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ESTIMATIONS OF HEAVY METALS IN SOILS AND DIFFERENT
LANDSCAPE COMPONENTS WITHIN THE MUNICIPAL SOLID WASTE
DISPOSAL AREAS

Abstract. The comprehensive geoecological study of the area closed to the north-
western part of Landfill No 5 for the municipal solid waste disposal shows the
ecologically negative impact on the environment. It is determined that the existing
soils are affected by the significant geochemical transformation. They are
characterized by the considerable accumulations of the heavy metals (HMs). In
comparison with the conventional pure soils the soil contents of Cu, Zn, Ni, Cr and
Pb are 8, 12, 3, 2, 17 times more, respectively.

The anomalous high HMs pollution for the bottom deposits is identified: for Zn —in
800 mg/kg that is 14 times more than maximum allowable concentrations (MAC);
for Cu — 150 mg/kg that is 4.5 times more than MAC. Average Pb content there
exceeds its MAC and is equal to 72 mg/kg. Therefore, the bottom deposits have the
hazardous level of pollution.

It is shown that the elements of considerable accumulations in grass vegetation are
Cu, Cr and Ni at the biological absorption coefficient more 2.0.

The physical and chemical studies of surface waters show that the contents of
microelements (F, Cr, Ni, Cu, Fetwt. and Pb) there don’t exceed the MAC, but they
are higher than the background values.

© O.T. Azimov, O.M. Trofymchuk, I.V. Kuraeva, S.P. Karmazinenko, 2019
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The comparison of the average chemical composition for the ground water samples
from the wells of the Landfill area and the regulatory standards indicates that the
standard general sanitary criteria for pollution level of these waters belong to the
middle and high levels with the considerable exceeds of the MACs for Fe and Ni.

Keywords: Landfill; solid waste; heavy metals; landscape; soil; geochemical analysis

0.T. Azimon?, O.M. Tpopumuyk?, L.B. Kypaesa®, C.I1. Kapmazunenko*

'Haykopuii nentp aepokocmiunux gocigxens 3emti ITH HAH Ykpainu, M. Kuis, Ykpaina
2[HcTUTYT TenekoMyHikaliil i ro6ansHOro indopmauiiiHoro npocropy HAH Vikpainw,
M. KuiB, Ykpaina

3IncTuTyT reoximii, minepaorii Ta pynoyrteopenns imeni M.I1. Cemenenka HAH Ykpainu,
M. KuiB, Vkpaina

*Imctutyt reorpadii HAH Ykpainu, M. Kuis, Ykpaina

OLIHKA BMICTY BAKKHUX METAJIIB ¥ IPYHTAX TA IHIIUX
KOMIIOHEHTAX JTAHAIIA®TY B PAUOHAX 3AXOPOHEHHSA
TBEPJIUX ITIOBYTOBHUX BIAXO/JAIB

Anomauin. Komnniexcnumu eeoexonoeivHumu 00CaiONCEHHAMU PAIOHY, NPUTLE2TI020
00 NiGHIYHO-3aXIOHOI yacmunu nonicony Ne 5 3 noxosanns meepoux noOymosux
810X0018, BCMAHOBNEHO eKOJNO2TUHO He2AaMUBHUN 020 8NAUE HA O08KINIA. Buseneno,
WO HAAGHI IPYHMU 3A3HANU 3HAYHOI 2eoximiumoi mpancgopmayii. Bownu
Xapaxkmepusyromuvcs 3HAYHUM HAKONUYeHHAM gaxckux memanie (BM). IlopisHsano
3 yMo6HO yucmumu rpyHmamu emicm Cu 6 nux y 8 pasie dinvwe, Zn—y 12, Ni—y 3,
Cr—y 2, Pb—g 17 pasis.

Bemanosneno anomanvro eucoke 3a0pyonents 0ouHux 8iokiadie BM: yunkom — 0o
800 me/xe (v 14 pasie Oinbwe epanuuno donycmumux xonyenmpayiu — IJ[K),
MiO00 — 00 150 me/ke (v 4,5 pasu suwe IJIK). Cepeoniti emicm C8UHYIO 6 HUX
nepesuwyye ITJK [ cmanosume 72 me/ke.  Omoice, OOHHI  GIOKIAOU
Xapakmepu3syomucs Hebe3neyHum pigHem 3a6pyOHeHHs.

Buseneno, wjo 0o enemenmis 3HauHo20 HAKONUYEHHS Y MPAB SAHUCTIU POCTUHHOCHE
nanesxcams Cu, Cr, Ni 3 koegiyiecnmamu 6ionociuno2o noenunanus nouao 2,0.

3a pesynomamamu Qizuxo-XiMiuHUX 00CIONCEHb NOBEPXHEBUX 800 BUSHAUEHO, WO
emicm 6 nux mikpoenemenmis (F, Cr, Ni, CU, Fes.., Pb) ne nepesuwye I'/IK, oonax,
8IH Ule (POHOBUX ZHAUEHD.

THopisusanna cepeonbo2o XimiuHO20 CKAAdy Npob IPYHMOBUX 600 3i C8epOJIOUH
PAOHY NONI2OHY 3 HOPMAMUSHUMY NOKAZHUKAMU CGIOYUMb, WO 3A2aIbHOCAHIMAPHI
NOKA3HUKU CMYNeHsl 3a0pyOHeHHs NePUIUX 3 HUX HANexHcamsb 00 Kamezopii cepeonbozo
i gucoxozo cmynems 3a0pyonenns 3i 3naunum nepeguwennsam 1 J[K no Fe i Ni.
Knrouosi cnoesa: nonizon, nobymosi 6i0xo0u; 6axcki Memanu, 1anouagm, pyHm,
2e0XIMiYHULL ananis

AKTYaJIbHICTD J0CTiAKEHHS

BuBUEHHST €KOJIOrO-T€OXIMIYHOIO CTaHy OO’€KTIB JOBKIUIA TEPHUTOPIH, IO
nepedyBaroTh MiJ BIUIMBOM pi3HOMAHITHUX BHUKHJIB, NOB’S3aHUX 3 TBEPIUMH
noOyroBumu Bigxonamu (TIIB), y nanuii wac € gyxe akryanpHuM. B Ykpaini
HAIIYYEThCS OJM3BKO 6 THC. CMITTE3BAJIHII] 1 TIOJNITOHIB 3arajbHOO IUIONICIO MTOHAT
9 TuC. ra, KOHCTPYKIIil OUTBIIOCTI 3 SIKUX HE BiANOBIIAIOTH CAHITAPHO-TITIEHIYHUM
HopMmaM. Hacnigku BrumBy nonironiB TIIB Ha HaBkonMIIHE cepenoBuIle i Ha
3/I0POB’Sl HACEJICHHS, IO JKUBE MOONH3Y IUX TEPUTOPiH, BUKIUKAIOTH CEPHO3HI
noboroBanHs [1-8 ta in.].
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HaiiGinpImoro 3a0pyIHEHHS 3a3HAIOTH IMiI3€MHI Ta TIOBEPXHEBI BOIH, IPYHTH 1
MTOBEPXHEB1 BIAKIAAW, POCIUHHICT. KOMIUIEKCHI MOCTIIKEHHS TPUPOIHUX
YTBOpEHb, MPUJIETIINX A0 TAKUX MOJITOHIB, HEOOXiAHI g iX 00’ €KTUBHOI €KOJIOTO-
reoxiMiqHoi omiHkH. ['eoximMiuHi mpouecH, sKi BiI0OYBalOThCS HA TAKUX TEPUTOPISIX,
MPHU3BOMATH 1O 3HAYHOI TpaHcQopMalii eKOJOTIYHOTO CTaHy IOBEPXHEBUX
BIJIKJIaJIiB, TPUPOTHUX BOI, 010Tr€OXiMIYHIX ITOKA3HHUKIB TOIIIO.

MeTta Hamoro aA0cJigKeHHs — BA3HAUCHHS OCHOBHUX F€OXIMIYHHMX TMOKa3HHUKIB
OiokocHUX cucteM parioHy 3axopoHeHHs TIIB Ha mpukmnani Kuiscekozo nonizony
Ne 5. Bin BBemeHmil B ekcruryararito y 1986 pomi. 3 ycix BimxozmiB M. Kuera
(1,2 mutH T Ha piK) Ha HBOMY 3aXOpOHIOEThCs ToHa 400 Trc. T. Hapa3i Ha mosirosi
Ne 5 3axoponeno 6am3pko 7 maH T TIIB. 3a mpubnusHo 33 poku ekcruryartarii
MOTY)KHOCTEH TIONIITOHY BXX€ HENOCTaTHRO, B HOro TiM Tif €0 OIafiB
HakonuuuBcs ¢inpTpar. 3 2006 p. Hige MoBa Mpo MOBHE 3aKpUTTA moJirony Ne 5
Yyepe3 HOro KpUTHYHHUN €KOJIOTIYHHUI CTaH, HacaMIiepe]l OB’ A3aHUH 3 BUTIKaHHIM
(binpTpaTy B 3eMITIO Ta 3a0pyAHEHHS HUM JOBKIIIA, TIEPEAYCIM ITiI3€MHUX BOJ.

XapakTepHCTHKA 00’ €KTA J0CTiIKEHHS

[lomiror Ne5 po3mimennii npubmm3Ho B 11 KM Ha MiBAEHb BiA KUTIOBO-
MIPOMUCIIOBOT 3a0y0BU MiBAeHHOI yacTHHU M. Kuepa Ta B 4,5 KM Ha MHiBHIYHUH
3axim Big c. Benmki JImutpoBuui OOyxiBcbkoro paiiony KwuiBckkoi o0macTi,
Oe3nocepeHp0 00Ny 3axiaHo1 okomui ¢. Iliaripmi, B oqHOMY KiToMeTpi Bif Hel.
Y 500 M 3aximHilme MONIrOHY BXKE NPOCTEXKYeThcsl KOHTYp c. Kpenmui. TIIB
CKJIQIYIOThCS B MEKaX IEHTPAIbHOI YaCTUHU BOJOIIBHOT TOBEPXHI, sIKa 3 MIBHOYI
oOMexena Xo0J0CiBCbKOIO Oankoro ypouumia «Mapycun Sp» (puc. 1). Ilomiron
CKJIAIa€ThCS 3 JBOX MaiiaH4mKiB (200 4epr, KapT) ckiaayBaHHSI — «A» Ta «by», Ha
skux mig TIIB BimBeneHo mwromry 35,75 ra. 3aranbHa IUIOIA MOJITOHY CTAaHOBUTH
63,7 ra.

CrocoBHO 2eonoziunoi 6yooeu Kuiscokuii moirod Ne 5 tokainizoBaHuil B Mexax
po3BuTtKy HeoreHoBux (N) Ta yerBepTmHHUX (Q) yTBOpeHb. CydacHUUM TIPYHT
CKJIaJIcHUH aJiOBIaJIbHUMU  pI3HOBHJAMH, TYMYCOBaHMMH CYIJIMHKAMH Ta
cymickamu. ToBmuaa ix cknagae 0,3-1,0 m.

3a sanowagpmuo-zeoximiunum paiionyeannam Teputopis mnomirony Ne5
pO3TaIllOBaHa B 30Hi 31 3[ATHICTIO JIO CAMOOUHIIICHHS Ta akyMyJIsaiii [9]. Po3suneHi i
naHawadTy Ha Jlecax 1 KPUCTAIYHUX Mopoiax. B iX mexax 1oOpe BHSBISETHCS
HU3XiTHA 1 BUCXiTHA MIrpallisi XIMiYHHUX €IeMEHTIB, a TAKOXK IUIOMIOBUI 3MUB BaXKKHX
MetaniB (BM) 3 IpyHTOBHM IIapoM i PO3BAHTAXKCHHIM IPYHTOBHX BOJI Y 3HMKEHIH
qacTHi penbedy (ToMMHU pivok, AHUINA sipiB). Lli mporecn crpusioTh OYHUIICHHIO
nma”amadTiB BiJl TEXHOTEHHOTO 3a0pytHeHHs. Pazom 3 TiM, maramadTH 1[OTo KJIacy
3a3HAIOTh 3HAYHUX EKOJIOTO-TEOXIMIYHMX HABAHTAKEHb BHACIZOK 3a0pyaHeHHs BM
1 TOKCHYHUMHU PEYOBUHAMH, 110 HAJIXOIATh Y JJOBKULIS 3 BIIXOaMHU.

MeToauka qoCaiIKeHHa

[Ipomomxyroun posmouaTi paHime poOOTH, SIKi CTOCYyBajMcCA MiBHIYHO-CXiZHOI
gacTuHM moniroHy [5-8], y umwmctomami 2018 poky BHMKOHaHO MOJIBOBi
PEKOTHOCHMPYBAJIbHI KOMIUJIEKCHI JOCJTIIKeHHSl ni6HiuHO-3axiOHOoi 1Oro
YACTHUHHM i MPUJIETJIUX 0 Hei MJI0II 3 HACTYIIHUM JIAG0pPaTOPHO-KaMepaJibHUM
aHaJi30M oTpuMaHuX MatepiaiiB (puc. 1-3). Bonu Bkimroyanu Taki BUuan pooiT:
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e Bi3yaJnbHHH aHaJi3 TiAPOJOro-reoMOpOJIOTIiYHIX OCOOIMBOCTEN TEepUTOPIil
TIOCIIKEHD;
e Bia0ip mpo0 3 Pi3HUX KOMIIOHEHTIB JaHAmAdTy B Mexax 6 MJIOMAIoK
CIIOCTEPEKEHb 1 MOAANBIINHN X TEOXIMIYHUH aHaTI3:
— TIpyHTy 3 iHTepBany rmmbuH 0-5cMm (y Mexax ycix 6 MIomangok
CIIOCTEPEIKEHB);
— TOBEpXHEBOI BOH (Y MeXkax IIomaaok crocrepesxxenb NeNe 1, 5, 6);
— JIOHHHX BiAKTamiB (y Mexax IIIomanok crnocrepexenb NeNe 5 1 6);
— pociaMHHOCTI (Y MeXax IIon@aaok cnocrepeskens NeNe 3, 4, 5, 6).

Puc. 2 — ®otorpadivne 300pakeHHST
MBHIYHO-3aX1HOTO CXITY YePTH «A»
Puc. 1 — Kaprocxema po3TamiyBatHs.  poirony Ne 5 i IPHIIETIOro OCHOBHOTO CTABKA-

IUIOIANOK CIIOCTCPEIKCHD B3ZI0BXK (inpTpaTOHaKONNYyBaya, BAKOHAHE 3 PAHOHY
PEKOTHOCIUPYBAJILHOTO MOIEPEYHO- IO KK CIIOCTeperxkeHs Ne 3

MO3/JOBXKHBOT'0 MPOGLII0 B 30HI BILIUBY
MiBHIYHO-3aX1IHOT YaCTUHH MOJIITOHY
Ne 5. Sk mijy105KKa BUKOPUCTAHO
KOCMIYHU 3HIMOK, OTPUMaHHi 3
IaTepHeT-mxepena [10].

Puc. 3 — ®otorpadiune 300paxkeHHS
IITYYHOTO CTAaBKa Y HW)KHIH YacTHHI 0aJKH, 10
o6nsiMoBye mostiron Ne 5 i3 3axoay i MiBHIYHOTO
3axoy (paioH IIomaKu cnocTepexens Ne 5)

Kpim nporo, BukoHano ¢ororpadysanss micup Bizdopy npob i mpuiIeraiux 1o
HUX paloHiB (3poOsieHo 65 ¢ortorpadiii), MO XapaKTepU3yKTh BiJINOBIIAHY
nmanamadTHy 00CTaHOBKY ([esKi 3 HUX IPeACTaBieHI Ha puc. 2, 3).

CrioctepesxeHHsI 3 BiIOOPOM 3a3HaueHHX Mpo0 y HATYpHUX YMOBaxX BHKOHaHi
Y3[IOBX HOREPEUHO-N030082CHb020 RPOQIiNI0 HA T1’ATU OCHOBHUX IUIOLIAAKAX, 1110
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MPUYPOYCHI J0 BiAMIHHUX JaHAmadTHO-reonoriunux ymoB (puc. 1). Ipodins
PO3ITOYMHABCS Y JTHHII OaJIKH 0171 11 3aX1THOTO, KPYTOTO CXUIY (3 KyTaMU MaXiHHS
6mu3pko 45-50°), y310BXK SKOTO CHOCTEPIraBcsi THMYACOBUH MOTIYOK y PiBYAKY
3 HaIlpsIMKOM Tedii Ha MiBHIY (TUIommaaka cnocrtepexxeds Ne 1). Lls Oanka 3 3axomy i
MiBHIYHOTO 3aX0Ay O0OMEXKYe PO3JIOTy BOAOAUIBHY IMOBEPXHIO, Ha SIKid pO3MilleH]
yepra «by» momirony Ne 5 Ta #ioro ocHOBHHIA cTaBOK-(idbTpaToHaKONMIyBad. Ha
cximHoMmy Oomi moTtiuka Oyna 3akiaaeHa IDiomanka croctepexenb Ne 2. 3a
pe3yibTaTaMH  Bi3yalbHUX JIOCHIUKEHb  T'€0JIOr0-reoMopdoIoriuHi  yMOBH
wIomaaok crocrepexenb NeNe 112 omqHaKoBi.

Jani mpodins Ha3eMHWUX IOCTIHKEHb MPOJOBKYBABCS Yy MiBHIYHO-CXiTHOMY
HaTpsIMKy Tomepek Oanku Ta ii cximHoro kpyroro cxuiy. OcTaHHIH HOCTYIOBO
MEePeXonB y 3aXigHHUM, AyKe KPYTHH Ol CBOr0 BEpXiB’sl CXWJI BOAOAIIHHOTO
iato (KyTH HaliHHs cXuily Oinist BepxiB’st ctanoBwin Ao 50—60°). Came B Mexax
LBOTO MJIATO PO3TALIOBaHA Yepra «A» Ta OCHOBHHUM CTaBOK-(iIbTPAaTOHAKOIMYYBaY
nosirony Ne 5 (puc. 1, 2). Ha murato B paifoHi miBHIYHO-3aX1THOTO KOHTYpPY CTaBKa
3aKJaJieHo TIUIomanky crocrepexkeHb Ne 3. [Inmomanky cmocrepeskens Ne 4
3aKJIaJICHO B MEKax IMIBHIYHO-3aX1HOTO CXHWJIY BOAOALTY, HEMOJAIIK BiAMTOBIIHOTO
KOHTYPY 4eprHl «A» HOJIrOHY.

[otimM mipodink pi3ko 3MIHUB CBOE MIPOCTATAHHS 3 MTiBHIYHO-CX1THOTO HA MIBHIYHO-
3axigHe, 1 B paloHi mamOu, IO TEPEeropo/yKye 3aloBHEHY BOJONMOIO OaiKy
(B ii THUIII TIICOMETPUYHO BHUIIIE PO3TAIIOBaHI TUTOMAAKH criocTepexerb NoNe 11 2),
OyI0 3aKiIageHo IIom@AAKy croctepeskeHs Ne 5 (puc. 1, 3). 3akinayBaBcs mpodiias
TUTOIIAAKOIO criocTepeskeHb Ne 6 B 1 KM BiJl MiBHIYHO-3aX1IHOTO KOHTYPY MOJITOHY,
TOOTO (hakTHYHO BxKe B Mekax GoHy (puc. 1).

Sk i B momepeaHiX mocipKeHHAX [5-8], y poOoTi 3acTOCOBAHO KOMILICKC
MeTo/iB. BiibIl MOBHA XapaKTepHCTHKa KOMIUICKCY HaBeJeHa y myomikamisx [5, 7].
3o0kpema, onpodysanns rpynmy 3 iHtepBany rnubuH 0-5 cm 3milicHIOBanocs 3a
METOIMKOIO KOHBepTa BiamoBinHo 1o Bumor 'OCT 17.4.4.02-84 [11].

IIpo6u nosepxnesoi 600u 06’ emom 1,5 11 KoxHa BiiOpaHi BiAMOBIAHO 10 BUMOT
I'OCT P 51592-2000 [12]. 3 oawi€i 3 BogoiiM mosirony Ne 5 Ta 3 ojHi€l 3 paitoHy
fforo BIuMBY B34T0, 3rigHo 3 TOCT 17.1.5.01-80 [13], npo6u donnux eioxnadis.

Onpodysanns NIpeJCTaBHUIIBKUX BUJIIB POCAURKHOCHI HA TEPUTOPIT JOCIIHKEHb
MIPOBEJICHO MapajIelIbHO 3 BIAOOPOM IPYHTOBUX Mpo0. Ha miomaiii crioctepexeHnb
Ne 3 pocnunHicTh TpencTaBieHa ocokoro (Carex), Ha NeNe 4 i 6 — pi3HOTpaB’sM,
Ha Ne 5 — mupiem noB3yunm (Agropyrum repens). Ha mnomanii cioctepexers Ne 6
OyJ10 B3sTO 1Mpo0y omasoro jucts ocuku (Populus tremula).

Hns Bu3HaueHHs BMicty BM y TpyHTax, pOCIMHHOCTI, JOHHHMX BIJKJIamax
BUKOPHUCTAHO  (hi3uxo-ximiuni  (aTOMHO-aOCOpOLIHHUI, CHEeKTpalbHHUN) Ta
Ximiynui (CWIIKaTHAW aHaN3) Memoou nociipkeHHs. BuBuenHs dopm
3HaxoKeHHss BM y TIpyHTax BHKOHAaHO METOJOM IIOCTIJIOBHHX BHTSIKOK 32
meroukoro A.l. Camuyka [14].

Koeginientn Oionoriunoro mornmHanHs (KBII) ememeHTiB po3paxoBaHo 3a
dopmyoro LA, Aseccanomosoi [15].

BukaneHHs 0CHOBHOIO MaTepiaay Ta 00roBOpeHHsI

Oco6nuBe 3HaYCHHS MPH KOMIUIEKCHOMY BHBUEHHI TepuTopiii po3mimenus TI1B
MaloTh I[PyHmoei egioknadu. Cuif BigMITUTH, IO 00 ’€KTUBHUM IMOKA3HUKOM
TEXHOTE€HHO 3a0pYJHEHUX IPYHTIB € BMICT y HHUX PyXOMHUX (pOpM MOJIOTAaHTIB.
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[pyHTH Ha TEpHUTOPIsAX, IO HE 3a3HAIOTH TEXHOTE€HHOro 3a0pynHeHHS ((POHOBI),
HaJekKaTh O  BHUCOKOPOZIOYMX 3  IO3UTUBHUMH  (I3MKO-XIMIYHUMH
XapaktepucTukamu [16].

3a pe3yabTaTaMu MPOBEICHUX HAMU aHATITHYHUX JIOCIIPKEHb BCTAHOBJICHO, 1110
TPYHTOBI BifKJIamu, sSKi mepeOyBaloTh MiJ BIUIMBOM TMiBHIYHO-3aXiJHOI YaCTHHU
noitirony Ne 5, 3a3Hanu 3Ha9HOT reoXiMigHOI TpaHchopMarlii, SIK 1 Ti, Ha SKi BIUIUBAE
JUSUTBHICT MIBHIYHO-CX1HOI Horo dactuHu [5—8]. 30Kpema, OJHI€0 3 OCHOBHUX
XapaKTepUCTUK TEXHOTEHHWX TIPYHTIB € ixHsa OydepHicte. Boma BimoOpaxkae
3ATHICTH TPYHTIB MMPOTUCTOSATH aHTPOMOTEHHOMY 3a0pyAHEHHO. J[71s OmiHKY wi€l
O3HAKU IPYHTIB BUKOPUCTOBYEThCS KoedirieHT 0ydeprocTi (Ko) [14]. KoedimienTn
OydepHocTi HocTimKeHnX IpyHTIB y paiioni nonirony TIIB Ta ixHi ¢izuko-xiMiuni
BJIACTHUBOCTI, a TAKOXK TOPIBHIHHS iX 3 aHAJOTIYHUMH MTOKa3HUKAMH I (POHOBUX
IPYHTIB IipeAcTaBieHi B Tabmmmi 1.

Tabmums 1 — @i3uko-xXiMidHI BIACTHBOCTI (POHOBUX 1 TEXHOTEHHO 3a0pyIHEHUX
IPYHTIB y paiioHi momirony Ne 5

TTornuueni
IpynTH KaTioHH,
mr-ekB. Ha 100 T

C()pl“.v pH
% (BomH.)

Bwmict BM,
MI/KD

Cu 22
TemHoO-cipi omig3oeHi Zr.] 20
Ha ecax ((oHOBI) 32,82 8,21 7,2 20,1 Ni 15

Cr 50
Pb 12
Cu 180
TexHOreHHO Zn. 250
3a6pyHeH 14,26 2,5 6,5 4,2 Ni 42

Cr 100

Pb 200

Otxe, HaBeleHI JaHi YeProBUi pa3 MiATBEPIKYIOTH (hakTH, IO B TEXHOI'€HHO
3a0pyJHEHUX TPYHTaX BiJOYBa€ThCS 3MEHIICHHS BMICTY IOTJIMHEHHX KaTiOHIB
i BMicTy Copr.. Takoxk y HUX 3HAUHO 3MeHIIY€eThCs K.

OnHUM 3 HaWOUTBII BKJIMBUX MTOKA3HUKIB IPYHTIB € HAKOMUYECHHS B HUX BM.
[lopiBasiHo 3 ymoBHO wumctumu (poHOBuMH) T1pyHTamu [16] Bmict Cu
y IOCITIDKEHHUX IPYHTax paioHy moiiroHy Ne 5 y 8 pasiB Oinbiie, Zn —y 12 pasis,
Ni—y3,Cr—y2, Pb—8 17 pasis.

Ax mMu Gaummo, BrumB monirony TIIB mpw3BiB 0 MOPYIIEHHS MPHUPOIHOTO
cniBBigHOmeEHHs ¢opM 3HaxokeHHS BM y 1pyHTax. Y ¢oHOBHX TIpyHTax
JIOMIHYIOTh MillHO3B s13aHi (opmu (60-90% Bin 3arajabHOrO BMICTY). YHACIHIJIOK
3a0pynaerHs BM y r1pyHTax 30iMBIIYETBCA KIMBKICTH PyXOMHX  (HOpM
(Bomopo3unHHa Ta i0HOOOMiHHA): Zn — B 4 pa3u, Ni — y 5 pazis, Cu — y 6 pa3is,
Pb —y 8 pasiB. Ile BiOyBa€eThCsi BHACHIIOK HAJXOKCHHS Y IpyHTH BM 'y BUTIISsI T
OKCHJIIB Ta IHIIMX CIIONYK, IX MiJBUIICHA MirpaiiiiHa 3JaTHICTh MOSCHIOETHCS
ICTOTHUM 3HWXEHHSIM KoedilieHTa Oy(depHOCTi IPYHTIB Ta 3MEHIIEHHSIM €MHOCTI
I'PYHTOBO-TIOTJIMHAIBHOTO KOMILJIEKCY.

3a  pesympraramu  (i3UKO-XIMIYHHX  JIOCHI/DKEHb  BifiOpaHux  mpob
MPOaHaIi30BaHO MaKpoO- 1 MIKPOKOMIIOHEHTHHUI CKJIaJl HOGEPXHEGUX 600 YACTUHU
Teputopii mosirony 3 3axopoHeHHs TIIB Ne 5, ska po3rnsgaerscs, a Takok
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BOJOMMHK 3a HOro MexamMu. BHsSBIEHO, IO JOCHIJKEHI BOIM HaJeXaTb [0
Cynb()aTHO-KANBI[i€BOTO THIy. IXHA MiHepami3amis 3MiHIOETbCS Bim 865 10
1220 mr/am®. Cepenniii BmicT y mux Cl° cranosuts 22 mr/am®, HCO3™ — 8,2 mr/mm®,
SO4% — 283 mr/nam3; sxopceTKicTh Box — 12,2 Mr-exB./nvC.

CepenHiii BMICT MIiKpOENEMEHTIB y MOCIIKEHHX BOAAX CKJIAAac, Mr/aMe:
F - 0,35, Cr— 0,005, Ni — 0,004, Cu — 0,004, Fes,. — 0,72, Pb — 0,0009. BmicT mux
MiKpOEJIEMEHTIB He TepeBUILy€e rpaHuuHo AonmycTumi koHenTpauii (I'/1K), oxnaxk,
BiH BHIIE (POHOBUX 3HAUEHE [17].

3 BHUKIAQOEHOTO MOXKHA 3pOOWTH BHCHOBOK, IO OOJagHAHHS 13 CHCTEMOIO
nepepoOku (OUMILEHHsS) TOKCHYHOTO (inbTpaTy, sSKe TNpalioe Ha IOJIroHi,
(GYHKLIOHYE 3370BITBHO MPOTSITOM HEPiofy, o O6e3mocepeIHbO MepeIyBaB HalliM
nociipkeHHs M. O4eBHIHO PiAMHA, sIKa 3aJIMIIANACs MICHI OYHIIeHHS (QimbTpaTy i
po3mMIIeHHs 1 1O TUIOIIi TONIrOHY, 328 BiACYTHOCTI PSICHUX aTMOC(EpHHX OMaiiB
JUIIe B HE3HAYHIM KiBKOCTI pO3TiKamacs MO OKpy3i i 0 TMOBEpXHEBUX BOX
JOBKULIA Maibke He TTOTPaIuIsIa.

HatomicTh ximMiuHUH CKIan doHHUX 8i0KNadie, BiIOpaHUX Yy paliOHI TUTOMIAIKU
crocTepeskeHb No 5 31 IITyYHOro CTaBKa y HWKHINA YacTUHI OajKH, 10 00JIsSIMOBYE
noitiroH moxoBaHHs TIIB 3 3axomy 1 miBHIYHOTO-32X0/1y, 3MIHIOETHCS 3 TIIHOMHOIO.
[Ipwu 30ibIIEHH] TIIHOWMHA CIIOCTEPIraeThCs 3POCTAHHS BMICTY OPTaHIYHIX PEYOBHUH
y CKJIaJIi IIUX BIAKJIAJIB, [0 BU3HAYAETHCS MOBEPXHEBUM 3MUBOM 3 KapT 3BaJIUIIIA.

Banopuit Bmict BM y NMOHHUX BifKJagax Bapiloe y HIUPOKUX MEXKax, IO
3aJIeKHTH BiJ TeXHOTeHHUX (pakTopiB. Tak, y paiioHi miomanku cnoctepexerp Ne 5
BUSIBIIGHO aHOMaJIbHO BHcOKe 3a0pyaHeHHs nuHKoM — 800 mr/kr, mo B 14 pa3sis
oinpme I'JIK [17-19]. Bapianii BMiCTY IIMHKY B JOHHHX BiJIKJIagax 3MiHIOHOTBCS
B Mexax 60—-800 mr/kr.

Tyt ke crocrepiraetbes mimBUIIeHUA BMIicT Mifni — 150 mr/kr, mo B 4,5 pa3u
Buie ['JIK. Bapiarii BMicTy Mizli 3MiHIOIOThCS B Jiana3oHi Bij 50 1o 150 mr/kr.

CepenHili BMICT CBUHIIIO B JJOHHUX BiJIKJIa[1aX TUIOMAAKH Ne 5 TaK0XK MEPEBUIILYE
I'/IK i cranoButh 72 mr/kr. KonneHTpartist cBuHIO Bapitoe Big 60 qo 180 mr/kr.

TakuM YWHOM, BIAMOBITHO 1O KpuTepiiB 3a0pynHeHHs [20] NOHHI BiaKIamn
paiiony momirony NeS5 3a  KOHIEHTpamissMu  3a0pyJHIOIOYMX  PEUOBHH
XapaKTepU3yIOThCS HeOe3NeYHNM piBHEM 3a0pynHeHHs. He BUKIIMKae CyMHIBY, IO
HAaKOIIMYCHHS B HUX 3a3HAYCHUX ITOJFOTAHTIB CTAJIO HACHIIKOM TX BUHOCY 3 TiJI BIACHE
KapT «A» Ta «b» BHACHIIOK TEXHOJOTIYHMX MOPYIICHb, BOYEBU/b YHCIICHHUX,
MIPOTSITOM TPUBAJIOL AisUTLHOCTI TOJIiroHy 3axopoHeHHs TIIB mo6mu3y c. [ligripimi.

3a0pyIHEHHS I[PYHMOGUX 600 MAKpO- 1 MiKpoeJIeMEeHTaMH 1 3MiHa iX (i3uko-
XIMIYHMX TOKa3HUKIB MiATBEPKYEThCSI HASBHUMH JaHUMH PO IXHIH XiMi4HUIA
CKiaj 31 cBepIUIOBHH Toiirony Ne 5. Pesympratu mochikeHb HpeiCTaBlIeHI B
Tabnu 2.

Tabmurs 2 — [lopiBHAHHS CepeaHBOr0 XiMiYHOTO CKJIaly TPYHTOBHX BOJI
31 CBepUIOBHH MoJtirony Ne 5 3 HopmaTuBamu (MI/1)

pH Cyxuit Ca?* |Mg?" | Xsnopuau (Cymbdaru 3asucri Fesar. | Cu?t|Zn2+| Cr3* | Ni2*
3QIMLIOK PEYOBUHH
Cepenni
nani o 78| 2920 |28 | 21 442 9,6 120,3 |5,2 | 0,3(0,25(0,35(0,21
CBepIIJIO-
BHHaXxX
IIIK 6555‘ 1000,0 | 35 | 200 | 3500 |5000 | 075 |03 |10]|10]|05]01
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OT1xe, 32 JaHUMHU OOCTEKEHb CIIOCTEPITAETHCS 3HAYHE TIEPEBUICHHS y TIpo0ax
IPYHTOBHX BOJ, BiliOpaHUX 31 CBEPUIOBHH y paiioHi momirony, I'’JIK mo 3ami3y i
Hikemo. Po3paxyHku mokasany, MO0 Yy TMOPIBHAHHI 3 HOpMaTHBHUMHU [21]
3arajibHOCaHITapHI TMOKA3HUKH CTYMEHS 3a0pyIHEHHS IPYHTOBUX BOJ TEpUTOPIii
JOCTIKEHb HaJIeKAaTh 0 KaTeropii cepeTHBOro 1 BUCOKOTO CTYIIEHS 3a0pyIHEHHS.
Ile moske cBimauTH po Take. [lo-mepire, a6o MarOTh MicIle HEHAMIHHICTD 1 POPHUBH
3aXMCHUX IUTIBOK (MpOTU(IIBTpallilHUX eKpaHiB) y Tii BJIacHE KapT MOJIrOHYy Ta
CyOBepTHKaNbHI MPOHUKHEHHS (BUTOKH) (iIBTpaTy 3 TPhOX HASBHUX HAa HHOMY
BenM4e3Hnx (iIbTpaTHUX o03ep (ado cTaBKiB-(PiIBTPaTOHAKOMHUYIYBAYiB) HO
JOBKOJIMIIHIX TPYyHTOBUX (mig3eMHHX) BoA. AOO0 K, mo-apyre, 3a0pyaHEHHS
IPYHTOBHX BOJA MOXe OyTH CIOpUYMHEHE IHIIMMHU (akTopaMu iMOBIpHO
AHTPOTIOTEHHOTO TOXO/pKeHHA. lle mnmraHHs moTpedye OUTBII  PETENEHOTO
JOCHI/KEHHSI Y TTOJANIBIIOMY.

TakuM 4YMHOM, BUKOPUCTAaHHS TPYHTOBUX BOJ Ui TOCHOJAPCHKO-IOOYTOBUX
moTped HaceleHHS NPWIETNIHX 10 Tmomirony Ne 5 cim moBuHHO OyTH Iy*XKe
00MeXEeHHM, TOMY III0 IIe 3arPOXKy€e HOTOo 3M0poB’10. PasoM 3 Tim Bimomo [22], mo
BOJIONIOCTaYaHHS MeIIKaHIiB C. [Tiaripii 371MCHIOEThCS 3a JOMOMOIOI0 JBOX
apTe3iaHCHKHUX CBEPJUIOBHH 3 Oy4aIrlbKOT0 BOJOHOCHOTO TOPH30HTY, TPUHAIIEKHOTO
110 OyJaIbKOTO PETiosAPYCY €0IeHy maneoreHoBo1 cuctemu (Pob¢). OTox BBaXkaeMo,
0 BKpail HEOOXITHO 31MCHIOBATH T€OXIMIYHMIA 1 OaKTEpiOJIOTIYHUN aHai3 el
BOJIM Y MOHITOPUHTOBOMY PEXKHMI.

Pocnunnicms TakoX 3a3Ha€ HETATHBHOTO €KOJIOTIYHOTO BIUIMBY Bifl MisITBHOCTI
nmoyiirony Ne 5. 3okpema, BigMidaeThcsl 3MiHa OIOr€OXIMIYHMX TIOKAa3HHKIB
JOCTIDKEHUX 3pa3KiB TpaB’SHUCTOI POCIUHHOCTI, 1[0 3pOCTaE Ha MoJiroHi. Tak, 10
€JIEMEHTIB 3HAYHOTO HAKOMWYCHHS B POCIMHHOCTI HAJIEXKATh Mi/lb, XpOM, HIKEJb 3
KBII monan 2,0.

BucHOBKH Ta MNEPCIEKTUBU NMOJAJIbIINX pOGiT

Y pe3yiabTaTi KOMIUIEKCHHX €KOJIOTO-T€OXIMIYHUX JOCIIPKEHh KOMIIOHECHTIB
JaHamadTy B palioHi MBHIYHO-3aXiHOT YacTHHU MoJiirony Ne 5 3 nmoxosanus TIIB,
[0 pO3TAIIOBAaHWN y MeXaxX BOJIOMUIBHOTO Tuiato mobmu3y c. [liaripmi KuiBchkoi
00J1acTi, BCTAHOBIICHO E€KOJOTIYHO HEraTHBHHH ¥Oro BIUIMB HAa MOBKILISA,
HacamIiepesl Ha IPYHTOBI BiIKIaau. 30KkpeMa, y [pyHmax 3apiKCOBaHO 3MEHIICHHS
BMIiCTy mOrnuHeHHX KaTioHiB 1 BMicTY Copr. HaToMicTh 1i TEXHOTEHHI IPyHTH
XapaKTepU3yIOThCS 3HAYHUM HakormudeHHsM BM. ITopiBHSAHO 3 YMOBHO YMCTHMHU
(ponoBuMM) rpyHTaME BMicT Cu y JOCIIKEHNX IPYHTaX paiioHy MONIroHy y 8 pasis
Oinbie, Zn —y 12 pazis, Ni—y 3, Cr—y 2, Pb — B 17 paziB. YHacmijjok 3a0pytHeHHsI
BM y rpyHTax 30UTBIIYETBCS KIUTBKICTH pyXoMmuX (opMm (BOJOpPO3YMHHA Ta
ioHOOOMiHHa): Zn — B 4 pa3u, Ni—y 5 pazis, Cu—y 6 pasis, Pb — y 8 pasis.

