIIHTBICTUYHA 3MIHHA XapaKTEPU3YETHCS
Ha0OpOM KOMITOHEHTIB: {x T, D}, ne x— im’a ninreicruanoi 3minHoi, T — MHO-
JKUHA 1i TepMiB a00 3HaueHb, ' — 00iacTh BU3HAYECHHS 3HaUCHb [3].

[Mpunnun noGya0BU 3aco0iB ynpaniiHHs 3axuiieHicTio KM Ha ocHOBI
HEYITKOT JIOTIKH MOoJIsIrae B peatizaliii CHHTE3y Teopii He4iTKUX MHOXHH 1 Te-
opil rulaHyBaHHs excriepuMeHTy. DYHKIIOHAIbHI KpUTEPii OL[IHIOBaHHS Pi-
BH# 3axwuiieHocTi KM (Hampukiaj, 3HaHHS 1 TOCBI €KCIEPTIB) hopmaltizy-
IOTBCS Y BHTUISAI ITOJIIHOMA, a HaOlp MPOXYKIIIITHAX MPaBII HA OCHOBI (PYHK-
[[IOHATBHUX KPUTEPIiB B MEBHiH TOUI (PaKTOPHOTO IPOCTOPY, IO HECYTH iM-
IUIIKaTUBHY (opMy «SIKIIO. .., TO..., IHaKIIe...», CKIAIa€ThCs K OPTOTOHA-
JIbHA MaTPHIIS.
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Enok aHaniza
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peryrnosaHHA !

‘OUiHIDBaHHA BPazNMBoCTER

3acobu 3axucTy
iHdopmauii KM

SacoOw ananTaui

PearysanHa Ha
HUMOeHT

Pucynok 1 — CucteMa afanTHBHOTO YIIPABIIHHS 3aXHUIICHICTIO 3 BUKO-
puctanHsIM mpoditiB 6e3MeKH Ha OCHOBI HEUITKOT JIOTIKU

V¥ 3araxpHOMY BUZI (pHUC. 1) anroput™ moOyIoBH MPOrHO30BAHOT MOJIEITI
ynpaBiiHHA 0e3mekor0 KM 3miicHIOETBCS y IeKinbKa KpokiB. CiodaTky BH-
3Ha4YaeThcs (PAaKTOPHUHA TPOCTIp 3amadi ympapiiHHs 3axuimeHictio KM Tta
MEXi IIKAJH 1 TEPMIB 110 KOXKHOMY 3 pakTopiB. [ToTiM popmyeTscs MaTpuilsa
KpPHUTEPiiB Ta TeHEPYIOThCS JIHTBICTHYHI 3MiHHI. [licis mporo po3paxoBy-
€Thcs KoedimieHT moiiHOMa Qopmaizamii, OMIHIOETECS TTOMIIIKA YHCENb-
HOTO CKCIIEPUMEHTY, aJICKBATHICTh OTPUMAHOTO IMOJiHOMA Ta TOYHICTH MO-
neni 3a kputepiem @imepa. Pimenns no ynpasiinzio 6e3nexoro KM npwuii-
MAOThCSI NIJISIXOM TOYHHUX PO3B’sI3aHb HEUITKUX PiBHSHb.

Ha pucynky 2 BioOpaxeHO cepeHe 3HAUCeHHS 3aTpaT (PyHKI[IOHATBHUX
3aco0iB 3axucty iHpopmarii KM aBoX pi3HHX THIIIB: MEPLIOro — IO MiATPH-
MYIOTh (D iKCOBaHHMI PiBEHb 3aXMILEHOCTI Ta IPYrOro — M0 BUKOPUCTOBYIOTh
MeXaHi3M aJIalTUBHOTO ynpaBiliHHs Oe3nexoto KM, mokasye, 1mo od4ucio-
BaJIBHI BUTpPATH HA peaiizaliio 3aco0iB 3axucTy iH(popMalii MoCcTiiHO 3Mi-
HIOIOTBHCS HE3aJIEXKHO Bifl THITY, IIPOTE CEPE/IHE 3HAYCHHS BUTPAT ISl CUCTEM
JPYTOro THUITY HIDKYE, HDXK JJIs CUCTeM nepiuoro tumy [3].
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Pucynox 2 — 3mina oouncmoBansHux BuTpaT KM Ha peanizauito GpyHK-
it 3aXuCTy ISt 3ac00iB 3aXHUCTy iHPOPMAIIii IEPIIOTO 1 APYTOTO THITY

MexaHi3M aTanTHBHOTO yTpaBiiHHS 3axuiieHicTio KM Ha 0CHOBI HediT-
Ko1 JIOTiKH 3a0e3neuye OUTbITy eeKTHBHICTE, HiXK 3BHYAlHI, (ikCOBaHi Me-
XaHi3MH, [0 HaJla€ 3HIKEHHS YCEPEIHSHNX BTPAT MPOIYKTHBHOCTI MEpexi
o o0poOIi TaHUX KOPHUCTYBadiB, i TOMY JOLITHHO BIIPOBAIKYBATH 3aIPO-
MOHOBaHMHU MiJXiJ| P MPOEKTYBaHHI 3aC00IB 3aXUCTY KOPIIOPATUBHHUX Me-
pex.
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3D-MOJEJIFOBAHHSI B OCBITHbOMY IPOLIECI BH3 B
YKPATHI

I0.B. byraii, 3.M. Bepemeit
YepHiziscoKkuii HAYiOHATLHUL MEXHONI02IUHULL YHIgepcUumem

VY nanmii yac TpuBHUMipHa rpadika 3HaMIUIA MUPOKE 3aCTOCYBAHHS JIJIs
CTBOPCHHS 300pa’keHb Ha IUIOIMIMHI B TAKMX OOJNACTIX, SIK HAYKOBI pO3paxy-
HKH, IH)KeHEepHE NMPOEKTyBaHHS, KOMITFOTEpHE MOACTIOBAaHHS (i3UIHUX 00'-
€KTIB Ta iH.

TpuBumipHa rpagika — po3aiin KOMITIOTEpHOI Tpadiku, MPUCBIICHUH Me-
TOIIaM CTBOPEHHS 300pakeHb ab0 Bife0 IIIIXOM MOJCTIOBAHHSA 00'€MHHX
00'exTiB B TpuBUMipHOMY TIpocTopi [ 1]. 3D-MomemoBaHHs — 1€ POIIeC CTBO-
peHHsl TpuBHUMIpHOI Mozeni o0'ekta. OCHOBHUM 3aBiaHHsAM 3D-Mmopnento-
BaHHs € po3po0Ka Bi3yaabHOro 00'eMHOro 00pa3y OaxaHoro o0'ekta. [lpu
I[OMY, MOJICJIb MOXeE, SIK BiIMOBiIaTH 00'€KTaM, Tak 1 OyTH MOBHICTIO abCT-
PaKTHOIO.

I'padiune 300pa>keHHs] TPUBUMIPHHUX OO'€KTIB BiJPI3HSAETHCS THM, IO
BKJIFOYA€ NMOOYIOBY reOMETPUYHOI MPOEKIiT TPUBUMIPHOI MOJIEJIi CLICHH Ha
IUIOLIMHY (HAaIPHKIIaA, eKpaH KOMITTOTEpa) 3a JOTIOMOTOI0 CIEIiali30BaHIX
nporpam. OHaK, 31 CTBOPEHHSIM 1 BIIpoBaKeHHIM 3D-nucmeis i 3D-npun-
TepiB, TPUBUMipHA Tpadika He 0OOB'SI3KOBO BKIIIOYAE B ceO€ MPOCKTYBAHHS
Ha TUTOLIHHY.

TpusumipHa rpadika 3a3Bryail Mae CIpaBy 3 BipTyalbHUM, YSIBHAM TpPH-
BUMIPHHUM IMIPOCTOPOM, SIKE BiZIOOpaKaeThCsl HA IJIOCKIiH, IBOMIpHIiil OBep-
XHI AucIuiest abo apKylia nanepy. B Hair yac BiioMo Kijibka crioco0iB Bizo-
OpaskeHHs TPUBUMIpPHOT iHpopMallii B 00'€eMHOMY BUIIIAI, X0Uua OUIbLIICTS 3
HUX MpEeACTaBIsiE 00'€MHI XapaKTEePUCTHKH JOCUTh YMOBHO, OCKIIBKU IIpa-
IIOIOTh 3 CTepeoo0IagHaHHAM. 3 I1i€l 00JIaCTi MOXKHA BIA3HAYHTH CTEPEOO-
KyJISIpH, BipTyasbHi mosnomu, 3D-aucruiel, 30aTHi 1eMOHCTPYBaTH TPUBHMI-
pHe 300paxenHs. Kinbka BUpOOHUKIB TIPOJIEMOHCTPYBAJIHM TOTOBI IO cepiii-
HOTO BUpOOHUIITBA TpuBUMIpHI nuctuiei [2]. Ognak 3D-nucmei sk i paHimre
HE J03BOJISTIOTH CTBOPIOBATH MOBHOIIHHOI (Di3WMYHOT, BIAUyTHOI KOMii Marte-
MaTHYHOI MOJIETIi, CTBOPIOBAHOI METOaMHU TPUBUMIPHOT Tpadikm.

[t oTpuMaHHST TPUBUMIPHOTO 300paXKeHHs Ha TUIOLIMHI MOTPiOHO BH-
KOHATH HACTYIHI KpokH [3]:

1) MozeTrIOBaHHS — CTBOPEHHS TPUBUMIPHOT MaTeMaTHYHOT MO/IEJTi CIIEH!
1 00'€KTIB B Hili;

2) TeKCTypyBaHHS — MPU3HAUYEHHS MTOBEPXOHb MOJEIEH pacTpoBUX abo
NPOLEYPHHUX TEKCTYp (HANAIITYBAaHHS BIACTUBOCTEH MaTepiajiiB — IPO30-
picTb, BiZOUTTS, IMOPCTKICTH Ta iH.);

3) ocBiTIIEHHS — BCTAaHOBJICHHS Ta HAJIAIITYBaHHS JHKEPEI CBITIA;

4) animManis — HalaHHA PyXy 00'€KTIB;

233



5) IuHAMiYHA CUMYIIALIS — ABTOMAaTHYHHIHA pO3paxyHOK B3a€MOJII] YacTH-
HOK, TBEPIUX / M'IKUX TiJ 1 iH. 3 MOJICJIbOBAaHUMH CHIJIAMHM T'paBitallii, BITpY,
BUILTOBXYBAHHS 1 1H., @ TAKOXX OJIMH 3 OJTHHUM;

6) Bi3yauizanist — HoOyoBa MpOeKLii BiAMOBITHO 10 00paHoi (izuyHOT
MOJIETI;

7) KOMIIOHOBKa — J10poOKa 300pa)KeHHS;

8) BUBiZ OTPUMAHOTO 300pa)KCHHS Ha NMPHUCTPiil BUBEACHHS — IHUCIUICH
abo crenialbHUN IPUHTED.

BukoHaHHs TNepepaxOBaHUX BHILE €TaIiB JO3BOJISIE BHUPIIIyBaTH 3a-
BIaHHs Bizyajizauii HalOIIbII CKIATHUX 1 TPOMI3JIKUX PEabHUX 00'€KTIB.
Po3pobka TpUBHUMIpHUX MOJENCH 3HAXOIUTh 3aCTOCYBAHHS 1 TIPU BUBYCHHI
crietianbHUX quctuInIiH. Taki Mogeni (puc. 1) 103BOJISIOTE HAOUHO YSBUTH
JOCHTH CKIIaHi JJIs1 BUBYCHHS ITUTAHHS.

Puc. 1 — TpuBumipna mozens Ha npukiani YHTY

TogaHHS TPUBUMIPHUX MOJENEH y BUIJISAAI CUHEH SIK OKPEMHX IOCHTH
CKJIaTHUX O0'€KTIB, TaK i CKIAIOBUX O0'€KTIB, CIIPHsIE HAWKPAIIOMY 3aCBO-
€HHIO CTY/AEHTaMH BUKJIJEHOTO MaTepiaiy.

TakuMm 4MHOM, B IOPIBHSHHI 3 IUIOCKUM 300pakK€HHSAM, TPUBHMIipHE BO-
nojie psimom miepesar [4].

1. Bucoxka indopmMaTHBHICTS OKPEMUX 30H €KpaHa (B CKIaIHUX 00'€KTax).
CkJiasi reomerpudHi mo0y108u B 3D-(homMaTi Jierko CripuiMaroThest 1 1in-
KOM 3po3yMiii. ¥ 2D-pexuMi Taky rpadiky po3MiCTHTH HEMOXKIIHBO.

2. IlepeBaru npu obGepranHi 00'ekTa. Y 3BHYaiHOMY MPOCTOPI HiSIKOTO
JIOJATKOBOTO 1H(GOPMAIIHHOTO IUTIOCA 3MIIIECHHS 00'€KTIB BIIEpea-Ha3am He
nae, mpote B 3D-rpadimi KapTHHKA MMOBHICTIO 3MIHIOETHCS — 00'€KT PO3rop-
TAETHCS TM1]1 IHIIAM KyTOM, TaK 1[0 MOXKHA NOOAYUTH HOTrO PO3TalllyBaHHS Ta
MiCIIe3HaXO/PKEHHS HIINX 00'€KTIB 100 TOJ0BHOI dirypu.

3. HoBi mMoxmmBocCTi nmepcnekTuBu. Y JBOMIpHiM rpadimi us BiITBO-
PEHHS 1110311 IPOCTOPY BUKOPHCTOBYIOTHCS MPUHIIUITM CTBOPEHHS IEPCIEK-
TUBU: € KUTbKA IUTaHIB YABICHHS (OMU3bKUH OLTBIINN, BiIaJICHUN — HEBEIIH-
KHH), TOPH30HT (SIK LIEHTP eKCIIO3M1ii), TiHi Tommo. AJie moAiOHi i mpuioMu
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He 3aBX/H JaI0Th TOYHY iH(popMariiro npo o6'ekt. Y 3D-dopmari risagad Bi-
Jipa3y BJIOBIIIOE pealibHi IPONOPLii MPEeJMETIB, IX pO3TaIlyBaHHs B IPOCTOPI
— 1151 IbOT'O HOMY MOTPiOHO TUTBKH pa3 MOTISIHYTH Ha KapTUHKY. Llel 3akoH
Jli€ HaBiTh Ha 00'€KTH, PO3MILIEHI XaOTHYHO Ha Pi3HiH BiJICTaHI OJMH BiJ OA1-
HOTO.

4. Hogi ¢opmu niarpam. Y 3D-rpadimi MoxkHa 1oaaBaTH HOBI 3MiHHI Y
BEJIMKiH KUTBKOCTI, HE BTpayaroyu Mpu 1boMy iHpopMaTuBHOCTI Ta ynTade-
JIBHOCTI CaMOi JiarpamH.

5. BB Ha ¢i3nyHi peakuii rsigada. [Ipu npaBmiIsHOMY MOIETIOBaHHI
crear B 3D MO)KHA CTBOPHUTH €(eKT NIe30pieHTAIli] TIs1a4a B IPOCTOPi: Ha-
TpUKIan, epeKT 3aIaMOPOWINBOI TOHKH, MaIiHHSI, PI3KOTO NMEepeKUAaHHs 1
tomo. JIronmuHa npuMipsie Ha cebe If0 PEeaNbHICT 1 CTae SIK OM YaCTHHOIO 11,
cnpuitMarouu K niicHicTh. Takux edektiB B 2D-Tpadimi gocsrTu maiixe He-
MOXKITHBO.
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MATHEMATICAL MODELING OF NON-GAUSSIAN
DEPENDENT RANDOM VARIABLES BY NONLINEAR
REGRESSION MODELS BASED ON THE MULTIVARIATE
NORMALIZING TRANSFORMATIONS

S.B. Prykhodko, N.V. Prykhodko

Admiral Makarov National University of Shipbuilding, Ukraine

It is known, the acceptance-rejection method may be used to simulate the
non-Gaussian dependent random variable by the non-Gaussian joint
distribution in the form of the probability density function. However,
constructing the non-Gaussian joint distribution is a difficult problem, which
makes it difficult to use this method for mathematical modeling and
simulation of non-Gaussian dependent random variables. Also, nonlinear
regression models may be applied for mathematical modeling and
simulation of non-Gaussian dependent random variables. A nonlinear
regression model in its structure contains an error term (a random variable),
which is included additively or multiplicatively. In general we de the
nonlinear regression model as in [1] , where Y is a non-Gaussian dependent
random variable, is a nonlinear function; is a vector of regressors
(independent variables); is a vector of parameters; is the error term that
has the same properties as in linear regression, i.e. the Gaussian random
variable which defines residuals,

In [1], we considered the techniques to construct the models, confidence
and prediction intervals of nonlinear regressions based on the bijective
multivariate normalizing transformations. However, there may be data sets
for which the results of building the nonlinear regression models depend on
firstly, which normalizing transformation is applied, univariate, or
multivariate, and, secondly, are there any outliers in the data set. In this
paper, we propose the technique to construct nonlinear regression models
based on the multivariate normalizing transformations and predictions
intervals. We use the prediction intervals of nonlinear regressions to detect
the outliers in the process of constructing the nonlinear regression models.
In general, this process is iterative since we repeat building the model for
new data after the outlier cutoff.

We consider the technique to construct nonlinear regression models
based on the multivariate normalizing transformations and predictions
intervals. The technique consists of four steps. In the first step, a set of
multivariate non-Gaussian data is normalized using a multivariate
normalizing transformation. In the second step, the non-linear regression
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model is constructed based on the multivariate normalizing transformation
[1]. In the third step, the prediction interval of nonlinear regression is built
according to [1]. And finally, at the fourth step, it is checked whether among
the data for which the nonlinear regression model was constructed, those that
go beyond the found boundaries of the prediction interval. And, if the
outliers are detected, they are discarded, and we repeat all the steps, starting
with the first, for new data.

The example of constructing a three-factor nonlinear regression model
based on the Johnson four-variate transformation for the SB family to
simulate the non-Gaussian dependent random variable depend on three
predictors is given. There are six iterations in the process of constructing
this nonlinear regression model. A comparison of the constructed model
with the linear regression model and nonlinear regression models which are
built by the univariate normalizing transformations (the Johnson and
decimal logarithm ones) is performed. Parameters of the Johnson four-
variate and univariate normalizing transformations for SB family were
estimated by the maximum likelihood method. Parameters of the linear
regression models for normalized data were estimated by the least square
method.

The well-known standard metrics of prediction accuracy are used to
judge the prediction accuracy of regression models. These metrics include a
multiple coefficient of determination R2, a mean magnitude of relative error
MMRE, and percentage of prediction at the level of magnitude of relative
error (MRE), which equals 0.25, PRED(0.25). The values of R2, MMRE,
and PRED(0.25) equal respectively 0.984, 0.103, and 0.862 for the
constructed nonlinear regression model based on the Johnson four-variate
transformation for the SB family with the estimators of parameters which
are calculated for the 29 data rows from [2] after the outlier rejection.

The constructed model, in comparison with other regression models has
larger values of R2, and PRED(0.25), smaller values of MMRE, and widths
of the confidence and prediction intervals of regression. Note that the width
of the nonlinear regression prediction interval based on the Johnson four-
variate transformation is smaller than after the Johnson univariate
transformation for 28 from 29 data rows, less than after Logl0O
transformation and smaller compared with the linear regression prediction
interval width for all 29 data rows.

Such adequate prediction results for the created model might be
explained by the better multivariate normalization of the non-Gaussian data,
which we used to improve the three-factor nonlinear regression model based
on the Johnson four-variate transformation for the SB family and outlier
rejection. Multivariate normality was tested by the squared Mahalanobis
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distance (SMD). A multivariate normality condition is only performed for
the normalized data based on the Johnson four-variate transformation as for
each row of the data; the SMD values are less than the Chi-Square
distribution quantile, which equals to 11.14 for 0.025 significance level.
Also, the values of the estimator of multivariate kurtosis indicate good
multivariate normality for the normalized data based on the Johnson four-
variate transformation only. In our case . The values of the estimator of
multivariate kurtosis equal 34.82 and 25.09 for the 29 data rows, the
normalized data based on the Johnson univariate and four-variate
transformations for the SB family, respectively.

Conclusions. Mathematical modeling of the non-Gaussian dependent
random variable by nonlinear regression model using multivariate
normalizing transformation is performed. The technique to construct
nonlinear regression models based on the multivariate normalizing
transformations and prediction intervals is further developed. A three-factor
nonlinear regression model to simulate the non-Gaussian dependent random
variable depend on three predictors is improved based on the Johnson four-
variate transformation for the SB family and discarding outliers by applying
prediction intervals. This model, in comparison with other regression ones,
both linear and non-linear, has larger values of multiple coefficient of
determination, and prediction percentage, fewer values of a mean magnitude
of relative error, and widths of the confidence and prediction intervals of
regression. Suitable values of prediction accuracy metrics for the
constructed model may be explained better multivariate normalization of the
non-Gaussian data and the outlier rejection, which are applied to build one.
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Abstract. This paper presents the designing of automatic control system
in real-time for vertical and horizontal motion control of camera crane. The
traditional camera crane manual control system has some control problems.
To meet this, unifying proportional integral derivative (PID) controller with
precision Inertial Measurement Unit (IMU) on main board STM32 control
were implemented. The mathematical calculations were approved by the
results of experimental tests and confirmed by the correct functioning of the
processing algorithm and the operation of the system as a whole. Camera
crane has 3 axes.

Keywords: Automatic control system, embedded system programming,
control laws, PID control, inertial measurement unit, real-time,
microcontroller.

Introduction

Filmmaking and other applications for action shooting traditionally use
the crane, which should move dynamically in inertial coordinates. The crane
is used with 3-axis camera putting on it, as shown on Fig.1. The speed range
and motion directions of camera crane as usually manually controlled by
operator.

Max. lens height

Telescopic range

Fig.1. Crane structure and camera crane kinematics
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Most of camera crane’s control systems are designed with manual control
board, PID controller, rotation mechanism and could operate in manual or
semi-automatic operation mode [1]. To control the camera crane operator has
to pre-select the speed range on the hand control. In manual mode motion
directions are calculated according to the length of the camera crane. It means
that operator has to check the present conditions (sensor settings), to compare
it with the desired value (processing) and to take appropriate action in order
to obtain the desired value (actuator).

This is the simplest way to control camera crane. However, it’s leading to
malfunctions in the control system and collisions in communication channel
and requires further manual fixing. To avoid these problems and to achieve
enough accuracy, reliability and high-speed automatic control systems
developed [2-3].

Control system

The main task is to design a precision automatic control system and make
the possibility to switch on the manual mode. In this case, control system
requires a powerful main board, like STM32F7 Discovery, 32-bit ARM
Cortex-M core-based microcontroller programmed in C++ Cube IDE [4].
This board controls electronics and mechanics by processing algorithm and
visualizes crane camera motion in real time by drawing two moving axes on
integrated LCD display.

To control the motion process according to given specifications,
connected in a circuit, fed the desired value or conditions and thereby controls
the process to maintain the desired values of motion parameters. The
advantage of this process is that no human intervention is required. Also, the
rate of the process is uniform.

Control system (Fig.2) has two absolute encoders to rotate motors. They
have output codes that allows to determine current position, but cannot be
transmitted to program code. For this task we used STM32103 board. It has
a special interface designed for processing data coming from the encoder.
Depending on it, the value of the counting register increases or decreases to
determine the side on which the rotation was and indicate the next direction.

ncoder LIMR A
=R y MR B

\ / \

J [ [

MOTOR J
ﬁ_ ) o)

Cammunication
hannel

PULT

ENCODER

Fig.2. Control system with encoders
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Regardless of the control mode, the work begins with a manual control
board (pult). In manual control mode it is necessary to track the encoders,
because over time there are failures and errors in the rotation system occur.
Encoder is the rotation angle sensor for motors to control trolley motion
(LIMR_A) and camera crane position (LIMR_B). The quick, sensitive
controls avoid distracting start-up rocking motions, which is an advantage
that is not to be underestimated as opposed to other drive concepts. To
increase the accuracy, the inertial measurement unit (IMU) is integrated to
the motion control system.

IMU is a self-contained sensor that measures linear and angular motion
usually with a triad of gyroscopes and triad of accelerometers that allows
make measurement in 3 axes: pitch, roll, yaw with high precision. An IMU
can either be gimballed or strap down, outputting the integrating quantities of
angular velocity and acceleration in the sensor/body frame [5].

Communication channel between all electrical components is organized
with commonly used Serial Communication techniques UART. Data frames
can have different lengths depending on configuration [6].

In order to switch from manual to automatic mode the operator should
start the cran by pushing the button on the “pult” and the button on STM32F7
Discovery control panel. Data transmitting algorithms consists of following
steps:

1 Forming data packages and transmission to the communication channel;

2 Changing control mode from manual;

3 Forming data packages from STM32F7 Discovery with final
coordinates and transmission to the communication channel for processing
by PID-controller;

4 Receiving data packages from STM32F7 Discovery by PID-controller,
processing and transmission to the encoder driver;

5 Receiving data by encoder driver and start crane boom motion.

The use of microcontroller STM32F7 Discovery as a core of the main
control board gives the possibility to control the encoders, increase the
accuracy and motion score and transmit signals between functional blocks at
the same time (Fig.3).

IMU
sen-
sor

Fig.3. Block diagram of the hardware
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Processing algorithm

Processing algorithm is based on equation of motion and calculates
parameters in real time. To obtain equation of motion there is longitudinal
form of motion used. It is the movement with zero roll, when the gravity
vector and the velocity vector of the crane camera lie in its plane of symmetry
as shown on Fig. 4.

The yaw and pitch properties are returned as Euler angles. The values of
the pitch and yaw properties are returned in radians.

The camera crane moves along two axes with lifting back and forth.
Accordingly, during lifting, the length of the camera crane (lo to 1), the angles
of pitch(6-6p) and yaw (p-¢o) change. To set the right length ls: of camera
crane equation of motion is used:

T T
'Set='5+'(2)'tgz[(9 —90)'18c)j+'§'t92[(‘ﬂ ‘éﬂo)'lgoj' &)

Fig. 4. Graph of motion

The final position coordinates (x,y) are determined through pitch and yaw
angle values:

X = (sin(¢~(ij) + %
i (2
1= oo [ o

Processing algorithm is implemented into the main control board
(STM32F7 Discovery). It supposes receiving and processing data flow
continuously from IMU in real time, computes coordinates of camera crane
motion and transmit to the PID controller (STM32103) to correct with the
measured coordinates. Finally, it gives the right signal to rotate encoders in
set motion direction and camera crane start to move.

The software recognizes its original positional data automatically, within
+/- 30 degrees at camera crane and head in both tilt and pan dimensions. Pro-
cessing algorithm computes the coordinates of final position and output on

LCD display or console as shown on Fig.5.
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Fig.5. Screenshot of processing algorithm of motion control system
An analysis of the compatibility and consistency of manual and automatic

control modes designed a block diagram of the algorithm as shown on Fig.6.

1!

selecting the control
mode and inltial setting

automatic
rnode ?

Calculation of the final coordinate
of the crane motion on pitch and
roll
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Formation of data packetsin
manual control mode whe nthe
control panel istumed on

Calculation of the speed of crane
motion

Form ation of data packets in the
control syste m

STMF?, Xsens

STRAFLO0Z
Tramsmission of data packets from Transmission of data packe ts from
the control panelto the executing the cantrol systern to the exe cuting
device sviathe UART devices via the UART
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Dataprocessing by exe cuting
Data processing by exe cuting devices
devices

1 1

Motion of the crane withthe set
speed

Motion of the crane according to
the specified find coordinate
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Fig.6. Compatibility and consistency manual and automatic control modes
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4 Test

As described above, to increase the accuracy of the system and correct the
operation of encoders Inertial Measurement Unit (IMU) applied. selected the
Xsens MTi 10-series with AHRS, VRU, and IMU, the integrator three
different integration levels. The module is based on an industry-proven, cost-
effective MEMS-based orientation sensor, and has an integrated, full-fea-
tured sensor fusion algorithm with easy to use SDK as shown on Fig.8.

vl vl v -
= vl
T o i O YO

Fig.8. Inertial Measurement Unit (IMU)

Main board sensed the signal from an IMU sensor thereby feed backing
it into the PID controller which transfers data through 6 and ¢ for monitoring
both rotations of encoders.

PID controller XSENS
BEGIN BEGIN
Rs-485 RS-232

Receiving Receiving
data data

Computing
coordinates on
pitch, yaw

'

Processing data
STM32F7

Computing data
from encoders

Fig.9. Processing data by PID and IMU

PID controller calculates an 'error' value as the difference between a
measured length and a desired set point (Iset). The controller attempts to
minimize the error by adjusting. When encoders start to rotate motors at the
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same time the estimation of rotation angles will be used as feedback to the
PID controller and IMU to estimate and correct the position of camera crane.

To verify the operability of the developed system, it was tested and
experimental data obtained as shown on Fig. 10.

Fig.10. Experimental tests

The results of experimental tests confirmed the correct functioning of the
processing algorithm and the operation of the system as a whole, and on their
basis we can distinguish the main features of automatic mode:

1 tracking precisions — accuracy encoders, IMU and PID controller are
tested and function marvellously with tracking UART protocol (RS-232, RS-
485) without cumulative error.

2 stable data delivery — designed software superb gear processing and
reliable STMicrontrollers.

3 easy control, compatibility and consistency based on STM electrical
crane control system, it works in both manual and automatic modes and can
be easily switched.

Conclusions

Developed automatic crane control system has possibility to switch
between the manual and automated modes. The system developed provides
real-time LCD displaying of crane and camera data content, easy calculation
and operation. This automatic control system simplifies the operator work,
increases the control score, uses the powerful microprocessors and precision
IMU sensor and actuators.

References

1 Thomas Gustafsson Division of Automatic Control Lulea University of
Technology Lulea Sweden

2 Frank Owen Control Systems Engineering A Practical Approach P.E.
Mechanical Engineering Department California Polytechnic State University
San Luis Obispo, California May 2012

3 Alfaro V. Model-Reference Robust Tuning of PID Controllers
Switzerland: Springer, 2016 - 192 p.

245



4 Jonathan A. Dell Digital Interface Design and Application 1SBN: 978-
1-118-97432-2 , August 2015, 208 Pages.

5 S. Amsuess, I. Vujaklija, P. Goebel, A. D. Roche, B. Graimann, O. C.
Aszmann, and D. Farina, "Context-dependent upper limb prosthesis control
for natural and robust use,” IEEE Transactions on Neural Systems and
Rehabilitation Engineering, vol. 24, no. 7, pp. 744-753, 2015.

6 Osisiogu, Ukachi. A presentation on serial communications Seminar
Paper on Serial Communication. DOI: 10.13140/RG.2.2.32809.85605
Electronic and Computer Engineering - Nnamdi Azikiwe University, 2015

7 Starlino (2010) A Guide To using IMU (Accelerometer and Gyroscope
Devices) in Embedded Applications.[online]. Available:,
http://www.starlino.com/imu_guide.htm

8 Starlino A Guide To using IMU (Accelerometer and Gyroscope
devices) in Embedded
Applications.[online]:http://www.starlino.com/imu_guide.htm

9 STMicroelectronics, " L298 Dual Full Bridge Driver " [Online].
Available:http://www.st.com/en/motor-drivers/1298.html. [Accessed 28 May
2018].

10 Johnson M.A., Moradi M.H. (Eds) PID Control - New ldentifications
and Design Methods London, Springer, 2005 , 543 pp.

11 Visioli A. Practical PID Control London: Springer, 2006. - 310 pp.

12 Saryboha H., Kotvitsky R., Zbrutsky O. The development of the iner-
tial navigation system errors correction method by means and methods of
technical  vision. Mechanics of Gyroscopic  Systems. DOI:
https://doi.org/10.20535/0203-3771352018143824 Ne 35 ,2018.-71-78 pp.

YK 004.8

BUKOPUCTAHHS HEMPOMEPEX 1151 BUSHAYEHHSI
INOBA’KAHB CITO’KUBAYIB 3AKJIAIIB XAPYYBAHHA

M.IL.I"puiienko, 3m00yBay BUIOI OCBITH, crierianbHICTh 121 «lHxke-
HEpis MPOTPaMHOTO 3a0e3CUCHHSI
e-mail: mr.maxim.grishchenko@gmail.com
B.O. Boiiko, 3mo0yBad BUIOi OCBiTH, cremianbHicTh 121 «ImkeHepis
MPOTPAMHOTO 3a0e3NCUCHHS
e-mail:_vladboiko4@gmail.com
M.C. dopormr, ZOKTOp TEXHIYHUX HAYK, JOICHT, mpodecop kadenpu
ITilll
e-mail: mariyaya5536@gmail.com
Hayionanvnuii ynisepcumem « Yepuiziecoxa nonimexuixay, m. Yepuieis,
Ykpaina
KirouoBi ciioBa: HelipoHHA Mepeka, 3aKiIaan XxapuyBaHas, Brain.JS
HesBaxarouu Ha CTPIMKHIA PO3BUTOK CyJaCHUX TEXHOJOTIH, sIKi 3a0e3rme-
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HUX 33/1a4, BUPIIIEHHS SKUX JO3BOJMTH ITJIBUIIYBATH iX KOHKYpPEHTO3/aT-
HicTe. OJHi€IO0 3 TaKKUX MPOOJIEM € 3a7a4a BU3HAYCHHS 100akaHb CIIOXHBa-
4iB. Benunka KijbKicTh 3aK/Ia/1iB XapuyBaHHs KOXKHOTO JTHSI CTUKA€ThCSA 3 TIPO-
65eMor0, 110 KIIIEHT JOBrO HE MOXKE BU3HAYUTHCS 31 CBOIMHU MOOAXKAHHIMU Y
BUOOpI cTpaBu abo Harow, a00 MEHIO HE MICTHTh HPOJYKTIB, SKi LIKABJISATH
CIOXXKMBaya, 0COOJIMBO 11€ BiTUYBAETHCS IIPH BUOOPI MilH, OCKIJIBKH TYT € MO-
JKJIMBICTH OOHMpaTH 3 MEBHOTO HAOOPY MPOAYKTIB Ta CHOPMYBAaTH BIIACHY
CTpaBy.

CaMe TOMy OCHOBHOIO 33Ja4ero AaHoi poOoTH € po3poOKka Ta HOCIi-
JOKEHHS METOTy BU3HAUEHHS MM0OaKaHb CIIOKHMBAYiB 3aKJa/liB XapuyBaHHS 3
BUKOPHUCTAHHSAM HEHPOMEPEK.

IIpr momryky BKe HasBHHX BapiaHTiB PO3B'I3aHHSA AaHOI 3a1adi, aHAJIO-
riB He OyJl0 3HaWJEHO, TOMY NPONOHYEMO OOpaTH HEHPOHHY MEpEKY
Brain.JS.

Brain.JS - e 6i6mioTeka, sika 103BOJISIE JIETKO CTBOPIOBATH HEUPOHHI Me-
PeXi, a OTIM HAaBYATH 1X HAa OCHOBI BXIMHUX / BUXiMHUX AaHUX. OCKUIBKA
MU OIIepPYEMO JIMIIE BXiTHUMH Ta BUXIJIHUMHU JaHUMH, a BUMOT 10 i CKIIa-
HOCTI Ta apXITeKTypH Maike HeMae, TO MOYKHA JICTKO 1 IIIBUIKO BUKOPHUCTO-
BYBATH ITf0 0i0IiOTEKY /I HAaBYaHHS Ta TeCTyBaHHS.[1]

Brain.JS migTpuMye Taki THIIH HEHPOMEPEexK:

Turnm HeHpOHHOT Mepexi

1 brain.NeuralNetwork - Heiiponta mepexa 3i 3B0OpPOTHUM MOLITHPEHHIM

2 brain.NeuralNetworkGPU - Heiiponna mepesxa 3i 3BOPOTHUM PO3IIO-
BCIOJDKEHHIM, Bepcis GPU

3 brain.recurrent. RNNTimeStep - nepioguuna HeiipomMepesxa, 10 MOBTO-
proeThes, abo "RNN"

4 brain.recurrent. LSTMTimeStep - Heiiponna mMepexa KOpOTKOT TpHBa-
y0i mam'ati B yaci - abo "LSTM"

5 brain.recurrent. GRUTimeStep - Tlepioanusuii 610K 31 cTpOOYBaHHAM,
M0 TIOBTOPIOETHCS 3aJIeXKHO Bix yacy abo "GRU"

6 brain.recurrent.RNN - nosToproBaHa HeiipoHHa Mepexa abo "RNN"

7 brain.recurrent.LSTM - HeiipoHna mepexa JOBrocTpOKOBOI mam'sTi
abo "LSTM"

8 brain.recurrent. GRU - oaunuIs, 1110 NoBTOproeThes, abo "GRU"[2]

B xoxi ganoi poboTu Oyna moOymoBaHa HeHpOHHA Mepexka 31 3BOPOTHIM
MOIIMPEHHSM, SIKa aBTOMAaTHYHO B 3aJIEKHOCTI BiJl KUTBKOCTI BXiTHUX Ta BH-
XIJJHMX JaHUX BU3HAYAE€ KIJIbKICTH CJIOIB.

s TpeHyBaHHS HelipoMepeki Ha BXOJi HeHpomepeka mpuiimae Habip
IHTPeNi€HTIB, a JMIOAWHA CTaBUTh YHNOJOOAHHS 4M AM3IAMK cTpaBi BigoOpa-
JKarou4M THM CaMHM 4YH M0400aeThCca BOHA il um HI. Ha OCHOBI HUX maHUX
(hopmyeThCst TpeHYBalIbHA Ta TECTOBA BHOIpKa.

s nowarky Oyno chopmMoBaHO Hadip BXIAHUX JaHUX, NMPEACTaBICHUI
Ha PUCYHKY 1.
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MaprapuTa CKnaj:MOUEDEenna, TOMETHHA COYC,ONMBKOBE onis,Baswnik

Cimeiina XXL cxnapn:wwHKE,BEKOoH,KYPKa, canami,nomigopu, nepeyr GonrapcokWil, MOLEPENna
dnopenuis XXL  CKNEL:MOUBPENa,MHCAMECEKL KOBOACKH,WMHKE ,KypKa, eKoH, rpudu, nomigopu, unbyna
Bapfekin cKknag:cup,KypKa,fexoH, rpubu, nomigop, ymbyna

asafcoKa CKNAA: CHP,LWMHKE, KYDKE,8HEHEC, KYKYDYASa

KapBoHapa cknag:cup,BeKoH,MHCIMBCEKL KoBBacku,RiLe,YaCHHK

Kapnyyl cknag:mouapenna,uMHKka,fekoH, Ccanaml, nepeus, NapMesat, TOMETHHE CoYC

KsaTpo ®opmagyl cxknap:MoUapenna,roproHsona,nNapMesad, eAaM, BONOCEKHA ropix, sepuxa

Menepoxi cknag:ToMaTHMA COYC,CHp,roCTpe canami,onusku,nepeus

Opo-6bAHKA CKNaJA:Bepliku, coyc Llesap,kypKa,WHHKa, noMigopu ,Mouapenna, rpubu

Pucynok 1 - Habip BXizHUX DaHUX

Jo maBuansHOI BHOipKu OyIo Binibpano 3 minwm, a came Maprapura ("'mo-
mapena", "TomatHuii coyc", "onmuBkoBa omig", "6azmwiik"), [leneponi ("Toma-
THHH coyc", "cup", "roctpe camsami", "onmuBku", "nepenp") Ta Opo-ObgHKa
("Bepmkn", "coyc Ilesap", "kypka", "mmaKa", "momimopu", "Momapema",
"rpubu") iHIII CTPaBH 3ATUIIWIACH O0€3 OI[IHOK I TOTO 100 Hajami Hama
Helipomeperxka 3MorJia HajaTH iM oliHky. Hanani Ha BXix Oyno nogano 10
CTpaB 3 TECTOBOI BHOIPKH, a TaKOK MU OOMEKWIHM KUIBKICTh iTeparii s
TOro 1100, BUKIIIOYUTH BapiaHT nepeHaBYaHHs Heifipomepexi. Ha Buxoai Mu
OTpPHMAJIH OIIHKY JaHUX CTPaB Ha OCHOBI ymoao0aHb KOPHUCTyBada, Mpe-
CTaBJICHO HA PUCYHKY 2.

OTxe, HEpOMEpeKa MOXKE PEKOMEHIYBaTH CIIOKHBATy CTPaBH 3 HaOi-
JBITUME KoedilieHTaMHu, sSKi BOHA (GOpPMY€E TP MPOXOHKCHHI CTpaB depes
Hel, Ha OCHOBI BK€ BITOJIOOAHHX CTPAB.

OnHak, SIKIIO IHTErpyBaTH JJaHy MOJENb HEHPOMEPEsKi 3 TAKOIO TOYHICTIO
BU3HAYCHHS [T00a’KaHb KOPHCTyBaya B KiHIIEBY CHCTEMY, BOHA He Oyze HOB-
HOIO MIpOIO 3a/I0BOJILHATH HOTpeOM KopucTyBada. ToMy CIlii MOKpaIuTh
pe3yabTaTH poOOTH HEHPOMEPEKI.

Takox ciig 3a3HauuTH  (GAaKTOPH, SKI MOTIIM BIUTMHYTH Ha PE3yJIbTaTH
pobotu naHol HeHpoMepexki, a caMme: HEBeMKa BHOIpKa JaHUX Ta JAOBOJII
MPOCTI HAJAIITYBaHHS HEHPOMEPEKI.

B momanbimx MOCTIIKSHHAX CTiJ] OBl THYYKO HAJIAMITYBATH HEHpPO-
Mepexy, BKIFOYa0UH yCi MOKIIMBI TapaMeTpH HeHpoMepexi Ta 301IbIIHTH
KUTBKICTh JaHWUX JUTS HAaBYAHHS HEHpOMEpEKi.

Pucynok 2 - BuxinHi 1aHi OI[iHOK CTpaB Ha OCHOBI yHoJ00aHb KOPH-
CTyBaJa
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Cnucok BUKOPUCTAHHUX I7KepeJt

1. 10 mpumepoB MammHHOTO 00yueHus Ha JS [EnektponHuii pecypc]. —
Pexxum noctymy: https://proglib.io/p/ml-js/ (nata 3Bepuenus 20.05.2020). —
Ha3zBa 3 expaHa.

2. Brain.JS documentation [Enextponnuii pecypc]. — Pexum mocrymy:
https://github.com/BrainJS/brain.js#neural-network-types (mara 3BepHeHHS
20.05.2020). — Hasga 3 ekpana.
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HMEPCIIEKTUBU 3ACTOCYBAHHS TEXHOJIOT'TH HITYYHOT' O
IHTEJIEKTY ¥ C®EPI BE3IIEKU TA OBOPOHH

B.® I'peuaninos, A.B. JlomymaHCchKuii
Tuemumym npobaem mamemamuynux mawun i cucmem HAHY, Yrpaina

B ocranHi poku cdepa mryunoro inrenekry (nam — II) nepexusae pe-
HECaHC 3aBJISIKU 3DOCTaHHIO MPOAYKTHBHOCTI KOMI'FOTEPIB Ta MPOPHBY B Ma-
myHHOMY HaB4aHHI (nani — MH). Ane Binpomkenns 11 Buknnkae Gararo
SK CIIOJiBaHb, TaK i M0OOOBaHb. 3 ogHoro 00Ky, LI Moxe 3podutn Oyib-
Ky CHCTEMY, Y TOMY YHCIIi i BIfICbKOBY, O1JIbLII PO3YMHOIO YH aBTOHOMHOIO.
3 inmoro, cucremu LI marote psin oOMexeHb. [Iponiec NpUITHATTS pillleHHS
YacTo € 3aHAJTO BA)KKUM IS MOJICIOBAaHHS. [Ipyn HepaBUIIbHOMY BUKOPH-
cranHi cucremu LI moxyTs mesindopMyBatn, HemependadyBaHO MOBOAU-
TUCH Ta OYTH Bpa3IMBUMHU [0 KibepaTak. Y BIHCHKOBOMY KOHTEKCTI IIe MOXKE
MPU3BECTH JI0 IpaMaTHYHUX HACHIAKIB.

OpHa 3 HaltOipIIUX MpobieM BiickkoBoro 3actocyBanHs LI nmomsrae B
TOMY, 1110 HOTO TIOBEJliHKA TOBUHHA OYTH Nepe0auyBaHoO0 Il ONepaTopisB
CHCTEM, ajie He JOCTATHhO OYiKYBAaHOIO JUIA BOPOTa, SIKMW Mir OM BUKOPHC-
TaTu 110 nepeadadyBaHICTh HAa CBOK KOPHCTh. KIIFOUOBOIO XapakTepHCTH-
KOI0 Mojeneii, ctBopeEnx MH, € Te, 110 BOHH HENPo30pi 1 HE MOXKYTh OYTH
cepTH(iKOBaHI 3 BAKOPUCTAHHSAM ICHYIOUHMX METOJIIB TECTYBaHH Ta MepeBi-
pxu [1]. Kpim Toro, MH BuMararoTh BeJIMKOI KiJIbKOCTI MiATOTOBJICHUX Ja-
HUX, ajie 0araTo Ba)KIMBUX BIICEKOBUX MUTAaHb MOTPIOHO BHPIITYBAaTH KOIU
He BUCTAYa€ JaHUX 1 iX HEMOJKIIMBO JIETKO BU3HAYUTH IIPH MOJICTIFOBAHHI.

Opnak Ul nocTiiHO BIIOCKOHATIOETHCS, 1 BiH Oyze BimirpaBaTé Bce
0171 BaXITMBY poJtb uepes Te, mo LI - e TexHouoris 3araabHOro Npu3Ha-
YeHHsI, SIKa HE CTOITh OKPEMO, a PO3IIUPIOE a00 J0/a€ GyHKIIOHAIBHICTh
IpH iHTerpanii B OKpeMi eJIeMEHTH BIHCHKOBUX CHCTEM.

ABTOMaTH3AIlis] IPONECIB MATPUMKN MPUHHATTS PIilIEHb NPOBOAUTHCS
BXKE NECATHIITTAMHU, ToMy Bukopuctanus I y BificbKOBHX cHcTeMax yII-
paBIIiHHS HE € PEBOIMIOLIfHOI0 3MiHOI0. MH Ta aBTOHOMHI cucTeMH PO3TIIs-
JTAIOTBCA CKOPIIIe SIK NUIAXH MiJBUIIECHHS €(PEKTHUBHOCTI ICHYIOUMX CHCTEM,
HDK K KOMIUIEKCHI PIIIeHHS U BUPIIICHHS yHOpaBIiHCBKUX (QyHKMiH. Ta,
BpPaxOBYKYM LIMPOKUN CIIEKTP MOXKIMBUX 3acTocyBaHb 1111, BnpoBajkeHHs
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HII y BiiCbKOBUX CHCTEMaX MOJKE IMOTECHIIHHO 3MIHUTH CHOCIO (QyHKIIOHY-
BaHHS TPAIUIIHUX 30POHHIX CHJI, IOYMHAIOYH BiJl HABYaHHS ()aXiBIIiB KO-
MaHJHO-IITaOHOTO CKJIay 1 yHIpaBJiHHS JIOTICTUKOIO 0 OpraHi3auii Ta po3-
TOPTaHHS BIMCBHK (CHII).

1 Mo:xymBocrti s po3suTky LI y BilicbkoBux misnsx B YkpaiHi.

HocnimxenHto npobiaem 111 npucesyeno podotn 6aratbox yKpaiHCBKHX
yaenux (B. ['mymxos, M. Amocos, O. Isaxuenko, JI. Karyxsin, O. Kyxte-
HKO, B. CkypuxiH, A. llleBuenko, O. bapanos, O. Pizauk). Y Hamii xpaini
BXKe JaBHO cpopmoBaHi HaykoBi mkomn H1I.

CTpiMKO pO3BHBA€ETHCS PUHOK po3podok y chepi LI 3rimmo 3 mocmi-
okeHHsM arenTcTBa Deep Knowledge Analytics, YkpaiHa cTana oXHAM 3 Ji-
nepiB B ctepi L. B xpaini 6inpire 2000 po3poOHUKIB TporpaMHOTo 3a0e3-
NeYyeHHs, o crnenianizytorscs Ha LI, 28 ykpaiHChbkMX KOMIaHiH ITOCTaBIIs-
I0Th PILICHHS VISl IITYYHOTO IHTENEKTY B MOPIBHSHHI 3 226 mocTayajibHU-
KaMH 10 BCboMy cBiTy [2]. B YkpaiHi nmpoBosTECS MiXKHapOAHI KOHpEpeH-
uii, npucesiueni LI, Taxi sk Al & Big Data Day, Al Ukraine. CninpHoTa
¢axisuis i3 L1 B YkpaiHi 3pocTae 3 KOXKHUM POKOM.

BopaHouac, KOMIUIEKCHHI 1 MIXIUCIMIUTIHAPDHUNA XapakTep mpobiema-
tuku LI, Benwki 3MiHN y 1il cdepi B ocTaHHI POKH, TOTPEOYIOTH ITOIANTb-
MINX HAyKOBO-TEXHIYHUX JOCITI/DKEHb, 30KpEMa III00 PO3BUTKY yTPaBIiHHSA
y cepi Oesmexu Ta o6oponu. lnpoke BupoBamkenHs Texuonorii I mot-
peOye yBaru Ta [iif He JHIIE BiX HAYKOBIIB Ta Oi3HECY, a i TaKOXK BiJ 3aK0-
HOJABIIIB, Aep>KaBHUX CITy>KOOBIIIB, MPEICTABHUKIB 00OPOHHO-BIfICEKOBOTO
KOMIUIEKCY.

2 3aranbHi masxu Buxkopuctanus I nus 6e3nexku Ta 060poHn

Habip moxnuBux 3acrocyBanb I y cdepi Oe3nexku Ta 000poHu Haba-
raTo IHPIIHH, HiXK aBTOHOMHA 30p0oi Ta po3Mi3HaBaHHs 300paXKeHb, SKi MPHU-
BEPTaIOTh HaiOIbIIe yBary. Jlaii HaBeIeHI KaTeropii orepaTUBHUAX CIIPOMO-
skHocTel 3 miaTpumkoto LI, sxi pospobastotecs y CILIA [3]:

* YIOCKOHAJCHHS pO3IMi3HaBaHHSA O0'€KTiB, OOpOOKM MaHWX Ta TIPHIA-
HaTTA pimmeHs (LI Moxe aHami3yBaTH BEIHMKI 00CATH NaHUX);

» JloricTrka Ta 00CITyroByBaHHs (IPOTHOCTUYHE 0OCITyTOBYBaHHS CKOPO-
Yye BUTPATHU Ta 30UTBITYE TEPMiH €KCIUTyaTaIlil TeXHIKH);

* ABTOHOMHI TUTAT(GOPMH, poi aBTOHOMHOT 30poi, 00'eTHaHHSA JTiTaka (KO-
padJIst) Ta MiAMOPSAIKOBAHOTO HOMY JICTFOUOTO POIO;

* [TinBuieHHS €PEKTUBHOCTI pOOOTH IO UHU (CHHTE3 JTFOAMHHU -MAITHH-
HOTO {HTEJIeKTY, MATPUMKA IMIJIOTIB (0IepaTopiB), €K30CKEIIETH);

* MojemoBaHHS Ta HaBYaHHS (MOJICITIOBAHHS CEPEAOBUIN Ta IOBEHIHKH
cy0'exTiB, OIiHKA pe3yJIbTATIB Ta MiABUIICHHS e()EKTHBHOCTI HABYAHHSA);

* laTumnky, KOMyHiKa1ii Ta pagio-enexrponHa 6opots6a (PEB) (korHiTH-
BHI (I1i3HaBaJbHI) 30HIM, pafio, pagionokaropu Ta 3acodu PEB);

* KonkypeHnuis B iHpopmariiiHoMy npocTopi (KibepaTaku Ta 3aXHCT, Je3-
iH(popMais Ta onepaii BIUTUBY);

* be3nexka Ta Harnsaa (3aXMCT KOPAOHIB Ta YCTaHOB, HArJsiA Hajx 00'€k-
TaMH).
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3 Hanpsamku 3actocyBanHsa I y BilicbkoBiii cepi

BusiBsienns mopiii Ta 06'exriB. 11l po3mmproe MOXIMBOCTI YCBIIOM-
JeHHs cuTyanii. BiH Moxe npocitoBaTi Benuki o0csaru iHpopmarii, 00'eaHy-
BaTH JIaHi Pi3HMUX JATYMKIB 1 CIIOCTEpiraTy 3a 3MiHamMu. BaXJTUBUM € aHami3
CYIMyTHUKOBUX 3HIMKIB, HATIPUKJIIAJ, IS BUSBJICHHS BIICBKOBOTO OY/IiBHHUII-
TBa, 3MiHAMH B yIpyITyBaHHAX BIMCBK, TPAHCIIOPTYBaHHs TeXHiKH ToIo. 1111
MOJKe JOTIOMOTTH y BHSIBIICHHI TiIBOJHUX 00'€KTIB 32 PaXyHOK €()EeKTHBHOTO
KOHTPOJIO COHAPIB Ta HEAKYCTHYHIX JTAaTIHKIB.

Binbma rounicrs. 111 103B0iIs€ 3M1iiCHIOBATH HALIITIOBAHHS 3 OUTBIIIOIO
TOYHICTIO, IO MO’KE 3HAYHO 30UTBIMIHUTH €PEKTUBHICTD iICHYIOUO] 3BUYIalHO1
HesmepHoi 36poi. I BiporigHo Oyzae 3acToCOBaHO MpH PO3poOIIi CydacHUX
po3BimyBampHO-yIapHUX cucteM. Lle, B pe3ynpTati, 1aCTh MOKJIHBICTh Ha-
ONMM3UTH HACIHIIKM 3aCTOCYBaHHS Takoi 30pOi J0 MOPIBHSHHS 3 SIEPHOIO
30po€t0 MajIol MOTYXKHOCTI.

IHIBuakicTb. Mammunu, Hagineni 11, MoxyTh pearyBaTi Habarato BHU-
quie, Hix Jgronu. OnHak, Hanpukiaz, Baockonaisenus 11 cucrem IIT10, xe
aBTOMATHYHE PO3MI3HABAHHS IIJIEH BXKE 3aCTOCOBYETHCS NECATUIIITTAMH, HE
O3HaYae CTpaTeriyHux 3MmiH [4].

MosxnuBo, Oinbin BaxknmueuM Oyne BrumB LI Ha 3BH9aiiHe 030pO€HHH,
SKIIO B IEBHUH MOMEHT JIMIIIE aBTOHOMHa 30posi OyJie 10CTaTHBO IIBHUIIKOIO,
o0 pearyBaTty Ha iHITY aBTOHOMHY 30poro. Lle Moxxe mpuMycuTu Bci KpaiHu
IO BiIMIOBiTHHUX PO3POOOK, III0 B CBOIO YEPTy MPHU3BEAC 0 AeCTadiIi3yI0q01
TOHKH 030pO€EHB.

MpuiiasaTra pimens. [HTerpoBanuii y rmaHyBaHHs BiiCBKOBOIO JIOTic-
tukoro, Il Moxe pi3K0 CKOPOTHTH Yac, HEOOXIJHWH Al PO3rOpTaHHS
BIMCbK (CHJT), OpraHi3alii Ta MpoBeJieHHs BifiChKOBHX onepatiil. AJe, sKIIo
MIBUAKICTH KOHQIIIKTIB 301IBIIYETHCS, 3ATUIIAETHCS MEHIIE Yacy /s pere-
JILHOTO OOMIpPKOBYBaHHSI CITPaB Ta 3aJIy4€HHsI IOJIITHKIB JJIsl KOHCYJIbTAIIH 1
NPUIHATTS PillleHb.

I Takox MO>ke BUKOPHCTOBYBATHCS IUISI CTBOPEHHS JY>KE MEPEKOHIIH-
BUX (pabIIMBUAX 300paKeHb (HANPUKIAJ, CYITyTHUKOBHUX 3HIMKIB) Ta BBe-
JICHHS B OMaHY sK BIHCHKOBHX, TaK i TPOMAJICHKOCTI. Lle MoXe MiIKuBIFO-
€ThCS TIOMUPEHHAM (pelikiB B [HTepHETI Bennkoro KinbkicTio OotiB i3 1. Sk
MPUCKOpEHE PUIHATTS PillieHb, TaK 1 PillICHHs, 3aCHOBaHi Ha Ae3iHdopma-
111, MOKYTb IIPHU3BECTH JI0 €CKaallii pu3NKOBAaHOI CTPaTeTi4HOT 0OCTaHOBKH,
MOTEHIIIHO HaBITh HA TII00ATFHOMY PiBHI.

Po3mmupenns npocropis Bilinu. 1111 BinkpuBae abo po3muproe 10CTyI
JI0 TIPOCTOPIB BiHH, 5K paHime 0ynm BakkogocTynHuME. 3aBasaku L1, 6e3-
MUIOTHI CHCTEMH MOXYTh TPAIFOBaTH, KOHTPOIIOBATH CUTYaIlif0 ab0o aTaKy-
BaTH B yMOBaX, Ha/I3BUYaHO HECTIPUSATIMBHX JJIsI JIOJICH, TAKHUX SIK TTOJISIPHI
perionn, KocMoc a6o MOpchKe AHO. Pocis po3Millye 3HaUHy YacTHHY CBOIX
SANEPHUX 030pO€Hb B ApPKTHI, IMOKJIAJAI0uich Ha ii Ba’KKOJOCTYIIHICTb.
AMEpHUKaHCHKI CYyITyTHUKH € YaCTHHOIO 1H(PACTPYKTypH SAEPHOTO KOMaH-
nyBaHHs, yrpaBiinas Ta 383Ky CIA. Kpama nocTynHicTh 3Ha4HO 30171b-
IIy€ BPa3JIMBICTh SIEPHOI 30pOi.
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Il € KPUTHYHO BaXKJIMBUM JUIsl BEICHHS PaJioeNeKTPOHHOT O0poTHOH,
OCKIJIbKH BiH MOX€ aHaJIi3yBaTH BEJIMKY KUIBKICTh JaHUX 1 IOTIOMaraTy MIBH-
JILIe 3HAWTH ONTUMaJIbHI YaCTOTH JIJI1 pOOOTH B IEPENIOBHEHOMY €JIEKTPOMa-
rHiTHOMY criekTpi. LI Takox Biznirpae BaxJIMBY poib y oOyacTi KibepBiiiHy,
00 Jae MOKIJIMBICTH 3JI0BMHCHOMY IPOTPaMHOMY 3a0€3IIEUEHHIO aJanTyBa-
THUCS JI0 TIOCTIHHO OHOBJIIOBaHMX KiOEp3aXHCTIB Ta MEPEBipATH HOBI METOAN
MPOHUKHEHHS B CHCTEMHU.

BucHoBku

Hespaxaroun Ha porpec Ykpainu B obmactsx LI, inTerpaitis aBTOHOM-
HUX wiaTdopm tTa MH B KpuTHaHUX 1151 30pOMHUX CHIT CHCTEM BCE IIIE MOT-
pebyBaTtnme 6araTboX poKiB i, MaOyTh, 3HAJOOHUTHCS IIE OIHA PEBOJIOLIS B
I, s1xa 3MEHIIUTH ICHYIOUHH 3apa3 pU3UK iHOII Henepea0adyBaHUX Pe3yIib-
TaTiB BUKOPUCTAaHHs TexHouoriit MH.

Jnst Ykpainu Han3BUYaitHO BaXITHBO MPOJOBKYBaTH (ByHAaMEHTAIbHI i
NPUKNIaAHI JociimkenHs B ramysi 11, axxe B MalilOyTHbOMY TOCATHEHHS 3
[bOTO HANPSAMY OYAYTh OJTHI€IO 3 HEBI €MHUX CKJIQJIOBHX ITiIBUIICHHS 000-
POHO3JaTHOCTI AEPIKaBH.
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WHAT TYPE OF MODELLING COULD BE USED FOR
EFFECTIVE WATER SUSTAINABLE DEVELOPMENT GOAL 6
ACHIEVEMENT?

Andriy Demydenko
Division of mathematical environmental modelling, IMMSP, National
Academy of Sciences,

42 Academician Glushkov Avenue, Kyiv 03187, Ukraine
andriydemydenko@gmail.com

Abstract. To reach Sustainable Development Goals (SDG), decision
makers and stakeholders may benefit from the ability to run scenario
simulations for optimal measure allocation to ensure reaching such
“sustainable management” goals as “good state” of water or sustainable water
withdrawal in a catchment. These benefits, however, are accessible for
English speaking decisions makers only while those Ukrainians decision
makers, who use Russian version of UN Water SDG6 where “‘sustainable
management” is translated as “rational use”, remain water users rather than
managers.

We suggest that this is because Ukrainian decision makers are not obliged
to achieve any development goals. They are quite comfortable with existing
normative water management approach where the objective is the compliance
with some norms or standards and where water security is understood as an
absence of any water risk.

Keeping in mind that real science starts with measurements and that you
can’t manage if you can’t measure, we propose to change this false
understanding of water security and to switch to measurable goal oriented
approach and risk management in water policy and modelling.

Article describes our experience of Rethinking Water Security campaign
in Ukraine as well as lessons learned from introduction of risk management
into Integrated Water Resources Management (IWRM) concept.

Keywords: IWRM, SDGs, sustainable management, rational use, risk,
adaptation, resilience.
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DEVELOPING AND DEPLOYING OF CNTU COMMUNICATION
SYSTEM CALLED “STU&TGRAM”

A.M. Iskryzhytskyi, O.K. Iskryzhytska, O.V. Trunova, L.K. Svetenok
Chernihiv national university of technology, Ukraine
Modern information society is steadily contributing to the technical
improvement of communication methods between people. So, with the help
of the Internet, people learned to exchange emails, and then, using chats, — to

253


mailto:andriydemydenko@gmail.com

communicate over long distances in real-time. After chats gained popularity,
developers began to create specialized communication systems based on their
use, for example customer support centers of banks, taxi services or trade
networks.

Telegram messenger is a common way of communication among young
people in Ukraine and especially among students. The director of the ESI of
Electronic and Information Technologies Serhii Ivanets made a proposal to
create a communication system based on Telegram messenger.

Telegram API allows us to create a functional bot to communicate and
share information with its users. The first version of the system implements
a set of use cases presented in Figure 1.

X

Student

Figure 1 — Use case diagram for all actors

It is called “STU & tgram”. The microservice architecture was chosen to
develop this system [1]. This type of architecture made it possible to divide
the system into several parts and reduce complexity. So the system “STU &
tgram” was divided into 3 main parts:

— admin-back — a component for configuring the system and collect-
ing data.

— telegram-back — a component for managing the Telegram bot

— admin-front — a component for providing a graphical interface to
managers or system administrators.

To implement them, Nodejs platform [2] and TypeScript programming
language from Microsoft [3], which has been rapidly gaining popularity over
the past few years [4], were used.

All data collection and system configuration work are carried out by the
admin-back component, which allows processing the xIsx document of the
timetables of the training process, collecting data from the scheduling system
of the CNUT available at this link [5]. Based on this data, admin-back creates
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images of the lessons and the timetables for teachers and students. This
component also provides basic CRUD operations for references and viewing
reviews. The result of creating images of lessons for groups and teachers is
presented in figures 2.

nH Tlapri Tuok s nH Hemaphui TikasHe

Figure 2 — Images of lessons and the timetables for groups and teachers

The telegram-back component provides interaction with Telegram API,
thereby receiving information and requests directed to the bot, uses the data
collected by the admin-back component, and, based on their processing, gives
answers to the user. Also, this component allows you to simplify interaction
with it by customizing the keyboard.

Admin-front component provides a graphical interface for system
administrators. This is a web app that uses modern Material Design [6]. The
component allows the administrator to conveniently interact with admin-back
to complete all necessary settings.

Bitacmo, Karpenko Lena

* Fsofsnfsdlsdlsdsdids

* Karpenka Lena

Figure 3 — The interface of the admin-panel
The system was developed by students of the SE-161 group,
Iskryzhytskyi Anton and Iskryzhytska Olena, the design was created with the
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support of the SE-161 student Dovha Daryna. The system was introduced to
the training process of the CNTU and in May 2020 it has about 400 unique
users. In the future, it is planned to hold an advertising campaign to attract
potential users — students and their parents, teachers, administrative staff and
everybody who wants to simplify communication with the university.
Subsequent development will be carried out by students, as the project codes
were moved to the public repository.
Links to the code repository, the Telegram-bot and the admin panel:
https://github.com/anton-iskryzhytskyi/stu-tgramt;
https://t.me/cntu_students_bot;
http://ec2-52-18-117-111.eu-west-1.compute.amazonaws.com/;
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EVALUATION OF INFORMATION RELIABILITY SENSORS OF
CYBER-PHYSICAL SYSTEM

N.D. Pankratova, V.A. Pankratov
Institute for Applied System Analysis,

Igor Sikorsky Kyiv Polytechnic Institute

Cyber-physical systems (CPS) have emerged as a unifying name for
systems in which cyber-parts, that is, computing and communication parts,
and physical parts are closely integrated both during development and during
operation. Such systems use computation and communication deeply
embedded in and interacting with physical processes to add new capabilities
to physical systems. These CPSs range from minimal (stimulants) to large-
scale (national energy networks). The main principle of CPS is a deep
relationship between their physical and computational elements. The “brain”
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of the system in the form of Al and other technologies receives data from
sensors in the real world, analyzes this data and uses it for further control of
physical elements [1-3].

To obtain information, CPS uses sensors that continuously provide
computing systems with data received from the environment. To exchange
data coming from CPS sensors, both wired and wireless data transmission
methods can be used. Based on the obtained data, computing systems can
control or monitor physical elements of the system. One of the important
issues in this relationship is the reliability of the transmitted information from
various sensors, transmitting systems. One of the types of inaccuracy of the
transmitted information during the operation of the CPS is a failure or
malfunction of the sensors. The principal difference this problem is that it is
not possible a priori to identify this failure without cross-checking sensors,
the installation of which, as a rule, is unprofitable. At the same time, for each
CPS under study there are specific features of recording critical parameters
and tracking them. It is believed that an automated system for monitoring the
reliability of CPS parameters should do the following:

1 collect information about the current values of the main parameters of
one or more control systems;

2 evaluate the reliability of the data;

3 make a decision on the impact on the control system depending on the
situation;

4 transmit necessary adjustments to the control system;

5 be trained and scalable.

The solution is based on the principles of Forrester’s system dynamics:
object structuring; building a system diagram of the object indicating the
relationship between the elements; definition of variables for each element
and their growth rate; adoption of hypotheses about the dependence of each
growth rate on variables and a formal description of these hypotheses; the
process of evaluating the entered parameters using the available statistics [4].

Functioning of CPS involves monitoring the state of this system using
various equipments, sensors, measuring devices. In this case, the recorded
figures are not checked for validity in most cases. Often indicators of the
transition system in abnormal or emergency mode of operation may be false.
Thus, in this situation it is expedient to introduce procedures of identification
possible failure of sensors.

A procedure of identification possible failure of sensors is based on the
following thoughts. If the sensor functions are normal, each of his indications
is not out of the threshold level. Any indication can be confirmed by previous
and subsequent values. This is firstly connected with the nature of monitored
processes: the majority of changes in the status process are not instantaneous.
Therefore, the abrupt change in the sensor readings can be taken as evidence
of failure of measuring devices. This approach is realized in the following
way. At each step the arithmetic mean P of previous yi.1 and subsequent yi+1
measurements is calculated. Then we compare this value P with current value
Yi: A= P -yi. If deviation A exceed of threshold level, then operator displays
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a message about a possible sensor’s failure. Also failure of the sensors
operation can be monitored by comparing the forecasted and actual results of
measurements. Since the forecast follows the general behavior of the system,
based on recent measurements, the deviation of the actual one may indicate
the failure of sensors. Therefore, in operation of CPS a regular comparison of
forecasts and their corresponding recovered values are implemented. As in
the previous case, the deviation, which is greater than a threshold level gives
the message about the possible failure of the sensor.

There are general problems with the operation of the sensors, that is,
deviations of the recorded values from the true ones. To smooth these
deviations is it possible to use the method of exponential smoothing. This
method is well suited for working with dynamically changing quantities,
since the last measurements have the greatest weight. Thus, if at some stage
there is a significant deviation of the value of a certain parameter from the
previous one, and at the next step the value of this parameter returns to the
previous level, then most likely the sensor has failed and the method of
exponential smoothing will eliminate this obstacle. If, at some stage, a leap
really occurred, then this will be reflected in all subsequent measurements
and the model will quickly transfer to a new dynamic state.

One of the techniques it to apply can be the following. Assuming that the
characteristics of the system are interconnected, it can be argued that if the
behavior of one or more characteristics changes significantly, and the
behavior of another characteristic remains unchanged, then the sensor of the
latter may give false values. We formalized it as follows:

correl (yl[window—l_, y2 _window—l]*

N

correl (yl[window—l_, y _Window—l] <0;

correl(yl[window—l} y3[window—1]*

correl (yl[window—l_, y3 _window—l] <0;

correl(yz[window—l} y3[window—1]*
correl(yz[window—l} y3[window—1] <0.

Here [window — 1] is preliminary window of data, and window is the
current data window of the diagnostic process, that is, if the statistical
dependence of neighboring windows is violated, then an assumption about
the unreliability of indicators can be inferred.

The detection of random sensor failures can also be carried out based on
the construction of Bollinger bands [5] and step functions of the 1st and 2nd
level [6]. The use as step functions and Bollinger lines (bands) characterizing
a technical analysis tool and a technical indicator that reflects the current
deviations of the observed value ensures a decrease in the level of dependence
on the error of the measured parameters.
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Bollinger lines are constructed as upper (moving average plus 2 standard
deviations) and lower (moving average minus 2 standard deviations)
boundaries around the moving average, but the bandwidth is proportional to
the standard deviation from the moving average for the analyzed time period.

The moving average period can be chosen arbitrarily, but it should be
noted that:

- the longer the moving average period, the less sensitive it will be to a
change in the observed value;

- a moving average with a very short period will generate a large number
of false signals;

- a moving average with a very large period will be constantly late ;.

Considering these factors, by empirical considerations, the moving
average period was chosen equal to 10. Thus, for 10 measurements of a given
sample, the moving average is calculated exponentially-smoothed and the
average deviation in this interval. The upper and lower Bollinger bands are
formed: an exponentially smoothed average plus two standard deviations and
an exponentially smoothed average minus two standard deviations.

Step functions of the 1st and 2nd levels are constructed on the basis of the
corresponding relations of the form [6]:

— setting up a step function of the first level

0,15ifp =1,
0,Xx<0 _ ] . _
ZdeU(x)U(x) 1X>0x=xj—xp,djp= 0,1 ifp=2,9,
B 1 ifp=10,
x=0,1. p;p:l,TO;Mlle;
— setting up a step function of the second level
0,5 ifp=1, ) _
ZdeU(X)MZ_lox —J01 ifp=2,9,dj, {f’l '_:p:i’;”
p=L 1,15 ifp =10, e =20

The conditions of sensor failures when using step functions of the 1st and
2nd levels are expressed by the relations

Sign(f’il [tk ]— Zai; [t ]) = Sign(yiz [t ]— Zai, [t ]) ,
sign ( i [t 1= Z2i, [t ]) = Sign(yiz [tk ] —Z2i, [t ]) ,
W, iy e[l,m].

The studies showed the complexity and multi-aspect of the considered
problem , which due to nesissity to search the new system solutions to assess
the reliability of information received from sensors of different nature.
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NUOPPO-AHAJIITUYIHA TEXHOJIOI'TSA CUCTEMHHUX
JOCJIIKEHD ITPOLECIB KEPOBAHOI'O PYXY

MaxkcumoB A.€., Tumuenko A.A., 0.m.H., npog.
YepracbKutl 0epaacasHull mexHor02iuull yHigepcumem

B nonoizni HazmaHi pe3ysbTaTH CUCTEMHOTO aHaJli3y IMPOLECIB CUCTEM-
HOTO TPOCKTYBaHHSA JHHAMIYHAX PYXOMHX 00’ €KTIB.

Bemyn. TlpoctuMm mpukiiamoM MOAeTi AWHAMIKH PyXy € BiZOMi 3aKOHU
HeroToHa 1S OIIMCY AESKOTO y3arajJbHEHOTO pyxoMoro o0’ekty. HaBeneHi
pe3yJbTaTH aHAJIOTOBOTO MOJICIIFOBAHHS Ta aHAJITHYHHX PO3paxyHKiB. B oc-
HOBY CHCTEMHHX JIOCJIiKEHb IOKJIaJJeHa METOMOJIOTIs HH(PO-aHaTi THIHOT
TEXHOJIOTII.

1. Ksasiananoeose MoOemosanHs 00 €kmy pyxy sk 06 €Kma OOCHOHCEHHS.

OCHOBOIO CHUCTEMHHX JOCIIIKEHb HPOLECIB PYXy BHUKOPHCTOBYHOTBHCS
3akonu Hetorona, Eiinepa, Jlarpanxa, Kpunosa, Ilionkoscekoro, Konmpa-
TIOKa. 3aKOHH BiZIOOpaXyIOTh B3a€MOZIi CHJI, MOMEHTIB, Mac Ta iH. Cepen
HHX B3a€MOJIIOTH SIK BiJIOMI, Tak 1 HeBijioMi napametpi [1, 2]. B pesynbrati
npoBezieHoro mozemoBanus B Simulink orpumano ontuManbsHi KpuBi mepe-
XiJHUX alepioJUYHUX MPOLECIB, SKi B MOAAIBIIOMY BUKOPUCTOBYIOTHCS AJIS
AHAJIOTOBHX PO3paxyHKiB (puc. 1-3).

TOM — FiSpmama OEMnCACSAND=E MALIVHA -
Puc. 2. Cxema mozaemi 004mCIIIO-
BaJIbHOTO KOMILIEKCY J0-
CITIIKEHHS

Puc. 1. Bapiantu BUKOpHCTaHHS
00YHCTIOBAIEHUX KOMITIEKCIB
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Puc. 3. I'padiku nepexiHUX IponeciB
2. AnropuTMisaliis MpoIieciB po3B’si3aHHs 3a1a4u KepyBaHus [3].
BBaxaroun 1o MareMaTH4Ha MOJIEIb ONTUMAJIbHOI CHCTEMH KEPYBaHHS
Ma€e BUIJISIL:

MP*+Tp+K)x=K,y, (1)

e p= % , Y =y(t) — nporpama; Toxi yBara I0CJiJHUKA 3BOIUTHCS 1O
BHBUYCHHS XapaKTEePUCTHIHOTO MOTIHOMY:

T,p? +T,p+K =0, @)

PO3B’s13yt0uH anredpaidHe piBHSIHHS JPYroro CTETeHS:

P = ] 3
12 o, @)

ne Tz2 —4T,K =D . Toxi nudepeHuiiine piBHIHHS:

TX+ToXx+Kx =Ky, y=y(t), x(0) =%y, X(0) =X, (4)
Ma€ pi3Hi pO3B’SI3KHU B 3aIeKHOCTI Bia 3Minu D (puc. 4):

D > 0 — xopeHi niiicHi 1 pi3Hi;

D = 0 — xopeHi naiiicHi i piBHi;

D < 0 — xopeHi KOMIIJIEKCHi.

N —— LU
U=Ky 00 ‘exm pyxy sk
) =Ko Ut o5 ckm Kepyeains (0
o — Ky Pas
+ KA hpt +Thp+K
T
Puc. 4. T'pad-cxema niarpamu Puc. 5. I'pad-cxema komOiHOBaHOT
Bumnerpaacskoro CHUCTEMU KepyBaHHS

SIKicTh TepexiTHUX MPOIECIB OLIHIOETHCS 32 JOIIOMOTOI0 iHTETPaTbHUX
¢dyukmionanis abo nudepeHiiaTbHuX mokasHukiB [4] (byHKii mpeaukar).
3adaua xepyeanHa 06’ckmis pyxy, MO B 3aTaJbHOMY BHIIAIKy OIHCY-
€THCS PIBHSIHHAM:
mX=AXx+Cx=K,U+K;1, (5)
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ne U, A BiIMOBiZHO Kepyrouuil BIUIMB Ta 30ypeHHs (HaBaHTa-
JKEHHS), 3BOJIUTHCA JIO TOMIYKY (CHHTE3Yy) MOJENII KEpyIoUoro IpH-

CTPOIO 3 KOMIICHCAIIIEIO BIUIUBY 30ypeHHs (KOMGiHOBaHA CHCTEMA):
KU =-KX—K;x-=Kz1+K,y. (6)

Toai Mozenb 3aMKHYTOI CUCTEMH KepyBaHHS 3 ypaxyBaHHIM
3aKOHY KepyBaHHs Oy/le MaTh BUrIsiA (puc. 5):

mX +(h+K)X+(C+Ky)x=K,y )
BiZITIOBIZTHO /IO ONTHMANBHOI CHCTEMHU KEPYBaHHS BiJHOCHO TIOXHOKH:
e=y—-Xx:6+a€+ae=0, (8)
Jic 3HAYCHHS KOCIII€HTIB 8o, 81 BIAMOBIIa€ ONTUMAIbHINA OLIHIII:

T
| = [e?dt, al:h+K1 , Ay = h+K2, Ky =25, y(t)—const. (9)
0 m m

L1i 3HaueHHS BUKOPUCTOBYIOTBCS JUIS €Tally MPOCKTYBAHHS — TEXHIYHA
(¢pizuana) peamizaris.

Bucnoseku. B momoBini po3ristHyTI TEOPETHYHI Ta MPAKTHIHI BIaCTHBOCTI
JMHAMIYHHX PyXOMHUX 00’€KTiB 3 TOUKH 30y IPOLIECiB KepYBaHHS B YMOBaX
UQPO-aHATIOTOBOT TEXHOJIOTIi CHCTEMHOTO aHaNi3Yy.
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TJTATTH BIZIEOILIEEPA JJIS IHTEPTIOJIALIT KAJIPIB

A.O. 3aBopotHuii, B.B. Hexait
Hayionanvnuii ynisepcumem “Yepmicigcoka noaimexuixa”’, Yxpaina

3ip JIOMUHM BiIMIYa€ PI3HUIIO MIX BiJIEO 31 CTaHAAPTHOIO YAaCTOTOIO Ka-
JIpiB Ta 4aCTOTOIO OUIBII HIX Y 4 pa3u OUIBILIOIO 32 CTAaHJAPTHY, KOJIH 3HATO
00’€KT, 1110 MIBUAKO pyXaeTbes. Komu moauHa qUBHTHCS NPSIMO Ha 00'€KT,
TO pO3pi3Hsie HAAPIOHIMII eTani, MpoTe 3ip MOTAHO CHPABJISIETHCS 3 IIBHIKO
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pyxomumu npeameramu. [lepudepiiinuii 3ip, HaBIAaKK, CTpaXKIa€ HECTAUCIO
Jetaiieit, ane rapHo cupuiiMae pyxu. CTaHAapTH 4acTOTH KaApiB 3a CEKyHIY
BiZJOOpaKalOTh TEXHIYHI OOMEXKEHHS BiJICO3aMUCy MalKe CTONITHBOI JaB-
HUHHU, 10 BXKE HE € aKTyalbHUMU. [2] [7]

Hepyxomo nuBiSfYKCH BiJieo, Ha SIKOMY 1HIIA JIIOJWHA TTOBUIBHO Hae 1o
HpsMii, OKO He TIOMITUTB 1CTOTHOI pi3HULI Mix 24 1 60 KaapiB 3a cexyHAy,
TaK K PYXH IDIaBHI. SIKIO s JTFOIMHA MIBUAKO OKUTH - Pi3HUIA Bxke Oyne
rapHO NOMITHa, Bifieo 3 yacToToro 60 Kaxpu 3a ceKyHIy Oyae Habararto Ia-
BHIIIIE i IpUEMHIIIE, Hi)K 3 9aCTOTO0 24 KaapiB 3a CEKYHAY. A SKIIO IS JTIO-
JIMHA HE TIPOCTO O1KUTH, a OIKHUTH 3UI'3aI0M, IOIYTHO CTPHOAIOUH Yepes Ime-
pemKoau - To HaBiTh pizHUIE Mk 60 i 120 Kagpamu 3a cekyHIy Oyze momi-
THA, Ha KOPHUCTH OUTBIIIOT 9acTOTH. MesKa, MCIIs AKO1 Pi3HUIA BJKe HETIOMIiTHA
3aJIeXKHTh BiJl IHOUBIyaIbHUX O0COOIMBOCTEH 30pYy, 1 IPUOIM3HO CTAHOBUTD
80-150 xanpiB B cexynnay. [3][7]
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Pucynok 1 — Cxema kajpiB 3 pi3HOIO YaCTOTOYO JIFOAHMHH, IO O1KUTH.

IMocranoBka 3apaui. [leperisy Bineo Ounblie HE 0OMEXKYETHCS YaCTO-
TOIO MOKa3y KaJipiB NPUCTPOSIMUA BUBOJY, TO MIIBUIIEHHS 1X YaCTOTH 3 TOUKU
30py TEXHIYHOT MOKJIMBOCTI € MUTaHHSIM IPOrPaMHHUX 3ac00iB IHTEPHOIALIT
YaCTOTH KaJpiB. A JUIsl I€SKUX IIPUCTPOIB, 00JIACTh BUBOAY SIKMX MOKPUBAE
TaKoX 1 nepudepiiHuil 3ip, Taki K TEJIEBI30PH 3 BEJIHUKOIO JIIarOHAILIIO Ta
IIOJIOMHU BipTyaJbHOI PealbHOCTI, MiABUIIEHHS YaCTOTH Ka/IPiB € BAXKITUBUM
Jutst 3a0e3nedeHHst KOM(QOPTHOTO CIPUHHATTS 1H(QOPMALiT JIIOANHOIO.

Pyx inTepnomsnii abo kaap iHTepnosswii 3 komnencaniero pyxy (MCFI)
€ 0JHi€I0 3 (hopM 0O0pPOOKH BiJIe0, B SIKOMY IIPOMIXKHI KaJIpu aHIMallii reHepy-
I0ThCSI MK ICHYIOYMMH 32 JOTIOMOT'OI0 iHTepIosiLii, B cripoOi 3po0uTy aHi-
Marifo OLIBII TVIABHOIO 1 KOMIIEHCYBATH PO3MUTTS PyXy. | 0JI0BHE 3aBIaHHS
— Ie reHeparlist MPOMIXHHAX KaJpiB i JOJAaBaHHS IX A0 BilEO-IOTOKY. [2]
Uepes ocoOnMBOCTI 3a1adi, Taki K Hemepen0adyBaHiCTh 00’ €KTIB Ha BiJleo
Ta BHCOKAa BapiaTHBHICTH SIKOCTI Bimeo-(aiimiB, 3araJbHOIPUHHITOTO ajro-
PUTMY 9 METOZy iHTepromALii Hemae. [2]
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Monens «Depth-Aware video frame Interpolation Network» (DAIN),
sIKa BUKOPHCTOBYE IIapH 3rOPTKOBUX IITYYHHX HEHPOHHHUX MEPEXK, IO SIB-
JSIFOTH COOOI0 IMiTalil0 apXiTEKTYpH 30pOBOI YaCTHHU KOPH I'OJIOBHOTO MO-
3KY, JUIs1 IETEKTYBaHHs 00’ €KTiB Ta MOOYIOBU KapT IJTMOMHMY, 1 TO3BOJISIE Hi-
TKO BUSIBUTH OKJIIO3110, ZOCIIKYIOUM B3a€MHE PO3TalllyBaHHS 00 €KTIB 110
oci Z. [1]

Overlayed inputs Estimated optical flow Estimated depth map Interpolated frame Ground-truth frame
Pucynox 2 — Ilpuxiiaz cTBOpEHHS MPOMIKHOTO KaJpy 3a JOMOMOTOI0
DAIN.

byna o6pana came mozaens DAIN, 30kpema BOHa CTBOPIOE Iap MPOEKIii
MOTOKY JUIsl CHHTE3Y IPOMDKHUX TTOTOKIB, sIKi IIEpeBayKHO BiIOMpatoTh Ou-
K41 00'eKTH, HiXK OUTBII naneki. KijbKIiCHI Ta SKiCHI pe3ysIbTaTH CBiI4aTh Mpo
Te, 10 111 MOJIENb Kpallle IHIIUX Cy4acHUX METO/IB IHTEPIOIISALIT KaaApiB 1Ist
HIMPOKOTO CHEKTPY HabopiB naHuXx. [1]

KonyBanus 3agau. /[ cTBopeHHs Iiariny OyB oOpaHuii mpv Bifeon-
Jeep, TOMY 110 BiH IIATGOPMOHE3ATEKHNI Ta MTOCTABISAETHCS 3 BIIKPUTHM
BUXIJTHUM KOJIOM, Ta BUIBHO PO3IIOBCIOKYIOThCS. Baxkinneum akTopoM BH-
6opy € API Ha MoBi mporpamyBanHs Python Bepcii 3.

Jlns cTBOpeHHS IUIariHy Ui mpv Bifeoruieepy Tpebda BUKOPHUCTOBYBATH
30BHIMIN (U1 MOBH TiporpmayBaHHs Python) iHcTpymeHT libmpv Ta makeT
B3aemoii 3 libmpv, mo mae Ha3zBy python-mpv. st BigoOpaxeHHs maHesi
KepyBaHH:I, HEOOXIIHO MaTH 30BHIIIHKUHN IHCTpYMEHT QtS5 Ta nakeT-o6ropTKy
JUT MOBH TiporpamyBanus Python, o mae a3y PyQt./[yis ckieroBaHHs Ka-
JpiB y Bijgeo-ais moTpiOHO BCTaHOBUTH opencv Ta iHtepdeiic s MOBU
nporpamyBanHs Python, 1o Mae Ha3By opencv-python. [lyist HaBYaHHS Ta BU-
KOpPHUCTaHHSI MOZEJI 3ropTKOBOi mTy4HOI HelpoHHOi Mepexi DAIN HeoO-
xinHi HactynHi 30BHiWHI iHCTpyMeHTH: CUDA, mo sBiste coboro mporpa-
MHO-allapaTHy apXiTeKTypy MnapajielbHIX 004YHCIICHb, KA J{03BOJISE ICTOTHO
30UIBIIUTH OOYKCITIOBATIBHY MPOJYKTUBHICTD 3aBISIKM BUKOPHCTaHHIO Ipa-
¢iunnx npouecopi ¢ipmu Nvidia; cuDNN, o sBisie coboro GibmioTeky
NPUMITHBIB U1 TIMOOKNX HEHPOHHUX MEPEK, 110 BUKOPUCTOBYE rpadivni
nporecopu dipmu Nvidia s oopaxyskiB; GCC ta NVCC mist KOMITIISIIii
MakKeTiB, Mo BXoAATh 10 Mojaeni DAIN. Takox mis Bukopuctanss PyTorch
HEeOoOXiHI MMaKeTH eKOCHCTEMH IS MAIIMHHOTO HAaBYaHHS MOBH IIPOTpamy-
BaHHs Python, a came numpy A7 miATPUMKH BEJIMKUX O0araTOBUMipHUX Ma-
CHUBIB i MaTpuIp, SciPy ans onTumizamii Ta iHIMMX 3aranbHUX 3axa4, Pillow
U1 00poOKM 300paskeHb. Takok MOZIENh 3rOPTKOBOI IITYyYHOI HEHPOHHOT
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mepexi DAIN BukopucroBye naker PWC-Net st onepariit Han 300paskeH-
HsMH, 1 0a3yeTbes Ha mozeni MEMC-Net, 10 BUKOPUCTOBYE aalTHBHHUN
Iap BUKPUBIICHHS AJIs PO3MIillieHHsI 00’ €KTiB 1o oci Z. [4]

KonyBanHst BinOyBaeThcs 3riiHO cTaHaapTy HanucanHs kony PEP 8 3a-
JUISL MOKJIMBOCTI PO3POOKH CTOPOHHIMH PO3POOHHKAMH.

CrBOpeHMiA Kiac MOAYJIS IHTEPIIOJSLIi YaCTOTH KaJpiB, IO MA€ Ha3BY
InterpolationModule Ta 3HaxX0AUTHCS y (atimi interpolation.py. Knac inimia-
J3y€eTHCS PH CTAPTI IJIATiHY Ta Ma€ BUKIMKATH iHII[iaMi3yBaHHS 1HITHX KJIa-
ciB. CtBopenuii kac obroptku s libmpv, mo mae Ha3By LibmpbWrapper
Ta 3HaXOAUThCA y (aiini libmpv_ wrapper.py. Knac ininiamisyeTbes y Kimaci
InterpolationModule Ta Mae BpoBaKyBaTH B3a€EMOIIIO 3 MakeToM python-
mpv.  CTBOpeHHUH KJIac OOTOPTKH JJIsl MOJENI 3rOPTKOBOI IMITY4HOI HEll-
ponHoi Mepexi DAIN, mo mae HazBy DAINModelWrapper Ta 3HaxoanTbes
y aiimi DAIN wrapper.py. Ileit kmac iHimiamisyeTbcss y  Kiaci
InterpolationModule Ta Mae BrpoBaKyBaTH B3aeMOJi0 3 Mojaeuio DAIN
Ta BUKOHYBATH I'eHepallilo IPOMDKHUX KaJpiB 3a ii qonomoror. CTBopeHui
KJIac CKJICIOBaya MPOMDKHHX KaJpiB, 110 Mae Ha3By FramesGluer ta 3Haxo-
quthest 'y Qaimi frames gluer.py. Lleit kmac iHimiamiyerbest y Kiaci
InterpolationModule Ta Mae mepeTBOpPIOBAaTH OPUTIHANBHI Ta CTBOPEHI Kaapu
y Bijieo, IOaBaTH Ta CHHXPOHI3yBaTH OPHUTiHANBHY ayaioqopixky. CTBope-
HUH KJIac MaHeli KepyBaHHs, o Mae Ha3By ControlPanel ta 3HaxoanThes y
(atimi control panel.py. Knac inimiamizyerbes y kiaci InterpolationModule
Ta Ma€ BIPOBAPKYBATH HANAIITYBAHHS Ta IHIIIIOBATH MPOIEC IHTEPITOIATIIT
YaCTOTH KaJpiB. Takox CTBOpPEHI JOMOMIXHHUI Kiac JUIsl JIOT€PyBaHHS, IO
Mae Ha3By Logger Ta 3Haxoauthes y daitni logger.py. Leit kiac inimiami3y-
€TBCS TP CcTapTi IUTairny. Jliarpama kiacis npuBeieHa Ha PUCYHKY 3.

PID: Integer
sigeodann: Bytes K PID: Integer

BinoGpaautv_nanens_xepysaHHs()
Bino6paantk_sineo_y_sineonneepi()

Mawxens_KepysaHHs

PID: Integer
HanawTysauHs: dict
Cran_npuctpolo: dict

3anyctuy_inTepnonauiio()
36epertu_o6pobnenuii_sineo-cain()
3anati_nanawrysanHs()

BiAoBpa3uT_cTaH_npucTpoiol)

O6roprka_Mopgeni_DAIN Crneiosay_lMpomixkHnx_Kaapie

PID: Integer PID: Integer
mopens: Bytes Kagnpw: Bytes
aypiopopixka: Bytes

Ckneith_xanpu_y_sineodainn()
CwhxpoHisysaTu_ayAioaopixky()

Pucynox 3 — Jliarpama KiaciB IJarigy.

I'padiunnii iHTepdeiic maariny Bijeorieepy mpv Jisl iIHTEpHOIISLIT Yac-
TOTH KaJIpiB 3a JIOTIOMOTOI0 MOAEINI 3TOPTKOBOI IITYYHOT HEHPOHHOI Mepexi
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DAIN cknagaeTbest 3 maHeli KepyBaHHS, 32 JJOIOMOT'OIO SIKOi MOXKHa Kepy-
BaTH IUIAriHOM Ta CJIIAKYBaTH 332 CTAaHOM INPHUCTPOr0. ExpaHHuii BUrIIsiA ma-
HeJll KepyBaHHS IPUBEACHO Ha PUCYHKY 4.

01:02:34 01:21:25 e 1/3 &

Pucynok 4 — ExpaHHUi1 BUTJIs TaHEN KepyBaHHSI.

[Tnarin Oymno peani3oBaHO 3a TOTIOMOTOI0 MOBH IporpaMyBaHHs Python
Bepcii 3, ppeliMBOPKY ITHOOKOTO HABYAHHS MOJCIICH ITYYHUX HEUPOHHIX
Mepex PyTorch, mnardhopmonesanexxHoro Bimeoreepa mpv ta oro API
libmpv, iaTepdetic kopucTyBada 3a JOMOMOTOI0 00TOPTKH A Qt5, mo mMae
Ha3By PyQt.

BucHoBok. Y poborti Oyna mpoBeaeHa po3poOka IJIariHy BiJCOIUICEPY
JUISL THTEPIIOJISILIT YacTOTH KaJpiB 3a JOMIOMOTOK MOJIEIi 3rOPTKOBOT IITYY-
HOi HelipoHHOT Mepexi DAIN.
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YK 004.942

IMPOTPAMHA PEAJIIBAIIA BI3YAJILHOI MOJEJI PYXY
HEBECHHUX TLI

Kyuepsserko M.O., I'pebennnk A.T.
Hayionanvuuii ynieepcumem « Yepuiziecoka nonimexmixkay

I'padivune npeacraBieHHs iHPOPMALii ICTOTHO CIIPOIIYE B3aEMOIIIO JIFO-
JIMHU 3 KOMIT'TOTEpPOM, a TaKOoX J0IloMarae BUPINIyBaTH Pi3HI 3aBJaHHSA, B
SKMX HEOOXITHO Hao4yHe HagaHHs iH(opmarii. Ile 0co0nMMBO akTyanabHO B
cdepax OCBITH i HAyKH, TOMY IIO camMe B HUX e()eKTHBHICTh POOOTH JIFOJMHU
Oe3rnocepeIHbO 3aJEKHUTh BiJl IIBUAKOCTI OCMHUCICHHS OTPUMaHUX JaHUX,
sKa, B CBOIO Uepry, BU3HAYA€THCS HAOUHICTIO MOJIaHHS aHAJII30BAHOTO MaTe-
piaiy.

Bce e, i HaBiTH OiIBINE, CTANO JOCTYITHE JIOJICTBY, 30KpeMa. 3aBISAKH
MaTeMaTHIHOMY, a 3apa3 i KOMIT FOTepHOMY MOJICITIOBAHHIO.

Came imes Bi3yalnbHO 300pa3HTH HE TIIBKH PO3TAIlyBaHHS 30pPSHUX
00’€KTiB, a i IX pyX BITHOCHO OJTMH OJTHOTO i JIATIIa B OCHOBY CTBOPCHHS JIa-
HOTO IIPOrPaMHOT0 MPOIYKTY, HaucaHoro Ha MoBi C++ B cepenoBmii Qt.

OmHUM 13 3aCTOCYBaHb MIPOEKTY € MOJIETIOBAHHS TATAKTUYHOT, COHSIUHUX
Ta IUIAHETAPHUX CUCTEM Y BUTJISII 1€PAPXIUHOTO MYJIbTUCIIHCKY.

VYci 00’ekTi B mporpami MarTh peaibHI 3Ha4€HHs MacH Ta po3Mipy.
0O06’exTH Ha OPOITI PyXarOThCsI HABKOJIO IICHTPY 31 3MIHHOIO MIBUKICTIO, sIKa
pO3paxoByeThes 3a TpeTim 3akonoM Kerutepa [1, 2].

3
o a
[epedopmymroroun ioro, orpumyemo dpopmyiny T = 21 * /W , e T —
nepios 00epTaHHS B CEKyHIaX, 3 — BEJIHKa MiBBich B MeTpax, G — rpagita-
iitHa cTama, M — maca HeHTpaJbHOTo 00’ €KTY B KiJorpamax.
OTpUMYEMO KiJTBKICTh TPaTyCiB, O 00’ €KT MPOXOIUTH MO OpOiTi 32 OAWH

360 .
JIeHb 32 (HOPMYJIOI0 o Ae N — nepiox ob6epTaHHS y THSX.

Jlist 3HAXOKEeHHS OpOiTAIbHOT BUIKOCTI BUKOPUCTOBYETHCS hopMyia

TR . . .

JIOBXXHMHH IyTH Koja | = Tao X @ 1€ | — opOiTanbHa MBUIKICT Y KiJIOMET-
pax 3a cekyHay, R — paniyc op0itn, a — KyT ayru (KUIBKICTh I'palyciB, sKi
€JIEeMEHT MIPOXOIUTh 10 KOJIy opOiTH 3a AeHb) [3].

Ha ocHOBiI MBUIKOCTI pyXy BCiX IUTAHET MO iX opOiTax cTae TOCTYIMHUM

(hyHKIIOHAT PO3paxyHKy 4acy JO BHHUKHEHHS Hapajay IUTaHeT y Oynb-saKii
30psIHIN CHCTEMI.
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st BinoOpaXkeHHs po3TallyBaHHS Ta pyxy 00’€KTiB, OyJio po3pobIiieHO
Maker iHTep¢eicy IpoeKTy, 0 HaBeeHUH Ha puc. 1.
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Pucynok 1 — Maket inTepdeiicy npoexkTy

B LeHTpi OCHOBHOTO MMOJISl BiIOOpaXKEHHS 3aBXKAM 3HAXOIMTHCS OCHOB-
HUH 00’ €KT: TalakTHKa, 3ipKa, 9 IuTaHeTa (eeMeHT 3), Ha OpOiTi SKOTo 3Ha-
XOIATHCS 31PKH, IUTAHETH, YU CYyNMyTHUKY. [Ipy HaBeIleHH] Ha €JIEMEHT Bilo-
OpaxaroThCst HOro OCHOBHI XapaKTePUCTUKH, a IPHU HATUCKAaHHI HAa HBOTO Bi-
JKPHBAEThCS HACTYIHA CHCTEMa 3 HOro BJIACHUMH €JIEMEHTaMH Ha OpOiTi.
[NoBepTaTHCst Ha3a MOXKHA 3a IOTIOMOT'OI0 BiATIOBITHOT KHOIIKH Y TIpaBiii 4a-
cTuHi inTepdeiicy (610K 5).

KopucryBauy Hala€ThCsl MOXKIIMBICTD KEPYBAaTH IIBUIKICTIO PyXy 4acy
Ta, BIMOBIIHO, €JIEMEHTIB Ha OpOiTaX 3 MOMOMOTOI0 BiMOBIIHUX KHOIOK Y
niBiit yactuni iHTepdericy (610K 3).

Pucynox 2 — BinoOpaxenns moseni COHIYHOT CHCTEMH y BiKHI IIpoe-
KTy
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[IpoekT 3auikaBUTh SIK JIFOJIEH, 1110 TPOCTO 3aXOILTIOIOTHCS] aCTPOHOMIELO,
TaK i THX, KOMY aCTPOHOMisl BasKJInBa 3 podeciiHoi Touku 30py. Takox BiH
CTaHe TapHUM MOCIOHMKOM Yy BUBUEHHI aCTPOHOMIT JUIs Y4HIB OyIb-SIKHUX Ha-
BYAJIBHUX 3aKJIA/IiB.
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V]IK 004.415.2.043

OIINC, MOJAEJIIOBAHHSA TA PO3POBKA ITPOI'PAM

B.I. Cananaros
Yepracvkuil nayionanvuuil ynieepcumem im. b. Xuenvnuyvrozo

OcraHHIM 4acoM MOZIETIOBaHHS 1 HACTYITHA PO3p0o0Ka CHCTEM 3a J10-
MIOMOT'010 HE/IETEPMiHOBAaHUX CKIHUCHHUX aBTOMATiB Ha0yBa€ IIHUPOKOTO 3a-
CTOCYBaHHS B 0araTboX HalpsIMKax: NpOrpaMyBaHHI, TEXHIYHUX CHCTEMaX,
eKOHOMII, (iHaHcaX, (POHIOBOMY PUHKY, MeauIuHi. [Ipu po3pobmi ckmaa-
HHUX [POTpaM BaXIIUBHM (AKTOPOM € KOPEKTHICTh IXHBbOI pOOOTH 3TifHO
OMUCYy TeXHIYHOrO 3aBAaHHsA. ['pad Takol Momelni SBJILE COOOK MHOKHHY
CTaHiB, 5Ki 3’€IHYIOThCS MIX CO00I0 HampaBiieHUMH ayramu. KoxkeH craH
NP LIbOMY OTHCYETHCS JIMIIE IBOMa QYHKIIIMU: QYHKLIEI0 BUXOAY Ta (y-
HKI[isIMU niepexoiB. [lepia omucye nepeik Aiid, ki BAKOHYETBCS Y TAHOMY
CTaHi, a PyTi — Mepexoau 3a IIeBHUMHU yMOBaMH B iHII ctanu. Ha BigmiHy
Bix pyHKIil momitok L:S — 2AP B cTtpykTypi Kpimnke, sika BpaxoBye yci Mo-
JKIJIMB1 KOMOIHALT IPEJMKaTHIX YMOB po3raily’keHb [ 1] ju1s BCix cTaHiB Mo-
JIeJIi, TIPY OTHCI IUX (QYHKIIH JJ1s1 KOXKHOTO CTaHy KUIBKICTh YMOB pO3ralry-
JKEHb 3HAYHO 00MeXyeThesl. ToMy aBTOMaTHY MOJIENb JIOLIBHO OITUCYBAaTH
y BUIJIAJI 3rajlaHuX JIBOX (DYHKIIIH OKpeMo JuIsl KOXKHOTO cTany. KoxeH cTan
NP IbOMY BH3HAYAETHCS K (QYHKI[IOHAJIBHO 3aKiHUYEHA IOCIITOBHICTD HiM 1
Mae cBiif irenTudikarop. I[lepexoan npu po3ranxykKeHHSIX TOBHHHI BKa3yBaTH
Ha ieHTn(iKaTopH, SKi BU3HAYAIOTH BiAmoBiaHMH cTaH. [lpn mocmigoBHOMY
OTIHCi MOZETII 1O CTaHaX KOXKEH CTaH MaTHME CIIMCOK MOXKJIMBHUX IIEPEXO/IiB.
Taxuii crcok Tpeda CTBOPIOBATH CIIAJHUM i3 3MEHIIIEHHSIM IMOBIpPHOCTI KO-
’KHOT'O IEPEXO/IY, 1110 BU3HAYAETHCS 3aMOBHHKOM IIPH ONHUCi eMiipuyHo. [Ipu
OTHCi MeBHO{ T1JIKW aBTOMAaTHOI MOJIeNli BUKOHYETHCS ONMC KOXKHOTO CTaHy
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TiJIKY 3a gornoMororo QyHKuUii Buxoay Ta GpyHkuii nepexony. Omuc ritku Mae
NPUITMHUTHUCS, SKIIO MEepexiJ BKazye Ha BXKE ONMMCAHUN cTaH abo SIKIO CTaH
nepexoay € KinneBuM. [licist 3aKiHUeHHsI OIMCY MOTOYHOT TJIKK MO He-
00XiZTHO BUKOHATH MOBEPHEHHS Y MOIMEPE/HI CTaH i nepeiTn 10 06poOku
YeproBoro po3railykeHHs Y IboMy cTaHi. Takuii mporec onucy MoJielli 3 no-
BEPHEHHSIMHU TPOJIOBXKYETHCS Ul BCIX TUIOK rpada aBTromary. Y mpoueci
OTIHCY 3 METOI0 3pYYHOI HACTYIHOI 0OPOOKHM CHHCKH iIeHTHU(IKATOPiB Po3-
ramy>KeHb JIOPEYHO OPTaHi3yBaTH B CTEK Yy TaKil MMOCIiIOBHOCTI, B AKii BH-
KOHY€TBCS OMHC MOJeNi. [T KOHTPOJIO 3a UM IPOIIECOM TIPH OMHCY MO-
Jieti HeoOXiTHO CTBOPUTH 0a3y HaHWX, sSKa Ma€ CKIAaNaTHCh 3 JBOX BiIHO-
meHb. B ogHOMY 3 HMX B HOPAIKY ONMCY MalOTh IEpepaxoByBaTHCA yci
CTaH{ MOJIEINI, a B IHIIOMY — IEPEePaxyHOK yCiX PO3ralyKeHb ISl KOKHOTO
crany. CTpykrypa Takol 0a3u JaHuX IoKa3aHa Ha pucyHKy 1. Haspa crany
BU3Ha4ae ineHTudikarop crany, [locuiaHHs Bkazye Ha IONEPEIHE IMOCHU-
JIaHHS Ha JaHui cTaH, Tul cTaHy BU3HA4ae IOYATKOBUU CTaH, 3BUYANHUN
cTaH abo KiHIEBHH cTaH. Y Npyromy BinHOIIEHHI Po3ramykeHHs BHU3Ha4a-
I0Th MOJKJIMBI IEPEXOIH B iHII cTaHu. ATpuOyT [locunanHs HeOOXiTHUH 11t
BKa3iBKHM TOTO, 1110 HA IaHUI CTaH Be OyJI0 OCHIIaHHS IS 3aKiHYEeHHsI 00-
POOKM MOKJIMBOI TUIKH Mojeni. ATpuOyTu PosramyeHHs SBISAIOTH COO0I0
CIHMCOK PO3TATY>KEHb 3 TIOTOYHOTO CTaHy Ha MTOCHJIAaHHS B 1HIII CTaHH.