Basnopuit BMicT BM y donnux eioknadax paiiony nojirony Ne 5 Bapiioe y
LIMPOKHUX MeXax, M0 3aJeKUTh Bil TeXHOreHHUX ¢akropiB. Tak, BUsBIICHE
aHOMaJIbHO BUCOKe 3a0pyaHeHHs unHKoM — 800 mr/kr (y 14 pasis Oinbiie I'IK),
migpumennit Bmict migi — 150 mr/kr (y 4,5 pasu Bume ['IK). Cepenniii BMicT
CBUHLIO B HHMX Takox mnepeBuurye ['JIK i cranoButh 72 MI/Kr. 3a LUMH
KOHIIEHTPALISIMH JOHHI BiJIKJIaZH HAJIEKATh O HEOE3MEeUHOro piBHS 3a0pyAHEHHS.

3a pesynbpratamu (Pi3MKO-XIMIYHUX JIOCHTIJKEHb MIKPOKOMITOHEHTHOTO CKIIaIy
BiJIIOpaHUX MPOO MOBEPXHEGUX 600 BUABJICHO, IO BMICT B HUX MIKPOCIEMEHTIB
(F, Cr, Ni, Cu, Fes,r., Pb) e nepesurye I'JIK, oaHak, BiH Buile (OHOBUX 3HAUCHb.
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Pa3om 3 THM TIOPIBHSUTBHHIA aHai3 CEPETHBOTO XIMIYHOTO CKJIaay Mpoo IpyHmosux
600 31 CBEPIJIOBHH paiiOHy MOJITOHY 3 HOPMAaTHBHUMH MTOKA3HUKAMH 3aCBITIHB, 10
3arajibHOCaHITapHI MOKa3HUKH CTYIMEHS 3a0pyIHEHHS MEpIINX 3 HUX HaleXaThb JI0
KaTeropii CepeAHbOro 1 BHCOKOTO CTyMeHs 3a0pyAHeHHs. 30Kpema, y HHX
Bimmidaerbes 3HauHe mnepeBumeHHs ['JIK mo Fe i Ni. Omke, BHKOpHUCTaHHS
TPYHTOBHX BOJ JOBKOJA TepHUTOpPii momiroHy Ne 5 s rocmogapchKO-moOOyTOBHX
noTped HaceNeHHS MOBUHHO OyTH JIy:Ke 0OMEKEHUM.

J1s mogaabmoro KOMIICKCHOTO BUBUEHHSA Ta 00’ €KTHBHOI OLIIHKHM €KOJIOrO-
TEOXIMIYHOTO CTaHy pO3TISHYTUX 00 €KTiB JOBKULIS HEOOXiTHO ITOTIOBHUTH
JIOBIZIKOB1 BiJOMOCTI PO 0co0IMBOCTI moiirony Ne 5, mpoBecTH MOHITOPHHIOBI
JOCHIDKEHHSI TI0 PeryJsIpHiii Mepexki Ha3eMHOro ompoOyBaHHA (JiTO-, TiApo-,
010TeoXiIMIYHOT0) Ta 3a JAaHWMH IHCTAHIIHHOI 3ioMKH. Tak, mis OUTBII TOBHOTO
OXOIUTIEHHS 32 TUIOUICI0 TepUTOpii podiT moTpiOHO miAidpaTH i oTpuMaTH 3podieHi
CyOCHHXPOHHO 3 Ha3eMHHMH JIOCTi/KCHHSAMH iH(OpMaTUBHI (POCTOPOBE,
CIIEKTpalbHE PO3PI3HEHHS) Marepiany 0araTo30HAIFHUX KOCMIYHHX 3HIMAaHb,
BHKOHATH TiEPCIEKTPaIbHY 3HOMKY 3 00pTy O€3MIIIOTHOTO JIITABHOTO arapara 1mo
JOCTaTHIHM KITbKOCTI TPODLTIB i TOYOK CIIOCTEPEKEHb.
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MODELING OF EVOLUTION NONLINEAR ECOSYSTEM

Abstract. The term «synergy», introduced in scientific literature by G. Haken, means
«joint action, selforganization, the special effects of the joint action in complex
systemsy. Synergetics as a methodology considers irreversibility as a condition for
the development of systems, and the "imbalance” of systems as an imperative of
development, and this is its fundamental difference from cybernetics, from the theory
of operations research and from the general theory of systems. Synergy is usually
called mathematical dialectics. The theory of synergetics and the theory of self-
organization, in contrast to dialectics, have a powerful formalization apparatus, a
set of basic and derivative models, including in the form of differential equations in
time derivatives of the second order, in the form of fractals with fractional
dimension, hamiltonians, taking into account the prehistory and long memory,
mathematical models taken from the theory of bifurcations. The purpose of
synergetics — the identification of general ideas, general methods and general laws
in various fields of natural science.

At the same time new concepts have been developing about dissipative structures
generating under no equilibrium conditions as a result of the exchange of energy
(and substance) with the environment when approaching the external energy to the
material. This scientific direction was headed by I.R. Prigogine. Nonlinear Science
opens up new possibilities in the study of the conduct of real complex dynamic
ecosystems. Nonlinear dynamics is a new science studying the evolution of the real
nonlinear ecosystems, where along with determinism appears dynamic chaos.
Shows the role of mathematical modeling in the study of nonlinear ecologic systems.
Evolutionary change in complex ecosystems due to the phenomenon of self-
organization and are associated with a decrease in entropy, which is achieved by
the increasing complexity of the structural organization of the ecosystem.
Keywords: synergetic; nonlinear dynamics; complex structures; self-organization
ecosystems
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MO/JIEJTIOBAHHSI EBOJIIONII HEJTHIMHUX EKOCUCTEM

Anomauin. Tepmin «cunepeemuxay, 6sedenutl 8 naykogy aimepamypy I. Xaxenom,
03HAyae «CninbHa Ois, CAMOOP2AHI308AHICMb, 0CODIUUL edekm 6i0 CninbHOi il
6 cknaonux cucmemaxy. Cunepeemuxa K Memoooa02is po3eisiodc He360POMHICIb
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AK YMOBY PO36UMKY CUCIEM, 4 KHEPIBHO6A2Y» CUCmeM — K IMRepamue po3eumxy,
i ye it KopinHa GIOMIHHICMb 8I0 KIbepHemuKu, 60 meopii 00CiOdiceHHs onepayiil i
60  3azamvHoi  meopii  cucmem. CuHnepeemuxy — 3a36udail  HA3UBAIOMb
Mamemamuynoio dianexkmukoro. Teopis cunepeemuxu i meopisa camoopeanizayii, Ha
BIOMIHY 810 OiaNeKmMuKu, Maromos NOMYICHUL anapam gopmanizayii, Hadbip 6a306ux
i noxiOnux mooleneil, y momy uucii y 6uenadi ougpepeHyianbHux pieHAHb
8 YACMKOBUX MNOXIOHUX Opy2020 NOpPAOKY, V (hopmi ppakmanie 3 Opob060i0
PO3MIPHICIIO, 2aMITbIMOHIAHIB, WO 8PAX08YIOMb nepedicmopiio i 0082y nam'amo,
MamemamuyHux mooenel, AKi 83ami 3 meopii Oigpyprayit. Mema cunepeemuxu —
BUABIEHHA 302AbHUX [0ell, 3a2aNbHUX Memooig | 3a2anbHUX 3AKOHOMIpHOCHmEl
8 camux pizHUX o61aACMAX NPUPOOO3HABCMEA.

Oo0HouacHo po36uU6anUCs HOBI YABIEHHA NPO OUCUNATMUBHI CIMPYKMYPU, WO
VMBOPIOIOMbCA 6 HEPIGHOBAJICHUX YMOBAX Y pe3yabmami 00MIiHYy eHepei€elo
(i peuosuHo) 3 HABKOMUWHIM cepedoguijeM Ni0 4ac Ni08eOCeHHS 308HIUHbOL
enepeii 0o mamepiany. et naykoeuii nanpsm owonus I.P. Ilpueosicun. Heninitina
HAayKa GIOKPUBAE HOBI MOJICIUBOCMI Y GUBYEHHI NOBEOIHKU PEeaNbHUX CKIAOHUX
ounamiyHux exocucmem. Heniniina oumamixa — ye Ho6a HAyKa, WO BUBYAE
€BOIIOYII0 PeanbHUX HeNIHIUHUX eKoCUcmeM, y AKUX Nopsao i3 OemepMiHi3MOoM
3'a615€MbCa OUHAMIYHULL XAOC.

Knrouosi cnoea: cumepeemuxa;, HeniHiiHa OUHAMIKA, CKIAOHI CMPYKMypu,;
camoopeanizayia exocucmemu

Beryn

XapakTEepHOIO PHUCOI0 CYYacHOTO €Tamy pPO3BUTKY C€KOJOTiYHOI Haykd € ii
MatemaTtu3amig. lle, Hacammepen, MOB'SI3aHO 3 THUM, L0 TUIH EKOCHCTEM, SKi
PO3TISAAAOTHCS B CyYacHi €KOIOT1uHIN Teopii, € iCTOTHO OiIbIII PO3BHHEHUMH, 110
MIPU3BOJIUTH JIO OLITBII CKIIQHUX 3aKOHOMIPHOCTEH (DYHKIIOHYBAaHHS 1, 30KpeMa, 10
MOXKJIUBOCTEH KaTacTpo(iuHUX 3MiH 1 XaOTHYHOI TOBEHIHKH. 3MiHH, IO
BiJI0OYBalOTHCS B HECTIHKHUX TUHAMIYHUX €KOCUCTEMaX, MOXKYTh OYTH 3p03ymiJii a00
OCMHUCIIEHI TIJIbKH 3a JIOIIOMOIOI0 MaTeMaTHKM 1 3HaXOAATHCS 3a MEKaMM HaIluX
IHTYITUBHUX YSIBJICHb. Y JOCII/DKCHHSX 3 HEJIIHIMHOT TUHAMIKHK 1MOoKa3aHo [1], 1o
MaJli 3pylIeHHS TapaMeTpiB MOXKYTh IPUBOJUTH JI0 CTPYKTYPHUX 3MiH JTUHAMIYHUX
cucreM. CKiIagHO OpraHi3oBaHi HPOCTOPOBi, 4acoBi ab0 NPOCTOPOBO-4ACOBi
CTPYKTYPH MOXKYTh BUHUKATH 3 XaOTHYHHX CTaHIB, 1 B TAKMX CaMOOPIaHi30BaHUX
CUCTEMax BHUSBJISIOTHCS €BOJIIOLINHI MPOLECH, 10 MPUBOAATH JIO 1€ OiIbIIOro
pO3MAITTS 1 yCKIagHEHHS CTPYKTYyp [2]. s po3risHyTHX HENiHIHHUX eKOCHCTEM
XapaKTepHi CKIIaJHI SBUIIA, TaKi K peTyJIIpHI KOMWBaHHA 1 xaoc. HaBiTh y BiTHOCHO
MPOCTHUX HENIHIHHUX TUHAMIYHUX €KOCHCTEMaxX MOJKE CIIOCTEepIraTHCs CIIOHTaHHE
YTBOPEHHSI CKJIaTHO OPraHi30BaHUX CTPYKTYP.

[IprHIMIIOBO HOBUH HAIIPSIM Yy PO3BUTKY €KOJIOTTYHOI HAYKHU HOJISTae y BiAMOBI
BiJl KJIACHYHHUX YSBIICHb 1 (JOPMYBaHHI HOBHX YSIBJIEHb €KOJIOTT4HOI Teopii. JJo uncna
MPUHIIMIIB (PYHKIIIOHYBaHHS €KOCHUCTEM, 3aTHUX JI0 CAMOOPTaHi3allii, BiTHOCATLCS
HEJIIHIAHICTh, HEPIBHOBAXHICTh, HE3aMKHYTICTb, TOOTO KaTeropii, MpOTHIIEXKHI
KJIaCH4HIN exoJoriuHii Teopii. Lleil HanpsAMOK criupaeTbesi Ha JOCATHEHHS Teopii
camooprasizailii 1 HepiBHOB2XHOT TepMOIMHAMIKH [3], a TaKo)K CHHEPreTHKH [4], 1e
B SIKOCTI MaTeMaTHYHOIO anapaTy JOCTiUKeHb BUKOPUCTOBYIOTh TaKi MOHSATTS, 5K
¢ykTyanii, ¢pa3zoBi nepexonu, MeTacTaOIbHICTh, HECTAL[IOHAPHICTh, aBTOKATAi3,
aBTOperpecii, aBTOXBHIIbOBICTb, OiQypKalliiiHicTh, hpakranu i karacTpodu Ta iH.
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3araabHi BiZoMOCTi IPO CHHEPTreTHKY Ta HeJIIHIHHY TUHAMIKY

CuHepreTuka sK HayKoBa IapaJurmMa B 3araibHid KapTHHI CBIiTy BHUALISIE
HEeCTaOlIBHICTh, HECTIHKICTHP 1 HE3BOPOTHICTh SK iIMIEpaTuB pPO3BUTKY B
00'eKTUBHOMY CBITi, SIK TOJIOBHI PYIIiiHI CHJIHM B €BOIIOLIT B mpupoai. CHHepreTHKa
SK METOMOJIOTISI PO3MIIAAAE HE3BOPOTHICTH SK YMOBY pO3BHTKY CHCTEM, a
«HEPIBHOBAry» CHCTEM — SIK IMIIEpaTHUB PO3BUTKY, 1 1€ ii KOpiHHA BIAMIHHICTH BiJ
KiOepHETHKH, BiJl TEOPii TOCIIHKEHHS OIepartiii i BiJ 3araibHOI Teopii cucreM. I 11e
AHTHHOMISl KJIACHYHIA HayIlli, fKka (EeTHIIN3ye CTaliOHAPHICTh, CTIHKICTB,
o0opoTHicTh. CHHEPreTHKy 3a3BU4ail HAa3MBalOTh MAaTEMAaTHYHOIO MialeKTHUKOIO.
Teopist cuHepreTUKH 1 TEOPisi CaMOOpraHizailii, Ha BiIMiHY BiJ TiaJCeKTHKH, MAIOTh
MOTY)KHHH armapaT (opmarizarii, Habip 6a30BUX 1 TOXITHUX MOJETIEH, Y TOMY YHCIIi
y BUTIsAL AudepeHIialbHUX PiBHSAHD B YACTKOBHUX MOXIIHUX JAPYTroTO MOPSAKY,
y dopmi dpakraniB 3 ApoOOBOO PO3MIPHICTIO, TAMIILTOHIAHIB, 10 BPaXOBYIOTh
MepeliCTOpif0 1 MOBry MaMm'ATh, MaTEeMAaTHYHUX MOJEJIeH, AKi B3ATI 3 Teopii
Oidypkariii. ['0JOBHHH TOCTyNnaT CHHEPTETHKH SK HayKu: «CBIT PO3BUBAETHCA
(caMOpO3BHUBAETHLCS, CAMOOPTAHI3YEThCS) B PE3YJIbTATI KOJEKTUBHOI CIIIBHOI il
(B3aemogii) BCiX CKIAJOBUX IIOTO CBITYy». MeTa CHHEPreTHKH — BHSBICHHS
3arajbHUX 1/1eH, 3arajJbHIX METO/IB 1 3arajJbHIX 3aKOHOMIPHOCTEH B CAMHX Pi3HHAX
00J1aCTAX MPUPOTO3HABCTRA.

3anmydyeHHsT 10 cuHepreTuku Tteopii Oidpypkamiii Anpi Ilyankape, Teopii
¢paxranis benya Mangens6pora i Teopii karactpod VYitHi-Toma-ApHonbna,
a TaKOX Yy3araJbHEHHS iX B OpraHiuHOMYy cuMO0io3i B Teopii camooprasizaii
L. ITpuroxxuna [5] Hamae npodieMi O0e3J1iY MUIAXIB PO3BUTKY IPUPOIM | HOBUH KITIOY
oo ii po3yMiHHS, a 3 HAM — 1 HOBI MOXJIMBOCTI IJII TPOTHO3YBaHHS 3MiHU
HaBKOJIMIITHBOTO cepenoBuina. CaMoopraHizamis BiIPI3HAETbCS Big mporecy
opraHizaiii THM, IO CYTHICTh MpPOIECY TYT MOSCHIOETHCS BXKE MPHPOJOI0 CaMoi
cucremMu (a He gniero 30BHIIHIX (akTopiB). ToOTo cucrema € Takow, IO
CaMOOPraHi3yeThCs, SKIIO BOHA 0€3 JOJaTKOBOIO BIUIMBY 330BHI HaOyBae MEBHOI
MPOCTOPOBOI, TUMUYACOBOI abo (yHKIIOHANBHOT cTpykTypu. CamoopraHizaiist sk
(eHOMEH BIIACTHBA TaKOX i €KOCHCTEMaM, SIKi BHBYA€ Teopis cuHepreTHkd. Llei
HaNpsIMOK BCE 4YacTille MO3HAYA€ThCA SK EKOJIOTIYHA CHHEpPreTHKa (BiJ Ipell.-
Synergetikos — criyibHA, y3roKEHO IF0UHii) — BYSHHS PO €PeKTH CIUTbHUX [T
CJIEMEHTIB y BIJKPUTUX CKIAJHUX EKOCHCTEMax, SKi IMiJKOPSIOTHCS MPUHIIMITY
«IOpSIOK 3 Xaocy». Y poborax [5—7] moka3aHo, IO BIUIMB HaBKOJIMIIHBOTO
cepeoBHIIa CIIpHsie (POPMYBAHHIO MYJIbTUILTIKATUBHHX 3B'SI3KIB, B pe3yJIbTATI 4OTO
BJIACTUBOCTI y3arajJbHEHOI MOJIeNi €KOCUCTEMU MOXYTh MPUHIIUIIOBO BiJIPi3HATHCS
BiJ BiacTHUBOCTeH BUXigHOI. OTpHMaHi pe3ylbTaTH AO3BOISIOTH IO-HOBOMY
MIOTJISTHYTH Ha TIMTAHHS €BOJIIOINIT HENiHIHHIX eKocucTeM. Uepes BIIKPUTICTh TAKUX
€KOCHCTEM BOHHM 3/IaTHI OOMIHIOBATHCS 3 HABKOJIMIITHIM CEPEIOBUIIEM PEYOBHHOIO,
eHepriero Ta iHdopMmaitiero. Came 3aBASKH 3a3HAYCHUM IOTOKaM, IO MPOTIKAIOTh
Kpi3b HHX, 1 BiIOYBa€ThCsl CaMOOpPTaHi3allis, TOB'A3aHa 31 CTPYKTYPHOIO 3MiHOIO
€KOCHCTEMU.

Tomy yHKIIIOHYBaHHS HETIHIHHOT €eKOCUCTEMH HEOOXIHO OMTUCYBATH B paMKax
EHEepPreTHYHOro OanaHcy i 3 ypaxyBaHHIM KiHETHKH, AKi BiIOOpakalOTh B3aEMOJIIIO
KOMIIOHEHTIB, 110 BXOAATH B eKOcUCTeMy. B pe3ynbTarti Takoi B3aemMozii yacTuHa
eHeprii Oyjie BUTpavyaTHCh Ha 3MiHY XapakTepy IX NOBE/IiHKH, a iHIIa YacTHHA — Ha
3MiHY X BHYTPIIIHLOTO CTaHy. Y BIJIKPUTIH €KOCHCTEMI HAHOUIBII BayKIIMBUM CTa€E
0ajaHc MK NPUIUIMBOM €Heprii 330BHI 1 Biggaueto i B 30BHILIHE CepelIOBHILE.
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Exocucrema Oyme 3maTHA TPOSBIATH CTIHKICTh 1 MATPUMYBATH CHEPTETHUIHUN
OaylaHc 3a paxyHOK 3MiH, IO BiAOYBarOThCS B Hil, OJHI 3 SKUX CIPSAMOBaHI Ha
MOTJIMHAHHS, & 1HII — Ha BiJiayy eHeprii. 3MiHa OallaHCy €Heprii MOXe MPUBECTH
IO TOro, IO EKOCHCTeMa pearyBaTuMe Ha Le OyIb-AKOIO 3MIHOI0 CBOTO
CTPYKTYPHOTO CTaHy: BoHa abo Oy/e CTBOPIOBATH HOBI 3B'SI3KH, 200 3HHIILYBATH iX.
CamoopraHizaiis eKOCHCTeMH BiOyBaeThCS HaBiTh B pa3i arpecHBHOCTI
OTOUYIOYOTO EKOCHUCTEMY CepeloBHINa. B OCTaHHROMY BHIAIKy EKOCHCTeMa
MOOLTI3yeThCs  (caMoopraHizyeTbes) il BUMHEHHs omopy. Camooprasizarfist
€KOCHCTEMH MOXe BimOyBaTHCS B pe3ysbTaTi (a3oBoro mepexomy. MexaHizm
CIIOHTAaHHOI caMOOpraHi3allii B MiKpooOCs3i XaOTUYHOT €KOCHCTEMH BiJIIIOBITHO JIO
eHTpomiiHoro (akTopy Moxe Oyt mpexacrtaBieHuit sik A4S = diS + deS, To6rto
3aranbHa 3MiHA EHTPOMii BH3HAYAETHCA CYMOIO 3MiH BHYTPINTHBOCHCTEMHOT
enrporii (diS) i 3MiHOIO eHTpoOIIIi 32 paxyHOK (haKTOPIB 30BHIIIHBOTO CEPEAOBHIIA
deS. Ilpu neBHomy cmiBBimHOUICHHI Tpagienta diS/deS 3arambHa eHTpOMis
eKOCHCTeMH B MiKpooO'emax Moxe sk 3poctatu (4S > 0), tak 1 6ytar Menmie 0
(dis/dt < deS/dr), 1 BiamoBigHO (OpMyBaTH HOBHM MOPSIOK Ha PiBHI (ha30BUX
nepexoniB Il pomy (dazoBux mnepexonis JI. Jlanmay). Cmix 3a3HauuTH, IO
BIMMOBiIHO 70 (eHomeHonoriuHoi Teopii (a30BHX  MEpPEXOmiB  MOXKE
3a0e3medyBaTucs mosBa HOBHX CTPyKTyp. [lomiOHo posrmsaytum JI. Jlangay
y ¢izuni ($Ha3oBUX MEpexoiB, eKOCHCTEMa TaKOX MOXE MICTUTH KJIacTepH ABOX
TUMIB: ONHI KIAacTepH HECYTh HOBI BJIACTHBOCTi, IHII HE MICTATh HOBHX
BracTuBocTe. [1i1 BIUTMBOM 30BHIIIHIX YHHHHKIB B IEPEXiTHINA €KOCUCTEMI OYAYyTh
CIOCTEPIraTUCh KiJIbKICHI 3MiHM CITIBBITHOIICHHS MK KJlaCTepaMHM ITUX JIBOX THUIIIB.
HasBHicTh nBOX (a3, oHa 3 SIKMX € HOCIEM IHEPIIMHOI CKJIaJ0BOi, a Apyra —
MYTaliiHOI0, 1 € 3araTbHAM 3aKOHOM PO3BUTKY HETIHIMHUX eKocucTeM. BinmosigHo
no upunnumny [ [lpuroxkwna [6] XapakTep eBOMNIOIIl HENIHIHHUX EKOCHCTEM
BU3HAYAETHCS MPAarHEHHSIM 1O 3MEHIICHHS CHTPOMii, ke sKpa3 1 JOCSraeThCs
YCKIIQJIHEHHSIM i1 CTPYKTYPHOI OpraHizarii.

@dopMyBaHHS JOJATKOBHX MYJbTHIUTIKATUBHUX 3B'SI3KIB TICHO TIOB'sI3aHe
3 MOHATTSM OINTHUMAJBHOCTI, & TAKOX CTPYKTYPHOI MPUCTOCOBaHOCTI. Buxomsun
3 ILOTO, MOYKHA CTBEPJIKYBATH, 110 YCKIQJIHEHHSI CTPYKTYPH €KOCUCTEMH TOTOKHE
onTuMizauii ii BIACTUBOCTEH HUIIXOM CTPYKTYPHOI NPHCTOCOBAHOCTI. 3 iHILOrO
00Ky, B Cy4acHiil €eKOJIOTiYHi# Teopil Bce HacTille CTaal BUKOPHUCTOBYBATH ITOHSTTSI
Xa0THYHA TOBEJ[iHKA EKOCHUCTEeM. Biomo, M0 «Xaoc» — MOIIMpeHa KaTeropis
Mmioorii 1 ¢imocodii 3 waciB aHTHUHOCTI, sika B XIX cT. Oynma po3BHHEHa
NPUPOAHUYHMM PO3YMIHHSIM CTaTUCTUYHOTO (TEIJIOBOr0) Xaocy, a B XX cT. — me i
YSIBICHHSAMH PO JTUHAMIYHUAN XaoC B JIETEPMIHOBAHHMX CHUCTEMaX i KOTHITHBHUM
Xa0c B Teopii ckiagHocTi. HoBMIl mifBUIIEHUH HAYKOBHM IHTEpeC 10 MpoOiieMu
xaocy Bukimkana podora I. [Ipuroxuna, sxa suiinuia B 1979 pomi [7].

Sk BitoMo [5], B HayIli «Xa0C» MO3HAYAETHCS TEPMIHOM «TYPOYJIEHTHICTBY, 10
npeacTasisie co0O0 HaA3BUYAWHO CKIAIHE, ajie IJIKOM 3aKOHOMIpHE SBHIIE.
TypOyneHTHICTh € MOIIMPEHUM B MPUPOAL SIBHILEM CaMOOpraHizalii, IOB'SI3aHIM
3 peryJsipHUMU a00 XaOTHYHMMH IepexXoJaMHu Bif Oe3naass 10 MOpSAKY 1 Haza.
3HayHui iHTEpeC 0 TypOYJIEHTHUX MPOIIECiB B €KOJIOT1UHINM Hayli BUHUK B 1960-x
3 MOSIBOIO CHHEPTETHKH, SIKYy YaCTO BU3HAUYAIOTH SIK «HAYKY PO CaMOOPTaHi3aliio
(MMMOBIJTEHE YCKJIQAHEHHS CTPYKTYPH €KOCHCTEMH NPHY HOBLIBHIN 1 TUIABHIH 3MiHI
il mapamerpiB). [loBeniHKy NUHAMIYHHX EKOCHCTEM B TYpOYJIEHTHHX MpoIecax
HaH4acTiIe MOYKHA OIMKMCATH 1 BUXOSAYM 3 MOHATTS «II€PEPUBYACTOI PIBHOBArK» B
Teopii «caMoopraHi3oBaHOi KpUTHIHOCTI» [8]. BignoBimHo 10 1€l Teopii quHaMivHi
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€KOCHCTEeMH 0€3 CHEIiaIbHOTO 30BHIIMIHBOTO BIUIUBY MPUXOIATH B SKHICH
KPUTUYHUN CTaH, SKAW MIATPUMYETHCS TOMISIMH pi3HHUX MacmTadiB. CkiramHi
EKOCHCTEMH MaloTh BJIACTHUBICTH B IPOLECI CBO€I €BOMIOLII MPUXOAUTH IO
KPUTUYHOTO CTaHy, B SKOMY HEBEIHMKI 3MIiHH MOXYTh CIPHSATH PO3BUTKY
JIAHITIOTOBOI peaxilii, B pe3yNbTaTi sIKOI eKOCHCTeMa ONHMHAETHCS B CTaHI Xaocy.
VY mpomy CTaHI IMHAMIYHIA €KOCHCTEMI BIIACTHBA MEpepHBYACTa, CTPUOKOMOAiOHA
MOBEJiHKa, $Ka XapaKTEePU3YEThCS MOHATTSIMH «IIEPEPUBUACTOI PiBHOBATH
(«punctuated equilibrium»), «kpuzoBoi HecTabITBHOCTI» («crisis instability») i
«KpHU30BOi cTablmbHOCTI» («crisis stability»), a Takoxk «kaTacTpodw».

[NonstTsa «kaTacTpoda» B JAHOMY KOHTEKCTI O3HAYa€ Pi3Ky SKICHY 3MiHYy CTaHy
B €KOCHCTEMaXx IpH IJIaBHIN KiIbKICHIH 3MiHI TapaMeTpiB, BiJl SIKUX BOHA 3aJICKUTh.
OnHi€ro 3 TOJOBHUX 3a7a4 TEOpii KatacTpod € OTpUMaHHS TaK 3BaHOI HOPMAaJTEHOT
(dbopMH AOCTiAKYBaHOI EKOCUCTEMH HABKOJIO «TOYKH KartacTpodu» i moOyaoBa Ha
il OCHOBI Kiacuikailii eKOCUCTEM.

VY cHHEpreTHIli «Xaocy ONepye TAKUMH YiTKUMHU KITFOYOBUMH MPUHIUIAMH [6, 7]:

— Teopist «Xaocy» JOJAETHCS A0 JUHAMIYHUX CHCTEM — CUCTEM 3 JIy’KE BEITUKOIO
KIJIBKICTIO PYXOMHUX KOMITOHEHTIB;

— BCEpeIMHI WX CHUCTEM ICHYE HENepiONWYHHN IOPSIOK, 30BHI Oe3magHa
CYKYIIHICTb JaHUX MOJKE IMiJIaBaTHCS YIOPSAKYBAaHHIO B Pa30Bi MOJIEN;

— TOAiOHI «XaOTHYHI» CHCTEMH BUKA3yIOTh TOHKY 3aJIC)KHICTh BiJl TOYaTKOBHX
YMOB; HEBENIWKi 3MiHU OyAb-KHX yMOB Ha BXOJli MPHUBEIYTH NI0 JWBEPTEHTHHX
JTUCTIPOTIOPIIi HA BUXOI;

— JIOBTO ICHYIOYiI CHUCTeMH (3MiHHI, MapaMeTpu TOPSOKY Ta iH.) KepymTh
KOPOTKO iCHYIOUUMH CUCTEMaMH.

[lepepaxoBaHi MNPUHOMNM JO3BOJISIIOTH BCTAaHOBHUTH 3arajibHi  mpaBmiia
oprasizaiii Xxaocy B eKOCUCTeMax.

1. Xaoc CTBOPIOETHCS MPUPOAHUM MUISXOM 32 JIOTIOMOTOIO 30iIbIICHHS
PO3MIpIB YaCTUHU €IMHOI €KOCHUCTEMHM, IO CaMOOPTaHi3yeThCs, a IMOTIM, MiCIs
JOCSITHEHHSI IKUXOCh KPUTUYHHUX MEK, TAKHM K€ YAHOM TaCHUTHCS.

2. KputnuHi MeXi CTaHy €KOCHCTEMH BU3HAYAIOTHCA (DI3MUHUMH PO3MipaMu
€KOCUCTEMH 1 CITIBBIJHOCATHCSA MK COOOI0 EKCIIOHEHI{IAJIbHUM YHHOM.

3. Ilix wac pyxy Bix Oe3maay 10 BHOPSIKOBAHOTO CTaHY EKOCUCTEMA PETYIISIPHO
MIOBEPTAETHCS 10 3aMKHYTIH TpaeKkTopil JUBHOrO aTpakTopa JlopeHma HaBKOJIO
TOYKH, JI¢ BOHA BXXE KOJIUCh OyJIa.

4. «MacmTa® xaocy», ab0 «po3Mip HEBU3HAYCHOCTI CTaHY» CKOCHCTEMH,
MIPOTIOPIIHHUH (Pi3UIHUM pO3MipaM eKOCUCTEMHU.

5. EBomroniiHi  ¢a3u  TypOyJIEHTHOTO  PO3BUTKY B  E€KOCHCTEMax
CYIIPOBO/IKYIOTBCSl aKyMYJTFOBAaHHSIM B HUX €HEPTii CTPYKTYPHOT CKJIAHOCTI.

6. VY toukax Oidypkarii, HaBHaKu, ciaOKe 3HWKEHHs CTIHKOCTI B €KOCHCTEMI
CYIPOBOJDKYETHCS CIIAJIOM, a IIBH/IKE 3POCTAHHS — CIA0KUM 3POCTAHHSM.

7. 30BHINIHI BIUTMBH, CHOPSMOBaHI Ha CKOpPOYEHHs (I3UYHUX pPO3MIpIiB
€KOCUCTEMH, ii CTabLIi3yI0Th, a CIPSAMOBaHI Ha 30UIBLICHHS — JeCTaOUII3yIOTh.
Tomy B Toukax Oidypkarii ekocuCTeMH ii MOXHA JIETKO BHBECTH 3 PiBHOBAaru
CIIa0KMMHU €HEepPreTHYHUMHU BIUTUBAMH, 2 BIIOPAJKYBAaTH MPAKTHYHO HEMOKIIHBO,
TOOTO 11 pO3BUTOK B IIEBHI MOMEHTH MIPOXOJIUTH Yepe3 TaK 3BaHi TOUkH Oidypkarii.

8. CrBOproroun MTY4YHUHA NMOPAAOK B Oynb-sKiil 001aCTi 3aMKHYTOT'O IIPOCTOPY
B €KOCHCTEMaX, MU MEPEBaXHO TI'€HEPYEMO XaoC B OTOUYYIOUMX HOro o0jacTsx
(TpaHWUYHO HECTIHKWU CTaH, B TOMY YHUCII 1 IPUPOJIHY HECTAOLIBHICTD).
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Cunepretrka XXI CTONTTS BUKOPHCTOBYE YSBICHHSI TEOpid camMoopraHizaiii,
Oidypkariii, (pakramip, Xaocy, kKaracTpod) 1 BHPpIIIye HAICKIaIHI 3aBIaHHS
MPOTHO3YBaHHA MailOyTHIX 3MiH B mpupofi. Hampuknaa, Ha OCHOBI IMOJIOKEHb
Teopii CHHEPreTHKU B 0i0JIOTii CTBOPEHA CHHEPTreTHYHA MOJIENb MOp(OreHesy, 1110
ONHCY€E 3apOPKEHHS, 3pPOCTAaHHS, PO3BUTOK 1 CMEpPTh KUBUX OpTaHI3MIB 3
MMO3UTHBHUM 1 HEraTHBHUM 3BOPOTHUMH 3B's3kamu. lIpu mpomy, 3a po3BUTOK i
MyTalii BiANOBIA€ CHHEPreTUYHUM TO3UTHBHUI 3BSI30K, a 3a 30epeKeHHs
KOJIUIITHIX (hOPM — HETaTHBHUM (KIOCpHETHIHHIT) 3BOPOTHHI 3B'S30K.

Ha  cworogmi  po3poOmeni  MareMaTWdHi  MOIEIi  MDKBHAOBOI 1
BHYTPIIIHBOBUIOBOI 00poTEOM y ¢opmi Bimbopy 3a BmkuMBaHHS 1 migbopy, 3a
MPOAOBXKEHHS POAY, 3POCTaHHS 1 PO3BUTKY MOMYJSLiH B PIi3HHX apeanax
MIPOKUBAHHSA 3 TIPOSBOM SKICHHX Oap'epiB, MOPOTOBUX SBHIN, CHHEPTCTHIHUX
edexTiB 1 pedruekciid. Lle po3BUTOK TeéHOMIB KUBHX OpPraHi3MiB BiJl HAUMPOCTIIINX
BUZIB 70 HAaWCKJIQAHIMMX 1 HaimockoHamimux. CTBOpeHa CHHEpPreTHYHa MOZEb
OHTOTEHE3Yy, HAyKH NP0 PO3BUTOK POCIHH i TBAPHH 3 MOMEHTY 3apOJDKCHHS, SKa
OXOIUTIOE BC1 3MiHH, TpaHCOpMaIlii Ta eQeKTH, SKUX 3a3HAIOTh JKUBI OPTaHi3MH BiJ
3apPOJIKCHHS JI0 3aKIHUCHHS JKUTTSI.