Hasga cramy | ———| Hassacrauy

Posranysxenns 1
Posramy:kenHs 2

ITocunmanus
Tum crany

PozramyxenHs n

Pucynok 1. Ctpykrypa 0a3u JaHUX OIUCY MO

B pesynbrarti onucy Mozeni (paKTHYHO BUKOHYETHCSI CTBOPEHHS 1 MaTe-
MaTHYHOI MOJeli Ta rpady, SAKi MOBHICTIO BIANOBIAATUMYTH omucy. [lpu
IIbOMY TI€PENiK Ji y KOXKHOMY CTaHI OMHCYETHCS B TEPMiHAX PO3IIUPEHOT
TeMNOpanbHOI JoTiku. ToMy Bimnamae HeOOXiAHICTE y Bepu(iKamii Moaemi,
sK 11e nepegodaydaernes 3a rexnosorieto MODEL CHECKING, ockinbku Mo-
JIellb TaM CTBOPIOETHCSI HE HANPSIMY 1 MOTpedye noaaTkoBoi Bepudikamii [1].
CrBOpeHMA 3a TaKOI0 TEXHOJOTi€l0 Trpad aBTOMATHOI MOJENi MPOTpaMu
NPE/ICTABISITUME TOYHY 3TiJJHO OMHUCY OJIOK-CXEMY allTOPUTMY IPOrpamu,
OCKIJIbKW BiH BiJIMIOBiAaTHME BCiM crienu(iKaiisiM Ta 0OMEKEHHSIM OIMUCY 1
TOMY HE TOTpedye MmoIanbIIoi Bepudikarii.

Cneundikauis sBisie co00I0 MOBHUI OIKC i, sIKi MalOTh OyTH BUKOHAHI
y KO)KHOMY CTaHi aBTOMaTHOi Mozeni. OOMeXeHHs MaloTh BUSBJIATH yci He-
BiJIIIOBITHOCTI MOJEi, TOOTO MOMIIIKOBI cutyaii. OCOOIMBUM BUIOM CIie-
mudikarii € onuc 1aHUX, SIKUI CTBOPIOETHCS HA CAMOMY II0YATKY OIHCY MO-
neni. Taka 0coOIMBICTD TEXHOJIOTIT ONKCY Y3TOKYETHCS TaKOXK NPUHIIUIIAM
CTPYKTYpHOTrO nporpamyBaHHs. /i1 popMyBaHHS NporpamMu Ha Oyab-sKid
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NpoLeypHIH MOBI IpOrpaMyBaHHS ITiCIIsl CTBOPEHHS CEKLil JaHuX HeoOXi-
JTHO BUKOHATH 00XiJ rpada MoJerni 3 MoYyaTKoBOro CTaHy Moueli. SIk Bike
OyJ10 3a3HaYEHO, JUISl OMUCY MOJIENi BUKOPHCTOBYETHCS PO3LIMPEHA TEMIIO-
paibHa JioTiKa. Po3mmpeHHs nossirae y Tomy, o TeMIopaibHa Jorika [1]
PO3IIUPIOETHCS PETYISIPHUMHE orieparopamiu [2]. Omuc il y KOXKHOMY CTaHi
Ma€ NepeTBOPIOBATUCH B ONIEPATOPH NPUCBOIOBAHHS, BBEJCHHS, BUBE/ICHHS,
JIOKaJbHI PO3TaTY KeHHS Ta UKIN. 3aKiHUCHHS BUKOHAHHS J1H I KOKHOTO
CTaHy y BUTIISAL GYHKIIT BUXOIY B TIPOIIECi iX BHKOHAHHS 3aBEPIIYETHCS T1e-
PEXOZOM B OAMH 3 HACTYIHUX CTaHiB. [lepexoan MOBHHHI BUKOHYBAaTHCh 3a
MEBHUX YMOB 1 MaloTh OYTH peaji3oBaHi 3a JOMOMOTOIO OIIepPaTopiB po3ra-
myxeHHs. Sk Oyio 3a3HadeHO BHIE, iICHTHU(IKATOPH MepexodiB hopmy-
IOTBCS B CTEK 1 IPH KOKHOMY TTOBEPHEHHI IIOTOYHUH 11eHTH(]IKaTOp BUIITO-
BXy€eThcs 31 cTeny. Ilpu npoMy HeoOXigHo, o0 BuKoHyBanuch C-momiOHi
YroJ¥ IOJI0 Nepeadi mapaMeTpiB, TOOTO MepIiunii mapaMerp MOBHHEH PO3-
MiIIlyBaTHCh y BepXiBIi CTeKy. Peanizawis nepexoay y HACTYIHUI CTaH 3111~
CHIOETHCS TIOUMHAIOYI 3 MEPIIOTO 31 CIUCKY NEePEeXOAiB. Y MOJAIbLIOMY MPH
o0xoni rpada Mozeli BUKOHY€EThCS TaKi cami Jii ax J0 AOCSATHEHHs KiHIle-
BOTO CTaHy MO/Ielli a00 10 CTaHy, Ha sIKHil Bxxe OyB mepexin. Komu o0poOka
YeproBoi T'JIKK 3aBEPIIYETHCS, HEOOXITHO BUKOHATH ITOBEPHEHHS Yy TIOTIEpe-
THIH CTaH 1 mepeTu 10 0OpOOKH HACTYITHOTO IEPEX0Iy 3 I[bOIO CTaHYy.

Pucynox 2. O6po6ka po3raiy’keHb MOTOYHOT'O CTaHy

IIporiec 00poOKku rimoKrpady Moaesi HaBeICHO Ha PUCYHKY 2. 3 OHOTO
0OKy MMOKa3aHO TOCIIOBHICTh 00poOKH po3ranyxeHs ans crany Cl. 3 iH-
mroro Ooky, sikio ctad C2 € KiHIeBUM a00 TaKuM, JIO SIKOTO Be 0yIIo 3Bep-
HEHHS, TO Ha MaJIIOHKY TT0Ka3aHo roBepHeHHs 3i crany C2 B cran Cl. B pe-
3yNbTaTi Takoi 0OpOOKH JiepeBa MOJEINi 3IIHCHIOEThCS MOBHHUN 11 00Xix i
CTBOPEHHS BJIACHO ITPOTPaMH Ha O/IHIH 3 MPOLEAYPHUX MOB IIPOTrPaMyBaHHSI.
[To 3akiHueHHIO 0OPOOKH JiepeBa MOAEINI CTEK 3 NOCHIaHHIMHU Mae OyTH ITy-
cTuM. SIKII0 HeoOXiTHO PO3MMPHUTH Mporpamy abo 3poOUTH AesKi 3MiHU Y
IpoTpamy, TO TOCTaTHBO BBECTH JOJATKOBI CTaHH B rpad Mol Ta 3po0ouTH
BiINOBiTHY 00pOOKY 3 MEPETBOPEHHSM y MIPOTpaMHi (parMeHTH.

B pa3si cTBOpeHHs mapayesibHUX Porpam 3a JaHOK TEXHOJIOTIE0 3aCTO-
COBYIOTBCSI TaKi CHHXPOHI3YI04i MEXaHI3MH K MPOTOKOJIH, MOHITOpH. [Ipo-
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TOKOJIM nepeadayaroTs 00poOKy neBHMX noaid. [IpoTokon MokHa po3ris-
JIATH SIK PEIUKAT, [0 BUKOHYETHCSI, SIKIIO He 00poOIieHi Bei Horo momii. ITi-
CJIsl HOBHOT'O BUKOHAHHSI IPOTOKOJIY OBUHHA BUKOHYBATHCH NPOLEYPa, sIKa
3aBeplIye BUKOHAHHS MPOTOKOIy. ONMUC MPOTOKOIIY OMUCYETHCS 32 JOMIOMO-
TOI0 oneparopa TemrnopaisHoi Jgoriku pUd. TyT p — e npeaukaT BUKOHAHHS
MPOTOKOITY, a (| — 3aBeplIaibHa npoueaypa (MpeaukaT) 00poOKH MPOTOKOITY.
MoHITOpHI TPUMITHBH 3aCTOCOBYIOTBCS VIS TOCTYITYy KiJIBKOX IPOIECIB 10
CHUTBHUX PECypCiB i peami3yloThCs K CYKYIHICTH ceMadopiB Ta CIemiaib-
HHX IPOLEIYP.

Taka TexHOMIOTIsT pO3pOOKY IporpaM IO3BOJISAE CTBOPIOBATH IPOTPaMH
3TiHO BUMOT 32 iX OIMCOM i IIPaKTHYHO YHUKATH CEpHO3HUX MOMMIOK. Ha
JTAaHUH Yac TEXHOJIOTiS Ha Kadeapi mporpaMHOTro 3a0e3IeYeHHs] aBTOMaTH30-
BaHMX cucTeM YepKachKoro HalllOHaJIbHOTO YHIBEPCUTETY HIPOXOAUTH IOCITi-
JIHE BUTIPOOYBaHHs 1 Oy/le BAKOPUCTOBYBATUCH K Y HABYaJIBHOMY IIPOIIECi,
Tax 1 Ipu po3poO1i CKIATHUX IPOTPAMHHUX CHCTEM.
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PO3B'SI3YBAHHSA 3ATAYI IIATPUMKU ITPABIIIBHUKA
MOBLIBHOI IT'PYIIN 3 YPAXYBAHHSM YACOBHUX BIKOH

B.A. YmaHchKU#
Hayionanvuuii Texniunuu Yuieepcumem Yxpainu «Kuiscokuii [lonimex-
Hiunutl Inemumymy

1.Bctyn

Croroni icHye 6e3Jtiv 3a1a4 siki MOXKHa BigHecTH 110 kiacy Vehicle rout-
ing problem (VRP), Benuka KinbKicTh 3a4a4 3 Pi3HHX rajiy3ed Moxe OyTH
3MOJIENTbOBAaHO TEPMiHAMH JAHOTO KJacy, SIK HaCcJJOK yci I 3aja4i qoope
JIOCJIIJKEH] Ta aJalToBaHi 10 UX o0JacTel, HAIPUKIIa TypU3M, TOPTIBIIS,
OyniBHHLTBO, Oy/Ib fIKa MOAIOHA 3a1aya 3 Teopii po3KianiB. Aje, iCHYIOTh
3a/1a4i,9Ki MOXyTh OyTu cpopmynsoBaHi Tepminamu 3anad VRP,a Takox 3
BUKOpHCTaHHSIM anropurmis Orienteering problem (OP), 3a3naurnmo 1o ¢o-
pMyiTIOBaHHA 3a1a4i y TepMiHax OP mo3Boiisie GBI TOYHO 3MOAETIOBATH
cnenn(iky mpeaMeTHoi 06sacTi KoXKHOI mpenaMeTHol o0macTi 3agadi. Came
TOMY, ITPOBOAMTHCS aHAIII3 Ta BUBYEHHS JAHOTO KJACy 3a1ad, 3’ sIBISIOTHCS
HOBi TIOCTAHOBKH 3a7a4 1 METOIU PillICHHSI.
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HeoOxinHicTe mocnimkeHHs kiacy 3agad OP 3pocTae 3 HOSBOIO HOBHX
raysei, mpodJieMaTrKa sIKUX 3BOJIUTHCS 10 OocTaHOBKH 3anavi OP. Sk npu-
KJ1aJ MOXKHA HaBECTH 3pOCTaHHs MONUTY Ha HanucaHHs [13 s nporunosy-
BaHHS PO3MOALTY mepcoHany (raxyss HR), ckiananHs kapTé MapmipyTiB i
MOI3J0K JUIS TYpPHCTIB, JIIOAEH, SIKUM HEOOXIJHO ONTHUMAaJbHO IUIaHYBaTH
CBilf yac, mpaniBHUKaM MOOUIBHMX TpyII, NpaliBHUKaM KIIHIHI KOMIIaHiH,
TUpEKTOpaM, y SIKUX IIOJHS 3aIUTOHOBAHO YMUMAJIO 3yCTpiuell y pi3HUX KyTo-
ykax micta a Ta. Taki mpoOiieMH MOKHAa 3MOJENIOBATH TEPMIHAMH 3agad
wiracy OP — Team orienteering problem with time windows (TOPTW). dus
pimreHHs MOOHMX 3a/1a4 TaKOK MOKHa oOpatu hopmymoBanHs 3a1aui VRP,
a TakoX iHm, Oinpm ckimigai Momudikamii TOPTW. Ane obparno TOPTW,
TOMY IO Mart. mocTaBHOKa 3amadi VRP He BpaxoBye cmenugiky mpobiem
(HampuKIad, TO# (akxT, 1o He BCi BI3UTHOOOB S3KOBI),a MOTU(IKOBaHI MOTa-
HoBkH  TOPTW ycKIamHIOIOTH MaTeMaTHYHY IIOCTAHOBKY 1 METOIU
PO3B’S3Ky MaTeMaTHYHOI 3a7aui.

2.Metoa po3B’si3aHHs 3a1ay4i

3a cxnannictio 3aga4ya SCPTW He menn cknaanoto anixk TOP. B coro
uepry, TOP-moaudikaris 3agaui OP (OP- wactkoBuit Bunagokx TOP) tomy,
sk 1 OP, TOP 1 SCPTW e NP-cknanHoro 3amaueto. JloBeaeHHS , 10 3agada
OP e NP-ckiagnoro 3anauero HaBeneno y[6].3amaua SCPTW ontumansHO
PO3B'SI3YEThCSI TOYHUMH METOAAaMH, alie I[i METOIW BHUKOPHCTOBYIOTBS LIS
PO3B’s3aHHS 3a/1a4 i3 HEBEIMKOIO KUTbKICTIO BepIinH. [lo BUIE3raJaHuX Me-
TOJIIB BiTHOCATH AWHAMIYHE IPOTPaMyBaHHS i METOA TiIOK Ta MexX. Hampu-
Ki1af, y pooori [7] SCPTW po3B s3aHa TouHMMHU MeTogaMu st rpady 330
BEPIIMHAMU.3BAXKHBIIU HA CKJIAIHICTh JAHHOT MPOOJIEMH OLIBIIICTE JIiTepa-
TYPHHUX JDKEpeIl MPUCBIUEHO PO3B’ 3Ky 33/1a4i HE TOUHMUMHU MeToaaMu. J{is
PO3B'3Ky HOCTaBJIEHOT 3a7a4i BUKOPUCTAHO JiBa e(heKTHBHUX 1 100pe Bigo-
MHX aJITOPUTMH:AJITOPUTM ITOBTOPIOBAHOTO JIOKAIBLHOTO TIOIIYKY Ta alro-
puT™ imiTarii Bianany. B IX OCHOBY TOKJIaIeHO OHAKOBY IPOIIEAYPY JIOKa-
npHOTrO momyky [8]. [ToOymoBa po3B’si3Ky 3aCHOBYETHCSI HA TOMY, MICTUTh
mo koxeH 3 d € 1, m MapuipyTiB mOYaTKOBY i KiHeuHy BepumHu. Jjist Ko-
JKHOT BEPIINHM, MO0 HE HAICKHUTH >KOTHOMY MapIIpyTy, BH3HAYAETHCS Be-
mvyuna shifti i € 1, n. Jlana BennunHa no3Havae te, 3MillEHHsT B 4Yaci mpu-
OyTTs 70 BepIIMHM Hepe] 1Kok Oyae po3MillleHa HOBa BEpIIMHA. A KOJIU
JUIS KOXKHOI BepIIMHM BH3HAa4YeHa HaWKpalia I[O3HIlis, MPOBOAMTHCS OLi-
HKa Scorei2/shifti. Meroto orinkn € mMo6ymI0Ba KOPOTKHUX MApIIPYTIB MiX
BEpIIMHAMH 1 MAKCUMi3aIlisi CyMapHOI KOPHCHOCTI Bcix MapmpyTi. Obupa-
€TbCA BEpIIMHA 3 MaKCHMAaJIbHOIO OIlIHKOIO 1 TOMIYK MOBTOPIO-
€TbCA CTHOYaTKy. PoOOTa JOKaTBHOTO IIOIIYKY 3aBEPINYETHCS, IPH YMOBI,
10 HE MOXJIMBO JIOIaTH HOBY BEpPUIMHY Yepe3 OOMEXEHHS MapIIpyTiB y
yaci. [licns mporo mnpoBoauThes 30ypeHHs, IO SBJIsE cOOOI0 BHIIY-
YeHHs BepliMH 3 Mapupyty. [loTimM mpouepypa J0KaqbHOTO MOMUIYKY I10-
BTOpIO€ThCs. OTpHMaHe 3HAUeHHS LUTbOBOT (YHKLIT Moke OyTH MeH-
OIMM  HDK TIONEpPEJHE, TOMAI TOMEPEIHIH pPO3B’ 30K 3aMiHIOEMOTOY-
HUM. Y [pOTWIEKHOMY BHNAAKy HOTOYHMM PpO3B’SI30K CTAa€ HO-
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BUM 1 3HOBY BiIOyBaeTbcs 30ypeHHs. AJTOPUTM 3aBEpLIyE CBOIO pO-
00Ty, KOJIM BUKOHaHA KiJIbKICTh iTepamiil onucana yMoBoro 3aaaui.J[ist cko-
pOYEHHS 4acy poOOTH, OOUMCIICHHS OKOJy NMPU BUKOHAHHI MPOLECY JOKa-
JBHOTO  TIOLIYKY BiOyBaeThcs mapajienbHo. OTxe Ul KOXKHOI BEpIINHH,
sKa HE BXOJWTH J0 MAapLIPYTiB, HE3aJIEKHO OOPaxOBYEThCS HAWBUTIIHIIIA
TO3UIIISE ZU1S1 PO3MIIIEHHS BEPIIUHU. AJNITOPUTM IMITallil Bignany Jie sk i an-
TOPUTM MOBTOPIOBAHOTO JIOKAIBHOTO IOLIYKY, TOOTO BUKOPHUCTOBYE MOIIH-
(hikoBaHMI TOKATHHUN MTOITYK, SIKAI OMUCAHO BHUIIE. IMOBIpHICTh IPUIHATTS
pilIeHHs, sIKe MOTIpPITye 3HAYSHHS HUTbOBOI (PYHKIIT BHPAXOBYETHCS 3T1THO
posnoxiiom Bonbumana, a po3kian BUpaxoBYeThCS Ha OCHOBI FeOMETpHY-
HOTO 3aKOHY 3 KOHCTaHTOIO, 1o Aopisatoe 0,95.

3.IaTepnpuraris pe3yibTaTiB

Po3rsnyTi anroputmMu JAaf0Th  TOAIOHI pe3ynbTatn poboTH,
ajle aJrOpUTM MOBTOPIOBAHOTO JIOKAIBLHOTO MOLIYKY 3HAXOJUTh OLIBII
Kpari pimeHHs. L curyaniis MOxe 3MIHHUTUCH TPHU 30UTBIICHHI KiTBKOCTI
itepariii. Ane HeoOXigHO 3a3HaumTH, 110 33amada TOPTW po3B s3yerses
1100 B MOJANBIIOMY JISITTH B OCHOBY MOOIJIBHHUX 3aCTOCYBaHb Ta BEO-101aT-
kiB.ToMy HaJaeTbcsl mepeBara ajlropuTMam, yac poOOTH SKUX MEHIIHH Ta
MEHII PECYPCOMICTKUI. A OCKUIBKH , OLIHKA ITOYaTKOBOI TEMIEPaTypH I0-
CHUTb TPYAOMICTKA MPOLEAYypa, Ky Tpeda MPOBOAUTH Mepe] MOYaTKOM Po-
00TH anropuTMy Ha HOBOMY Habopi gaHuX. Tomy y OUITBIIOCTI BUTIAIKIB Ha-
JA€THCS IIepeBara alrOpUTMY MOBTOPIOBAHOTO JIOKAIBEHOTO TTOLIYKY.

3HaUYEHHA LiNboBOI ByHKU

a8 72 96 144 160 192 216 240 288
KiNbKICTb BEPLIMH
—ILS ~SA

Puc.1 — pe3ynpTaTtét poOb0OTH anropuTMiB MOBTOPIOBAHOTO JIOKAJIBHOTO
TIOIITYKY 1 iMiTaIil Biamamy

4.BUCHOBOK

HaBezneHo i ommcaHo MaTeMaTHYHY ITOCTaHOBKY 3aJadi poOOTH KepiB-
HHUKa MOOLTBHOI TPYIN 3 ypaxyBaHHSAM YaCOBUX BiKOH. 3a/adqy BHpIIIEHO 3
BUKOPUCTAHHSAM aJTOPUTMIB iMiTaIlii Ta HOBTOPIOBAHOTO JIOKAJIBHOTO IO-
nryky. I[IpoBeeHe oduncineHHs U1 pO3aXxyHKy 4yacy poOOTH 3a3HaueHHUX

ITOPUTMIB i TPOBE/ICHA MMOPIBHAIbHA XapaKTEPUCTHKA OTPHUMAaHUX

pe3ymbTaTiB.
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3OPEKT JUXOTOMHUHU B CTPYKTYPHOM HAJIEXKHOCTH
AYBJINPOBAHHBIX CUCTEM

A.B. ®enyxun
Huecmumym npobrem mamemamuueckux mawun u cucmem HAH Yxpa-
UHbl

PaccmaTpuBaroTCcst BOIPOCH! Ha/Ie)KHOCTH HEBOCCTAHABINBAECMBIX JIBYX-
KaHaJIbHBIX CHCTEM aBTOMATHKH U KOMITBIOTEPHOW TEXHUKH. B kauecTBe aJb-
TEpHATUBHBIX BAPHAHTOB PACCMATPUBAIOTCSI CHCTEMA C OOJIOYHBIM AyOiH-
poBarueMm (CII[I) u cucrema ¢ kBa3uMOCTHKOBO# cTpykrypoit (KMC) [1].
CII/I B o0mieM BHIE TPEACTABIISIET COO0M ABYXKAHAIBHYIO CHCTEMY, COCTO-
SIIYI0 U3 MOCTIEI0BATEIbHOTO COeIMHEHUS AyOIUPOBAHHBIX Y3JIOB pa3sHOU
HasiexHOCTH. [Ipu oTKaze ogHOro M3 (PyHKIMOHAIBHEIX cyO0sokoB (DPCBH)
JyOJIMPOBAHHOTO Y3j1a C MOMOIIBIO CXeMbl KOHTPOJIS U peKoH(urypaunu
(CKP) npou3BOAMTCS €r0 MaCKUPOBAHKE, BBIBOJI U3 BBIYHCIUTEIBHOTO MPO-
Hecca M peKOH(QUrypauusi CTPYKTYpbl CHCTEMBI B pexume pabotsl «Non
Stop». Cuctema ¢ KMC Ttakke npeacraBiseT coO0H TBYXKaHATBHYIO CTPY-
KTYpPY, HO COCTOSIIIYIO U3 ITOCIIEA0BATEIbHOTO COSAMHEHNUS TyOIMPOBAaHHBIX
Y3JI0B PaBHOHM Ha/Ie)KHOCTH, TP 3TOM TEXHHUYECKas 3JIEMEHTOEMKOCTH (Ypo-
BEHb M30BITOYHOCTH) U (PYHKIMOHATIBHAIBHOCTD JJAHHOW CUCTEMBI U/ICHTHU-
yHbl CIT[I. Cuctema ¢ KMC Takxe gBiIsieTcd OTKa30yCTOHUNBON CUCTEMOI,
obecrnieunBaromiell pexxuM padboTel «Non Stopy.

B xadecTBe HHCTpyMEHTapHs IS UCCIIETOBAHNS HAIEKHOCTH CUCTEM HC-
MOJIB3YETCs] BEPOATHOCTHO-(pM3NIecKnit Meton pacuera (Bd-meron), B oc-
HOBE KOTOPOTO JIeXHUT UG Py3HOHHOE paciipeesieHie HapaboTKH 10 0TKa3a
(DN-pacnpenenenue), crieruanbHo GOPMATU30BAHHOE /IS OLIEHKH HaJleK-
HOCTH AJIEKTPOHHBIX, JEKTPUIECKUAX U SIEKTPOMEXaHUIECKUX JIEMEHTOB U
cucreM [2].

OyHKIMIO pacpeaenaeHust KOToporo yano0HO H300paxarth B BUJE:
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x—1 X+1
F(x1V)=d =—= |+expl2V 2 )| - =—= |, 1
(av)=o o Jronl oIt

e X= ati. ; a - CpeIHsIsl CKOPOCTh Jerpaialiuy (M3MEHEHHUs TapaMeTpa

kpurepus rogsoctu I1KT), 1/4.; ti - cymmapHas Hapa6otka, 4; V' - koaddu-

IIUCHT Bapuanuy HapaboTku 1o otkasa (m3meneHws [1KD); @ — ¢pynkius Ho-
PMHPOBAHHOTO HOPMAJBEHOTO PACTIPEACIICHUSL.

[Ipu coxpaHeHUH ypOBHSI M30BITOYHOCTH PACCMOTPEHHBIX JIByXKaHAJb-
HBIX PE3€PBUPOBAHHBIX CUCTEM, JEKOMITO3ULIMS KAHAIOB Ha PaBHOHAIE)KHbIE

NyGIMpOBaHHBIE Y31l (XMXOTOMES) pHBOAUT K R - addekty - pocty Be-
POSITHOCTH 0E30TKa3HOM PabOTHI CHCTEMBL.

Ha KOHTPOJIBHBIX MMPpUMEPAX YCTAHOBJICHO, YTO: IIPHU OJJMHAKOBOM KOJIHM-
4EeCTBE Y3JI0B y 00EUX CHCTEM (n=5 y3JI0B) BEPOSTHOCTh OE30TKA3HOW pa-

60T1bI cucremsl ¢ KMC RKMC = (,8526 npeBbIIIacT BEPOITHOCTD Oe30TKa3-

HOU pabOTHI CHCTEMBI C TOOIOYHBIM TyOIHpOBaHIEM R jc =0,74809; c yse-
nmgeHneM KonmdectBa y31moB B KMC BeposATHOCTh 0€30TKa3HON padOTHI
RKMC = 0,9338 (n=10 y3710B) IPEBHIIAET KAK BEPOITHOCTh OE30TKA3HOMI
pa6orsel KMC R, = 0,8526 (N =5 y310B), Tak 1 CUCTEMBI ¢ IIOGIOUHBIM
ny6nmposanuem R . =0,74809 (N =5 ysnos).

ITonmy4yeHHBIE 3aKOHOMEPHOCTH IIO3BOJIMIIH C/IETATh CIIeTyIONINe BaXKHbIC
oboobmaromie BeIBOIBL. [Ipu 0fMHAKOBOM YpOBHE U30BITOUHOCTH UCCIIETY-
€MBIX JIByXKaHAJIbHBIX PE3ePBUPOBAHHBIX CUCTEM C MOOJIOYHBIM yOJIHpOBa-
HUEM U KBa3UMOCTHUKOBOHM CTPYKTYPOH, IEKOMIIO3ULUS KAHAJIOB HA PaBHO-
HaJIe>KHbIe 1y0nmMpoBaHHbIe Y316l B ciaydae ciucteMbl ¢ KMC npuBoaut k po-
CTY BEpPOATHOCTH 0€30TKa3HOM paboTHl - K Tak HaskiBaeMoMy R -addexry,
Kak IPH OMHAKOBOM KOJIMYECTBE Y3JIOB B PACCMAaTPUBAEMbBIX CHCTEMAX, TaK
Y C POCTOM KOJIMYECTBA Y3J10B B cirydae cucteMbl ¢ KMC npousBobHO# ciio-
JKHOCTH.

Hammune R - sddexra ycraHoBieHo Takxe W JPYrMMHU METOJAaMH
pacdyera U CTATHCTHYECKOTO MOJCIMPOBAHUS, KaK Uil HEBOCCTAHABIIM-
BAEMBIX, TAK H JJI1 BOCCTAHABIMBAEMBIX cUcTeM. R -3ddexr mosponser Ha
JTare NPOEKTUPOBAaHMS 3HAYMTENLHO MOBBICUTH HAJEKHOCTH HEBOCCTaHA-
BJIMBAEMBIX JIBYXKaHAJIbHBIX KOMITBIOTEPHBIX CUCTEM IIyTEM HCIOJIB30BaHUS
KMC ¢ npon3BoJIbHBIM KOJTMYECTBOM JIyOJIMPOBAHHBIX Y3JIOB.
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Large-scale projects of modern society, carried out by various
departments and specialists, include a large number of different types of
work. A network graph (or network model) is the basic planning document
for network planning and management. It is an information-dynamic model
of the sequence of work and the relationships between those works that must
be fulfil to complete a single project.

The purpose of the study is to evaluate the possibility of using in the
apparatus of mathematical modelling in management decisions, improving
the theoretical and methodological tools, developing a suitable Web-service,
providing practical advice on the possibility of planning the implementation
of complex projects, monitoring the process of their implementation and
making necessary adjustments.

Suppose that there is some work to be done and that many, many
employees - individual employees, groups, teams or entire businesses - have
to take part in this common, "big" job, so that individual tasks will be assigned
to different people, groups, teams, and so on. Questions arise:

How best to distribute employees to do all the "big" work in the shortest
possible time?

How to distribute resources (labour, materials, finances, equipment) so
that all the "big" work is the cheapest?

What to do if, in the course of the work, it turns out that individual
employees do not meet the deadline set by the plan?

Where to throw reinforcements (tools, equipment, people)?

How to find out what is currently the most important, where is the most
responsible area, on the results of which depends the success of the whole
case [1]?

The very process of ordering the network graph leads to the need to take
into account all the links of "big" work. The main characteristic of each work
— its expected duration of execution — in graph theory is called arc length. The
presence of this numerical estimate makes it possible to perform a
mathematical analysis of the network graph.
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As a result of the sources analysis [2], [3], [4] it is possible to determine,
first of all, such its parameters:

1 the earliest possible start time for each job or the occurrence of each
event;

2 the latest permissible time of completion of each job or the occurrence
of each event, which will not cause a delay in the deadline for completing all
the "big" work;

3 time reserves for each job — how many units of time can be delayed the
execution of this work without delaying the termination of "big" work or even
without to change the timing of other jobs of the graph;

4 a so-called critical path can be found — the longest path leading from
the initial event of the schedule to its final event;

the most important at any given moment of work can be found — these are
the works in which time reserves are minimal

5 Let us consider the problem of constructing a network model, which
includes the works A, B, C, ..., G and reflects the following ordering of works:
A, B, C — the original works of the project; A precedes D; B precedes E; C
precedes F; D, E preceded G. The duration of its execution is specified for
eachwork: A=1;B=4,C=3;D=2;E=6;F=6;G=4.

We can calculate the network model of this problem by the sector method
(see Fig. 1).

Fig. 1. Sectoral method of network model calculation.

We created a program in the form of a Web application. Web
application created using such tools and technologies as PHP, Perl, MySQL.
The basic idea of this web site is to enable users to plan the
implementation of complex projects, to follow the process of executing long-
lived projects, to make adjustments to their projects.

The project data entry process is broken down into several steps:

1 input of individual project works

2 definition of the initial works of the project

3 description of the parameters of each work (the order of execution, the
resources expended, the duration of execution)

4 description of project parameters (days off (days that will not be
included in the project scheduling), project start date)

At each step, all data is subject to mandatory validation (check the
uniqueness of the name of each job, check for the original works of the
project). At the step of introducing interdependencies between works, a
network graph is constructed. The network graph constructing method
reflects the dependencies of all jobs and greatly simplifies the input of
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dependencies between works. Building a network schedule involves: adding
and deleting events, adding and deleting jobs (see Fig. 2)

Fig. 2. Network graph modelled by program.

After the project data entry procedure, the program allows you to view
the results: total project duration, approximate date of completion, including
days off, duration of each work separately, early and late start and end terms
of each work, resources spent on each work (see Fig. 3).

Project duration, days: 8
The critical path: Network setup — Software install — Users learning
Project finish date: 15-04-2020

Work Duration ¢|Start # Finish

Computes install |1
Software install 1
Users learning 3
Network setup 3
Network installation |2
Development of
software usage rules

05-04-2020 | 06-04-2020
11-04-2020 | 12-04-2020
12-04-2020 | 15-04-2020
06-04-2020 | 11-04-2020
05-04-2020 | 07-04-2020

05-04-2020 | 11-04-2020

|Early | Late JEarly  [Late L[Full
istart  lstart  "finish  lfinish  "lreserve "lreserve ’

05-04-2020 | 05-04-2020 | 06-04-2020 | 06-04-2020 |0
11-04-2020 | 11-04-2020 | 12-04-2020 | 12-04-2020 |0
12-04-2020 | 12-04-2020 | 15-04-2020 | 15-04-2020 |0
06-04-2020 | 06-04-2020 | 11-04-2020 | 11-04-2020 |0
05-04-2020 | 05-04-2020 | 07-04-2020 | 05-04-2020 |-2

05-04-2020 | 06-04-2020 | 11-04-2020 | 12-04-2020 |1

Fig. 3. The results of the program.

JfFree |

0

0
0
0
1

To analyse time parameters of the network model, the program builds a
timeline of the project that shows the percentage of tasks completed (see Fig.

4).
April
wl I 100%
w2 I 100%
w3 I 100%
w5 I 45%
w4 I 29%
wo6 0%

Fig. 4. Timeline of the project.

After logging in to the system, each user receives additional features:
1 save the projects, with the possibility of their further editing, to view the

list of their projects;

2 keep track of project work using an event calendar and timeline of the

project;

3 add to project managers (ability to manage a project by several persons

at a time).

Conclusions. The use of network planning system helps to develop the
optimal variant, which is the basis for the operational management of a
complex of works during the implementation of a particular project. The main
planning document in this system is a network graph that represents an
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information-dynamic model that reflects all the logical relationships and
results of the work required to achieve the ultimate strategic planning goal.

The main feature of the program is the solution of the problem of planning
the implementation of complex works, which in turn provides network
models and network graphs, which simplify the understanding of the whole
model, provide optimization of the developed schedule based on
mathematical methods. The program outputs scheduling results in a graphical
and textual presentation that makes it easy or obvious to make a decision for
the manager, while saving the project allows you to watch the events and
make adjustments to the model to improve optimization.

When analysing network graphs, it is considered that the duration of each
job does not depend on the moment of its beginning, which is not always true
in reality. It should be noted that further extension of the problem by
introducing additional dependencies seems appropriate and creates the basis
for further research.

Literature

1 Phillips, D., Garcia-Diaz, A.. Methods of network analysis. Mir,
Moscow (1984).

2 Aptekar, S., Baron, Y., Spirna, D., Teroshyna, A.. Methods of
construction of grid charts. Bulletin of Donetsk National University of
Economics and Trade 4(36), 52-56 (2007).

3 Batenko, L., Zahorodnikh O., Lishchynska, V.: Project management.
KNEU, Kyiv (2003).

4 Burkov, V., Zalozhnev, A., Novykov, D.: Graph Theory in
Organizational Systems Management. Sinteg, Moscow (2001).

JETEKTYBAHHS IHTEPECIB KOPUCTYBAYIB COITAJIBHUX
MEPEX

acmipanTt O. O. IpyxuHiH

AHauti3 comiaJbHAX MEpex

[IprunHOIO BUHUKHEHHS MEPEXEBOro aHallizy — iHTepecC A0 CTPYKTYpH,
o MoXe 0OMEXyBaTH 1 3a0X09yBaTH TpPOMAJChKi oprarizaiii. Kpim toro,
Mepexi SIBISIIOTH COOO0I0 IiKaBi CTPYKTYPH 3 TOYKH 30pY IX BIACTHBOCTEH:
LTIOCTpamis BCiX 3'elHAHb MOIITOBOI Mepexi OyJae HAOYHUM 1 3p0O3yMUIUM
3pa3KoM BITHOCHH JUIsl BJIACHUKA i€l MOIMITOBOT CKPUHBKH.

ITowanu 3acTocoByBartu 111e B Il mosmoBuHI XX CT. SIK TOTIOBHEHHS /IO CTa-
HIAPTHOTO Ha0OPy IHCTPYMEHTIB COIIAILHUX TOCIiTHHUKIB

[osicHeHHsI TPOMAaJICHKHUX HPOLIECIB HE CJIiJI LIYKaTH B IPUPOJHUX IIPO-
recax abo abCTpakTHHX CHIax. 3aMiCTh IBOTO, IOTPIOHO 3BEPHYTH yBary Ha
CTPYKTYPY BiTHOCHH IIIO CTBOPIOETHCS MiXK JTFOJABMH.

IIoHATTS «MEpEKEBOI CTPYKTYpU»
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Hagitp HaiinpocTimia coriagbHa Mepeka Moke OyTH IpeJICTaBlIeHa B BU-
IS TAKUX BY3JIB SIK JIFOJH, OpraHi3aiii a0o BeO-CTOPIHKH Ta 3B'SI3KH MixK
HHUMU.

3a3Buyaii, BitoOpakeHHSIM KOPHUCTYBada ColiajibHOI MepexKi € HOro mpo-
¢ine. ToMy MepexeBa CTPYKTypa COLIAIBLHOI MEpEXkKi MPEICTaBISETHCS SIK
cepist By3IiB (IIpod1iiB) i 3B'SI3KiB Mi>K HUMH.

[onsATTS «comianbHOTO Tpada

Comiansanit Tpad - e rpad, By3IH SKOTO MPEICTaBICHI COMialbHIMHA
00'eKTaMH, TAKUMH K TPODisi KOPUCTYBadiB 3 (Pi3HUMH aTpuOyTamMH Ha-
TIPUKIIAA: iM's, IEHb HApO/KCHHSA, PiJHE MICTO 1 T. iH.), CHITFHOTH, Mexia-

KOHTCHT i T. iH., a pe0pa - COLiaTbHUMHU 3B'I3KaMHU Mi>K HHMH.

Pucynoxk 1 — npuxinan comiansHoro rpaga

[onsTTs «rpada iHTEpeciB»
I'pad iHTepeciB - me mpeAcTaBICHHS IHTEPECiB KOHKPETHOI JIIOAWMHH,
OTpHUMaHe Ha OCHOBI ii aKTUBHOCTI B COIIaIbHIX MEPEXKax.

Pucynox 2 — npuknan rpaga intepecis
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MoxJHBi BapiaHTH BUKOpUCTaHHS rpady iHTepeciB

MapxkeTuHr (nepcoHaji3oBaHa pekiama)

BcraHoBneHHS! HOBHX 3B'A3KIB MiXK KOPHCTYBaduaMH COLUIaJIBHUX MEPEK
(Ha ocHOBI iX iHTEpeciB)

Hananus pexoMeHaiii no ¢inpMax, KHUTaX, My3HIl 1 TaK Jaii

Peanizanis

AHaiti3 4acTOTH B)XMBaHHS IMEHHUKIB B IIOBIIOMIICHHS KOPHCTyBada

«Term Frequency» - BiTHOIIICHHS YnCIIa BYKHBAHb JESIKOTO CJIOBA B TOKY-
MEHTI 70 3arajbHOI KUTBKOCTI CIiB JaHOTO AoKymeHTa. OTke, MOXHA OIli-
HHUTH BaXJIMBICTh CJIOBa ti B paMKaxX OKpPEMOro I10CTa.

AmHauti3 BimMiTok «MeHi mo100a€eThes» Ha MyOJTiKaIisax

Bukopucranns ML 3 MeToro HMOBIpHICHOTO JTOTIOBHEHHS iHTEpECIiB

CTpyKTypHa cXeMa aHali3y

Npeao6paborka coobuienmit

Y nanenme cron-caos (stopwords)
Momsosarenu | Hopwanwsaus ¢1os Ly Nosversecos [ Hrepecs!
Facebook WHTEDeCos 0b30BaTEN
Mopdonorimeckan pasmenta cnos NoAbsoBaTeNs

Bblaenenme CyL|eCTBHTeAbHbX

Bunanenust cron-ciis. Hanpuxnan: "the", "a", "an”, "of"

Hopwmamizanis ciiB. Hanpuxman: "lol", "cuz”. [IpuBoasThCst 10 CIOBHU-
KOBOTO BUJTY.

Mopdoutoriuna po3mitka (Part-of-speech (POS) tagging). Busnauenus
YaCTHHU MOBH 1 IPaMaTHYHUX XapaKTEPUCTHUK CIIiB B TEKCTi 3 MPUCBOEHHSIM
M BIJTIOBIHUX MITOK (TETiB).

Bupinenns: iMmeHHukiB. B maHomy migxoni micns etamy mMopdoioriuHot
PO3MITKH JUIsl BU3HAYEHHS IHTEPECiB KOPHCTYBaua PO3IJISIAIOTHCS TLIBKU
CJIOBa-IMEHHMKH, TaK SIK BOHU MICTSTh OCHOBHUM 3MiCTOBHHI CEHC TEKCTY.

MiHycH TaHOTO HiIXOIY

OOMesKeHHS! BUKOPUCTAHHS CJIiB-IMEHHHUKIB, X04a CJIOBA IHIIMX YaCTHH
MOBH TaK caMo MOXXYTb OyTH crienndiuHi Juis IeBHOT 00J1acTi iHTepeciB;

He BpaxoByloThCs pi3HI THUIHM ITOBIIOMIIEHD 1 IyOIiKaliii KoprcTyBaya.
Hanpuknan, myGuikarisi-HOBHHA, sIKa MOXe He CTAaHOBUTH 1HTEPEC KOPUCTY-
Baya.

IIpobaemu mpu BIpoOBaKEeHHI

3akpuTicTh iHGOpMAIIii, IO HACTIPAB/I 1 MOYXKE HAWIIMIIMM YHMHOM OXa-
paKTepu3yBaTH JIOUHY

“BigData” mpo6aemu. B crity Toro, mo J0BOAUTHCS MPALIOBATH 3 BENHU-
KAMH 00’ emMaMu iHpoOpMAaIli MOTPiOHO 3BaYKaTH HA TaXHIYHI MOKIMBOCTI JIJIS
ii cympoBoy i MBHIKOI 0OPOOKH.
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BucHoBku

AHalti3 coIliaTbHUX MEPEXK € JYKE MEPCHCKTHBHOIO Ta MOMYJIIPHOIO 00-
JIACTIO JIOCIHIKEHD, alKe 3aBIAKH IM MO’KHA OUIBII AETANbHO JOCIIIUTH
0COOJIMBOCTI COIIaJIbBHOTO CTaHy CYCIILIECTBA

Pesynpraty mociipkeHHS MOXYTh OyTH BUKOPHCTaHI B pi3HHX cdepax
(BiT MAPKETUHTY — JIO MOTIEPEHKCHHS HeOaKaHUX 1HIIUICHTIB)

3aBIAKM HOBHM IPOTPECHBHUM METOJaM 00pOOKH JIFOICEKOT MOBH Ta Ma-
[IMHHOTO HABYAHHS MOYKHA OTPUMATH HEHMOBIPHI pe3yJbTaTH

CroropHi, (OKyc yBarn KOMIaHiii cBiToBoro Macmraby sk Microsoft,
Amazon, IBM nmaBHO 3MIMIyIOThCS B cepy MaIIMHHOTO HaBYaHHS
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National Defence University of Ukraine named after lvan Cherniakhov-
skyi, Ukraine

One of the topical concepts for building modern Armed Forces is the
concept of network-centric systems. The concept provides for the integration
of combat formations and enhancing their level of interaction through the
implementation of "network-centric" principles and integration of control
systems, communications, intelligence and defeat of the enemy, increasing
the combat power of the Armed Forces by creating an information-switching
network that allows participants to combat operations. reliable and complete
information about the situation in almost real time (Belenkov O.V., 2011).
The inter-center model is an extensive network of well-informed but
geographically dispersed forces. The main characteristics-components of
these forces are: high-efficiency "information grid", which provides access to
all the necessary information, high-precision weapons, high-performance
control and communication system, integrated "touch screen”, integrated into
a single network with the system of defeat and control system and
communication. Network-centricism involves the deployment of digital
networks to ensure both vertical and horizontal integration of all participants
in the operation, change the tactics of prospective formations with dispersed
combat orders, optimize intelligence, simplify procedures for coordination
and coordination of firing, and also firing management, enhancing the combat
capabilities of modern military formations, through improved information
sharing and increased roll and the information itself. The use of networking,
communication and information technology provides for increased efficiency
of interaction and control of Armed Forces. Network-centric control systems
are matrix information-management systems that underpin the global
information interconnection of its elements. (Makarenko S.I., 2017). The
structure of network-centric systems is shown in Fig.1 (Beshada A.O.)
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MNODE STRUCTURE OF NETWORK-CEMTRIC CONTROL SYSTEM

Tile monitaring

GIS Server

Mabile and fixed customers Maobile and customers

BFD- zpatial data base [maps, images).

Fig. 1. Structure of network-centric systems

The main reason for the effectiveness of such systems is the integration
of all forces and means in a single information space and their synergistic
effect (Burenok V.M., 2009).

An network-centric system is a collection of geographically distributed
nodes These nodes act on the one hand as a source of information and, on the
other, as its consumers, that is, between them there is a constant information
exchange within the domain. Due to the fact that the nodes of the network-
centric system are able to accumulate, store and provide the consumer with
access to heterogeneous geospatial information, which has a spatial and
temporal connection, there is a need to operate on each node of the database.
Therefore, it makes sense to talk about distributed geospatial data banks. uch
a system is characterized not only by the vertical connection between the
forces and means of observation and the control points, but also by a widely
developed network of horizontal connections at the same level between the
heterogeneous elements of the system, which are both sources and consumers
of information that circulating in the system. Having horizontal links between
different types of troops increases the speed of information exchange and
makes the system less vulnerable to failure of individual communication
channels or top level (Beshada A.O., Maiorov A.A., 2019). Geoinformation
systems for military use (GIS VP) have become an integral part of modern
automated systems for managing troops and weapons, supporting effective
decision-making by commanders of various units and levels, planning for
military operations and types of combat support. Main areas of application of
GIS VP:
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- use in automated systems, weapons systems and military equipment;

- geospatial-linked data storage, processing, calculation results and
forecasts; - support for decision making using geospatial data;- visualization
of geospatial data; - execution of settlement operations; - creation of
geoinformation applications for solving information and calculation
problems from analysis and evaluation of the terrain to modeling the action
of troops at different levels: from unit to the Armed Forces as a whole, their
use in automated troops and weapons management systems using geospatial
data, electronic maps, special models and thematic data. GIS VP provides:

- assessment of terrain and conditions of warfare using geospatial data;

- conducting operational and tactical situation; - planning of routes of
movement of equipment and personnel taking into account specific situation,
condition of terrain, stealth, time of day, seasons, characteristics of specific
combat equipment, etc .; - planning of flights of aviation and unmanned aerial
vehicles (UAVs) for the purpose of striking, transportation of cargoes and
personnel, conducting intelligence; - determination of the most probable
routes of movement of the enemy and planning of the deployment of
counteraction means; - solution of information and calculation tasks
(visibility areas, traffic conditions, flood areas, camouflage, forest cover and
a number of others); - drawing graphic documents and printing them.

The main document that allows you to study and evaluate the terrain for
warfare is a topographic map, both analog and digital. The scale of the maps
should provide a rendering of the terrain with the detail and precision required
for the task by all commanders and superiors of different levels. GIS VPs
help to fully obtain the necessary information without additional
reconnaissance. It can be used to predict exactly which areas can be flooded
in the event of a disaster as a result of a natural disaster or the destruction of
dams. You can calculate where it is best to organize a crossing, to build
pontoons or build a bridge. By entering data on weather conditions and
characteristics of the spread of toxic substances, the commander will be able
to determine the probable contamination zones of the area. There is also the
possibility of forecasting the spread of fires and the consequences of other
natural disasters specific to a particular area. However, in the preparation and
conduct of hostilities, the troops need additional information about individual
boundaries, areas and sites that are not displayed on topographic maps.
Therefore, in addition to the topographic maps, special maps and photo
documents of the terrain need to be produced and brought to the troops, which
contain additional topo-geodetic data necessary for the study and evaluation
of the nature and properties of individual sites, as well as for the more
efficient use of weapons and military equipment.
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The use of GIS VP, electronic topographic maps and photo documents of
the terrain allows you to quickly and thoroughly study the terrain, to better
position your troops, to determine the ways and nature of combat, to perform
the necessary measurements and calculations, which in turn, allows the
commander to shorten the time to decide tasks. GIS makes it possible to
create digital object models (CMOs) that display exactly the information that
exactly fits the user's needs. In addition, they provide new 3D map mapping
information not available on paper maps. A three-dimensional view of the
CMO from a specific point, or flying around the terrain with the applied
operational situation, will give a more complete picture to the commander of
any link, unlike a paper map with its objects. GIS VPs can drastically reduce
the time needed to evaluate the situation but there are a number of major
issues that significantly limit the conduct of GIT exercises, such as:

- organizational problems; - technical (technological) problems; -
problems of training military specialists in the field of information and use of
GIS; - financial and economic problems; - Problems of creation and
improvement of the information infrastructure of the AF. To address these
issues, the following measures are required:

- increase the level of security of military authorities, headquarters and
services with state-of-the-art computer equipment and peripherals; - GIS
sharing with mathematical modeling and artificial intelligence; - coherence
of the development and use of GIS VP in the types and genera of the Armed
Forces; - creation of systems of collective access databases; - Creation and
implementation of only compatible hardware and software; - expanding the
use of local and distributed information and computer systems; - continuous
work on the exchange of information between the developers of information
media. With the increasing use of GIS in the military sphere, it became clear
that GIS is needed to support the fighting and activities of international
peacekeeping operations. The functionality of such a GIS should include the
creation of tactical maps, convoy planning, goal analysis, operational control
and a number of other tasks (Belenkov O.V., 2011). With the standard
organization of the storage of the map image, there is a problem of slow
loading of the map images when working with a regular geoinformation
server. Due to the peculiarities of this information, modern systems for
storing spatial information are methodologically different from classic
databases, because in addition to the data themselves, they store metadata,
links and relationships. The amount of additional information about the data
is much more than the data itself. Huge amounts of information and
complexity of communication create an information barrier for the user.
Spatial data processing and construction tasks can only be effectively
addressed by smart technology. Digital mapping information occupies very
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large information volumes in storage systems, the primary purpose of which
is to form a mapping image based on the digital information stored in the
system. This process is based on the tile structure of the spatial data. It should
be recalled that when displaying an image on the monitor, the vector image
is converted to a bitmap. GIS supports tile maps and shapefiles, which are
composed of .shp file sets .shx and .dbf. The shapefile contains point, line,
and polygon data. Tile (from the English tile - tile) in cartographic services -
one of the square fragments into which the map is broken. Each tile is an
image of jpeg format (satellite images) or png (maps, layers) and is stored in
a file with a unique name, which is determined by the coordinates of this tile
along the X and Y axes. Most mapping services provide tiles of 256x256
pixels. The number of tiles that make up the image depends on the scale. For
example, on Google Maps, the smallest z1 image consists of only 4 tiles. On
the next scale, the number of tiles is 4 times higher than the previous one,
since each tile is split in half, both horizontally and vertically. It is easy to
calculate, with several tiles, the z24 image is displayed. This mechanism is
called quadruple coding (Zatserkovnyi V. 1".2016).

Conclusion. Using a tile structure allows you to download not only the
entire image, but only the part that is displayed on the screen, which saves
traffic and time.

References.

1.Belenkov O.V. [2011] Realizacziya tekhnologii seteczentricheskogo
upravleniya v ASU vojskami i oruzhiem na baze GIS «Karta 2011»
[lwww.gisinfo.ru/item/91.htm.

2.Makarenko S.I. [2017] Podavlenie seteczentricheskikh sistem
upravleniya radioe’lektronny mi informaczionno-tekhnicheskimi
vozdejstviyami // Sistemy” upravleniya, svyazi i bezopasnosti. S. 15-59.

3.Beshada A.O. Razrabotka obshhej konczeptual'noj modeli GIS
voennogo naznachenya// 1zv. Vuzov»Geodeziya i ae'rofotos emkay. 2-19. T.
63#4. DOI110.30533/D536-101-2019-63-4-476-483

4.Burenok V.M., Kravchenko A.Y., Smirnov S.S. [2009] Course to net-
work-centric weapons system. VVoenno-kosmicheskaya oborona. [2009] Mil-
itary space defense. 5: 21-32. [In Russian].

9.Beshada A.O., Maiorov A.A. [2019] Geographic information system as
the basis of automated control systems for military ae'rofotos'emka». S.
340-348. DOI: 10.30533/0536-101Kh-2019-63-3-340-348

10. Zatserkovnyi V. I'.[2016] Geoi nformatsi‘jni- systemi v naukakh
pro Zemlyu/ V.I". Zatserkovnyi, I'.V. Ti'shayev, I".V. Vi rshilo, V.K Demi-
dov. — Ni“zhin: NDU i'm. M. Gogolya, 2016. — 510 s.