MopaeaoBaHHA CTIHKOCTI eKOCHCTEMH

MopentoBaHHS Ma€ BaXKIIMBY POJIb B OITUCI 1 PO3YMiHHI YaCOBHX €BOJIIOLIH MPOLIECiB
B ekocucreMax [9]. MaremarnyHi Mojedi [omomararoTh B IHTepHpeTarlii
MEPEXiHUX MPOIIECIB B €KOCUCTEMAaX BUSBUTH OCOOJMBOCTI iX ()YHKIIIOHYBaHHS i
3a0€3MEeYUTH MPOTHO3: «TOPU3OHT IepeadauyBaHOCTI», U0 MiATBEPIKYETHCS abo
CIIPOCTOBYETHCS TOAANBIIAMA JaHUMH. [y 1moOyZoBH MaTeMaTHYHOI MoOeni
CTPYKTYPHHX 3MiH, IO BiAOYBAIOTHCS B y3arajibHEeHii MOJIENI HeNiHIHHOT JUHAMIKH
€KOCHCTEMH, CKOPUCTAEMOCS KIHETUYHOIO TEOPi€l0 Pa30BUX MEPETBOPEHD MEPILIOTO
pony, sika 3aCHOBaHa Ha (PIyKTYyaIliiiHiil KapTHHI 3apOKeHHS (a3u 1 MOAATBIIOMY
3pocTaHHi 1 BUieHb. BimbImicTs Mojienei TMHaAMIKK €KOCUCTEM MICTSITh HelliHiHHI
GyHKIT, HAMPUKIIAT;:

y =sinx, y = ax?, z =+/x + by, Q)

ne aib mesxi umcra, Ha BigMiHy Bim miHiHMX ¥ = aX, Zz = ax + by i gami, mig Hux
HECIIPABEUIMBUI npunyun cynepno3uyii (HaKJIAJEHHs), IO JT03BOJISIE «3IIMBATI
pillieHHs OUIBIN CKIAJIHOTO 3aBAaHHA 3 pillleHb OiMbIl TpOCTHX 3aBAaHb. Lli
pIBHSIHHS ONUCYIOTh CHTYyaIlifo, B sIKid 3MiHA 30BHIIIHIX BIUIMBIB B K pa3siB, Ha
BIIMIHY Bijl JIIHIHHUX, HE TIPU3BEJE JI0 MPOIMOPIIKHOr0 BIATyKYy ekocuctemu. [1o
CyTi, HEJIHIMHICTh O3HAa4Ya€ BEINYE3HY PI3HOMAHITHICTh MOBEIIHKH i 0ararcTBo
MOJKJIMBOCTEH, TIOPOroBi e(eKTH, MHOXWHY pillleHb, iCHYBaHHS XaOTHYHHX
TPA€EKTOPii, MapajioKCaTbHUN «aHTHUIHTYITHBHHUI» BIATYK MpH 3MiHI 30BHINIHIX
BIUIMBIB. PO3rJIsIHEMO OCHOBHI CTPYKTYpH €KOCHCTEMHM, IO BiJHOCSTBCSA JIO
karactpo¢. B exocucremax miji BIUIMBOM BHYTPIIIHIX 1 30BHIIIHIX aHTPOIIOTEHHUX
(dakTopiB BiI0YBaIOTHCS HE3BOPOTHI (Pi3MKO-XIMIYHI MPOIECH, IO TPU3BOSATH J0 iX
nerpafaunii. 3HaHHS 3MiH BiJ 4acy ! KOMIUIEKCHOTO Hapamerpa XHUTTE€3JaTHOCTI
exocrucTeMu Y B 3aJIe)KHOCTI BiJ HeOesneuHux (akTopiB X A03BOJISE BU3HAUNTH
3HAYEHHS IMOBIPHOCTI BUXITHOT MO
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Qi(t) = P{Yi(Xr T) > Yirp}’ (2)

ne q;(t) — iMoBipHIiCTH BHXimHOT momii, T — 4ac iCHyBaHHS €KOCHCTEMH, Yiep —
IPaHUYHE 3HAYCHHS KOMIUIGKCHOTO TIapaMmerpa CTIHKOCTI E€KOCHUCTEMH JIO
AQHTPOTIOTCHHOT0 BIUIMBY, ITICAS SKOTO MOXKE HACTAaTH KaTacTpOQiuHa IOis.
PosrisiremMo cimeiicTBO (hyHKITIH:

E:ZC > R, ©)

e R — pu3uK BTpaTH KUTTE3TATHOCTI €KOCHCTEMH; Z — NEeSIKe PI3HOMAHITTS, SKe
3asguyail € R"; C — nacmiaku (30UTKM) Bij BUXigHOI moii abo iHIe pi3HOMaHITTS
(R". B Teopii karactpod mpoctip R" HOCHTH Ha3BYy IpoCTOPY CTaHiB, mpocTip R —
MIPOCTIp YIpaBIiHHSA, YHCIO I' — po3MmipHicTh Aedopmariii. Tyt mix medhopmariero
pO3yMIIOThCS BapilioBaHi 3MiHHI. B MatemarnyHoMy KoHTeKCTi (a iHOAI 1 B
nonatkax) R' wHasuBaeTbcst mpocTopoM dedopmariii, a #oro Touku (abo ix
KOOpJMHATH) — TMapamerpamu aedopmariii. [yxe BaXIHMBO Te, IO BiIOYBa€eThCS 3
(yHKIISIMU  110OJTM3Y TIOYATKy KOOpAMHAT, 00 Iie BiAOMBAa€ThCS HAa TMOBEIIHIN
¢ynkuiit Ha Bcbomy mpoctopi R" - R, Tligmuoxuna R" - R', Bu3HaueHa piBHSIHHIM

d
—Ec (z) =0, (4)

HA3MBAETHCS pi3HOMaHITTSIM Katactpod, me Ec (z) = E (z, ) — mMHOXMHaA BCix
KPUTUYHUX TOYOK MOTeHwianiB E¢ i3 cimeiicTBa E. BizoOpakeHHsM xaTactpodu
HA3UBAETHCS 0OMEKeHHS Ha M MPUPOAHBOT MPOEKIIil

m:R"-R" - RT, (x,c) = c. 5)

Oco0JIMBOI0 MHOXKHHOKO Z HA3UBA€ThCAd HIAMHOKMHA M, 110 CKIagaeThesa 3

. . .. dx .
0COOJIMBUX TOYOK Bl[[06pa)KeHH${ X — TOYOK, A€ PaHI MOX1AHO1 a MEHIIIE, HIXK I.

O06pa3 ocobnuoi MHOXKUHM ¥(Z) 3 C HOCUTH Ha3BYy OiypKaliiiHOi MHOXHHH B
(puc. 1).

[

Puc. 1 — 'eomerpuyHa iHTEpHpETaIlisi pIBHOBAr'M B €EKOCHCTEMAX
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Pozminumo mronmay a b (puc. 1) Ha 'STh M IMHOKHH: 3alITPUXOBaHy 00JIaCTh
| — Bix cioBa internal — «BcepeawHI» KprUBOi; 007acTh E — Bix ciioBa external — «amo3ay
KpHBOIO; 1Bl TikK B 1 By kpuBoi Big cnosa bifurcation (6idypkauis) i mouarok P.
Toukwu (a, b), mo nexare B obnacti |, XxapakTepu3ytoThCsi PIBHSIHHSM, a TOYKH, IO
nexathb B obsacti £, ymoBoro. Tomy, sIKIIo To4ka (8, b) ieskuts B 001acTi E, TO € O1H
IiMCHMIT KOPiHb; SAKIIO ToYKa (@, b) mexuTs B obmacti |, To € Tpu pisHHUX MIHCHUX
KOpEHi; SKIIo To4kKa (@, b) nexuts Ha kpuBHX Bi 1 Bz, TO € Tpu nificHux kopeHi, ane
IIBa 3 HUX 301raroThcs MK cO0010; 7St B1 30ir BiIOYBaETHCS 3 HAMEHIITNIM KOPEHEM,
a it B, — 3 HalibinbImmM; skino Todka (@, b) 36iracrtecs 3 P = (0, 0), robroa=b =0,
TO € TPH CHIBNAJAI0YMX AIMCHUX KOpeHi i Bci BoHM piBHi 0. OauH MiHIMYM, SKIIO
(a, b) € E; nBa MiHiMy™MH 1 OMH MakCHUMyM, SKIIO (&, b) € |; oquH MiHIMyM 1 O1HA

TOYKa Meperuny i (, b) € By abo B> 1 omun MiHiMyM [yt (@, b) = P. Bidypkaiiina
MHOJKHHA KaTacTpo(u B €KOCUCTEMAX — 116 MHO)KUHA TOYOK.

(a,b) = (—322,223). (6)

JInst 3a1aHoi mapu mapameTpiB piBHSIHHS (&, D) KpuTHYHI TOUKK QyHKIIT eHepril

1 1
Ey(2) = Zz“‘ + Eaz2 +b (7

MOJKHA 3HAUTH 3 PIBHSHHS:

d
O=EEab(z)=z3+az+b. )

Hpobu B koedimieHTax MigOUPAIOTHCS TAKUM YHUHOM, MO0 piBHSAHHS (6) 1 (8)
BUXOJWIM HaWIpocTimoro Buay. KyOiuHe piBHSHHS MO X Mae€ HaiOiiblie TpH i
HaliMeHIIe OJMH JificHui KOpiHb. [Ipupoa KOPEHIiB 3aJekKHUTh BiJ 3HA4YeHb a i D,
a came Bia auckpuminanty D = 4a3 + 27b? pisusnns (8). Jlo6pe Bigomo, mo SKIIo
D <0, e Tpu pi3HHX AiiiCHUX KOpeHi, a k1o D > 0, To oauH aiicHuid i mapa B3aEMHO-
CTOJIy4eHHX KOMIUIEKCHUX KopeHiB. [Ipu D = 0 e Tpu ailicHUX KOopeHi, aje nesiki 3
HHX 30iratoThcst Mixk co0010: sikimo D =01a# 0 a6o b # 0, To 36iraroThcs 1Ba KOpEHi,
askmo D=01a=Db=0, to 36irafotecst BCi Tpu KOpeHi. ['eOMETpHYHO I1e 03HAYAE,
[0 MPHUPOJIa KOPEHIB, a 3HAYUTH 1 PIBHOBAra CHCTEMH, 3aJICKHUTh BiJl MOJOKEHHS
TOYKH (@, D) BITHOCHO 710 KPUBO1, BU3HAYCHOI B KOOPIMHATAX &, b piBHSIHHSIM:

4a3 +27b2 = 0. 9)

3 TOUYKM 30py AMHAMIKH MiHIMYMH Egp BiAnoBizaioTh cTifiKMM piBHOBaram B
EKOCHCTEMaX, a8 MAKCUMYMH 1 TIEPETUHH — HecTiKkuM. OTKe, SKIIO0 Iapa Kepydnx
3MiHHEX (@, b) exocucTeMu JexuTh B 00macti E, To € €auHe mMOI0XKEHHS CTiHKOT
piBHOBarw, a skio B obxacTi |, To Ba cTIKKUX cTaHy 1 oJWH HecTilikui. B Teopii
karactpo¢ [10] mokasaHo, 110 Z — 11¢ MHOKHHA TOYOK (Z, C) 3 M, B sikux E¢ (z) mae
BUPO/DKEHY KpUTHUYHY TOUKY. Takum unHOM, B siBiIsie coboro Mictie, 1e 3MIHIOEThCS
YUCJIO 1 IMPHUPOJAa KPUTHYHUX TOYOK 1 Taka 3MiHA MOXKE BIIOYTHCS JIMILIE MPH
Mepexo/i 4epe3 BUPOKEHY KPUTHUHY TOuKy. Cria 3a3HauuTH, 110 B OLIBLIOCTI
J0JaTKiB Teopii katacTpod HaWOIIbII BasKIMBUM € came OidypkaliiiHa MHOXXHHA,
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TaK sIK BOHA JIGKHUTh B TIPOCTOP1 YIPABIIHHS 1 BIIMOBITHO «CIOCTEPIraeThes», 00 BCi
CTpUOKH BiNOYBarOThbCS Ha HiH. Alle B 3aJIe)KHOCTI BiJ] TOTO, SIK€ KOHKPETHE
3aCTOCYBaHHS PO3TIIAJAETHCS, aHATI3YEThCs OUIbIIe a00 MEHIE T'C€OMETPUYHUX
XapakTepucTuK KaracTpodu. JocmikeHHs ON0KEeHb PIBHOBAru caMe mo codi He
MOK€ BU3HAYHTH, Je OyAyTh BiOYBaTHCS CTPHOKH B €KOCHCTEMaX, TaK SK BOHH B
NPUHIAITT MOXITUBI B Oyab-sKiit Toumi (@, b), Hax sikoro JiexaTh aBa abo Oiibiie
MOJIOKEHb PIBHOBaru. YABIMO €001 €KOocHCTeMy, IO 3aJieKUTh BiA (akTopiB
AQHTPOIOTCHHOTO BILTHBY Ha Hel. UuM Oijbllie BIUIMB aHTPOIIOTEHHUX (aKTOpiB Ha
€KOCHCTEMY, THM MEHI CTiHKWH ii cTaH ax M0 Katactpodiunoro ctpmbOka. Take
3HA4YeHHS MapaMeTpa CTaHy eKOCHUCTEMH Ha3HMBalOTh TOUYKAMHU PO3raiyKeHHsS abo
toukamu Oiypkamii. Tumosa OidypkariiiHa miarpaMa, IO JOIMYCKa€ HAOYHY
IHTEepIIpeTaIlifo MPOIECciB, SKi BiNOYBAalOThCA B EKOCHCTEMaxX, 1 BKIIOYAE Pi3HI
TpaeKTOpii, HaBeJICHA Ha puC. 2.

A, A

Puc. 2 — Bidypkariiitna giarpama, 1o J0MyCKae HAOYHY IHTEPIPETAIiIO TPOLIECIB,
SIKi BiZIOYBAIOThCSl B €KOCUCTEMAX, 1 BKIIIOYAE Pi3HI TPAEKTOPIT

Tyt cyminpHa JiHIS BiINOBIIA€ CTIHKOMY CTaHy €KOCHCTEMH, a TMyHKTHpHA —
HECTIHKOMY, SIKHI MOKE 3MIHIOBATHCS I1iJ] BIUTHIBOM aHTPOIIOTCHHUX HABAHTAKEHb.

Bu3HaunTH MOMEHT mepexoay €KOCHCTeMH 31 CTIHKOi piBHOBard B HECTIHKUH
CTaH, IMEHOBaHMH Aaii K «kaTacTpoda» (cTpudoK), AykKe CKIagHo. I 'eoMeTpudHO
1e moka3aHo Ha puc. 3. Touka P xapakTepu3ye MoBeAiHKY €KOCUCTEMH B TOYII, JIe
piBHOBara 3MIiHIOETBCS 31 CTIHKOI (JIOKQIBHUM MiHIMyM €Heprii) Ha HEeCTIHKy
(JToKaNbHAN MaKCUMYM).

Y(X, 7)->max

Puc. 3 — Ctpubok CTIHKOCTI €eKOCHCTEMH: a — 3pOCTal0uNil; O — perpecHuil xapakrep
napamerpa Y(X, T)
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3TiIHO 3 npuHYUNOM (MAKCUMATLHO20) 360IKAHHA: EKOCUCTEMA POOUTH CTPUOOK
JIAIIE TOMi, KOJMW y Hel He 3aIMINAEThCSA IHIMOro BHOOpy. OmHaK NpH IHOMY
HEOOXi/THO BpaxOBYBaTH HACTYITHHUH (haKT: EKOCUCTEMa MOXXE POOWUTH BiIIOBIIHI
CTpUOKH HACTIJIBKY IIBUAKO, IO J03BOJISIE 3HEXTYBATH YacoM, SKHH BUTPAYA€THCS
Ha 1ie. OTKe, pU BOMY JJISl MIBUAKHUX 3MIH PETYIIOI0YUX MapaMeTpiB MPHUHITUI
3BOJIIKaHHS MOPYIIYETHCS, TOOTO TS KOXKHOI KOHKPETHOT €KOCUCTEMH B 3AJIEKHOCTI
Big nii ¢akTopiB, mo 30ypIOIOTh, MOXJHBI Pi3HI MOMEHTH TMOPYILICHHS CTaHY
piBHOBary, siki MOXKyTb IPU3BECTH A0 KaTacTpodu. PosrisaHyTrii Trir katactpodu B
E€KOCHCTEMI € HaHIpOCTIMUM BHAOM KatacTpod. 3anekHO Big KUIBKOCTI 1
CKJIaJHOCTI KPUTHYHUX TOYOK MOBEPXHI PI3HOMAHITTS KaracTpod 1CTOTHO
YCKIIQJIHSAETBCS aHali3 piBHAHB eHeprii E. LmocTparieio 1bOoro Moxke CIyXKHUTH
KaTacTpoda XBOCTa JIACTIBKY, METEIIHMKA, SIINTHIHOI, TIITepOOoIigHOI 1 mapabosiaHol
oMOinik. OguuM 3 ¢yHOAMEHTANbHHUX pE3YNbTaTiB HENMIHIMHOI AWHAMIKH €
YCBiJOMJICHHSI MPUHIMUIOBUX OOMEXEHb B 00JacTi OTpUMaHHs HpPOTHO3Y, TaK
3BaHOTO «TOPU3OHTY Tepen0avyBaHOCTI», HaBITh IS HAHIPOCTIMIOI €KOCUCTEMH,
OCKLTBKM BOHA Ma€ YyTIUBICTh IO MOYATKOBUX AaHUX. T0OTO, PO3TIIAgarodd JBi

Omm3bKi TpaekTopii X (t) X (t) B qMHAMIYHINA €KOCHCTEMI, OTPUMAEMO

- -

N - - -
ax=f(x X'(0)=a X"®)=a+E, (10)

dt ’

Hnst 6e3mivi Mojeneil eKOCHCTeEM MOKHA YHCETIbHO MEPEeBipUTH, a Uil ACIKUX
BHIIAJKIiB CTPOTO JOBECTH, IO BiJICTAaHh MiXX HECKIHYCHHO OJM3BKUMH CIIOYATKY
TPAEKTOPISIMH B CEPETHHOMY €KCIIOHEHITIaJIbHO 3POCTAE

d0) = |3°(0) - X "] ~ [l exp(lo). ()

Benmuunba 1, 3BaHa mnoka3HUKOM JIAMyHOBa, IO XapaKTepU3YE TOPU30HT
nependadyBaHOCTI — 9ac, Ha SKU MOYKHA JaTH MTPOTHO3 TTOBEIIHKH JOCITIIKYBaHOT
exocuctemMu. Ciij 3a3HAYUTH, MO0 «KIYOOK TPAEKTOpPii» B eKocucTemax Oyie
BHUTJISIATH IOCUTH BIOPSIKOBAHUM (pHC. 4).

120 T
A

0,554
~0.10 L - : 4.
1,40 2,25 3,1

7
c=0,5; F=c(+i)

Puc. 4 — XapaxtepHuii BUJ IPOEKIi{ XaOTUYHOTO aTPaKTOpa B €KOCUCTEMax
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3po3yMijio, 110 1€ He 03HAYa€, MO IICHS IHOTO Yacy MU HIYOTO HE 3HAEMO PO
ekocructeMu. OOpa3HO KaXydH, SKIIO TPaHUIHA MHOKHHA SBIISIE COOOI0 «KITyOOK»
y ¢azoBoMy mpoctopi (auB. puc. 4), TO MU SIK 1 paHillle JOCTOBIPHO 3HAEMO, ILO
TOUKa, 5IKa XapaKTepU3y€e CTaH EKOCHCTEMH, HaJISKUTh LIbOMY «KIyOKy», a He mije
Kyau-HeOyab B iHIIY 067acTh (ha3oBoro mpoctopy. OmHaK HEBIIOMO, B SKOMY MICIT
«kIryOKa» Oyne 3HaXOIWUTHCS I TOodKa. «['OpH30HT mepemdadyBaHOCTI» MOXHA
TpakTyBaTu W iHakmie. BiH Jae xapakTepHHid YyacoBWi MacmiTad, KUK BHU3HAYae,
KO (B K1 9ac) BiJi0 FOTHCS 3MiHM TIOYATKOBHX JTAHUX Ha BeNn4nHy F. BiH Takox
MTOKa3y€e, HACKUTFKY MIBUAKO €KOCHUCTEMOIO OYAyTh «3a0yTi» HACTIAKHM 30BHIITHIX 1
BHYTPIIIHIX BIUIMBIB, SKIIO MM MOXEMO 3MiHUTH CTaH ocTaHHboi Ha E. Ilo cyTi,
TOPHU30HT MPOTHO3Y XapaKTepU3ye «IaM'sTh» AOCIiIKYyBaHOI EKOCHCTEMH.

BucHoBku

3 aHaizy YMCIIEHHUX JpKepen iHdopmarlii Ta HaBeACHNX Y aHii poOOTi MipKyBaHb
IIOI0 MOJIETIOBAHHS CBOJIIOINII pealbHUX HETIHIHHMX EKOCHCTeM B Cy4YacHHX
YMOBax MO)XKHa 3pOOUTH BUCHOBKH, T'OJIOBHI 3 SIKUX TaKl.

* VMOBH KPUTHYHOTO CTaHy JOBKIJUIA 1 BEIHKOTO PH3HKY BHHUKHCHHS
HaJ3BUYAHAX EKOJIOTIYHMX CHUTyallii 1 KaracTpod B KpaiHi BHMAararoTh
3aCTOCYBaHHS HOBOIO MAaTEMaTHYHOTO amapary JOCHi/DKCHHS HeNiHIHHNX
€KOCHCTEM, BUKOPHCTOBYIOUH TaKi MOHATTS, SIK CHHEpreTrka, Quykryaii, ¢pa3osi
Mepexo, MeTacTaOiIbHICTh, HECTalllOHAPHICTh, AaBTOKATami3, aBTOperpecii,
aBTOXBUJIbOBICTb, OidypKaii, Gpakranu i karactpodu.

e Ha BimMiHy BiJ TpaguIlifHUX MOJIENCH, 3alpPONOHOBAHO MO/IEITIOBATH
aIaNTHBHI 3BOPOTHI 3B’ SI3KH B €KOCHCTEMaX 3a JIOTIOMOTOFO TEOPii CHHEPTETHKH, 110
a0 3MOTY 3MIMCHIOBATH JWHAMIYHY TepeOyIoBy CTPYKTYPH €KOCHCTEMH
(arpakTopiB, iHBapiaHTHUX PI3HOMAHITB), AKi 320€3MEUYIOTh MHOKUHHY CTIHKICTh
€KOCHUCTEMH 3 ITIABUIIEHHAM Ti CKIaJHOCTI.

* Jlama MeTOJOJIOTIS BIiAMOBiAae BiZOMUM (akTaMm MpO 3POCTaHHSA CTIHKOCTI
EKOJIOTTYHUX CUCTEM 3 MIJABUILIEHHSIM 1X CKJIaIHOCTI i BUJIOBOI Pi3HOMaHITHOCTI.
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IDENTIFICATION OF EARTHEN DAM SEEPAGE REGIME UNDER
CONDITION OF DATA AMBIGUITY

Abstract. One case of seepage regime identification in earthen dam on the basis of
visual and instrumental observations is considered in terms of data ambiguity and
uncertainty regarding either dam condition, soils permeability or seepage control
and drainage features operability both in dam body and foundation. The technique
of identification of dam fill hydraulic conductivity based on correlation analysis of
piezometric readings is proposed. Contour maps of groundwater levels were
examined. As well as simulation modelling was performed in order to determine the
most probable seepage computational model of earth dam corresponding in the best
way to monitoring data. While simulating special attention was being payed to
seepage control and drainage features performance. Thus it was approved that
earth dam seepage regime meets the criteria of safety against seepage.
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Introduction

Seepage through earthen dam body and foundation determines its operational
condition considerably. Seepage can initiate a number of adverse processes that
affect negatively on structure condition.

Seepage generates volume hydrodynamic forces in dam fill and foundation which
are comparable to soil weight [1]. Those forces affect adversely stability of dam
slopes and may result in seepage induced deformations of different types
(mechanical and chemical suffusion, heave, clogging etc.) [20]. Seepage is found out
to be one of the main causes of malfunctioning, deterioration and failures of earthen
dams.

Statistical analysis of causes of earthen dam failures makes it clear that the major
part of dam collapses (up to 60%) directly or indirectly was caused by detrimental
impact of seepage [2, 3, 19, 20]. Other seepage related accidents have also been
registered like those ones when normal dam operation was impossible due to
inability to fill reservoir lake to operation levels or water logging of vast terrain
beneath the dam having devastating consequences for environment and population
of those areas [4].
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Adverse effects of seepage on earth dam condition can appear not only during
first years of operation but also in the long run, after decades of “normal” operation
[3, 5-7, 19, 20]. According to statistics, one fifth of all collapses of earthen dams
happened fifty years after their commissioning. The case of earth dam failure caused
by seepage related problems after 116 years of operation (dam Emery, USA [8]) was
documented.

The problem of seepage through soil porous medium including earthen dams is
being studied for a long time [2, 9-11]. Currently there are a large number of
differently posed seepage related problems having different levels of complexity.
And thus there are many tried-and-tested techniques of their solving. Since then
scientists also began to pay big attention to practical use seepage problems regarding
to identification of computational models and dam condition estimation with the use
of monitoring data [12-17].

However, the problem of seepage through earthen dams still remains the most
relevant one. It is expected, it will be the same in the future, because most of water
retaining structures in the world and Ukraine as well are earthen dams. The major
part of them is in operation for a long time. As experience proves [18] due to ageing
of dams that implies changing of structure condition, soil characteristics, reduced
operability of seepage control and drainage features etc. the topic of the research can
gain even more relevance with time.

1. Some general notes

Seepage regime (or seepage situation) in earth dam depends on many factors.
Seepage can be examined with monitoring of phreatic surface position, head losses
or gradients in dam fill and foundation, impervious elements and drainage facilities,
zones of seepage flow exit in foundation and abutments (at river valley sides and
concrete structures). It also can be examined through the measurements of seepage
guantities collected from particular dam sections and total seepage amount collected
from entire structure. Seepage regime monitoring can be performed as manually as
by means automated systems for both instrumentation and visual observations.
Nowadays, instrumental monitoring of seepage through earthen dam is based on
piezometric levels and seepage amounts measurements.

In respect of earth dams reliability and safety seepage regime can be determined
either allowable or unallowable. When proper arrangements are made allowable
seepage regimes may be considered as safe. On the contrary, unallowable regimes
are always hazardous for structure operation [9]. When designing a dam, only
allowable seepage regimes are considered as design cases. Typically those are steady
seepage flow defined with specified constant boundary conditions as well as non-
steady seepage flow appearing due to either non-stationary conditions on seepage
boundaries or changing of soil voids volume (like in the case of clay soils
consolidation) [9].

For earthen dams under operation seepage regime can vary at different time
periods. Some seepage regimes can happen to be unallowable ones that under certain
circumstances may lead to disaster. One of the most hazardous unallowable seepage
regime in earthen dams is piping [1, 6-8, 20], when in some reason, for instance, due
to various defects such as insufficient soil compaction, cracking caused by
differential settlement, animal burrowing, concentrated seepage flow appears. Piping
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is characterized with high flow velocities and gradients that can end up in either
deterioration or collapse of dam body or foundation.

In many cases, unallowable seepage regimes, unlike allowable ones that are
design load cases, cannot be determined unambiguously. They can appear both
spontaneously, due to internal processes, and in a random way when caused by
various external factors. Most of external factors, a priori, are uncertain and their
influence on dam condition is ambiguous.

2. Case study

The earthen homogeneous hydraulic fill-type dam with maximum height 17.5 m and
500 m long is examined. Maximum head is 14.0 m. The dam is located on the
floodplain of the Dnipro River. The upstream slope is faced with reinforced concrete
20 sm thick slabs. On the downstream side of the dam toe drain with stone pitching
having total thickness 0.5 m (including 0.2 m thick riprap) was provided. V-ditch
drain with average depth 0.6 m collects seepage water.

For the most part of its length the dam rests on stratified soils (about 10 m thick)
including permeable alluvial sands underlain with tight silty sand stratum that is the
local confining bed. The interface of dam body with bedrock foundation is the most
complex section of the structure. That is a boundary between two strata with different
geological origins: limestone and sedimentary sands. Limestone is highly karstified
with filling of karst caverns with sandy and muddy deposits. That stratum is
characterized with strong anisotropy of its permeability. Hydraulic conductivity of
the stratum ranges from 1 to 400 m per day.

Due to complex geology several seepage control devices were employed such as
impervious blanket over the contact surface of sandy soil and limestone and two
grout curtains. On the terrain behind the dam there are also relief wells draining
limestones in the dam foundation.

From the beginning of the dam operation seepage monitoring have been provided
including piezometric levels and seepage quantities measurements. About 10 years
ago the dam was equipped with automated monitoring system (AMS). By means
AMS piezometric measurements are performed with hourly frequency. But as AMS
operation isn’t tuned perfectly piezometric levels time series comprise numerous
suspected readings. Therefore, there is a doubt about data acquisition continuity and
consistency. There are quite long gaps in time series that contributes to increasing
complexity of the problem of piezometric levels behavior analysis. Along with
automated control manual piezometric measurements are performed but with lower
frequency (once or twice per month). In general, despite manually measured
piezometric levels are more trustworthy, obtained datasets of piezometric readings
are found to be incomplete.

Currently measurements of seepage flow quantities are performed in a manual
way only. Cipolletti weir installed in the drain ditch is used for flow control.
Measurements are performed with frequency once per month.

For a long time within downstream shoulder of 50 m long dam section near the
left bank high elevations of phreatic surface are registered by piezometric grid.
Periodically phreatic surface emerging on the slope occurs. There are also visual
signs of high position of ground water on this area such as water saturation of soils
in toe zone (actually, signs of waterlogging) and heavy grass greening. In winter time
in the case of severe frosts freezing of toe drain as well as piezometers in near-

ISSN: 2411-4049. Exonorivyna 6e3reka ta npupoaokopucrysatsst, Ne 2 (30), 2019



drainage area was detected. All those processes are observed periodically but from
the very beginning of dam operation, actually from the first impoundment.
Simultaneously, seepage discharges reduction is observed with consistent declining
trend in measured seepage quantities collected with drainage ditch. For instance,
during the period from the end of 1950 to 1992 average seepage quantity has
decreased by nearly 7 times. Reduction of seepage quantities is being observed in
the following years till nowadays.

All above-mentioned effects, processes, circumstances and tendencies can be
interpreted as ambiguous ones. They are unless harmful, then unwanted at least. In
general, according to all those signs it can be definitely said merely that the seepage
regime in the dam section is quite complex and it needs to be analyzed. But it would
be wrong to conclude decisively whether the regime is allowable or unallowable
until the causes of observed effects and phenomena as well as conditions under
which those processes can turn into endangering ones are determined.

3. Objective and tasks

The causes of poor seepage performance of earthen dams may be different.
Unallowable seepage situation may arise gradually, for instance, due to changes of
soils permeability following with stratification or hydraulic conductivity anisotropy.
Those changes can be caused by long-term developing of internal erosion within
some sections and clogging within others. As well as due to freezing of downstream
dam shoulder kind of confined seepage flow may occur. Enhanced infiltration
resulting from torrential precipitation or rapid snow melting when snow falls on non-
frozen dam slope may have adverse effect on seepage regime too.

Construction errors and violation of operation rules can also affect negatively
dam seepage regime. In each instance these may be the most various causes,
conditions and circumstances resulting in seepage situation that could become
endangering for dam condition. Some effects and processes determining newly
formed seepage regime can be long-lasting that still keep developing, others can be
comparatively short-lasting but periodically appearing.

Among the factors that might complicate seepage performance significantly are
as follows: complex geology of foundation and river valley sides, malfunctioning of
seepage control or drainage features, inadequately employed types of seepage
control measures, interaction of seepage flow through dam body and foundation with
other structures including concrete ones.

In order to estimate the influence of seepage on the current dam condition it’s
essential to identify actual seepage regime in terms of its allowability. It must be also
taken into account that data of instrumental measurements (piezometric levels and
seepage amounts) are imperfect. Data series may contain readings that are of concern
(so called suspected readings). The same can refer to uncertainty, ambiguity and
fuzziness of engineering and geophysical surveys data, field and laboratory testing
data of conductivity of soils in dam body and foundation, that, may happen, do not
reflect the actual situation because soil properties have been changed.

Consequently, there is a need to identify the real seepage computational model of
earthen dam with regard to those changes as well as actual condition of seepage
control and drainage devices. It’s also crucial to determine causes of unwanted
effects observed and to reveal the conditions and circumstances under what seepage
may be judged as unallowable for the dam.
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Accordingly, the main task of the research was set as identification of the current
seepage regime and its estimation in terms of its allowability. The task of
determining the causes of unwanted effects is also posed. The objective of this paper
is to present approaches and techniques that can be employed for seepage regime
identification amidst imperfect information that implies lack of information, data
uncertainty, ambiguity and different kinds of fuzziness.

4. Methodology and results

4.1. Some general considerations in regards to the problem of identification of
mathematical model of seepage in earthen dam

Earthen dams are complex dynamic systems. Dam condition keeps changing
continuously and seepage is one of the main causes of the changes [7, 8, 14, 17, 20, 21].
Therefore different mathematical seepage models may correspond to certain periods
of earth dam operation.

Operational particularities and load conditions, system configuration and input
variables used for development of mathematical model of existing earthen dam may
be not fully adequate to corresponding design values. In fact they are only partially
determined. Perhaps, dam geometry and variables characterizing long-term external
loads outlined in design requirements and operation regulations can be considered
as well-defined parameters.

Such input variables and factors as general operational particularities, real
configuration and true condition of seepage control and drainage features as well as
permeability characteristics of individual layers of dam fill and foundation are still
not specified or weak-defined. All those factors and parameters that determine
current dam operational particularities, real system entities and parameters
(coefficients) of dam seepage computational model are needed to be additionally
evaluated or revised according to the real situation [14-16, 21].

Evaluation or redetermination of operational particularities, real system
configuration and parameters (coefficients) in order to refine computational model
with the use of performance data obtained through field investigations or laboratory
tests is conventionally termed as identification of the system model. In this case
model to be identified is exactly the model that will be used for direct structure
analysis for the purpose of estimation of current structure condition and forecasting
of its behavior.

The problem of computational (numerical, mathematical) model identification of
system, structure, process, effect etc. is so called inverse problem that is referred to
ill-posed problems [22]. The salient feature of that kind problems is solution
instability or uncertainty. It means multiple valid solutions exist when different
operational particularities, system entities and model parameters (coefficients) may
correspond to same inputs (observational data). In order to simplify the problem of
identification of seepage regime in earthen dam it’s suggested to decompose it.
Following the approach of L. Ljung [23] therefore several separated problems can
be solved sequentially: the problem of operational particularities identification and
the problem of system’s structure and parameters identification. According to the
approach, to solve the problem of identification of complex system model it isn’t
always necessary to follow strict mathematical methods. It’s important to draw on
implicit information that data sets contain. To set nonstandard requirements to the
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model basing on a priori knowledge about the object studied and with respect to the
purpose of modelling can be useful too.

4.2. Identification of dam operational particularities

For more detailed analysis of the seepage situation possible three-dimensional
effects in seepage flow pattern should be estimated.

The earthen dam studied has sufficient length (500 m) but it abuts upon parent
rock having complex geology on its left side and concrete structure (ship lock) on its
right side. Hence influence of adjacent structures and geological features on general
seepage flow pattern and notably on seepage flow exit conditions can’t be excluded.

To examine the spatial pattern of seepage flow through dam body graphical
techniques were employed such as contour map of groundwater level constructing
based on piezometric readings [2].

Several ground water flow maps were plotted for typical observed cases of
phreatic surface position registered by piezometric grid on various dates referred to
different seasons and different years of dam operation. An example of groundwater
contour map for one of the cases considered is given in fig. 1.
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Fig. 1 — An example of the contour map of groundwater levels
observed in the earthen dam body

Generally, within obtained groundwater contour maps three specific zones can be
revealed that differ in flow lines directions as follows:
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— Zone #1 having curvilinear shaped stream lines with free subaqueous exit of
seepage flow under tailwaters table;

— Zone #2 with parallel linear—like evenly spaced stream lines in near exit
section;

— Zone #3 with curved stream lines crowded with stream lines partially directed
from zone #2 and from the seepage flow through rock abutment.

Similarly shaped contour maps characterized with three defined specific zones
were obtained for all operational cases considered regardless to year and season. But
bearing in mind area topography in the dam site, dam abutting upon bedding rock
and ship lock, seepage pattern with stream lines bended towards the tail race canal
within all three zones of earthen dam body would be more appropriate to the situation
under condition of drainage facilities efficient performance.

According to seepage net pattern obtained (fig. 1) it can be assumed that seepage
flow concentrated within zone 2 complicates seepage water exit conditions in zone 3.
That is exactly the dam section where abnormal seepage regime is observed and
signs of slope deterioration were found out. Merge of differently directed seepage
flows within examined dam section results in seepage waters being concentrated in
a small area. To summarize, dam seepage regime shows tangible three-dimensional
effects. Hereafter, when separately considered, seepage regime in zone 3 can be
assumed as two-dimensional but complicated by zone 2 flow exit conditions.

In such cases to judge whether current seepage regime is allowable or
unallowable it’s indispensable to estimate operability of seepage control and
drainage features since they intended to reduce seepage flow and its detrimental
influence to dam fill. Besides, those facilities are among the main structural elements
of earthen dam that determine its seepage computational model.

4.3. Seepage computational model identification

Simulation modelling is one of the most efficient techniques of structural-parametric
identification of models of complex systems that earthen dams are [7, 8, 14, 17, 20, 21].

For seepage model identification typically soil properties are the parameters to
vary [21] such as hydraulic conductivity of dam fill and foundation strata [15, 16].
When modelling an existing structure that has performance data calibrating the
seepage model to measured performance is employed that implies varying
(simulating) of model parameters until the modeled behavior closely approximates
the measured behavior (piezometric levels and seepage amounts).

While calibrating the model, system entities can also be varied. In order to do that
different seepage models e.g. hydraulic type schemes can be used as separated
simulations [14]. It is assumed that structure while in operation can experience
structural changes due to either suffusion or clogging developing in certain zones or
malfunctioning of its structural elements (primarily seepage control and drainage
features).

Notably that it’s quite enough to identify hydraulic conductivity of the only layer
which piezometers installed in (in the case studied that’s the dam fill) and starting
out from it instead of varying permeability of each stratum it’s reasonable to simulate
the ratio between already identified hydraulic conductivity value and permeability
of other layers [14].

ISSN: 2411-4049. Exonorivyna 6e3reka ta npupoaokopucrysatsst, Ne 2 (30), 2019



4.3.1. Hydraulic conductivity value identification

The following mathematical model of two-dimensional steady seepage flow can be
used for identification of hydraulic conductivity of dam fill along control piezometric
line (fig. 1) on the basis of piezometric readings taken at different timepoints:

o, oHY) oH ~ _
&[kcgj_g, H(x,0)=H,(x),0<x<I;

H(0,t)=H,(t),0<t<t; H(,t)=H,(t)0<t<t,, (1)

where k. is hydraulic conductivity; H(x, t) is hydraulic head at a point x in seepage
domain at timepoint ¢; | is boundary x - coordinate of computational domain.

Technique of substitution can be applied to solve the problem of identification k.
with the use of model (1). It’s based on solving of series of direct problems through
varying of hydraulic conductivity of particular zones of dam fill and foundation (see
example in [16]). Numerical solution of the direct problem can be found by using
implicit approach of finite difference method (FDM).

For this purpose partition of the seepage domain using a fine grid is conducted
followed by piecewise line approximation of function representing piezometric
heads in grid nodes. The series of direct problems for different dam sections are
solved. Hydraulic conductivity simulation is performed until difference between
computed and observed piezometric levels will exceed desired accuracy value.

Sufficient frequency of piezometric measurements providing with automated
monitoring systems (daily or even hourly measurements) enables solving the
problem of hydraulic conductivity identification. For steady gradually varied
seepage flow described by Darcy equation hydraulic conductivity identification can
be performed as follows.

Piezometer responds to headwater changes with a delay (time lag). It’s assumed
that response delay time depends on average seepage velocity within dam body
section from entrance point to the corresponding reference piezometer where

hydraulic conductivity is controlled. It was suggested that time lag t, approximately
equals to travel time seepage flow needs to cover the distance AS along the stream

line from entrance to the piezometer location. Then hydraulic conductivity of soil
within that domain can be expressed as:

AS? -t
k. = L 2
Y 2)

where AH is difference (drop) between headwater in reservoir and piezometer water
level.

Based on observational data of reservoir water and reference piezometer water
levels cross-correlation function was plotted (See fig. 2). Lag value is taken to be
equal to timespan until piezometer level response initiated by headwater changing is
finally stabilized [19]. It should be noted that degree of correlation between
headwater and piezometric level may depend both on test sample size and behavior
of reservoir water level for instance rising or lowering (corresponding to reservoir
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refilling and drawdown). Accuracy of time lag evaluation depends on measurements
frequency significantly too. The higher frequency is the better.
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Fig. 2 — An example of cross-correlation function between reservoir
and piezometer levels

Taking into account headwater behavior and other factors that determine
distinctive features of seepage process and lag effects as well gives an interval
estimation of average hydraulic conductivity within seepage domain. In the case
studied simulation modelling resulted in average hydraulic conductivity values
within the examined dam section along control piezometric line ranging from 8,5 to
14,7 m per day depending on reservoir behaviour. Largely results of identification
of hydraulic conductivity of the dam section are consistent with design value of dam
fill hydraulic conductivity 8,6 m per day adopted in the dam design project.