290



UDC 355(477)37

METHODICAL APPROACH TO EVALUATE THE YOUNGER
SPECIALISTS COMPETENCE LEVEL IN THE SPECIALIZATION
OF “TOPO-GEODESIC AND NAVIGATION SUPPORT OF
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One of the components of the training of the Armed Forces of Ukraine is
preparation in training centers, which consists of the training, retraining and
advanced training of military personnel of variable composition of training
centers and individual training of military personnel of permanent staff. Un-
fortunately, the existing junior specialists training system in training centers
(TC) has not undergone significant changes and remains at the level of 2012
—2014. All this leads to the search for and implementation of new approaches
to the organization and conduct of their preparation. This can be done based
on their preparation results evaluation. As an evaluation generic indicator of
the junior specialists competence level in training centers, we use a value
M. (t), that characterizes their ability to fulfill their responsibilities in the

relevant MOS code. The generalized indicator A7 (t) is probabilistic, so we

take its value from 0 to 1 and represent as:
0< Mc(t)<1 @
To the partial indicators of evaluation of the junior specialists competence
level in the specialization of “topo-geodetic and navigational support of
troops (forces)” in the training center are proposed to include: the serviceman
training level Lqp, (t) and his personal qualities L (t) . Due to, the fact

that the military personnel's training does not depend on their personal qual-
ities, and therefore their performance is not dependent on each other, it is
suggested to use additive aggregation to evaluate their level of competence
(Shevchenko V.L., 2014):

M (t)= Lsro () - O + Lpc (1) - Gpc )
where, (g, Qpc - indicators coefficients weight of the serviceman
training level and personal qualities. The calculation of weights is carried out
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by the method of expert evaluation. A partial indicator of the junior special-
ist's level of specialization in the “topo-geodetic and navigation support of

troops (forces)” in the TC L (t) is proposed to be calculated by functional

dependence, which takes into account the level of training from the j subject
of training at a discrete time point:

L. (t) = i LSTLj (t) q; (3)

j=1

where, LHj ('[) - an indicator that characterizes the level of training in the

j subject of study;qj - importance weighting of the J subject ofstudy;J

- the number of subjects for which it is evaluated.

The weight of indicators that characterize the importance of training sub-
jects for junior specialists in the specialization of “topo-geodetic and naviga-
tion support of troops (forces)” is determined using the method of expert eval-
uation and is given below.

The weight of indicators that characterize the importance of training sub-
jects for junior specialists in the specialization of “topo-geodetic and naviga-
tion support of troops (forces): Tactical preparation (0,08), Shooting prepa-
ration (0,1), Phisical training (0,05), Psychological preparation (0,07), Intel-
ligence training (0,04), Tactical medicine (0,06), Engineering training (0,05),
Military topography (0,11), Cartography (0,21), Geodesy (0,23).

Evaluation of the junior specialist study level in the ] subject of study,

that is taken in the complex examination L (t) is proposed to determine as

the dependence, which takes into account the level of his theoretical
knowledge and practical skills in the subject (Heorhadze O.A. and
Kharabara V.I., 2019).

LSTLj(t):ZZ:Bjx(t)'Qx Q)

x=1

where, B jx (t) - an indicator, that characterizes the program achieve-
ment level by a junior specialist in the j subject of training, for a time t.
"theoretical knowledge" B, (t) "practical skills" B (t) ;0¢ — indica-

tors weight coefficients Bjx (t) The indicator that characterizes the level

of the junior specialist theoretical knowledge in the j subject of training
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ij ('[) is proposed to calculate on the test results by providing answers to

theoretical questions about the subject of training. The total number of ques-
tions should provide an objective and comprehensive level evaluation of his
or her theoretical knowledge of this discipline. Evaluation of the junior spe-
cialist theoretical knowledge level inthe ] subject of training is determined

by the formula:
Xcor' t
PROERIG ©)

tqj
where, Xcorj (t) - number of correct answers provided by junior spe-
cialist in the j subject oftraining;)(tqj - the total number of theoretical ques-
tions that junior specialist was tested inthe ] subject of training. An indica-
tor that characterizes the level of a junior specialist practical skills in the j

subject of training Bpsj (t) is calculated on the basis of completed practical
tasks (exercises, standards) results. Junior specialist practical skills level
evaluation inthe | subject of training Bpsj (t) is determined by the formula:
Keomy (1) 6)

tasj

B,(t)=

where, Xcomj (t) - number of completed tasks by junior specialist in the

J subject of study, X

tasj - the total number of tasks the junior specialist was
tested in the j subject. A partial indicator of the junior specialist personal
qualities level in the specialization of the “topo-geodetic and navigational
support of troops (forces)” in the TC LPQ (t) is proposed to be calculated by

functional dependence, which takes into account his “individual-psychologi-
cal qualities”, “emotional-volitional qualities” and “motivation”. As these in-
dicators are not dependent on each other, it is proposed to use additive aggre-

gation to calculate the junior specialist personal qualities:

L= 26,000, )
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where, M - indicators that characterize the junior specialist personal

qualities level at a discrete moment of time: "individual-psychological quali-
ties" C,pq (t), "emotional-volitional qualities” C,q (t), "motivation” C, (t),

q - indicators weight coefficients Cy(t)- The individual-psychological qual-

ities level of the junior specialist C|PQ (t) is determined by the dependence
of:

Crg®=3Y, 0, ®)

where, Y, (t) - indicators that characterize the achievement level of the
junior specialist individual-psychological qualities at a discrete point of time:
"nervous mental stability" Y, (t) and “personality orientation” Yo (t);
a, - indicators weight coefficients Y, (t)- It is proposed to determine these

qualities using standardized test methods “Forecast” and “Personality orien-
tation”. The indicators that characterize the emotional and volitional qualities
of the junior specialist are suggested to be: initiative, determination and en-
durance. The junior specialist emotional and volitional qualities level CEVQ(t)

is determined by the dependence of:
3
CEVQ (t):zzw(t) "0y (9)
w=1

where, Z,,(t) - indicators that characterize the achievement level of jun-
ior specialist emotional and volitional qualities a discrete moment of time:

“initiative" Zz, (t), "determination” Z, (t) , “endurance” Z, (t). 0y - indica-

tors weight coefficients Zw(t) . The indicators that characterize the junior

specialist motivation are proposed to include (Hrom V.A., Heorhadze O.A.
and
Yakimenko 1.V., 2016): military-professional, social-household, moral-psy-

chological, financial. The junior specialist motivation level CM (t) is deter-
mined by dependency:
C.w (t) = i Dv (t) -Qy (10)
s=1
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where, D, (t) - indicators that characterize the junior specialist motivation
level at a discrete point of time: "military-professional” D, (t), "social-

household” D, (t), “moral-psychological” D, (t). “financial” D t);

g, - indicators weight coefficients D, (t). To evaluate the values of these

indicators the appropriate rating scales have been developed. The values of
all indicators we convert to a dimensionless value.

Conclusions. This methodical approach makes it possible to quantify the
junior specialist competence level, as well as to identify "weaknesses" in the
organization and conduct of the educational process. The results of the study
can be used at the evaluation of the junior specialists competence level in
training centers. Prospects for further scientific research in this area may be
the substantiation of the recommendations for the organization of the junior
specialists educational process of specialization in “topogeodetic and naviga-
tional support of troops (forces)” in the TC.
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ACIIEKTH CTBOPEHHSI APXITEKTYPU IHOOPMAIIMHOI
CUCTEMM JIOT'ICTUKHU 35POMHUX CUJI YKPATHH
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ITnemumym npobaem mamemamuyunux mawun i cucmem HAH Yrpainu

[omimyx B. b.
Yxpaincokuii naykosuii yenmp po3gumxy inpopmayitinux mexnono2ii

OcHOBHOO CKIaf0Bo0 30poitHnx Crir YKpaiHu € CHcTeMa JIOTiCTHIHOTO
3abe3neueHHs (JI3) ehekTHBHICTE QYHKITIOHYBaHHS SIKO1 O€31M0CepeIHBO BH-
3Ha4ae piBeHb 00€3IATHOCTI Ta CIPOMOXKHOCTEH camux 30poitanx Cuir Yk-
pailHH y IIOMY Ta BIHCHKOBHUX (JOPMYBaHb 30KpeMa.

JIo OCTaHHBOTO MECATHPIUYS CHUCTEMA JIOTICTHYHOTO 3abe3meycHHs 3C
VYkpainu Ta ii ckiiajoBa — cucTeMa yIpaBiiHHsg Oyiia moOyoBaHa Ha Mopa-
JILHO 3aCTaplIMX NPUHLMUNAX opraHizauii gisiapHocTi. [lepeBaskHO opraHniza-
LifHO-(YHKI[IOHAJILHUI “BepTHKaNbHUNA XapakTep NOOYIOBH CUCTEMH 3a-
6esneuenns 3C YkpaiHu Ha BiIMiHY B cucteM 3a0e3redeHHs 30pOHHMX
cun kpain-uieHiB HATO 3 ropu3oHTanbHUM “NIPOLIECHUM” XapaKTepoM ixX
oOYIOBH CTBOPIOBAB YMOBH JUISl HEY3TOUKEHOTO “BY3bKONIPOQIILHOTO” BU-
KOHaHHS (YHKII OpraHaMy BiiiCEKOBOTO YIIPaBIiHHS y MMUTaHHAX JOTICTH-
YHOTO 3a0e3MedeHHs, 301IbIIeHHS Yacy pearyBaHHs HA 3MiHM ITOTOYHOI CH-
Tyamnii Ta BIIPUBY pe3yNbTAaTiB 3aXOJiB 3a0€3MeUYeHHs BiJ MOTped BiHCHK
(cum).

Sk mokasye npaktuunuii gocBin 3C piBeHs iHdopmaruzanii y chepi ym-
paBIiHHS JIOTICTUYHUM 3a0€3MeUeHHsIM HE BIJIIOBIIa€ Cy4YaCHUM yMOBaM
I110/10 31HCHEHHs aBTOMATH30BaHOT MiJATPUMKH MPOLIECIB yIpaBiIiHHs. AHa-
Ji3 poOOTH OpraHiB BiliCbKOBOTO YIPABIIHHS CBIJUUTH PO BUKOPHUCTAHHS
HUMH JIECATKIB OKPEMHUX MPOTPaMHHUX 1HCTPYMEHTIB ajie BiICYHE KOMILIEK-
CHE MMPOTrpaMHe PillieHHs, iKe O MOBHOIIIHHO OXOIMJIO BCI MPOIIECH BIHCHKO-
BOI JIOTiCTHKH. ['0JIOBHOIO NPHYMHOIO BOTO CTAaHY € BIJIICYTHICTH CHCTEM-
HOTO TIJIXOAY O CTBOPEHHS IHTETrpOBaHOI iHQOPMAIIIIHOT CHCTEMH yIpaB-
JIHHS JIOTICTUYHUM 3a0e3MeUeHHsIM. Y MEepIIy Yepry 1€ CTOCYEThCS He00-
X1JTHOCTI pO3pOOJICHHS apXiTeKTypH iH(opMamiiHOT CHCTEeMHU JIOTICTUKH

Bracnitok BiICYyTHOCTI TAKOTO CHCTEMHOTO Oa4eHHs, Ha IPAKTHIIL MpPio-
PUTETH B MPOEKTaxX iHPOpPMATH3AI[l 9aCTO HAMAIOTHCS BUXOASIH 3 OTHOMO-
MEHTHUX iHTepeciB 3aMOBHUKIB MO0 “MIBHAKOr0” abo “memeBoro” BIpo-
BaJPKEHHS SKOICh YaCTKH iH(POPMAMiHHOI CHCTEMH JIOTICTHKH.
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B kiHmeBOMy pe3yibTaTi 0E3[MOBOPOTHO BTPAvaETHCS 4Yac Ta BHTpada-
I0ThCSI HEOOXI/THI KOIITH Ta iHII pecypcH Ha CTBOpPEHHs iH(opMmamiiHOTOo
MIPOJXYKTY “OKpeMOro HampsiMy”’, BiIOYBaeThCs “KJIANTHKOBA aBTOMaTH3a-
uist mpouecis, GpyHKUIN 1 00’€KTIB, 5IKI HECYTTEBO BIUIMBAIOTh HA PO3BUTOK
CIPOMOYKHOCTEH BIMCBHK (CHII), SIKMX HE BHCTa4dae ISl €EKTUBHOTO BHKO-
HaHHA 3aBnaHb JI3. Po3poOHMKH 3aCTOCOBYIOTH HEY3TOKEHHI MiX cO00I0
AITOPHUTMH IIPOIIECiB YIIPaBIIiHHS JOTicTHKOIO, ¥ [13 He mependavaroTh iHTE-
podeiicu ans CyMICHOTO BHKOPUCTaHHS NPOTPaMHHX 3acTOCyBaHb. Bee 1e
MIPU3BOAMTH JO MOSIBH 3HAYHOI KIIBKOCTI HEIOB I3aHUX MiX COOOI0 po3pi3-
HUX JOKaJbHHAX MPOTPAaMHIX 3aCTOCYBaHb (JIOKAJBHUX CHCTEM, IIPOIYKTiB),
SIKi BAKOPHCTOBYIOTH Pi3HI IporpamMHi miathopMu Ta TUTBKU pparMeHTapHO
MiATPUMYIOTb JIOTICTUYHI TIPOLIECH.

[Tpu npoekTyBaHHI TAaKUX CKJIaJHUX 1HHOPMALIIITHUX CUCTEM YIPaBIiHHS
sik JIIC koMaH[1a MPOEKTY 3IMITOBXYETHCS 3 MPOOJIEMOI0 OaraTroBapiaHTHOCTI
MIPOEKTHHX pillleHb, 30KpeMa CTOCOBHO: BU3HAYCHHSI IIPIOPUTETHOCTI Bapia-
HTIB aBTOMAaTH3aLli1 PI3HUX TPYI AJIOBUX MPOLECIB i pyHKIIOHANBHUX cdep;
cHoco0iB OXOIJICHHs iepapXii opraHiB BiliCbKOBOTO YIpPAaBJIiHHS, SIKi 10 TOTO
OTEPYIOTh PI3HIUMH pecypcaMu i3 pi3HUM TeorpadiuHiuM po3TalryBaHHSM;
BHOOPY KOHKPETHHUX MPOTPaMHUX IUTaTGOPM Ta CIIOCOOIB pearizaliii mporpa-
MHoro 3a6e3nedenHs ([13) — BupimierHs npobieMu abo po3poOIeHHS YHIKA-
meHOTO [13 260 BHpoOBamKEeHHS cTaHTApTHOTO IpomucioBoro [13; Bubopy
KOHKPETHHUX CTaHAApTHUX (1HIyCTpiadbHUX) QYHKIIIOHATEHUX MPOTPAMHHAX
3aCTOCYBaHb.

Po3pobka apxitextypu iHdopmauiiiHoi cucremu sorictuku 3C Ykpainu,
SIK 11 KOMITJIEKCHOT MOJIENI, € CIIOCOOOM JTOCATHEHHS HEOOXiTHOTO KOHIICTITY-
aJBHOTO JUISt po3po0eHHs IC pe3ynbTary:
no-nepure, apxirekrypa JIIC Hagae BCiM yqacHHKaM MpOLECy €JMHE IiTiCHEe
OauenHs nepcnekTuBHOI IC, a o-pyre, Take CUCTEMHE PILLICHHS! BIIOPSAKYE
poeKT iHpopMaTH3alii mo/10 cTBOpeHH: i BrpoBamkeHHs JIIC, ybesnednts
3C VYkpainu BiJl HEMOTPIOHUX MIBUAKHUX “‘CHOTO-XBIIIMHHHX ® 3aXOJIiB Ta IO-
30aBUTH iX BiJl BUTpauaHHs 3aiiBUX PECYPCIiB.

[HTYiTHBHI MiAXOAW 1O NMPOEKTYBAaHHS apXITEKTYpH aBTOMAaTH30BAHUX
CHCTEM TaKoro MacuTady He 3a0e3Meuy0Th CTBOPEHHS IIHCHO ePEeKTUBHUX
iHTerpoBaHuX iHpOpManiiHUX cucteM. s 1boro HeoOXijHEe BpaxyBaHHS
3HAYHOI KiJIBKOCTI TEXHOJOTIYHHUX XapaKTePUCTHUK MPOTPaMHUX 3aCTOCY-
BaHb, 30KpeMa iHTEpOMNepadeNbHOCTI, KA BU3HAYAE MOMKJIHMBICThH CIITBHOL
pobotu II3, xapakTepuCTHK, SKi BIUIMBAIOTh HA 3arajibHy BapTiCTh BOJIO-
JIIHHS CUCTEMOIO, Ta PU3UKIB peai3allii mpoeKTiB.

BaIMBUM MUTAHHSM Y XO/1i MOJICITIOBaHHSI, IPOCKTYBaHHS apXITEKTypH
JIIC, Ta BU3HAueHHs cTpaTerii i pearizallii € BuOip KpuTepiro e(heKTUBHOCTI.
VY gKocTi KOPUCHOTO €(eKTy HisIbHOCTI 30pOMHUX CHJI BUKOPHUCTOBYIOTDH
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LTy HU3KY KpHUTepiiB — 00ii0Ba MOTYTHICTh, OOHOBHI NOTEHIIaN, Ooe3aaT-
HiCTB, O0€rOTOBHICTH Ta iH. Hapa3si B 000pOHHOMY BiIOMCTBI BIPOBIXKY-
€THCS1 KOHIETLISI 00OPOHHOTO IUIaHYBAHHS Ta YNpPaBJIiHHS Ha OCHOBI CIIPO-
moxuocrteit (capabilities). B nokymenri “Pekomenaariii 3 060pOHHOTO ITa-
HYBaHHSI Ha OCHOBI CIIpOMOKHOCTeW B MiHicTepcTBi 000poHH YKpaiHu Ta
30poitanx Cumax Ykpaian”, 3aTBepmkeHoMy MiHicTpoM oboponn YKpainu
12.06.2017 poxy, CIpOMO>KHICTh BU3HAYCHA SIK 3AATHICT CTPYKTYPHOI OH-
HuMi (eemenTy) 30poitanx Cui (cui 060poHn) abo CYKYITHOCTI CHII 1 3aco-
0iB BUKOHYBaTH IIeBHI 3aBIaHHS (3a0e3ledyBaTH peajli3allilo BH3HAYCHHUX
BIICHKOBHX IIiJICH) 32 IEBHUX YMOB 0OCTaHOBKH, PECYpPCHOTO 3a0e3edeHHs
Ta BIAMIOBIIHO 1O BCTAHOBJICHUX CTaHIAPTIB.

Tomy mix yac MmozaemtoBanHs nepcnektuBHoi JIIC, ii apxiTekTypH, y sKo-
CTi KpUTEpiro BUOOPY apXITEKTypHHUX pillleHb JOLJILHO 00paxoByBaty (OLi-
HIOBATH) 1X 3/IaTHICTh CTOCOBHO (POPMYBHHSI CKJIAIOBUX cripoMokHOCTEH 3C
VYkpainu ta 3a0e3nedyBaTy iX po3BUTOK B iHpopManiifHii cUcTeMi JOTiCTH-
yHoro 3abe3neueHHs 3C Ykpainu. Takum 4uHOM Oyze JOCATHYTO 3arajibHUil
KOpHUCHUI eheKT Bix iHHOopMaTH3aLii IPOLECIB JIOTICTUKU — PO3BUTOK CIIPO-
MOJKHOCTEH BIHCHK (CHII) Ta iHIIKX CKiIamoBux 30porHux Cuin Ykpainu.

®dopmyBaHHA apXiTEKTypH iHPOPMALiIHHOI CHCTEMH JIOTICTHIHOTO 3a0€3-
MICYCHHS MIPONIOHYETHCSI BUKOHYBATH IIUISIXOM BHU3HAYECHHS HaOOpiB 1 cKia-
JIOBHX, 30KpeMa: (YHKIIOHATHHOCTI Ta OpTraHi3aliiHOiI CTPYKTYpH OpraHiB
BIICPKOBOTO YIpaBJiHHA, BiiCEKOBUX (hOpMYyBaHBb Ta OpTraHi3alliif; pecypc-
HOTro 3a0e3Me4YeHHs y BIiChKOBOMY Ta IHIIOMY MaiiHi; JIOTICTUYHUX MPOLIECIB
(TUtaHyBaHHsI Ta BUKOHAHHS 3aXO[(iB JIOTICTUYHOTO 3a0e3MeUeHHs, MiITpu-
MKa JIAHIIIOTIB IOCTaYaHHsI PeCypCiB, TEXHIYHE 00CIyrOByBaHHS Ta PEMOHT
OBT, ynpaBiiHHS 3aKyIiBJISIMH) BiJIIOBITHO JI0 KPUTEPIIO PO3BUTKY CIIPO-
MoykHOCTeH 30poitaux Cun YkpaiHu.

[Mixxig no xomrekcHoro oxorieHHs B moaeni JIIC (i1 apxitekTypi) Beix
HEOOXITHHUX CKIaI0BHX, M0 GpopmyroTh cipomoskHocTi 3C, morictuku 3C Ta
JIIC 30kpema, HeoOXiAHO 3acHYBaTH Ha BimmoBimHoMy migxomi 3C kpaiH
HATO — DOTMLPF. [dannit niaxix no ¢popmyBanHs cnpomoxkHocTelt 3C
pearizyeTscsi GOpMaNEHUM TMPOIECOM PO3POOOK Y MPOCTOPi pillieHb, IO
BKJIIOUa€ Oyb-sKe MOEIHAHHS TAKUX TEOPETUYHUX 0a30BUX €JIEMEHTIB, SK
JnokTpuHanbHUi 0Oasic (Doctrine), opranizamisi (Organization), HaBYaHHS
(Training), pecypcue (Matepianbhe) 3a6e3neuenns (Materiel), sikicTs ynpas-
nminHs  (migepctBo) Ta ocBita (Leadership and Education), mepconan
(Personnel) Ta BiiicekoBa iH(ppacTpykTypa (Facilities), mo B 1istomy mo3Ha-
qaeThest akpoHimom DOTMLPF.

NATO Takox BUKOPHCTOBYE posuiupenuii akpoHim — DOTMLPF-1, ne
"I" o3nagae iHTepomepadiIbHICTB, TOOTO 31aTHICTS 3C OyTH CyMICHHMH IO
BChOMY AubsiHCY. OcTaHHI pernti3u po3mupIooTh 110 6a3y 10 DOTMLPFI-P,
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ne ocranHe P o3Hauae "Policy", ToOTO momniTHKY SIK CBiIOMY CHCTEMY MpHH-
LIUIIB, SIKUMH KEPYIOThCSI OPTaHM YIPABIIHHS NPU NPUHHATTI PIlICHHS IS
JOCSITHEHHSI PalliOHAJILHUX PE3YJIbTAaTIB.

Bucoxkuii piBeHs ckiagHocTi npoteciB npoextyBanss JIIC, dopmyBaHHs
il KOMIUIEKCHOT MOJIelli Ta onKcy ii apXiTeKTypu 00yMOBIIOIOTh HasBHICTh
3HAYHOI KITBKOCTI CKJIAZIOBUX KPUTEPil0 eeKTHBHOCTI iH(opMaTH3amii Ha
OCHOBi PO3BHUTKY CIIPOMOKHOCTEH BIHCBHK (CHII), XapaKTEPUCTHK CTaHIAPT-
HHUX IIPOTPaMHHX 3aCTOCYBaHb, 3 SIKMX KOMIUICKTYETHCS CHCTEMa, HEOOXi -
HICTh BpaXxyBaHHs Pi3HUX 00OMEXeHb (y HEpIIy Yepry peCypCHUX, YaCOBHX)
Ta 3MiH y cepeIoBHIi (yHKITIOHYBaHHS CHCTEMH i, SIK HACJIiJOK, 3MiH Y IIpio-
purerax po3sutky JIIC. [l BUpIMIEHHS TaKUX CHCTEMOTEXHIYHHUX 3aBAAaHb
3aCTOCOBYIOTh OaraTOKpHUTepiaibHi MOJIENi NPUIHATTS pillleHb, 3a3BHYal
MIPOTIOHYETHCSI BUKOPUCTOBYBATH METOIU HEUITKOTO 0AaraTOKpUTEPialbHOTO
MpOrpaMyBaHHs, LIJILOBOTO NPOTPaMyBaHH:I, @ TAKOX 1HIII METOIH.

dopmyBaHHS aeKBaTHOT BUMOTaM, BUKJIMKAaM Ta 3arpo3aM ChOTOJICHHS
apxitextypu JIIC 36poiinux Cun Ykpainu Oy/ie oHUM 13 3HaYHUX KPOKIB Ha
BHUKOHAHHS TIOCTABJICHOTO KepiBHUIITBOM JepxaBH (y Ctpateridaomy 000-
pOHHOMY OIOJIETEH1) 3aBJaHHs OO0 CTBOPEHHS IHTETPOBAHOI aBTOMATH30-
BaHOI CHCTEMH YTIPaBIiHHA JIoTicTHIHUM 3a0e3nedeHHsM 3C Ykpainu. Pos-
pobxky apxitektypu JIIC HeoOXigHO 3IIIICHIOBATH i3 BpaxXyBaHHSAM HEOOXia-
Hocti ctBopeHHs JIIC Ha 6a3i MPOMHUCIIOBOI iHTETpamiiHOl TIATPOPMH IS
BICHKOBHX BIJIOMCTB, sika 0 3a0e3medyBasia MOKIJIMBICTh BUKOPUCTAHHS MO~
NepeHiX 1 MOTOYHUX HanpaloBaHb, (YHKIIOHAJIBHICTB SKOT OXOIUTIOBasIa O
BECh KOMIUIEKC Ta LUK MPONECIB JOTiCTHYHOro 3abe3rnedeHHs: 30poiHuX
Cun Ykpainn.

Jlirepartypa:

1. Mertonosorivni acriekTd iHpopMaTH3alii BiHCHKOBOI JIOTICTUKU: MO-
Horpadis / [B.B. TTomimyk, 1.€. Herecin, M.A. 3akanaa, M.1O. T'onoGopo-
IopKo Ta iH.]: 3a pen. B. b. Iomimyka. — Kuis: YkpHIL] PIT, 2019. — 108
c./im.

2. Vka3 [Ipesunenra Ykpainu [Ipo pimenas Paau HarioHapHOT Oe3MeKH
i 06oponn Ykpainu Bix 20 tpaBHs 2016 poky "IIpo Crparteriuauii 060poH-
Huil OronereHp Ykpaian", nokymeHt 240/2016 Bix 06.06.2016.

3. Apxurextypa u crparerus. «Hp» 1 «IHb» MHHOPMALMOHHBIX TEXHO-
noru# npeanpusitusa / A. lanwimn, A. Ciitocapenko. — M. HTepHeT — YH-T
Wndopm. Texnomnorui, 2005. — 504 c.
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YK 004.9

HIAXOJU 10 PO3POBKU IT-APXITEKTYPHU
THOOPMAIIMHUX CUCTEM TA IT-CTPATETTi
MIHICTEPCTBA OBOPOHHU YKPAIHU

M.A. 3akanan, A.C. MymsBka
IHCcTUTYT IpOGIIeM MaTemMaTnaHUX MamuH i cucteM HAH Ykpaian
[Momimyx B. b.
Yxpaincokuii naykosuii yenmp po3gumxy inpopmayitiHux mexnono2ii

Jus 3abe3nedeHHs] €PEeKTHUBHOTO YIIPABIiHHS BEJMKAMH OpTraHi3aIliii-
HUMH CHCTEMaMH{ Ha OCHOBI CyJacHHX iH(pOpMaLiifHIX TEXHOJIOTiH CTBOPIO-
I0ThCS CKIanHi iHpopMariitai cuctemu. OpraHizaliifHa cucteMa — e CyKy-
MHICTH JIIOJACBKUX, MaTepialibHUX, TEXHIYHHUX 1 (piHAHCOBHX pecypciB, Mixk
SKAMH ICHYIOTh €KOHOMIYHI, YIIPaBIiHCHKI, IHOpMAIliiiHi, COIlia]bHI B3ae-
MO3B’5I3KH, SIKi ITOB’SI3yI0Th HABEICHI BUIIIE PECYPCH B €MHY LITICHY CTPYK-
Typy. THUIOBOIO OpraHi3alliifHOI0 CHCTEMOIO € KOPIOpAaTHBHA CHCTEMa YII-
paBIIiHHS KOMIMaHi€eto. J[JIs TaAKUX CUCTEM HampalbOBaHi METOIOJIOTIT, METO-
JIUKYU Ta IHCTPYMEHTH 1X aBTOMaTtu3ailii. BUxos14u 3 HaBeJICHUX BU3HAYCHD,
JI0 OpraHi3alliifHAX CHCTEM TaKOXX MOKHa BigHecTH i MiHictepcTBo 000-
poru ta 36poitHi Cun Yxpainu.

Crpareris po3BuTKy 30poiiHux Cun Ykpaiau Ta nisutbHOcTi MiHicTepc-
TBa 000pOHN YKpaiHu BUKIAJeHI Y BoeHHIH nokTpuHi YKpainu, y sKii, 30-
Kpema, cpopMyIIbOBaHI 3arPO3H BOEHHIH Oe3merni YKpaiHi Ta MOXKJIHBI CIie-
Hapil ix peamizaiii, y Ctpareriunomy o00poHHOMY OtosieTeHi YKpaiHu BH-
KJIaJIeH1 CTpaTerivyHi Lijii, OnepaTHBHI 1[I Ta pe3yabTaTHBHI (IHAMKATHBHI)
MOKa3HUKH TX JIOCATHEHHS, @ TAKOXK 3aBJIaHHS Ta pe3yJIbTaTUBHI (IHIUKATH-
BHI) IIOKa3HUKH X BUKOHAHHSI.

Indopmauiitai TexHonorii — iIHCTpyMeHT ynpaeiinas. st Toro, mo6 BiH
OyB edextuBHUM, [ T-cTparerito HEOOXiTHO CHHXPOHI3yBaTH 3 Oi3Hec-cTpa-
Teriel0 (CTpaTeriero po3BUTKY opradizamii). ToMy ais CTBOPEHHS YMOB
MIOA0 3MiHCHEHHs ¢(PEKTHBHOTO YIPaBIiHHSI OOOPOHHUM BiJJOMCTBOM IIO-
BUHHO OYTH BUKOHAHO CHHXPOHI3AIIII0 3araibHOi cTparerii MiHoOOpoHHU Ta
3C Ykpainu i3 BignosigHoi [T-crpareriero MiHOOOpOHH 3 METOIO Opi€eHTAIi]
IT-npoexrie MO Tta 3C YkpaiHu Ha PO3BUTOK CIIPOMOXKHOCTEH 30pOHHHUX
CHJI, BIHCBK (cni).

Y Bunazky 4itko cpopMysoBaHO1, 3a(iKCOBAHOI y AUPEKTHBHUX JOKY-
MEHTax 1 peajbHO Jif040i CTpaTerii, MeTouKa CHHXpOHi3alii st MiHo6o-
pPOHM MTOBUHHA NependavyaT HACTyIHI Kpoku [1,3]:
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1. BuainsoTbes KIIOUOBI aCTIeKTH, SIKi 3aKJIa/ieHl B OCHOBY Oi3Hec-cTpa-
rerii. L{i acnextn npu po3po6ui IT-crparerii Oy ayTh CiyryBaTH sIK 0OMexy-
10YMMH (PaKTOpaMH, TaK i TAKKMMHU, 10 BU3HA4atoTh i B cdepi IT. o cra-
H/apPTHOTO HA0Opy acleKkTiB BKIIOYAIOTH reorpadito OizHecy; MexaHi3M
NIPUIHATTA pillleHb, TPOTHO30BaHI pe3yNbTaTH; HasBHI iH(oOpManiiiHi cuc-
TeMH, iHQPACTPYKTYPHI PIlIEeHHS, IKi BHKOPHCTOBYIOTHCS Ha IOTOYHHHA MO-
MEHT; CHCTeMa MEHEIDKMEHTY SIKOCTi; crcTeMa (iHAHCYBaHHS Ta OIOIKETY-
BaHHS.

2. Busnauarotses obmacti IT-cTpaTerii, siki MatoTh BimoOpakaTH KITIOYOBI
acriektu OizHec-cTparerii. HaffuacTime po3risggaroTs I’ ATk KIIFOYOBUX 00JIa-
creit [T-apxitexkTypu: mepenik QyHKIiH, aKi BUKOHYIOThCA 1T-cuctemamu;
nepestik MporpaMHUX 3acTOCYBaHb ; NMUTaHHs iHTEerpanii; iHppacTpyKTypa
IT; 3abe3mneucHHs pecypcaMu.

3. Koxna 3 Bupinenux obnacreir IT-crparerii Mae OyTH y3rojpkeHa 3
KJIFOUOBUMH aclieKTaMu Oi3Hec-cTparerii. SIk MexaHi3M y3TroJKEHHS BUKO-
PHUCTOBYETHCS T.3B. “Marpullst Kopemsiuii”. I1o ropuzoHTani MaTpuili BU3Ha-
yaroThes enemeHtu [T-cTparerii, mo BepTHKalli — KIIIOUOBI acniekTu Oi3Hec-
cTparterii. Y KIITHHAX MaTpHIIi BiToOpaXkaeThCs BIUIMB TOTO YH iHIIOTO ac-
nekTy 6i3Hec cTpaterii Ha IT.

4. [Ticns BU3HAYCHHS OCHOBHUX OpieHTHPIB po3BUTKY IT MoxkHa mepexo-
IuTH  Oe3rocepeHso 10 (OPMYBaHHS KOHKPETHUX IIJIEH Ta BU3HAYCHHS
OCHOBHHX IIPOEKTIB.

[Mixxonu, siKi BAKOPUCTOBYIOTBCS JUIsl aBTOMATH3allii yIpaBIliHHS KpPYII-
HUMH KOPIIOpALisMH, MOXYTh OyTH BUKOPHCTAHI 1 IPU CTBOPEHHI iH(popMa-
uiitHoi iHppacTpykTypu MiHictepcTBa 000poHU YKpaiHH.

Po3po6unenns IT-apxitextypu i IT-crparerii MiHOOOpOHH TOBUHHO TPO-
BOJIUTUCH HAa OCHOBI BIANOBIJHOTO C()OPMOBAHOIO METOJUYHOTO amapary
po3pobnenns IT-apxitexrypu i IT-crparerii (30kpeMa, J0OIpaIOBaHHS MO-
nemni apxitektypu IT, po3poOiaeHHsT METOIMKN BH3HAYCHHS TIPIOPUTETHOCTI
00’€eKTiB aBTOMATH3a1lii, YIOCKOHAICHHS TII0CAPi0 TEPMiHiB, III0 3aCTOCOBY-
oT1ecs y cdepi IT MO, cydacHi CTaHIApTH YIPABIIHHS KUTTEBUM ITHKIOM
iHpOpMaNiHHIX CHCTeM, HEOOXiNHI KIacHU(ikaTopH, amamnTallis 10 CICIH-
(biKky BiZOMCTBa METOJUKH BHOOPY CTAaHIApTHHX MPOrPAMHHUX 3aCTOCYBaHb
Ta iH).

IT-ctpateris 000pOHHOTO BioMcTBa MoOKe OyTH ChOpMYJIbOBaHA Y JI0-
KYMEHTI, 32 OCHOBY 3MICTy SIKOTO MO>ke OyTH B3ATHI HacTymHHH [3]:

A) Lini, oomexxenHs 1 miaxia. KopoTko ¢popmymroeTses mpu3HaYeHHs 10-
KyMEHTa, BU3HAYAETHCSI HOTO MO3UIIOHYBaHHA aiisi poboTtu IT-migposaimy
(ctpyxrypu kepyBauH: IT) 1 migpo3aiiiB 3 OCHOBHOI AiSIIBHOCTI OpraHizariii,
HaBOJSTHCS MOCHJIAHHS HA 1HII JOKYMEHTH.
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B) 38’30k 31 cTpareriero opraHizaunii. OnuCyrOTHCS 30BHILIHI 1 BHYTpi-
IIHI YMOBH, SIKi BU3HAYaIOTh HAIIPSIMKH PO3BUTKY OpraHizarii, 1 i aisib-
HOCTI Ta OCHOBHI iHiIliaTuBU. Ha 0CHOBI cTpaTerii po3BUTKY opranizarii ¢o-
PMYJIIOIOTBCSL OCHOBHI 33/1a4i iHpopManiiHux cucreM (1o notpioue) i IT-
nigpo3ainy (sk pooutn). Busnauaerbes mosunionysanus IT B opranizanii ta
POJb MEPCHEKTUBHUX 1H(POPMALIHHIX TEXHOJOTIH A PO3BUTKY iCHYIOUHX
MIPOIIECiB UM CTBOPCHHS HOBUX HANPSAMKIB JisUTEHOCTI.

B) Icuytounii cran cpaB y cdepi IT. HaBomutbes cTucnmii Hedopmais-
HHUH ONHC «BEPXHIX PiBHIB» apXiTeKTypH opradizarii. KopoTko dhopmyiro-
€THCA OIIHKA BiIIIOBIAHOCTI HASBHOTO CTaHY apXiTEKTYpH BUMOTAM JIisiTb-
HOCTI oprasi3amii, ocHoBHi npoOiemu IT. Moxe Oyt HaBeneHe pe3roMe mo-
PIBHSIHHSI 3 KPAIIUMH PaKTHKaAMH.

I') LlinsoBuii cran iHGoOpMaIiiHUX cucTeM (apXiTekTypa to be):

apXiTeKTypa MPOrpaMHHX 3aCTOCYBaHb (aHaJIi3 ICHYIOUMX 3aCTOCYBaHb,
BU3HAYCHHS IPOTPAMHOT0 3a0€3MeYCHHS, SIKE MOTPIOHO pOo3pOoOUTH (BIIPOBa-
JITH)); apXiTeKTypa iHpopMallii, inTerparii, 6e3neku; TexHoyuoriuHa indpa-
CTPYKTYPH; TEXHOJIOT1YHA apXiTeKTypa Ta CTpyKTypa kepysanHs IT.

) [Tnan nepexony:

YKpYIHEHHUH IUIaH MepeXoAy IO LiTbOBOI apXiTeKTypH iH(OpMaIiifHuX
cucrteM. [HTerpampHi xapaktepucThkd IT-OIOKETy i CHHCKY TIPOEKTIB.
[puHIMTT BUOOPY/MPIOPUTETHOCTI MPOEKTIB i IHCTPYMEHTH IS iX OILiHIO-
BaHHS;

BapiaHTH 1 pu3uKK. MOXKJIMBI BapiaHTH cTpaterii 3aje)HO BiJ 00CSATiB
(iHaHCYBaHHS 1 BapiaHTIB pO3BHTKY OpraHizaiii, aHami3 pusukiB. OuiHIO-
BaHHsI FOTOBHOCTI OpraHi3aiiii 0 peai3alil JaHoi cTparerii;

BUOIip mpoekTiB. Kiacudikamis i cnucoK HalBa)IMBIIIUX MPOEKTIB Ha
Ha#Ommk4i 1-3 poku, 3rpymnoBaHi 3a KaTeropisimu. Meta — JaTH KOPOTKHI
He(OpMaTbHHUN OMKC y paMKaX OJHOI0 3BEICHOIO JOKyMeHTa (I1ii, 3a1adi,
TEpMiHN), a TAKOX AKIEHTYBATH IIUTaHHS B3a€MO3aJIC)KHOCTI ITPOEKTIB.

Ha puc. 1 [3] HaBeneHa MaTpHIsi KOMIUIEKTY JOKYMEHTIB, MOZENCH Ta
(hopMaITi3oBaHUX OIKUCIB, SKi CHCTEMHO Ha PI3HHX PIBHAX aOcTpakmii HeoO-
X1JTHO BUKOPHCTATH /I BU3HAYEHHS apXiTeKTypu Ta crpaterii IT po3BuTky
MinicrepctBa 060ponu Ta 30poitHnx Crn YkpaiHu.

[Ipouenypu — e iHCTPYKIII, 110 ONHUCYIOTh, SIK BAKOHYIOTHCS ITOJITHKH
it craunaptu. IIporerypu BCTaHOBIIOIOT 1 OMUCYIOTH MTPOIECH, SIKi BHKOHY-
I0TBCS Ha peryJsipHii ocHOBi. KepiBHHITBa ab0 pexoMeHmallii — e OmICH
KpaIux MpakTHK a00 IpUHHATHI IMiIX0AX IO MPAKTHYHOI peastizariii MoJiTHK
i mpouexyp. KepiBHHIITBAa MOKYTh CTaTH CTaHAAPTAMHU.

HaBenenuii cnmcok nae TpeACTaBIEHHS MPO «ifeanbHY» KapTHHY,
OB’ s13aHy 3 OTIMCOM CTpaTerii i apXiTeKTypH iH()OpMaIiiTHUX TEXHOIOTiN Ha
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PiBHI JJOCUTB BeNMKOI opranizaiii. Ha npakTumi Taka noBHa CyKyIHICTb J10-
KYMEHTIB 1 OITUCIB CTBOPIOETHCS POTATOM MEBHOTO NEPioAy Yacy MpakThy-
HOi poOOTH.

2 — Micis Ta 6a-
° Z |—| YCHHS

,E )i Q’ KepiBHi npus-
E = 10500071

E E 1im, 3ana'{1. Ta
=) cTpaTerii
e Apxirexrypa IT

[onituku (mpa-

= BHJIA)
m A
F E IT-crannapti
=R
& Iponenypu
< . .
&= KepiBni ma-
Tepias
biznec | Indop- 3a- TexHo- | Ynpaeninas
Marist CTOCY- norii 1 KOHTPOJIb
BaHHs

Puc. 1. Matpuus juist onmcy crparerii Ta apxitektypu [T BizomcTBa

st orucy apxitektyps [T 3acTOCOBYIOTH pPi3HI BIiZIOMi METOUKH Ta MO-
neni, crparerist po3BUTKY IT GopMymroeTbess y MOKYMEHTaX pi3HOTO PiBHSA
abcTpakiii.

Skmio apxiTekTypa XapaKTepu3ye IMeBHUH CTaH i piBeHb iH)OpMAIITHIX
TeXHOJIOTiH, Toni IT-cTpareris 3aae HaMPsIMOK ISt 3MiHM ITUX CTaHIB i mmpa-
BWJIA TAaKMX MEPeXoiB. [HaKIIe Kay4H, sIKIIO 3a BiICYTHOCTI cTpaTerii 10
Mmetu (apxiTektypa TO be) moxxe BecTu Ge3iiv NUISXiB, TO MIEBHA CTPATETis
JI03BOJIsIE BUOPATH JIMIIE HAHONTHMANBHIII (KPUTEPId — CHPUSIHHS TOCAT-
HEHHIO IiJIel opraHi3arlii, 0OMeXeHHS: Jac, KOIITH, iH.).

Jlitreparypa:

1. MetoposoriuHi aciekTH iHpopmarn3alii BilicbKOBOI JIOTICTHKH: MO-
nHorpadis/[B.b. Iomimyx, [.€. Herecin, M.A. 3akamag, M.}O. I'omoGopo-
nbKo Ta iH.]: — Kuis: YkpHI] PIT, 2019. — 108 c./in.

2. MNonimyk B.B. [Iporpamue 3a0e3nedeHHs] aBTOMAaTH30BaHUX CHUCTEM
yIpaBiIiHHSA 000POHHUMHM pecypcaMu: CTaHAApTHE 4u yHikaibHe? // 30ipHUK
MmarepianiB HIIC «ERP-texnonorii y BilicbkoBiit chepi» / YxpHI[ PIT. —
Kwuis, 2011. — C.5-8..
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3. ApxutekTypa u cTpaterus. «Hb» 1 «1Hb» HHMOPMAIIMOHHBIX TEXHO-
noruii npeanpusitust / A. Jlarunun, A. Cmrocapenko. — M. aTepHeT — YH-T
Wudopm. Texnonorwmii, 2005. — 504 c.

YK 004.9

HIAXIT 10 HOPAJAKY ITPOEKTYBAHHSA APXITEKTYPHU
IPOI'PAMHOTI'O 3ABE3NIEYEHHSI .JIOFICTI/I‘IHO.I'"
TH®OPMAIIMHOI CUCTEMHU 35POMHAX CUJI YKPATHA

Homimyx B. b., I.€. Herecin
Yxpaincekuii Haykosuil yenmp po3eumxy iHopmayitiHux mexnono2ii

B.®. I'pevaninoB, B.M. 3akaman,
Tuemumym npobaem mamemamuynux mawun i cucmem HAH Yrpainu

Y CrpateriunoMmy 00OpPOHHOMY OOJICTCHI YKpaiHH MOCTaBJICHE 3a-
BIaHHS CTBOPHTH aBTOMAaTH30BaHy CHCTEMY JIOTiCTHYHOTO 3a0e3redeHHs
BIlICEKOBHX ()OPMYBaHb Jiep>KaBHU. Y MEPCIEKTUBI Taka IHTErpOBaHa cUCTEMa
MIOBUHHA OXOINUTH BECh )KUTTEBHH IIMKI 00OPOHHUX PECYPCiB — BU3HAYCHHS
notped, MPOCKTYBaHHSA, PO3POOKY, 3aKYIIBIIO, MOCTAYaHHsS, 30epiraHus,
TPaHCIIOPTYBaHHS, PO3IIO/ILI, TEXHIYHE 00CIYrOBYBaHHS, €BaKyallilo Ta yTH-
Ji3aIio MaTepialbHUX 3ac00iB, 030pO€HHS U BiIICBKOBOI TeXHIKH, OO€IpH-
maciB i BiiCPKOBOTO MaifHa; MePeBE3CHHS O0COOOBOTO CKIAIy; MpHIOaHHS,
OyIiBHHUIITBO, €KCIUTyaTaIlif0, PEMOHT Ta YTHJI3aIlif0 BIICEKOBHX 00 €KTiB;
HaJlaHHS TTOCITYT; MeJMYHE 3a0e3MeueHHS.

Ha meromudHOMY piBHI IIPH MPOEKTYBaHHI CKIAJAHUX iH(MOpPMAIIHHUX
CHCTEM YIPAaBJiHHSA /0 SIKMX BIJIHOCHTBCS JIOTiCTUYHA iH(poOpMaIlliiiHa cuc-
tema 30poitaux Cun Ykpainu (JIIC) BuHrKae mpobdiaema 0araroBapiaHTHOCTI
MPOEKTHHX PillieHb IPU: BU3HAYEHHI €TAITHOCTI OXOIJICHHS 00 €KTIB ynpas-
JIHHS MPOEKTaMH aBTOMATH3allii; BHOOpi crocoly peanizaii [13 — po3po6-
JICHHsI YHIKaJIBHOTO Y BIIPOBAIDKEHHs cTaHnaptHoro I13; Bubopi cranaapt-
HUX (IHIyCTpiaibHUX) QYHKIIOHAIBHUX TPOTPAMHHX 3aCTOCYBaHb.

Y 3B’513Ky 3 00OMEKEHICTIO YaCOBHX, (DIHAHCOBHUX, JIFOJICBKUX Ta MaTepia-
JBHUX pecypciB, siki BUAUIIOTHCs Ha cTBopenHs JIIC 3C Ykpainu, oqHuM i3
OCHOBHHX IPOEKTHHX 3aBJaHb € BU3HAUCHHS NPIOPUTETHOCTI Ta €TAITHOCTI
aBTOMATH3alii y HACTYIIHUX paKypcax (CKIaJ0BUX) 00 €KTy yIpaBIIiHHI: Op-
raHizaliifiHa CTpyKTypa; Ciry»K00Bi IpoLeCH; PeCypcH.

st hopMyBaHHS €TaIHOCTI aBTOMATH3aLi1 00 €KTY YIPaBIIiHHS ITOTIepe-
JTHO HEOOX1THO BU3HAYUTH MPIOPUTETHICTh aBTOMATH3AIII1 Pi3HUX KOMOiHa-
it ckmagoBuX cepu ynpaBIiHHA BiIMOBITHO O KPUTEPil0 BIUIUBY aBTO-
MaTH3anii nux cdep Ha PO3BUTOK CIIPOMOKHOCTI BIHCHKOBHX (hOPMYBaHb —
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TOJIOBHY METY CTBOPEHHs IHTErpoBaHOI CHCTEMH JIOTICTUYHOIO 3abesrie-
yeHHs 3C Ykpainu.

Jnst BupinieHHs 3a1a4i GOpMyBaHHs IPIOPUTETHOCT] €TaIliB aBTOMATH-
3aIil IPOIIOHYETHCS CTBOPUTH MOJIEIIB, SIKA JI03BOJISIE BUKOHATH PaH)KYBaHHS
(Bubip) BapiaHTIB peaiizalii (YHKIIIOHAJIBHOTO i TOIOJIOTIYHOTO aCIIEKTiB
apxiTeKTypu aBTOMAaTH30BaHOi cucteMu Jorictuku 3C YkpaiHu Ha OCHOBI
OIIHOK TIeBHUX (PaKTOpiB, AKi BIUIMBAIOTH HA IiJBUIICHHS O0€31aTHOCTI
BilickK ((popMyBaHB), 3 ypaxyBaHHSIM €KOHOMIYHHX aCIIEKTiB CTBOPECHHS Ta
eKCIUTyaTaIlil aBTOMAaTH30BAHHUX CHCTEM i IPOEKTHUX pu3uKiB. ToOTo Bapi-
AHTH OIIIHIOIOTHCS HE K PE3YNbTAT iX 0e3MmocepeIHbOTO MOPIBHAHHSA SIK ITi-
JCHUX 00’€KTiB, a MIJIIXOM JeTalli3allil Ta OIiHKH iX BIIACTHBOCTEH (Xapak-
TEPUCTHUK) 1 TPUUAHSITTS PIlICHHS 3a y3araJlbHeHUMH pe3yJibTaTaMy MOpiB-
HSHHSI [UX BJIACTHBOCTEH. Bruine abo 3HaueHHs (Bara) nux (HakTopiB BU3HA-
Ya€eThCsl B TEPMiHAX JIHI'BICTUYHHUX 3MIHHUX 13 3aCTOCYBaHHSIM EKCIIEPTHHX
npoLeayp, o HaJae MOXKJIMBICT Ha MPAKTHUII TOCUTH JIETKO OOYMCIIOBATH
X y KibKicHIH (opmi.

Ha puc. 1. HaBeZieHO 3arajbHUI aJrOPUTM paH)KyBaHHS BapiaHTIB opra-
Hi3aliitHOI 1 PYHKIIIOHATBEHOI CKIIAIOBUX apXiTeKTypH aBTOMAaTH30BAHOI CH-
cremu JI3 (JIIC) Ta cxitax 6a3u maHUX IS KOSKHOTO BapiaHTy cepr aBToMa-
TH3aLil.

Ha neprmomy erami 3afisiHi €KCIIEpPTH 3 JOCBIIOM HisTIBHOCTI Ha cTpare-
riuaoMy piBHi ynpasmiaas 3C, sKi BAKOHYIOTh paH)KyBaHHS ()parMeHTIB Op-
rerpyktypu 3C.

PamxyBaHHSI NPOBOJUTHCS MO KPUTEPItO BILIMBY aBTOMAaTHU3Allii iX JIOTi-
cTHYHOTO 3abe3nedyeHHst Ha piBeHb crnipoMoxkHOCcTi 3C B LIJIOMY J0 BHKO-
HaHHS 3aBJIaHb 3TiJHO 3 OYiIKyBaHUM XapaKTepOM BIMCHKOBUX il (BH3Ha-
YeHHsI PIOPUTETHOCTI aBTOMaTHu3alii 3a acrekToMm “OpraHizaiiifiHa cTpyK-
Typa”).

Ha nactynuux eranax excrnepty 3 JI3 BU3Ha4aroTh MPiOPUTETHICTH PECy-
pciB (KOMIDIEKTIiB TPEAMETIB MOCTadYaHHs) Ta Oi3HEC-TPOIECIB MUIIXOM iX
pamXyBaHHS 32 KPUTEPIiEM BIUIMBY Ha PO3BUTOK CIIPOMOXHOCTEH, BU3HAUE-
HuX Ha etami 1 ¢parmenriB oprerpykrypu 3C.

PesynpraTi ekcriepTHOI NMpoLEAypH PaH)XyBaHHsS JO3BOJSIIOTH (Gopmy-
BaTH €Tally aBToMaTu3anii cucteMu JoricTukn 3C BUXOJIS19H 3 IPIOPUTETHO-
cti chep aBromarTm3allii, BU3SHAYCHHUX 32 KPUTEPIEM BIUIMBY Ha PO3BHTOK
cupomoxsocteit 3C. Chepu aBromarn3zallii — eJIeMEHTH OPTCTPYKTYPH KO-
pHUcTyBadiB pecypciB Ta cucteMu JI3 3 BU3HAYCHUMH POOOYMMH MiCIISIMH,
cmy»060Bi miporiecu JI3 Ta ckiaa pecypciB y CBOIO Uepry € ckiagoBumu [T-
apxiTeKTypH aBTOMAaTHU30BaHO1 cuCcTeMH JIoTicTHKH 3C.

ITigxin mo BU3HaUeHHs crocoly peamizaiii [13 — po3pobieHHs yHiKalb-
HOTO 4M BIPOBAKEHHS CTAHJAPTHOI0, ONMCaHuil B [2].
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JInist miATPUMKH pillieHb 11010 KOMIUIEKTYBaHHSI CUCTEMH CTaH/IapTHUMHU
IHIyCTpiaJIbHUMHU TIPOTPaMHUMHM 3aCTOCYBaHHSIMH PO3pO0JIeHa METOAMKA,
sKa y3arajJbHIOE JJIs 3a3HaYeHOI NMpeMEeTHOT 00s1acTi MeTo1 aHaji3y iepap-

Xii 3 HONapHUM MOPIBHAHHAM Ta  BH3HAYEHHAM  DIBHSA
|  Buwowasni |  Eramm Ta sMicT excieptHoi | Pesyabrar excmeprmoi |
|_EKCOEPTHIM , __ Tmpoueayp® Lo TPOLEAYPH
, Excmeprmsi ! Q X
, cTpareriHCre | | 1. BHsHad9eHHA OpiopHTeTHOCTI BigpamagEasmi '
| IIaHYEaHHA | | AETOMaTHIamii (parMeHTiB MepemiK X
' (THI3C ! | oprerpyverypm 3C Vipsinm dparueHTiB |
' VipdisE) ! | (kopHCTYBadiE p&c‘j.-'ptil?) OITAXOM IX | .| opreTpyETypE X
! ' | pamzysamma sa xpuTepien EmTHEY KOPHCTYBadiE !
! ! | asTomaTmsamii ma pisems pecypeis !
! ' | cmpenommocTi 3C) !
1 1 1
| : ¥ ~
i 1| 2. BsHa9eHHA OPIOPHTETHOCTL - 1
! ! | OXOILTEHHA AETOMATHSAIER Biapassonassi !
! Ercneptms | | pecypcis (IpegMeTis MOCTA9aHHA) Hepemnik pecypris !
' M3 za ' | AnT EiZRAEARER-HEX Ha MepmoMy AR CIHCEY !
! mampmMamm | | eTami GPArMEHcTiE OPTCTPYETYDH eramy 1 !
i 1 | mmaxow ix pamsyEaHHET 34 i
1 1 . 1
| 1 | EpuTepiem EnIHEY aETOMATHANil |
| i | mapizens copomomEocTi mIx @ |
: i | dparmentis oprorpyxrypn) M0 Bispammosammi  |!
| ‘ MepemiK |
: ' I i CTyHGOEHX :
! 1 L - !
! ' | 3. Busma=ens npiopaTeTHOCTL TpOMEciE LTH !
! ! | ©ismec —nponecis JEI] pecypeie CIHCEY !
L | anm g - cmmexy . pecypeis era._n} :
! ‘E_F;Pm 3 !| pecypeis sa pesyaeTaTaym »| 2 Ta cumCEy !
| sl 3a i | Apyroro eramy excmepTHsH thparmesTis |
, HANPEMAMH | pypaxons ix paEyBaHEd sa OpPTCIPYETYPH :
: ' | spETepic smmmEy asToMaTHsamii eramy 1 J\
: i | Ha pipeHs cnpomomEOCTi Q A
: 1 | tparMeHTiE OpreIpYETYPH, ﬂ Bigparmopani
: 1| BABRAEFQEREE Ha HePmOMY sapianTs IT-

X 1| eTami excHepTHIH .

! ' APRITEETYPH

! ' T T CHCTEMH 3i

| ! \ 4 - CENafOBHMH:

! ' | 4. Busma=enmn dparMenTis - opreTpykTypa s

: i | oprerpyrrypr JI3 3C, sagiamoi PODOTHME MICITAME

: V| mnE peanisanil BiapaEEOEARHES - CIyE00EL mpoecH

| IT-apxirerTop V| emyGorms mpomecis 1a - crTag GasH JaHmx

: | MpegMeTis MOCTAYAHHEA (pecypen) y
1 1

| | . |
1 1 1
L e e e e e e e e e e - = O 4

Puc. 1. 3araneruii anroput™ pamxysauas apxitektypu JIIC 3C
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nepeBar MiXk co0OI0 MOXJIMBHX aNbTEPHATHB (CTaHAAPTHHX MPOTPAMHHX
3aCTOCYBaHb) Ha OCHOBI OOpOOKHM €KCIICPTHUX OI[IHOK 3 BHKOPUCTAHHSIM
JIHTBICTUYHUX 3MIHHMX Ha HEYITKMX MHOXXHHaX KpUTEpiiB, BaroBHX
KoeilieHTIB 3HAUyIOCTI (haKTOPiB Ta KOMIIETEHII] €KCHEPTiB, a TaKOX
AITOPUTMIB aJUTUBHOI Ta MYJBTHIUIIKATUBHOI 3TOPTOK, OINHUC SIKOI
HaBeneHui y [3].

VY poGoTrax MOBHHHI OyTH 3aIisHi €KCHIEPTH 3 KOMIIETEHTHICTIO ¥ cdepi
CTPATETiYHOTO IDIaHYBaHHA MOXIIMBOTO 3actocyBaHHA 3C Ykpainu 3a pi3-
HUMH CIICHApisIMH peai3aiii 3arpo3 BoeHHil Oe3reri Ykpaiaun, chopMybo-
BaHUX y BoeHHII HOKTpHUHI YKpaiHN Ta iHIOINX BOEHHO-TIONITHYHUX JOKY-
MEHTaX CTPATETiYHOTO PiBHS.

HaBenenuit migxiZg KOHKPETU3YETHCS Y BHIVISII OaraToKpHTepiaibHOT
MOJIeJl NPUIHATTA pillleHb MPU MPOEKTYBaHHI aBTOMAaTH30BAaHOI CUCTEMH
norictiku 3C, sKa MpeCTaBisie COO0I0 MeTa-alrOPUTM BUKOPUCTAHHS €KC-
NepTaMu HaCTYIHUX (hOpPMali3oBaHUX METOJMK: PaH)KyBaHHS BapiaHTiB ap-
XITeKTypu aBTOMATH3allil, BHU3HAYCHHS CIOCOOY peai3allii apXiTeKTypH Ta
BUOOpPY (paHXXyBaHHs) IHAYCTPiaJbHUX MPOrPAMHUX 3aCTOCYBaHb — allbTep-
HATHB /I aBTOMAaTH3alii BiAMOBIMHUX OPraHi3alifHUX CTPYKTYp Ta TPYII
CITy>KOOBHX IIPOLECIB, IKUMH BOHH ONIEPYIOTh.

VY nomanpmiomMy 3a UM K€ METa-alrOPUTMOM PO3IIIAAAIOTECS 3MIHU 10
apXiTeKTypH MPOTrpaMHOTO 3a0e3edeHHs, SKi IHIIIII0ThCS y 3B 3Ky 31 3Mi-
HaMH B OpraHi3amiiHi# CTPpyKTypi i ciayx0oBux mporecax MO Tta 3C, mosi-
BOIO HOBHX 1HIyCTpiaJIbHUX IIPOIPAaMHHUX 3aCTOCYBaHb, TEXHOJIOTTYUHUMHU MO~
KpalleHHIMH IIPOrPaMHOro 3a0e3MneueHHs, sIke BHKOPUCTOBYETHCS, Ta iH.

Jliteparypa:

1. Mamenko C.O. O630p pa3BUTHS MHOTOKPHUTEPHAIBHBIX MOJEITIEH MPH-
HaATHs pemeHnid / Bicauk KuiBchkoro HamioHaJdpHOTO yHiBepcutety iMm. T.
[leBuyenka. Cepist: dizuko-maremaTnyHi moxeni. — 2013. — Ne2. — C. 190-
197.

2. Momimyk B.b. [Iporpamae 3abe3neueHHs aBTOMAaTH30BaHUX CHCTEM
YIpaBIiHHS 000POHHHMH pecypcaMu: CTaHJapTHE X YHiKanbHe? // 30ipHUK
MarepiaiiB HayKOBO-NpakTHYHOro ceMinapy «ERP-trexHouorii y BiicbKOBii
coepi» (29 rpynust 2011p.) / YrpHIL PIT. — Kuis, 2011. — C.5-8.

3. Kapnosuu A.A., Herecin I.€., ITomingyk B.b. Kak Beiopats ERP 1o
merony Caatu // UTM. HpOpMaImOHHbIE TEXHOJIOTUH I MEHEKMEHTA.
—2014. —Yactb 1. — Ne6-8.— C. 16-21. — Yactb 2. — Ne9-10. — C. 10-14.
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VJIK 355.4

METO/JUKA OIIHIOBAHHSA ) KUBYYOCTI CUCTEMU
YIIPABJITHHA BOI'HEM 3EHITHOI'O IIIAPO3ALTY (HACTUHHN)
3 BUKOPUCTAHHAM MOJEJIIOBAHHSA

Oumiiinuk P.M., linuna C.B., €pmonenko O.B.
epoicasnuii HayKo80-00CHiOHUY IHCIMUmMYm sunpobyeans i cepmuixa-
yii 030po€EHHA Ma BiliICLKOBOT MEXHIKU

B nmomoBizi 3arponoHOBaHO MUIAXH PillIeHHS 3aBAAHHS OLIHIOBAaHHS JKHU-
BYYOCTi CHCTEMH YIPaBJIiHHA BOTHEM 33 paXyHOK BUKOPUCTaHHS [IEBHUX Me-
TomuK. SIK BapiaHT, IS PO3pOOKH OOIPYHTOBAHHX IPOIMO3HIINA Ta TOPiB-
HSHHS TPUAHATHX PIIIEHb 100 MiJBUIIECHHS KUBYYOCTI CHCTEMH YIpaB-
JIHHS BOTHEM 3aIPONIOHOBAHO CTBOPEHHS MOJIEII, 10 XapaKTeph3yBaTHMe
JKUBYYICTh CHCTEMH Ha MPOTs3i IEBHOTO BiAPI3KY Yacy.

KoarouoBi ciioBa: xuBY4iCTh, METOAMKA OLIHIOBAHHS, CUCTEMa YIIPaB-
JIHHS BOTHEM, CHCTEMA MPOTHUIIOBITPSIHOT 000POHU.

VYrpaBniHHS BOTHEM Ma€ Ha METi MOBHE BUKOPHCTaHHS MOXIIHMBOCTEH
CTBOPCHOT CUCTEMHU BOTHIO 3CHITHOTO MIiAPO31iTy (YaCTHHHM), KIHIICBUM 3a-
BIAHHSM SIKOI € 3HUIIEHHS MOBITPSHUX 1iyIed. OfHIEI0 3 OCHOBHUX YMOB yC-
MIITHOTO BUKOHAHHS ITOCTAaBJICHUX 3aBAaHb B XOJi BEACHHS OOMOBHX il €
3a0e3MeveHHs )KUBYYIOCTI CHCTEMH YIPaBIIiHHS BOTHEM.

O1iHIOBaHHS KMBYYOCTI CHCTEMH YIPaBIIiHHS BOTHEM € aKTyaJIbHUM Ha-
YKOBO-TIPaKTHYHUM 3aBAAHHSM IIPH IUIaHYBaHHI Ta PO3TOPTaHHI CHCTEMH
MPOTHUIOBITPSIHOT 000POHM B PI3HMX JIaHKaX YIpaBIiHHS. 31 CKIaJHICTIO BU-
pillIEHHS [IbOTO 3aBJIAHHS 3IITOBXHYIOTHCS M0CAJI0BI 0cO0M 11TabiB (OpraHiB
BIMICHKOBOT'O YIpPAaBJIiHH) SIK I/l Yac TUIaHyBaHHs 00ioBHX il (omepartii),
Tax i B X0/ ()YHKI[IOHYBaHHS PO3rOPHYTOT CHCTEMH YIIPABIIIHHS BOTHEM MPH
BIUTMBI 30BHILIHIX (hAaKTOPIB.

3 MeTO0 PO3pOOKH 0OIPYHTOBAHHX MPOIO3MIIN Ta TOPIBHIHHS IPUIHSI-
THUX PiIICHb IOJI0 MiBHUIIEHHS )KUBYYOCTI CHCTEMH yIPABJIiHHS BOTHEM He-
00XiJTHa MOJIEITB, sIKa 0 XapaKTepu3yBalia )XKUBYJIiCTh CHCTEMH Ha MPOTS3i Ie-
BHOTO BiIpi3Ky 4acy. Ll Momenb € OCHOBOO AJIsi PO3POOKH METOVKH OIli-
HIOBaHHS KHBYYOCTI.

[l BU3HAueHHS BEJIMYMH TPUBAJIOCTI LUKy “pO3BiJKa-ypakeHHs 3a-
co0y BOI'HEBOT'O ypayKeHHS IIPOTHBHUKA Ta IMOBIPHICTh YPa)K€HHS €JIEMEHTIB
CHCTEMH YIPaBITiHHA 32 JSSKUI MPOMDKOK Jacy pO3TISTHYTOO OCHOBHI MOX-
JIMBI MOJIET yapy MPOTUBHUKA 10 €JI€MEHTaM ITyHKTY YIPaBITiHHS.

3anponoHOBaHA MOJIENb OL[IHKHU KUBYYOCTI CHCTEMH YIIPABIIiHHS BOTHEM
BPaxOBY€ YNHHHKH SIKi BIUIMBAIOTH Ha PiBEHb ii )KUBYUOCTi, BU3HAYAE 3aJie-
XKHICTh PiBHS KXHUBYYOCTI BiJ 9acy Ta BPaXxOBY€ OCOOIMBOCTI OOUMCICHHS

308



IMOBIPHOCTEH ypasKeHHS €JIEMEHTIB CUCTEMH YIPaBIIiHHS BOTHEM JJIs 3a11pO-
MIOHOBAaHHUX MOJIEJIeH yAapiB.

3 aHaJi3y YNHHUKIB, 10 BIUIMBAIOTh Ha KUBYYICTh CUCTEMHU YIIPABIIHHS
BOTHEM CIIIYE, 1110, 3Ba)KAIOYH Ha PO3TOPTAHHS EIEMEHTIB CHCTEMH YIPaB-
JIHHS Y paiioHaX, sIKi JOCSDKHI JJIsl BOTHIO apTHIIepil 1 yapiB pakeTamH, pu
HaHECEHHI BOTHEBOTO YPaXXCHHS IPOTHBHUKOM IIPiOopHUTET Oye HagaBaTHUCS
caMme UM 3aco0aM ypaKeHHSI.

[pu po3polmi mpomo3uIiil MO0 MiABUIIEHHS KHUBYIOCTI CHCTEMH YII-
paBIiHHS BOTHEM 3€HITHOTO MiIpO3Iily (YacTHHH) CIiJ 30CepeKyBaTH
yBary Ha BIIPOBQ/DKCHHI OPTaHi3alliifHO-TEXHIYHUX 3aXOIiB CIIPSIMOBAaHIX
Ha:

30UIBIICHHS Yacy 1 3MEHIICHHS IMOBIPHOCTI BUSIBJICHHS! MPOTUBHHKOM
€JIEMEHTIB CHCTEMHU YIPaBJIiHHS BOTHEM;

301TBIICHHS Yacy 0e3MOCePEAHBOTO TONIYKY IJICH ISl HAHECEHHS YAapy
aBialli€ro MPOTUBHUKA B paiiOHaX PO3rOpTaHHs MYHKTIB yIIPaBIIiHHS;

3MEHIIICHHS IMOBIPHOCTI YPa)KCHHS €JICMEHTIB CHCTEMH YIIPABJIiHHS B pe-
3yJIbTaTI HAHECEHHS YAapiB IPOTUBHUKOM.

HaBeyiena MeTomKa 103BOJISIE QHAITHYHHM CIIOCOOOM IIPOBECTH OLiHIO-
BaHHS )KUBYYOCTI CHCTEMH YIPABIIHHSA BOTHEM HE BIAIOYHCH O CKJIATHHX
PO3paxyHKiB.

VJIK 621.396.96

MOJIEJTIOBAHHS PATIOJIOKAIIMHUX XAPAKTEPUCTUK
PO3CIIOBAHHSI APTUJIEPIMCHKAX BOEITPUITACIB

Mockanens C.B., Kusens FO.M., lllymuraii O.B.
Jleparcasnutl nayko6o-00caionutl incmumym eunpooysaus i cepmuixa-
yii' 030po€ents ma GiliCbKOBOT MEXHIKU

VY 10mOoBIi i AEMOHCTPYIOTBCS PE3YJIbTATH MaTEMATHYHOTO MO/JIEITFOBAHHS
XapaKTEePUCTUK BTOPUHHOTO BUIIPOMIHIOBaHHS PI3HUX THIIIB, OTPUMAHHX 32
JIOTIOMOTOI0 YHCETbHUX EJIEKTPOIMHAMIYHUX MeToiB. OOroBOPIOIOTHCS YH-
CeJIbHI JIaHi 010 e()eKTUBHOT MOBEPXHI PO3CIIOBAaHHS CHAPSIIIB y PI3HUX Ya-
CTOTHHX Jliana3oHax, Ha JIBOX OPTOTOHAIBHHX HOJIIPU3ALISIX, I PI3HHUX pa-
KypciB OO€npuIiaciB y a3uMyTaIbHil 1 KyTOMICHIN TJIOIINHI.

KarouoBi ciioBa: BIacTUBOCTI pPajioJIOKALifHOTO BHIIPOMIHIOBaHHS,
6oenpunacu aptuiepii Ta PC3B, MonenroBaHHs XapakTepHUCTHK BTOPUHHOTO
BHITPOMiHIOBAHHS.
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Haii6inbim epeKTHBHIMU 3ac00aMu BUSIBIICHHS MTO3MLIHN apTHiepii Ta pa-
KeTHUX cucteM 3ainoBoro BorHio (PC3B) e paxionokauniiini craHiii KOHTp-
6arapeiinoi 6oporsou PJIC KBb. ¥V nanmii yac y apmisix npoBiIHUX KpaiH
CBITY JOCTaTHBO €(DEKTHMBHO 3aCTOCOBYIOTHCS Pi3HI 32 XapaKTEPUCTHKaAMH
panionokaropu. Pazom 3 num Bimomi PJIC KBB MatoTs psii 0OMexkeHb Ta He-
JIOJIKIB 1 y maHuii gac (axiBmi pi3HUX KpaiH JOCIIIHKYIOTh MOMIINBOCTI Ti-
BUIIECHHS €(EKTHBHOCTI 3aCTOCYBAHHSI PaIi0I0KaTOPiB 3a3HAYEHOTO THITY. Y
MepITy Yepry Ie CTOCYETHCS MiIBUIICHHS TOYHOCTI OLIHIOBAaHHS KOOPAWHAT
BOTHEBUX TIO3HIIiH, IKOCTI PO3IMi3HABaHHA TUIY OOETPHIIACiB, MOOITFHOCTI
PJIC KBb tomro. Ha manomy erari qociikeHb KOPHCHOIO € iHPOpMaIis Ipo
BJIACTHUBOCTI Pa/Ii0JIOKAIIHHOTO BTOPMHHOTO BUIIPOMIHIOBAaHHS OO€TPHITACiB
apruiepii ta PC3B.

Y I0TOBiI AEMOHCTPYIOTHCS PE3YJIBTATH MATEMATHYHOTO MOJICITIOBAHHS
XapaKTepUCTUK BTOPUHHOTO BUIIPOMIHIOBAHHS Pi3HUX THITIB, OTPUMAaHHX 3a
JIOTIOMOT'010 YHCEJIbHUX ENEKTPOJUHAMIYHUX MeToiB. OOroBOPIOIOTHCS K-
CelbHI JIaHi 00 e)eKTUBHOT MOBEPXHI PO3CIIOBAHHS CHAPSIIIB y PI3HUX Ya-
CTOTHHX J[iarna3oHax, Ha JBOX OPTOrOHAIBHUX MOJSIPU3AIIAX, U PI3HUX pa-
KypciB OoempHmaciB y a3sUMyTalbHIM 1 KyTOMICHIH momuHi. [leMoHCTpY-
IOTBCS 1 00TOBOPIOIOTHCS PadioIOKaIiifHI TaNbHICHI HOPTPETH CHAPSIIB y ca-
HTHMETPOBOMY 1 AELMMETPOBOMY AiamasoHax. Ha mifgcTaBi y3araabHEHHS
OTPUMAaHUX JaHUX NPOIOHYIOTHCS PEKOMEH/AMIi 010 BUKOPHCTAHHS 0CO-
OnmmBOCTEH BTOPHMHHOTO BHUIIPOMIHIOBAHHS JJIS MiIBHIICHHS ¢()eKTUBHOCTI
3actocyBanHsi PJIC KBb Ta HampsiMku pO3BHTKY paliojOKaToOpiB JaHOTO
THITY.

YK 623.4.018

JOCJIIKEHHSI HEPIBHOMIPHOCTI TIOTOKY BUMOI' HA
BUITPOBYBAHHSI O35POE€HHSI I BINCbKOBOI TEXHIKH

C.I1. Kopnienko?, I.B. Kopnienko?,
B.A. Imutpies?, A.T. [Tapnenxo?, 11.0. Kamax?
Yepuiziscoruii nayionanvnuii mexnonozivnuil ynisepcumem, Yxpaina

2Jleporcasnuii Hayko60-00CiOHUL iHCmumym eunpo0yeans i cepmu-
@ixayii 036poenns ma 6iticbko6oi mexwixu, Ykpaina

OcHoOBHa 3aj71aya BUITPOOYBaJIbHOI YCTAaHOBU HOJIATAE Yy NEPIOANYHOMY
NpOBeIEHH] BUIIPOOYBaHb 3pa3KiB, 10 HAXOAATh Ha BUNpoOyBaHHA. Oco0-
JIUBICTIO BUMPOOYBaHb MPOAYKII] BiiCEKOBOTO ITPU3HAYEHHS € KOPCTKi BU-
MOTH JI0 TOCTOBIpPHOCTI BHIIPOOYBaHb (TOYHOCTI Ta HAIIHHOCTI OIIHOK, SKi
oJiep>KaHi B pe3yJIbTaTi BUMPoOyBaHb) Ta 4aCOBUX 0OMEXEHb Ha ITPOBEICHHS
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BUIIPOOYBaHb, 0COOJIMBO Yy Mepioau BIHCHKOBOI arpecii, sIKi XapakTepHu3y-
FOTHCSl MOXKBABJICHHSIM IHTCHCUBHOCTI HOBITHIX BiMCBKOBHX PO3pOOOK Ta
Ha/I3BUYAiTHIi moTpebi B HuX. Taki BUMOTH HAKJIAAIOTh YaCOBI 0OMEKEHHS
Ha BUNPOOYBaJIbHY AisUIBHICTB, L0 B CBOIO YEpry BUMarae 4iTKOro, 0e3mno-
MHJIKOBOTO Ta PallioHaJIBHOTO IIaHyBaHHs Nepediry Sk KOHKPETHUX BUIIPO-
OyBaHb, TaK 1 BUIIPOOYBAIBHOI TisSUTEHOCTI 3arajioM.

VY [1] aBTOpaMu 3ampoIIOHOBAHO 3aCTOCYBAaHHS TEOPil CHCTEM MacOBOTO
obciyroByBanHs (CMO) 1o BHpIMIeHHI MPOOIIEMH ONTHMAIBHOTO IUIAHY-
BaHHS Ta YIPaBIiHHSA BUIPOOYBAIHHOIO AisLTBHICTIO. J{JIs 3arajJpHOTO TIpe-
CTaBJICHHS BUIIPOOYBaJbHY YCTAHOBY MOXKHA IPEICTABUTH OaraTOKaHallb-
HOr0 CMO 3 6araTokaHaJIbHOIO YEProro Ta BimMoBaMu (puc. ).

Bunpo0ysauHst
Yepru 3 BUMOT E:ﬂ'ﬁymm
BXxiaHuii noTik BUMOr i | (xamam CMO) Buxigauii moTik
Ha BHIIPOOYBaHHS [ 1 1 ] 1 [ ] \ i 3paskiB i
M P AN Y
CIC I I - = | | 7T LI
A V=R Ees = T Hacrymacranin
|:I+ n |:I JKHTTEBOTO LIUKITY
- " .
—_——
§ Lt
IMoBepHeHHS 3pa3Kka Ha MOIEPEIHI0 ToTik BiIMOB i
CTai0 JKUTTEBOTO HKITY S —

Puc. 1. CMO sunpobysanv

JudepeHmitoBaHHs BUMOT Ha BUTPOOYBAaHHS y Yeprax Ha CXeMi pUCYHKY
1, six 1 MHOKMHA KaHaniB CMO BinoOpaxye po3aijeHHs CYKyITHOCTI 3pa3KiB
030poeHHs Ta BilicbkoBoi TexHiku (OBT) Ha okpeMi BUIH 1 KJIacH, IPUUOMY
KOXHY okpemy rpyny OBT M0oxyTh BUIPOOOBYBATH JIUIIIE OOMEXKEHA KiJlb-
KicThb (haxiBIiB (1[0 TTOKa3aHO OKpeMUMH KaHaiamu). /st 3a0e3neueHHs or-
TUMAJIbHOI 3aBaHTa)KEHOCTI BHIIPOOYBaJbHOI YCTAHOBU MOBHMHEH BinOyBa-
TUCS TAPUTET MK IHTEHCHBHICTIO HaJ[XOJDKEHHS BUMOT Ha BUIPOOYBaHHS

A i inTencusHicTio BHUIIPOOYBaHb M 10610 Axp , aJe TPH I[bOMY A<p .

Taxe crniBBiJHOIIEHHS 320€3NEYNTh HAJIKHY MPOIYCKHY 3[1aTHICTh y BUIIA-
JKy TOSBU MOXKJIMBHX HE3aIUTAHOBAHWX MOMIH IPH BHIIPOOYBaHHAX. Aule,
MOJYTh TPAIUIATUCH BUIIA/IKH, SKI HETAaTHBHO BIUTMBAIOTH HA IPOIIEC IPOBE-
JeHHS BUIPOOYBaHb, SIK TO HEPIBHOMIPHICTh IHTEHCHBHOCTI IIOTOKY BHMOT
Ha BUIIPOOYBaHHS, SIKi IIPU BBEICHUX OOMEKEHHSX HA Yac BHIIPOOyBaHHS
00MEeXyYIOTh 4ac nepeOyBaHHs BUMOTH y 4ep3i, a0 BHITaJKH OJHOYACHOTO
HaJIX0JUKEHHs BUMOT Ha BUNpoOyBaHHs oxHiel rpynu OBT, npu usomy oHi
kaHanmt B CMO mnepeBaHTaXylOThCSI, a iHIII NPOCTOIOIOTh. Taka curyaris
300paxkeHa Ha PUCYHKY 2.
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Uepru 3 BUMOT

Puc. 2. [Ipeocmagnentss cmany Kananie 00Ciy208y68anHs epagom
cmaHie

Tyt kananu BunpoOyBaHHs MpeacTaBieHi MapKiBCbKUM IPOLECOM «TH-
6eni-posmuoxkennsa». Ctan S° XapakTepusye HezaWHATHIl KaHam, A, i [
BiJITIOBIZTHO iHTEHCUBHOCTI HaaxokeHHs 1 BunpoOyBanus OBT 1-oi rpymw,
BepXHiil iHleKC CTaHy cHCTeMH S’ XapaKTepusye CTaH KaHaJy, a caMe Kislb-
KicTb 3pazkiB OBT, siki BUIPoOOBYIOTBCS Ha JaHUH MOMEHT. OueBHIHO, 1110
TpaHUYHUI CTaH KaHAJTy HE MOXKE MEpEeBUIIYBATH KUTBKICTh (haXiBIiB, MO
3aiiMaroThCst BUMPOOyBaHHAM i€l rpymu OBT. 3 inmoro 6oky, BUIpoOyBa-
JhHA yCTAaHOBA HE MOKE MAaTH HaJMIpHUH IITaT axiBIiB OJHIET crienianiza-
ii. ToMy, akTyaJIbHOIO € 3a[a9a TOCTiKCHHS ITapaMeTpiB HEpPiBHOMIPHOCTI
BXiTHOTO IOTOKY BUMOT Ha BUIpoOyBaHHsI OBT.

OCHOBOIO JJIs1 aHAJTi3y CTajla CyKYIHICTh CTATUCTUYHHX JIAHUX, PeJICTa-
BJIEHHX 3BiTamu 3 BunpoOyBanb OBT 3a Tpu poku. 3a 00CSIroM cTaTUCTHY-
HUX JIJAaHUX TeHepalibHa CYKYIHICTh BOJIOJIIE BIACTHBICTIO «CIIPOMOYKHOCTIY,
TOMY CTaTHCTHYHI IIapaMeTpH CIIPaBeJIMBO OyJIH 3aMiHEHI HMOBIPHICHUMH.
ABTOpamMH BCTaHOBJICHI OCHOBHI MapamMeTpH BXIJHOTO MOTOKY, JOCIHIIKY-
BaHi 32 BCIEIO T'CHEPAIHHOK CYKYITHICTIO JAHMX: MaTeMAaTUYHE CIIOIiBaAHHS
3araJibHO1 KUJIBKOCTI HAJIXOOKEHHS BUMOT Ha TWXKIeHb M [X ] =1,79; nuc-
mepcis Ta cepefHe KBaApaTHYHE BIIXWJICHHS BXiTHOTO MOTOKY BiAIIOBITHO

D[X] =193 1a o[ X]=139; iHTeHCUBHICTH 3aTraIbHOTO BXiJIHOTO HOTOKY
A ~1,87, xoedimieHT Bapiamii IHTEpBaiB MiX 3asABKAMH CTaHOBUTh
v =1,08. Hepenukuii koedirieHT Bapiaii 3arajbHOro MOTOKY BUMOT Xapa-

KT€pPHU3Yy€E MEBHY CTATUCTUYHY PIBHOMIPHICTh. JIJII MOCTiKEHHS TUHAMIKH
IHTEHCHBHOCTI BX1THOTO IOTOKY BUMOT Ha BHIIPOOYBaHH: y "aci Oyiu 064n-
CIIeHI CepeHbOMICAYHI 3HAYCHHS IHTEHCHBHOCTI, PE3yNbTaT SIKMX HaBeJe-
HUH Ha PUCYHKY 3.
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JAnst 3py4HOCTI Bi3yaJbHOTO CIPUUAHSTTS Tpadiku iIHTEHCUBHOCTEH Oyiu
3riajpkeHi. 3 rpadikiB BUIHO, HIO ICHYE IOpiYHA NepioAnYHAa TEHICHILS
«CIUTIECKIBY 1 «CIaJIiB» IHTCHCUBHOCTEH BXIJHOT'O MOTOKY BUMOT, IO JIA€ ysi-
BJICHHS [[0J10 IJIAHYBAHHS 3arajibHOT TisTTbHOCTI BUMPOOYBAIbHOT YCTAaHOBH.

OIiHKY HEPiBHOMIPHOCTEH IHTEHCHMBHOCTI HAJXO/DKCHHS BHMOI Ha BU-
npoOyBaHHs 32 okpemMumu rpynamMu OBT BHKOHaeMO Ha MpHKIIani OJHi€T 3
TPYII, IHTCHCUBHICTh HAIXOKEHHS 3a5IBOK JJIA K01 OyJa MaKCHMAIBHOIO 1
cranoBuiaa A =0,229. Pemra OCHOBHUX CTATMCTUYHUX IAPAMETPIB BH3HA-
geno sx: M =0,127; D=0,153; 6=0,391. Cepenusomicsuni 3HaueHHs
IHTEHCHBHOCTEW BXiJTHOTO MIOTOKY BUMOT Ha BUIIPOOYBaHHS AJIs 1€l TPYIH
OBT HaBeneHi Ha pUCYHKY 4.
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Puc. 4. 3enaoaceni epaghixu piunoi Ounamiku iHMeHCUSHOCMI 6XiOH020
HOMOKY 6uMo2 Ha eunpobysanns okpemoi epynu OBT.
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3 pUCYHKY BHIHO (PaKTHYHO CTaTUCTUYHO-OJHOPIAHUI NEeplOANYHUIM
NpoLeC HaJXO/PKEHHS BUMOI Ha BUIPOOYBaHHS (32 BHKIIOYEHHSM JBOX
CIUIECKIB B OJIMH 3 POKiB BUIIPOOYBaHHS, a HyJIbOBI 3HAYECHHS TOKAa3YIOTh Bi-
JICYTHICTb HaIXO/DKCHHS 3asiBOK Ha BUNpoOyBaHHs 1iel rpynu OBT Ha nei
Mics1p). Ha OCHOBI I[bOrO MOXHA BBa)XaTH BXITHHUI MOTIK JUIS LI€T TPYITH
OBT 6mmu3pkuit o crarionapaoro. OTxe, moaajblle KOPEKTHE aHATITHIHE
MO/ICITIOBaHHS MPOIIECiB (PYHKIIOHYBaHHS BHIIPOOYBAIBHOI OpraHizarii 1o-
3BOJIMTH CTBOPUTH CHCTEMY €(PEKTHBHOI OpraHi3allii, INIaHyBaHHS Ta yIIPaB-
JHHA BUTIPOOYBaHHAMHU.

Jlitepatypa

1. Kopuienko 1. B. I'padiune npencraBieHHss Moaeri QpyHKIIIOHYBaHHS
BunpoOyBanbHOi opranizauii / I. B. Kopnienxo, C. I1. Kopnienko, O. M. Ilo-
xozaenko, C. M. Kaznaueii, O. B. Pynenko // 30ipHuk HaykoBuX mpaiis Jep-
JKABHOTO HAYKOBO-JIOCIIJTHOTO I1HCTHTYTYy BHIpPOOYBaHb 1 cepTudikawii
030poenHs Ta BitfickkoBoi TexHiku. — Yepwiris: [IH/II BC OBT, 2019. — Ne 2.
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UDC 517.977

THE PROBLEM OF TRAJECTORY CONTROL WITH MINIMUM
FUEL COST

O. Barabash?, V. Tyurin? P. Open'ko?, N. Dakhno?®, H. Shevchenko?,
A. Pavlenko*
IState University of Telecommunication, Kyiv, Ukraine

2Institute of Aviation and Air Defense,

Ivan Cherniakhovskyi National Defense University of Ukraine, Kyiv,
Ukraine

3Taras Shevchenko National University of Kyiv
4 State Scientific Research Institute of Armament and Military Equipment
Testing and Certification, Chernihiv, Ukraine

The value of aviation for the modern world cannot be overestimated. It is
currently the only type of transport that significantly speeds up and improves
world trade interaction between countries and solves the problems of global
tourism. There are many areas of the world economy where air transport is
used successfully.
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The most widely air transport is used for passenger transportation mainly
over long distances, including international.

The disadvantages of air transport include:

1 low load capacity;

2 high cost and, accordingly, the cost of transportation of goods (several
times, and sometimes ten times higher than the cost of transportation in other
modes of transport).

The above advantages and disadvantages of air transport are reflected in
certain technical and economic indicators, which are the basis for determining
the efficiency and areas of rational transportationmodes use. Such indicators
include

1 length and density of the transport network;

2 regularity of transportation;

3 speed and delivery time;

4 the cost and cost of transportation;

5 environmental friendliness;

6 capital intensity;

7 energy consumption.

Today, one of the most important characteristics of air transport is its
environmental friendliness [1]. This parameter is characterized by fuel
efficiency.

Methods of optimal trajectory control allow to solve this problem, but
their practical application requires the development of effective
computational algorithms for flight planning and their implementation in
onboard control systems [2].

We will consider the problem of optimizing the the aircrafttrajectory in
the vertical plane by the criterion of the minimum fuel consumption at long
range.

The mission of the flight with the minimum fuel consumption for a given
range is formulated in the framework of the energy approach. The movement
of the aircraft in the vertical plane is described by the following equations:

E=nV, x=V, m=-f(hV,T), 1

2
hereE=h +\2/_g — specific mechanical energy, v — velocity, h — flight

altitude, g — free fall acceleration, n, —tangential overload, x — longitudinal
coordinate,, m — the aircraftmass, f — fuel consumption per unit time, T —

thrust of the power plant [3].
The problem is: it is necessary to find a trajectory such that under given
initial conditions
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E(0) =g, X(0) =%, m(0) =mg

and end conditions
E(te)=E¢, x(t¢)=L

minimum fuel consumption was ensured.
As is known [4], the system of equations (3) is reduced to one equation
of the third order of the form:

3 b
xa)+aaﬂa)+u0xay+qoxay+§:JHKngn“kgmgzua)

j=0a

Variational, projection, gradient, difference methods are most often used
to solve such equations, but variations-gradient-type methods are more
effective [5,6]. These methods include the one-step variational-gradient
method for K - positively defined K - symmetric operators [7,8]. The
algorithm of this method does not require knowledge of the spectrum of the
differential operator and is resistant to perturbations.

The use of a one-step variation-gradient method reduces the cost of
calculation, which contributes to a more efficient operation of the on-board
computer. The numerical experiment showed that the flight path constructed
by the one-step variational-gradient method at the first iteration has accuracy
107,

According to the estimates obtained during the experiment, we can say
that the one-step variation-gradient method has a high convergence rate. The
application of this method in the problems of optimal trajectory control with
minimum fuel consumption during long-haul flights will allow to increase
fuel efficiency. This will reduce the impact of air transport on environmental
degradation and reduce the cost of flights.
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ITPO BUBHAYEHHS IIJMIABHOCTI XO4Y BPOHEABTOMOBIJIIB

0.0. Axumos, B.T. Bosipos, M.M. XKnantox
Jleporcasnuil Hayko60-00CiOHull iHcmumym sunpooysans i cepmugpixa-
yii' 036poeHb ma GilicbK080oi mexHixu, Yxpaina

Po3poOka HOBUX BHJIiB OPOHETEXHIKH, HEMOXKIIUBA 0€3 BU3HAYCHHS [U-
HaMIiYHUX XapaKTePHUCTHK, SIKi BIUIMBAIOTh Ha X eKCIUTyaTaliiiHi xapakTepu-
CTHKH.

MonepHi3zartisi, iCHy:04901 OpOHETEeXHIKH BeJle JI0 3MiHH iHepIIiifHUX mapa-
METpiB KOPILyCY, MOJIOKEHHSI IIEHTPY Mac, NPYXHUX IapaMeTpiB Iaci ta
IIMH, II0 MO>KE MPUBECTH JIO CYTTEBOTO MOTIPIIEHHS JUHAMIYHUX XapaKTe-
PHUCTHK OpoHEeaBTOMOOIIS.

[Tpu pyci OpoHBOBAaHOI MAIMHU IO A0PO3i 3 HEPIBHOIO ITOBEPXHEIO BOHA
3MIIHCHIOE BUMYIIICHI KOJIMBAHHSI, BEIMYMHA SIKUX 3aJICKHUTh BiJ] TUHAMIYHHX
BIIACTHUBOCTEH aBTOMOOIJIS, NIBUAKOCTI HOTO pyXYy, Ta POQiII0 MOBEPXHi J10-
poru. BaxinBoio xapakTepuUCTHKOI OPOHEaBTOMOOIIS € TUIaBHICTH XOIY,
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sKa BU3Ha4a€ KoM(opTadenbHICTh eKiNnaxy, BIUIMBAE HA KEPOBAHICTh aBTO-
MOOisIeM, MiJBHUILY€E TOYHICTD BpaKEHHS 11Tl B PyCi.

O1iHKa IUIaBHOCTI X0y aBTOMOOLISI MOXKe IPOBOIUTHUCS IIPU TIOPOIKHIX
Y1 J1a00paTOPHUX BUNPOOYBAHHSIX.

JlopoxHi BUNpoOyBaHHS MOTPEOYIOTH JUISTHOK JIOPOTU 3 TBEPIUM IIOK-
PUTTAM Ta CIICIiaIbHIM KOHTPOJIbOBAaHUM IIpodisieM JOBXKHHOKO Bix 250 mo
1000 M mpu pyci aBToMo0611st Bix 10 10 90 xm/Toz.

VY SKOCTI XapakTepHCTHK IOBEPXHI JOPIT NPUHAMAIOTHCS CIIEKTPajbHi
IIUTFHOCTI MiKpompo(diaro # iHIIN ITOKa3HUKH, IO BHU3HAYAIOTH CTYIIiHbB
BIUIMBY TOPOTH HA aBTOMOOLIIB.

JlabopaTopHi BHIPOOYBaHHS MOTPEOYIOTH CIEIialbHUX BIOPOCTEHIIB,
sIKi 37IaTHI TeHEPyBaTH HU3bKOYACTOTHY BiOpalilo 3HAYHOT MOTYKHOCTI.

[Tpu BUNpoOyBaHHX Ha IJIABHICTH X0y BUKOPHCTOBYIOTh HU3bKOYACTO-
CIEKTPAIBLHOTO CKJIaay, B XapaKTepHUX TOUYKaX OpOHEaBTOMOOLIIB.

YKopcTki BUMOTH /10 yMOB BUIIPOOYBaHHsI, CIIEIiaIbHUX BUMipIOBAILHUX
3ac00iB, IPUBOAUTH JI0 TOTO, 110 EKCIIEPUMEHTAJIbHI BUIPOOYBaHHs Ha Iia-
BHICTb XOJy IPOBOZSTECS 3 IEBHUMH YCKIIATHCHHAMH.

IIpoGmemi HOpMyBaHHS BiOpOHABaHTaXXCHHS OPOHETEXHIKH Ta TIEPCO-
HaIly TIPUCBSYCHI YHCENbHI HOPMAaTUBHO-TeXHIuHI mokymeHtn: UCO 2631-
78;

I'OCT 12.1.012-90, OCT 37.001.275-84, OCT 37.001.291-84, 'OCT B.
21951-76, PEO CB — 80.

B HOpMaTHUBHO-TEXHIYHIN JiTepaTypi HaBeAEHHW [iarna3oH 4YacToT Ta
BCTAaHOBJICHI TPAaHUYHI HOPMH BUMYIIEHHX KOJMBaHb OPOHEaBTOMOOLIIB 110
SIKAM CYJISITh TIPO TUIABHICTh X0y aBTOMOOIIIB.

JlociipkeHHIO TMHAMIYHHUX XapaKTepPUCTUK OpOHEaBTOMOOLIIB MPHCBS-
YeHa YHCeNabHA TexHiuHa jitepatypa [1], [2], [3].

Pi3Hi acriexkTy BUIPOOYBaHE aBTOMOOLTIB 3HAWIIUIK BiJOOpaKeHHS B Ha-
CTYITHUX TeXHIYHUX BUOAHH:IX [4], [5]..

OO0'eKTUBHO OIIHUTH KOJHMBAaHHS H IUIaBHICTh XOAY aBTOMOOLIS MOXHA,
3HAIOYH TIEpEMIIIeHH, BIOPOIIBUAKICTD, BIOPOIIPHCKOPEHHS, YaCTOTH BJIac-
HUX KOJIMBAaHb BOJIs, CIIEKTPaIbHUNA CKJIAJ apaMeTpiB BiOparlii, iIHTCHCHUB-
HICTh 3aracaHHs aMIUIITYZ KOJMBaHb ITaCAKHUPIB 1 NEpEeBE3EHNX BAHTAXKIB.

IIpakTHKa JOBOAUTD, 110 SIKIIO YaCTOTA KOJMBAHHS KOPIyca BAXKKUX Ma-
MIMHA JISKUTH B Mexax 1o 1,3...1,7 ', To MamiHa Mae 3a10BiIbHY TJIaB-
HicTh xomy [3], [4].

BukopucTaHHs HWKYOT YacTOTH BJIACHUX KOJIMBaHb OpPOHEaBTOMOOLI
JUTSI OT[IHKH IIJIABHOCTI HOTO XO/Y € IIJITXOM 3HAYHOTO CITPOIIEHHS BHIIPOOY-
BaHHS MalIMH Ha IUIABHICTh XOLY.
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[Tpu mpoBenenHi BUNMpoOyBaHb MAIIMHM OLIHIOIOTHCS Maco-rabapuTHI
rapaMeTpy MallvHU, Ha OCHOBI SIKMX BU3HA4alOThcs 11 iHEpUiliHI mapame-
TPH, KOPCTKICHI apaMeTpH MiABICKH, LIHH.

Haii0inpil BayJIMBMMHU MapaMeTpH IUIABHOCTI XOJy MAalIMHH BBaXka-
I0ThCS B TIO3ZI0BXKHBOMY HalpsIMKY PyXy MalllnHH (MiJIIMTYBaHHS Ta rajo-
ITyBaHHSA), TOMY MOXKJIUBE BUKOPHUCTAHHS CIIPOIICHOI AMHAMIYHOI MOJeli,
sSIKa OTMCYE BEPTUKAJbHI Ta KyTOBI KOJMBAHHS B BEPTUKAIbHIM mrommHi [1].

JwHaMi4HY MOJIENb Ma€ B CBOEMY CKJIaIi:

- KopIryc MammHA (Macoro M Ta MoMeHTOM iHepiii | HaBKOJIO TOpHU30H-
TaJBHOI OCI MEePIIeHANKYISAPHOI BiTHOCHO HANpPSAMY PyXy, ONEPTHHA Ha pe-
copu;

- epenHil Ta 3aaHii MocTH 3 Kojecamu Macamu M1, Mz ginnosinuo,
OTIEPTHMH Ha IIMHU.

Pyx MexaHIYHOT CHCTEMH OITUCYETHCS YOTHPMA y3aralbHeHUMH KOOP/H-
HaTaMH: MEePEeMIilleHHs LEHTPY Mac MiJPEcCOPEHOro KOpPIyCy y BepTHUKAIIb-
HOMY HaIpsIMKY Z, KyTOM HaXuIly FoJIOBHOT LeHTpanbHOi oci inepuii (['LIOT)
KOpIYCY Y MOB3JI0BXXHbOMY HAaIpsMKy ¢’, NepeMillieHHsIM LIEHTPIB Mac Te-
PEIHBOTO Ta 3aJHHOTO MOCTIB B BEPTHUKAJIbLHOMY HanpsmMky Z1, Z2 Biamo-
BiJTHO.

KineTn4Ha eHepris MexaHiqYHOT CUCTEMH CKJIQJAEThCS 3 KIHETHYHOT eHe-
prii moCTynaabHOro Ta 00EPTATBHOTO PYXY KOPIYCY OpPOHEABTOMOOLIS.

INoTeHIriitHa eHEPris MEXaHIYHOT CHCTEMH, SIKa CKJIAJA€ThCS 3 TIOTCHITI -
HOi eHeprii neopMOBaHMX pecop Ta MIMH KOJIIC Y BEPTUKAIBHOMY Hampsi-
MKY.

AHaIorivHo [2], BHKOPUCTOBYIOUH BHPa3u KIHETUYHOI Ta MOTEHIaTbHOT
€Heprii, 3a J0IOMOro1o piBHAHHA JlarpaHxa Ipyroro pomy, 0epXHUMO CHC-
TeMy auepeHIialbHUX PIBHSIHB JPYTOro MOPSIKY, IO OTUCYE BITBHI KOJH-
BaHHS MEXaHIYHOI CHCTEMH Yy HACTYyITHOMY BUTJISIII:

Mx = AKx, 1)
e A =1/w?:

M — mMatpuns iHepIiitHIX KOeQIIi€HTIB;
K — marpuist koedilieHTiB >KOPCTKOCTI.
Martpuist iHepUiiHIX Koe(illi€HTIB Ma€ BUTIIS:

M = diag(m,I,m;,m;). 2

Martpurst KoedilieHTiB )KOPCTKOCTI Ma€ BUTIII:
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K=

{Crl + C?‘E} _(Crlhl - C?‘Z h:} _Crl C?‘E
—(Crahy — Craha)  (Cpqhi— Cph3) Cpp-hy Cpz-hy
_C?"l C?"l . h‘l- Ckl ﬂ '
Cra Crg - hs 0 Cea

®)

Iie ti—Maca OpOHBOBAaHOI MAIINHI;

[-exBaropianpHuit MOMEHT iHEpIIil;

€y C2—KopCeTKicTh Mepenix Koutic i pecop B BEPTUKAIBHOMY HANPSIMKY;

€ Cox0pCTKiCTD 3aHIX KOJIC 1 pecop B BEPTHKAILHOMY HAIPSIMKY;

h-p;hg—BiZ[CTaHb BiJl IEHTPY Mac MaIlliHU 10 MEpeHiX KOJNiC Ta 3aIHiX
BIITOBITHO.

MaremaTiyHa MOJENb J03BOJISIE BU3HAYUTH YOTHUPU 3HAYEHHS YacTOT
BJIACHHX KOJIMBAHb Y BEPTUKAILHOMY HalPSMKY.

Bu3HaueHHs 4acTOT BIACHUX KOJIMBaHb MAIIMHK 3BOJJUTHLCS JI0 CTaHIAp-
THOT 3a7]a4i Ha BJIACHI YaCTOTH 3 EPMITOBOIO MaTpHIeio [2]:

[MopiBHIOIOYM 3HAYCHHS YaCTOT BJIACHHUX KOJHBaHb 0a30BOi Ta MOJCPHI-
30BaHOT MalIHH MOXKJIUBO 3pOOUTH BUCHOBOK PO €(heKTUBHICTH MOJICPHi3a-
Iii.

MareMaTiyHa MOJENb JO3BOJISIE BU3HAYMTH YOTHPH 3HAYECHHS YacTOT
BJIACHUX KOJIMBAaHb Y BEPTUKAJIBHOMY HAINPAMKY.

Metonguka Oyma mepeBipeHa Ha MOJCPHI30BAHOMY OpOHEAaBTOMOOLT
BPIM-2J11.

Bu3HaueHHs 4acTOT BJIACHUX KOJMBAaHb MAIUHU 3BEJIOCS 1O CTaHAApPT-
HOT 3amaui B makeri Machcad 15. B pe3ysnbrari npoBeneHHsT pO3paxyHKiB
oJiep)KaHi HACTYITHI OLIHKH:

JUTSL CIIOPsIIKeHOT Macu BHpoOy - w1 = 0.617 pan/c; w2 = 0.896 pan/c;
3= 6.436 pan/c; wa= 6,437 pan/c.

U1 ToBHOI  Macu BHpoOy - o1 = 0.581 panm/c; w2 = 0.648 pan/c;
®3=6.436 pan/c; ws= 6,437 pan/c.

3HaueHHS TepIIOoi YaCTOTH BIACHUX KOJIMBAHb JUIS CIIOPSKEHO] Ta MOB-
HOI MacH BUPOOy HiATBEP/XKY€E 3310BUIbHY IUIABHICTb X0y BUPOOY. Pe3yib-
TaTH BU3HAYAIBHUX BiJIOMYUX BUIIPOOYBAHb MIATBEPIMIIN OJICPKAHI OLIHKH.
OpnepxaHi pe3yabTaTH PO3PAaXyHKY J03BOJISIOTh 3pOOHTH BHCHOBOK, 110 3a-
MPOTIOHOBAaHHUH TEOPETUUHO-EKCIIEPUMEHTAIBHUM METO]] MOXKe OYTH BHKO-
pHUCTaHM Ha CTafil BUIPOOYBaHHS ISl OLIHUTH IUIABHOCTHI XOIy OpOHEaB-
TOMOO1JI, III0 3HAYHO CKOPOTHTH Yac Ta 3aTPaTH Ha HOTro BUIPOOYBaHHS.
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VIIK 004.94

JEAKI OCOBJIMBOCTI 3ACTOCYBAHHSA BIPTYAJIBHUX
BUMIPIOBAJIBHUX IMPUJIAMIB ITPU BUITPOBYBAHHSAX
3PA3KIB O3BPO€EHHS TA BIMCHLKOBOI TEXHIKH

ILJI. Apxymenko, B.B. bop, O.1. Bepgeiiko, A.B. KoBanenko
Heporcasnuii Hayko60-00cionuu incmumym eunpo6yeans i cepmu-
Qikayii 036poennn ma 8ilicbkosoi mexHiku, Yxpaina

3abe3nedenHs 30poitHuX Cuin YKpaiHd HOBUMH Ta MOJCPHI30BaHUMH
3pa3kaMu 030pOEHHS Ta BiCHKOBOI TEXHIKH 1 MATPUMAHHA iX B IMOCTiHHIH
00OBilf TOTOBHOCTI MTOTPeOye MPOBEICHHS BCeOITHNX BUIIPOOYBAHb.