4.3.2. Computational model identification

Guiding by a priori knowledge about both dam design and operation particularities
to solve the problem of system structural identification the set of “candidate models”
[23] was selected. Such model set is used to choose from it the most probable actual
model corresponding to monitoring data. Different hydraulic seepage schemes of the
dam were considered as candidate models [14].

Computational seepage model calibration was performed by simulating (varying)
of the ratio of hydraulic conductivities of the strata having different permeability by
reference to already identified hydraulic conductivity of the dam fill. As foundation
is stratified averaged hydraulic conductivity for several similar type soil layers for
instance for several sandy layers was assigned.

Given uncertainty in regards to current condition of seepage control and drainage
features different scenarios of facilities operability are considered in simulation
modelling such as cases of proper operability of those features (like seepage
computational model of dam equipped with drainage ditch) and their non-operability
(like seepage computational model of dam with no drainage).

Sensitivity analysis was conducted to test effects of other features that can be
present in the dam. As a result, several computational hydraulic type “candidate
models” [2] were selected. Those are seepage schemes with different types of
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seepage control features (upstream blanket, inclined upstream core, grout curtain)
and drainage features (sloped drainage, drain ditch and no drainage). It was assumed
that steep phreatic line drop within upstream shoulder, that similar to effect of
conventional impervious upstream core and upstream blanket, can also be caused by
clogging of upstream sections of dam body and foundation as well as by deposition
of silts over the upstream facing and on the bottom near the dam heel. Such deposits
are often observed on earthen dams under long-term operation when providing diver
inspections.

Simulation modelling representing different seepage computational situations
was performed by means of finite element based software RocScience 6.037. Since
seepage plane mapping (fig. 1) demonstrates spatial flow pattern to provide
applicability of 2-D analysis a section view along the control piezometric line was
constructed. Selected control line (polygonal chain 1-1 in fig. 1) goes through as
many piezometers in the instrumented cross section as possible.

With the use of simulation modelling it was revealed that seepage computational
model that incorporates homogenous earthen dam body resting on pervious
foundation (of limited thickness) having upstream inclined core and short upstream
blanket and with no drainage reproduces most accurately measured seepage
performance (i.e. phreatic line position) in the cross section considered. So that
seepage computational model can be identified as the most realistic one. In general,
observed seepage regime can be identified as allowable one since it refers to one of
the adopted seepage schemes of earth dam.

Varying of seepage computational models (as a means of sensitivity studies)
provided useful insights in regards of each structure element effect on seepage
performance. Thus was determined that either proper or poor operability of grout
curtain hasn’t significant influence on phreatic line position in dam downstream
shoulder. On the contrary, drainage system operability affects the most phreatic
surface position within dam toe where seepage waters emerging on the slope is being
observed.

Consequently the hypothesis of poor efficiency of the existing drainage system
(toe drain with ditch) was proved and hence insufficient dam draining was
concluded. It was found out in computational model sensitivity analysis in regards
of drainage parameters that 2.0 m deep drain ditch effects in sufficient phreatic line
lowering within toe zone and thus providing allowable seepage regime and normal
dam condition.

Conclusions

The problem of seepage regime identification in earthen dam was considered. The
solution of the problem based on visual and instrumental observations in terms of
data ambiguity and uncertainity regarding either dam condition, soils permeability
or seepage control and drainage features operability both in dam body and
foundation is proposed. Decomposing of the problem of seepage computational
model identification was performed following by several separated problems solving
sequentially: the problem of operational particularities identification and the
problem of system’s structure and parameters identification.

While investigating, the seepage computational model was understood as some
simplification or generalized conceptualization of hydraulic type seepage scheme
representing particularities of seepage performance of the dam. Hydraulic type
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seepage scheme usually incorporates soils’ permeability characteristics of dam body
and foundation as well as seepage control and drainage features presence that, when
taken all together, determine dam seepage performance. It was assumed real seepage
computational model may be not equivalent to that one foreseen in the project due
to real soils” permeability characteristics that are always uncertain and ambiguous
initially and because of different processes in the dam body, foundation and other
structure elements developing during dam operation.

The technique of identification of dam fill hydraulic conductivity was presented
based on correlation analysis of piezometric readings. Contour maps of groundwater
levels were examined as well as simulation modelling was conducted with the
purpose to determine the most probable seepage computational model reproducing
measured seepage performance.

It was proved that identified seepage regime by reference to current condition of
seepage control and drainage features meets general allowability criteria. Poor
efficiency of existing drainage system (that includes toe drain and ditch) was
determined as the main cause of adverse effects within dam downstream shoulder.
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A.B. [lem’siHI0K, I.B. CTedanummn
INEHTU®IKALISI PEXKUMY ®LIbTPAILI HA 3EMJISIHIN T'PEBJII B YMOBAX
HETIOBHOTHU JAHUX

AHoTamnis. Po3riasHyTO 0MH BUMAAOK imeHTH(]IKaMmii pexuMy (inbTpamii Ha 3eMIISHIN
rpe6mi. PimeHHst 6a3yeThcs Ha NAaHWX BI3yaJIbHUX Ta IHCTPYMEHTAJIbHUX CIIOCTEPEIKCHb
3 ypaxyBaHHSIM HEOJHO3HAYHOCTI Ta HEBH3HAYCHOCTI iH(OpMAIll mpo cTaH rpedii, moIo
MIPOHUKHOCTI TPYHTIB, MpaIe3aaTHOCTI MPOTH(GIIPTPAMIHHUX Ta APCHAKHUX HPUCTPOIB
y Tini 7amMOu Ta B 11 OCHOBI. 3alIPONIOHOBAHO METOIUKY BH3HAYCHHS 3HAYCHHS KOoedilieHTa
¢inpTpanii rpyHTY Tima 3eMistHOI TpeOii Ha OCHOBI KOPEISAMIHHOTO aHami3y JaHUX
II’€30METPUYHUX CIIOCTEepEKeHb. It crpommeHHs 3a1a4i inenTudikamii pexxumy QimpTparii
JOCTTiPKEHO TIAHOBY KapTHUHY PIiBHIB MiI3EMHHUX BOJ B TiMi Tpedii. 3AiMCHEHO iMiTaIliiiHe
MOJICTTIOBAHHS /Il BU3HAYCHHS HAWOLIBII BiporimHOT (imbTpamiifHOl cxemMu Tpedii, Mo
HalflkpalMM YHWHOM BiINOBiZae HaTypHUM JaHuM. OcobOnmBa yBara NpuUAiTAIacs
BpaxyBaHHIO poOOTH NPOTHDINBTPAIHHNX 1 APEHAKHUX MPUCTPOiB. Bymo miaTBepIKEeHO,
10 pekKUM (inbTpanii Ha 3eMIISTHIH TpebJIi BiIIOBIa€ KPUTEPISIM JOIMYCTHMOCTI.
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FIELD RESEARCH OF ECOLOGICAL PARAMETERS
IN BAKOTA BAY AREA

Abstract. Problem of hydrological research is conditioned by significant part of water
reservoirs in landscape space of Ukraine. Nowadays there is an intensified natural
and anthropogenic transformation in the local and regional levels of landscape. The
problem that have scientific and economic significance is complex environmental
assessment with creating of composite ecological indicators and research of
hydrological ecosystems regularity. It this paper authors have determined regularities
of the anthropogenic impact to ecological situation in the freshwater reservoirs of
Ukraine. Also there were developed such scientific approaches as remote sensing
methods, bathymetry, 3D-modelling of aquatic areas, water eutrophication
researches. The theme of the paper is a review of the hydrological ecosystem field
research. Research area is Bakota Bay in Dniester Canyon and adjacent territories.
Main purpose of research is to evaluate potential reaction of environment to direct or
indirect anthropogenic impact, as well as to solve problem of sustainable nature
management according to expected state of environment. During the research of
surface water in Dniester water area, a number of hydrophysical indicators have
taken into account, as temperature fluctuations boundary, color, transparency,
hydroacoustic and geomorphological data of the bottom relief in water area. Also
some navigational hazards and sunken objects have determined.

As a result of research, some scientific approaches and methods have reasoned. For
researched local geosystem, the anthropogenic impact assessment is grounded on
distributed in space in time environmental monitoring data. Specifically, it consists
of the synthesis of contact and remote monitoring methods. Spatially-distributed
nature of monitoring data allows using the power of actual GIS-technologies, which
provide a large variety of multidimensional spatial analyst tools for various
pollution factors evaluation. Authors insist that echolocation-based bathymetry is
important method for solving problems of water resource management on
researched area, which has international importance in the frame of planned
Dniester Canyon hydro power cascade construction.

Keywords: field research; environmental safety; influence assessment; water
objects; remote sensing methods; geographical information systems

O.M. Tpodumuyk?, [[.51. Kpacoscbkniid, [B.B. Paguyx’, B.M. Tpucniok?, LB. Paguyk?,
I.JI. Kpera', C.A. 3aropogns’, H.A. Illepsakina’, B.O. Oxapes’, T.B. Tpucniok?,
B.O. llymeiiko?, O.B. Arpacesny’, B.JO. Bumnskos®

YnctuTyT TenexkomyHikamiii i rao6amsHOro iHpopmamiiinoro mpocropy HAH VYxpainn,
M. KuiB, Ykpaina

’HanionansHuii aepokocMiunuii yHisepcuteT iM. M.E. XKykoBcbkoro, M. Xapkis, Ykpaina
SLlenTp npuifomy i 06pobKU crelianbHOT iHpOopMAallil Ta KOHTPONIO HABIralifHOro Mo,
¢. Baumicui JlyHaeBerpkoro p-uHy XMeabHHUIBKOT 0011., YKpaina

EKCIEJIANIAHI JOCJIII)KEHHS IAPAMETPIB EKOJIOTTYHOI'O
CTAHY 3ATOKH BAKOTA

Anomauyin. Cmamms npucesuena 02130y pe3yiomamis npo8eoeHux eKkCneOuyiuHux
00ci0dHceHb BOOHUX eKocucmem JJHICmposcbKo2o KaublioHy, a came 3amoxu bakoma
ma npuaeeaux mepumopin. OCHOBHOI0 MemOi0 00CAI0INCEHb € OYIHKA MOANCIUBOT
peaxyii HaBKOIUWHBO20 NPUPOOHO2O CepedoBUa HA NPAMULL YU ONOCEPEeOKOBAH UL
AHMPONOZEHHUU  6NAUG, A  MAKOXMC  BUDIWEHHA 34044  pPayioHANIbHO20

© O.M. Trofymchuk, G.Ya. Krasovsky, V.V. Radchuk, V.M. Trysnyuk, I.V. Radchuk, D.L. Kreta, S.A. Zagorodnya,
N.A. Sheviakina, V.O. Okhariev, T.V. Trysnyuk, V.O. Shumeiko, O.V. Atrasevych, V.Y. Vishnyakov, 2019
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NPUPOOOKOPUCTNYBAHHA Y GIONOBIOHOCMI 3 OUIKYBAHUM CMAHOM NPUPOOHOLO
cepedosuwja. Ilpu nposedenni Oocniodcenv nogepxuegux 600 p. [nicmep ma
samoku baxoma epaxoeano nusKky 2iOpo@i3utHUX NOKAZHUKIE: MeMNCI KOIUBAHMS.
memnepamypu, KOIbOPOBOCMI, NPO30pocmi, 30upanus 2i0poaKyCmudnux i
2e0MOPPONO2IYHUX OAHUX NPO penbedh) OHA 6 aKeamopisx ma 6UABTIEHHS
HagieayiiHux Hebe3nex ma 3amonyaux o6 ekmis.

Knrouosi cnosa: excneouyiiini 00CaioxceHHs, eKono2iuna be3neka; oyiHKa enaugy;
800HI 00’ekmu; Mmemoou OUCMAHYINHO20 30HOVBaHHA 3emni;, 2eozpagiuni
iHghopmayitini cucmemu

Beryn

3abe3neueHHs O€3MeKH KUTTEAISUTHOCTI HaceleHHS, 30epeKeHHS HAaBKOJIHITHBOTO
Cepe/IoBHIIA B yMOBaX KIIMAaTHYHHUX 3MiH Ta 3pOCTaHHS aHTPOIOT€HHOI AisUTbHOCTI
B OaceifHax pi4OK OOYMOBIIOIOTH BHPIIICHHS CKJIAIHUX 337a4 3 MPOTHO3YBaHHS
3arpo3 HaJA3BUUYAHMX CHUTYyallii Ha TPUPIYKOBUX TEPUTOPIAX, SKi BiAICPaIOThH
BU3HAYaIbHY POJIb B 3a0€3Me4YeHHI EKOJOTiYHOI pPiBHOBAarM B MEXaX PIiYKOBUX
OaceiiHiB. BomHi 00’€KTH TPUPOAHO-3aMOBITHOTO (HOHAY MAaIOTh BUKIIOYHO
BIMBE 3HAYCHHA Yy (QopMmyBaHHI NaHAmadpTy, (QyHKIIOHYBaHHI NPUPOIHUX
OioneHo3iB, 30epekeHHI TEeHO(GOHIIB HAa3eMHHMX, HAIIBBOJAHUX Ta BOJHUX
MpenCcTaBHUKIB (uiopH i ¢payHu. PO3BUTOK iHTErpoBaHOi CHCTEMH TiApo]i3uIHOTO,
Te0JIOTIYHOT0, E€KOJOTIYHOTO JOCIiPKEHHS, MOHITOPUHTY Ta IPOTHO3Y CTaHy
BOIHUX 00’€KTiB YKpaiHM Ta iX MpHOCPEKHUX TEPUTOPIH € aKTyalbHUM s
BUPIIICHHS HAUTrOCTPIlIol mpoOIeMu ChOroIeHHS — Ae(IIUTY MUTHOI BOJIH.

CydacHi migxomau, peaiizoBaHi B CEpelOBUINI TeOiHPOPMAIHUX CHCTEM, €
e(EeKTHBHUM 1HCTPYMEHTOM OMNEpPAaTHBHOTO aHali3y 1 NPOTHO3Y JUHAMIKH
AHTPOTIOTCHHUX, MPHPOJHUX 1 colianbHux QakTopiB. Ha choromHi BuUHHKAE
HEOOXITHICTh PO3BUTKY METOMOJOTiIi MOHITOPHHTY OO'€KTIB HABKOJHWIITHHOTO
CepelIOBHINA MUIAXOM iHTErpamii MIKIUCIUILTIHAPHUX METOIIB aHami3y JaHuX
nemu@pyBaHHS ~ KOCMO3HIMKIB 1 JIaOOpaTOPHO-TIOJIbOBUX  BUMIpPIOBaHb,
ineHTr(ikamii iHTErpaNbHUX TTAPAMETPIB i BCTAHOBIICHHS MPUYMHHO-HACITIIKOBUX
3B'SI3KiB BUHUKHEHHS €KOJIOT1YHUX 3arpo3 I €KOJIOTTYHO O€3MeYHOTO YITPaBIiHHS
exocrucTeMamu. byb-ski GyHAaMeHTa bHI Ta IPUKIIAHI HAYKOBI JOCIKEHHS BCE
OinpIIe MOTPeOYIOTh HAOYHOCTI B MOJIaHHI iX pe3ynbTariB. IcHye qocTaTHS KUTBKICTh
NPOrpaMHUX NAaKeTIiB, IO JO3BOJISIOTH MOJETIOBATH HABKOJIMIIHE CEPEIOBUIIE
3 BIUCOKHAM CTYIIEHEM JOCTOBIPHOCTI 1 (hoTopearsicTuuyHuM rpadigHuM BTLICHHSM.
AJle OCKUNBKH JIOCTIKYBaHI TPOIECH i CHCTEMH MAlOTh YiTKy IPOCTOPOBY
MPUB'SI3KYy, BUHUKAE HEOOXIIHICTh BCEOIYHOI IHTETpamii Takoro MpOTrPamMHOTO
3a0e3redyeH s 13 CydacCHUMHU reoiH()opMaIliiHUMHI TEXHOIOT1SIMH.

Pe3yabTaTi Ta iX 00roBopeHHs

CriBpoOiTHUKaMH [HCTHTYTy TeleKOMYHIKamiid 1 riobanbHOro iHdopMariiHoTro
npocropy HAH VYkpainu B miTHIN Ta ocinHii nepionu 2018 poky MpoBOIWINCH
eKCHEeIUIIiHI AOCHiIKeHHs BOIHUX 00’ekTiB HamioHanbHOro mpuUpogHOro mapKy
«ITominbceki ToBTpU», a came 3aTokM bakoTa, 31iHCHEHHS OATUMETPUIHOT 3HOMKH
Ta JOCHIPKEHHS €KOJIOTIYHOTO CTaHy MPUIICTJIMX TEPUTOPi. 3aToKa BHHUKIA Y
1981 poui micns 3aTOMIEHHS! HU3UHHOI TUISHKY p. [HicTep y npoueci 3a10BHEHHS
HuictpoBcbkoro Bogocxosuina (puc. 1). Ha3pa 3aToku moxoauTh Bijg 3aTOIIIEHOTO
cena bakora.
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Bakotcbka 3aToka

Macuras

191234

=

YmosHl noaMaeHNA

A e TR i A =

a) Tomorpadigna kapta 1989 p. 0) To;lbdrpa(bqua KapTa rHT6 ’

B) Kocmiunmii 3Himok LANDSAT

Puc. 1 — Anazi3 pizHOUacOBUX KapTorpadiuHux AaHuX (a, 0)
ta nanux /133 (B) pycna p. Juictep

Mema excneduyiiitnux 0ocnioxyceny — 30ip NEPBUHHMX AAHUX HA TEPUTOPIi
HIII “Iloxineceki ToBTpu” anst 3a0e3neyeHHsT MOCHIiAOBHOCTI 1 Oe3mepepBHOCTI
JOCHI/PKEHb eKOocuCTeMU JIHICTPOBCHKOI'O KaHBHOHY, BUKOPHCTOBYIOUM CYYacHi
METOAM 1 TEXHOJOrii TeMaTHYHOro AemH(pyBaHHS KOCMIYHHMX 3HIMKIB BOJHUX
o0’extiB. IloOynoBa OaTUMETpUYHMX KapT BOJHHUX OO’€KTIB SK JKepel
KOMILJIEKCHOTO BOJIOKOPHCTYBaHHS.

BakoTcbka 3aToka — BOAHO-OOJIOTHE YTiJAs MiKHAPOJHOTO 3HAYEHHS, IO
OXOpOHSIEThCS 3riHO 3 Pamcapchkoro koHBeHIli€ [1]. 30epekeHHS MPUPOTHUX
LIHHOCTEH YTijs 3a0e3IeuyeThesi HOro BXO/DKCHHSM JI0 cKjiany HarioHaabHOTO
npupoanoro napky «Iloginbceki ToBTpn». TepuTopis HaliOHATHLHOTO PUPOTHOTO
napky Hajexutb a0 3axigHo-Ilominbcekoi BucoumHHOI oOmacti. Oxpacoro i€l
teputopii € ToBTpoBuii Kpsbk, abo «ToBTpW», SKHH SBIsE COOOI CKENIACTE
nyromnoaione macmo 3axigHoro [lomimns. dosxkuna ToeTp csirae 250 kM (80 kM
y MeXax HaliOHAIBHOTO NapKy), MHpHHA — 5—6 KM, a aOCOJIOTHI BHCOTH
konuBaioTees Bim 400 mo 436 M. ToBTpu sBISIIOTH co0or0 Oap’epHuil pud
MIOIICHOBOTO ~ MOps, CKJIQJIEHWH  MINAHKOBUMH, MEMOpaHONIOPOBUMHU  Ta
YyepenamikoBUMHU BalHIKaMHU. AHAJIOIIB M y CBITI HEMaE,

Bignosinno g0 Pamcapcbkoi KoHBeHwii, cmenudika 30epexkeHHS i
302JIaHCOBAaHOTO BUKOPHCTaHHS BOJHO-OOJIOTHUX €KOCHCTEM, LIHHMX JUIA
30epekeHHsT 010JI0TIYHOTO PI3HOMAHITTS Ta 3a0e3MeucHHS ICHYBaHHS JIFOIAMHH,
JIUKTYE JOLUIBHICTD CHHTE3y NPOOJIEMHO-OPI€EHTOBAaHUX TeOoiH(pOpMaLiiHUX
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MozelIell B AKOCTI CKJIaJoBHX Oa3u naHuX JlepskaBHOTO KagacTpy NpPHUPOIHO-
3anoBiHOrO GoHAy YKpainu. TakoX akTyaJbHUM 3aBJaHHSM € OIlIHKa CTaHy
EKOCHCTEMH 3a TaKHUMHU IapaMmeTpaMH, SK 3a0pyAHEHHsS 3eMeNbHUX PecypciB Ta
SAKICTh TOBEPXHEBUX 1 MiA3€MHUX BOJA, IO € BAXIWBOKI CKIAJOBOIO
BO/I03a0e3MeYeHHs TepuTopil Ykpainu [2, 3].

JlocipKkeHHs BOJHOTO 00’ €KTa OyII0 po3moyvaTe 3 BUBYCHHS BO10301pHOT TLIOMTI.
«bakoTa» — 1ie 3aroka p. [HicTep; BHCOTa HAA piBHEM MOpA: MiHiManbHa — 114 M,
cepemust — 117,5 m, makcumanbHa — 121 . [lmoma: 1590 ra. PosramoBana B
KaHBHOHI PIYKH 1 penpe3eHTye TUTOBI It OaceliHy BepxHboro JlHicTpa mpupoIHi
KOMIUIEKCH POCIMHHOCTI 1 TBAPHHHOTO CBITY [1, 2].

O6cTexenns Oeperosoi JiHii 3aToku bakota mpoBeneHo mpu 00Xoi il o BCboMy
nepuMeTpy Ha 4oBHI (puc. 2). Ilpm mpomy Oynm mocmimxerni oOpucu 1 dopmu
OeperiB, ckiaa OeperiB, HasBHICTh TEPAacCOBUX BHUCTYMIB i Oeperoux BaiiB. Ilo
nepuMeTpy OeperoBoi JiHIT BOJHOTO 00’e€kTa 3a(iKCOBaHI BaITHAKH, MEpreli,
MCKOBUKHM, CJAHIN, a TaKOX TPaHITH Ta THEHCH, MO0 TMEePEKPHBAIOTHCS JIECAMHU.
Bim3Hauaetbcs ONM3BKMM [0 TIOBEPXHI 3QIATaHHSIM TIOPi KPUCTAIIYHOTO
¢yngamenty. [loBepxHsi OeperiB — e MEpeBaXHO MiJBHINEHA MOJOrO-XBHIISCTA
JiecoBa piBHMHA.

Puc. 2 — O6cTexeHHs OeperoBoi JiHii 3aToku bakoTa mpoBeneHo mpu 0oxoi ii
10 BCHOMY MTEPUMETPY Ha YOBHI

EQexTHBHICTh KOHTAKTHUX METOJIB MOHITOPHHTY MOBEPXHEBUX BOJ| MOXKHA
MiZBHITUTH 32 PaXyHOK 3aCTOCYBAaHHS TEXHOJIOTIH JHMCTAHIIHHOTO 30H]yBaHHS
3emmi (/133) 3 kocmocy [4, 5]. JIas BHKOHAHHS JOCHTIKEHH OYIIO OTPHMAaHO
kocmiuni 3HiMkn SENTINEL 14.08.2018, MODIS, LANDSAT, QUICK BIRD Ta
iH. 3 IPOCTOPOBO-PO3/TIIIHHOIO 3IaTHICTIO BiJl JEKiIBKOX JACIIMMETPIB J0 ACKiITBKOX
COTEHb METpIB, SIKI MAIOTh 3HAYHMN IMOTEHI[A] y CEHCI 1X BHUKOPHCTAHHS IS

ISSN: 2411-4049. Exonorivyna 6e3reka ta npupoaokopucrysatsst, Ne 2 (30), 2019



BUBYCHHS 0araTopiuyHOl JUHAMIKU MPUPOJHHUX KOMIUIEKCiB [6]. Jns nmociimkeHb
BUKOPUCTOBYBAIHCH SIK apXiBM KOCMIYHHMX 3HIMKIB CYMYTHHKIB, TaKk i 3HIMKU 3a
Mepio] MPOBEACHHS OE3MOCepeaHIX MONbOBUX mociimkensb [7, 8]. Ilpu 1mpomy
BUKOPUCTaHO (YHKIIOHAN CYy4acHHUX TeXHOJOTiH reoindopmauniiinux cuctem (I'1C),
0 HAJal0Th TOTYXKHI IHCTPYMEHTH OaraTOBHMIPHOTO TIPOCTOPOBOTO aHAJI3y
BIUTMBOBOCTI Pi3HUX (akToOpiB 3a0pyaHeHHs [9].

[Ipu mpoBeAeHHI AOCTiKEHb TTOBEpXHEBUX BOA p. JHicTep Ta 3aTtoku «bakoTay
BpPaXxOBAHO HU3KY TipOQiI3UYHHUX TOKA3HHUKIB: MEXi KOIUBAHHS TEMIICPaTypH,
KOJIbOPOBOCTI, TIPO30POCTi, KaIaMyTHOCTI (3BaXKeHI YaCTHHKH). B mimoMy ximiuHi
XapaKTEePUCTUKH JOCIIIKYBAaHUX BOJ BKJIFOUAIOTh 3arajibHi MOKA3HUKH i MOKa3HUKU
BMICTy HEOpPraHiYHHMX pE4YOBHMH: BenuuuHy pH, cymy ioHiB (MiHepamizawis),
YKOPCTKICTh, BMICT OKpPEMHX €JIEMEHTIB COJTLOBOTO Ta OioreHHOT0 CKiamy [4].

Kommnekc moka3HUKIB €KOJOTiYHOT Kiacu(ikamii SKOCTI TMOBEPXHEBUX BOA
BKIIIOYA€ 3arajbHi K crHenu@ivuHi MOKAa3HHWKH, IO XapaKTepU3ylOTh CTYMiHb
3a0pyaHEHOCTI BOAHOTO 00’€kTa. BUXimHWMHU MaHWUMH AJS €KOJIOTIYHOI OITIHKH
SIKOCT1 BOAM €, HacamIiepen, 3BeACHI I po3pi3HEHI pPe3ylbTaTH CUCTEMATHYHOIO
KOHTPOJIIO 3a SKIiCTIO BOJH y BOAHUX 00'ekTax YKpaiHu, KoTpi 3i0paHi i 00pobineHi
MEpeKel0 IyHKTIB CHOCTEpeXeHb 1 Jaboparopiii cucteM MiHIIPUPOIH,
Hepxrinpomerciyx6u Ta lepxkBoarocny Ykpainu. 3araiabHi MOKa3HUKH, 10 SKUX
HaJIe)KaTh TOKa3HUKU COJILOBOTO CKJIaay U Tpodo-campoOHOCTI BoJ (€KOJIOro-
CaHiTapHi), XapaKTepU3yIOTh 3BUYaliHI BIACTUBI BOJHUM €KOCHCTEMaM IHIPEIEHTH,
KOHIIEHTPAIlSl SKAX MOXE 3MIHIOBATHUCH /I BILTHBOM TOCIIOAAPCHKOI MisITBHOCTI.
CrnenniyHi NOKa3HUKK XapaKTEpU3YIOTh BMICT y BOZ1 3a0pyJHIOIOYHX PEYOBUH
TOKCHYHOI ¥ paiauiiinoi aii [3, 4]. Ilpu obcrexxeni p. Anictep Ha Tepuropii HIIIT
«Ilominbceki ToBTpM» BUSBICHO IHTEHCHBHHN NUIEH( CKHUIIB CTIYHHUX BOJ, IO
MATBEP/UKEHO  IHTEHCHUBHHM  MPOIECOM  eBTpodikaiii Ta  MiIBUIICHUMHI
nokasHukamu piBast pH i kucnotHocTi (puc. 3).

Puc. 3 — Micue ckuny 3a0pynaenux crivaux Boa p. Anictep HIII «[loxinbebki ToBTpm»,
3a(hikcoBaHe NPU HATYPHUX JOCIIIKCHHAX Ta Ha KOCMIYHOMY 3HIMKY i3 CYIyTHHKa
Sentinel Bix 14.08.2018 (po3ainbHa 31aTHICTS 3 M) yac:11:40
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[IpoBeneHo BiAOIp Ta BUBYCHHS JOHHHMX BIAKJIAIIB IOCIIKYBAHOI'O BOIHOTO
00’exTa. JIoHHI Bigkaaau OyJid BUBUYCHI 3a Bi3yaJIbHOIO OLIIHKOIO. Y TiApOJIOTIYHHIMA
KYpHaJ eKclieAnLii Oysu 3aHeceHi AaHi Mpo THIT JOHHHX BiAKIAAIB, iX KOMip i 3amax,
XapakTep JOHHUX BIIKJIAIiB MPHOSPEIKHOT YACTHHH, SIKI HE MOXKHA 3aXOMUTH JIOTOM
(kamiHHS, TpaBid, rampKka); KOHCHCTEHIIIO BIAKTAmiB (WIUThHI, MyXKi, piAKi),
HasBHICTh BKJIFOYCHD POCTUHHHUX 1 TBAPHHHUX PEIITOK, YSPEITAIOK MOJTIOCKIB TOIIIO
(puc. 4).

Puc. 4 — Bin0ip moHHUX BiAKIAIIB B aKBaTOpii 3aTOKK bakora

3nilicCHEHO TIEpBUHHE BUMIPIOBAHHS TIHUOWHH, penbedy JHA Ta CTPYKTYpH
JOHHUX BigkianiB bakotn. Meromnka TpOBEICHHS €XOJOKAIiiHHOI OaTmMeTpii
omnucana aBTopaMu B pobortax [7, 10]. 3a pesynpraTamu BUMIpiB MakcHMallbHa
3adikcopana rTauMOMHA o3epa ckiajga 38 M. MiHiManbHa 3 OMNISALy Ha
1H(OPMATUBHICTh KiNBKICTh TOYOK BUMIpIOBaHb (3 Bigjamwio Mk HuMH 500 M)
MEPEBUIIY€E COTHIO, poOounid NuIsix 0e3 ypaxyBaHHA MiAXOIIB Ha MOTPiOHI KypcH
cTaHoBUTh OnMu3bk0 200 KM, a KUIBKICTh NMPOO BOJAM BHMIPIOETHCS THCSYAMHU.
31iliCHEHO MPOCTOPOBY MPUB'A3KY BUMIPIOBaHb, 110 JIA€ 3MOTY ITPOBOJIUTH KOPEKTHE
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MOMOBHEHHST 0a3 JaHWX Ta TOJaHHS pe3yNbTaTiB BUMIPIOBaHb y QopmarTi,
npunatHoMy 1t Bukopuctanus y ['IC. s npoBeneHHsT 6aTHMETPUIHOT 3HOMKH
0. bakora BukopucraHo HamyBHHH TymoBHi 4oBeH «Brig Balticy KIB — 5510K
3 aBurynoM «Mercury 25M SeaPro», Ha sKoMy BCTaHOBIEHO exojoT Lowrance:
«LMS-527CDF IGPS». Poboua yactoTa BUIPOMiHIOBaYa 3BYKOBUX XBHJIb €X0JIOTA
cranoButh 200 xI'1. Yacrora onosnenus curnany GPS-mpuitmaua 10 I'm. O6’em
KOXXHOT'O €XOJIOTHOTO MPO(]1isIt0 CTaHOBUTH Bij 5 10 30 THC. BUMIPIOBaHHX 3HAYCHD,
B 3aJIOKHOCTI BiJ] YacTOTH 1 4acy 3amucy B omuH ¢aitn. KokHe 3HaueHHS €
iH(pOpMAITIEI0 TIPO KOOPAMHATH TOYKU 3HOMKH, MIMOWHY, JaTy 1 4ac €XOJOTHOIO
mpoMmipy, Temreparypy HOBEpXHI BOIH, 3MillIEHHs BiIHOCHO MOIEPEAHBOI TOUKH
OpoMipy Ta MICTHTh IHOIy JOMOMDKHY iH(opmamio. Y mpomeci 0oOpoOKu
BUKOPUCTOBYIOThCSl JIMIIEC 3HAYCHHS KOOpAMHAT 1 TIUOWH. Bubipka 3HaveHb
BUKOHYETHCS TaK, M[00 HA KOKEH KBaJPATHUI METp IUIONII 03epa MPUIALAI0 OJHE
ycepenHeHe 3HaYeHHsI TTTMONHH.

3nificHeHO TIPOCTOPOBY MPHUB'SI3KY BHUMIPIOBaHb, IO A€ 3MOTY HPOBOIUTH
KOPEKTHE ITOTIOBHEHHS 0a3 JaHUX Ta IOAaHHs Pe3y/IbTaTiB BUMIpIOBaHb y (opmMari,
npugatHoMmy Uit BukopuctanHs y [IC. OcobmuBy yBary mNpHIiJICHO
MaTeMaTHYHOMY MOJEIIOBAaHHIO, T0o0yaoBi 3D mMozeneii nocmimxyBaHoi TepuTopii
TS IPOTHO3YBaHHs HEOE3MEeYHUX IPOLECiB, 0 BiAOYBAIOTHCS B HABKOJIMIIHBOMY
MPUPOAHOMY CEPEJOBHIL, TPOrHO3Y TEHACHIIIH 1 TEMITIB 3MiH €KOJIOT1YHOTO CTaHy,
a TaKOX CTBOPEHHIO 0a3u reoiH(opMaliiifHoi CHCTEMH OIL[IHKH PiBHSI TEXHOTCHHUX
3a0pylHEeHb, SIKA OpPIEHTOBaHA HA MIATPUMKY pIlIEHb 3 NHUTAaHb OXOPOHHU 1
palioHaTIbHOTO BUKOPUCTAHHS IPUPOJHUX PECYPCIiB.

- f YMOBHI nO3HauYeHHs

| I -38.95085144 - -29.13167946 __
-29.13167945 - -24.05456993
-24.05456992 - -21.42939529

7] -21.42939528 - -20.07202023 |
[] -20.07202022 - -19.37017471
[ ] -19.3701747 - -18.66832018
[ -18.66832917 - -17.31095412
I -17.31095411 - -14.68577948
-14.68577947 - -9.608669948
- 0.210502029

a) O6pobka exonokamiiHux qanux moayiem Geostatistical Analist
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6) Cropenns GRID-Moperni Ha OCHOBI TiIPOIIOKAIIITHAX JaHUX

Puc. 5 — Pe3ynbTaTit 06po0OKH JaHHUX B mporpaMHOMY cepenoBuiii ArcGis, ski oTpiuMani
3a JIOOMOT0I0 METO.y rifpornokanii 3aToku bakota (a, 0)

BucHoBKH Ta NpaKTHYHEe 3HAYEHHS Pe3y/IbTaTiB A0CTiIZKeHHSI

Y pesynabTaTi NPOBEACHUX JOCHIIPKEHb OOIPYHTOBAHO IMiAXOAHM, METOIU Ta
HAyKOBO-METOJIOJIOTIYHI OCHOBH KOMIUICKCHOT'O OLIHIOBAHHS 1HTEHCHBHOCTI 1
XapakTepy AaHTPONOI€HHOTO BIUIMBY Ha CTaH JIOKAaJbHOI TI'€OEKOCHCTEMH. 3a
pe3yjibTaTaMH IEPBUHHHUX JIOCII/DKEHb Ta MPOBEICHOT eXOJIOKallii po3poOiieHo
eJIEKTPOHHI OaTuMeTpuuHi kapTh Ta 3D-mopmeni rimOuH 3aToku «bakoray, 1o
JIO3BOJINTh CTBOPUTH O€3MeYHi YMOBHM CyJHOIUIABCTBAa. BcTaHOBIEHO, IO
MOHITOPHHT TJIMOMH € BRXKIIMBOIO 33]1aueto /ISl pO3B’A3aHHS TpoOieM, TIOB’ I3aHUX
3 MPUPOA0OXOPOHHUMHU (DYHKI[IIMU BOJHO-00JIOTHUX YT'1/1b, III0 MAIOTh MiXKHAPOIHE
3HAYEHHS, 1 TNPWIETIUX TEPUTOPIH B KOHTEKCTI MPOTHO30BAHOTO BIUIUBY
3arutaHoBaHoro OyaiBHuuTBa Kackagy manux ['EC B mexax JlHiCTpoBCBKOro
KaHbHOHY. [Ipy IbOMY BiJ] 3aTOIJICHB 1 MiATOIUICHh MOXYTh ITOCTPAXKIATH HE JIHIIE
MPUPOAOOXOPOHHI OO0’€KTH 3 YHIKaJbHUMH E€KOCHCTEMaMH, IO MiAJsIraroTh
3aXMCTy, a i YUCIIEHH] MOCEJICHHS, 10 TsOKiI0Th 0 JHicTpa. Takox perioHanbHUMA
MmigioM piBHA BOAW B JOJuMHI p. JlHicTep mpu3Beae IO MiATOIUICHHS 3€MEib
PIBHHHHOTO JTiBOOEPEXIKsl 3 MOTIPHICHHSIM SIKOCTI IPYHTOBUX BOJ SIK TOJIOBHOT'O
JoKepesia MUTHO-TOCHOAApChbKOr0 BOJONOCTaYaHHA. Y XOAi JOCIHiPKEHb BUSBJICHO
MEePCIEeKTHBU Ul MOJATBLIMX JOCTIKEHb Ta MOMJIMBOCTI KOPEKTYpH KapT 3a
JIOTIOMOrOr0 Ha3zeMHHMX Ta JaHux JI33, BuUKOpHCTOByrOuM iHCTpyMeHTapii I'IC-
TEXHOJIOTIH.
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THE SOLUTION TO THE PLASTIC USAGE PROBLEMS; A STRONG
CAMPAIGN FOR INNOVATIVE WASTE MANAGEMENT

Abstract. Plastic pollution has become a huge environmental problem, prompting
some cities and countries to heavily tax or ban the plastics products such as bags
and straws. Hence, the purpose of this research is to provide knowledge into the
effectiveness of campaigns using plastic and plastic waste, and provide an overview
of a new innovative waste management. This research is also intended to introduce
Masaro (Zero Waste Management), a CSR program at Polytama Company, as it
would be an innovative and efficient waste management instead a massive
campaign.

Keywords: plastic; waste management; zero waste; environment

Introduction

Environmental pollution, global warming, climate change, biodiversity and natural
resources degradation are environmental issues that have awakened human
consciousness to the importance of environmental sustainability for human well-
being. A massive PR campaign on plastic waste has been raised since over 50 years
ago.

Public Relations Campaign inside specific meaning aims to increase awareness
and knowledge of the target audience. In addition, it aims to grab attention and foster
perception or a positive opinion of an activity from an institution or organization
(corporate activities) in order to create a good image from the community through
the delivery of messages intensive with the communication process and time period
certain sustainable ones. In a more general or broad sense, according to R.A Sentosa
Satroepoetra, public relations campaign provides continuous lighting as well
understanding and motivation of the community towards a certain program activities
through processes and continuous communication techniques and plan to achieve
publicity and image.