Ha cy4yacHomy eTrari HOBI MOKOJIIHHS 030pPO€HHS 1 BIfiCHKOBOI TEXHIKH
(OBT), a Takox HEOOXIIHICTh B rapaHTyBaHHI OOErOTOBHOCTI Ta e(eKTHB-
HOCTI crapitounx 3paskiB OBT xapakTepu3yoThcsi 3HAUHUM 3pOCTAHHSIM T10-
Ka3HHKIB TOYHOCTI, HOCTIHHUM 301IbIICHHAM O0CATY 1 CKIIa{HOCTI BUMIPIO-
BaHb; MiJBUIIEHHIM BUMOT JI0 OTIEPAaTHBHOCTI Ta CBOEYACHOCTI BUMIPIOBaHb,
HIBUKO/IT 32aC00iB BUMIPIOBaHb 1 KOHTpOIt0. OIHAK Yepe3 CKIaIHy eKOHO-
MiyHy cutyarito 3CY BUMYIICHI eKCIUTYaTyBaTH MOPAIBHO Ta (Pi3MIHO CTa-
pitoui 3aco0u BumiproBanbHOi TexHiku (3BT). Lle morpebye 3Ha4HOTO 30171H-
LIEHHsS HOMEHKNIATypu Ta Kinbkocti 3BT, TpuBanocti Ta 00csry BUMiproBaHb
[1].

Amnai3 cydacHoro craHy Ta TeHaeHuiid po3sutky 3BT mokasas, mo no-
PsizL 3 pO3pOOKOIO Ta BIOCKOHAICHHAM TPAAUIIIHHUX BUMIPIOBAJIbHUX TIPHIIa-
IliB BCe OLIBIIOr0 3HAYeHHs HAa0yBa€e HOBUI HAIIPSIMOK, a caMe, po3po0Ka Tak
3BaHUX BipTyadbHHX BuMiproBansHEX npwianais (BBII). Lle moscHioeTbes,
Mo-Tepiie, 3HaYHUM IMPOIPECOM y PO3BUTKY KOMIT'IOTEPHOI TEXHIiKH; IO-
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Jpyre, HI3bKUMHU TEMITaMH TIOTIOBHEHHSI i1 oHoBJIeHHs Tapky 3BT; mo-tpere,
MOPYIIEHHSM 1HTErpalliifHUX 3B’ A3KiB, 110 3HAYHO YCKIIAIHHUIIO IPOLEC PO3-
poOku i BupoOHunTBa cyyacHux 3BT. BBII 3a3Buuaii siBisie coboro cykym-
HICTh KOMIT'IOTEpa, IEPBHHHOI'O Ta BTOPUHHOI'O MEPETBOPIOBAUiB, cepero-
BUIINA MEepeadi JaHUX, a TAKOXK PI3HUX CICIiali30BaHUX MPOrpaM 00poOKU
i mepemaui manux [2-4].

Y JepxaBHOMY HayKOBO-IOCIITHOMY IHCTHTYTY BUIIPOOYBaHb i cepTu-
(hikarii 030pO€HHS Ta BIHCHKOBOI TEXHIKHM I pi3HUX BuAiB 30poitHux Cun
Ykpaiau po3poOieHi y3aramsHeHi apxitekTypu BBII, siki 3afimarors 0co0-
JIMBE MiCIle cepe]l BUMipIOBATbHO-1HQOPMAIIIHHAX CHCTEM. 3 METOIO OIiHKA
BapTOCTi 1 TpUBasocTi po3poOku i BurotoBieHHss BBII, 3py4nocTi Ta edek-
THUBHOCTI HOT'O 3aCTOCYBaHHS po3po0IIeHi 'ATh BapiaHTiB MOOYA0BH BTOPUH-
HUX TIepETBOPIOBaYiB 1 00TpyHTOBaHI nepesaru Ta Henoniku BBII Ha ix oc-
HoBI. [loka3aHuii MOpSJOK BCTAHOBJIECHHS H MiATBEP/PKEHHS METPOJIOTTYHUX
xapakrepuctuxk BBII.

Y po6oTi [5] B 3a1eKHOCTI Bifl KOHKPETHOI peaisailii 0HOro abo JaeKi-
npkox KkommoHeHTiB BBII, mineli i 3aBmaHb #Oro 3acTOCYBaHHS BUUICHO
I'SITh BapiaHTIB HOTO MOOYAOBH, SIKi HAaHOUTIBII YaCTO BHKOPHCTOBYIOTH Ha
MPaKTHUII, a B 3AJIC)KHOCTI BiJl MOXKITIBOCTEH PEKOHQITYpYBaHHS - TPH Bapi-
aHTH 3aCTOCYBaHHSA. TpH BapiaHTH MOOYIOBH MOXYTh OyTH 3aCTOCOBaHI IS
MonemoBaHHs BBII i #ioro koMImoHeHTiB, cepeoBUIa epeaadi TaHuX, Me-
TPOJIOTIYHHUX XapaKTEePUCTHK MPHIAIiB, a TAKOXK U CTBOPEHHS IMiTaIliitHOT
MOJIEJ CTaHAAPTHUX BUMIPIOBAILHHUX MTPUIIAIIB.

AHai3 MOXIJIMBOTIO 3aCTOCYBaHHS 3alpoNoHOBaHMX apxitekTyp BBII 3
ypaxyBaHHSM pEeKOMEHJallii JIITepaTypHUX JKepell T03BOJIMB BUIUINTH OC-
HOBHI oco0:mBocTi 3actocyBanHs BBIT:

3HW)KEHHs TepMiHiB po3poOku BBIT i migroroku ¢axiBuiB 3 iX eKCILIy-
aTalii, CpoILeHHs] METOAMK BU3HAUEHHS 1 MIATBEPIKEHHSI METPOJIOTTUHUX
XapaKTepUCTHK Yepe3 PO3MIMPEeHi MOXKIHMBOCTI MonentoBanHs BBII, iforo
KOMITOHEHTIB Ta METPOJIOTIYHHUX XapaKTEePUCTHK;

3MEHIICHHSI HOMEHKIAaTypH 1 BapTocti 3BT, ocKibKH pyyHa peKoHOIry-
parlist 103BOJISE 3a JIOTIOMOTOI0 OZJHOTO 1 TOTO K anapaTHOTrO i MPOrPaMHOTO
3a0e3MeUeHHS CKOHCTPYIOBATH CUCTEMY, III0 BUKOHY€E aOCOIIOTHO Pi3Hi Py-
HKI{ Ta Ma€ pi3HUH, IPU3HAYEHUH JUI1 KOpUCTYyBaya, iHTepdeiic;

MOJINIIEHAS METPOJIOTIYHIX XapaKTEPUCTHUK U IiABUIICHHS €(EKTHBHO-
CTi BUMIpIOBaHb Yepe3 MOKIIMBOCTI aBTOMaTHu4IHO1 pekoH(piryparii BBIT na
BHUMIp BEJIMYHH, 3HAUCHHS SKUX 3MIHIOIOTHCSI B IIMPOKOMY Jliara3oHi, a Ta-
KOXXK Ha pi3HI aJITOPUTMH YIIPABIIiHHS IPOIECOM BHMIpIOBaHb, 00OpOOKH 1a-
HHX 1 T.]I.;
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HEOOXiTHO BHM3HAYUTH METPOJIOTiIYHI ciryOu MiHicTepcTBa 000pOHHU
VYkpainu Ta 30poiinux Cun YKpainu, a TAKOXK OpraHi3yBaTH MiIrOTOBKY da-
XiBIiB, siKi pu migrorosui 3BT no BunpoOysauk 3paskis OBT 3xilicHioBa-
TUMYTh MozemoBaHHsa BBII 3 noganbmioro ix pekondirypariero Ha pileHHs
HOBUX METPOJIOTIYHHX 3aBIaHb.

Jlitepatypa

1. bopucenko M.B., I'epacumos C.B. [Ipomo3utiii 3 y1oCKOHaIEHHS CHC-
TEMH METPOJIOTIYHOTO 3a0e3nedeHHs BiHCHhKOBHX MiIPO3IiTiB B yMOBaxX pe-
dopmysans / CucreMu 030poeHHS i BifickkoBa TexHika. — 2012, — Ne2 (34).
—-C.11-14.

2. Tpesuc dx., Kpunr Ix. LabVIEW g Bcex. — M.: IMK Ilpecc, 2011.
— 904 c.

3. Bepgeiiko O.l. Bipryansnuii BumiptoBau (yHKIIT KOpOTKOYAacCHOI
HectabinbHOCTI wactotd // BicHuk UYepHiriBcbkoro JIepKaBHOTO
TEXHOJIOTIYHOTO yHiBepcuteTy. — 2013, — No69. — C.105-1158.

4. Verveyko A. I, Lappo I. M., Arkushenko P. L, Yusukhno S. I. Fre-
quency Instability Measurement Device Based on the Pulse Coincidence
Principle // Visnyk NTUU KPI Seriia — Radiotekhnika Radioaparato-
buduvannia. - Kyiv: KPI, 2018. - C. 29-36. DOIL:
10.20535/RADAP.2019.76.29-36.

5. Apkymenko I1.JI., bopm B.B, Bepseiiko O.1., KoBarenko A.B. Oco6-
JUBOCTI IMITallifHOTO MOJICTFOBaHHS IPH IPOCKTYBaHHI 1 eKCIUTyaTalii Bip-
TyaJbHUX BUMIPIOBAIILHUX MPUIIAJIIB JIUIS BUIPOOYBaHb 030POEHHS Ta BIHCh-
KOBOI TexHiKH / MaTteMaTndHe Ta imMiTaliiine moaeaoBanus cucrem. MOJIC
2019: Te3u nonoineil YoTHpHAIUATOI MIXKHAPOIHOI HAYKOBO-TIPAKTUYHOT
koH(pepeHuii, 24 - 26 yepsus 2019 p. — Yepniris: YHTYVY, 2019. — C. 328-
331.

6. XXyxos K.I'. MonensHOe NMPOEKTUPOBAHHE BCTPAUBACMBIX CHCTEM B
LabVIEW. — M.: JIMK TIlpecc, 2011. — 688 c.

7. eBuyk B.I1. MoaenupoBaHue METPOIOTMUECKUX XapaKTEPUCTUK UH-
TEJUIEKTYAIbHBIX N3MEpPHUTENbHBIX Npnbopos u cucreM / B.ILIlleBuyk. —
Mocksa: ®uszmariur, 2011. — 320 c.

8. Merposoruyeckoe Mo/IeIMpOBaHIE OOBEKTOB, CPECTB U3MEPEHUH 1
TUIIOBBIX MPOLIECCOB H3MEPEHUIl.- PEXUM JOCTYyIly. - Jiara JOCTYIY:
11.05.2020. / Py6uues H. MoaenupoBanue n3MepUTEIBHBIX HH(POPMAIIHOH-
HBIX cucTeM // Mup tpancniopta. — 2012, — Ne4. — C.20-27.

323



YK 621.396

OBIPYHTYBAHHS CTPYKTYPU METOJY IMNPOTHO3YBAHHS
TA JIATHOCTYBAHHSA TEXHIYHOI'O CTAHY
PAJIOTEXHIYHHUX 3ACOBIB

AT. Aptuxynal, .M. Bpuros!, .M. Kproukos?, P.B. Turapenko?
Ulepaicasnuii naykoso-0ocrionuti incmumym eunpobdyeans i cepmu-
Qirayii 036poeHna ma silicbko6oi mexHixu, Yxpaina

2Xapxiscoruil nayionanvhutl ynisepcumem ITosimpsanux Cun im. I Ko-
acedyba, Vrpaina

AHaiti3 0OCTaHHIX JOCITIKEHb 1 MyOuTiKamiif 3 TEMaTHKH, IPUCBIYCHOT KO-
HTPOITIO TEXHIYHOTO CTaHy (IIPOBEOCHHS TEXHIYHOTO IiarHOCTYBaHHS) pa-
niotexHivyHux 3aco6iB (PT3) [1-7] noka3zas, M0 HE3BAKAIOUU Ha PO3KPUTTS
0araTbOX MUTaHb, Ki CTOCYIOTHCS ONITUMI3aLlil CKJIay 1 pO3MillleHHs 3ac00iB
JIIarHOCTYBaHHS, BIOCKOHAJICHHS METOIUK BUMIPIOBAHHS MMapaMeTpiB i po-
BE/ICHHS BiIHOBJIIOBAJIBHUX PEMOHTHHX POOIT, aBTOMATH3aLii MPOIIECiB TeX-
HIYHOTO 00CIIyrOoBYyBaHHs, BIJICYTHI MPaKTH4YHI peKOMEHHalii 010 BUpi-
IICHHS IPOTHO3YBaHHS TEXHIYHOTO CTaHy PaJiOTEXHIYHUX CUCTEM PYXOMHUX
00’€eKTiB Ha 3aJaHUi TIepio. 3a pe3yabTaTaMu aHami3y pooir [1-7] icHyrodi
METOJY KOHTPOJIIO TEXHIYHOTO CTaHy MOXYTh OyTH ONHCaHi HACTYITHOIO Cy-
KYIHICTIO MOJYJiB:

Skts=(A,B,C,D,E,F), (1)
ne: A — MOIyIb KOHTPOIIOEMHX (I1arHOCTYEMHX ) TapaMeTPiB;

B — Monynb 3ac00iB J1IarHOCTUKY 1 KOHTPOJIIO;

C — MOZlyJIb HOPMaTHBHUX JIONYCKIB IAPaMETPiB KOHTPOJIIO;

D — Mozyib nepeBipOYHHUX CUTHAJIIB;

E — Moaynb Bu3HauSHHS BUJY TEXHIYHOI'O CTaHY i A1arHOCTYBaHHS;

F — Momynb ynpaBiiHHSI KOHTPOJIEM TEXHIUYHOTO CTaHy.

TakuM YUHOM, y3arajbHEHa CXeMa KOHTPOJIO TeXHiuyHOro crany PT3
MoOXe OyTH IpeZicTaBJIeHa y BUIJIAAL, HaBEAEHOMY Ha puc. 1.

[l BU3HAUEHHS TEXHIYHOTO CTaHy JlaHa CXeMa IIOBHHHA OYTH JOTOB-
HEHa eJIEMEHTaMHU, 110 JIO3BOJIIOTH LIJIECHPSMOBAHO BUSIBIISITH MTOTEHIIHHI
BIZIMOBH 1 3a0e31euyBaTi cBO€YacHe NPUHHATTS pillleHb (BUJady KepyIOUHX
BIUIMBIB J]O BUHUKHECHHS (D)AKTHYHOI BiZIMOBH):

Stdp=(A,B,C,D,E,F,G,H), )
ne: G — MolyJIb IPOTHO3yBaHHS;

H — Momyns B3a€MO3B'S3KY 1 YIIPaBIiHHS.

TakuMm 4MHOM, y3arajibHEeHa cXeMa TeXHIUYHOTO JiarHOCTYBaHHS Ta Ipo-
rHo3yBaHHA PT3 Moxe OyTm mpeacTaBieHa y BUITISNAL, HaBeIEHOMY Ha
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puc. 2. OCHOBHI BiIMIHHOCTI MK cCXeMaMH, 300pakeHUMHU Ha puc. 1 Ta puc. 2,
TIpeJICTaBIIeH] TyHKTUPHUMH JIiHISIMU.

| 10,

1] 2 3 4 5 6|

pT3 [ B[ 3ak [P gsn[  BBT [ T
)7 8

1 1

A 1 A 1

| 1 1 3% :

: 7 8 :

: TBC [ CYKTC < |

1

1 1

9 | |

CPK ~:L KTCi

Puc. 1. Cxema konmponio mexniuno2o cmamy.

ne:1. PT3 - PT3 (00'eKT TeXHIYHOTO IiarHOCTYBaHH);

2. HKII - HoMeHKJIaTypa KOHTPOJIBOBAHUX (IIarHOCTUYHUX ) TTAPAMETiB;
3. 31K - 3aco0u nmiarHOCTYBaHHS i KOHTPOITIO;

4. IBIIK - gonycTuMi BigXWJICHHS ITapaMeTpiB KOHTPOJIIO;

5. BBTC - Bu3Ha4YCHHS BUIY TEXHIYHOTO CTaHY;

6. T/] - TexHiUHE TIarHOCTYBAHHS;

7. TBC - TecToBi Ta BUMIipIOBaJbHI CUTHAIIN;

8. CYKTC - cucrema ympaBiiHHS KOHTPOJIEM TEXHIYHOTO CTaHY;

9. CPK - crioxuBay pe3ysbTaTiB KOHTPOIIIO (1arHOCTYBaHHS);

10. KTC - KOHTpOJIb TEXHIYHOI'O CTaHYy.

PT3

9
CPK

Puc. 2. Cxema mexuiunozo diaenocmy8anHs i nPOSHO3YEAHHSL.

ne: 8. CYTUII - cuctema ynpaBiIiHHS TEXHIYHUM J1arHOCTYBaHHAM
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1 IPOTHO3YBaHHSM;

10. TAII - TexHiuHE AiarHOCTYBAHHS 1 TPOTHO3YBaHHSI;

11. BAHY - BuHOCHA aJanITUBHA HEBIJ'€MHA YaCTHHA CUCTEMH, 1[0

BIAMOBIJa€ 32 MPOTHO3YBaHHS.

B cxemy BBezeHi 3BOPOTHI 3B'SI3KH, 1110 3a0€3MEYYIOTh ONEPaTUBHY 3MiHY
TECTOBHX 1 BUMIPIOBAIIHIX CUTHAJIB, 32CO0IB IIarHOCTYBaHHS i KOHTPOIIO Ta
Ha0OpiB MapamMeTpiB, MO0 KOHTPOJIOIOTECSA. Y CYKYIHOCTI 3a3Ha4eHi Habopu
TpY 3MiHI IX HOMEHKIIATYpH 3TiHO MPOTHO30BAHOTO CTaHy 00'€KTa CTAHOB-
mte BAHY cucremu, mo Binnosinae 3a mporaosyBanssi. CYKTC monoBHeHa
MOJYJISIMH, SIKi 3a0€3MedyI0Th BUPOOJICHHS IPOTHO3IB VIS YIIPABITIHHS TEXHi-
YHUM CTAHOM, TOOTO € CHCTEMOIO YIPABIiHHS TEXHIYHIM J1aTHOCTYBAaHHAM 1
npornosyBanusm (CYTII) — puc. 3.

| 101
| 1]« 2 3
o h 13 1 [ il
E 1 A v Y & A
> |4 4 5 6 7 8
S 1 > o i~ i~ o I
|
| 9
| 13
4
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Puc. 3. Cxema CYTHIL

e: 1. [I3BP - migcucrema 300py BUMIpSHUX Pe3yIbTaTiB;
. IIB - mijcucreMa B3a€MO3B'SI3KIB;

. [1BBI - mixgcucrema BBOIy-BUBOY iH(OpMAIIiT;

ITH/] - mincucTeMa HAKONTMYCHHS TaHUX;

MII[ - migcucTemMa MepeTBOPSHHS TaHUX;

. [1®OM - migcucrema hopMyBaHHS MOJENECH;

. TTA - migcucreMa anpoKCcUMAIlii;

. TP - nixcucTeMa miATPUMKHU NPUKAHSTTS PILLICHHS;

. [I30/] - mixcuctema 30epiranHs OCHOBHUX JaHUX;

10. IITC - mporHO3yBaHHS TEXHIYHOTO CTaHY.

Cucrema CKIaJa€Tbcs 3 B3AaEMO3B'SI3aHUX MIJCUCTEM, SKi BHKOHYIOTbH
taki ¢pyHKuii. //I3BP npu3HaueHa JUI BBEJCHHS B CHCTEMY pe3yJbTaTiB BH-
MIpIOBaHHs IapaMeTpiB KOHTPoJI0. /1B 3a0e3neuye 0OMiH iHpopMaliero Mix
esementamMu CYT/II 3 ypaxyBaHHSIM HaKONMYyBaHUX BiOMOCTEH PO Ha-
JUMHICTB 00'€KTIB MPOTHO3YBAHHS, CTATUCTHYHI BIACTUBOCTI (PI3MYHUX TPO-
necis i T.4. [IBBI 3a0e3ne4ye BUauy KOPUCTyBayaM JJaHUX KOHTPOJIIO 1 Ipo-

Lo UU A WY
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THO3YBaHHs, BBEJICHHS B CHCTeMY iH(popMarii, sika 3abe3neuye poboTy cuc-
Temu. JlaHi, sIK BUXOJSATh 3 CHCTEMH 1 BXOJATH JI0 Hel, 30epirarotbes B [1TH/].
J1nst nepeTBOPEHHS JaHUX JI0 BUJLY, 1110 HEOOXiHUH 1151 BUKOHAHHSI ITiJICHC-
temamu CYT/IIT HeoOxiguux ¢yHKIiH (3MiHK po3MipHOCTI 1 MaciuTaly, BU-
SIBJICHHS 1 YCYHEHHSI IpyOHX MOMMJIOK peecTpallii MpOrHo30BaHUX HapaMeT-
piB i T.1.), BUKOpUCTOBYeThCs [117/]. Tlporecn 3MiHM MIPOTHO30BAHMX Tapa-
METPiB MOJICITIOIOTECS 3a TorioMoroto [/@M, sika Buaae HeoOXiqHI TaHi s
eKCTPaNOJISMii IPOLIECiB BUTPATH NapaMeTpHIHOI HagMipHOCTi B [74. 3amnpo-
ITOHOBAHI CHCTEMOIO PIIICHHS PO HEOOXIAHICTH 1 XapakTep Aii, Mo ympas-
JISIOTH TIPOIECOM TEXHIYHOTO AiarHOCTYBAaHHS Ta IPOTHO3YBaHHS, BUPOOIISI-
totecst [ITITIP. [Ins 3abe3neueHHs 30epiraHas eKCIUTyaTaliifHO] XapaKTepH-
CTHK, BIZJOMOCTEH NP0 BiJJMOBH €JEMEHTIB, 4acy HalpalfoBaHHs 00'€KTiB,
00Ky pexHuMiB poOOTH 1 IHAMBIAYaIbHUX XapaKTEPUCTHK BUKOPUCTOBY-
erbes [130/].
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VK 629.7

MOXIBKA PETI'YJIIOBAHHSA ITPOIECOM CTABLII3AIIL ®A3U
POBOYOI'O OPTAHY POBOTOTEXHIYHOI'O KOMIIJIEKCY
CIHHEINAJIBHOT'O TPU3HAYEHHSA

O.1. denucos, }0.0. [Jenucos, O.0. Bypcana
HepoicasHuii Hayko80-00CHiOHULL IHCMUmMym eunpobdysans i cepmugixa-
yii 030po€enHA i 8ilicbK080I mexHiKku, Yrpaina

B mporieci cTBOpeHHs CHCTEM MPENU31HHOTO SIEKTPOIPUBOTY I CTali-
Ji3arii ¢a30Boro MmoJo0KEeHHS POOOYOT0 Oprany poOOTOTEXHIYHOTO KOMILIE-
KCy CHEeMiaTbHOTO MPU3HAYCHHS BUHUKAE NOTpeOa B OIiHII TOYHOCTI Bijll-
pautoBanHs a3y miJ BIUIMBOM 30ypeHb 110 MOMEHTY HaBaHTa)keHHs. Taka
NoTpeda TaKoXK ICHYE B pOOOTOTEXHIYHUX KOMIUIEKCAaX 3araJisHOIPOMHCIIO-
BOrO IIPU3HAYEHHS, B JIA3epHIH TEXHilli, NpUIaiaX TOYHOI MEXaHIKH Ta OIl-
tuku [1], [2], [3].

HaiiedekTHBHIIIOr0 i HAWIIPOCTIIIOro PilIeHHS Ii€l nMpoOieMu MOXKHA
JIOCSITTH B €JIEKTPONPUBOAAX 3 (Pa30BMM aBTOMIACTPOIOBAHHIM YaCTOTH, L0
3abesrneuye actaTu3M 1o (aszi. Taki enekTpornpruBoIM BUKOHYIOTECS Ha 0asi
6e3kosleKTOpHUX ABHUTryHIB noctiiiHoro crpymy (BIIC), siki mpaioroTs B
CHHXPOHHOMY peXnMi. B HHX 10CATalOTh BHCOKHMX ITOKa3HHKIB IMUTOMOTO
MPUCKOPEHHS NIPH HE3HAYHUX ITyJIbCAIIISIX MOMEHTY Ta IIMPOKOMY Aiana3oHi
PEeryIIOBaHHS YaCTOTH 00epTaHHS — B/l OAMHUIb 10 JIECATKIB THCSY 00epTiB
3a xBunuHy [4], [5], [6]. B mporieci po3poOku nmpenn3iiHuX eIeKTPOIpPHBO-
B 71 TOTPeO crieliadbHOI TEXHIKH iICHY€E MpobieMa po3paxyHKy iX MmoKas-
HUKIB TOYHOCTi. B Bimomux po06oTax, MPUCBIYCHUX 3a3HAYEHIM TEMAaTHIII,
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il mpoOJieMi IPUALIICHO HEJJOCTATHLO yBard. B nmux po6oTax OibI JOKIa-
JTHO PO3IJISIHYTO ONTHMI3allil0 €HEPreTHYHUX Ta YaCTOTHO-YaCOBHUX Xapak-
TEPUCTHK eeKTponpuBoiB [7], [8], [9] mpu 30ypeHHSAX 10 yrpaBiiHHI0. Me-
TOIO JIOCTIJKEHb € PILIEHHS MPoOIeMH PO3paxyHKY TOYHOCTI BCTAHOBIICHHS
(ha30BOr0 MOJIOKEHHS! pOOOYOro OpraHy poOOTOTEXHIYHOTO KOMIUIEKCY TPH
30ypEHHSX 110 MOMEHTY HaBaHTA)KCHHS.

[prumHOIO MOXKUOKY IpH cTadimizarii Gasu pobodoro oprany podoToTe-
XHIYHOTO KOMIIIEKCY MOXKYTh OyTH 3MiHM MOMEHTY HABaHTA)KCHHS, HECHHY-
COINANBHICTh Ta HECTAOUIBHICTD HANIPYTH JKUBICHHS €IEKTPOJBHUIYHA, IO
HAJIXOJUTH BiJl aBBTOHOMHOTO iHBepTOpa Harpyru (AIH), HeTouHICTh BUMipy
moxuOku perymoBaHHs ¢a3zoBuM nerekropom (DJI), 3ami3HEHHs, IO BHO-
CATh OKpPEMI JTAHKU CUCTEMH Ta 3MIHH IX MapaMeTpiB B MPOIIECi eKCIUTyaTallii.

CrpykTypHa cxema cucTeMu crtadinmizauii ¢asu, puc.l, BUKOHaHa Ha OC-
HoBi B/IIIC, sikuii nepeBOAUTHCS B CHHXPOHHUI peXHUM poOOTH, Kouu (a-
30Ba PO30IKHICTh MiXk iMITyJIbcamMu eTanoHHoi yactoTh (fer) 1 iMmyabCcHOTO
nasada meuakocTti (IJILI), qocsirae MiHIMaJIbHOTO 3HAYEHHS.

: AB
fCIH}{
A
h 4 r
rey o 125k B AIH | CO {1aw PO
faw

Puc. 1. Cmpyxmypua cxema cucmemu cmabinizayii’ pasu

ne: 'EY — renepaTop €TaqoHHOI 4YaCTOTH;

CI — CUHXpOHHUH JIBUT'YH;

PO - poOouwmii opran;

ABb — akymynsaropHa OaTapes;

JY — miIbHHK Y4acTOTH.

CurHan noxuOku GopMy€eThCS y BUIIISAI IMITYJIBCY BiJIIIOBITHOT JOBXHUHH
Ha OTHOMY 3 JIBOX BHXO/iB (ha3oBoro auckpuMinartopa. Buxix @ /1, Ha sskomy
MIPUCYTHIN CUTHAJ MOXUOKH, 3aJI€XKUTh Bi 3HAKy MOXUOKH, a HOTO JOBXKHHA
— BiZ (a30BOi PO30DKHOCTI MiX IMITylTbcaMH €TaJOHHOI YacTOTH i JlaBada
mBuAKoCTi. CUTHAIT MOXHOKH O0OPOOJIETHCS KOHTPOJEPOM 3a MPOrpaMoro
[II-perymnaropa 3 HOoAaTbIINM NPOrPaMHUM (GOPMYBaHHSIM CUTHAIY YIIPaB-
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ninns AIH, 3aqHiii ppoHT SKOTO B CTATHIHOMY PEXXHUMI MOJTYIIOETHCS 33 CH-
HYCOIaJJbHUM 3aKOHOM, a TepeaHiil GPOHT CHHXPOHI30BAHO IMITYJIbCaMU 3
NUIBHUKA YaCTOTH.

Jus nudpoBoi naHku cucteMu (KOHTpoJiepa) XapaKkTepHa HassBHICTB KO-
KiB KBaHTYBaHHs 32 YaCOM Ta 32 piBHEM, 110 BHOCUTB TIOXMOKY B TIpOLIEC pe-
ryaroBaHHA ¢pa3u. OnHaK, Hi€0 MOXHOKOI0 MOYKHA 3HEXTYBATH, BPaXOBYIOUH
BHCOKY PO3PSIHICTh CY9aCHHX KOHTPOJIEPIB 1 B MOJANBIIOMY BBayKaTH CHC-
TeMy, puc.1, IMITyJIbCHOIO 3 YaCTOTOIO AUCKPETHOCTI, SIKa JIOPiBHIOE YaCTOTI
komyTanii AIH. OcHoBHEM (pakTOpOM, IO BIDTHBAE HA IOXHOKY cTabimi3arii
(asu B cucreMi, puc.l, € 3MiHI MOMEHTY HAaBaHTKCHHSA. MeETOI0 aHAIizy
cucteM crabimizamii ¢a3u € 3HaAXOPKEHHS iX AKICHUX ITOKa3HUKIB — MaKCH-
MaJIbHOT MOXUOKH peryiroBaHHs (a3u i JOBKHUHH MEPEXiTHOTO MPOLeCy Mij
BIUIMBOM 3MiH HaBaHTa)KeHHs1. [locTaBiieHOT MeTH MOYKHA JIOCSITTH JIBOMa Me-
tTonamu. [Tepumii MeTo 1 MOB's13aHKH 31 3HAXOKEHHSIM IepeiaTHUX QyHKIil
OKpEMHUX JIAHOK CHCTEMH 3 MOJAIBIINM PO3PaXyHKOM IepenaTHoi QyHKIT
BCi€l 3aMKHEHOT cucTeMu. HeolikoM 1b0ro METOAy € BiICYTHICTh Mepeaar-
HUX (YHKIIH 3aMKHEHHX CHCTEM 32 HaBaHTAXXEHHSIM, SIKIIO B IX CTPYKTYpi
MPUCYTHI JIAHIFOTH iMITybeHOT fii. Apyruit MeTon 6a3yeThcs Ha OMMHUCI IPO-
IEeCiB pAIOM TU(EpPeHIIHHNX a00 PiI3HUIICBUX PIBHAHB MEPIIOTO MOPSAKY 3
BUKOPHCTAHHSIM BEKTOPHO-MAaTPUYHOTO NPEICTABICHHS MapaMeTpiB CHC-
TeMH Ta (HaKTOPiB MO 30YPIOIOTh B MPOCTOPI CTaHy, IO CKJIAJA€ 3MICT Cy-
gacHOI Teopii ynpasmninas [10]. IlepeBaroro MeToxy mpocTopy CTaHy Iepen
IHIIIMMH METOJaMU € Te, 10 BiH J03BOJISE IIPU CBOEMY 3aCTOCYBaHHI BUKO-
PHCTOBYBaTH THUIIOBE IpPOrpaMHe 3a0e3NeueHHs] CYYaCHHUX KOMII FOTEpiB.
ToMmy nopanplInii aHai3 HeJIHIKHOT IMITYJIbCHOT cucTeMHu, puc.l, moTpiOHO
BECTH YHCEITbHUM METOIOM 3MIHHHX CTaHy B 4acOBi# 00macTi.
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MOJEJIIOBAHHS BIIVINBY HECTABIJIBHOCTI
XAPAKTEPUCTHUK 3ACOBIB KOHTPOJIIO HA E@OEKTUBHICTD
OYHKINIOHYBAHHA PAJIOTEXHIYHUX CUCTEM

C.B. Kyko6ko?, O.T'. Beromkin!, C.B. I'epacumos?; O.B. I'peuka?
7] -00CHIOHU § bi iKa-
Y Tepaicasnuii nayrkoso-oocnionuti incmumym eunpobyeéans i cepmugixa
yii 030poenHs ma 6iticbkosoi mexuiku, Yxpaina

2Xapxiscoruii nayionanvuuil yuisepcumem Iogimpsnux Cun
im. I. Kooceoyba, Yrpaina

B mporieci excrutyaTariii XxapakTepucTuky pagiorexHiunux cucrem (PTC)
iIBepraloThes pizHUM 3MiHaM. L1 3MiHU HOCSATh BUIIAIKOBHH XapakTep i MO-
KYTh MPUBECTH JI0 BiMOB, TOOTO 10 HeMoxnBocTi PTC BUKOHYBaTH CBOI
¢byHKuii [1].

Kpim Toro, nocrymnosa 3MiHa MOX1OOK 3aC00iB KOHTPOJIIO JO3BOJISIE BBE-
CTH JI€KiJIbKa CTaHIB CIIPAaBHOCTI 3 PI3HUMH PIBHSMH €(EKTUBHOCTI (yHKIIi-
OHYBaHHS, sIKI OOYMOBIIEHI CTyII€HEM HaOJIMKEHHS MOXUOKH 3ac00iB BUMi-
PIOBaJIbHOI TEXHIKH JI0 AOIYCTUMHUX I'PaHUYHKX 3HaueHb. Lle, B cBOIO uepry,
MIPU3BOIUTH 10 HEMOSKJIMBOCT] BU3HAYECHHS JOCTOBIPHHUX MapamMeTpiB (pyHK-
HioHyBaHHs 3ac00iB kKoHTpoito — PTC. Ilpu boMy MOXXIIMBE 3HHXKEHHS J10-
CTOBIPHOCTI KOHTPOJIIO TeXHIYHOTO cTany PTC, sike BUKIMKaHE TOMHUIKAMU
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nepiuoro ta apyroro pony [2]. Taka 3agaua ocoO1IMBO akTyaibHa [isi BOY-
JIOBAaHMX 3aCcO0IB KOHTPOJIIO, sIKi eKciuryaryroTees B ckiani PTC. o Takux,
HaIpUKJIa], HaJexXaTh PajioOKaliiHi CTaHLii pI3HOro NPU3HAYECHHS, KOM-
TUIEKCH aBTOMATH30BaHOTO YIPaBIiHHS Ta nepenadi fanux tomo. Hemocro-
BipHi (NTOMHJIKOBI) MOKa3aHHS 3ac00IB KOHTPOJIIO MOXXYTh IPHBECTH JIO
NPUAHATTS HEBIpHUX BHCHOBKIB Ipo TexHiuHMM cTaH PTC, mo Moxe mpuse-
CTH 10 BUHHKHEHHS aBapilHOi (HemTaTHOI) cHUTyalil mig Jac (yHKIIOHY-
BaHHs TaKOI CUCTEMH.

B monoBini moka3aHo BUPIMICHHS aKTyaJlbHOI 3a/1a4i, 3B’ s3aHOT 3 TOCITi-
JOKEHHSIM 3aKOHY PO3IOJIUTY HECTaOlIbHOCTI XapaKTePHUCTHK 3aC00iB KOHT-
podIro, SIKi IpU3HAYEH] AT BU3HAYeHHS TexHigHoTO cTany PTC. Busnauenns
OCHOBHHX XapaKTEpUCTUK 3aKOHY PO3IOALTY HeCTaOUILHOCTI XapaKTepHc-
THK 3aCO0IB KOHTPOJIIO JO3BOJISE MiABUITUTH S(PEKTHBHOCTI SKCILTyaTarlil
PTC 3a paxyHOK CBO€4aCHOTO BHSIBJICHHS HECIIPABHOCTEH 1 MPOTHO3yBaHHS
X peanbHOro TeXHIYHOTO CTaHy.

I[Tpu ouiHroBaHHI cTaHy napamerpa koHTponto PTC 3a iioro 3HayeHHsIM
HOPIBHIOIOTHCS a0COJIIOTHI 3HAaU€HHs BEPXHbOi X, 1 HWXKHBOI X, rpaHuui

JIOITyCKiB Ha mapaMeTp KoHTporo X. Kortpons TexHiunOTO cTany PTC mipo-
BOJIMTHCS [IJISIXOM MOPIBHAHHS a0COJIOTHOTO 3HAYEHHs IapaMeTpa X 3 Horo
Jomyckamu X, 1 X,,.

i mpocToTH po3paxyHKIiB OyZeMo BBa)KaTH, IO CTAHH ITapaMeTpiB pi-
3HOWMOBIpPHI Ta 3HaYECHHS BCiX BEJIMYMH 3a7al0ThCs 3 aOCOIFOTHOIO MOXHO-
koto. Toxi iHdopMartis, o oxepkaHa IpH KOHTPOIT OJHOTO IapaMeTpa, 10-
piBHIOE:

|1=|092§, (1)

Je A — abcoroTHe 3HaueHHs [apaMeTpa KOHTpoio; € = X, — X, .

Iadopmariis, 110 OTPUMYETHCS HA KOKEH MapaMeTp KOHTPOITIO, TOPiBHIOE
BimoBiaHo (1):

H

X . X
=logz| =45 |. @)
€ €

X
1,1 =log; —=+log;
€

Toni iHpoOpMaLis, IO OTPUMYETHCS 32 Pe3yJIbTaTaMU KOHTPOJIIO, 3TiHO
Bupasie (1) i (2), mopiBHIOE:
XX
Iy +1,y =logy| X —2— | ©)

83

ITpu xonTpodi Texuiunoro crany PTC mpoBoauThcs NopiBHAHHS abco-
JIFOTHOTO 3HAYCHHS BIAXMICHHS NapaMeTrpa AX , sike pO3paxoBYeThCs B 3a-
€001 KOHTPOJIIO, 3 a0COMIOTHUMH 3HAYEHHAMH BEPXHBOTO X, 1 HHKHBOIO

Iy =

332



X,, nomyckiB Ha 1i BiaxuieHHs [3]. BigxuneHHs napamMeTpa KOHTPOIIO Bil
HOMiHAIy TOPiBHIOE:
AX =X-Xg,
ne X — niificHe 3HaYeHHA napamerpa; X(; — HOMiHaJbHE 3Ha4EHHS Mapa-

Merpa.

HowminanbHe 3Ha4eHHS MMapaMeTpa TaKoK BBOAWUTHCS B 3aCi0 KOHTPOIIO.
Jani peecTpyroThCs BiAXIICHHS IMapaMeTpa Bi HOMiHATIy Ta JOITyCKH Ha IIi
BigxmieHHs. [HpopMarid, sska oTprMaHa TIPH BUMIipIOBaHHI OJHOTO IIapame-
Tpa, JOPIBHIOE:

AX
I, =log, —.
€

[Hdopmaris, MO OTPUMYETHCS HA KOXKEH MapaMeTp KOHTPOJIIO Ta BUBO-
JWUTHCS U1 TOPIBHAHHS 10 3ac00y KOHTPOJIIO, OPIBHIOE:
XoX, X,

83

Croci0 OIiHKH 3a a0CONIOTHUM 3HAYCHHSIM BIIXHWJICHHS HapaMeTpa Bij
HOMiHay Oyne OibIl eKOHOMIYHIM CITOCOOY OIIIHKH 3a a0COIOTHUM 3Ha-
YEeHHSIM ITapaMeTpa mozo oocsry iHdopmallii, 0 OTPUMYETHCS 32 PE3YIlb-
TaTaMU KOHTPONIO, AKmo |,, <1,,, T00TO NpH:

XoX, X
%SXEXH' (4)

X X X
1,5, =lo0g, T0+Iogz T“+Iog2 T” =log,

€
Skmo noknacta |X g|:|X H| =Xp, TO HepiBHIiCTb (4) NOTPUMYEThCH,

. X
akmo: X, < . Tak sk 3BHuaiino —2 >1, To0: Xg <4/eXg .

]{ﬁ+l ¢
€

OTpumaHuii Ipu IIFOMY BUTpaIl B iHpopmarii npo Texnignmii ctan PTC
JOPIBHIOE:

eX X eX X
A]n :[nl_]nZ = |092(4J: |og2 3—*’2 .
AgAX AX, Xo(AXy)

P Xo =108 AXy=01B . .
O3IJISTHEMO MpHKIa. SIKIIo , , TO IpyTuii crocio
OI[IHKM €KOHOMHIIIMK TIEpIIoTo 3a 00caroMm iHpopMartii, IO OTPUMYETHCS
TIpu KoHTponi TexHiunoro crany PTC npu X <1B  Burpam B indopmarii,
fKa OTpHMaHa 3a pe3yiabTaTaMu KoHTpoiro mapamerpiB PTC npu Buxopuc-
TaHHI OIIHKH 32 BIIXWJICHHSM I1apaMeTpa Bil HOMiHAIY, JOPiBHIOE:
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Xo XXy
AXAX AX,

IIpu omiHmi craHy mapamerpa 3a BEJIMYHHOIO BiTHOIICHHS BiIXHWIICHHS
mapameTpa BiJl HOMiHaJIy 10 HOr0 HOMiHAJIHOTO 3HAUYEHHS CIIOYaTKy po3pa-
AX X-X
Xo  Xo

IToTiM 1€ BiXHOMICHHS TMOPIBHIOETHCS 3 BiTHOCHUMH 3HAYCHHSMH BEpX-
HBOTO 8X, 1 HMKHBOTO 8.X, NOIMYCKIB, IKi BBOAATBCS O 3aCO0Y KOHTPOJIO.

Al, =1log;

XOBY€ETHCS BiTHOMICHHSA: 0X =

PeecTpyroThcs BiTHOIIEHHS BiIXWJICHHS TapaMeTPiB BiJ HOMiHAIY Ta JOMy-
CKU Ha I1e BimxmieHHs. el crocid omiHKY piBHOIIIHHAHN CTIOCO0Y OIIHKH 32
a0COTFOTHIM 3HAaUCHHSIM BiIXIJICHHS ITapaMeTpa BiJl HOMiHAIY IIOA0 00csTy
BBeZIcHOI Ta BHBeneHO! iH(opmarii. BimHocHa dopma peectparii maHmx
MOJKe TIOJIETIIIUTH X OTJIA[, OJHAK JOCATAETHCA LIe BBEICHHAM Y CHCTEMY KO-
HTPOITIO OTepallii AiJICHHs, IO YCKIIAJHIOE 3acid KoHTpouro [4].

VY pasi, Koy JaT4uKy 3aco0y KOHTPOJIIO CKOHCTPYHOBaHI TaKUM YHHOM,
10 3 HUX BHJAETHCS BIAXWICHHsS NapaMeTpa BiJ HOMiHamy AX , OLIHKY
CTaHy NapaMeTpa MO)KHa BUKOHATH IIUIIXOM IMOPIBHSHHS OJIEP)KYBaHOTO Bi-
IXuiaeHHA AX 3 BepxHiM AX, 1 HIKHIM AX, IomyckaMu Ha 1€ Biixu-

JICHH, SIKI BBOJSTHCA 10 3200y KOHTpomo [4].

OdeBHAHO, IO IeH crocid HAWOIBII EeKOHOMIYHUI 3a 00csIroM iH(pOp-
Marlii, Mo OTPUMYEThCS TpH KOHTpoui TexHigHoro crany PTC. Kpim Toro,
NPY BUKOPUCTaHHI LOTO CIOCO0Y HANOLIBII MPOCTO CKOHCTPYIOBATH 3aci0
KOHTpoJt0. Henosik MeToay mosisirae B TOMy, 10 IIOTPIOHO BCTaHOBIIIOBATH
cremiajibHi JaTYMKH-TIepeTBOPIOBaYi [5].

Pesysnbratu nociijpKeHHs! BIUIMBY IHTEHCHBHOCTI Jpeidy XapakTepuc-
THUK 3aCc00IB KOHTPOJIIO, BUAY 3aKOHY PO3MOLIY HECTablIbHOCTI 1X XapakTe-
PHCTHK B TIpolieci KOHTpoutto napametpiB podotn PTC no3Bonsith po3paxy-
BaTH MaTeMaTHYHY 3QJIC)KHICTh €PEKTUBHOCTI EKCIUIyaTaril TaKuxX CHCTEM
BiJl HECTaOLIBHOCTI XapaKTePUCTHK 3aCO0IB KOHTpO0. TakuM YHHOM, Ma-
I0YH 3aKOH 3MiHH HecTaO1TbHOCTI XapakTepucTuk BOynoBanux 1o PTC 3aco-
61B KOHTPOJIIO, MOJKHA JIOCUTH TOYHO BU3HAYNTH Yac POBEAECHHS KOHTPOJIIO
texHiuHOro crany PTC 3 MeTol0 CBO€4acHOT0 BU3HAUCHHS iX CIIPaBHOCTI 200
HecripaBHOCTI. Lle 103BONUTE, MpH HEOOXiITHOCTI, OMEPATHBHO IPOBOANUTH
pETyIIOBaHHS, peMOHT a00 3aMiHU HecripaBHUX OJ0kiB. To6TO, Oy/e miaBu-
IIeHA TOCTOBIPHICTh KOHTPOIIO apameTpiB pyHkionysannsa PTC, mo min-
BUIINTH €(PeKTUBHICTP iX QPyHKIIIOHYBaHHSA Ta Oe3aBapiiiHy eKCILTyaTamiio.
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YIK 621.396

ABTOMATH30BE TEXHIYHE OBCJIYT'OBYBAHHS
PO3HECEHMX EJIEKTPOHHUX IHOOPMALIMHUX CUCTEM

C.B. Kyko6ko?, O.I'. Beromkin?®, €.C. Pomynxin?, B.B. Ixyc?
Ylepacasnuii naykoso-0ocnionuil incmumym eunpobyeéans i cepmugixa-
yii' 036poennn ma GiticbK0Boi mexHixu, Yxpaina

2Xapriscoruii nayionanvnuii ynisepcumem Iosimpsnux Cun
im. I. Kooceoyba, Yrpaina

OcobnuBicTio po3HeceHo1 enekTpoHHoi iHpopmManiiinoi cucremu (PEIC)
€ BXOJDKEHHS JI0 11 CKiIay 3aco0iB, 10 YSBISIOTH COOOK CKIIAIHI 00’ €KTH,
KOKEH 3 SIKHMX MOTpedye KOHTPOIO (OI[IHKM) BiJIOBIIHUX HapaMeTpiB 3 pe-
IJIAMEHTOBAHOIO JIOKYMEHTALIE€F0 TIepioAnyHicTIO0. JI7Ist aBTOMaTH3aIi] TeXHi-
ggoro o6cmyroByBaHHs (TO) PEIC notpibeH moBHui omuc (MOAENb) eKc-
mryatarii PEIC — Bucoka creninb netanizaiii moB’s3aHa 3 HEOOXiJHICTIO BU-
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3HA4YEHHs YChOI'0 KOMIUIEKCY BUIB Ta MeToaiB TO, niarHOCTUYHKX Mapame-
TpiB Ta HOpMaTHBiB 3aco0iB PEIC, a Takox onepaltiii, 1o BUKOHYIOTHCS BPY-
YHY, 3 METOI0 MaKCHMalbHOTO BUKIIoYeHHs B TO yuacTi monuau. [opsiiok
CTBOPCHHS OIMUCY (MOJIeNi) Ta iX mpukiaau HaBeneHi B [1]. Pi3HOMaHITHICTB
BUJIIB Ta METO/IiB TEXHIYHOTO OOCITyroByBaHHs, J1arHOCTUYHHX ITapaMeTpiB
Ta HOpMaTuBiB 3aco6iB PEIC Bukimmkae HEOOXiTHICTh OTPUMaHHS, 0OPOOKH
Ta 30epiranHs BemuKoro odcsary iHdopmartii 3a 6akaHo MiHIMANBHUI 1HTEp-
BaJI 9acy, TOOTO HEOOXIJHICTH CTBOPEHHS PO3IONIICHNX 0a3 JaHUX Ta 3HAHBb
(TIpaBMII OLIHKK TEXHIYHOTO CTaHY, 0 BUKOPUCTOBYIOTH JaHi MPO Omepartii
TEXHIYHOTO 0OCIIyTrOBYBaHHS, TapaMeTPH, III0 KOHTPOIIOIOTHC, Ta IX Tmorme-
penHi, ITOTOYHI Ta MPOrHO30BaHI 3HAYECHHS) 3 KIII€HT-CEPBEPHOIO apXiTEKTY-
pOIO, /I 3MEHILIEHHS PO3MIpIB SIKMX HEOOXiJHO MPOBOIUTH OINTHMI3aIliIO
napaMeTpiB, [0 KOHTPOJIOIOTHCS [2]. 3HAaHHSI KOHKPETHOI MOJIENi eKCIuTya-
tarii PEIC mo3BoJsie cHHTE3yBaTH ONTHMAIbHI BUMIPIOBAJIbHI CUTHAIIN IS
BU3HAYCHHS KOXHOTO 3 TEXHIYHHUX CTaHiB sIK ii OKpeMHX 3aco0iB, Tak i cuc-
TeMH B 1IoMy. Kpurepii cuHTe3y Ta mapameTpu ONTHUMaIbHUX CHT'HANIB Ha-
BesieHo B [3-4]. Indopmauis npo TexHiuHMI cTaH 00’ ekTiB Ta (a00) BCi€i cu-
CTEeMH MICTUTBCA Y BHXIJTHOMY CHUTHAINI (BiIKIHKY) 00’€KTy (CHCTeMH), Me-
TOIM 0OPOOKH SKOTO po3risHYTI B [5]. Habip BUMiproBaIbHUX CHTHAJIB Ta
BIJKJIMKIB HA HUX 00’€KTIB (CHCTEMH) AO3BOJIIIOTH OOTPYHTYBAaTH ONTHMA-
JHHAN Tepetik 3aco6iB BuMipioBanbHOI TexHiku (3BT), B TomMy unci i miep-
CTIEKTUBHHUX, II0 JO3BOJITIOTH aBTOMAaTHYHO IIPOBOIUTH BUMiPIOBAaHHS Iapa-
METpIB B CKJIaJli KOHTPOJIbHO-TIepeBipouHoi anapatypu PEIC. Mertoauka ta
npuknaan GopMyBaHHS TEpesiKkiB HaBeaeHo B [6]. BuMipioBaHHs mapamer-
pIB CHUTHAJIB i3 3aCTOCYBaHHSIM IIEPCHEKTUBHHUX (BEKTOPHHX) aHaJi3aToOpiB
HaBeJIeHO B po0oTi [7]. BuzHauenns nepeniky 3BT no3Boiisie ypaxyBatH ix B
moeni excrutyarauii PEIC [8]. [ndopmais npo mozens excrutyatanii PEIC,
BXIJTHUX Ta BUXIJJHAX BUMIPIOBAJIbHUX CHT'HaJIaX CHCTEMHU Ta ONTUMAaJbHUI
nepenik 3BT e HeoOXiqHOTO ISt METOAMK KOHTPOJTIO ITapaMeTPiB CUCTEMH K
3a pi3HUMU KPUTEPIsIMH ONITUMAIIFHOCTI, TaK i mpu ekcinryaTanii PEIC 3a te-
XHIYHUM cTaHoM [8]. BupilreHHs BuIle HABEJCHUX MMUTAHb € MiICTABOO IS
CTBOPCHHSI aBTOMaTH30BaHOI cuctemu TexHiuHOi miarHoctuku (T[]) PEIC,
sIKa BKJIIOYAE JI0 CBOTO CKJIAy aBTOMATH30BaHy BUMIPIOBAJIbHY CHCTEMY, 1H-
TErpoBaHy 3 PO3NOAIICHUMH 0a3aMH JaHUX Ta 3HaHb 3 KIIEHT-CEPBEPHOIO
apxitektypoto [9]. 3a pesynpraramu T/] mpuiimMaeTbes pilieHHs MPO TEXHi-
YHi CTaHU 00’€KTiB JIarHOCTYBAaHHS Ta MPOTHO3YBAHHSA X 3MiH, SIKe € Iifc-
TABOIO /ISl BU3HAUYCHHS KOMIUIEKCY HEOOXiTHUX Ta MPOTHO30BAHUX BiTHOB-
JIOBAJIbHUX PEMOHTHUX po0iT. BU3HaUueHHS KOMIUIEKCY BiJTHOBIIOBaIbHUX
PEMOHTHHX pOOIT B BUMAIKy PECYpCHUX OOMEKEHb B 3arajIbHOMY BHIIAIKY
Moyke OyTH IPECTAaBJICHO K Pe3yNbTaT BUPIMICHHS 3a7adi baraTokpuTepia-
JMBHOT ONTHUMI3alii — MaKCUMi3alii BiTHOCHOI €KOHOMIYHOI e(peKTHBHOCTI
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[10]. dns xouTpomto sikocti TO nmoBuHHA OyTH mependayeHa aBTOMATH30-
BaHa cucrema ynpasiiaHs TO, OCHOBHUMHU 3aJa4yaMu SIKOi € KOHTPOJIb Tpa-
BUWIILHOCTI (pyHKIIOHYBaHHs 0a3 qaHuX Ta 0a3 3HaHb, OIIHKA e()EeKTUBHOCTI
NPUIHATHX pillleHb, niarHoctuka skocti poboru cuctemu T/1 PEIC Ta ii Ha-
BYaHH, CaMO/IarHOCTHKA Ta CaMOHaBYaHHS. MeTo/ CHHTE3y ONTHUMaJIbHOT
cHUCTeMH YTIpaBliHHA HaBeneHo B [9]. Takum umHOM, aBTOoMaTtm3aimis TO
PEIC nmotpebye obrpyHTOBaHI: Habip HaHUX, CTPYKTYPH Ta MPOIEAypH Ha-
ITOBHEHHS 0a3 JaHWX TEXHIYHOTO CTaHy 3aco0iB cucTeMH Ta 0a3 3HaHb, I1e-
pemnik 3BT. V pasi npoBeaeHHS BiTHOBIIOBAIEHUX PEMOHTHHUX pOOIT 3HAHHS
OKpEeMHUX TIOTIepPEeNHIX MIarHOCTHYHAX HOPMATHBIB BTpayae aKTyalbHICTb,
TOMY 3a [TOYATOK Bi/UTIKY IIUX TTapaMeTPiB TOUITHHO OpaTh iX 3HAaYESHHS HicCIs
NpoBeJCHHs BiAnoBigHux pooir. Kpim nepesipku BigmosinHocti 3BT BCTa-
HOBJICHHMM BHMOTaM NMOBHHHA Iepea0davyaTucs nepeBipka MEeToiaMu MaTeMa-
TUYHOI CTAaTUCTHKH PE3yJIbTATiB BUMIPIOBaHHS, a caMe TiloTe3u moao GpyH-
KUiT IUIBHOCTI PO3MOJITY Pe3ybTaTiB BUMIpIOBaHb Ta 11 CTATUCTUYHUX Xa-
PaKTEepUCTHK, BUSBICHHS IpyOuX moxubok BuMiproBasb [11]. Oninka Kox-
HOT'O 3 MapaMeTpiB 00 €KTIB € PIICHHS, 110 NPUIMAETHCSI MTICIIS TOPIBHSAHHS
Pe3yNbTaTiB BUMIPIOBAHHS BiJIIOBIHOTO IIAPAMETPY 3 BCTAHOBICHHMH TEX-
HIYHOIO IOKYMEHTAII€I0 3HAYECHHSIMHU.

Cnpomena cxema oprasizamnii aBromarnzoBaHoro TO HaBeneHa Ha
puc. 1.

OtpumaHi pe3yabTaTH MOXKYTh OyTH BUKOPUCTAHI NPH IIPOEKTYBAHHI aB-
TOMaTH30BaHUX CHCTEM TEXHIYHOro o0ciayroByBanHs ckiaguux PEIC.

’ Mopens excrutyararii PEIC ‘

JliarHOCTHYHIH TTapaMEeTpH Ta HOPMATHBH, 1X
ONTUMI3allis

’ OnrtyMaibHi BUMIPIOBAIBHI CUTHAINU Ta iX 00poOka ‘

v

’ OnTuManbHHiT Iepertik 3aco6iB BUMiproBaHHS ‘

’ PosnofineHi 6a3u JaHNX Ta 3HaHb 3 KIEHT- ‘
CEPBEPHOIO aAPXITEKTYPOIO

’ MeTtoauku kouTpostio napamerpis PEIC ‘

v

’ AsromaruzoBana cucrema TJ] PEIC ‘

¥

’ Kommieke BiJTHOBITIOBAJIBHUX PEMOHTHHX POBIT ‘

¥

’ ABTOMaTH30BaHa cucrema ynpasiints TO ‘

Puc. 1 — Cnpowena cxema opeanizayii asmomamuszosarozo TO PEIC
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YIK 621.952

B3AEMHMWI BILJIUB TEIJIOBUX JIKEPEJ HA
TEMIEPATYPHHUI CTAH IIJT YAC OBPOBJIEHHS OTBOPIB
KOMBIHOBAHUM IHCTPYMEHTOM

.M. Jlanno, O.B. YepBoToka, M.O. I'epanienko
Jlepoicasruii Hayko60-00CaiOHULL iHCMuUmym sunpo0yeans ma cepmui-
Kayii 030po€eHHsL i 8IlICbK060I mexHiKuy, YKpaina

Oco0nuBicTIO 00pOOJICHHS! OTBOPIB KOMOIHOBaHHM OCHOBHM 1HCTPYMEH-
TOM, KM Ma€ J1Bi a00 OiIbIle poOoUi CTYIICHI, € Te, 0 3a MEPIIMM TEIUIO-
BUM JDKEPEJIOM (exs; HA BIICTAHI @12 3 TIEIO XK MIBUIKICTIO mojadi Vy pyxa-
€TBCS IPYTe TEMJIOBE HPKEPENIO IHTEHCUBHICTIO Jexq2. 3@ HASIBHOCTI TPHOX PO-
00YMX CTYTICHIB 3a APYTUM TEIUIOBUM [[KEPEIIOM Ha BiJICTaHi az-3 pyXaeTbCs
TPETE TEIUIOBE JKEPEIIO Qexes. JaHI TEIUIOBI JPKepesa 3 ICHIOIOTh B3aEMHUI

T 5) L y
D R
7
B Qe Qexe! ai-2 Temz Xu2
p— " — e s — . — d_ X
I h_/\ gico cumempii
CK6.
ai-2 Ru2
Xul

Puc. 1 Pospaxynkosa cxema menio8020 HA8AHMANCEHHS GMYAKU NpU 00pOONeHH]
080CMYNEHeBUM OCbOBUM THCIMPYMEHMOM:
a) HaBaAHMANCEHHSL KilbYegUM MENTO0BUM OHCEPENOM,
6) niocka ocecumempuyHa KiHyego-e1eMeHmHua cxema
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BIUIMB OJMH Ha OXHOTO. J[ys OIiHIOBaHHS BIUIMBY CYCIIHBOTO TEILUIOBOTO
JoKepesia OyJii IPOBEAEH] YMCENIbHI JOCIIPKEHHSI Ha OCHOBI METOy KiHIIe-
BUX EJIEMEHTIB TEMIIEpaTypHOIO CTaHy Y IOB3I0OBXHBOMY Hepepisi aeraii
THUITY LWJTTHIPUYHOT BTYJIKU TOBKHHOMO L, 30BHImIHIM aiamerpom D 1 giame-
TpoM oTBopY d mijx Yac 06pOOICHHS TBOCTYICHEBHM OCHOBHM iHCTPYMEHTOM
THITy 3eHKep-po3BepTka [1]. Lle mossommimo mepeiitn Bix 06’eMHOI Moz
JeTali 10 II0CKOT 0CECUMETPHYHOI, 10 CIIPOCTHIIO PO3PaxXyHKOBY CXEMY Ta
JIO3BOJIMJIO TTiABHIITH TOYHICTH PO3paxyHKiB. Po3paxyHKoBa cxeMa HaBaH-
Ta)XCHHS JIeTali HaBeJeHa Ha puc. 1.

Mertoto mociimkeHHs1 0yI0 BU3HAYCHHS BETMYNHN KOe(]ili€eHTIB B3aeM-
HOTO BIUIUBY TEIUIOBUX JDKEPEJ OAUH Ha 0JHOTO. TeMIepaTypHa 3aJexXHICTh
TEIJIONPOBITHOCTI A 1 MUTOMOT TEIUIOEMHOCTI CP BiJ TEMIIEpaTypH HE Bpaxo-
ByBasach. [Ipolec pyXy TemIoBOro Jukepesa IpeICTaBiIsIBCs Y BUTIISIL JHC-
KPETHOTO NPHKIIAJIaHHs TEIIOBOTO JDKEpena J0 MOBEPXHi JeTaii Jyuis N mo-
JIOKEHb, JIe

_(L+a,)

2

n tano,’
ne t2 1 @2 — BiINOBITHO IIMOMHA pPi3aHHS Ta TOJOBHUHN KYT B TUTaHI IS
JIPYTO1 CTyTICH.
Yac 00poOIeHHS OTBOPIB IBOMA CTYIICHIMH
T= (L+a,) md(L+a,),
\Y; sV

n

ne S iV — BIOMOBiAHO 1Mo/1ava Ta MIBUAKICTE Pi3aHHS.

Iporec 06pobaeHHs OyI10 moaiieHo Ha Tpu etanu. Ha nepriomy erari 0
<t <a1-2/Vh (puc. 2a) 06poOIEHHS TPOBOIUIOCH TUIBKH OJHUM CTYIIEHEM 1
TeMIIepaTypHHH CTaH BU3HAYABCS TIJIbKH TEINIOBUM JIKEPEIIOM Jexss. Ha ipy-
romy erami a1-2/Vo< t < L/Vy 06po6iieHHsT TPOBOAMIOCH JBOMA CTYIICHSIMH i
TEeMIIepaTypHUH CTaH BH3HAYaBCs JIBOMA OJIHOYACHO JIIOYMMH TEIUIOBUMH
JOKEPENAMHU Jexs/ 1 exs2 (pHC. 26). Ha TpeTbomy etarmi a1-2/Vi< t < (L+a1-2)/Vi
00p0o06IIeHHSI TPOBOIMIIOCH TUIBKU IPYTUM CTYIICHEM 1 TEMIepaTypHHH cTaH
BU3HAYABCS TUTBKU TEIUIOBUM JDKEPETIOM (exs2 (pHUC. 2B). [lodaTkoBI yMOBH
ULt MEpILOTro KPOKY HaBaHTAXKCHHS:
Oo(X, ¥, 0) = Oq, 1e @ — TeMmepaTypa HABKOJIHUIIHBOTO CepeI0BHILA. 3a 1M0-
YaTKOBI YMOBH Ul HACTYITHUX KPOKIB NMPHHAMAJINCH Pe3yJbTaTH IMOIepe-
HBOTO KpoKy. OCKUTBKH ITpH BU3HAYCHHI TEMIIEPATYPH BiJl Jil ABOX TEIUIOBHX
JOKEpedI, CIIpaBeIMBAN IPUHIIHII CYTIePIIO3UIIii [2], TeMmepaTypHHid CTaH y
MOB3/I0B)XKHBOMY TIepepi3i BTYJIKH y TOBUTFHIA MOMEHT 4acy OyB OTpUMaHUi
SIK CyMa TeMIIepaTypHUX CTaHiB B JAaHWH MOMEHT Yacy BiJl Jii 1BOX TEILIOBUX
JOKeped:

O(x,¥,1) =0,(x, 1) +0,(x, y,t) »
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ae ©1(x, Y, t), ®2(X, y, t) — po3moin Temmepatyp y moB3I0BXHBOMY Mepe-
pi3i Bix Iii mepuoro ta Apyroro TEIIOBOTO JUKEpea.

BpaxoByrouw, 1110 TEIUIOBI JKepesia pO3HECEH] B3JI0BXK OCi HAa BiJICTaHb
ai-2, IO BIANOBiNAE iHTepBaTy Yacy (DyHKLIOHYBaHHS B 33JaHOMY Iepepisi
At = a1.2/Vy, TeMmepatypy y IOBiNbHII TOULI MOB3I0BKHBOTO MEpepizy Je-

»)

12
Qoxsl Xu Qexe! Qews2 Xy Qexs2 Xio=Xin=A1.

; X . .
6IiCb Ccume- 8icb cume- X 8icb cume-

Puc.2 Emanu meniogozo nasanmasicenns nio uac o6poobnents omeopie 080CmyneHesum
0CbOBUM THCINPYMEHMOM:

L 0stsa,/V,. s anlV,<t<LIV,. a,iV,<t<(L+a,)lY,

Tai B MacmTadi 4acy IepIoro Ta Jpyroro TEIUIOBOTO kepena ty i t MoxkHa
BU3HAYHUTH SK:

O(x, Y1) =0,(X,y,t)+O,(x,y,t, —a,,/V,),
O(X,¥,t,) =0,(X, y,t, +a,, /V,) +©,(X, y,1,),
abo:

O(x,y,4) =0,(X ¥, 1) +AO, , (X, y, 1),
O(x, yitz) = A®271(Xa yatz) +0, (%, y’tz)*

Jie IapaMeTpH
AO15(X, Y, t1) = O2(X, Y, t1-a12/Vy),
A®2.1(X, Y, t2) = O1(X, Y, tr+ai2/Vn)

BPaxoOBYIOTh BIUIUB CYCIIIHBOTO TEILUIOBOTO JIXKEpesa Ha TeMIlepaTypHe
T0JIe /IIF0Y0T0 TEeIIOBOTO JDKEpea.

Ha puc. 3 HaBeneHa piarpama posmnoJiy TEMIEpATyp y MOB3JIOBXHEOMY
niepepisi Ha MOBEpXHi JeTali, HONepeaHild aHai3 KOl MOKa3ye, MO BIUIMB
HaCTYITHOTO TEIUIOBOTO JDKEpeIa Ha TeMIIepaTypHe I110Jie TOIepPEeJHbEOTO Mi-
HiMaJbHUH.
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Puc. 3 Po3nooin memnepamyp y n0630064CHbOMY nepepisi 0emaii Ha NOGEePXHI
omeopy 6i0 060X MennosUx dxcepen.
1) 6i0 neputoco mennosozo odicepena; 2) 6i0 0py2020 menno6o2o oxcepena;
3) cymapmuii posnodin mesnepamyp

Lle MOSICHIOETBCS TUM, 1110 30HA Pi3aHHS HEPIIOTro CTYNEHs BiAJaIsE€ThCS
BiJl 30HH pi3aHHSI APYTOTO CTYIEHS 31 MBUAKICTIO moxadi Vy. Y Toif ke dyac
BIUTUB IPHPOIICHHS A®2.1 TIONEPEIHBOT0 TEIIIOBOTO JKEperia Ha TeMIiepa-
TypHE TI0JIe HACTYITHOTO MO>kKe OyTH 3HAYHUM H HaBiTh MOPIBHSHUM 3 BJIac-
HOIO TEMIIEPaTypoI0 TEIUIOBOTO JUKEPENa, 0 MOXE CYTTE€BO BIUIMBATH Ha
TOYHICTE 0OpPOOIICHHS OTBOPIB Ha APYrOMY CTyIIEHi. J{oMs mpupoIIeHHs Te-
MIIEpaTypH B 30Hi Pi3aHHSA APYTOro CTYNEHs 32 paXyHOK TEIUIOBUAITICHHS Ha
HepIIoMy CTyneHi Moxke nocsiratu 85 % [1].

B pesynbraTi qociimkens 0yiia po3pobiieHa YucesibHa MaTeMaTHYHA MO-
JIelIb PO3MOBCIO/IKEHHS TEMIIEPaTYPHUX TI0JIIB Y TIOB30BXHbOMY Iepepisi
BTYJIKH TiJl yac 0OpoOJIeHHs OTBOPY JIBOCTYIEHEBHM OCHOBUM IHCTPYMEH-
TOoM. BeraHoBieHo, 1110 1aHa MO/JIEIb PO3MOBCIODKEHHS TeMIIepaTypHHX MO-
JIB € OCHOBOIO JUIl CTBOPEHHS KOMIIIEKCHOI MOJENI PO3BHUTKY TEIJIOBHX
MPOIIECIB ITi T 9ac 0OpOOIIEHHS 0TBOPIiB KOMOIHOBaHMM 1HCTPYMEHTOM, B SIKiHt
noTpiOHO BpaXxOBYBATH PO3MOILI TeIUia B IHCTPYMEHTI Ta BTOPUHHHUH Tepe-
PO3IIOALN TeIUIa MiXK IHCTPYMEHTOM Ta JIETAILTIO.

Jlireparypa:

1 TarpsaueHKO A. I'. OCOOEHHOCTH Pa3BHUTHS TEIUIOBBIX MPOIIECCOB MPH
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BE3IIEKA ITYCKY BE3IIIVIOTHOI'O JITAJIBHOI'O AITAPATY
IPU BUKOPUCTAHHI CTAPTOBOI T'YMOBOI KATANIYJIbTH

0.0. Cayrin, C.B. Pynniuenko, M.M. I'epamenko, M.O. Conoguyk
epoicasHuil HayKo60-00CHiOHUL iIHCmumym eunpobyeans i cepmuixa-
yii 030poeHHsE ma Giticbko60i mexuiku, Ykpaina

BesminoTHi JiTanpHI anapaTd B JaHUH Yac HAJAIOTh Pi3HOMAHITHI MOX-
JTUBOCTI s miapo3aitiB 30poitHnx Cuin YKpaiHu 3 BeJCHHS MOBITPSIHOI po-
3BiIKH, CIOCTEPEKEHHS 1 PEKOTHOCIIMPOBKH, TAKTUYHOI aBiamiifHOI miaTpu-
MKH, 3a0e31euy0qn, Maike B pealbHOMY 4aci, BUKOHaHHS 3aBJIaHb 3 MOBIT-
PSHOT PO3BIIKH, CIIOCTEPEKEHHS, IIIIEBKA3aHHS 1 KOPET'yBaHHS BOTHIO apTH-
nepii.  Ilpore Bukopucranus briJlA 3a npsamMum ¢yHKIIIOHaIBLHAM NpU3HA-
YEHHSIM IPU3BOJIUTH JI0 BUHUKHEHHS sy MpoOJieM, 0JTHa 3 OCHOBHHX SKHX
— Oesmneka npu nycky briJIA.

B 6inpmocti BriJIA nmi1s 3aiicHEHHs BAAJIOTO MYCKY BUKOPUCTOBYETHCS
KOMIUIEKT CTapTOBOI I'yMoBoi KaramynbTi bnAK. Taki npuiBuanryBayi, Ha-
MIPUKIIAJ, € Y CKJIa/i OC3MIJIOTHHX aBialliiHUX KoMIUlekcax “Dypis A1-CM”,
“Jlenexa-100", “Spectator-M”. J{ns ycmimHoro nycky BrJIA, HaTsr rymo-
BOrO NPHIIBHALTYBaYa MOBHHEH MaTH HEoOXinHy cuiy. IIpm HemocraTHIN
CHWIII HAaTATY NpumBHAITyBada, briJIA mig gac mycky He Habepe HeoOXiaHOT
IIBUKOCTI TS 3M60TY. [Ipu crili HaTATY NpUIIBHANIYBaYa, OUTBIIIN 32 He-
00ximHy, icHye HeOe3leka WOro pO3pHUBY Ta TPaBMyBaHHS OCOOOBOTO
cxinany. Oco0imBo 1ei npolec HeoOXiTHO KOHTPOJIIOBATH MPH 3IiHCHEHH]
HaBYaHHS 30BHILIHIX NUIOTIB (oneparopiB) Oe3NiIOTHUX aBialliiHUX KOM-
IUIEKCIB JUIsl HA0YTTSl HUMH HABUYOK Ta BIAYYTTsI HEOOXIZHOT CHUIIM HATATY.

Jlnst pillieHHs] IbOTO MHUTaHHS HEOOXiJHO TUCTAHILIIHO CTEKHUTH 3a CH-
JIOIO HATATy YMOBOTO TIPHIIBH/IIIyBaya B peasibHOMY uaci. st yoro HeoO-
X1JTHO BUKOPHCTOBYBATH Cy4acHI METOJIM NepeiaBanHsi iHpopmariii 3a qomno-
MOTOI0, HAIIPUKJIAJ, JOKAJIBHUX MEPeXeBUX 30H Mepeaadi IuppoBUX HOTO-
KiB JaHHX TI0 paJiioKaHajax.

BukopucToByI0UHM pe3MHOBUI NPHUIIBHNIYBAY 3 €IEKTPOHHUM JTHHAMO-
METPOM € MO>KJIMBICTh J0/IaBaHHsI MOAYJIIO, SIKMH 3MOJKe TepeaaBaTH iH(po-
pMallilo PO CHIIy HATATY 3a TEXHOJIOTIEI0 OE3/IpOTOBOI JIOKAJIBHOI Mepexi
Wireless Fidelity Ha mo0inbpHuMH npuctpiii — Tenedon abo ruiaHIIeT.

BianoBinHe HOBOBBEJCHHS JI03BOJIMTh KOHTPOJIIOBATH CHJIY HATSTY Ty-
MOBOTO TPHIIBHIIYBAya MiJl 4ac 3JIbOTY JITAJIBHOIO anapary siK IpH HaB-
YaHHI 30BHINIHIX MJIOTIB (ONepaTopiB) B HABYAIIFHUX IIEHTPAX TaK i MPH BH-
KOHAHHI 3aBJaHb.
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YK 623.4.018

CYYACHI METOIHU MOJEJIOBAHHA ITPU BUITPOBYBAHHAX
CIHENIAJIBHOI ABTOMOBLIBHOI TEXHIKA

B.M. Yynpuna
Jlepoicagruii Hayko80-00Caionull incmumym eunpo6yeans i cepmuira-
yii 030poenusa ma 8iticbko6oi mexuiku, Ykpaina

BunpoOyBanHs 3aiiMal0Th BaXXJIMBE MICIIE B )KUTTEBOMY LIUKII Oyb-SIKOT
cy4acHol TexHiKd. BOHU € HEeBiJI’€MHOIO CKIIaIOBOIO TE€XHOJOTIYHOTO TPO-
1[ecy BUTOTOBJICHHSI 1 MOJIepHi3allii TEXHIYHUX 00’ €KTIB, 30KpeMa 030pOEHHS
Ta BiiicbkoBol TexHiku (OBT) i TexHiku 0cOOIMBOTO NpHU3HaUeHHs. Bumpo-
OyBaHHS 31IIICHIOIOTBCS [UIs 3a0€3MeUeHHsI CHIIOBUX CTPYKTYP JIep>KaBH SIKi-
CHOIO TeXHIKOI0. B YkpaiHi roJ0BHOKO CIIeliai3oBaHOK YCTaHOBOIO 3 TPO-
BeJ/ICHHS BUIIPOOYBaHb BiiCBKOBOI 1 CrIeliajbHOT TeXHIKM BU3Ha4YeHO Jlepika-
BHUH HAayKOBO-AOCIIJHHHA 1HCTUTYT BHUNpoOyBaHHs 1 cepTudikauii OBT
(AHAI BC OBT).

BunpoOyBaHHIO MiUIAraloTh YCi 3pa3ku HOBOI Ta MOJIEPHI30BaHOI TeX-
HIKH, 5IKa MpUHMaeThesl Ha noctadanus B 30poiHi Cuim Ykpainu (3CY) i
1HIII CHJIOBI CTPYKTYpH Jep>KaBH, 30KpeMa clrienianbHi aBToMo0imi. B ocHo-
BHOMY BUNPOOYBaHHS MOAUISIOTHCS Ha TMOMEpenHi (3aBOJACHKI) BUIPOOY-
BaHHs, BU3HAYaJbHI BiIOMYi BHIIPOOYBaHHS Ta JAEp>KaBHI BHUNPOOYBaHHS.
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Merta BUnpoOyBaHb — BU3HAUCHHS Ta OIIIHKA BIATOBITHOCTI OOMOBUX, TEXHi-
YHUX 1 eKCIUTyaTalifHUX XapaKTePUCTHK NPE/ICTaBICHUX 3pa3KiB CIEITeX-
HIKM BUMOT'aM 3aMOBHHKA. B 3B’s13Ky 3 HaONMmKeHHSIM BiHiCHKOBHX CTaHIap-
1iB Ykpainu o crangaptie HATO B JIH/I BC OBT peani3yeTthcst mocTymo-
BUIl epexiJ Ha CXeMH BUIPOOYBaHb Ta cepTudikamii 030poeHHs 1 BIHCHKO-
BOI TEXHIKH, SIKi IPUIHATI B KpaiHax 3axomy.

BuripobyBaHHs 00’ €KTiB MOXKYTB ITPOBOTUTHCEH EKCIIEPUMEHTAIHHAM Me-
TOJIOM - IIUIAXOM HATYPHHUX BUIPOOYBaHb 00 €KTY B IIEBHUX YMOBAaxX (hyHK-
LiIOHYBaHHA 3 METOIO HOT0 BHBYCHHS 200 MOJEMIOBAaHHIM 00’ €KTY - IUITXOM
CKIIQJaHHsI MaTeMAaTHIHOI (YUCIIOBOT) MOJIENI, SIK aHaJIora 00’ €KTa, Ta ii BH-
BUYCHHS IpU QYHKIIOHYBaHHI Ta iMiTaIlii pi3HOMaHITHUX BIUTHBIB [1].

BukopucTanHsT MaTeMaTHYHOTO Ta IMITAI[IIfHOIO MOJIETIOBAaHHS JI03BO-
JIsi€ TIEPEHEeCTH peabHI BUNPOOYBaHHS y BipTyanbHe cepemoBuuie. [lpu
LOMY MO’KHa 3HaYHO PO3LIMPIOBATH KiJIbKICTh TapaMeTpiB MOJICIIOBAHHS 1
3aJ[aBaTH PI3HOMAaHITHI MOJIeli BIUIMBY Ha 00’eKkT (1HOII HaBITh 32 MEXaMH
peanbHUX MOKIMBocTel). Lle 103BoIIsIE CyTTEBO CKOPOTHUTH TEPMIHU BUIIPO-
OyBaHb 1 3MCHIINTH 3arajbHi BUTPAaTH Ha BUNPOOyBaHH:. Sk mpaBuio, B
mporieci BUMPOOyBaHb pe3yabTaTH MaTEMAaTHYHOTO Ta IMITAIIIfHOTO MoOJe-
JIIOBaHHS CIICNTEXHIKM MiATBEPKYIOTHCS EKCHEPHMEHTAIBFHO (TOMY MIO
KpHUTEpieM iCTHHHM 3aBXKIH € MpakTHka). [Ipn ipoMy abCTpakTHI MOAETI 1M0-
MOXJIMBOCTI MAaKCHMAaJIbHO YTOYHIOIOTh i KOHKPETH3YIOTb, 110 € 3aII0PyKOI0
TiABUIIEHHS iX aJjeKBaTHOCTI. YacTo 3acTOCOBYIOTH KOMOIHOBaHMIT po3paxy-
HKOBO-EKCIIEPUMEHTAILHUN METOJI, e YacTHHA BUXIJAHUX INapameTpiB BHU-
3HAYAETHCSI PO3PAXYHKOM (MOJIETIOBAHHSIM), @ YACTHHA - €KCIIEPUMEHTab-
HUM IUISXOM, HaIIPUKJIIa]], IpU BUIPOOYBaHHSAX aBTOMOOLIIB.

B JIH/AI BC OBT Ha npots3i OCTaHHIX POKIB MPOBOJIMINCH BUIPOOY-
BaHHS PI3HUX THUIIB CremiaigizoBanux aBromoOiniB: KpA3 “Shrek”, KpA3
“Feona”, “bapc-8”, “Koszax” (psn moaudikaniii), “Renault Sherpa Light
Scout”, “Hosarop”, “Onnimra”, “Jo3op-b”, “Tputon”, “Bapra” i 6araro iH-
mmx. J{s mux aBromo6iniB cnerianicramu JTH/II BC OBT po3po6neni [Ipo-
rpamu i MeToauku BUTIPOOYBaHb, SKi MICTATh OCHOBHI ITEPEBIPKH 1 OIIHKU
PI3HOMAaHITHHX TOKa3HUKIB: MIIIHOCTI, HAAIHHOCTI, IPOXiAHOCTI, JHHAMIY-
HOCTI, TIOTY>KHOCTI CHCTEMH €JEKTPOIIOCTayaHHs, MOKA3HUKIB TEXHIYHOTO
00CITyrOByBaHHSI Ta PEMOHTY, ITOKa3HHKIB METPOJIOTIYHOTO 3a0e3MeueHHs i
€PrOHOMIKH, HAsBHOCTI 1 TIOBHOTH p000Y0i KOHCTPYKTOPCHKOT Ta eKCILTya-
TaIiiHOI TOKyMEeHTamii, CKIagy 3pa3ka, MacOBHX Ta Ta0apUTHUX MapameT-
piB, BiAMOBiAHICTH MapKyBaHHS, (papOyBaHHS 1 30BHIITHHOTO BUIIISTY ITOBE-
PXOHBb HOKPHUTTSI BAMOTaM KepIBHUX JIOKYMEHTIB, KOMILJIGKTHICTh 3alaCHUX
YacTHH 1 IHIIUX MOKa3HHUKiB. OKpiM 3araJbHUX MOKAa3HHUKIB B MIPOTPaMH BH-
poOyBaHb BKIIOYAIOTh MEPEBIPKH JTOJATKOBHX TOKA3HUKIB 1 XapaKTepHc-
THK, 3asIBJICHUX B TAKTUKO-TEXHIYHNX 3aB/IaHHSAX Ha CIeliabHi aBTOMOOLII.
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Takok BHKOHYEThCS OI[IHKA MOKAa3HUKIB CHELialbHOTO OOJIaJHaHHS, SIKE
BCTaHOBJICHE Ha aBTOMOOLIb 3a pu3HaueHHAM. Hanpuknazn, nis aBToMo0i-
niB-amMm}i6iii BUKOHYIOTHCS II€pPEBIPKH IUIaBY4YOCTi i FePMETUYHOCTI, AJIS aB-
TOMOOUTIB-KpaHiB — NepeBIpKM Ha MAaKCUMaJIbHY BaHTa)OIIIIHOMHICTb, IS
ABTOMOOLITIB-eKCKaBaTOPiB a00 3eMIISPUIHUX MaIluH — MEePeBIpKU HA Mak-
CHUMaJbHI po0OYi HaBaHTAXCHHS 1 T.1I.

Juis aBTOMOOILTIB, SIKi MPHU3HAYCHI AJIS TIEPEBE3CHHS 0COOOBOTO CKIATy
(“Kozak”, “Hosarop”, “bapc-8” i inmri), 000BS3KOBOIO € TIepeBipKa Ky30Ba
(OpoHekancyny) Ha MIOHICTh MPH TEPEKUIAaHHI aBTOMOOINS s 3abe3me-
YeHHSI HEOOXiHOTO OCTaTOYHOTO 00CATY JKATTEBOTO MPOCTOPY LIS EKiMaxKky
Ta ocoboBoro ckiany (3rigao IMpasun Ne66 €EK OOH) [2]. 3BuuHO i mo-
Ka3HUKH OLIHIOIOTHCS PO3PAXYHKOBUM LUISIXOM [P MaTeMaTHYHOMY YH iMi-
TalliiHOMY MOJENIOBaHHI KOHCTpYyKHiH B makerax mporpam (MathCAD,
MatLab, MAPLE) Tta imxenepuux mnakerax CAIIP (ANSYS, LC-Dyna,
CATIA, SolidWorks Simulation i iHImux).

[IpakTu4HO yci OpOHEaBTOMOOLTI BiICBKOBOTO MPU3HAUCHHS MPOXOISATh
OayicTHYHI BUMPOOYBAaHHS JJIsl OLIHKH MPOTHKYJIBHOT CTIMKOCTI IIISIXOM 00-
CTpiiy ix KopiryciB (kabiH) HabossMu KamiOpy 5.45, 7.62 3 pizHOI CTpiIeBKOT
30poi (AK-74, ITIKM, CBJI). KpiM Toro BOHM TIepeBipSIOTHCS HA BHOYXOCTIH-
KIiCTh mpH mifpuBi 3apsay 3a crangaptramu HATO STANAG-4569 [3]. Mo-
JICITFOBaHHS BUOYXiB 3MIHCHIOEThCA B iporpamax tummy LC-Dyna. [lns minr-
BEPUKCHHS aHAJITHYHUX PO3PaXyHKIB 1 pe3yIbTaTiB MOICIIOBAHHS 1HOII aB-
TOMOOUII MiJAI0Th HATYPHUM BUIPOOYBAHHS 3 peajbHUM ITiIPUBOM 3aps-
nis. Hanpukian, ais 6poHeaBromobins “Koszak™ 3miliCHIOBABCS peaibHUN
BUOYX 3apsily GpyracHoi [ii 3 Macor TPUHITPOTOIYOJY 6 KT B PI3HHX MICILIsX
3aKIaJACHHs 3apsaay (Mmix KoJiecoM i aHuIeM aBToMoOis) 3riqHo STANAG-
4569 Level 2b. ITpu 11boMy 3a JOMOMOT'OIO CIIEI[iaIbHOT PEECTPYIOYOT arapa-
TypH BU3HA4aBCsl BILIMB IIapaMeTpiB BUOYXOBOT XBHJII HAa caM aBTOMOO1IIb, a
TaKOX Ha eKilax i 0cOOOBHIA CKIA[, AKi iMiTyBaJTUCh MAaHCKCHAMH.

3a pe3ynbTaTaMu BUNPOOYBaHb CKIIA/IAIOTHCS IIPOTOKOJIH 3 OIIIHKH KOX-
HOTO IIOKa3HUKa 00’€KTa BUIPOOYBaHH:], MepeadadueHoro Mmporpamoro BH-
npoOyBaHb Ta 3aKJIIOYHUH akT 10 BUIPOOYBaHHAM. B 3akiodyHOMY BHCHO-
BKY HAJarOThCS PEKOMEHAAIil 3aMOBHHUKY IIOJ0 IOJAJIBIIOTO JOMYCKY
00’exTa BUNpoOyBaHHs 10 exciuryaramii B 3CY 4n iHIINX CHIIOBHX CTPYKTY-
pax.

TakuMm 9YMHOM, TIPOBEACHHS BHNPOOYBaHb CIENiaTbHUX aBTOMOOLTIB i3
3aCTOCYBaHHAM CYy4acCHHUX METOJIB MOAETIOBAaHHS 3HAYHO ITiIBUIIYE iX ede-
KTUBHICTH Ta 3a0e3meuye HeoOXiTHY AKiCTh BIHCHKOBOI TEXHIKH 1 TEXHIKH
CHeLiaJIbHOTO MPU3HAYEHHS, 10 HAJIXOIUTD JI0 CUJIOBHX CTPYKTYD JepKaBH.
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MOJIEJIOBAHHS MPOLECY HNOBITPAHOI'O
JECAHTYBAHHA 3 METOIO OIIIHKA EOEKTUBHOCTI
3ACTOCYBAHHA MAPAIIYTHUX CUCTEM

B.T'. [llanopenko, B.A. JImutpieB
Jepoicasnuii HayKo80-00CaiOHUL iIHCMuUmym unpobyeans i cepmudixa-
yii 030poenus ma giticbkosoi mexuiku, Yepnieis, Yrpaina

[Ipobnema KOMITIEKCHUX OIHOK mapamryTHux cucteM (I1C) mis mosiT-
psHOTO necanTyBanHs ([1]]) mapanryTuctis i BanTaxiB (I1iB) BuHmKae y X011
BUIPOOYBaHb a00 NPH MPUHHATTI pilieHs Npo 3aKkymiBito 1 nocradanus [1C.
[Tpu 1BPOMY OCHOBHHMMH IHMTAHHSIMH € y3arajbHEHa OI[IHKa BJIACTUBOCTEH
(xapakrepuctuk) I1C, T npuIaTHOCTI 10 BUKOHAHHS 3aBIaHb 33 PU3HAYCH-
HSIM Ta €KOHOMIYHA JOIUIBHICTh. B OCHOBI pexoMeHaIlii abo pillieHb MOJIsI-
ralTh 0COOMCTI JYMKH 4JICHIB KOMICii 200 OKpeMHX I0CaJ0BUX OCi0, sIKi Ha
Ii/ICTaBi NMOPIBHSHHS OKPEMHUX XapaKTepUCTHK (Ha piBHE “BiNNOBinae — He
BiMOBifae”, “Kpamie — ripmie’”) 3a 0COOMCTHM ITOCBIOM CKIIAIAlOTh 3ara-
npHy ouinky I1C y minomy. Takuii minxig He BUKIIIOYA€E IIEBHOTO EIEMEHTY
Cy0'eKTHBHOCTI, YHEPEDKEHOCTI Ta 3aJIS)KHOCTI OliHKK. ToMy mocTae akTy-
aJlbHA 3a/1a4a — BU3HAYCHHS KUTBKICHOT KoMIniekcHOT oninku [1C — edektu-
BHOCTI 3actocyBanHs (E3), sika 0 y3arayibHIOBajia yci XapaKTepHCTHKH Ta BU-
3Havasna BixnoBiaHicTs [1C ii ¢pyHKIIOHATEHOMY NPU3HAYEHHIO.

B ocnogi Bu3Hauenns nokasHuka E3 TIC monsrae mporec MoaemoOBaHHS
il 3acToCcyBaHHS, KiHI[EBOIO METOIO SKOTO € BH3HAYEHHS IMOBIPHOCTI BHpi-
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meHHs TunoBux 3aad [1/] i3 30epexxennsm Biaactusocreit [1iB. Y Takuii no-
CTaHOBII Ipoliec BUpiLIeHHs THNOBOT 3anaui [1/] cknamaeTbes 3 HaCTYITHUX
eramiB: gocraBka [1iB y paiion [1/l; BuXix nMOBITpSHOTO CyJHA B pO3paxyH-
KoBYy Touky ckunanus [1iB; BmacHo 1]l BaHTaxy. AHaii3 mpoIeciB BUKO-
HaHHS [UX eTaIliB Ta iX B3a€MO3B’sI3Ky 3 Xapakrtepuctukamu [1C no3BonuB
BUAUTUTH J€B’SITh HAOUTBII BIDTMBOBUX HA iX YCIIIIIHE BUKOHAHHS (PAKTO-
pisB:

a) Ha TepIIOMY eTati:

1 HamiitHicTH MOBITPSHOTO CynHa (IMOBIPHICTH BIACYTHOCTI 3a 9ac IIO-
TROTY 710 paiiory [1]l HectipaBHOCTEH Ta BiAMOB, SKi MOXYTh IIPUBECTH IO
HEBUKOHAHHS MTOJILOTHOTO 3aBJIaHHA). B3a€MO3B 30K i3 XapaKTepuCTUKAMHI
[1C — oOMexkeHHH mepestik TUITB MOBITPSIHUX CYyJEH, A03BojeHux ao I1]] i3
3actocyBanHsaM [1C Toro 4u iHImoro Tumy;

2 MO>JIMBICTH HOOJIAHHS HOBITPSIHUM CYZIHOM METEOPOJIOTIUHHX Ta iH-
HIMX Mepenikoy 0e3 Haciakie s BukoHauHs [1]]. Sk BiaMiueHe BuIle, THI
[1C Bu3Hauae TN NOBITPsHOTO cyaHa. KpiM I1bOro, Taku XapaKTepUCTHKH
I1C, six miana3oH NPHUITYCTUMHUX HIBUAKOCTEH Ta BUCOT 3aCTOCYBAaHHS, BIaCHA
ropu3oHTanbHa MBHUAKICTE [IC, MOXYTh CYTTEBO BIIMHYTH Ha BiAJAJICHHS
BukoHaHHs [1]] Bix 3amanoi Touku npuzemieHHs [1iB ta Buximountn HEOO-
XITHICTh BXOAY HOBITPSTHOTO CYIHA B 30HY il HEOIaronpueEMHAX METEOPO-
JIOTIYHUX Ta IHIIUX YMOB;

3 306epexenicts BractuBoctelt I1C 3a yac Ta B yMOBaX MOJIBOTY HOBITpPSI-
HOTO cyjaHa 1o paiiony I1/1;

0) Ha apyroMy erari:

1 pimeHHs 3aja4i BH3HAYEHHS PO3PaXyHKOBOI TOYKM JI€CAHTYBaHHS
(PTH) ITiB 3 ypaxyBaHHSIM XapaKTEPUCTHUK MOBITPSHOTO Cy/IHA KOHKPETHOTO
TuIy Ta pakTuuHuX (Ha MoMeHT [1]]) pexuMiB MOJABOTY 1 yMOB 30BHIIIHBOTO
CepeIoOBHUINa;

2 TouHicTh BUXOMy moBiTpsiHOTO cyana B PT/I ITiB;

B) Ha TPETHOMY CTalli:

1 naniHicTs I1C;

2 ckpurHicTb [1]] (3a He0OXiTHOCTI), sIKa 3a1IekuTh Bix momiTHOCTI I1C, a
TaKOX METEOPOJIOTIYHUX YMOB Ta 4acy JOOW, NPH SIKMX J03BOJEHO BHKO-
HaHHS TOJIbOTIB MOBITPSHOTO cyaHa Ta 3acrocyBaHHs [IC Toro um iHmoro
Try, crnoco6is I1]] Tomro;

3 tounicTs npusemieHHs [1iB Ha MalijaHIMK BU3HAUEHUX PO3MIpIiB;

MIBUJIKICTH pm3emiieHHs [1iB.

Jnst koxxHOTO (hakTOpy 3 ypaxyBaHHSIM BimoMocTeill, HaBemeHux B [1-10]
3aMpOTIOHOBaHI MaTeMaTHYHI Ta iMITaIiiHI MOAeNi 1X KiJIbKICHOTO BHU3HA-
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YeHHsI y BUIIAI IMOBIpHOCTI GiiarornpueMHOro BIUIMBY Ha ripouec [1/1, a 3a-
rajpHUi nokasHuk E3 3anmponoHoBaHO BU3HA4YaTH K J100YTOK IMX IMOBIp-
HOCTEM.

Jnst mepeBipKH aJieKBaTHOCTI Mozeni OyiM mpoBejeHi po3paxyHku E3
I1C tuny AIIC (3acrapina) ta Craryc-CH (cydacHa) — aj1st OJHAKOBHX THIIO-
BHX c1toco6iB 3actocyBarHsa Ta Ctatyc-CH — st pizHEX criocobiB 3acTocy-
BanHs (HALO — Benmmka BucoTa iecaHTyBaHHS 1 Majia BucoTa po3kputTs [1C,
HAHO - Benmka BrucoTa JecaHTyBaHHS i Benmka Bucota po3kpurts [1C). Pe-
3yJbTaTH PO3PaxyHKIiB HaBEICHI B TAOIHIII.

Tun I[1C Cnoci0 IT]] ITokasuuk E3
JIIC Tumnosii 0,53
Craryc-CH Tumnosii 0,74
Craryc-CH HALO 0,83
Craryc-CH HAHO 0,91

[NopiBHSHHS pe3ynbTaTiB po3paxyHKiB mokasye, mo E3 I1C tumy Craryc-
CH wmaiixe Ha 40% Bumie E3 I1C tuny JII1C npu omHakoBuX crocobax 3a-
crocyBanns [1/1, a vaiioinsma E3 I[1C Cratyc-CH mocsiraeTbest mpu 3aCToCy-
BanHi crioco0y [1/I HAHO. Pe3ynbratu po3paxyHKiB HOBHICTIO BiJIOBizna-
I0Th JIOTIYHUM MIpPKYBaHHSIM Ta MpakTuil 3actocyBanHs [1C, mo cBiguuth
PO a/IeKBaTHICTH 3anpornoHoBaHoi moxeni BuzHadeHHs E3 I1C ta mouins-
HICTb ii 3aCTOCYBaHHS Ha MPAKTHUII.
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CEKIIIS 5
CYYACHI ACHEKTU MATEMATHUYHOTI' O TA
IMITAHIﬁHOFO MOJEJIOBAHHS CUCTEM B
YIIPABJIEHI TIPOEKTAMUA



VJIK 519.876.2

MOJIEJTIOBAHHS CTPATEI'TI HAPAXYBAHHSI BOHYCIB
CIIBPOBITHUKAM KOMIAHII

A.B. Kazmipuyk, M.O. Cnepkau, O.I' JKnanosa
Hayionanvnuii mexuiunui ynigepcumem Yxpainu «Kuigcoxuti nonimex-
uiunuti incmumym imeni leops Cikopcovrkozo», Ykpaina

AKTyaJdbHICTh TeMHU JOCTiTKeHHs. YcIix OyIp-IKoi KOMIIaHii 3aie-
JKUTP BiI KOMaHAH — 11 podecioHalizMy, SKOCTi Ta epeKTUBHOCTI POOOTH.
Came TOMy B 6aratboX YCIIITHHX KOMIIaHiSX 3HaYHA yBara MPUALISETHCS
po3po0Ill CHCTEeMH MOTHBYBAaHHA CHIBpOoOiTHHKIB. CHCTeMa MOTHBYBAaHHS
JI03BOJISIE HATIATOAUTH POOOTY KOMAHI y BUTIIAL, HEOOXiJHOMY IS TOCST-
HEHHsS CTpaTeriyHuX Lineil koMmnaHii. BOHyCHI cucTeMu HaOyBarOTh LIMPO-
KOI TMOMYJISIPHOCTI cepeJl Cy4acHUX KOMIaHiH, OCKIIbKMA TaKUM YWHOM BJa-
€ThCS YTPUMYBATH TAJaHOBUTHX CICIAJICTIB, CTBOPUTH MO3UTHBHUI Ha-
CTpiif BcepeuHI KOJIEKTUBY Ta BCTAHOBUTH BUCOKHUI1 piBeHh BUKOHABUOT U~
CIUILTiHH.

IMocranoBka npo6emu. Biiposaukennst crparerii 00HycHOT MOTHBaIIT
JIy’K€ 4acTo HE BHIIPABIOBYe crofiBaHb. KommaHil cTHKaroThCs 3 mpooie-
MO0 Hee()eKTUBHOCTI BIPOBA/KEHUX OOHYCHHX cucTeM. Po3poOka mpasu-
JBHOT cTpaterii moTpedye rMUOOKUX JOCTIHKEHB Ul TOTO, 00 OyTH BHTII-
HOIO JUII KOMIIaHii Ta CIiBpOOITHUKIB OTHOYACHO.

AHaJi3 ocTaHHIX HoCTiIKeHDb i myOaikamiii. Tema Bubopy cucremu Mo-
TUBYBaHHS CHIiBPOOITHUKIB AKTMBHO JOCIIKYEThCS. 1if IpUCBsSYeHO Garato
crarei 1 myOumikauiit. 3okpema, y po6oTi [1] JoCimKyeThesi HACKUIBKY Pi3Hi
€JIEMEHTH OOHYCHOTO IUIaHY Mi/IBUINYIOTh IPOJYKTHBHICTH IPAI[iBHUKIB Y
cdepi mpopaxis. Crarrs i3 xypHany «DiHaHcoBuii aupekrop» [2] BUCBIT-
JIFOE TUTIOBI MOMUJIKH CTBOPEHHSI MOTHBAIIIHOT CUCTEMHU, LIIOCTPYIOUH TIPH-
KJIaJ]aMU 13 peabHOTO JIOCBIAY KOMITaHIH.

[ocranoBka 3agauyi. BusHauutu edekTHBHY cTparTeriro Hapaxy-
BaHHs 0OHYCIB, i3 BpaXyBaHHSIM METH, JI0 SIKOi IIparHe KepiBHUILTBO KOM-
MaHii Ta METH, 0 SKOi MParHyTh CHiBpOOITHUKH. MeTor0 KepiBHUIITBA KOM-
NaHil € MaKCUMI3yBaTH KUIbKICTh BUKOHAHHMX 3aBJaHb CHIBPOOITHUKaMH 3a
BU3HAYCHUIT Iepios yacy. MeToro criBpoOiTHUKA € MAaKCHUMi3yBaTH cyMy 0o0-
HYCIB 32 BU3HaYCHUII IIepiof vacy.

3a3Buyaii 00HyCH HApaxOBYIOTHCS 32 BUKOHAHI 3aBJaHHSI 1 JIJIsl TOTO, 11100
oOpaTy HalKpaIly cTpaTerito MOTUBYBaHHS CIiBPOOITHUKIB, HEOOXiTHO BH-
3HAYUTH PO3KIIaJl BUKOHAHHS 3aBJ/IaHb, NPH SIKOMY BJIACTBHCS 33/I0BOJILHUTH
noTpedu KepiBHUIITBA KOMIIaHii Ta CIiBpOOITHUKIB.
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MareMaTH4HAa TOCTAHOBKA 3ajadvi. 3aaHO MHOXHHY pOOIT
J={,2,..,j,..,n} i MmHOXUHY BuKoHaBLiB M ={L,2,...,i,...,m}. Koxna
3asBKa MOXe 00poOusTHCst Oyab-sKUM BHKOHaBIeM. llependavaerscest, mo
BUKOHABIIi MAIOTh Pi3HY IIBUAKICTh BUKOHAHHs poOit. Skmo V, >0 — msn-

Z[KiCTI) l-To BHUKOHAaBIsA, TO TpI/IBaJ'IiCTI) BUKOHaHHS J -0i pO6OTI/I MM BHKO-

HaBIEM HACTYyIIHA:

p.
Vi
j . . w. >0 rj
,Z[J'IH -1 pOGOTI/I 3aJaHoO IMPIOPUTET ] y — Y9acC HaAXOIKCHHSA pO-

b >07 i=12,.

‘ C;
00TH B CUCTEMY Ta BapTiCTh »M Hexait 1 — momenr 3a-

i C.—r .

BepmenHs poGotn J, 1 — wac mepeGyBaHHS pOGOTH B cHCTeM,

Cax = Max{C } .

] — MaKCUMaJbHHI MOMEHT 3aBepILCHHS pOOiT (MOMEHT 3aBe-

PIIEHHS OCTaHHBOI pOOOTH), Z bj — 3arajibHa BapTicTh yciX poOiT, Toai ce-

i

pemHs BapTICTh pPOOIT, 3aBEpIICHHX BUKOHABIIEM 3a OJHY TOOUHY 00-

YHCITFOETHCS HACTYITHUM YHHOM:
2.h

B=—1- )
mC

max

Kpumepiu 1. HeoOXiqHO CKIacTH PO3KIal BUKOHAHHS POOIT IPH SKOMY

Jocsrac MaKCMMYMY CEpeiHs BapTicTh B poGir, BukoHaHuX 3a OfiHY ro-
auny. Ockitbky BenmmuuHd M Ta Zb» € KOHCTaHTaMH, TOOTO HE 3alieKaTh
j

BifI YIOPSIIKYBaHHSI, TO 3a1a4ya B — max
3BOJIMTHCS JI0 3a/[a4i MiHIMi3aIlil MAKCUMAJILHOTO Yacy 3aBepIICHHS POOIT:
C.x — Min. (3)

Kpumepii 2. HeoOXiHO CKJIACTH pO3KJIaJl BAKOHAHHS POOIT MPH SIKOMY
Jocsira€ MiHIMyMY cepeJHbO3BaKCHNH Yac niepe0yBaHHs poOiT B cUCTeMI:

iwj(cj —r;) —>min - Q)
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n n n n
OcKinbKu, ij (C,-r)= Z w,C, - ij r. a2 ij I, € KOHCTaH-
i i i i
TO¥O, TO 3a7a4a (4) 3BOAUTHCA 70 33734l 3 HACTYIHHUM KPHUTEPieM:

> w,C; - min- (5)
j

BractuBocTi 3amadi Ta anropuT™Mu ii po3B’sI3aHHSA

Maemo OarartokpuTepianbHy 3amady oOnTHMi3amii poskmamy. Jns
PO3B’s3aHHSA 3a4adi OaraTOKpUTEpialbHOI ONTHUMI3aIlil B KOHTEKCTi MOOy-
JTIOBH PO3KJIaJliB MOXKHA BUKOPUCTATH >KaiOHUiT anroput™ [3] abo reHeTHd-
HUH anroputm [4].

Kaoionuii anzopumm. 1511 noOyn10BYM IOYaTKOBOTO PO3KJIAaAy BUKOHAHHS
poOiT 3a kpurepieM 1 HEOOXigHO BHOPSAKYBAaTH POOOTH B IOPSIIKY 3pOC-
TaHHS TPUBAJIOCTEN P< Py << P << Py [Ticiist bOTO PO3MOIITUTH PO-

00TH MK BUKOHABIISIMH HACTYITHUM YHHOM: l-11a poborta mis 1-ro BUKO-
HaBIlsl, 2-Tra poboTa Jyist 2-r0 BUKOHABLS 1 T.JI.