According to Leslie B. Snyder (2002) broadly speaking, the campaign
communication is a communication activity organized, directly directed at the
audience certain, at a predetermined time period to achieve certain goals. Besides
the campaign public relations is done in a planned, systematic manner motivating,
psychological and done repeatedly and continuously. PR campaigns raise some
issues which are including developing among the people at the time this done by
many companies or organizations.

PR from companies and organizations willing to take part in communicating the
issue of plastic waste to the community and strive to grow public awareness to
understand more about issues and together take part in looking for solution to the
problem/issue. According to Keith Davis, participation is a matter of a person's
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mental and emotional involvement in group situation that drives them to contribute
to group goals and together responsible for the goal that is; Community participation
is very important in the success of an action or event. Without participation from the
target or the community concerned, a goal is not will be achieved. Like the campaign
on plastic waste. The purpose of this campaign will not be achieved without
participation from the community.

Hundreds of Non-Governmental Organizations around the world have already
realized the detrimental impact of plastic pollution on our world. As such, they are
working hard to prevent and eliminate it. Below are some the organizations that are
working in the area and the actions that they are taking.

1. One Green Planet

An independent online platform, One Green Planet provides readers with
information on sustainable, everyday habits. They are the instigators of
the #CrushPlastic Movement. This campaign focuses on reducing single-use plastics
including shopping bags, coffee cups, water bottles, take out containers, and straws.

2. Clear Blue Sea

This relatively new, not-for-profit the Clear Blue Sea, is actively working to rid
oceans of plastic and repurposing the plastic that they collect. Their innovative
solution uses a Floating Robot for Eliminating Debris (FRED). Not only does it
clean up debris, but it also uses renewable energy, has a self-preservation mechanism
during storms, and can help rescue animals trapped in debris.

3. Earth Day Network

What started as a small network during the first Earth Day, the Earth Day
Network now has over 50,000 partners globally. The organization is focused on
promotion and awareness, particularly for Earth Day itself. They create important
campaigns and materials including this Plastic Pollution Primer and Action Toolkit.
Those Non-Governmental Organizations bring up the same message, to reduce the
plastic use.

Campaign is a communication activity which peaks in a certain period of time in
order to influence a society (Sastropoetro (1983: 99). Meanwhile, according to
communication expert Rice and Paisley in Ruslan (2002: 58), said that one's desire
to influence opinion individual and public, trust, behavior, interest and the wishes of
the audience with the attractiveness of the communicator which is also
communicative.

Plastics are man-made organic materials that are produced from oil and natural
gas as raw materials. They are relatively cheap, durable and versatile material.
Products made from plastics have brought benefits to society in terms of economic
activity, jobs and quality of life. Plastics can even help reduce energy consumption
and greenhouse gas emissions in many circumstances, even in some packaging
applications when compared to the alternatives (European commission Directorate
General for Environment, 2011). The benefits driven from plastics compel
manufacturers to increase production.
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FOEN (2003) indicates that, plastics form around 15% of household refuse and
according to a report published in December 2010, the United States Environmental
Protection Agency (USEPA) determined that, the United States alone generated
30 million tons of plastic waste in 2009. It is believed after their entry into the
environment, plastics can persist up to 100 years without being decomposed by
sunlight and/or microorganisms (Stevens, 2001 and United Nations Environment
Programme, 2005a).

The issue of plastic waste management is therefore a major global phenomenon
that has crept up over the decades, and really requires a global and comprehensive
solution that includes systemic rethinks about usage, production and recycles. It is a
crucial problem not only for developing countries but for the developed countries as
well.

The message is made in such a way and always interesting attention. The message
is formulated through symbols which are easy to understand or understand
communicant.

Campaign on plastic problems has been launch massively around the world, but
in fact the plastic problem has not got the clear of point. The campaign itself has
been supported by the Government. In some area in Indonesia, Regional Regulations
has been applied to control the plastic use. The Bali Provincial Government prohibits
various components and communities in the area from using disposable plastic,
along with the issuance of the Bali Governor Regulation Number 97 of 2018. In the
Bali’s Governor Regulation Number 97 Year 2018 concerning the Limitation of
Disposable Plastic Waste that has been issued on December 21, there are three
ingredients that are made of or contain prohibited plastic ingredients, namely plastic
bags, polystyrene, and plastic straws.

There is a decisive condition the success or failure of a campaign, according to
Wilbur Schramm is quoted in Rosady Ruslan's book Public Relations Research
Methods, the coalition supporting the success or failure of delivering messages
inside campaigning is as follows.

Many municipalities, cities and towns the world over continue to grapple with
the problem because it imposes negative environmental externalities. It is usually
non-biodegradable and therefore can remain as waste in the environment for a very
long time, it may pose risks to human health as well as the environment; and it can
be difficult to reuse and/or recycle in practice. The campaign on plastic shouldn’t
only focusing to “not to use” plastic, instead build awareness on the plastic waste
management, plastic used plastic through a recycle process could be made into
higher-value products.

Analysis

Since 2004, the world has made a huge amount of plastic as it did in the previous
half century, and it has been reckoned that the total mass of virgin plastics ever made
amounted to 8.3 billion tons. It is mainly derived from natural gas and crude oil, used
as chemical feedstock and fuel sources. In 2015, 407 Mt of plastics was produced,
of which 164 Mt was consumed by packaging (36% of the total). It appears that, of
all the plastics produced to date, 2.5 billion tons (30%) are currently in use, and
between 1950 and 2015, the cumulative generation of primary and secondary
(recycled) plastic waste amounted to 6.3 billion tons, of which 9% had been recycled
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(just 10% of this having been recycled more than once), 12% incinerated, and the
remaining 79% either ended up in landfills or in the natural environment.

Although it has been quoted values vary, packaging probably accounts for around
one third of all plastic used, of which approximately 40% goes to landfill, while 32%
escapes the collection system: that is, either it is not collected at all, or is collected
but then illegally dumped or mismanaged, and ends up directly in the environment.
Only 28% of packaging waste had been collected, of which half was incinerated to
provide energy, while the other half was recycled. The prognosis is that, should
current trends maintain, by 2050 there will be of the order of 12 billion tons of plastic
waste either in landfills or in the natural environment, and more plastic than fish in
the seas (by mass). It was deduced that around 9 Mt of plastic entered the oceans in
2010, as a result of mismanaged waste, along with up to 0.5 Mt each of micro plastics
from washing synthetic textiles, and from the abrasion of tires on road surfaces. It is
estimated that in the region of 2 Mt of plastic pollution is delivered to the oceans by
rivers, each year.

According to Spokas (2007) and Geographical (2005) around 500 billion of
plastics bags are used worldwide. A United Kingdom group Waste online also puts
annual global production of plastic around 100 million tons per year. In a study
conducted in Switzerland in 2010, approximately 1000,000 tons or 125 kg of plastic
material was used or consumed per head. According to the same report, the world
produces 20 times more plastic today than 50 years ago (Federal Office of the
Environment, 2003). As plastic consumption is increasing, more and more plastic
waste is being generated (World Bank, 1996; Yankson, 1998). In 2018, the use of
plastic in South Tangerang is still dominant. Every day, plastic waste produced from
the city of South Tangerang reaches 105.5 tons. Head of South Tangerang Waste
Department, Wismansyah explained that the daily waste production in the city of
South Tangerang reaches 890 tons. This amount is dominated by household and
industrial waste up to 700 tons per day. While plastic waste fills 11.86 percent of
total waste in South Tangerang. Plastic is 11.86 percent contributing to the volume
of waste in South Tangerang.

Professor of Air and Waste Management at the Bandung Institute of Technology
(ITB), Prof. Dr. Enri Damanhuri, said that each year around 44 percent of plastic
waste is 2.13 million tons of polluted environments. He said, of the total national
plastic waste, only 36 percent could be collected and collected by the Sanitation
Office and Environmental Agency and disposed of to the Trash Disposal Site (TPA).
Furthermore, only 20 percent has entered the informal system, such as garbage banks
to be recycled, and other 44 percent fled to the environment (Embu, S. W., ITB Noted
2,13 Million Plastic Waste Per Year Cemari Indonesia, accessed on
www.merdeka.com, 2018).

As enormous amount of plastic waste is generated throughout the world, the most
crucially posed question is how to manage it effectively and efficiently to save the
environment and the continuous existence of mankind (Wienaah, 2007).

Four of Indonesia’s rivers rank among the 20 most polluted in the world in terms
of mismanaged plastic waste measured in metric tons. This makes Indonesia the
second-largest contributor to marine plastic pollution after China. A recent research
article, published in the journal Nature Communications, estimates that between
1.15 million and 2.41 million tons of plastic enters the oceans every year from rivers.
In this case, Indonesia is estimated to emit around 200,000 tons of plastic from rivers
and streams, mainly from Java and Sumatra. Plastic debris can kill marine animals
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that get entangled and drown or starve after they ingest particles they cannot digest.
Toxins leach from plastic as it breaks down, posing health risks for animals, while
also entering the food chain and eventually ending up on our plates.

Global mismanaged plastic by region, 2010
Share of global mismanaged plastic waste by region in 2010. This is measured as the total mismanaged waste by =
populations within 50km of the coastline, and therefore defined as high risk of entering the oceans. Mismanaged

plastic waste is defined as "plastic that is either littered or inadequately disposed. Inadequately disposed waste is

not formally managed and includes disposal in dumps or open, uncontrolled landfills, where it is not fully contained.

Mismanaged waste could eventually enter the ocean via inland waterways, wastewater outflows, and transport by

wind or tides."

South Asia 1%
Sub-Saharan Africa - 8.9%
Middle East and North Africa 8.3%

Latin America and Caribbean - 7.2%
Europe and Central Asia . 3.6%

North America § 0.9%
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Source: OWID based on Jambeck et al. (2015) CcCcBY

Figure 1 — Global Mismanaged Plastic in 2010

Community awareness about the hazards of plastic waste is important. But it’s
likely to do a realistic action on the plastic waste management, as what Polytama
Company did through their CSR program.

Polytama Propindo Company is one of the largest polypropylene (PP resin)
producing companies in Indonesia which was established in 1993. Polytama has a
Plant located in Limbangan Village, Juntinyuat District, Indramayu, West Java.
Polytama Propindo Company as a company around Indramayu Regency is obliged
to embrace local residents by collaborating to conduct programs that need to be
disseminated to residents around the Industrial area. As one of the big industries that
produce polypropylene (plastic), Polytama Propindo Company has an obligation to
run a CSR (Corporate Social Responsibility) program. One of the problems of the
community that touches on PT Polytama Propindo’s core business is plastic waste.
The problem of plastic waste arises from an increase in the amount of landfill that is
not handled by good waste management, resulting in a lot of plastic waste that is not
managed and ultimately results in other problems such as flooding, air pollution and
environmental pollution. Many assume that plastic is un-environmentally friendly
and takes a long time to completely decompose. Even though the fact is that the habit
of littering and poor waste management is what causes environmental pollution.
Plastic waste and decaying waste are often mixed together, making it difficult to
recycle. This is due to the lack of a good waste management system. By handling
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the right waste such as MASARO (Zero Waste Management), plastic waste can be
transformed into things that have use and economic value because of their ability to
be recycled to the maximum.

Figure 2 — The Asphalt Process by using recycled materials

MASARO (Zero Waste Management) program is designed to overcome
community waste management problems, including plastic waste, whose
implementation is not only an activity that gives a momentary impact, but is a long-
term solution that benefits the village community, which is currently focused on
Tinumpuk Village, Juntinyuat District, Indramayu Regency. For this program
Polytama Propindo Company collaborated with the ITB Polymer and Membrane
Technology Laboratory (LTPM-ITB) and the Indramayu Regency Environmental
Agency to start the Pilot Project as a pioneer of Zero Waste Management program
(MASARO). This program is a great innovation that is expected to be emulated by
other companies that also have the same concern and can continue to grow to the
national scale. Located in Tinumpuk Village, Indramayu Regency, which is adjacent
to the Polytama Propindo Company plant site area. This program is carried out by
utilizing the waste in Tinumpuk Village into something that has benefits for its
citizens. Through this program, it is expected to be an example for other regions in
Indonesia. Waste management in Tinumpuk Village is still done in a conventional
way, namely by burning garbage in front of each residence. The remaining ash from
the combustion was left alone. Along the road in the village of Tinumpuk there are
many scattered garbage, such as baby diapers that are thrown away. The level of
cleanliness in Tinumpuk Village is still very low. One of the critical locations where
many piles of illegally dumped waste are found on the riverbanks which cause
blockages in the river channel and increase the risk of flooding.

Since the program's inauguration on January 25, 2018, the MASARO program in
Tinumpuk Village has been going well. Proper waste management makes waste have
economic value that is beneficial for the villagers. As with decaying waste which is
processed into liquid fertilizer, fuel oil produced from processing plastic waste and
residual combustion fuel can be used as a fertilizer mixture. The product legality of
the MASARO program in the form of liquid fertilizer and fuel oil is being pursued
by Polytama Propindo Company and assisted by the Department of Living
Environment of Indramayu Regency. All recycled products from MASARO have
useful and economical value. Some of the products from processed waste are
substitute for kerosene, highway reinforcement which can indirectly reduce
production costs in paving, and liquid fertilizer as animal feed that can be resold by
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the people of Tinumpuk Village. To support the sustainability of this program,
educational programs are also carried out by striving for the availability of adequate
discharged landfill facilities, both in homes, markets, offices, and other public
places. In addition, the garbage collection system must also be carried out in a
separate manner. Certain rubbish must be collected on certain days and certain places
consistently, regularly and continuously. Therefore, all components of society must
change their life habits so that they are accustomed to sorting out waste when
disposing of it or having to do socialization and education activities so that people
are more accustomed to sorting waste.

SAMPAH
BAKAR

SAMPAH
MEMBUSUK

Figure 3 — Distribution of types of waste from the MASARO program

Recycled waste in the form of plastic, glass, cans, and paper is collected and
placed in front of the house which is then taken by scavengers and then sold to the
waste recycling industry. Meanwhile, fuel waste in the form of paper is not feasible
to use, wood chips, boxes that cannot be sold are burned by the people themselves
in the incinerator at the region level.

Waste is divided into four types, namely rotting garbage, plastic waste, recycled
waste (paper, metal, glass), and fuel waste. In order to make sorting easier,
segregated trash cans are distributed to the houses of the Tinumpuk Villages.
Segregation will be carried out by the people in their respective homes, then officers
from the Waste Bank "CBO Ibu Tin Berseri" will pick up garbage to rot every three
days, and other types of garbage every once a week. Disaggregated waste is then
collected at the Waste Bank "CBO Ibu Tin Berseri".

Figure 4 — The motorbike carrying garbage transports residents' garbage to
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Arriving at the “CBO Ibu Tin Berseri“ the collected waste is weighed first and
then placed on the basis of the type of waste for further management using waste
processing equipment, namely in the form of pyrolyzators, incinerators and several
other tools. Combustion of plastic waste carried out at low temperatures in the open
space produces carcinogenic hazardous compounds such as polychloro dibenzo
dioxins and polychloro dibenzo furans. But with the presence of pyrolyzators, plastic
waste can be processed into oil fuel which has economic value. Meanwhile,
processing decomposed waste is carried out behind the eastern part of the CBO
building. Rubbish-decaying waste is transferred into other containers after being
given liquid to ferment.

Figure 5 — Pirolisator found at “Community Base Organization (CBO) Ibu Tin Berseri”

The final processing of waste which cannot be composted and recycled is by
burning it in an incinerator. Incineration is the process of combustion of waste with
the amount of excess oxygen, which converts waste bait into ash, money gas and
particulates. Bait waste that can be processed consists of fuel waste (twigs, paper
that cannot be recycled, the rest of cloth and wood) and garbage B2. Processing with
this method is very effective in reducing the volume of waste that cannot be recycled
until it reaches 95-96%. Incineration can significantly reduce landfill land use or
landfill (Final Disposal). The remaining ash from waste processing in an incinerator
can be used to improve the production of BBM (Oil Fuel).

In addition to pyrosilators and incinerators, the “CBO Ibu Tin Berseri" Waste
Bank also has an extruder to produce plastic seeds that have been collected from
residents. Waste Bank “CBO Ibu Tin Berseri” has also carried out decomposing
waste management by making Kasting (Compost Worm). The results of this Kasting
are compost which can be used as red ginger compost.

To support the sustainability of this program, educational programs are also
carried out by striving for the availability of adequate discharged landfill facilities,
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both in homes, markets, offices, and other public places. In addition, the garbage
collection system must also be carried out in a separate manner. Certain rubbish must
be collected on certain days and certain places consistently, regularly and
continuously. Therefore, all components of society must change their life habits so
that they are accustomed to sorting out waste when disposing of it or socialization
and education must be carried out so that people are more accustomed to sorting
waste.

The running and success of the MASARO program is the result of the
collaboration between PT Polytama Propindo and Polymer Technology and
Membrane Laboratory-Bandung Institute of Technology which in the future can be
a form of ongoing CSR program collaboration. Polytama Propindo Company also
always coordinates with Polymer Technology and Membrane Laboratory-Bandung
Institute of Technology to do mapping in 3 villages closest to the Plant Site area,
namely Tinumpuk Village, Lombang Village, and Limbangan Village.

As the company’s Corporate Social Responsibility program goes on to the
villages, of course the involvement of the local village head is much needed, one of
the goals of this Corporate Social Responsibility program is to do empowerment
aimed at the independence of the village community. Polymer Technology and
Membrane Laboratory-Bandung Institute of Technology led by Dr. Zainal Abidin
told Polytama Propindo Company that he was trying to submit a number of proposals
in the scope of the Indramayu Regional Government and hoped for a positive
response from the Regional Government.

In addition, further renovation activities in the MASARO area of Tinumpuk
Village are also in talks to ensure the sustainability of this program. In the future,
Polytama Propindo Company collaborates with the Ministry of Industry and the
Ministry of Village to obtain a license in order to achieve Blue to Green PROPER
(Performance Rating Assessment Program) and continue to Gold. In achieving
towards PROPER, Polytama Propindo Company plans to make the RPJM (Medium
Term Development Plan) for the Environment for the next five years.

Through the MASARO program, the Tinumpuk villagers gain an understanding
of the importance of proper waste management for environmental hygiene and
health, the right way to handle it, and what can be done so that the community can
contribute to maintaining environmental cleanliness. This program also helps
improve the skills and productivity of the community. The existence of the
MASARO program opens new employment opportunities for the community of
Tinumpuk Village.

Figure 6 — The Tinumpuk villagers who use disaggregated trash cans
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All recycled products from MASARO have useful and economical value. Some
of the products from processed waste are substitute for kerosene, highway
reinforcement which can indirectly reduce production costs in paving, and liquid
fertilizer as animal feed that can be resold by the people of Tinumpuk Village.

Figure 7 — Recycled products from Masaro

Conclusion

To win the battle against plastic pollution, the Indonesian central and regional
governments need to strengthen their legal framework. Nationally applicable
definitions are needed to distinguish between degradable plastic, recyclable plastic,
biodegradable plastic and compostable plastic alternatives. There is a need to be clear
about responsibility at each level of government and the creation of new norms,
standards, procedures and criteria. The government must embark on a multi-tiered
approach that engages affected communities. Those who continuously experience
plastic pollution live with the urgency for action on a daily basis. The action taken
may refer into a plastic waste management, recycle the plastic waste and change it
into more valuable products, for a sustainable goal. Through Masaro program,
Polytama Company builds a public knowledge that plastic waste is not something
that is dangerous and threatens the health and sustainability of the environment. In
fact, around us there are many found plastic-based waste which can actually be
reprocessed into something that has benefits if proper handling is carried out starting
from the community's own awareness.
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NlentpanbHuil HaAyKOBO-AOCHIIHUH iHCTHTYT 030POEHHS Ta BiiCHKOBOT TeXHiKH 36pOHHMX
Cun Vkpainu, M. KuiB, Ykpaina
2HauionanbHui iHCTUTYT CcTpaTeriyHuX A0CHikeHb, M. KuiB, Ykpaina

1010 PO3BUTKY 3AI'PO3 ®YHKIIOHYBAHHS IHOOPMAIIMHUX
CUCTEM I METOJOJIOTTYHI IMTAHHA OITHKN EGEKTUBHOCTI
CUCTEMMU 3ABE3NEYEHHS IHOOPMALINHOI BE3NNEKA

Anomauyin. B pobomi npoananizoeani meHoeHyii po3eumxy 3a2po3 QYHKYiOHY8aHHA
IHGhopmayiiHux ma meneKOMYHIKAYIUHUX CUcmem i MemoOOa02IuHI NUMAHHS OYIHKU
egpexmusrnocmi cucmemu 3a6e3neuenns iHGopmayitinoi besneku 06’ ’ekma 3axucmy.
Ha ocnosi  pesynomamie aunanizy 3anponoHo6aHo MemooOuxKy OYiHKU Cmany
epexmusrnocmi cucmem 3abesneuenns ingopmayitinoi 6esnexu. Ilokazano, uo
PO3POOKY MemoOUuK OYIiHKU HeoOXiOHO 30iliCHIO8AMU HA OCHOBI CIAMUCMUYHO20 Ma
CUCTNEMHO20 aHANI3Y 3 BUKOPUCTHAHHAM eKCNepMHUX Memooi8 3 Ypaxy8aHHAM mozo,
wWo oyinka cmany egpekmusHocmi cucmem 3ade3neyents ingpopmayitinoi besnexu ma
i cknaoosux € 6a2amoKpUMepiaIbHOK 3 8eIUKOK KLIbKICMIO HesusHayeHocmell ma
cynepeunocmetl. Ilpoananizoeano nioxio 00 OYiHKU CMAHy eQeKmueHocmi cucmem
3abesnevenns iHopmayiunoi besnexu 00’ckma 3axucmy HA OCHOBL PU3UK-
MeHnedxncmenmy 6iznec-npoyecia. OOIpYHMOBAHO, WO 8 3ANeANCHOCI IO yinel ma
3A60AHb OYIHKU MONCIUBO 3MIHIOBAMU SIK 20JI06HI (DAKMOpu, Max i pakxmopu oyinKu
0pyeo2o pisHs | po3paxoeyeamu ix HA OCHOBL eKCNEpMHUX OYIHOK ¢hakmopie
mpemvo2o Pi6HsL, W0 GNIUBAIOMb HA PieHb IHPopmayitinoi besnexu.

Knwuosi cnosa: ingopmayitni  cucmemu,  iHGOOPMAYIIHO-KOMYHIKAMUBHI
mexHonozii; iHopmayiuna 6esnexa, cucmemu 3aOe3neyeHHs IHPopmayiiHOT
be3neku; pusUK-MeHeOdCMeHm cucmem 3abe3neyenHs IiHopmayiunoi Oe3nexu,
MemoouKa OyiHKu cmawy egekmusHocmi cucmem 3abesneyeHHs iHpopmayitinoi
beznexu

Beryn

PosButok iHdpopmaniiino-komyHikaTuBauX TexHonorid (IKT) ta iHpopmaniitanx
cucreM (IC) y XXI cr. Mae rnobanpHUi XapakTep i cTaB HEBiA €MHOIO YaCTHHOIO
BCiX cdep AiSUIBHOCTI JeprkaB, KOMIAHiH, CyCIiJbCTBA Ta OKpeMHX oci6. Ix
e(eKTHBHE 3aCTOCYBaHHS CTaJI0 (PAKTOPOM MPUCKOPEHHS EKOHOMIYHOTO PO3BUTKY
JepkaB, 3a0e3ledeHHs] peaiizaimii CTpaTeriyHuX HaI[lOHAILHUX IPIOPHUTETIB,
HaI[IOHAJILHOI Oe3MeKu 1 000poHH, hopMyBaHHS iHQOPMAIIHHOTO CYCITITLCTBA.

Pazom 3 TuM mepeBarum cydacHoro mmgpoBoro cpity, po3sutky IKT Tta IC
00yYMOBWJIM BUHMKHEHHS HOBHMX 3arp03 €KOHOMIIli, HAI[IOHAIBHIN Ta MIKHApOIHIH
Oesmeni, 000poHi B iHpopmauiiiHiii cdepi. 3acrocyBanns IKT y sikocTi iHCTpyMeHTa
MOJITUYHOTO Ta €EKOHOMIYHOTO POTHOOPCTBA MOYXKE MPU3BECTH JI0 3HAUYHOTO 30MTKY
JUTSl EKOHOMIKH JIEPKaBH 1 HABITh JiecTablIi3yBaTH COMIANLHO-TIONITUIHY OOCTaHOBKY
B CYCHUJIbCTBI. 3a TakuMx OOCTaBHMH CTiliKke (YHKLiIOHYBaHHs iH(popMaLiiiHOi cdepu
CTa€ HEOOXiZHOI YMOBOIO IJisi €(EKTUBHOIO COLiaJIbHO-€KOHOMIYHOTO PO3BHUTKY
Kpainu i 3a0e3mnedeHHs 11 Oe3rmeKy.

B To#i xxe uwac posmmpenHs 3actocyBanHA IKT Tta IC mopomkye mpobiemu
3abe3neueHHs iHdopmauiiHoi Oesnexu (IB) ix ¢ynkuionyBanns. Ilopsn i3
IHIMJEHTAaMH  TIPUPOTHOTO  (HCHABMHCHOTO) TMOXOJDKEHHS TaKWX  3arpos
MOIIMPIOIOTHCST BUTIAJIKW HE3aKOHHOro 30HMpaHHs, 30epiraHHs, BHKOPHUCTAHHS,
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3HUIICHHS, TOMMPEHHS iH(pOpMAaIli, MNepCOHATbHUX ITaHUX, HE3aKOHHHUX
(hiHaHCOBHX oOTepariii, KpaaiKoK Ta MIaXpaicTBa, y TOMY YHCII H y Mepexi
InTepuert. 3pocTae KUTBKICTh Ta MOTYKHICTh KidepaTak, BMOTUBOBaHUX iHTEpecaMU
OKpeMHUX JiepkaB, TpyI Ta oci6. 3a janumu BcecBiTHROTO eKkoHOMIYHOTO (hOpyMYy,
y 2017 poui BTpaTH TibKH Bij KibepaTak y CBITI CKJIalld TOPSIKY TPUIbHOHA
momapie  CIIA, i, Ha IyMKy eKCHepTiB, SKIIO HE BXHUBaTH e(QEeKTUBHUX,
pe3yAbTaTUBHUX 3aXOMAiB MIOAO 3aXHCTy iHQopMalii, 30uTok Oyae e OLTBIINM.
I na tennenmist mpomoBxye 3poctatu. Tinbku B mepmiomy kBaprtam 2018 poky
B MOPIBHAHHI 3 aHANOTiuHUM TiepiogoMm 2017 poky umcio KibepaTak Ha pOCIHChKi
iHpopMalLiiiHi pecypcu 301UIbIHIIOCS HA TpeTHHY [1].

[Ipobnemu 3abesmeuenHst Ib Bxke chOrogHi PO3MIIAAAIOTHCS HABITH Ha PiBHI
nepxaB. Hampuxuman, mpesunent CHIA JI. Tpamm 15 tpaBus 2019 poky minmucas
yKa3 Mpo BBEJCHHS PEKUMY HAA3BHUYANHOTO CTaHy AJSI 3aXHUCTY iHQOpMaIiiHuX i
koMmyHikariitaux mepex CIHIA Big iHo3eMHHX 3arpo3. JJokyMeHT 3a00poHsie yroau
y cdepi iHpopMamiifHrX a00 KOMYHIKaIliHHUX TEXHOJIOT1i a00 MOCIIyT, SKIO0 BOHU
po3pobieHi, BupoOIeHi a00 OCTaBISIOThCs iHO3eMHUMHE cynpotuBHUKaMu CLIIA i
MOXYTh HECTH 3arpo3y iHpopMauiiHuM i KoMyHikauidHuM TexHojorism CIIA,
MaTH KatacTpoQiuHMi BIMB Ha Oe3meKky KputudHoi iHppacTpykrypu CIIA abo
MIPeICTaBIISITH iHIII 3arpo3u HarioHanbHii Oe3merni CLLIA. Panime B CLLA 3asBmsmu
PO 3arpo3u HallloHaNbHIKM Oe3nemni 3 00Ky kuTaiicbkoi kommnanii Huawei. CIIIA
BBaXKalOTh, 110 YCTATKyBaHHS KOMIIaHii BUKOPHCTOBYETHCS MJsl IIMHUTYHCTBA Ha
kopucth Kutaro. V cepmri 2018 poxy mpesument CIHA JI. Tpamm 3ab60poHHB
YPSIOBUM BiJOMCTBaM BHKOPUCTOBYBaTH ycTaTKyBaHHS komnanid Huawei i ZTE
[2, 3]. MinicrepctBo oboponu (MO) CIIA Bxmounno Pociro B cnmcok KpaiH,
MOCTyraMu SIKHX 3a00pOHEHO KOPHCTYBaTHCA MPH KOMEPLIHHHMX 3aIlycKax
CYIIyTHHKIB. BUTIpaBieHHS B MpaBuIaX 3aKyMiBeNb B 00OPOHHHX IUISIX PO3MIIIEH]
Ha caiiTi (emepanbHOTO pericTpy i HaObyayTh unHHOCTI 3 31 TpaBHs 2019 poky.
Y JOKYMEHTI BiJI3HAYA€ETHCS, 110 HOBI OOMEKEHHS BBOASTHCS LIOJ0 CYIyTHHKIB 1
3aco0iB BUBEICHHS (CYMyTHUKIB) Ha OpOiTy JUIsi HaJaHHS IMOCIYT CYITyTHUKOBOTO
3B’s13Ky. 3a00poHa Oyje CTOCYBaTHCS BUIMAJKIB, KOJW BHHUKAE pU3MK Yy cdepi
iHpopmaniitHoi Oesnexu (IB), 3okpema kiGepOesneku [4]. Anminictpamis CIHIA,
BKuIrOUaroyn Pocito B CHHMCOK KpaiH, Y BIAHONIICHHI SKWX YK€ Jisiia aHaJIOTivyHa
3abopona: KHP, KH/IP, Ipan, Cyzman i Cupisi, okasye, sIKy BEIHUKY yBary BOHH
npuninsiots cdepi Ib. IpaBuno noune gisitu 3 2023 poky. BoHO He TOpKHETBCS
KOCMIYHMX 3aIyCKiB, AKi BinOyayTbes 1o 31 rpynas 2022 poxy. MO CHIA Takox
3a00pOHSIOTh KOHTPAKTH 3 1HO3EMHUMH JA€p>KaBaMH Ha MIPOBEACHHS KOMEPLiTHOro
CYMYTHHUKOBOTO OOCIYrOBYBaHHs, OCKUIBKH MOJMIOHI yrogd TaKOX MOXYTh
CTBOPUTH HENPUHHATHUI pU3HK y cdepi kidepoOesneku s CLLIA.

VY cyuyacHOMy LU(POBOMY CBiTi KiOEp3JIOUMHHICTH € KIIFOUYOBOIO 3arpo3010
3pocTaHHIO0 CBiTOBOI ekoHoMiku. [Tutanus 1B, a Takoxx ympaBiiHHA KPUTHYHOO
1HOPACTPYKTYpOIO iHTEPHETY PETYJSIPHO OOrOBOPIOIOTBCS B MIKHApOJHUX
opranizauisx. TakuM 4MHOM, IPOBEJCHNUI BHUILE aHaJi3 MOKa3ye, M0 AOCIiIKEHHS
npobiem Ib € myxe akTyaqTbHUM TUTAHHSIM.

IlocranoBka HaykoBoi mipoOjemMu i3 3ale3nedyeHHs OWIHOK CHCTEMH
iHpopmaniitHoi Oe3nmexkn

VY wmipy po3utky IKT Ta IC, a takoxk ix 3acTocyBaHHs PO3IIMPIOBAaBCS Ta Oyie
PO3IIUPIOBATHCS CIEKTP iHPOpMaILIHHUX 3arpo3 iX QyHKLiOHyBaHH! [5, 6, 7, 8 TowmO].
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Ile Takox 0OYMOBHIJIO BETMKY YBary J0 HAyKOBUX JOCIHIKEHBL MPOOIEMH Pi3HHX
acmiekTiB Ib sk dpynkmionyBanns IKT Ta IC, Tak i 06’ €kTiB (KOMIaHi#, opraHi3ariii
Tom1o) 3axucty [9, 10 Tomo].

B Toli ke wac psan OOCHiKEHb MMOKa3yIOTh HAsBHICTh HOBHX MpOOJIEM B Wi
chepi. Tak, «lnobanvne OocriddcenHs 3 numano iHGOpMmayiinoi Oe3nexu.
Iepcnexkmusu na 2014 pix» (The Global State of Information Security. Survey
2014), sxe nposeaeno ¢ipmoro PWC i xxypuanamu CIO i CSO, mokasye, 1o
cTparerii iHpopMaIiifHoi Oe3neKy, sIKi TpaauIiifHo OyTu 3aCHOBaHI Ha TOTPUMAaHHI
HOPMAaTHUBHO-TIPABOBUX BUMOT 1 0OMEXyBaiucs Juiie iHGOPMAIiHHIM 3aXHUCTOM
NepuMeTpa, He BCTUTaloTh 33 3pOCTalouuM piBHeM pu3uKiB y cdepi Ib [11, 12]. Tomy
y cthepi Ib hopmyeThest HOBa MoJienb, B sKil iHpopMartiiai 3arpo3u mis IC ta TKC
€ Oi3Hec-pu3nKaMu. PU3nKH, TTOB’s13aHi 3 6€31eK0r0 iHpopMaIlii, CITi T pO3TIISIATH SK
3arpo3u Ans camoi opradizamii. Hampuknan, y mumai 2017 poky craBcst onuH
3 HaWOUTBIIMX BUTOKIB MEPCOHAIBHUX NaHUX Yy Oropo KpeautHoi ictopii Equifax
y CHIA. VY pyku 3710BMHUCHUKIB IOTPAITHIN 0COOHCTI BigomMocTi Oibir Hix 143 MitH
cnoxuBauiB, 209 000 HOMEpiB KpeaIUTHHX KapT. Y pe3ynbTari, 3a JaHUMH Ha
8 Bepecus 2017 poky, akiii 6ropo Bramu Ha 13% [13].

Han3euyaifHO BakKITMBO MPOTHO3YBATH TaKi 3arpo3W, PO3YMITH BPAa3JIUBiI MicCIIs
oprasizamii, yMiTH BUSBJISATH TIOB’S3aHI 3 HUMH PH3WKH 1 YIPaBIATH TaKUMH
pusukamu [8].

[ndopmaniitai npouecyu Oinblie HE MOXYTh OyTH BiIiNICH] BiJl Oi3HEC-TIPOLECIB
opranizamii. [HopMmarllis crae opraHidHOIO CKIIAJOBOK) MPAKTHYHO BCiX ACIEKTiB
JUSUTBHOCTI OpraHi3ailii, IK OCHOBHOI, TaK 1 JOITOMDKHOI. 3 MO3HIIIH €KOHOMIYHOTO
aHaJ1i3y, 3 OJJHOTO OOKY, iH(pOpMaIlisl € TOBAPOM, SIKHI Ma€e crieludiuHi BIACTHBOCTI.
3 immoro OoKy, iH(OpMaIis € CTpaTeTriYHHM pecypcoM cy0’€KTa €KOHOMIUHOL
misitbHOCTI. OpHak B 000X  BUMAAKax IMi€l  MiSUTBHOCTI  TPOSIBISETHCS
¢dbyHIaMeHTanbHa NoTpeda — 3a0e3MeUYnTH i Oe3MeKy.

3acrocyBanHsi 1i€i HoBOi Mozeni Ib mpumyckae, mo B OCHOBI Oyab-siKOi
JUSUTPHOCTI Ta 1HBECTUIIHHUX pillleHb MOBHHHE OYTH UiTKE PO3YMIHHS TOTO, IIO
SIBJIIIOTH COOO0I0 HasiBHI B opraHizaiii iH(opMaliifini pecypc, siki iCHyIOTh 3arpo3u
Big ¢yukuionyBanHs IC ta TKC mns cucremu Oi3Hecy, siki JUISHKH Oi3HeCy
3 BukopuctaHusiM IC ta TKC Haiibinpm ypasnuBi, a TakoXX MaTu pe3yJbTaTH
MOHITOPHHTY iH(pOPMAIIHOT MisIIFHOCTI OpraHizallii, 100 BOHa OXOILTIOBaja HE
titeku IC Ta TKC, a # BCiX criBpOOITHHUKIB, MOYMHAIOYH 3 BUIIUX ITOCAJ0BUX OCIO,
0 YXBAIOIOTh uia cebe 3000B’s3aHHS 3 oOpradizamii i 3a0e3nedeHHs
iH(hopMariiiHoi Oe3MneKy, i 3aKiHIyF0UN KOKHUM CITIBpOOITHUKOM 1 BCIMa TPETiMHU
ocobamu. [Ipu oMy HEOOXiZHO CHIBpPOOITHUYATH 3 Jep)KaBHUMH YCTaHOBAMH 1
MPUBATHUMHU KOMIAHISIMU JIJIsi OUThII €(EKTUBHOIO OOMIiHY iH(pOpPMAIEID PO
BuHUWKao4i 3arpo3u |b. Bumesramana moxens Ib motpebye gopmyBaHHS HOBUX
METOJIMYHUX IMIIXOIB 3 OLIHKKA CUCTeMH 3abe3neueHns 1B yist Beiei opraunizaitii.

ToMmy MeTOW CTATTi € JIOCTIDKEHHS METOAMYHHUX MiAXO0IiB 3 (HOpMyBaHHS
METOJIIB OIIIHKM cucTemMu 3abesriedeHHs |b opranizaiii Ha OCHOBI €KCIIEPTHUX
METOAIB Ta CUCTeMHHX norisaiB Ha mpouecu Ib. Taki MeToAMKHN B MOAAIBIIOMY
MOJJIMBO BUKOPHCTAaTH B OIlIHKaX YIPAaBIiHHS PH3HKAMH Oi3Hec-TpoleciB 3
ypaxyBaHH:sM 1pobiem Ib.
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XapakTepucTuka npodjemu iHgopmauiiinoi 6e3nexu

Huni nutanns 3abesnedeHHs iHGopMaliiiHOT Oe3Neku JepxaB, MiHICTEPCTB,
OKpeMUX KOMIaHil Ta iHIKX AeP>KaBHUX 1 MPUBATHUX YCTaHOB, CYCIIIBCTBA i OCI0
CTaJTM PO3TIIIAATHCH SIK B KOHTEKCTI 3a0€31eUeHHS HAIllOHAIBHOT OS3MeKH AepiKaB,
TaKk 1 SIK OKpPeMHH HampsM [isUIbHOCTI, IO BIUTMBAaE Ha 0OOpOHY, Oe3reKy
C€KOHOMIYHOI 1 (PIHAHCOBOI JiSUIBHOCTI COIaJIbHO-CKOHOMIYHHMX CHCTEM TOIIIO.
Hamnpuknan, Ha nutadHsax 3a0es3nedeHHs iHdopmartiitaoi 6esmekn CIIA B pamkax
MDKAEp)KaBHOI CTpaTeriyHoi KOHKYpEHIi akmeHTyeTrbes yBara B (Crparerii
HarioHansHOi 6e3neku CILIA (National Security Strategy, NSS) [14], axy 3aTBepauB
npe3ugent ta onpwitoguus 18 rpyaas 2017 poky, Ta B HanionanbsHiii 000poHHiiH
ctparerii CLIIA (National Defense Strategy, NDS), saxy mianucaB MiricTp 000poHH
1 sIKy yacTkoBO onpuitogHero 19 ciunst 2018 poky [15]. Lis NDS — nepma micus
2008 poky.