Jlnst o0y 1oBM MOYaTKOBOTO ONITHMAJILHOTO PO3KIIaAy BUKOHAHHS POOIT
3a KpHUTepieM 2 HEoOXiTHO BHOPSIKYBaTH poOOTH B TMOPSAKY CIaJaHHS
BiTHOIICHB MPIOPUTETY POOOTH IO 11 TPHBAIIOCTI:

W W W, w
s 25 > A5 >0
P P P; Pn

I'eneTnyHMii anropuT™
Jist 3agadi ckilalaHHs pO3KIIay 3 BUKOPUCTAHHSM NapalielbHUX MalIiH
MPOIOHYETHCS KOAYBATH XPOMOCOMH y BUTIIsiAi M X N Git. Hanpuxinan, nus
3 mamuH i 5 po0it xpomocoma matume 15 6it. [lpukiias HaBeaeHo B Tabmuiri
1.
Tabmung 1
e [ [ [ 1013 Tis [ [ [ Jja | j] [ ]]
st omepauii cxpeuryBaHHs BUKOpUCTOBYeThesi PBX (position based
crossover) omneparop. JlJsi 1IbOro TeHepyeThCsl Macka y BHUIIISAAI OiHAPHOTO
psinka. J{J1st nepioro Haiaaka oOUparoThesl 3HAYSHHsI O3ULIIH 3 nepIoi Oa-
THKIBCBKOI XpOMOCOMH, IS IKMX 3Ha4eHHS Macku piBHE «1». Ilicms mporo
TO3UIIiT, 110 JIMIIMIINCS, 3aII0BHIOIOTHCS 3HAYEHHSIMH 3 APYroi 0aTbKiBChKOT
XPOMOCOMH, III0 HE OBTOPIOIOTHCS, B ITOPSIKY 3J1iBa-HAIPaBO. AHAJIOTTYHO
(opmyetbes apyruit Hamanok. [puknan HaBeaeHo B Tabmuipix 2-4.
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Tabnuus 2

plj5 |01 (02 |03 [O|j4 |jL |05 |06 |07 [j2 |j3 [0|0]|1
1 4 8/9|0
p|lj4 |j5 |j2 |01 |0|j3 |03 |04 |05 |06 |[jL [07 |[0|O]|1
2 2 8/9|0
Tabmums 3

mask [1]1]o o1 ]oJo|1]of1]ofof1]1]1]

Tabmuus 4
ch |j5|01]j |j2|0 [0 |j3|0 |O [O [O |j2 |0 |O |1
1 1|4 4 |2 5 |3 |7 |6 8 |9 |0
ch |j5|/01]j |0 |0 [j3|0 |j4|0 |0 [j1]|]0O |0 |O |1
2 212 |1 |4 3 5 | 6 7 |8 |9 |0

Junst onepanii MyTanii BUKOPHCTOBY€EThCS METOA OOMiHY. 3a IIMM MeETO-
JIOM BHIAJKOBUM YHHOM OOMPAIOTHCS 2 TCHU 1 OOMIHIOIOTHCSI CBOIMH TI03HU-
LisIMH.

BucHoBku

[ToOymoBaHO MaTeMaTHUYHY MOJENb 3ajadi IMiABHIICHHS ¢(EKTHBHOCTI
poboTH criBpoOITHUKIB KoMmmaHii. J{yst po3B’si3Ky 3aa4i IPOMOHYIOTHCS JKa-
Ji0HWH Ta reHeTHYHNH anropuT™Mu. PO3B 30K MOCTaBICHO 3a1a4i 3aIpomo-
HOBAaHMMH AJITOPUTMaMHM JIO3BOJIUTH OTPHMATH PO3KJaad BUKOHAHHS 3a-
BJIaHb, 110 JOIIOMOXKYTh BU3HAUNTH €()EKTUBHY CTpaTeTiio HapaxyBaHHs 00-
HYCIB i3 BpaxXyBaHHSM IIiJIel KOMIIaHii Ta CIIiBPOOITHUKIB.
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YK 007.51

MOJIEJIIOBAHHS JISLIBHOCTI Y TIPOLECAX YITPABJITHHS
"KUTTEBUM [UKJIOM CHCTEM (ECKI3 ®OPMAJILHOT'O
MIIXOY)

O. B. Manmes
Tuemumym npobnem mamemamuynux mawun i cucmem HAH Vrpainu

3acTocyBaHHS MeTaQOpH GKUTTEBHH LUKID) 10 CKIAIHHUX apTedakTis,
10 3a3BHYail IMEHYIOTBCS «CHCTEMaMm», € IIUIKOM BHIPaBAaHUM, Xoda 0
TOMY, [0 KOJKHA CHCTEMa, 5K 1 KHMBa iCTOTA, TAKOXK MPOXOIUTh MEBHI CTail
CBOTO iCHYBaHHs — BiJl il MEHTaJIbHOTO 00pa3y (3aaymy), yepes cBoto iHdop-
ManiiHy MoJieIb, 11 peasi3allito, BIPOBaKEHHS, IPAKTHYHE BUKOPUCTAHHS 1
JI0 LMBLITI30BaHOTrO (200 He 30BCiM) BUIIy4eHHs ii 3 00iry. | el xurreBuii
UK — )UTTeBUH 1uki cucreMu (JKLC) — 3 ycix TOYOK 30py IOLIIBHO 1 Ba-
PTO PO3IIISAATH K 00 €KT YIPaBIiHHA. Y HaIll Yyac TisUTbHICTh 3 YIPABIiHHS
JKIIC Mosxe cirpaTHCh Ha BiTIOBIAHI HOPMATHBHI TOKYMEHTH — I1€, Y TIEPITY
yepry, mikaapoaHi cragnaptu 1SO (ISO/IEC/IEEE), 6e3mocepenHp0 mpuc-
BsueHi mpobOnemaruni ympasniHes JKLC, 30kpeMa, cucTeMaMu TpOTpaM-
Horo 3a0e3nedeHHs. YacTHHA 3 HUX yXKe HaOya cTaTyc Jep>KaBHUX CTaH/a-
ptiB Ykpaiau (ACTY). ¥V 3B’s3Ky 3 y3aTHM YKpaiHOIO KypcOM Ha WICHCTBO
B HATO 1151 yacTiHa HOPMaTHBHOT'O MOJIS TOCTYIOBO MiAKPIIUTIOETHCS TP~
HSTTSM JI0 yBaru npoaykiiii bropo Crangaprusamnii HATO (NATO Standard-
ization Office - NSO), a came nokymenris kareropii «Allied Administrative
Publication» (AAP). L{i HOpMaTHBHI JOKYMEHTH MOHA PO3IJISIATH SIK TIe-
BHI MeTa-mozeni (a00 HaBiTh MeTa-MeTa-MOIeNi) MisUTbHOCTI y BU3HAYCHIN
npeaMeTHiit obacti. Hapa3si He MOKHA CKa3aT, 110 11l HAlPaIFOBaHHS B YK-
paini 3aTpeOyBaHi i BAKOPHCTOBYIOTHCS Ha TIPAKTHUIl HAJIS)KHUM YUHOM. bi-
JBIIE TOTO, ITMOOKE YCBITOMIICHHS BXKIIMBOCTI peryisipu3anii AisiabHOCTI 3
ynpasiiaas JKLC, Ha Hann moruisiz, 1e 3aIMIaeThesl y MaOyTHEOMY. A 1110
SK [le MalOyTHE panToBO HaOMU3UTHCsA? Yoro Bix HhOrO ciig yekatu? [lo-
IIYKY BiNOBIIl HA 1Ie MUTAHHS HE MOXKYTh O0IUTHCH 0€3 YMOTJISTHOTO MO-
JIeTIFOBaHHs npuiinemHix nofiit. [Ipumyctumo, mo ynpasninas JKLC Gyne
BinOyBaTHCh Ha OCHOBI (POPMAIBHOTO MiAXOAY — IMOCTIIOBHOMY BHKOPHC-
TaHHI HOPMaTHUBHHUX JOKYMEHTiB. CIipoOyeMoO €CKi3HO OKPECIUTH AEsKi Ie-
PCIEKTHBH HOro peaizaliii.
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3po3yMiJIo, 110 B IIEHTP HAIIO] yBark MOTparuisie cBioMa nodynosa i Bu-
KOpPHUCTaHHS NEBHOI CYKYITHOCTI (CHCTEMH) B3a€MOIIOB’ 13aHUX iH(popManiii-
HUX MOJIeNell NisuIbHOCTI. ['paHIYHO CIIPOIyIOYH CUTYaIlilo, OyJaeMo po3pi-
3HATH YMOBHI «HIDKHIW» (0a30BHH, MpoOIeMHHIT) 1 «BEpXHiN» (yIpaBiHCh-
K1i) piBHI (IIapu) CUCTEMH MOAEIEH.

BazoBwuii map ckiamaTMe iHIUBIAyalIbHa AT CHCTEMH KOHCTPYKIIiS, OC-
HOBHUMH «OyIiBeTbHUMH OJTIOKaMm» SKO1 CTaHyTh 1) crafii, 2) mporecu Ta
3) indopmaniitai enementn (moxkymenTamis) KL C.

Tunosa Homenknarypa crafiii XXLC, Ky nponoHyIOTh 3rajiaHi HopMa-
THBHI IOKYMEHTH € HACTYITHOO: concept (kourerris), development (pospo-
6ienns), production (BupoGHmITBO), Utilization (Bukopucranms), support
(migTpuMannsi), Ta retirement (yrumizaris) [1, 2]; 3aramom 6 craaiit. s ge-
KOT'O IIe¢ MOXE CTaTH HECHOAiIBaHKOIO, alie CTaHAAPTH JOMYyCKAIOTh BiIXHU-
JICHHSI (3 IEBHOTO MOMEHTY) BiJl HAaBEJICHOT «IIPUPOJHOT» MOCIITOBHOCTI CTa-
niii 1 nosiBy «uukiiBy [3]. Tooro daxruano B XKIC crazniii moxe OyTu Gi-
JbLIe 6.

TunoBa HOMEHKJIATYpa MPOLIECIB CKIIaAaeThest 3 30 MPoIeCiB, MOIIICHUX
Ha 4 rpymu [1, 2] — auB. Tab. 1.

Taoauns 1. l'pynu npouecis.

r Ha3Ba rpynu npoueciB MOB0IO Kinb-
py N . KicTb y
na aHIJiCHbKOI0 YKpPaiHCHKOIO h
rpymi
Agreement pro-
1 IIpouecu yroau 2
Cesses pon yroa
o IIpouecu opraniza-
Organizational pro- | .. pont p
2 . . iHOTO 3a0e3meYeHHs 6
ject-enabling processes
MIPOEKTY
3 Technical manage- Ipouecu  TexHiu- 8
ment processes HOTO YIIPaBJIiHHS
4 Technical processes TexnivHi npolecu 14
Yceboro: 30

TunoBa HOMEHKIATYpa iHQOPMAIIHHUX EIEMEHTIB (ZOKYMEHTAIIIT), 110
MoxyTh Oyt 3agisHi B XKIIC, HaBeneHa B [4] i Hanmivye 94 mo3wiii.

Macmtaby ynpaBiaiHCBKOTO IIAapy MOJEI BU3HAYaTUMYThCS KiIBKICTIO
B3ATHX JI0 yBaru 00’€KTiB yNpaBiHHS, KOXKHUH 3 SIKUX IOTpeOyBaTUME po3-
poOIeHHs, BUPOBAKEHHS 1 BUKOPUCTAHHS BiIIOBITHOTO KOHTYpPY yIpaB-
JiHHSA. BUXOAS4YM 3 BHKIJIAIEHOTO, TOBHONPABHUMHU KaHIUIATaMH Ha POJib
00’exTiB ympaBiiHHA € 6 cramii Ta 30 mpomeciB (MU TYT MPOIFHOPYEMO TOH
¢dakr, mo 10 3 HUX € mpolecaMu ynpaBiiHHs). Ane 1ie 1me He Bce. B [4] €
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JIOBOJIi 6araTo BXOKEHb CJIOBOCIOIYYEHb Ha KIITAIT «<CyTHICTH> manage-
ment». HaBiTh SIKIIO BIAKMHYTH IyMKY, IIO [I€ BHpa)ka€ NEBHY CBIIOMY I10-
3MLII0 aBTOPIB CTAaHIAPTY, CKJIAJl LIMX CyTHOCTEH MpUBEpPTAE yBary, i BUaa-
€THCS AOLIJIBHUM JIOJATH TaKOX IIi CYTHOCTI /10 HAIIOTO CITUCKY, 32 BHHST-
KOM THX, IO CIIBIIa/IAI0Th 3 00’ €KTaMH 3raJlaHuX BHIIE YIPaBIiHCHKHUX TIPO-

reciB. Takux cyTHOCTEH HaligyeTbes 22 — AnB. Ta0II. 2.

Tadnauus 2. «{ogaTkoBi» noreHuiiini 06’€KTH ynpapJiHHs.

IoTenuilinmii 06’ €KT ynpasJjiHHA — Ha3Ba MOBOIO
| aHIJiCbKOI0 YKPAiHCBKOI0
1. asset aKTUB
2. capacity CIPOMOKHICTh
3. change 3MiHa
4, complaint (record) ckapra (3aImc)
5. content KOHTCHT
6. database 0asa JaHux
7. deployment PO3rOpTaHHs
8. document JIOKYMEHT(aIlist)
9. emergency changes HaJ3BHYaiiHa 3MiHA
10. emergency releases HaA3BHYAHIIA BHITYCK
11. incident (service re- IHIIMACHT (3aIUT HA OCIYTY)
guest)
12. incident record 3aIUC 010 IHIMICHTY
13. information security iHndopmariiiHa Oe3mneka
14. lifecycle process MPOILIEC KHUTTEBOTO IIUKITY
15. problem npobsiema
16. record 3amuc
17. release BHITYCK
18. service nocyyra
19. service request 3aIMT Ha TOCIYTY
20. subcontractor CyOIi IpsIHIK
21, supplier MOCTa4aJIbHUK
22, systems engineering CHUCTEMHHUI1 IHKUHIPHHT

Otxe, B pe3ynabTaTi orpumano 6 + 30 + 22 = 58 xaHaumaTiB Ha poJIb
00’€eKTa ynpaBTiHHS Ta BIAIOBIAHO CTIIBKH K IIOTCHIIHHIX KOHTYPIiB YIpaB-
JIHHSA, 10 YeKaTUMYTh Ha CTBOPEHHS 1 BIPOBAKECHHS CBOi MOJIEITI.

Crucnuii nepenik BUIIB OisSUTEHOCTI, Yepe3 3MIHCHEHHS SKHX peajizyBa-
TUMeEThCs (popMaTbHUH MiAXifd, 6e3 mpeTeH3ii Ha HOro MOBHOTY MOKHA TIPea-
CTaBUTH TaKUM YHHOM:

1 po3pobuienns kputepiiB nepexoxy 3 oxniei craaii XKLC B inmy;
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2 sk 0OIpyHTOBaHHMH BiNOIp I KOXKHOI cTajii «IOTpiOHUX» MPOLIECIB,
iH(pOpMAIIHIX €JIEMEHTIB 1 KOHTYpPIB YIIPaBJiHHS, TaK i 0OIPYHTOBaHA BiJl-
MOBA BiJl HETIOTPIOHUXY;

3 HaJIAIITYBaHHS MOJICTBHUX OIHUCIB IIPOIEciB Ta iHGopMaLiiiHuX eneme-
HTiB Ha yMoBH KoHKpeTHoro XKII[C;

4 po3po0ieHHS MoeIelt KOHKPETHHX KOHTYPIB YIPaBIiHHS;

5 BUABJICHHS 1 BpaXyBaHHA CYTTEBUX B3a€EMO3B’S3KIB MiXK OKPEMHMH KO-
HTYpaMH yTIPaBIIiHHS,

6 imeHTH(IKAIlisA THITOBIX KPUTUIHHX TTOMiH, peakiiis Ha sKi motpeOyBa-
THME TIePeTBIy 1 aKTyauizamnii Moernei;

7 ITaHyBaHHS 3aXO0/iB OO0 BUSABJICHHS KPUTHYHUX MOIH Ta HiTKa per-
JIAMEHTALIisl peakiiil Ha HUX;

8 BusHaueHHs ckiany ydacHukis JKLIC i 3anikaBieHux ocio, ix 000B’s13-
KiB, TIPaB Ta BiINOBIJAILHOCTI;

9 cBoeuacHe i BuuepnHe iHpopmyBanHs yuacHuKiB JKL[C i 3anikaBieHnx
0ci0 y Mexkax iX KOMIECTEHIIIT;

10 perenbHe TOKyMEHTYBaHHS (IIPOTOKOJIIOBAHHS) YChOTO MPOLIECY YII-
pasminas KLC.

Ls crmemudivyaa OisUTBHICT TOTpeOyBaTHMe HABYaHHA Ta KPOMITKOI
Tpalli BUCOKOKBai(hikoBaHMX (PaxiBIiB 3 BUKOPUCTAHHAM CIEHIaTbHO PO3-
poOieHoro iHPOPMAaLIHHO-TEXHOJIOTIYHOTO IHCTPYMEHTAPIIO.

BaxnmBoro CKI1aZ0BOIO YHPaBIiHCHKOT MOJIEIN TAaKOX € MOJENb BUTPAT
Ha JKUTTEBHUI NUKI 3 yrnpasminasaM uuM BiimouHo (Life Cycle Cost — LCC
[5]). BescymHiBHO, 110 I1i BUTPATH 32 YMOBH BHKOPHCTAHHS (OPMAIbHOTO
IX0/1y 3HAYHO 3POCTYTh. | TYT MOCTAE YK HE TOJIOBHE MUTAHHS: YU € CEHC
«CTaBaTH Ha PeHKU» GOPMaAIILHOTO Migxomy?

CpOrosiHi, 3HaX0AYNCh HA TOYATKY ILIAXY, MU HE 3JaTHI apryMeHTO-
BaHO 1 OCTATOYHO BIMOBICTH Ha II€ MUTAHHS. AJI€ HABITh SKIIO MU IPOIEMO
UM IUTSIXOM JOCHUTB JAJIEKO, 1 Hallli JOPOXKHI 3aIUCH (IIPOTOKOJHU JisITbHO-
CTi) JaayTh HaM TOYHI JIaHi [OJI0 BUTPAT HA CTBOPCHHS | BAKOPHCTaHHS MO-
JieTield, BCe OTHO 3aJIMIINTHCSI HEBU3HAUCHICTh, OCKIIBKH 3apa3 MU IIPOCTO HE
3HAEMO, CKUIBKU KOIITY€E HaM (pakTHIHE BUKOPHCTaHHS He(hOpMaIbHOTO ITijI-
X0y, 1 0 (CKUTPKM) MU BTpadaeMo BiJ HemocTaTHOI kepoBarocTi JKLIC.
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MODEL FOR CALCULATION OF MANAGEMENT EFFICIENCY
FOR HIGH STAFF OFFICERS

0O.M. Khoshaba, L.O. Nikiforova, A.A. Shyian
Vinnitsia National Technical University

Let’s describe the typical daily activities of a High Staff Officers (HSO).
HSO receives a certain number of requests for decisions during the day.
These requests come to him randomly at unequal intervals. HSO processes
the request for a certain amount of time. This time is also random, because
the duration of request processing and decision-making is influenced by a
large number of factors, some of which are stochastic and unpredictable.
Then the HSO moves on to the next query, and everything repeats itself over
and over again.

Mathematically, the above procedure can be described using the
following indicators of operations research, specifically in frame of queuing
theory be the steady state equations for birth-and-death processes [1].

Queries to HSO are a random process, which is Poisson and which is
characterized by the average time between individual queries t;=1/4. Here A
is the intensity of requests (i.e. the number of requests per unit time, for
example, the number of requests per 1 hour).

Query processing is a random process, which is also Poisson and is
characterized by the average duration of query processing by HSO t,=1/u.

In order for HSO to be able to process all the requests that have reached
him, the following inequality must be met

Lo @
b

Inequality (1) determines that, on average, the query is processed by HSO

faster than a new query. In this case, there is always a stationary steady state.
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Now let’s to find the appropriate values of the average time between
queries receipt and average time of one query processing by HSO. For this
purpose the corresponding timing is carried out.

The duration of the measurements must be long enough. For example, in
the HSO activities can be seen weekly, monthly, quarterly (seasonal) and
annual changes. They are manifested both in changes in the characteristic
(average in this case) time between the receipt of queries by HSO, and in
changes in the characteristic (average) time that HSO spends on processing
the query and making a decision.

The following formulas are for the real HSO rather estimative
characteristics as they are received for a case of Poisson distribution both time
between receipts of queries, and time which is necessary for HSO for them
processing.

The general method for calculating of management efficiency for of HSO
can be represented by the following sequence of stages.

Stage 1. All queries are divided into two groups for processing and
decision-making by HSO.

The first will include “mandatory” or “daily” requests, i.e. those that
appear daily and which HSO must process during the day. These queries can
also be called “deterministic”, because they are usually not statistical in
nature. The number of such requests and the time required for HSO to process
them are taken into account.

The second group includes queries that have a source or external factors
(which can not be predicted), or which arise stochastically due to random
factors in the organization (and which can not be predicted). Both the number
of such requests and the time required for HSO to process them are taken into
account.

Step 2. The total time T; that HSO must spend daily on mandatory queries
related to the first group, will be determined.

Step 3. The average time t; between individual queries that belong to the
second group will be determined. The average time t, that HSO spends on
processing one request, which belongs to the second group, will be
determined.

Step 4. The time T, that HSO can spend on queries that belong to the
second group will be calculated. It is found as the difference between the
HSO working time and the total time, which HSO spends processing queries
that belong to the first group.

At this stage, it may happen that the amount of time that HSO can allocate
to queries that belong to the second group may depend on the day of the week
and the number of months, and so on.
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Stage 5. According to formulas (2), indicators are calculated that
quantitatively characterize the queries processing by HSO, which belong to
the second group.

2 . 2
UL B AL L S AL
tl_tz ! t12 _tl'tz ti_tz ! L -t

According to the obtained results, there may be two different situations.

Situation 1. Let the number of queries Ly related to the second group and
which HSO is able to process as much as possible be greater than the total
daily number of queries related to the second group L.

In this case, HSO is able to process all queries, and successfully
management implement.

Situation 2. Consider the opposite case when the following inequality
Lit<Lz holds. In this case, HSO will not be able to process all the queries that
belong to the second group. As a result, they will accumulate, which will lead
to deterioration in the management efficiency. This can be helped by the use
of information technology, which can help HSO to queries processing faster.
It can also be useful to increase the efficiency of those managers who pre-
process requests and prepare justifications for the HSO.

Thus, the quantity indicator for HSO management efficiency can be
entered, using the results of comparing the indicators Lt and L,. For example,
this might be such indicator:

Q :@ =1— L, . (8)
L[Ot LlUt

This indicator varies in the range 0 <Q <1. It describes the amount of time
that HSO remains free from queries processing that belong to the second
group. Negative Q values are invalid (because in this case, the queue of
unprocessed queries will only increase).

The purpose of the report is to develop a model for evaluating the quality
of managerial activity to handle those queries that arise due to random
reasons. The model of activity of HSO on the basis of the operations research,
specifically in frame of queuing theory is constructed in the report. The daily
activities of the HSO are considered as a channel for responding to the
requests. A quantitative indicator is proposed to characterizing the
management efficiency. The method of such indicator calculating for real
situations is described. It takes into account queries originating from either
external (non-predictable) or stochastic due to random factors in the
organization’s activities (which cannot be predicted).
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VJIK 519.876.2

IH®OPMAIIMHA CUCTEMA IJIAHYBAHHS PECYPCIB IT-
ITPOEKTIB

10.10. Maptuntok, M.O. Criepkau
Hayionanvuuii mexniunuu ynieepcumem Yrpainu "Kuiscoxuii nonimex-
Hiunuti incmumym imeni leops Cikopcbrozo”

Beryn. Ha croropnimHiit gens [T-rany3p € ogHi€l0 3 MepCIeKTUBHIMINX
ctep mronceKoi AisTEHOCTI. HeBix’eMHOIO CKITaIOBOIO KO € peatizallis piz-
Hux IT-npoexriB. YcmiliHe BUKOHAHHS MPOEKTIB 3aJIeXUTh BiJl IX €()eKTHUB-
Horo ynpasiiaHs [1]. OyHKUIsIMH yIPaBIIiHHS € YIPaBIiHHS SKICTIO, 4aCOM,
KOHTPaKTaMy i MOCTa4aHHAMH, KOMYHIKAI[isIMA B MPOEKTI, PU3UKAMH, pi3-
HUMHU BUJIaMH PECYPCIB, a caMe JIIOJACHKUMHM, BapTICHUMH Ta TEXHIYHUMHU.
OxpiM 1BOro, MOTPIOGHO TAKOXK BPaxXOBYBATH 1 YNpAaBJIiHHS MapameTpaMu
Yacy, 0 BKJIFOYAIOTh: BU3HAUEHHs POOIT 1 IXHBOT TPUBAJIOCTI, CTPOKIB MOYa-
TKY 1 3aBEpIICHHS IIPOCKTY.

Han mpobGnemoro e(eKTHBHOTO YNpaBIiHHS IMPOEKTAMH ITPAIFOBAIIH
BUCHIi 0araThOX KpaiH CBITH Ta MPOMOHYBAIU Pi3HI METOAX JIO IMOKpPAIICHHS
BOTO Tporiecy. Y po0oTi [2] aBTOp onHCye CUCTEMY UIS aBTOMATH3AIIIT Ke-
PYBaHHS MPOEKTaMH, A€ ONMCAHO, IO IPOEKTH MOTPEOYIOTh IUIAHYBaHHS,
oprasisailii, HECTaHJaPTHOTO MUCIIEHHSI, CITIJIBHOT pOOOTH KOMaH | 1 6araro
YOT0 iHIIOTO, a y po6oTi [3] HaBemeHO MPUKIA]] peati3allii CHCTEMH JIJIS aB-
TOMaTH3alil yIpaBiHHS NPOEKTaMH, SIK PO3LUIMPEHHS JI0 ICHYIOYOi HOIyJIsi-
pHoi cucremu JIRA. Tlig yac pearizaliii mpoekTy came 4acoBi pecypeu i Oy-
BalOTh MOPYIIEHUMH 4epe3 Hee(eKTHBHE IUIaHyBaHHS, 10 MPU3BOJIHUTH JIO
MOPYILIEHHS TEPMiHIB BUKOHAHHS MPOEKTY Ta BTpaTu (hiHAHCOBUX PECYPCIB.
Ha nomomory edexkTHBHOrO TulaHyBaHHS pPECypCiB NPUXOANUTH TEOPis Po3-
KJIaJiB.

VY poGori Oyne WTH MOBa NpO HpOLEC YIPABIIiHHS JIOJACEKUMH pecyp-
camH, a caMe e()eKTUBHE TIaHyBaHHsI BUKOHAHHS ITPOEKTY KOMaH/I010 BUKO-
HaBIIiB 32 MiHIMaJILHUH Yac poboTH. Bech nporiec ynpasiiHHs Oynie BUKOHY-
BaTUCs Ha OCHOBI MeToHoJIorii Scrum.

MeTo10 po00TH € MiHIMI3allig Yacy peatizailii IpOeKTy 3a paXyHOK CTBO-
peHHs eeKTUBHHUX PO3KJIa/IiB BUKOHAHHS 3aBJIaHb MPOEKTY KOMaHIIOK BH-
KOHABIIIB.
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IMocTranoBka 3amadi. PosrisHemo peamizamito meHoro IT-mpoekry.
Byno npoBeneHo aHaniz JaHOTO MPOEKTY Ta BU3HAYECHO PECYPCH T4 BUMOTH
Horo peanizauii. Bech npouec ynpasiiHHS BUKOHAHHSAM IIPOEKTY Oynie mpo-
XOAUTH 32 METOJOJIOTIE0 SCIUM, THYYKOIO METOJIOJIOTIE0, 110 BXOAMUTH 10
cimeiicta Agile.

3a pe3yibTaTaMH AOCIIIKEHHS YMOB IPOEKTY OyII0 BUSBICHO MHOKUHY
3amad (3aBaHb) IO pealizallii BChOTo MPOeKTy, TOOTO hopMyeThCs OeKIIor
npoxaykty. KoxHiif 3amaui mpHCBOIOETHCS MPIOpUTET 100 ii peamizamii Ta
TPHUBAJICTD ii BUKOHAHHS €TAJIOHHUM BHKOHABIEM (117 €TaJIOHHUM BHKOHA-
BIIeM Oy/IeMO pO3YMITH BHKOHABI, SIKUI IpaIffoe 3 Koe]imieHTOM IpoIyK-
THUBHOCTI 1).

BcranoBumo HacTynHy knacuikaliro NpiOpUTETiB: BUCOKHM, CepeHii
Ta HU3bKUH (33724l 3 BUCOKUM IPIOPUTETOM PEaTi3yIOThCs MEPIIOYSPTrOBO,
BI/IMIOBITHO 3a/1a4i 3 HU3BKUM TIPIOPUTETOM PEai3yIOThCs B OCTAHHIO YEPry).

Y po3riisiHeMo BUNAOK, KO (haxiBLii € B3aeMO3aMIHHIMH 1 MOYKYTh IPALFOBATH
TnapaseybHO. BUKOHaBI MOXKyTh OYTH BiIMIHHUMH KOe(illieHTAMH MPOIYKTUBHOCTI,
I1I0 BU3HAYAETHCS TT0CATION0, SIKY BOHH 3aiMalOTh.

[Ipu ynpaBiiHHI IPOEKTOM 32 METOIOJIOTIEI0 Scrum, KOJIU ¢(hOPMOBAHO
OEKJIOT NPOXYKTy, BUKOHYETHCS IUIAHYBaHHS IEPIIOrO €Tamy poOOoTH II0
MPOEKTY, iTepanii (hikcoBaHOT TOBXKMHH, 110 HA3WBAIOTHCS CIPHHTOM IIpoe-
KTy, TPUBAJICTD SIKOTO 2-4 TrokHI. [Ipu Mm1aHyBaHHI CIIpUHTA, 3 OEKIIOTY TIPO-
IYKTY BUOUPAETHCS TiIMHOKIHA 3aBIaHb, sIKi HEOOX1THO BUKOHATH IIEPIIO-
4yeproBo (pucyHok 1). KinbkicTh MX 3aBAaHb IIOBMHHA OyTH TaKo1o, 10 Oy e
HE MepEeBHIILYBATH PIBEHb NPOAYKTUBHOCTI KOMaH/IH.

3aBpauka  MpioputeT  fofuumM 3asgakun | Mpioputer

Buconuil 5 1 BUcok il
PRODUCT BACKLOG

e SPRINT BACKLOG | 2 Bucok it
E] BUCOKHI
7

Buconuit
Hut3bmi

BrcoRHit

BUCORHil

Besoro: 30
3aB3HE

Cepeayitt

Bucornuii

1
2

3

4

5 Cepeanift
6

7

8 Huswini
9

Cepeapii
10 Huabsii

N R

90 Cepegnin &
Beboro: 250
a0 rogun
s3asnaHL

Puc.1 — BuginenHs 3aBaase 3 6EKIIOTY IPOAYKTY B OEKJIOT CIIPHHTA
IIpu hopmyBaHHi OEKIOTY HACTYITHOTO CIIPHHTA OEKJIOT MPOAYKTY Hepe-
TIIAJA€THCS, MOXKYTh 3MiHIOBATUCS TIPIOPUTETH 3aBJIaHb, 3MIHIOBAaTHCS CaMi
3aBIaHHS Ta JUTMTHCS Ha APiOHIII.
OTxe, pearizaliisi OEKIOTY CIIPUHTA TPHUBAE 0 AUPEKTHBHOTO TEPMiHY,
TOOTO Yacy 70 sSIKOTO MOBHHHI OyTH 3aBepIIeHi BCi poOOTH CIIPHHTA.
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3aspawnn | Npiopurer CnpuHT 1

1 BucoUi Pospobim 1 ‘

Bucokuit

SPRINT BACKLOG PO3POGHMK 2 ‘

2
3 BHCOKURA
7

PospoBHmg 3 ‘

Pospoiime 5 ‘

BucoKuit

Bevoro: 30
3aBjaHb.

Puc.2 — Bupinena miiMHOKWHA 3aBlIaHb (OCKIIOT CIIPUHTA) MIPU3HA-
Ya€eThCS HA YIACHUKIB KOMaHIH

MaremMaTu4yHa TMOCTAHOBKA 3amayvi. Jano MHOXHUHY
J={3,,3,,..,3,,-.,3;}, 1=12,.., f, IO CKIAJAETbCS 3 NIAMHOXUH 3aBJaHb
J;={2..j..,n} 1 MHOXHHY BHUKOHaBLIB (YYaCHHMKIB KOMaHIM)
M ={,2,...,i,...,m}. Y cucTemi Bci 3aBAaHHI HAAXOAATh OJHOYACHO B HY-

JIOBHI MOMEHT Yacy Ta yCi 3aBJJaHHS MalOTh CHIJIbHUH JUPEKTHBHUN TEPMiH
d, nmpouec 0OCIYroByBaHHS KOXKHOTO 3aBIaHHs MPOXOIMTH Oe3 mepepu-
BaHH JI0 3aBEPILCHHS BUKOHAHHS.

BBakaeThbcs, 0 KOXKEH YYaCHUK KOMaHIM Ma€ CBilf KOeQillieHT mpo-
JOyKTHBHOCTI BUKOHaHHsA 3aBJlaHb — k. >0, a KO)XHE 3aBJaHHA Mae CBilf

IPiOpUTET — p; >0, TA OYATKOBY TPUBAIICTh BUKOHAHHA t, >0 j=12,..,n
(moyaTkoBy — TOOTO €TaIOHHY TPHBAICTh, 32 IKYy MOXe OyTH BUKOHaHE 3a-
BJIaHHS €TaJJOHHMM BUKOHABIEM, KOC(illieHT IPOAYKTHBHOCTI sIKOTO k; =1),
TOJi TPUBATICTh BUKOHAHHA | -Oro 3aBAaHHA | -UM y4acHMKOM KOMAaHAY, 3
ypaxyBaHHSAM KOe(ili€HTY NPOJYKTHBHOCTI Y4aCHUKA CTAHOBHTH:

t, =t *k. (1)

Hexaii C; — MOMEHT 3aBepIICHHS ] -Or0 3aBJaHHS, C_ = max{C,} — Ma-
i

KCHUMAaJIbHHH MOMEHT 3aBCPUICHHS 3aBJAdHb (MOMeHT 3aBCPUICHHA OCTaH-
HBbOI'O 3aB,Z[aHH$[), Z =max{0,C. —d}» — 3aI13HEHHS 3aBJIaHHA; Ej = max{O d —Cj}
i i | i !

— BUIEPEKCHHS 3aBIaHHA; | — Z": E, — CymapHe 3aMi3HEHHS; 7 — Z”: z, —¢oy-
=1 j=1

MapHE BUIEPEHKSHHS.

Kpurepiii 1. HeoOxigHo ckiacTH po3KiaJ BUKOHAHHA 3aBIaHb, NPH
SIKOMY JIOCSITA€ MIHIMYMY MaKCUMaJIbHUI 4ac 3aBEepIICHHS 3aBJaHb!

Cprax — Min. (2

Kpnrepiii 2. HeoOxigHo ckiacTn po3Kia] BUKOHAHHS 3aBJaHb, IPH
sIKoMY OyZie piBHOMIPHO PO3IIO/LIEHO 3aBJIaHHs MiXK BUKOHABIISIMU 3 ypaxy-
BaHHSM iX KOe(illieHTy MPOAYKTUBHOCTI:
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max{E;,Z;}— min (©))

BuactuBocti 3axaui Ta anropurmu ii po3B’sizanHHs. /11 po3B’s3aHHEA
3amadi Teopii po3KIaniB, Mo BigHOCHTHCA 10 kimacy NP Ta 3a HasBHOCTI fe-
KUTPKOX PI3HUX KPUTEPiiB ONTHMAIBHOCTI iCHYE O€3JIid Pi3HUX aJrOpUTMiB
PO3B’s3aHHSA, KOXKEH 3 KX Ma€ CBOI IepeBaru Ta CBOi HENONIKH. Aje A
3amaq Teopii po3KIAAiB TOUITFHO BUKOPHCTOBYBATH €BPUCTUYHI ANTOPHTMHU
po3B’s3aHHA. He rapanToBaHO, IO ONTHUMAaibHE pIMIeHHS Oyze 3HaiineHo,
MpOTE 1Ii AITOPUTMHU 3HAYHO 3MEHIIYIOTh Yac PO3B’sI3aHHS TaKuX 3ajiady, 1o
3a0e3neuye MBUAKAN pe3ynbrar. ToMy Uit po3B’si3aHHs 3a/1a4i, OIMHMCAHOT
BHIIIE, 00paIy aJropUTM JOKaJIbHOTo nouryky[4] Ta sxaai6uuit anroputM[5].
XKaniOHuii anroput™ NpocTHid 1UIsl pO3yMiHHS 1 peajtizalii, Npaltoe JOCUTh
MIBUJKO, BiJIOMO 0ararto 3aza4 pi3HOi CKJIQJHOCTI, SKi MOYKHA PO3B’sI3aTH 3a
JTIOTTIOMOT'0I0 JKai0HOr0 anroputMy. HaTOMICTh aJITOPUTM JIOKAJILHOTO IO-
YKy 3apEKOMEHIyBaB ceOe sIK OIMH 3 HAHKpPAIUX eBPUCTUYHHX aJITOPHUT-
MIB pO3B’sI3aHHS 33/1a4, TOYHI BUPIMICHHS SIKUX MOTPEOYIOTh eKCIIOHCHIIIH-
HHX 3aTpar 4acy. JJoCIiKyl04Yn CXeMH Ta BIIACTUBOCTI LIUX aTOPUTMIB, 0Yi-
Ky€EMO, [0 AITOPHTM JIOKAJIbHOTO MOIIYKY HAJACTh MOXKIUBICTH OTPHMATH
ORI TOYHHIA PO3B'A30K, IO OLITBIIE BiAIOBIIa€ BCTAHOBICHUM KPUTEPIsM,
IIBHIIIC HIXK )KaJIOHUH aJroOpuT™.

BucHoBkn. Y naHiit po6oTi OyJ0 IpeaCcTaBICHO Ta OMUCAHO 3MICTOBHY
MOCTaHOBKY 3a7adi, sika € aktyansHoto y IT i moTpedye po3B’si3aHHs A1l BU-
KOpPHUCTaHHs pillleHb y IutaHyBaHHI pecypciB IT-mpoekriB. HaBeaeno mpu-
K7y poOiT, siki Byke Oynu peaizoBaHi, IXHI HEJIOIIKHM Ta MOXIIMBI TTOKpa-
niends. [1oOymoBaHO MaTeMaTHYHY MOJENb JaHOI 3a7adi MoOYIOBH PO3-
KJIaJly BUKOHAHHS 3aBJaHb JJIsl YYaCHHUKIB KOMaHAU. 3alpOIOHOBAHO MO
PO3IIIARY KaAiOHUH aITOPUTM Ta AJITOPUTM JIOKAJIBHOTO MOIIYKY SK METOIH
PO3B’s13aHHS MOCTaBJICHOT 3a/1a4i. PO3B 30K JaHMUMH AIrOPUTMaMH J03BO-
JIMTH OTPUMATH TaKi pe3yJbTaTH INIaHyBaHH BUKOHAHHS 3aBJIaHb, IO JI0TO-
MOXXYTh BHKOHYBAaTH 3aBlIaHHs 1o IT-IpOeKTy 10 BCTAHOBJICHHX YaCOBUX
00ME)XeHb, BPaXOBYIOUH YCi OOMEKESHHS JIFOJICHKHUX Ta YaCOBUX pecypciB. Y
paMKax MaiOyTHIX JOCHI/PKEHb IPOIOHYETHCS MPOBEICHHS PsIly eKCIIepH-
MEHTIB JJIs1 33724 Pi3HOT PO3MIPHOCTI.

Cnucok BUKOPUCTAHHUX /I7KepeJi

1 Yopua M.B. IIpoextHwmii anani3. / Xapkis: Koncym, 2003. — 228c.

2 ABroMaTH3alys IJIAHUPOBAHUS IPOEKTOB C MOMOIIBIO apaMeTpuye-
ckoro monenupoBanust B cucteme T-FLEX CAD [Enextponnuit pecypc] —
Pexxum moctymy mo pecypey: https://sapr.ru/article/14919

3 The 4 Phases of Project Management — and How Process Automation
Can Help [Enekrponnmuit pecypc] — Pexum pocrymy mpo pecypey:
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4 Merop niaiioMy (JokansHOTO rouryky) [Enexrponnuii pecypc] — Pe-
UM J0CTYIy 10 pecypcy: https://studfile.net/ preview/3766334/page:6/

5 XKanioui anroputmu [Enekrponnuii pecypc] — Pexxum noctymy o pe-
cypey: https://dl.sumdu.edu.ua/textbooks/95351/522264/index.html

YK 004.89

OCOBJINBOCTI MOJEJIOBAHHS ITPOLHECIB
BHUITPOBYBAHHA CUCTEM YHPABJIIHHA JIAJIBHICTIO ¥
IHAPHUHI BINCLKOBOI'O YIIPABJITHHS

T.K. €pemenxo, FO.I'. [Tununenko
Incmumym npobrem mamemamuynux mawun i cucmem HAH Ykpainu

[Tpu po3poO1ii BEIUKUX CUCTEM YHPaBJIiHHS CKIIJIHOI CTPYKTYPH, TAKHUX
SIK cUcTeMU iH(opMaIiiiiHoi 0013HAHOCTI Ta MOBCAKICHHOT TisITBHOCTI BiHCH-
KOBHX OPraHi3MiB Pi3HOTO PiBHS MiIIOPSAKOBAHOCTI, 3 ypaXyBaHHIM MacIil-
TabiB Li€l MISUIBHOCTI Y peaibHUX O0CTaBHHAX MOTOYHOTO Yacy, BUHHKAE
npoOJiema BUIIPOOYBaHHs NPOEKTHHX pillieHb. HaBiTh sKII0 OyaeMo po3ris-
JaT HAUTIPOCTIIHI BapiaHT OJHi€] BIHCHKOBOT YaCTUHH Y ii MOBCAKACHHIH
JISUTEHOCTI, JTOBEIETHCS BPaXxOBYBAaTH iH(GOpPMAIIHHII OOMIH 3 BHIIECTOS-
IIMMH OpPTaHaMH SIK TIPSIMOTO TaK 1 HEMPSIMOTO YIPABJIIHHSA, 3 BEIUKOIO KiJIb-
KiCTIO 00CITYTOBYFOUMX BIICHKOBUX YaCcTHH 1 IUBLIEHUX OpraHi3amii. A KoIu
PO3TISIIATH CHCTEMH Ha PiBHI 3’€THAHb YU 00’ €IHAHB 1 poOOTYy IX KepiBHHX
OpraHiB B yMOBax 0COOJIMBOTO IEPiONy, TO CKJIAIAHICTh PO3POOKH MPOEKTY
npoiiecy BUMpoOyBaHb y pealbHUX yMOBax 3pocTae OaratokpatHo. Tomy
JUIsl IPOBEJCHHS poOoumx (TMonepeHix) BUIPoOyBaHb JOLIJIBHO CTBOPIO-
BaTH MOJIEIbHI CUCTEMH, SIKI B IJJaHI OCHOBHHMX ITOKA3HUKIB, 1[0 I[IKABJISATH
3aMOBHHKIB, BI/IIIOBIJAl0Th peajbHUM 00’ €KTaM.

Binpur netanbHO NPOEKTYBaHHS MpOLECY BUIPOOyBaHb Oy/b SIKOT CHC-
TEMHU, Ka BUKOHYE yci a00 3HaYHY YaCTHHY (QYHKIIi ABTOMAaTH30BaHOI CH-
cremu yrnpasiiaHS (ACY) AisUTbHICTIO opraHi3aiii moTpedye Ha SKANHCH Yac
3YIIMHUTHU TNPOLECH PEaJbHOTrO0 YIPaBIiHHS 1 BUKOHYBAaTH BHIPOOYBaJIbHI
mporecr. Y BIHCBKOBIH cdepi 1e He 3aBXKIU MOXIIUBO, OCKUIBKH O3HAYAE
3HWDKEHHSI 00MOBOT0 TTOTEHIIATY HA JISSKUH Yac, o Moxe OyTH 30BciM He-
MIPUITYCTUMO 3 TOUKH 30py Oe3neku aepxaBu. ToMy HOBI pO3pOOKH MOXKYTh
OyTH BIIPOBAaKEHI TIJIBKH MicHs iX Aep>KaBHOTO MPUHMAaHHSA y MPOIIECi cIie-
1iajJbHOI perfiaMeHTOBaHo1 mporeaypu. 3 wiel [lpuauHu yci BUIy BUTIPOOY-
BaHb MOBUHHI MIPOBOJIUTUCH Y MOJICIIbHOMY CEpPEIOBHIIII.
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llle oxHi€r0 MPUYMHOI HEOOXITHOCTI MOJIEIIOBaHHS BUITPOOYBaHb € Ta-
€MHICTb peanbHOi iHpopMallii, 3 SKOI0 TOBHHHA NPALIOBAaTH pO3pO0IIOBaHa
cucrema. [Ipu npoBeseHHI BUNPOOYBaHb € BEJHMKA BIPOTiAHICTH HEIUIAHO-
BOT'0 PO3TOJIONIEHHs iH(opMallii, 0 BUKOPUCTOBYBaJIach B IPOIECI BUIIPO-
OyBanb. L{s1 oOcTaBMHa BUMarae IOYMHATH MPOLIEC MOJAECTIOBaHHS BUIIPOOY-
BaHb 3 CTBOPEHHSI MOJICIBHOTO iH(OopMatiifHoTro cepenosumia. [1pu npomy B
OKpEeMHUX BHUMAIKaX MOXYTb OYTH BHKOPHCTaHI peajbHi CTPYKTYpH iH(Op-
Marlii, 3MiCT SIKHX TeHEepY€EThCS y BUMAIKOBIH MOCTiJOBHOCTI 3 BUITAAKOBUMHU
3HAYCHHSMH MOKA3HUKIB. BiJbII CKIaTHO CTBOPUTH HOPMATHBHO — JOBiA-
KOBY CHCTEMY, IO Oyze J03BOJISATH BHIIPOOYBATH JOCATHEHHS HEOOXiTHUX
MOKA3HUKIB 1 B TOH ke gac He Oyae JO3BOJISITH PO3TOJIOCHTH TaEMHY iH(OP-
Malio. 3arajbHO/EpXKaBHI JOBIJHUKA HE TOTPeOYIOTh HISKOTO KOPHIY-
BaHHs 1 MOXKYTh OyTH BUKOPHCTaHI 0€3M0CEPEAHBO Y BUIPOOYBaHHIX Ha MO-
Jierni. A oT ranmy3eBa J0BiAKOBa iH(GOpMAIlist MOKE MaTH OOMEKCHHS 110 J10C-
Tymy. | 11 cucteMu MOJIENIOBaHHSL BUNIPOOYBaHb IOBOJIUTHCSI CTBOPIOBATH
CHUCTEMH JIOBIHHKIB 3 HepeanbHUMU faHuMH. [1[00 yHHKHYTH IpoOieM 3 pe-
AIPHUMHU T4 MOJEJIbHUMH JOBITHUKAMH, JOLIJIBHO CTBOPIOBATH MOJIEIILHE
iH(popMamiliHe cepeOBHUINE Ha OKPEMOMY TEXHIYHOMY KOMILIEKCI, SIKAH He
Ma€ peaNbHUX KOHTAKTIB ((pi3MYHIX YH BipTyaTbHUX) 3 TEXHIYHUMH KOMILIE-
KCaMH, [0 EKCILUTyaTyIOThCH.

Tinpku CTBOpHBIIM MOJENbHE iH(OpPMAIliifHE CepeOBHINEC Ta BHKOHA-
BIIM HOTO BepHdiKaIlifo, MOKHAa MPUCTYIATH 0 MOJICIIOBAHHS BHIIPOOY-
BaHHI MPOIIECIB, SIKi CTBOPIOIOTH CYTh PO3POOJICHOT Ta BUIPOOYBAHOT CHC-

TEMU.
BiichkoBi
CTaHAapTH YKpainn
Crannaptn HATO

— Tnocapii
OnTonorivnmii onne |
inopmaniiinoro > Takconomii

" >
’7 mpocTopy Onronorii
Mopens

CHCTEMH LI0
Ind iiini ThCs

Moneni opr
CTPYKTYpH

Mojedi cucrem
YHpaBJIiHHA
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cHCTEMH

Biaiorexn naiikpamux npakrik IT ‘

Craugaptu IT

basu 3uans IT- pecypein ‘

BilicbKOBHX
pecypcis
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—  npuiinaTTS
pilens

Pucynox 1 — Etanonna mozens iHdopmaniiiHOro npoctopy [Uist BUIIPO-
OyBaHb CHCTEM YIPaBIiHHS AiSUIBHICTIO.
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Jlist cTBOpEeHHs MOJIeNTbHOTO 1H(OopMaLiifHOro cepeJoBHIIa PallioHATIBHO
BUKOPHCTOBYBaTH TEXHOJIOTI0 pedepeHCHOro abo eTalmoHHOTO MOJEINo-
BanHs [1]. Lle TexHONOTIS CTBOPEHHS KOHIEHTYalIbHHUX MOJENCH Pi3HOro
CTyHeHIo jaetaiizauii. Jlo3Boisisie aHami3yBaTH B3a€MOBIUIMB PI3HHX CHUCTEM
iH(pOpMAaIIHOTO TPOCTOPY Ha BUIIOMY PiBHi (puc.1) 1 mocTymnoBo ix aerai-
3yBaTH JUIsl BUPIIICHHSA KOHKPETHHUX 3aBJaHb 110 BUIIPOOYBAaHHIO IIPOEKTHUX
piIIeHs.

CucteMu yrpaBIliHHS MOXXYTh CTBOPIOBATHCH U 00’€KTiB, SKi MalOTh
KUTbKa MIATMOPSAIKOBAHNX 00’ €KTIB IO MOXYTh OYTH TEPHTOpiaIbHO pO3HE-
CeHi 1 yIpaBIiHHS SKUMH MOKE He OYTH CTPOTO i€papXidHAM, a MaTH Xapak-
Tep MEPEeXi 3 BY3JIaMH Pi3HOTO CTYICHIO BJKIMBOCTI. 3B’ 30K MiX €JIEMEH-
TaMH CHCTEMHU TaKOX MOXKe OyTH peali3oBaHO HE CTaHAAPTHUMU 3ac00aMH,
a CrieriaibHO PO3POOJICHMMH KOMILICKCamMu 3aco0iB 3B’ s13Ky. OTke cucreMa
YIPaBJIiHHS CTBOPIOETHCS 3 YPaxyBaHHAM TaKUX TEXHIYHUX OCOOJIMBOCTEH 1
B Ipolieci BUNPOOYBaHb KOPHUCTYBAaHHS TAKMMHU OCOOJIMBOCTSAMHU MOBHUHHO
Oyrtu nepesipeHo. Tomy a1 MOJeIOBaHHS IPOLIECY BUIIPOOYBaHb, B 3aJICK-
HOCTI BiJ{ CKJIa{HOCTI 1 MacIiTady CHCTEMH, TIOBUHECH OyTH CTBOPCHUU IMOC-
TIHHUI a00 THMYacOBHUI TEXHIYHAH KOMIUIEKC, Ha IKOMY OYAyTh MPOBEACHI
ycCi BUIU BHIIPOOYBaHb.

CTBOpEHHS yMOB ISl IPOBEICHHS MOJAEIIOBAaHHSA BUIIPOOYBaHb IOTpE-
Oye IOCUTH BEIMKHX TPYHAOBHX Ta MaTepiaJlbHUX BUTpPAT, IO MOXe OyTH
CHPUHHATO AK J0JAaTKOBE HABAHTAXXCHHS Ha PO3POOHMKA. AJe CIiJ Bpaxy-
BaTH, 10 CYMJIIHHO pO3po0IieHa cucTeMa Uil MOJISJIIOBaHHSI BUIIPOOYBaHb
MOXe OyTH BHKOPHCTaHa SIK OCHOBa y40OBO-TpeHyBasibHOI cuctemu. [liist
OLUTBIII MEHII BEJIUKOT YIIPABIISIOY0T CHCTEMH HAsBHICTh Y40OBO-TPCHYBAIb-
HOI cucTeMH € 000B’SI3KOBOIO, OCKIIbKY HaBUYaHHS 0COOOBOTO CKJIay Ha 0o-
HoBi# cucTeMi HeMOXJIMBO. ToMy 3aTpaTH Ha MOJENIOIOYHH KOMIUIEKC HE €
JIOIATKOBUM HaBaHTa)XXEHHSIM, a € palliOHAILHUMHU BUTPATaMH, SIKI HEOOXiHi
i po3yMHi.

[MincymoByrour BUIIEHABEICHE, OAYMMO IO Y IIapHHI BIHCHKOBIH HE BCE
MOJKJIHBO 3pOOUTH TaK, K Ie MPUHHATO y NUBLIBHIH chepi. YV Hesikux BUIa-
JIKaX HaBITh JJIs IPOBEICHHS BUMIPOOYBaHb, IIOTPIOHO POOUTH HECTaHIAPTHI
CHUCTEMH Il BUNPOOYBaHb Y MOJEIEHOMY iH(POPMALiHHOMY CepeIOBHII.
Aure 1i BUTpaTH cebe OKYNaroTh 3a PaXyHOK 30€peXeHHs piBHS O0Er0TOBHO-
CTi 1 MOYKJIMBOCT] BUKOPUCTAHHS y HABYAJIBHUX CUCTEMax Ta, MPH HEOOXina-
HOCTI, JUI IPOBE/ICHHS HATYPHHUX €KCIIEPUMEHTIB.

Jlirepartypa:

1 OASIS Reference Architecture for Service Oriented Architecture
Foundation. Version 3.0 URL: http://docs.oasis-open.org/soa-rm/ .
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