I'omoa OKHIII renepan apmii CIIA M. Jlemrici B uepBHi 2015 poky mignvcas
Harmionansny BificekoBy ctpaterito (The National Military Strategy, NMS),
nornepeaHs Bepcis skoi Oyma BumymeHa B 2011 poui. Y wiid BilicbKOBil cTparerii
0cOo0IMBa yBara NpUIUIIETHCS MTepeBaKAIOYil B IIel 9ac TakTHI TiOpHIHUX BiifH,
B paMKax SKHX 3aCTOCOBYIOThCS HOBI TEXHOJOril, iHpopMmariiiHi BiiHH Ta
3abe3neuyerbes b icayrounx IC Ta TKC [16].

B HarmionansHiii crparerii kioepoesneku (The National Cyber Strategy, NCS),
sy npesuaeHT CIHA JI. Tpamm mianmcaB Ta onpwirogauB y BepecHi 2018 poky,
TaKOXX aKICHTYEThCS yBara Ha MOCHJICHHI iHQOpMAaIiifHUX 3arpo3 HaI[lOHAIbHIH
6esneni CLIA [17]. 3rigHo 3 1M JOKYMEHTOM MiHICTEpCTBY BHYTPIIIHBOI O€3MEeKH
(Department of Homeland Security, DHS) HagaHi moBHOBaXeHHSI Ha 3a0e3MeYeHHs
iHpopmariiiHoi Oe3rekn ¢enepaTbHUX MIHICTEPCBKAX 1 BiJOMYHX MEpeXk, 3a
BunsaTKOM IC HarioHanmsHOT Oe3neku MiHicTepcTBa o0oponu (Department of Defense,
DOD) ta IC possigyBansnoro crisroBapuctsa (Intelligence Community).

B HoBii1 HanioHanbHi# kibepctparerii CLLIA nporonomeHo HacTaHHs «HOBOI epr
CTpaTeriuHoro cynepHUITBa» B iHpopMmariiiHiii chepi. ¥ CLUA 3asBuim, mo BoHH
MOXKYTh PO3MOYATH HACTYIAIbHI KiOeporepailii y BiANOBIAb HAa 3JIOBMHCHI il
JeprKaB, 3JI0YMHHMAX Ta TEPOPUCTUYHHMX OpraHi3alii, sIKi IparHyTb BUKPACTH y
CILIA iHTeneKTyalbHy BJIACHICTH, NMEPCOHANbHI [NaHi, 3alOAIATH LIKOAY IXHIH
iHQpacTpyKTypi Ta HaBiTh MiAIpBaTH IX JIEMOKpATil0 32 JOMNOMOTOIO
kibepiHcTpyMeHTiB. [l moonaHHs X BUKIUKIB 1 3a0e3meueHHs KidepOe3neKu
B CIIIA mocraBieHi 3aBIaHHs 100 BIOCKOHAICHHS 1HPOPMAIIMHUX TEXHOJIOT1i,
MPOIBITAHHS CEKTOPY CYYaCHHX TEXHOJIOTIH i MiJBHIIEHHS e()EeKTUBHOCTI cepen
MPeJCTaBHUKIB CIIBTOBAPUCTBA iHPOpMANiitHUX TexHosorii. CTpaTeris mpornoHye
(deneparbHOMY YpsAy BKUBATH 3aXOJiB JUIi 3a0€3MEUeHHS JIOBrOCTPOKOBOTO
MOJITIIIEHHS CTaHy Oe3MeKn B KibepmpoCcTopi JJisl BCiX aMEpHKaHIIiB.

VY Crparerii kibepOe3nekn YKpaiHH TaKOX aKIEHTYEThCS yBara Ha TOMY, IO
KiOEp3OYMHHICTh CTa€ TPAHCHALIOHAIBHOIO Ta 3/aTHA 3aBJATH 3HAYHOI LIKOIH
iHTepecaM 0cobH, CYCMibCTBa, Oi3Hecy 1 nepxasu [18].

Y  JHokrtpuni iHdopmariiinoi Oe3mekn Ykpainu [19] 3adikcoBano, 1110
«KOMIUICKCHUH  XapakTep aKkTyaJbHHX 3arpo3 HalloHaJupHIM Oe3meni B
iHpopmauiiiHiii cdepi mnoTpeOye BHU3HAYCHHS I1HHOBALIMHMX MiAXOAIB 10
(hOopMyBaHHS CHCTEMH 3aXUCTY Ta PO3BUTKY 1H(POPMAIIITHOTO MPOCTOPY B YMOBaX
riobaiizarii Ta BuIbHOTO 00iry iHdopmarii», a MiHicTepcTBO 000poHU YKpaiHH
Ma€ OpraHi3oBYBaTH i 3a0e3MeuyBaTH CyNPOBOLKEHHS iHPopMaLiiiHuMu 3acobamu
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BHKOHAHHS 3aBJaHbh 000pOoHU YKpainu. Tomy po3poOka METOMOIIOTIYHUX ITiXOIB
J0 OILIHKHU 1H(OpMaIiifHOI Oe3leku, y TOMY 4ucii y chepi o0OpoHH, € ayxKe
aKTyaJbHUM MTUTAHHSIM.

3akon Ykpainu «[Ipo ocHOBHI 3acamu 3abe3rnedyeHHs1 KibepOe3neku YKpaiHm»
BH3HAYA€ TIPAaBOBI Ta Opradi3amiiiHi OCHOBU 3a0e3MEYeHHS 3aXUCTY IKUTTEBO
BOXIMBUX IHTEPECiB JIOAWHW 1 TPOMAJISHHWHA, CYCIIIbCTBA Ta JIEPXKaBH,
HaIllOHAJIBHUX 1HTEepeciB YKpaiHu y KiOepmpocTopi, OCHOBHI IiJIi, HampsIMH Ta
MIPUHIIMIN IeP’KaBHOI MOMITHKH y cdepi KibepOe3nekn, TOBHOBAXXEHHS AEPKaBHUX
OpraHiB, MIANPUEMCTB, YCTaHOB, OpTraHizamiid, ocid Ta rpomamsH y mii cdepi,
OCHOBHI 3acajJii KOOPAUHAIIIT iXHBOI JIIsITbHOCTI 13 3a0e3neueHHs Kioepoesneku [20].
3rigHo i3 uuM 3akoHoMm (cT. 8) HalioHambHa cucTeMa KibepOesmekn YkpaiHu €
CYKYITHICTIO cy0’€KTiB 3a0e3medeHHs KibepOe3neKn Ta B3aEMOIIOB’ I3aHUX 3aXO0/IiB
MOJIITHYHOTO, HAYKOBO-TEXHIYHOTO, iH(OPMAaLiHHOTO, OCBITHBROTO XapakTepy,
OpraHi3allifHuX,  TNPaBOBHX,  ONEPATUBHO-PO3IIYKOBUX,  PO3BiIyBalbHUX,
KOHTPPO3BiAyBaTbHUX, OOOPOHHHX, IHXEHEPHO-TEXHIYHMX 3aXOMiB, a TaKOX
3axX0JliB KPUIITOrpaigHOTO 1 TEXHIYHOTO 3aXWCTy HAIIOHANBHUX iH(pOpMAIiTHIX
pecypciB, Kibep3axucTy 00 €KTiB KpHTHYHOI iH(pOpMamiiHOi iHQPACTPYKTYpH.
QOyHKIIOHYBaHHS HAIIOHAIBHOI CHCTeMH KiOepOe3rmekn 3a0e3nedyeThes IMIITXOM
(cepen iHmmIOTO):

— BIIPOBAIDKEHHS €QMHOI (YHIBEpCaJIbHOI) CHCTEMHU IHAWKATOpiB Kibep3arpos
3 ypaxyBaHHIM MDKHapOJHUX CTaHAAPTIB 3 TUTaHb KibepOe3neku Ta Kibep3axucry;

— BIIPOBADKEHHSI OPTaHI3aIliifHO-TEXHIYHOI MOJEeNl HAaI[lOHAThHOI CHCTEMHU
KiOepOe3neku K KOMIUIEKCY 3aX0/IiB, CHJI 1 3ac00iB KiOep3axUCTy, CIPSIMOBAHUX Ha
ormepaTuBHEe (KpHU30BE) pearyBaHHsS Ha Kibeparakm Ta KiOepiHIIMACHTH,
BIIPOB/DKCHHSI KOHTP3axXOJiB, CIPSIMOBAHMX HAa MIHIMI3allil0 BPa3IUBOCTI
KOMYHIKaI[ifHUX CHUCTEM.

BripoBamkeHHs opraHi3aliiiHo-TeXHIYHOT MoJeli KibepOe3nekn SK CKIaI0BOL
HaI[lOHAaNbHOI cHucTeMu KibepOesmeku 3iliCHIOETBCA Jlep)KaBHUM  LIEHTPOM
kibep3axucTty, sKuil 3abe3nedye CTBOpPEeHHS Ta (YHKIIOHYBaHHS OCHOBHHX
CKJIQJIOBHX CUCTEMH 3aXHUILEHOTO JIOCTYITy JIep’KaBHUX OpPTaHiB 10 Mepexi [HTepHer,
CUCTEMH aHTUBIPYCHOTO 3aXHCTY HaIllOHAIFHUX 1HQOPMAIIHHUX PECYPCIB, AYAUTY
iHpopMmalliiiHOT  Oe3nmekn Ta CTaHy KiOep3aXucTy 00’€KTiB ~ KPHUTUYHOI
iHpOpMaIiiiHOT iIHPPACTPYKTYPH, CHCTEMH BUSBIICHHS BPa3IMBOCTEH 1 pearyBaHHs
Ha KiOepiHIMIEeHTH Ta KibepaTaky mo/10 00’ €KTiB KiOep3axXUCTy, CUCTEMH B3aEMOJIIT
KOMaHJI pearyBaHHS Ha KOMIT'IOTEpPHI HaJ3BHYaiHI MOii, a TaKoX Yy B3aeMOil
3 IHINMMH cy0’ ekTamu 3a0e3neueHHs KibepOe3neku po3po0Iisie clieHapii pearyBaHHsI
Ha Ki0ep3arpos3u, 3ax0/u 010 NPOTH/IT TAKMM 3arpo3am, IporpaMu Ta METOIUKH
MpOBeJIeHHsI KiOepHaBUaHb.

B 2016 poui B P® Gyna 3arBepmxena HoBa JJokrpuHa iHpopManiiHOi Oe3neKku
P®, B saxiii npencraBiieHa cucTeMa OQIIIHHUX MOTJSAIB Ha 3a0e3neueHHs
HanioHanbHOI Oe3nekn PO B indopmaniiiniii cdepi. Ilin inpopmamniiinoro cdeporo
PO3YMI€ThCSl CYKYMHICTh iHOpMaIii, 00’ekTiB iHPpopMaTH3alii, iHPOpMAIITHEX
cHCTeM, CalTiB B iH(opMaliiHO-TeJIeKOMYHIKaIliiHii Mepexi «[HTepHeT», Mepex
3B’S3Ky, 1H(GOpMAaUiiHUX TEXHOJIOTiH, CyO’€KTiB, IiSUIBHICTD SKMX IIOB’s3aHa
3 (hopmyBaHHAM 1 00poOKOIO iH(OPMAaLii, PO3BUTKOM i BUKOPHCTAHHSIM Ha3BaHUX
TEXHOJIOTIH, 3a0e3mevyeHHsM iHQopMaliiHOi Oe3MeKn, a TaKoXK CYKYITHICTb
MeXaHi3MiB PEryJIOBaHHS BiNOBIAHMX CYCHUJIbHUX BigHOCHH. BuinesazHaueHa
HokTtpuHa crana ocHOBOI B P® nns: popmyBaHHS nepKaBHOI MOJIITHKH B 00J1ACTi
3abe3neuenHs b P®; miaroroBku mporo3uiii 3 yJOCKOHAIIOBAHHS MPaBOBOTO,
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METOJMYHOI'0, HAYKOBO-TEXHIYHOTO 1 oOpraHizamiiiHoro 3abesnecueHHs [b Pd;
pO3pO0OKH MUTEOBUX TporpaM 3ade3nedenns b PO [21].

B P® icnye 3akon «IIpo indopmaniro, iHpopmMaiiiHi TEXHOIOTII 1 TPO 3aXHUCT
inpopmanii» (Penepanbuenii 3akoH «O0 wuHbOpManMM, WHPOPMALMOHHBIX
TEXHOJIOTHSX | O 3aIIuTe HHpopManum»). Llei 3akoH BU3HAYAE 1 3aKPIIUTIOE TIpaBa
Ha 3axucT iHdopmarlii Ta iHpopmarliiiHy 6e3neKy rpomasH i oprasizamiii B EOM i
B iH(opMaliiHIX CHCTEMaX, a TAKOX MUTaHHA iHpOpMaLiiiHOT 6e31eKn TpoMaIsH,
OpraHi3arliif, CyCcIibCTBa 1 Aep>KaBH. Y 3aKOHI JaHe MPaBOBE BU3HAYCHHS IMOHATTA
«iHpopMatis»: «iHopMaIlis — BiIOMOCTI (TIOBIIOMJICHHS, JaHi) HE3AIEKHO Bif
¢dbopmu ix mpeacraBieHHs» [22].

B P® 3akon «0O 0e30macHOCTM  KPUTHYECKOH  HMH()OpPMAIMOHHOMN
nHbpacTpykType» [23] perymroe BigHOCHMHH y cdepi 3abe3medeHHs Oe3meKn
KpuUTH4HO1 iHpopManiiiHoi iHppacTpyktypu PO i3 meroro 11 crilikoro
(YyHKLIOHYBaHHS NP MPOBEIEHHI y BiAHOIIEHHI i KOMI I0TepHUX aTtak. Kputnuna
indopmarniiina iadpactpykrypa (KII) sBiasie coboro cykymHicts 006’ektiB KII,
a TaKOXK MEPEXIi eJIeKTPO3B’ 3Ky, AKI BUKOPUCTOBYIOTHCS JIJIsl OpraHi3allii B3aeMoii
TakuX 00’ekTiB. Y 1[bOMYy 3aKkoHi Oesleka KpUTHYHOI iHQoOpMamiiiHoi
iH(bpacTpykTypu posymierbes sk ctad 3axumeHocti KII, mo 3abe3neuye ii criiike
(hyHKITIOHYBaHHSI P MTPOBEICHHI Y BiTHOMIEHH] 11 KoMIT IoTepHUX aTak. 00’ ekTaMu
KII € indopmamiiini cucremu, iHPOpPMaiiiHO-TENEKOMYHIKAIIifHI Mepexi,
aBTOMaTn30BaHi cucremu yrpapniHag cy0 exTiB KII. Cy6’ekramu KIlI € nepxapHi
OpraHi, Jlep>KaBHI YCTaHOBH, POCIHCHKiI topuandHi ocobm i (abo0) iHIWBIMya bHI
MINPUEMIT, TKAM Ha TMpaBi BIACHOCTI, OpeHAM a00 Ha iHININA 3aKOHHIW IiJCTaBi
HaJle)kaTh iH(OpMamiliHi CcHUCTeMH, iH(POPMaLiHHO-TEICKOMYHIKAIIHI Mepexi,
ABTOMATH30BaHI CHUCTEMH YIPaBIiHHA, M0 (QYHKIIOHYIOTH Yy cdepi oxopoHH
3II0pOB’sl, HAYKH, TPAHCIIOPTY, 3B’ 53Ky, €HEPTreTUkH, OaHKIBChKil cepi Ta iHIMX
chepax (DIHAHCOBOIO PUHKY, NAJWBHO-CHEPTEeTHYHOTO KOMIUIEKCY, B 00JACTi
aTOMHOI1 eHeprii, 000pOHHOI, PAKEeTHO-KOCMIYHO1, TipHU40100yBHOT, METAITYpPTiHHOI
1 XIMI9HOI TPOMUCIOBOCTI, POCIHCHKI IOpHIu4HI ocobu i1 (abo) iHTUBITyaIbHI
MINPUEMIT, SKi 3a0€3MeuyoTh B3aEMOJIII0 3a3HAYCHUX cUCTeM abo mepex. Ilix
ABTOMATH30BaHOI cucTeMoro ymnpaBiiHHA (ACY) po3yMieThCs KOMILICKC
MPOTrpaMHUX 1 MpOrpaMHO-alapaTHUX 3aco0iB, NPU3HAYCHHUX VI KOHTPOJIO Haj
TEXHOJIOTIYHUM 1 (200) BUPOOHMYNM YCTaTKyBaHHSAM (BUKOHABYMMU IPUCTPOSIMH)
1 BUpOOJICHNMU HIUMU [TPOIIECaMHU, a TAKOXK JUISl YIIPaBIIiHHS TAKUMHU YCTATKyBaHHIM
1 mpouecamu. Y BUILE3a3HAUYCHOMY 3aKOHI KOMIT IOTEpHA aTaka PO3rIISAA€THCA SIK
HiJIeCTIPSIMOBAaHHUN BIUTMB MPOrpaMHUX 1 (a00) mporpaMHO-anapaTHUX KOIITIB Ha
00’extu KII, Mepexi enekTpo3B’si3Ky, BAKOPUCTOBYBAHI JUIs OpraHizaliii B3aeMoii
TakuX 00’€KTIB, 3 METOI MOpPYIIEHHs i1 (a00) MpUNMHEHHs X (QYHKIIOHYBaHHSA 1
(ab0) cTBOpeHHs 3arpo3u Oesreri 00poOIFOBaHOT TAaKUMH 00’ €kTaMu iHpopMaIrii.
KoM’ toTepHuii iHIUIEHT PO3TISAAETHCS SIK (BakT MopyIIeHHs 1 (a00) MpUIHHEHHS
¢ynkuionyBanHs 00’ exrta KII, Mepexi enekTpo3B’si3Ky, sika BAKOPHCTOBYETHCS TS
opranizauii B3aemMoii Takux 00’€KTiB, 1 (a00) mopymeHHs 6e3neku 00poOIIIOBaHO
TakuM 00’ekToM iH(popmamii, y TOMy uMciai 1o BimOyBcsS B pe3yibTaTi
KOMIT FOTEpHOI aTaKHu.

3unaunmuii 00’ekt KII posrnspaerses sk 00’ ekt KlI, skomy npusiacHeHO OaHY
3 KaTeropiil 3HAYMMOCTI 1 SIKMi BKIIFOUEHHI 10 peecTpy 3HaunMux 00’ extiB KII.

AHaiiz HOpMaTUBHO-TIPaBOBOI 0a3u Jeskux KpaiH 3 nuradb Ib, BKIo4arouu
KibepHeTHYHY Oe3IeKy, mokasye, mo Ib HuHI IpUIIIAEThCS AyKe BEIUKa yBara Ha
Pi3HUX PIBHSIX.
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XapakTepucTuKa Aep:KaBHUX CTPYKTYp MPOBiIHMX KpaiH 3 mnpodJem
indopmaniiinoi 6e3nexu

3 90-x pokiB XX cT. mo Mipi 3poctanHsi 3arpo3 Ib mpoBigHi KpaiHm movanu
(hopMyBaTH criemianbHi epKaBHi CTPyKTypH 3 uTaHb |b. OcHOBHIMY 3aBJaHHIMHE
TaKuX CTPYKTYp OyJu: OIiHKa 3arpo3 nepkaBaM y chepax iHpopMaliiitHoi Oe3nexu
abo kibepOesneku; po3poOka MPOMO3MLIK sl ypsAiB Ta MpUBaTHOro Oi3Hecy 3i
3MEHIIEHHS TAKUX 3arpo3 TOIIO.

Kibepbesmeka posrisgaeTsest ogHUM 13 HampsiMiB 1B, y pamkax SKoro BUBYarOTh
rporecu GopMyBaHHs, PYHKIIOHYBaHHS 1 €BOJIOIIT KiOepoO’ €KTIB, JIsl BUSIBIICHHS
JpKepen Kibep3arpos, o YTBOPIOIOTHCS MPH [[bOMY, BU3HAYEHHS iX XapaKTepPHUCTHK,
a TakoX iX Kiacuikariro i ¢opMyBaHHSI HOPMATHBHHUX JOKYMEHTIB, BUKOHAHHSI
SIKMX OBUHHE TapaHTyBaTH 3aXHCT Ki0epoO’€KTiB BiJl yCiX BUSBICHHUX i BUBYCHUX
JoKepen 3arpo3 kibepOesneku. KibepOesneka — 1ie mpoiec BUKOPUCTAHHS 3aXOiB
Oe3nexu 11 3a0e3meueHHst KOH(1IeHIIHHOCTI, IUTICHOCTI 1 TOCTYITHOCTI TaHUX y
KiOepHEeTHIHOMY TTPOCTOPI.

V >xoBTHI 2016 poky mouaB QpyHKIIOHYBaTH HalliOHAJILHUN HEHTP KibepOe3neku
BenmukobOpuranii (amrn. National Cybersecurity Center, NCSC), sxwii €
oprasizamiero ypsaay BennkoOpuraHnii, o6 qomoMorta OpUTaHCEKAM OpTaHi3alisiM
Kpallle 3aXWIIaTHCS BiJl Hamagy XakepiB i pearyBaTh Ha iHIMACHTH (CBOE€YacHE
BUSIBIIGHHS KiOepaTak 1 iX MIBHIKE yCyHEHHs), IOB’s3aHi 3 KiOEpHETHYHOIO
oesmekoro [24].

NCSC € uacTHHOW OpUTaHCHKOTO areHTCTBa 3 EJIEKTPOHHOI PO3BiJIKH,
indopmanii Ta ypsgosoro 38’s3ky GCHQ (anrn. Government Communications
Headquarters). GCHQ 3a cBoiMH (QYHKIiSIME CITIBCTABHO 3 ATEHTCTBOM
HamioHaiapHOT 6e3meku (AHB) CIHA.

Hanionaneauii nentp kibepuernunoi 6e3nekn NCSC noyaB poOoTy B pamKax
I’ SITUPIYHOI cTparterii 3 OromkeToM B £1.9 mupa. 3rigHo 3 odimiiiHuMu 3asBaMu
HEHTP € TEPIIOK «KiOepCHiIo» KpaiHu, sKii JOpy4eHO 3aiMaThCs BETHKHMH
kiOepHeTHuHUMH 1HIMAeHTaMH. 3aBasku poboti GCHQ, NCSC moxe BUSABUTH
Kibepataku 3 yChOIO CBITY.

3a noinomnenHsamu 3MI, B 3aBmanHs HarioHanpHOTO HEHTPY KiOepHETHIHOI
Oesnexn BenukoOpuTanii cTamu BXOMWTH 3aBIaHHS aKTUBHOI BiJMOBiAI Ha
KibepaTakH.

Hamionaneuuii nentp kibepOesmnexu (Him. Nationales Cyber-Abwehrzentrum,
NCAZ) ®eneparusnoi Pecriy6uikn HimeuunHu — MiKBiToMYe ypsiiOBE areHTCTBO,
CTBOPEHE JUIS 3aXHUCTY BiJl KibepaTak KPUTUYHO 3HAYMMUX 00’ €KTIB HAIlliOHAIBHOT
IT-indpacTpykrypH i ekoHOMIKH. Y BinoBigHOCTI 10 «CTpaTerii kibepOe3nexku uist
Himeyunnu» kibepaTtaka — 11 Jisl, sika CIIpSMOBaHa MPOTH OHIET a00 AEKiTBKOX
IT-cuctem 3 Metorw 3yomy ix cucreM Oesmeku. BSI BiHOCHTH 10 pI3HOBHUIB
kibepaTak, 30KpeMa, KpaIiXKKH OCOOHCTHX JaHWX, XaKePChbKi aTaKH, MOIIUPEHHS
KOMIT'IOTepHUX BipyciB, Dos-araku, ataku Ha iHppacTpyKkTypy IHTepHeTy Tomio.

HamionaneHuii neHTp KiGepOes3mekn CTBOPEHHMH Ha MiACTaBi pillIeHHS ypsimy
Himewunnu Bix 23 motoro 2011 poky Ta BcrynuB y airo 1 kBiTHS 2011 poky.
Odiniitne Biakputrs NCAZ BinOynocs 16 uepBus 2011 poky. NCAZ nepeOysae
B ToJIoBHOMY odici DenepanbHoro ynpasiiHHs 3 iH(QopmauiiHoi Oe3nexn (BSI)
y bonni. HeoOxinnicth ctBopennss NCAZ Oyina nos’s3ana 3 poctoM 3 2005 poky
Yrcia XaKepChKUX aTak Ha KOMIT IOTEPHI CUCTEMH OpraHiB BJIaJy Ta KOMEPIiHHNX
nianpueMcTB y HiMmeuunHi, y ToMy 4HciIi OSIBOIO KOMI I0TepHUX BipyciB Ghostnet
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1 Stuxnet. V BiamosimHocTi 3 pekomeHmarissmu BSI, NCAZ Bene, 30kpema, 30ip
iH(popMaIlil PO TEPOPUCTUYHI 3arpo3H, BUSBICHHS ypasiuocTeit B IT-mpoaykrax
i [T-iHnunenTax i ananiz nux ganunx. NCAZ Bele CBOIO IisUIBHICTH B iHTEpecax
UUBLIBHUX —opradizauid. [lutanHsmm KibepOesmexku y BilicbKOBil  cdepi
B Himeuunmni 3 2002 poky 3aiimaeTbcsi aHamoriuHa opranizamis — Kowmanma
CTpaTeTigYHOl PO3BIiIKH.

NCAZ noennye 3acobu kibepOesnexu BSI, denepanbHOro BigoMCTBa i3 3aXUCTY
Koncrurymii, ®enepanproi po3BimyBanbHoi ciyx6m (BND), ®enepansHoi momitii,
cmiggoro ympaBiiHHS wMuTHUII Himewunnwn, bynzaecBepy, ®PenepaibHOro
yMpaBIiHHS HUBIIBHOTO 3aXUCTY 1 AOTIOMOTH ITPH CTUXIHHUX JTnxax 1 DepepaabHOro
BIJOMCTBa KapHOi MOJiWii, a TakoX CHiBpPOOITHHYAE 3 HAIJISIIOBUMH OpPraHaAMH
OTIepaToOpiB KPUTUYHO BAKIUBOI 1H(OPACTPYKTYpH, Yy MeXKax CBOIX CTaTyTHUX
000B’s13KiB 1 TOBHOBaXXeHb. OCHOBOIO B3a€MOJII1 € «yroJu MpO CIiBPOOITHUIITBO»
BIJIMOBITHUX OpraHiB i BigoMcTB HiMeuunHu.

NCAZ Takox cmiBpoOiTHHYaE 3 iHCTUTYTaMu €C, 3 BUKOPHUCTaHHIM PECypcCiB
icHyrounx oprasiB kpain €C, mo 3aliMaloThCs MHTaHHAMH KiOepOesmexu. BSI
TaKOX CIiBpoOiTHIYAE 3 €BPONEHCHKUM areHTCTBOM 13 MepekeBoi 1 iHpopmaliiHo1
Oesmeku (auri. — ENISA).

VY pamkax €C crBopennid LIeHTp eneKTpoHHOI KiOep3TOYMHHOCTI MiJl eTifor0
€Bpornona.

Haiibinbpm posBuHeHa iH(pacTpykTypa monao 3adesnedeHHs b posropuyra y
CHLIA y pizaux BigomctBax. Hampuxman, HamionameHuit mieHTp KibepOesmeku
(amrn. National Cybersecurity Center, NCSC) — migpo3ain MiHicTepcTBa
BHyTpimHbOi Oe3neku CIIA, crBopenuii B Oepesni 2008 poky BiAMOBIAHO 10
HupextuB NSPD-54/HSPD—23, nepebyBae B mpsiMOMY i IMTOPSAAKYBaHHI MiHICTpa
BHYTpilmHBOI Oesmekn. Ha lleHTp moxmanmeHwmii KiOepHETHYHUI 3aXUCT Mepex
3B’s3ky ypsany CLIA, Bkirouaroum MOHITOpHHT, 30ip i 0OMiH iHOpMaIi€eo mpo
cucremy, o Hanexats AHB, ®BP, MO Ta MiHicTepcTBY BHYTPIIIHBOT O€3MEKH.

XapakTepUCTHKA HANIOHAJBLHUX i MIKHAPOAHMX CTAHAAPTIB 3 NHUTAHb
iHdopmauiiinoi Oe3nexn

VY wmipy possurky IC i TKC BinOyBaerbcst po3BuTok cucreM ix Ib i cranmapris 3
knacudikarii, ceprudikarii, aymuTy, ToOyZ0BU Ta iHIIMM acnekTiB sk camux IC i
TKC, Tak i cucrem 3abesneuenHs ix 1b. Bukopucranus cranpapris Ib copuse
BUPILICHHIO HACTYITHUX 3aB/IaHb:

— CTpPOrO BHU3HAYAKOTHCA IMimi  3a0esneveHHs |b  iHdopmamiiaux i
TEJICKOMYHIKAI[IHHUX CUCTEM;

— CTBOpIO€EThCS eeKTUBHA cucTeMa ynpasiiHus 1b;

— 3a0e3MeuyrThCs PO3paxyHKH CYKYITHOCTI IeTaTi30BaHUX HE TUIBKH SKICHHX,
aje ¥ KUIBKICHMX IMOKA3HMKIB JJIS OINIHKY BimmosigHocTi Ib 3asgBinenuM miism;

— CTBOPIOIOTHCSI YMOBH 3aCTOCYBAHHS HassBHOTO 1HCTPYMEHTApito (IporpaMHuX
1 amapaTHuX 3aco0iB) 3a0e3neueHns b 1 omiHkH i1 MOTOYHOTO CTaHYy;

— BIJKPHUBAETHCS MOXKIUBICTD BUKOPUCTAHHS METOJUK YHPABIiHHS O€3M1EKO0
3 OOIPYHTOBAaHOK CHCTEMOI) METPHK 1 3axojiB 3a0e3MeyYeHHs PO3POOHMKIB
iH(pOPMAIIIHHIX CHCTEM.
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Cranom Ha 2019 pik cTBOpeHI Ta MiIOTHh PSI HAMIOHATBLHUX 1 MDKHAPOIHHUX
cTanmaptiB y cepi Ib, ki IeBHOIO MIpOIO JOMOBHIOIOTH OJUH 0 HOr0. Haloinbn
BimoMumu cepen HuX €: Cranmapt «Kputepii oumiHKM HagiHHOCTI KOMIT FOTEPHHX
cucrem». «OpamkeBa kuura» (CILIA); [apmonizoBaHi KpuTepii €BpOMEUCHKUX
kpain; Himenpkuit crangapt BSI; bpurancekuit cranmapt BS7799; MikHapomHuit
craagapt ISO17799; Mixnaapoxnawuii cragmapt ISO/IEC 15408 «3arambHi KpUTEpii»;
Crangapt COBIT Ta iHmi.

Lli craHmapT® MO>KHA PO3IUTHTH HA IBA BHIIH:

1) crammapTd A OLIHKH, CIPAMOBaHI Ha Kimacuikarito iHdopMamiiHux
CUCTEM 1 3ac00IB 3aXUCTY BIIHOCHO BUMOT O€3IICKH;

2) texHiuHi crienudikaliii, o perJaMeHTyITh Pi3Hi aCIEeKTH peai3ailii 3aco0iB
3aXHCTY.

CranaapTi Ijs OLIHKH BHIUISIFOTh HalBaxwmBimi, 3 norsiny 1b, acnekru IC,
BiJirpatouMl poiib apXiTeKTypHHUX crenudikamii. [Hm TexHiuHi crnenudikamii
BH3HAYAIOTH, K OymyBaTu IC 3amrponoHOBaHOI apXiTEKTYPH.

Hampuxiag, y tpaeai 2018 poky Ha Tepurtopii €C HaOynn YMHHOCTI OHOBJIEHI
npaBwia (crangaptv) 3 Ib 11010 0OpOOKM MEPCOHANBHUX JaHUX, YCTAHOBJICHI
«3aranpHUM periiaMeHTOM 1o 3axucTy naHux» (Permamentr €C 2016/679 Bin
27 xsitHst 2016 poky a6o GDPR — General Data Protection Regulation).

JaHuii perinaMeHT 3aMiHUTh PaMKOBY JIMpEKTHUBY MpO 3aXHCT MEPCOHATBLHHUX
naHux 95/46/€C Bim 24 xoBtHa 1995 poky. Baxmmueum Hioancom GDPR e
EKCTEPUTOpIATbHANA TPHUHIUN Jii HOBHUX €BPOIEHCHKUX TMPaBHI OOPOOKH
MEePCOHANBHUX JTaHUX.

Hogwuii pernament Hajgae pesugenram €C iHCTPYMEHTH sl IOBHOTO KOHTPOJTIO
HaJ CBOIMHM MEPCOHAJBbHUMHU JOaHuUMH. I3 TpaBHA 2018 pOKy HOCHIIOETHCA
BiJIMTOBITaNbHICTH 3a TIOPYIICHHS MpaBuiI 00poOKky nmepcoHanbHuX qanux: mo GDPR
mrpadu nocsraiote 20 MiNbHOHIB €Bpo a00 4% pIiYHOTO TI00ATBHOTO JOXOILY
KOMIIaHii.

Lle o3nauvae, 1110 KOMMaHIi iHIIKUX KpaiH, siKi 00pOOIIAIOTE IEPCOHANBHI IaHi KpaiH
€C, migmagarote mix xpito GDPR 1 3000B’s3aHi JOTpUMYyBaTHCS HOBUX
€BPOTICHCHKUX MpPaBUI OOpPOOKM MEPCOHANBHHUX JaHWX (MEpEeBE3CHHS, MeIUYHi
MTOCITYTH, CTPAaXOBKH €EBPOTIEHUIIIB TOIIO) 1100 ix Ib i 3a0e3neunTu QyHKITIOHYBaHHS
cBoix IC ta TKC Bixnosigao no GDPR.

BakiuBol ycTaHOBOI 3 NUTaHb craHgaptusanii y chepi Ib y CIIA €
Harioransauit iHCTUTYT cTaHmapTiB i TexHoorii (anra. The National Institute of
Standards and Technology, NIST). Llefi iHCTHTYT pa3oM 3 AMEPHKaHCHKUM
HaIlOHAJBHUM iHCTUTYTOM cTtannaptiB (ANSI) Gepe yuacThb y po3po0ili cTaHaapTiB
i cienudikaiiii 10 nporpaMHUX pimeHb y chepi 1B, sKi BHKOPUCTOBYIOTBCS SIK Y
nepxxaBHoMmy cexropi CIIA, Tak 1 y xomepuiiinii cdepi. NIST e mimposainom
ynpasniaas texnonorismu CHIA, y ckiani omHoro 3 areHTcTB MiHicTepcTBa
toprieni CIIIA. Illta6-kBaptupa — Ieitrepcoepr. 3 1901 mo 1988 poku NIST
HasuBaBcsi Hanionanbne Oropo cranmaptiB CLLIA. Mici€lo iHCTHTYTY BH3HA4Y€HO:
MPOCYBaTH iHHOBALiHY Ta IHAYCTpialbHy KOHKYpeHTocpoMOoHicTh CLIA.

Metononoriuni NUTAHHA OWIHKM e(QeKTHUBHOCTI cHcTeMH 3ale3neveHHs
iHpopmaniiiHoi Oe3nexn

B po6oTi [y mojanbimoro aHamizy i po3poOKH METOIUK TepMiH iHpopmaliiiHa
Oesneka (anrn. Information Security, Infosec) Oyne BuUKOpUCTOBYBaTHCH SIK
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MpakTHKa 3armo0iraHHs HEeCAaHKIIIOHOBAHOMY JOCTYILY, BUKOPHCTAHHS, PO3KPHUTTS,
BUKPHBJICHHS, 3MiHH, AOCHIPKCHHS, 3amucy abo 3HumIeHHS iHdopMmamii. Ile
yHiBepcaJbHe MMOHATTS 3aCTOCOBYETHCS HE3aJIeKHO BiJl GOpMHU, B SIKif peACTaBIICH]
naHi (eneKTpoHHa a0o, HanpuKiaj, dhisudna) [25].

B ocnogi indopmariiitaoi 6e3nexu (Ib) nexxuTs qisIbHICTS 13 3aXHUCTy iHPOpMaIii
3a KareropismMu: 3a0e3nedeHHs il KOH(IAEHIIWHOCTI, MOCTYIMHOCTI 1 HUTICHOCTI,
a TaKoXX HEJOMYyIIEHHsI SKOi-HeOyAb KOMIpoMeTalii B KpUTUYHUX cuTyalisx. [o
TaKWX CHTYaIlliil BiTHOCATHCS TPUPOIHI, TEXHOTEHHI 1 comiambHI KaTtacTpodw,
KOMIT F0TepHi 3001, (hiznane BukpaaeHHs iHdopMartiii i ToMy moaioHi suma. HaiTe
KOJIM JiJIOBOJICTBO OpraHi3alili 3acCHOBaHE Ha MAalepoOBUX JOKYMEHTax, MOTpPiOHi
BimoBiaHI 3axoau 3a0e3nedeHns Ib. [1in kondinenmitinictio (anri. Confidentiality)
pO3yMi€ThCSl BIACTHBICTH iH(OpMamii OyTH HEZOCTYmHOIO abo 3aKPUTOIO s
HEaBTOPU30BAaHUX 0Ci0, CyTHOCTEH abo mpolieciB; AOCTYMHICTIO (aHr. Availability)
— BJIacTUBICTh iH(OpMaii OyTH JOCTYIMHOIO i TOTOBOIO 10 BAKOPUCTAHHS 110 3aIUTY
aBTOPU30BaHOTO Ccy0’eKTa; misTicHICTIO (aHru. Integrity) — BmacTuBicTh 30epekeHHs
MPAaBUIBHOCTI W TIOBHOTH aKTWBIB. Y CYKYIHOCTI Ii TPH KIFOYOBI Kareropii
iHdopMariiinoi Oe3neku HMmenyroThes Tpiagoro CIA. B 1998 poui M. IMapkep
JOTIOBHUB Kiacu4iHy Tpiaxy CIA me TppoMa KaTeropisiMu: BOJIOAIHHS 200 KOHTPOIh
(amrn. Possession or Control), aBrenTnunicTh (aHri. Authenticity) i KopuCHICTB
(amrn. Utility). B 1996 porii amepukancbkuii NIST chopMyiroBaB BiciM OCHOBHHUX
NPUHIMIIB, SKi 3aCBiAYYIOTh, IO KOMIT'IOTepHa Oe3leKa «IiATPUMYE MiCiro
Oprasizamii», «€ HEBiI €MHOI0 CKIIQJIOBOI0 pAaIliOHAIFHOTO MEHEHKMEHTY,
«MOBMHHA OYTH €KOHOMIYHO e(EKTHBHOIO», «BHMAara€ BCEOCSIKHOTO 1
KOMIUIEKCHOTO MiAXOQYy», «OOMEXKY€EThCSI COLIaNbHUMH (aKTOPaMu», «IOBHHHA
MEPIOMIHO 3a3HATH MEPETIISITY», «000B’SI3KH 1 BiIMOBINAaIBHICTH 32 KOMIT IOTEPHY
Oe3mneKy MOBUHHI OyTH iTKO C(hOPMYIIHOBAHI», 8 «BIACHUKH CHCTEM BiIIOBIAIOTh
3a Oe3MeKy 3a MexaMu CBO€T opraizaiii». Ha ocHoBi 11iei Mmoneni B 2004 porti NIST
oryOmikyBaB 33 NPUHLIUNM iHXEHEPHOTO MPOCKTYBAHHS CHCTEM 3a0e3NeueHHs
iHdopMariiiHoi Oe3reku, IS KOXKHOTO 3 SIKMX Oynmu po3poOieHi NpaKTHYHi
KEepIBHUIITBA 1 PEKOMEHMAIll, SKi JOHHWHI IOCTIMHO JIONOBHIOKOTHCS 1
MiATPUMYIOTBCS B aKTyallbHOMY CcTaHi [26].

B 2009 poui wminictepctBo o6oponHn CIIA omy6nikyBano «Tpu OCcHOBHI
NPUHLIUIN KOMIT FOTEPHOT O€3MeKH»: CXHJIBHICTh CHCTEeMHU [/10 pH3HKY| (aHTd.
System Susceptibility), mocrymuicts ypasnuBocti (amri. Access to the Flaw) i
3MATHICTh €KcIUTyaTyBaTh ypasnuBicte (anrn. Capability to Exploit the Flaw).
B 2011 poui mixxnaponuuii koHcopuiym The Open Group omyOnikyBaB cTaHmapT
yrpasiiHHs iHpopMarliiHow Oe3nexoro O-ISM3. 3rigHo 13 UM CTaHIAPTOM IS
KOXKHOT opraizaiii MOXJIMBO iAeHTH(]IKyBaTH IHAMBIAyaNnbHUI HaOip Il
0e3mneKy, 110 CTABJIATHCS JI0 OAHI€T 3 II'SITH KaTeropil, sSKi BiAMIOBIAal0Th TOMY 200
iHmomy kommoHeHTy Tpiagu CIA: npioputerHi mim Oe3nexu (KOHDIACHIIHHICTS),
JIOBI'OCTPOKOBI 11111 O6e3nekH (IUTiCHICT), i sikocTi iHpopMarii (HiTiCHICTb), mini
KOHTPOJIIO JOCTYIY (JOCTYIHICTB) 1 TeXHiuHi i Oe3nexu [26].

I3 ycix 3rapmanux Bume kareropiii Ib kmacuuna tpiaga CIA sk 1 panime
3aJMINAETHCS HAHOLIBII BH3HAHOIO Ta PO3MOBCIOJUKEHOI B MIDKHAPOIHOMY
npodeciiiHoMy criBTOBapHcTBi. BoHa 3adikcoBaHa B HalllOHATBHUX 1 MIXKHAPOAHUX
CTaHAapTax i BBIMIIJIa B OCHOBHI OCBIiTHI Ta cepTudikauiini nporpamu 3 Ib.

OcHoBHe 3aBAaHHsA iH(pOpMaIiiHOT Oe3nekn — Ie 30aJaHCOBAaHUM 3axXHUCT
KOH(QIICHIIIHHOCTI, MITICHOCTI 1 JOCTYIHOCTI JaHUX, 3 YpaxyBaHHSAM BUMOT ii
3acTocyBaHHS 0e3  gKoro-HeOyap 30MTKYy  MPOAYKTHBHOCTI  Oprasizarii.
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Ile nmocsraerscsi, B OCHOBHOMY, 3a JIOIIOMOIOI0 0araToOeTarmmHOro Mpolecy
VIPaBIIHHSA PHU3WKaMHU, SIKI JO3BOJISIOTH 1MEHTH(IKYBAaTH OCHOBHI 3aco0H i
HeMmarepiaibHi aKTHBH, JKEpena 3arpo3, ypa3iHBOCTi, MOTEHIIHHWUN CTYHiHb
BIUIMBY 1 MOXJIMBOCTI KepyBaHHA pu3HKaMmu. Llell mpoluec CyMpOBOIKYEThCS
OIIIHKOIO e(heKTUBHOCTI IJIaHY 3 YIIPABIIHHS PU3HKAMH.

Huni 00’ exTr iHPOpMAMIHOTO 3aXHUCTY MOXYTh MAaTH JyK€ Pi3HY Ta CKIaIHYy
CTPYKTYpYy, pi3HHH o00car iHdopMamiiHUX pecypciB, pi3He TepuTopiajibHe
po3MimmieHHs, pi3HI  iHpopmarmiiHi  3arpo3n  QyHkmioHyBanHs IC  Ta
TenexoMyHikamiaux cuctem. Hampuximan, IC xputnarOi iHQpacTpyKTypH nepkaBu
OyayTh cyTTeBO BiapisHatucs Bix IC aBTOMaTH30BaHMX CHUCTEM YIPAaBIiHHSI
TEXHOJIOTIYHUMH TpolecaMu. Tomy muisi po3poOKM Ta OWIHKA e(EeKTUBHOCTI
cucteMu 3abesnedeHHs iHGopMariiHoi Oe3neku (C3Ib) HeoOXimHUN CHCTEMHUI
miaxia. Meromonoriuni nutands ouinku egexktuBHocTi C3Ib 00’exTa (mmiaposainy,
KOMIIaHil, yCTaHOBH i T. J1.), III0 Ma€e y CBOEMY CKJai iHdopmartiiini pecypeu, IC abo
TEJeKOMYHIKaIliiHI crucTeMu, MOTPeOyIOTh BU3HAUYEHHS (aKkTOpiB (TIOKa3HHUKIB) Ta
KpUTEpIiB, 3a SKUMHU Oy/Ie TPOBOJAUTHUCH OIIHKA.

[Mpu BubOpi KpuTepito HeoOXiHO, MO0 BHKOHYBajacs HACTYITHa YyMOBa:
KpUTepii, IKi BAKOPUCTAHI JIJISl BUPIIIICHHS 3aBJJaHh HWYKYOTO PiBHS, MAIOTh JIOTIYHO
30iraTHcs i3 KpUTEPisiMH, SKi BUKOPHUCTOBYIOTHCS HA HACTYITHOMY, O17TbIII BUCOKOMY
piBHi [27].

OCHOBHMMH NMPUHLIUIIAMU BHOOPY TIOKAa3HUKIB 1 KPUTEPiiB MatOTh OyTH:

— HEOOXIJHICTh CTPOroi BIAMOBIAHOCTI Wi (3amadyi), sika MOCTAaBJIICHA Nepe
CHCTEMOIO;

— KpUTHYHICTh A0 IIed JOCHiKEeHHS (MaloTh BIAMOBIMATH MacmTady
JOCHIPKEHb — HEe3HAYHA 3MiHa MPOLIECY Ma€ BUKIMKATH TIOMITHY 3MiHY 3HA4YCHHS
KpHUTEPII0);

— MOJJIMBICTh TIOBHOTO ypaxyBaHHS BCiX (akTOpiB, $Ki BHU3HAYAIOThH
e()eKTUBHICTh CHCTEMU;

— BUOIp TaKUX KPUTEPIiB, MPHU SIKKX MMOKA3HUKH €EKTHBHOCTI CUCTEMH JIETKO
BU3HAYAIOTHCS Ta OOUMCITIOIOTHCS;

— TPOCTOTAa, HAOYHICTD, SICHUH (DI3UYHUH 3MICT;

— BIJICYTHICTh IPOTHPIYUS OKPEMHUX ITOKA3HUKIB 3aralbHOMY.

B sxocTi iHTErpalbHOrO KpUTEPIIO OILIHKKM CTaHy €(eKTHBHOCTI CHCTEMH
3abesneueHHss [b BH3HAUMMO e(QEKTHBHICT 33 CYKYIHICTIO KOMIUIEKCHHX
MOKa3HUKIB ((haKkTopiB), SKi 3YMOBIIOKTH B MIJIOMY OIIHKY €(QeKTHBHOCTI
cxinanoBux C3Ib. Ouinky crany edekruBHocTi C3Ib BH3HAaUMMO 32 hopMyInor0

s=>" LE,, (1)

ne Li — BaroBi koeQilieHTH KOMIUIEKCHUX (akTopiB, Ei — 3HaueHHsS i-TO
KoMIutekcHoro (akrtopy ckinazoBoi C3Ib, N — kiibKicTh KOMITICKCHUX (DaKTOPIiB
cxinanoBux C3Ib. Barosi koedinienTn komiuiekcHuX (akropiB ckianoBux C3Ib
BU3HAYAIOTBCSl HA eKcrmepTHoMy piBHI. Cyma BaroBux Koe(iLi€HTIB MOBHHHA
JIOPIBHIOBATH OJTUHMUIII.

Busnaunmo mkanmy orinku crtany edekruBHocTi C3IBb HacTymHEUM YHHOM
(Tabmums 1).
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Taomums 1
Orinka crany edekruBHocTi C31b 3HaueHHs OKa3HUKA S
Jlyxe edekTHBHA 5>0,8
EdektnBHa 0,6<S<0,8
HenocratHbo eexTrBHA 04<S<0,6
HeedexTnBHa 02<S<04
Jlyxe HeeeKTHBHA 02<S

BpaxoBytoun, mo ominka crany edexkrtuBHocTi C3Ib Ta 11 ckiagoBux €
0araToKpUTEPiaTbHOIO 3 BETUKOIO KiJIbKICTIO HEBU3HAYEHOCTEH Ta CyIepedHOCTEH,
PO3pOOKY METOIWK OIIHKK HEOOX1THO 3IIMICHIOBAaTH HAa OCHOBI CTaTUCTHYHOTO Ta
CHCTEMHOT'0O aHaJTi3y 3 BUKOPUCTAHHSIM €KCIIEPTHUX METO/IiB.

Ha ocHOBi cratucTidHOi, HOpPMAaTHBHO-TIPABOBOI, HAYKOBOi Ta EKCHEPTHOL
iHdopmartii, o HeoOXiaHa IS HAJISKHOT ITiATOTOBKYA METOIUIHIX Ta aHATITHIHAX
MatepiaiiB y ranysi Ib, npobiemy HeoOXiTHO aHaNi3yBaTH B PI3HUX IUIOUIUHAX, SIKI
BKJIIOYAIOTh HOPMATHMBHO-TIPABOBi, I1H(GOpMAIliiiHi, TOJITHYHI, EKOHOMIYHI,
IHHOBAIiifHI, HAyKOBI Ta IHII acleKTH. 3HAuYeHHS BaroBUX KOEQIiIli€eHTIB
KOMIUICKCHUX ()aKTOPiB Ha HEpIIMX eTanax MPOBEACHHS EKCHEPTHHUX ONUTYBaHb
MOKHa BH3HAYUTH pIBHOSHAYHUMH. Y TIOAAJBIIOMY iX 3HAYCHHS MOXYTh
YTOYHIOBATHCH, ajie y OyIb-IKOMY pa3i iX cyMa MOBHHHA JIOPiBHIOBATH OJUHUII.

Husa ouinku edextuBHocTi C3Ib HEOOXigHO BpaxOBYBaTH HACTYIHI TOJIOBHI
(baxrtopu (Tabmurs 2):

— HasBHICTH iH(OpMaIitHUX pecypciB, TenekomyHikamiianx cucrteM (TKC) i
IC o6’ekta 3axmcTy. 3 OIIIHKM MaliHa TOYMHAETHCS Tpolec 3abe3nedeHHs
iH(dopMariiiiHoi Oe3nexkyu, BU3HAUYCHHS 1H(POPMAIITHUX aKTHBIB 00’€KTa 3aXUCTY,
uineli Ta 3aBnaHb 3abesnedeHns Ib, ¢pakTopis, mI0 3arpoXKyIOTh 1iH iHGopMaii 1 i
ypa3nuBOCTI, 3HAYMMOCTI 3arajbHOTO PH3HKY AJIsi 00’€KTa 3aXHCTY. 3aJeXKHO Bij
MaiiHa ¥ Oyzae cxiangaTucs monituka Oesmekn (iHdopmarii B opranizarii /00’ exTi
3axucty) (anri. Organization alsecurity policy) — K CyKyIHICTb JOKYMEHTOBaHUX
MpaBWI, MPOLEAYP, NMPAKTHYHUX PIlICHh a00 KEPIBHUX MPHHIIMIIB B 00JACTI
Oe3nexu iH(opMallii, SKUMH KePYEThCS OpraHi3allisi y CBOii JisSUIBHOCTI,

— HasBHICTh IH(poOpMaIifiHMX 3arpo3 o00’ekry 3axucry. lle 3abe3neunTh
BUSBIIEHHS O€3I1iui MMOTEHIIHHO MOXIIMBHX 3arpo3 i KaHaJliB BUTOKY iH(opMarlii;
OLIIHKM ypa3JIMBOCTI 1 pu3uKiB iH(opMarlii nmpu HasBHIK Oe3xiui 3arpo3 i KaHaliB
BUTOKY; BH3HAYCHHS BUMOT 1O CHCTEMH 3aXHCTY; il OpraHi3amiiiHOi CTPYKTYypH,
3nificHeHHS BHOOPY 3ac00iB 3aXUCTy iH(OpMAIlii i IX XapaKTepUCTHK;

— CTPYKTYypH i 3aBAaHHs opradiB (miaposainis) y C3Ib, mo 3abe3neuyiots Ib.
e 3a0e3neunTh BOPOBA/PKEHHSI 1 OpraHi3alil0 BHKOPHCTaHHS OOpaHHX
He(OpMabHHUX 3aXO0/IIB, CIIOCOOIB 1 3aCO0IB 3aXHUCTY;

— TpPOTpaMHO-TEXHIUHI crmocobu 1 3acobum 3abe3meueHHs iHPOpPMAIiHOT
6e3nexu TKC ta IC B C3Ib;

— e(eKTHBHICTh (YHKI[IOHYBaHHS CHUCTEMH MEHEKMEHTY (KepyBaHHS)
iHpopmauiitHoro Oesnexoto (CMIB) 06’exTa 3axucry.
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Taomums 2
[To3naueHus HaiimenyBanHs OCHOBHHUX (haKTOpPiB
OCHOBHHUX
(daktopin
Eq Ominka HasBHOCTI iHpopMamiiHuX pecypciB, TKC i IC Ha 00’exTi
3aXUCTY
E; OriHKa HAasBHOCTI iHOpMAaITiHHUX 3arpo3 00’ €KTY 3aXHUCTY
Es OmiHka cTpyKTypH 1 3aBmaHb opraHiB (migpo3ainiB) y C3Ib, mo
3a0e3neuyioTh Ib Ha 00’ €KTi 3aXHCTY
Ey OmiHka mporpaMHO-TEXHIYHUX croco0iB i 3aco0iB 3abe3medeHHs
iHpopmauiiiHoi 6e3neku TKC ra IC B C31b
Es Ouinka edextuBHOCTI PyHkuionyBanus CMIb

[Ipoanamizyemo mepmuii rooBHUNA (HaKTOp OIMIHKU HASBHOCTI iHPOpMAamiifHUX
pecypciB, TenekomyHikatiiaux cucreM i IC 06’exTa 3axucty y popmyi (1).

3HaueHHs 1-T0 KOMIUIEKCHOTO (hakTopy ckianoBoi C3Ib mosnaunmo Ei Orninky
IHOT0 (PaKTOPy TAKOK MOXKIIMBO MPOBECTU 4epe3 (PakTopH (IMIOKA3HUKH) JPYTOTro
piBHS 32 (OPMYITOFO

E.=S" M.D
izt 2)

ne K — KiTbKiCTh (PaKTOPiB IPYTOTo PiBHS, IO BUKOPHUCTOBYIOTHCS IS PO3PAXYHKY
E1 (tabmurst 3), M; — BaroBi KoedilieHTH KOMIUIEKCHUX (aKTOPIB IPyroro piBHsi,
D; — 3HaveHHs i-TO KOMIUIEKCHOTO (hakTopy apyroro piBHsS. Barosi xoedinientu
KoMIUTeKCHUX (akTopiB ckiamoBux C3Ib BH3HauaroThCS Ha €KCHEPTHOMY PiBHI.
Cyma BaroBux Koe(ili€HTIB JPYTOTo PiBHS TaKOX IMOBHHHA JIOPiBHIOBATH OJTMHUIII.
B rtabmumi 3 s xapakTepHCTHKM 00 €KTa 3aXUCTy JUIS MpHKIany BHOpaHi
3 (hakTopu Apyroro piBHS.

Taomums 3
[To3nauenHs ¢GakTopis APyroro HaiimenyBaHHs (pakTOpiB APYroro piBHsA
piBHSI
Di OuiHKa HasSBHUX 1H(POPMAIIHHUX pecypciB
00’€KTa 3aXHUCTY
D, Ouinka Hasaux IC
Ds Orinka HasBHux TKC

[poananizyemo npyruii ronoBuuii (akrop y ¢opmyni (1) moao OIIHKH
HAasBHOCTI 1H(QOPMAIIMHUX 3arpo3 00’ekTy 3axucty FEo. OuiHKy 1bOro (hakTopy
TAaKO’XX MOXIIMBO MpoBecTH uepe3 (akropu (IIOKA3HUKH) JPYroro piBHI 3a
dhopmyoro

E.=Y" GF
i:lG' P (3)

ne P — KinbKicTh akTOpiB IPYroro piBHs, 110 BUKOPUCTOBYIOTECS IS PO3PAXYHKY
E> (tabmuns 4), G; — BaroBi koe(ilieHTH KOMIUIEKCHUX (akTOpPiB APYroro piBHA,
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F; — 3HaueHHs i-r0 KOMILICKCHOrO (hakTopy Apyroro piBHs. Barosi xoedimieHTH
KoMIuiekcHUX (akTopiB ckiamoBux C3Ib BH3HA4YaIOTHCS HA €KCIEPTHOMY PIBHI.
Cyma BaroBux Koe(illi€HTiB IPyroro piBHs TaKOK MOBHHHA IOPiBHIOBATH OJUHHUII

G =1
S @)

B 3anmexHoCTi BiJ XapakTepUCTHKU 00’ €KTa 3aXUCTyY, Kareropii inpopmarrii, sxa
sHaxomuthcss B IC Ta TKC, kinbkicTh (akTopiB JApyroro piBHA, IO
BUKOPHUCTOBYIOTBCS JIJIsl PO3paxyHKy E», Moxe cyTTeBO 3MiHIOBaTHChH. B Tabnuii 4
IUTS XapaKTepUCTHKH iH(QOpMaIifHUX 3arpo3 00’ eKTy 3axucTy BuOpaHi 4 dakTopu
JpyTOro PiBHS.

Taomuus 4
[To3naueHns hakTOpiB APYroro HaiimenyBaHHS (haKkTOpPIB IPYyroro piBHA
piBHS
F1 OrniHKa KiOepHETHYHUX 3arpo3 00’ €KTY 3aXHCTY
F, Omninka ¢izugaux 3arpo3 Ib 00’ ekTy 3axucTy
Fs Omninka iHpopmamiiaux 3arpo3 Ib TKC Ta IC
Fs Ominka 3arpo3 Ib TKC Tta IC moxo iX 3HUIIEHHS

a0o BUBEICHHA 3 JIaay 3a n1ormoMoroio cucreM PEB,
ONITHKO-CJICKTPOHHHUX CHUCTEM TOIIO

B Tabmumi 4 posrmsmaroThest (hakTopu APYroro piBHS, AKI XapaKTepU3YIOTh
indopMariiini  3arpo3W, IO  MOXYTh  BHHHKAaTH:  dYepe3  IPOIECH,
MPOLIEAYPH, TIporpaMu 00poOKH, Tiepeadi, 30epiranns iHdGopmarltii (KibepHeTHYHI
3arpo3n); depe3 ¢iznude 3ummeHHs [C ta TK i1 HociiB (mamepoBux, mpUCTPOiB
mam’siTi, AMCKiB) TOIIO; Yepe3 KaHau 3B’ 13Ky (aKyCTHYHi, iHppadepBOHi, IIPOBi/IHI,
pajiokaHaIM Ta iH.), Yepe3 MoOIYHI BUIPOMIHIOBAHHS, 3HHIICHHS a00 THMYacOBE
BuBeaeHHs 3 Jaxy TKC Tta IC 3a momomororo cuctem PEDB, onTuko-enekTpoHHUX
3ac00iB /mazepHUx/ TOMIO.

[poananizyemo TpeTiii roioBHUI GakTop E3 OMIHKU CTPYKTYPH 1 3aBJIaHb OpraHiB
(migpo3ninie) y C3Ib, mo 3abe3neuyroth Ib Ha 00’exTi 3axucty y dopmymi (1).
OuiHky 1poro (akTopy TakoX MOXKJIHBO HMPOBECTH depe3 (HakTopH (IIOKa3HUKH)
JPYTOTO PiBHA 32 (HOPMYIIO0

.
E:= > RH, -

ne T — KinbKicTh (aKTOpiB APYTOTO PiBHS, IO BUKOPUCTOBYIOTHCS ISl PO3PAXYHKY
Es (tabmmms 3), R; — BaroBi koedimieHTH KOMILIEKCHHX (DakTOpiB IPYroro piBH,
H; — 3Ha4YeHHs i-T0 KOMIUIEKCHOTO (aKTopy JApyroro piBHs. Barosi koedirientu R;
(akTopiB ApYyroro piBHS BH3HAYAIOTHhCS Ha eKcrepTHOMY piBHI. Cyma BaroBux
Koe(illi€HTIB IPYroro piBHS TaKOXK MOBHWHHA JIOPIBHIOBATH OJUHMIN. B Tabnwmi 5
JUIsSL XapaKTEPUCTHKH OIIHKH CTPYKTYpH 1 3aBiaHb oprasis (migposminis) y C3Ib,
o 3a0e3neuyroTh Ib Ha 00’ €ekTi 3axucty, BUOpaHi 3 (hakTopH JPyroro piBHS.
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Tabmumsa 5
[To3nauenns pakropin HaiimenyBanHA (aKkTOpPiB Ipyroro piBHA
JPYTOTO PiBHS
Hi OrniHka oprasi3zanii (Gi3MIHOTO 3aXHCTY 00’ €KTa
H> Omninka opranizanii goctymy go IC
Hs Omninka oprasxi3zanii goctymy go TKC

®dakTUYHO TONOBHUH (hakTop E3 OIIHIOE OpraHi3aliiHuN acriekT 3a0e3neUcHHS
Ib 3aBmsiku periameHTarii BHPOOHWYOI MisUTBHOCTI 1 B3a€MHWH BHKOHABIIIB Ha
HOPMAaTHUBHO-TIPABOBil OCHOBI, III0 BUKJIIOYA€E a00 CYTTEBO YTPYIHSE HETIPaBOMipHE
OBOJIOZIHHS KOH(igeHLIHHOIO iH(pOpMamlielo i MpOsSB BHYTPIIIHIX 1 30BHIIIHIX
3arpo3. Jlo cucremu oprasizamii (pi3HIHOTO 3aXHCTy 00’ €KTa, SK MMPABHUIIO, BXOIATh
ciyx0a eKOHOMIYHO1 Oe3meku; ciayx0a Oe3neky mepcoHaty (PeXKUMHHNA BiIUIii);
KaJlpoBa Ciryxk0a; ciayx0a iHpopmarliitHoi Oe3neku Tomo. OpraHizamiiHui 3aXUcT
3a0e3nedye opraHizaltio:

— peKHMY 1 OXOpPOHHM 3 METOK BHKIIOYCHHS MOXIIMBOCTI TaEMHOTO
MIPOHUKHEHHS CTOPOHHIX 0ci0 Ha TepUTOPit0 00’€KTa 3aXUCTy a00 Y MPUMIIICHHS,
JIe 3MIMCHIOETHCS po00Ta 3 KOH(DICHINIHOIO iH(pOpMaIli€r;

— po0otu 3i cmiBpoOiTHUKaMHU, siKa Tiepeadadae Halip 1 po3MIIIeHHS ITIEPCOHAITY,
BKJIFOUAIOYM O3HAMOMJICHHS 31 CHIBpOOITHUKAaMH, HAaBYaHHS IpaBUJIaM pPOOOTH
3 KOH(}IeHIITHO0 iH(pOpMAaIIi€l0, 03HAHOMIIEHHS 13 3aX0/JaMH BiJIITOBIIaIHHOCTI 32
MOpYIIEHHS PaBWII 3aXUCTY 1H(OpMaIIii ToIIo;

— poOoTH 3 TOKyMEHTaMH 1 JOKYMEHTOBaHOIO iH(popMariiero, podotu 3 IC Ta
TKC, BriIoyarouu Opranizamilo po3poOKH i BUKOPHUCTAaHHS JOKYMEHTIB 1 HOCIiB
koH(pineH iiHo1 iHdopMarii, iX O0O0NIK, BUKOHAHHA, MOBEpHEHH:, 30epiraHHs i
3HUIICHHS,

— BHKOPHUCTAHHSA TEXHIYHMX 3ac0o0iB 300py, OOpOOKH, HarpoOMaJDKeHHS 1
30epiranHs KoHQiAeHiTHOT iHhopMallii;

— poboTu 3 aHami3zy BHYTPIIIHIX 1 30BHIIIHIX 3arpo3 KOH(]imeHIiHHIH
iH(popMarrii i BUpOOJICHHS 3aX0/1iB MO0 3a0e3IeUeHHS 11 3aXUCTY;

— BUKOPUCTAaHHS TEXHIYHHMX 3ac00iB 0Oe3lekH 3 BHSABICHHS BHYTPIIIHIX 1
30BHIIIHIX 3arpo3 iHPpOpMaIliifHii AisSITBHOCTI;

— opramizamito poOOTH 13 TNPOBENEHHS CHUCTEMATHYHOTO KOHTPOIIO HaJ
poboTOI0 TepcoHany 3 KOHQiIeHIiHOW iH(OpMaIien, TOPSIKOM OOIiKY,
30epiraHHs 1 3HUILECHHS JTOKYMEHTIB 1 TEXHIYHUX HOCIIB.

VY KOXHOMY KOHKPETHOMY BHUIAKy OpraHizauiiHi 3aX0Qu HOCATH creuugpiuny
JUIS JaHoi opraHizamii ¢opMy 1 yTpUMyBaHHS, CIPSMOBaHI Ha 3a0e3NeueHHS
Oe3neku iHpopManii B KOHKPETHHX YMOBaX.

[Tpoanamnizyemo 4eTBepTHIA TOJOBHHUN (GaKkTOp E4 OLIHKH MPOTrPaMHO-TEXHIYHUX
cnoco0iB i1 3aco0iB 3a0e3neueHns iHpopmaniitnoi 6e3neku TKC Ta IC B C3Ib, mo
3abe3neuytoTh b Ha 00’ exTi 3axucty y ¢popmyui (1). Ouinky 1p0ro GakTopy Takox
MOJKJIMBO ITPOBECTH uepe3 pakTopu (IOKa3HUKHU) APYroro piBHsA 3a GOPMYJIOH0

E.=Y VB
i=1 ! ', (6)

ne X — KUTbKIiCTh (PaKTOPiB IPYTroro piBHSL, IO BUKOPUCTOBYIOTHCS IS PO3PAXYHKY
Es (tabnuist 6), V; — BaroBi koedili€HTH KOMIUIEKCHHX (DaKTOpiB APYroro piBHs,
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B; — 3Ha4eHHS i-TO KOMIIEKCHOTO (pakTopy Apyroro piBHA. Barosi koedirienTu Vi
(hakTOpiB APYTOrO piBHSA BU3HAYAIOTHCA HA EKCIEpTHOMY piBHI. Cyma BaroBux
Koeili€HTIB APYroro piBHSA TaKOK MOBHHHA JOPIBHIOBATH OAWHULI. B Tabmumi 6
JUIL  XapakTepUCTUKW OLIHKKA MPOrPaMHO-TEXHIYHUX cmocobiB 1 3acobiB
3abe3nedenns iHhopmariitHoi 6e3nexun TKC Ta IC B C3Ib, mo 3a6e3neuyroTs Ib Ha
00’€exTi 3axucty, Bubpani 10 dhaktopi Apyroro piBHS.

Tabmuus 6
[To3naueHns pakTopiB HaiimenyBaHHs (akTOpiB APYyTrOTO PiBHSI
JPYTOTO PiBHS

B OrmiHKa MOXIHUBOCTI HEPEpO3MOAUIATH pPECypCH Mepexi
Y BHIIAKaX MOPYIICHHs [IPAIle3AaTHOCTI OKPEMHX SJICMEHTIB

B> OrmiHKa CHCTEeMH aHANi3y i MOJENIOBaHHS iH(pOpPMAamiHHUX
noTokiB (Case-Cucremun)

Bs OriHKa CHCTEeMH MOHITOPHHTY Mepexk (Cucmemu susgnenHs i
sanobicannsi emoperennio (IDS/IPS). Cucmemu 3anobicanis
sumoxam Kon@ioenyiinoi ingpopmayii /DLP-cucmemu/).

Ba OuiHKa aHTHBIPYCHUX 3aC00iB

Bs OuiHKa MIXKMEPEKEBUX EKpaHiB

Be OuiHka kpunrorpagiuHux 3aco0iB

B OuiHKa CUCTEM PE3EPBHOrO KOMIIOBaHHS

Bs OuiHka cucteM 0e3nepediHHOro eJIeKTPOKUBIICHHS

By Orrinka cucteM ayreHTudiKallii i ineHTudikamii

B1o OuiHKa KOMIUIEKCY TEXHIYHHX 3aXOJiB MIONO KOHTPOJIIO
06’exTiB IC Ta TKC (006namryBanHs NpUMIlIEHHS KaMepaMu
CIIOCTEPE)KEHHS1, CUTHAJTI3AIII€I0 TOLIO)

['pyna nporpaMHO-TEXHIYHUX CIOCOOIB 1 3ac00iB 3a0e3neueHHs iH(hopMaIliHHOT
6esneku TKC Ta IC B C3Ib BKIIOYaE BEMUKY KUTBKICTh allapaTHUX Ta MPOTPaMHUX
3ac00iB. OCHOBHUMH 3 HHX €:

— pe3epBHE KOIIOBaHHS i OKpeme 30epiraHHs HalOUIbII BaXKJIMBUX MACHBIB
nanux y IC abo TKC — Ha perynspHiii OCHOB;

— nyOnroBaHHS 1 pe3epBYBaHHS BCiX MIJICHCTEM Mepex, sIKi MAlOTh 3HAYSHHS
JUTSE 30€PEeIKEHHS JTAaHUX;

— CTBOPEHHS MOXJIMBOCTI MEPEPO3NOJUISATH PECypcH Mepexki y BHIAJKax
MOPYIIEHHS MPaLe3JaTHOCTI OKPEMHUX EIEMEHTIB;

— 3a0e3MeYeHHsT MOJMJIMBOCTI ~ BHKOPUCTOBYBAaTH  PE3EPBHI  CHUCTEMH
€JIEKTPOKUBIICHHS,

— 3a0e3neyeHHs Oe3MeKH BiJl MOXKeXi a00 YIIKOMKEHHS YCTaTKyBaHHS BOZOIO;

— yCTaHOBKa IPOrpaMHOTO 3a0e3MedeHHs, ke 3a0e3neuye 3axuct 0a3 JaHuX Ta
1HIII01 iH(pOpMAaIIii Bl HECAHKI[IOHOBAHOI'O JIOCTYILY;

— YCTaHOBJIEHHS KOMIUIEKCY TEXHIYHHMX 3aXO[iB IIOJO 3a0e3MedeHHs
KOHTPOJIO O0’€KTIB  KOMITIOTEPHHX MEpeX, HalpHKIaa, OOJaIITyBaHHS
MPUMIIIEHHS KaMepaMH CIIOCTEPEKEHHS 1 CUTHAJTI3aLli€10;

— ayTreHTU}IKaLis 1 iTeHTH]IKaLiA.

o6 BHKIIOUMTH HEMPAaBOMIpHHI TOCTYM 10 iH(popMallii, 3aCTOCOBYIOTh TaKi
crocoOu, sAK imeHTH(]IKalis Ta ayreHTH(iKaiisa. I[neHTudikaris — me MexaHi3m
MPUCBOEHHS BJIACHOTO YHIKanbHOro iMeHi a0o o0paza KOpPHCTYBaueBi, SIKHHA
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B3aeMojie 3 iH(opMaiiero. AyTeHTH(IKAIA — 1€ CUCTeMa CIIOCOOIB IEPEBIPKU
30iry KOpuCTyBada 3 THM 00pa3oM, SKOMYy A03BOJICHWH mporryck. Lli 3acobwm
CIpsIMOBaHI Ha Te, MO0 HajaTu abo, HaBMakW, 3a00POHHUTU MOMYCK IO JAaHHUX.
PeanbHo, sik mpaBuIiI0, 11e BU3HAYAETHCS TPHOMa CIIOCO0aMHU: IPOTPaMOI0, anapaToM,
moguHoto. [Ipr mbomy 00’exToM ayTeHTH(IKAMII MOXXe OyTH HE TUTBKH JIOIMHA,
a ¥ TexHiuHI KomT3acobu (KOMIT'I0Tep, MOHITOp, HOCil) abo mani. HaWmpocrimmmit
crnocib 3aXucTy — napoJb.

g koHTpOITI0 BUTOKIB iH(MopMartiii BuKopucToByoTh DLP-cuctemu (Data Leak
Prevention). Ilix DLP-cucremamu (Data Leak Prevention) mpwifHATO pO3ymiTH
MporpaMHi MPOAYKTH, IO 3aXUINAIOTh OpraHi3aiii BiJi BUTOKIB KOH(IICHIIHHOT
inpopmanii. IlomiOHOro poay CHCTEMH CTBOPIOIOTH 3aXWIICHUH UHUGPOBUIA
«TEepUMETP) HABKOJIO OpraHizallii, aHai3yloun BCIO BUXINHY, a B PAIl BUIAJIKIB i
BximHy iHdopmanio. KoHTponboBanoro iHpopmamiero Moxe OYTH HE TiJIbKH
iHTepHeT-Tpadik, ajme W pax iHMMX iHQOPMAIIMHUX MOTOKIB: AOKYMEHTH, SIKi
BHHOCATBHCS 32 MEXI KOHTYpY, IIO 3aXMIIAETHCS, KOHTPONb JoKyMmeHTiB Ib Ha
30BHIMIHIX HOCISX, IO PO3APYKOBYIOTHCS HA TPHUHTEPI, IO BiJIPaBISIOTHCS Ha
MoOiTBbHI Hocii uepe3 Bluetooth i T. 1. Ockinbku DLP-cucrema mnoBuHHa
MIEPEIKO/DKATH BUTOKaM KOH(IACHINHHOI iHpopMaIlii, To BOHa B 000B’I3KOBOMY
MOpsAAKY Mae BOyHOBaHI MeXaHI3MM BHW3HAYEHHS CTyNeHS KoH(imeHIiitHOCTI
JIOKYMEHTA, BUSIBIICHOTO B MIEPEXOIUIEHOMY Tpadiky.

[Ipoananizyemo 1’sTHiA TONOBHUHA ¢akTop FE5 OWIHKA €QEKTHBHOCTI
¢yaxmionyBanass CMIb, mo 3a6e3neuyroTs Ib Ha 00°ekTi 3axucty y dhopmymi (1).
OmiHKy 1BOTO (haKTOPY TaKOXK MOMKIHMBO MPOBECTH depe3 (HakTopH (TOKa3HUKH)
JPYToro piBHS 33 (HOPMYJIOH

Es= Z;Wi Q , @)

ne Z — KiTbKIiCTh (DaKTOPIB IPYroro piBHSA, 110 BUKOPUCTOBYIOTHCS IS PO3PAXYHKY
Es (tabmuist 7), W; — BaroBi koedilieHTH KOMIUIEKCHUX (DaKTOPIB IPyroro piBHs,
Q; — 3HaYeHHS i-TO KOMITIEKCHOTO (hakTopy Ipyroro piBHA. Barori koedimientu Wi
(akTopiB ApPYroro piBHS BH3HAYAIOThCS Ha eKcrepTHoMy piBHI. Cyma BaroBux
KOeilli€HTIB APYroro piBHS TaKOXK MOBHHHA JOPIBHIOBATH OAWHUIN. B Tabmumi 7
JUIl  XapakTepUCTUKK OLIHKH edekTuBHOCTI (yHkmioHyBanHs CMIb, 1o
3abe3neuytoth Ib Ha 00’€kTi 3axucTy, BUOpaHi 3 ¢akTOpH IPyroro piBHSL.

Tabmums 7
[To3HaueHHs (haKTOPIB APYTOTO PiBHS HaiimenyBaHHS (haKTOPIB IPYTroOro piBHA
Q1 Orinka MOHITOPHHTY e(eKTUBHOCTI
¢yukuionysanas CMIb
Q2 OmiHKka CHCTEMH YNpPaBIiHHA PH3UKaAMH
¢ynkuionyBanns CMIb
Qs OmiHKa cucTeMu BIpoBapkeHHs 3MiH 3 C31b

s ominku edexkruBHOCTI (yHKIionyBaHHsS CMIB, 1o 3abe3neuyrors Ib Ha
00’€KTi 3aXUCTy, HMHI BHKOPUCTOBYIOTH pi3Hi MeTonu. B nmeskux Bumagkax i
MeToAMn 0a3yloThCs Ha MIKHApOAHMX craHaaprax. Hampukian, MiXHapoaHOIO
koMiciero 3i cranmapruzanii (ISO) ta MiKHApOAHOK CHEPIETUYHOI KOMICIEIO
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(IEC) pospobaeHa rpyma crangaptie ISO/IEC 27000, B SKHX MICTHTBCSA Psi
peKoMeHalii 1 NpakTUYHUX NOpaj Ul BIIPOBAKEHHS CUCTEMH MEHEIKMEHTY
iHpopmaniitnoi 6esnexu (CMIB).

Kpim cranpapriB cepii ISO/IEC 27000, eBponeichki aepkaBU po3poOISIOTH 1
BIIPOBA/KYIOTh BJIAaCHI HOPMAaTHBHI JOKYMEHTH, II0 BH3HAYalOThb BHMMOTH IO
3abe3neuenns Ib. Haityactime HamioHanbHI CTaHOApPTH, pPO3POOICHI I
BHYTPIIIHBOAEP)KABHOTO 3aCTOCYBAaHHSI, BUKOPUCTOBYIOTHCS 1HIIUMH JIepKaBaMHU.
Hampuxitan, pospobOieni y BenmkoOpwuranii I[lpakTwdni mpaBuma KepyBaHHS
inopmartifinoro Oesnexoro BS 7799 muiinumm 3a MeXi HaMiOHATHLHOTO PIiBHIL
Buiesasnadeni npaBuiia BAKOPUCTaHi y MibkHapoaHoMy cTanaapTi ISO17799.

Psin komnaniii a7t 3aXUcTy BIacHOi KOH(ineHiiHoT iHpopmaii i ceprudikamii
TOBapiB, mocayr i KoHTpoaro CMIb BukopucToByroTh cranaapt ISO 9001. 3rigao 3
MOJIEIUTIO MeHeKMEHTy cTanaapty ISO 9001, mponec cTBopeHHs, BOpOBaIKEHHS
ta KoHTpomo CMIb BkiIO4Yae 4OTHPH €TamM, SKi MO3HAYaroThCsl abpeBiaTyporo
PDCA (ta0a. 8).

[Tpu Buposamxenni CMIb nursixom PDCA cucrema Oyne BifmoBigaTu BUMoram
MIXKHApPOJIHUX CTaHAAPTIB cepTUdIKAIIii.

Cnix 3asgaumtd, mo Meroanyanii miaxiny PDCA € mocTiHHAM LOUKITYHUM
mpotiecoM, 3aBsku sskoMy CMIb moCTiiHO y/TOCKOHATIOETHCS.

TakuMm YMHOM, BUKOPHCTOBYIOUH JIaHI OLIIHOK 3 TaOJIUIh 3—7 (akTOpiB APyroro
piBHS, MOXJIHBO 3a (hopmysiamu (2—7) 3MIHCHATH PO3PaXyHOK TOJIOBHUX (haKTOPIB
omiaku edexkruBHOCTI C3Ib, mo Bu3HaveHni B Tabnwmi 2. BukopucroByrouwu i
3Ha4YeHHS TONOBHHUX (akTopiB 3a (opmymnoro (1), MOKIMBO PO3paxyBaTH OLIHKY
epextuBHocTi C31b. TlopiBHIOIOYM IF0 OLIHKY 3 JAaHUMH TaOuuili 1, MOXIUBO
omiHUTH piBeHb edektnBHOCTI C3Ib.

Tabmus 8
Eran Hasga erany XapakTepucTHKa eTany

Plan IInanyi Ha eranmi Plan po3poOusiioTh BHYTPILIHIO
HOPMaTHBHY JIOKYMEHTAIIil0, IPOBOJSTh ayIUT
CHCTEM, IHBEHTapH3allil0 MOXIIUBHX PH3HKIB
200 KPUTHYHHX aKTUBIB, PO3POOIIIIOTE CUCTEMY
TEXHIYHUX 3aXO0iB.

Do Pobu Ha erami Do BHOpoBamKyroTh po3pobicHy
CHCTEMY i 3aCO0H OIIHKH €(PEeKTUBHOCTI BIKUTHX
3aXO0IiB.

Check Busnauvait Ha erami Check omiHIOIOTE SKICTHP pPOOOTH
CHCTeMH, TPUYOMY OIliHKa MOBHHHA HOCUTH
LIJIOBUH 1 pEryJsipHUNA XapakTep.

Act Hiii Ha erami Act 31iiicHIOIOTB JOPOOKY 1 yCyHEHHS

BUSIBJICHUX HEJIOJIIKIB.

VY 3anponoHoBaHiii MeToauni ouiHkM piBHA edexTuBHOCTI C3Ib B 3amexHOCTI
BiJ I[iJIeH OI[IHKA MOXJIMBO 3MIHIOBATH SIK T'OJIOBHI (hpaKTOpH B TAOJUIN 2, Tak i
(dakTopu OIIHKK Jpyroro piBHSA. DakTopu Jpyroro piBHSA TaKOX MOXKIHBO
PO3paxoByBaTH Ha OCHOBI €KCIIEPTHHUX OLIIHOK Ha OCHOBI (DaKTOPiB TPETHOTO PiBHH,
SIK TI€ 3aIPOIIOHOBAHO B poOoTi [27].
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BucHoBku

1. ITo wmipi po3sutky IC Ta TKC i iX BUKOpUCTAaHHS B €KOHOMiYHOMY PO3BHUTKY
JIeprKaB, HAIllOHAJBHIN O€3Melli, KOMITaHisIX, CYCIHIIbCTBI 1 OKPEMHUMH 0COOaMH,
KiOEp3IOYMHHICTh CTa€ KIIOYOBOIO 3arpo30i0 PO3BHUTKY CBITOBOI EKOHOMIKH,
a mpobmema 3abesmeueHHs iHGopMariiiHOi Oe3mekw Oyae cTaBaTH Bce
aKTyanbpHimow. ToMy mpoBiaHi Kpainu cBity npobnemi Ib npuninstors Bee Ginblie
yBarw, a i1 ii 3a6e3nedeHHs GOpMyIOTh BiIIOBIIHY HOPMATHBHY 0a3y i crieriasibHi
IHCTUTYTH.

2. llpo6nema Ib Huni 3auinae ne Tineku okpemi IC Ta TKC, oxpemi opranizamii
Ta KOMIaHii, a i B UiIOMY Jiep>KaBU Ta MDXKIEPKaBHI BiIHOCHHH, 3 HOpMYyBaHHIM
BIMMOBIAHUX MiKaepkaBHUX yrox y cdepi Ib. Iluramas Ib perymspao
00TrOBOPIOIOThCS Ha 3ycTpivax «Bemukoi neamisatkuy, Ha maiinanuunky OOH, Ha
3ycTpiuax MiHICTpiB TeJIeKOMYHIKalii 1 iHpopMaliifHUX TEXHOJIOTiH KpaiH pi3HUX
COI031B Ta OJIOKIB.

3. Bixe crorogni chopMoBaHi Ta MPOTOBXKYIOTh YAOCKOHAIIOBATUCH JIEPKaBHI
(HalioHaNBH1) Ta MiXKAEp>KaBHI cTanaapTh y cdepi Ib, 30kpema crangapt «Kpurepii
OIIIHKM HAJIMHOCTI KOMIT'IOTepHuUX cucrem». «OpamxkeBa kaHura» (CILA);
I"apmoni3oBaHi KpuTepii eBponeicbkux Kpaid; MixHapomuuit crangapt [ISO17799;
Mixnaponuuii cranaapt ISO/IEC 15408 «3aranbhi kputepii»; Crangapt COBIT;
Permament €C 2016/679 Bix 27 xBitHa 2016 poky abo GDPR — General Data
Protection Regulation Ta iHmri.

4. Tlo wmipi posmmupennas 3actocyBanHs IC ta TKC y pisaux cdepax
€KOHOMIYHOI, MOJITUYHOI, €KOJIOTIYHOI, BOEHHOI, HAYKOBOI MisJIHOCTI Ta 1HIIHUX
ramy3sx Ib crama po3risgaTHCh SK MEBHUH PU3HK ISl OCHOBHOI HismibHOCTI. [Ipm
IOMY JIJIsl CTBOPEHHS, aHai3y Ta oiinku epextuBHocTi C31b HeoOximHa po3podKa
MetoniB omiHku edektuBHOCcTi C3Ib, siKi HEOOXimHI IUISI CHCTEM YIIPaBIiHHS
PHU3UKaMH OCHOBHOI AisUTBHOCTI 3 BKJIIOUEHHSM B 110 cucteMy npobiemu 1b. Tomy
3allpolloHOBaHa MeTojauKka ouiHku edektuBHOcTi C3IB 3  BUKOpUCTaHHIM
MiXIIEpXKaBHAX CTaHAapTiB y cdepi Ib, excnepTHHX METOMIB Ta CHUCTEMHOTO
aHami3zy, IO peaqbHO JO03BOJISAE OIIHUTH KOHKPETHI 00 €KTH iH(OpMAaIiitHOTO
3axHcTy (KOMIMaHii, OKpeMi MiAIPUEMCTBA, YCTAHOBH TOILO) SIK 3 ypaxyBaHHsIM IC
ta TKC Ha nmx 00’€kTaX, TaK i iHIIUX OpTraHi3aIliifHAX 3aXO0iB.

5. BukopucraHHs 3anmporoHOBaHOi MeToAuku omuiHku edektuBHocTi C3Ib
B CHCTEMi PH3HWK-MEHEPKMEHTY Oi3HEecC-TpoIeciB T03BOJIUTH OUThII e()EeKTHBHO
YOPaBISATH pU3HKaMHU 00’€KTiB iH(OpMAIifHOTO 3aXUCTy (KOMIMaHil, OKpeMHuX
MIIPUEMCTB, OpraHi3alliii Tomo).
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EVOLUTION OF MANAGEMENT — FROM SITUATIONAL
TO TRANSDISCIPLINARY

Abstract. The article examines the development of management as a system based on
the analysis of information resources that determine management processes. The main
stages of processing information database management systems — analysis, structuring,
synthesis, selection are considered. Methodological apparatus, which is based on
metacategory of transdisciplinarity is determined. The definition of the category of
transdisciplinarity is also analyzed, its definition is given, its system components are
described. Technological solutions for the creation of transdisciplinary systems are
suggested. The conditions for the formation of a transdisciplinary display of network
information resources as the basis of the control circuit are considered.
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EBOJIIONIA YIIPABJIIHHSA — BIIl CUTYAIIMHOI'O
J0 TPAHCANCHUIVITHAPHOT'O

Anomayia. Y cmammi pozenadaemscs po3gumox YNpaeiiHHs AK CUCEMU, 8 OCHO8Y
SAKOI NOKAAOEHO aHaNi3 IHGOPMAYItiHUX pecypcis, sKi SU3HAUAIOMb YAPAGIIHCLKI
npoyecu. Posensioaromvcs ocHoeni emanu 06pobku ingopmayitinoi 6asu cucmem
VAPAGNiHHS — —  aHaui3,  cmpykmypuzayis, —cunmes, ubip. Bushauaemovcs
MemoOONOciuHULL  anapam, 6  OCHOBL K020  Jledcumsv — Memakamezopisi
mparcoucyuniinapuocmi. Takooic 0aemvbcst | aHANIZYEMbCA GUBHAYEHHS KAme2opil
MPAHCOUCYUNTTHAPHOCME, ONUCYIOMbCA  §T  cucmeMHui  CKkaAadosi. 3anpononosami
MEeXHONO2IUHI  pileHHsT Wo00 CMBOPEHHs  MPAHCOUCYUNTIIHAPHUX — CUCTEM.
Poszensioaromvcs  ymosu  opmyeanns mpaHcOUCYUNIIHAPHO2O — BIO0OPANCEHHS
Mepedicedux iHpopmMayiuHux pecypcis, K 0CHO8U KOHMYPY YNPAGLIHHAL.

Knwuoei  cnosa:  ynpaeiinmsa; — mpaHcOUCYUNTIHAPHICMY,  eheKMUBHICMb;
2inepenacmugicmy; pekypcis, pegaexcis; pedyKyis; oHmonozis
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Beryn

KepiBHUIITBOM MIHICTEpPCTB 1 BIZOMCTB VYKpaiHM 3 METOK IiJBUINCHHS
e(eKTHBHOCTI [isUNTBHOCTI B CYYacHHMX YyMOBax NPOBOAMTHCS pedopMyBaHHS
cucTteMH ix ympasiniHHA [1-7]. 3aiiiCHIOIOTECS OpraHizaliiHO-IITaTHI 3aX0IH, SIKi
CIpSAMOBaHI Ha 3MEHIIIEHHS BUTPAT, 10 ITOB’ I3aH1 3 yTPUMaHHIM aJMiHICTPATHBHAX
CTPYKTYP.

OCHOBHMMHU LUISIMH IIPY [IbOMY BU3HAYEHO:

— CHpOILICHHA Ta ONTUMI3allisl NpPOUEAYpU MNPUHHATTA pilIeHHS A7
MiJBUIICHHS OIEPATHBHOCTI pearyBaHHS HAa HOBI BUKIUKKA Ta 3arpo3d, IO
BUHHKAIOTD;

— palioHabHE BHUKOPWUCTAHHS PECYpCiB, SKi Halle)kKaTh MiHICTEPCTBaM Ta
BIJIOMCTBAaM TOILILIO.

Jia gocATHEHHS IMX IIiJIel HeoOXiHe HayKoBe OOIPYHTYBaHHS MEXaHIi3My
OPUAHATTS PIMICHb Y CHUCTEMi YIPaBIiHHA, OKPEMHUX MiJCHCTEM YIPaBIiHHS Ta
YTOYHEHHS 3aBllaHb, HA BUPIIICHHS SKUX CIPSIMOBAHO CHUCTEMY, IO CTBOPIOETHCS.
Takoxk mpu 1BOMY HEOOXiTHO BpaxyBaTH pE3ylbTaTH aHANI3y EBOJIOMIl
YIpaBIiHHS, IO B OCTaHHI POKH BiAOyBaeThcs Oinbi nuHamivHO. [IpramHOIO boro
€ PO3BUTOK 3ac00iB, II0 BUKOPHUCTOBYIOTHCS IiJ Yac MPUUAHATTS pillleHb IS
00poOJIeHHST HEBIIMHHO 3pOCTarodoro obcsary iHdopmarii, sIKy HEOOXigHO MpH
LOMY BPaxOBYBAaTH.

[lin wac aHamizy eBONIONIl ympaBliHH], CIiJA 3a3HAYUTH, IO OCHOBOIO
yIpaBIliHHS € MEBHA CHUCTEMa YIPaBIIHCBKUX KaTEeropii, SIKi BH3HAYAIOTH TaKi
XapaKTePUCTUKU YNPABIIHCHKOI [IISUIBHOCTI: OISl 4OTO BHUKOHYETHCS IPOLEC
YIpaBIiHHS, 0 € MPUYMHOK BHHUKHEHHS I[OTO MPOLECY; Ha IO Ied mpolec
HaTpaBJICHUI; SKWH BUJ BIUIMBY Ma€ BHPOOJIATUCS Yy TPOLECi YIpaBIiHHS.
YmupaBniHHS 3AIACHIOETHCS TOCIIZOBHO Ta IMOeTarmHo. ETtamamMu ympaBiiHHS
3a3BHYail €: MOCTAaHOBKAa METH BIUIMBY; OLIIHKA CHUTYallil, BU3HAUCHHS MPOOJIEMH;
BUPOOJICHHS YIIPABIIHCHKOTO PillICHHS.

PesynpTatn ananisy H03BOJSIIOTH CTBEPAXKYBATH, II0 YIPABIIHHS — 1€ 3aBXKIU
LiJIeCTIpSIMOBAaHa iSTIBHICTD 1 KOXKHHU TIPOILIEC YIPABIiHHS 3IIHCHIOETBCS ISt
JOCSITHEHHsI MIEBHOT MeTH. ToMy Tpoliec ynpaBiiHHS nependadae, mepmn 3a Bee,
MOCTAaHOBKY METH, 3apagu sKoi BiH Oyne BHKOHyBaTHca. HenocratHbo
oOTrpyHTOBaHA MeTa pPOOUTH IPOIEC YIPABIiHHA HEePEKTUBHHM, a I1HOMI W
IIKIJUTMBUM JJIs1 YCIIIITHOT AisUTbHOCTI OpraHizaitii.

Curyanis — craH KepoBaHOI IMifcucTeMu ab0 OKpeMoro o0'€kTa, SKUN
OIIHIOETHCS BiTHOCHO MeTH. BoHa BHHWKae B TpOIleCi YNPaBIiHHA TiJl BIUIMBOM
3MIHHM XapaKTEePUCTUK BHYTPINIHIX 3MIHHHX yCTaHOBH (opraHi3aiii) abo YNHHHUKIB
30BHIIIHBOTO CEPEIOBHINA, B SKOMY Mpalioe ycraHoBa (opranizaiis). CuTyaiis
MOKE YMHHTH Ha OpraHizaiito abo KepoBaHWI KOHKPETHHH OO'€KT MO3UTHBHUIM
BILJTUB, ITiJIBUIIYIOYH e(peKTHBHICTh, 800 HETaTUBHUHN, 3MEHIITYFOYH ii.

UucneHHi cuTyarii, [0 BIUIMBAIOTh Ha OpraHi3aiilo, sK [pPaBUIO0, €
B3aeMomnoB's3anuMu. OJiHa CUTYyallis BUKIMKAE 3a co0o0r0 Oararo iHmmx. Tomy
NEepUINI MPOLIeC YIpaBIliHH, SKUH BUPOOJIsi€ peakilito Ha BIUIMB CUTYallii, BUKITUKA€E
MOSBY iHIINX IPOLECIB yNPaBIiHHS, a Ti, Y CBOIO Yepry, BUKIUKAIOTh HOBI MPOLIECH,
THM CaMUM CTBOPIOIOYM ITOCTIHHI YIPaBIiHCHKI ITHKITH.

Cutyanii B mpomeci YNOpaBiIiHHS CTBOPIOIOTH NpOOJIEeMH, SIKi MaroTb
BUpilmIyBaTHCA ocobamMu, MO npuiiMaioTe pimeHHs. [Ipobnema nependauae
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BYSIBJICHHSI OCHOBHHUX IIPOTHPIY MK YMOBaMU poOOTH OpraHizallii, HopoHKEHUMHI
CUTYaIIi€l0, 1 HEOOXiTHUMH YMOBAaMH JIJISl JOCATHEHHS OpTraHi3alli€io CBOEI METH.

[1ixg gac BupinIeHHs TPOOIEeMH BUKOPUCTOBYIOTh CUCTEMHHUH MiJIXiJl i TPOCTOro
MepeNiKy 3MiHHHX, 110 BUKJIMKAIA KOHKPETHY CUTYallil0 Ta HAWO1IbIIe BINTUBAIOTD
Ha yCHiX oprasi3aiii, HeIOCTaTHRO JJsi BHOOPY Kpamioro pimeHHsa. s mporo
HEOOXiTHO BCTAHOBHTH B3a€MO3B'I30K MDK JTaHUMH 3MIHHHMH 1 BHPOOWUTH
KOMIUIEKCHY PEaKIifo Ha YCYHEHHS! HeOa)KaHHUX BILJIMBIB.

Bupo0OienHs yripaBiiiHCHKOTO PIIIEHHS € 3aKIIOYHUM €TaIoM 1 aKyMYIIO€ B 001
Bl 1 HEeBAaJi CTOPOHM TOIEPEIHIX EeTaliB MPOIECy YIPaBIIHHA M BIAKUIAE
HeeeKTHBHI HampsMHU ASUTBHOCTI KepoBaHMX 00'eKTiB abo Aii mocamoBHX 0OcCi0.
3aKkIOYHAN eTalm B CyYaCHHX YMOBax Oe€3locepelHbO 3aleXHUTh BiJ piBH
MTO3UITIOHYBaHHS HA CBITOBOMY PHHKY 3HaHb. Lle miaTBepIKy€e MepeKeeHTpruIHa
¢a3za eBorowii, y SIKy BCTYIHB CBIT 1 5IKa (YHKLIOHANBHO peajli3yeThes Ha 3acanax
TPaHCAMCUUILTIHAPHOI B3aeMoAii ycix iHpOpMaUiiiHUX pecypciB i MpoleciB, IO
YTBOPIOIOTh IHTEPaKTHBHY TMaBYTHHY, Y CepeIOBHIN K01 3a0e3meduyeThes
HaKONMMYEHHS HAYKOBHX 1 HAyKOBO-TEXHIYHMX 3HaHb Ta iX IHTerpoBaHe
00pOOJIeHHS, peani3yloTbcsl KOMYHIKaIlil Ta MIATPUMYIOTBCS MPOLECH MPUUHATTS
PpiIIIEHB.

Kareropii ynpaBiinas
Ha croromni Teopiro ynpaiIiHHSI MOXKHA 0XapaKTepU3yBaTH YOTHPMA KaTeTrOpisMH,

sIKI BU3HAYAIOTHCS MIIXOAaMH 3 TOYKH 30pYy OINEPaIliOHAIBHOCTI 00’ €KTIB Ta
nporieciB ynpapniHas (puc. 1).

CHeremuuii
miaxin

3 TOYKH BUIIMCHHA
PITHHX WKIiN

Hidxodu do ynpasiinua

[Tpouechuii
migxin

Curyauiiinmnii
niaxin

Puc. 1 — KiacuuHi miaxoau 10 yrpaBiiHHI

[ligxim 3 TOYKU 30py 6uUOileHHs PI3HUX WKII BKIIOYAE B YIPABIIHHS Taki
HampsIMH: IIKOJa HAYKOBOIO U aaMIiHICTPaTMBHOTO YHPABIiHHS, JIFOACHKUX
BiTHOCHH, HAYKH NP0 MOBEIIHKY 3 TOYKH 30pY KUIbKiCHUX METOLiB [1, 2, 6].

Y cucmemromy nioxo0i opraHizailis MPUHUMAETHCS SK BIAKPUTA CHUCTEMA, IO
CKJIaJa€ThCsl 13 CYKYIHOCTI B3a€MOIIOB’SI3aHUX E€JIEMEHTIB (CTPYKTYpH, 3a1aui i
TEXHOJIOTIT), PyHKIIOHYBaHHS SIKUX CIIPAMOBYETHCS HA AOCSTHEHHS LiJIed B yMOBax
3MIHHOI'O BILUIMBY 30BHILIHLOTO cepeoBuiia [6, 7].

BuxigHuM y CHCTEMHOMY MiAXOM1 € MOHATTA 1ijai. HasBHICTE KOHKPETHOT i —
nepuia i HaliBaXXJIMBIIIA O3HAKa OpraHizaii, 3a sIKOO JJaHa CHCTEMa BiJIPi3HIETHCS
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Bil IHIMUX OTOYYIOYMX ii CHCTEM. 3aBIaHHSA YMPABIIHHA B IUX YMOBax —
3a0e3leUnT KOMIUIEKCHHH IpOLleC MJOCSTHEHHS LIed, IO CTOSTh Iepen
cucremorto. [lig yac BUKOPHUCTaHHS LBOTO MiIXOAY MPUIYCKAIOTh, IO KOXKHUH 3
€JIEMEHTIB CHCTEMH Ma€ MeBHi BIAaCHi 1iJIi 1 HOr0 CYTHICTh NOJISTae B OOTPYHTYBaHHI
HaIpSIMIB ITiIBUIICHHS e()eKTUBHOCTI POOOTH OpraHizallii B I[LIIOMY.

Oco0MHMBOCTI CHCTEMHOTO MiAXOLY 3BOJSATHCS JI0:

— YITKOTO BU3HAYEHHS ITiJIeH 1 BCTAHOBIICHHS iX i€papXii;

— JOCSITHEHHs HAHKpalMX pe3yJibTaTiB MPH HAalMEHIINX BHUTpATax LUIIXOM
BUKOPUCTAaHHS 1HCTPYMEHTIB MOpPIBHSUIBHOIO aHamizy 1 BHOOpY cmocobiB
JOCSITHEHHSI IOCTABJICHUX LILICH;

— MIMPOKOr0 BCEOIYHOTO OIIHIOBAHHS BCiX MOMKJIMBUX PE3yJbTATIB JisSUIHOCTI
3 BUKOPHUCTAHHIM KITbKICHOT IHTEpPIIpETaIlii MiJield, BU3HAYCHHSIM METOIIB 1 3aC00iB
1X JIOCATHECHHSI.

Takum 4MHOM, 3a3HAUYEHUH IMiJIXiJ OPIEHTOBAHO Ha JAOCATHEHHS LiNel CUCTEeMHU
Yepes BHOIp Ta peatizamiro IPUHHATHX pillleHs HA OCHOBI BpaXyBaHHS 1 aHAJIi3y BCi€l
CYKyIHOCTi (akTopiB, iX B3a€EMO3B’SI3Ky Ta B3a€EMOJIi, MO BIUIMBAIOTH Ha
HEOOXiHICTh BUPIICHHS BU3HAUEHOT IPOOIIEMH.

Ilpoyecruii nioxi0 po3TIANAE YIPaBIiHHA SK Oe3lepepBHY MOCITiIOBHICTh
B32€MOTIOB’I3aHUX  YOPAaBIiHCBKUX  (QyHKOIA. Y  HBOMY  IPHUAMAETHCS
(YHKLIOHATBHUAN TOTJISI HA MpPOIEC YIPaBIiHHA, B SIKOMY PEali3ylOThCS Taki
(yHKIIT, SK IJIaHyBaHHS, OpraHi3allisi, MOTHBAaIlisi 1 KOHTPOIb 33 TPUHHATHM
pimmenasaM. OyHKIIII € OCHOBOIO JUIS PO3MOILTY YIPaBIiHCHKOI mparti, opraHizarii
IpoleciB ympasiiHHs, (OpMYBaHHs OpraHi3allifHUX CTPYKTYp 1, HacaMKiHelb,
CTBOpEHHS (PYHKIIOHATFHHUX BHJIB yIpaBmiHHSA [2, 3].

Cumyayitinuti  nioxio 0a3yeTbCcs Ha TNPUUHATOMY MPUIIYIICHHI, IO
BUKOPUCTAHHS Pi3HHX METOJIB YNpaBIiHHSI BU3HAYAETHCS CHUTYaLlisSIMH, Ha SKi
HeoOXigHo pearyBatu [3-5]. BigmoBimHO a0 TOrO, IO TaKWUX CHUTYyallii Oe3mid,
MPUITYCKAEThCS, IO HE ICHYE €IWHOIO ONTHMAJIBHOTO CHOCOO0Yy YHPaBIiHHSA 1
HaHO1TBII e(h)eKTUBHUM € METOJ, SKUU BiAIIOBIa€ CUTYAIlil, 0 CKJIajacs y JaHOMY
Bunaaky. CTPYKTYpHY CXEMy KOHIENTYalbHOI MOJENi CHTYallidiHOTO MiIXOIy
HaBeJIEHO Ha puc. 2.

OGypeHHA 30BHIIIHBOTO HinkorHi (NaaHoBwMiT) OQB8ypeHHA BHYTPIIIHEOTO
cepeloBHILA "|  cTaH QyHKIIOHYBAHHA | CepeloBHILA

h 4

Busnauenus i ananis
1IpoGJIEMHHX CHTYALiH

v

[Tpuiinarra pilneds WOA0 YeYHEHH Ail, BIMBIB,
sabesnedyeHds BIANOBIHOCTI HOTOYHHX ITOKA3HHKIB

(pyHKIIOHYBAHHA OpraHizanii nineoeuM. IMiHa

uinei QyHKUIOHYBaHHA OpraHizauii

Puc. 2 — CrpykTypHa cxema KOHIENTyaJIbHOT MOJIeJi CUTYaliiHOTO MiIX0ay
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Po3BUTOK MHMHAMIYHOCTI MPOIMECIB 1 HEOOXITHOCTI ONEPATHBHOTO MPUHHATTS
pilieHb mmif 4yac (yHKIIOHYBaHHS OpraHizamii morpeOye e(eKTHBHOI B3aeMOIil
3 MEpEeXEeBUMH, MUKIUCUUILTIHADHUMHU iH(QOpMALiMHUMH pecypcaMu, po3poOKH
HOBHUX METO/IIB Ta 3aC00iB yIIpaBIIiHHS iHPOPMAIIi€r0 s 3a0e3MeUeHHS TIOCTYITY JI0
3HaHb, iX 00'¢7HaHHA Ta QOPMYBaHHS HOBUX 3HaHb. ToMy, IIst O1TBIT 00’ EKTHBHOTO
YIOpaBIiHHSA HEOOXIAHO PO3TISAATH BIAMOBIAHI 00 €KTH Ta TPOIECH HA OCHOBI
aKCIOMaTHK AEKUTbKOX HAYKOBHUX JUCLHUILIIH, IO € HAWBAKITUBIIINM 3aBIaHHSM i
Yac IPUHHATTA pillieHb 1 ToTpedye po3poOIeHHs Ta OOTPYHTYBaHHS PO3MOIIICHUX
MepexeBUX 1H(HOPMAMIHHO-aHATITHIHAX CHUCTEM MIATPUMKH TPHHHATTS PIllICHb.
[ToTpiGHO PO3rIANATH YCIO CYKYITHICTh 3HAHB, MTOJIOKEHHS K01 BiTOOPaKaOTh Pi3Hi
npenMeTHI 06sacTi. 3a3HaueHa cuctemMa (YyHKI[IOHATBHO Peai3yeThCs Ha 3acajax
TPaHCIUCITUILTIHAPHOT B3aeMofii yciX iH(oOpMamiiHUX pecypciB 1 mporeciB i
(hopMy€eThCS Ha OCHOBI TPAHCIUCIUIUIIHAPHO 3B S3aHUX MiX COOOK TPOIICCIB
noOyBaHHS, OOpOOJCHHs, 30epiraHHs, pO3MOBCIOJDKEHHS Ta BHKOPHUCTAHHS
iH(hopMarii i 3HaHb, AKi HEOOXimHI T Yac HOpMyBaHHS PillIEHb.

BiamoBiaHO 10 1bOTO, BAHUKAE HOBHM MiJIXiJ — TpaHCAUCIHUILUTIHApHUH [8—14],
oo OOYMOBJIIOE aKTYalbHICTh CTBOPEHHS IHTENEKTYAIbHUX AaHaJITHYHUX
IHCTpYMEHTIB, Aki O OynmM CIpOMOXHI «mepebpaTi» Ha ceOe B3aralli 4acTUHY
(yHKIIIT 3 OCHOBHOTO KOTHITMBHOTO TpakTy mroAwHW. llei migxim 3abesmedye
JOCTOBIPHICTh Ta KOPEKTHICTh MPOLEAYPU 3B’S3yBaHHS TEMAaTHYHHX KOHTEKCTIB
iHpOpMaLlifHUX pecypciB TI00ATBFHOTO CEpelOBUINA HAa OCHOBI MHOMXHHHOI
BriopsakoBaHocti [1, 2]. bimpme Ttoro, yci mepexesi iHdopmamiiiHi pecypcu
SBISIIOTH ~ COOOI0  TMEBHY CYKYNHICTh 3HaHb, SKI XapakTepU3YIOTh  iX
orepartioHanbHicTh [1, 2].

TpancauCIHITIIHAPHICTS B MBOMY TEPEIiKYy € 3aMHKA0Y0I0 METaKaTeropier,
SKa TPYHTY€ETbCS HAa OHTOJIOTIYHOMY IPEJICTABICHHI (POPMAILHOTO B3aEMO3B’SI3KY
HAyYKOBHX PO3yMiHb OKpeMHX mpenMmeTHux oOmacteid 3HaHb ([1mO) Tta ix
¢dyHkuionanpHoi peamizamii. [Ipu mpomy 3abe3medyeTbesi GOPMYBaHHS JIOTIYHUX
MEeTapaMoOK, 3a JIOIOMOTOI0 SKHX 3HAHHS, IO BiJOOPaXKarOTh TeMAaTH4HI Mpodisi
UX TpeAMETHUX o0jacTeil, MOXKyTh OyTH IHTETpOBaHI Ha OiJbII BUCOKOMY PiBHI
abcrpakii. TpancaucuuIUIiHAPHI OHTOJIOTT 3a0€3MeUyIOTh i peai3yloTh CHHEPTio
(hyHKITIOHATBHOT B3a€EMOJII PI3HUX NpeAMETHHX oOnacTel, BKIOUAlOYM M iX
iHTeTpamifo, SKa  BHKOPUCTOBYEThCA Ui iH(OpMAIifHO-aHAII THYHOTO
3a0e3MeUeHHs MITPUMKHI PAWHATTS PIillleHb B KOHTYP1 yIIpaBIliHHSL.

TakuM 4YWHOM, TpPaHCAWCIUIUTIHAPHUNA TMIXiJ peaji3ye CHCTEMAaTH3AIlilo,
KOHTEKCTHHH Ta CTPYKTYpHHH aHaNi3 NPEIMETHHX 3HaHb, SKi BiIOOpa’karOThCS
y pi3HHX iHpOpMaliiHHUX pecypcax, 3a0e3meuylour NPy [bOMY JOCHIHKEHHS
iHpopMaIii.

Crnix 3a3HayMTH, IO Ha TpoLeC B3aeMmoAii 3 iH(pOpPMaLiHHUMHU pecypcamu
rII00AILHOTO CepeIOBHIIA BILIMBAIOTH TaKi aCIIEKTH:

— CHHTaKCHUYHHH, KU CTOCYeThCs (popMaibHOI NMPaBHIBHOCTI MOBIIOMIICHB
3 TOYKH 30py CUHTAKCUYHUX TPABUII MOBH, III0 BUKOPUCTOBYETHCSI, 0€3BiTHOCHO JI0
HOTO 3MICTY;

— CEMaHTHYHHMH, SIKUI BiJ0Opakae piBeHb MOHATIHHOT B3a€MOIIT;

— TparMaTUYHUA, IKUI BU3HAYAE ONepaiioHa bHi aCleKTH X BUKOPHCTAHHSI.

TpaHcauCIMIUTIHAPHICTS  1HPOPMALIIHOrO CepelloBUINAa BH3HAYAETHCS  SIK
MHOXXHHHA YacTKOBa BIOPSIKOBAHICTh TAKCOHOMIYHUX Ta OIepamioHaJbHUAX
BJIACTUBOCTEH KOHLENTYaJIbHUX (OHTOJIOTIYHMX) MOAENEH AWCLUILTIHAPHUX
METACUCTEM, K IIEBHUX CHCTEM IPEACTaBICHHs MPEAMETHUX 3HAHb.
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[Ipu 11bOMY KaTeropist B3a€EMOIIl 3 MEepeKeBUMHU 1HOOPMALIIHHUMHU pecypcaMu
r7100aTBHOTO CEPENOBHIIIA MOXKE PO3IIINATHCS SK MEBHUHM MPOLEC BUKOPHCTAHHS
Oy/Ib-SIKMX KOHTEKCTIB, IO 1X CKJIaJar0Th. | HA ChOTOIHI HAHOUIBII MPOYKTUBHIM
Ta KOHCTPYKTHBHMM € 3aCTOCYBaHHS OHToJloriuHoro miaxoxy [8, 15-20].
OHTOJOTIYHI METONM Ta CHUCTEeMH 3a0e3MedYylOTh KOHIICTITyajdbHe BiJOOpaKeHHS
B3aeMOIIi MepeKeBUX 1H(OOPMAIIHHUX TPOIECIB 1 CHCTEM B PI3HUX MPEAMETHHX
00NacTsIX.

Bonu MicTSTh HACTYITHI CHCTEMHI KOMITOHEHTH:

— MHOXHHY KOHIICTITIB SIK CTPYKTYPY CEMaHTUUYHUX OJMHUIb-TIOHSATE;

— (¢opmanbHy MOJENb TMPEeJMETHUX 3HaHb, NPEACTABICHY 3a JOIIOMOTO0
MIEBHOT MOBH Ha OCHOBI OMHCY KOHIENTYAIbHOT CHCTEMU;

— (ysKuioHambHY MOAENH, siKa 3a0e3rnedye yHi(ikaIlito TepMiHOIOTI, JOTIKY
00pOOKHM TaKCOHOMIUYHMX KaTeropii 1 BIZHOUIEHb MK HHMH, a TaKOX
aKcioMaTH3alil0 OMHUCIB TPOLECIB, MPUYMHHUX 3B'A3KIB 1 MpOLEAYyp OHTOJIOTII.
B sikocTi OHTONOTIYHUX CHCTEM, IO Pi3HOIO Miporo opMalti3oBaHi, y JiTepaTypi
pPO3TIISAAOTECS TaKi KaTeropii, sK: CJIOBHUK 3 BHU3HAYCHHSMH; TaKCOHOMIS;
Te3aypyc; akcioMaTu30BaHa Teopis TOIIO.

KoHuenryaJibHi 3acagu TpPAaHCAUCHUILIIHAPHOIO YIIPABJIiHHSA

TpancaucuuiiHapHe BUKOPHUCTaHHS iH(GOPMAIiHHIX pECypCiB pealizyeTbcs Ha
OCHOBI 1HTepHpeTamii TaKWX TilePBIACTUBOCTEH, SIK peduieKcis, peKypcis Ta
penykuist [3, 8, 16, 17, 21-25]. PedmnekcusHicts iHdopmamii monsrae y ii
CIIPOMOKHOCTI BimoOpakaTh sBHUILNA, $SKI MOXXHA TPaKTyBaTH SIK 3HaHHS.
PexypcuBHICTE peamnizyeThes SIK 3[aTHICTh MMOCTIHHO BUKOPUCTOBYBATH I1i 3HAHHS B
OTEpalliOHATBHOMY ~ TMPOCTOpi  ekcmepTiB.  PeaykTuBHicTh  3abe3meuye
MpeJCcTaBIeHHS ONKCIB SBUII Yepe3 CHpoIleHi AediHimii.

BkazaHi TimepBiacTUBOCTI  OMEpaIliOHANBHO  peami3yloThCi Ha  OCHOBI
(YHKLIOHAJIBHOCTI KaTeropii owmonocis Ta HopmanvHa cucmema [8, 25]. 3a
paxyHOK I1BOTO BKa3aHi TiNEpPBIACTHBOCTI  IHTEPHPETYIOThCS  TICBHUMH
(yHKI[IOHATPHIMH CepBicaMH, sKi 3a0e3MedyloTh KOTHITHBHI TPOLEAYPH, IO
CKIIaly SKWUX BXONATH aHaNi3, CTPYKTypH3amis, cuHTe3 Ta BUOip. Lli KorHiTHBHI
MPOIIeTypH JJOCUTH MTOBHO Peasli3yloTh iHTErpOBaHy B3aEMOJIII0 3 iH(pOpMaIiiHTHUMH
pecypcamu [8, 17, 25].

Onronoriss O sBise cO0OI0 KOHLENTYAIBHO-TIOHATIMHUE Kapkac ycix 0e3
BUKJIIOYECHHSI HAYKOBUX Teopiil. BoHa BK/IIOYa€e MOHATIHHY CHUCTEMY NpEIMETHOI
obmacti X, BJIaCTHBOCTI 00’ €KTiB i3 MHOKMHU X-R, BKIIOYarOYM BiJHOIIEHHS, SKI
BH3HAYAIOTH iX B3a€MOJir0, Ta GyHKIII F, fKi iHTepHnpeTyroTh Ili BIACTHBOCTI Ta
BIIHOIIICHHS.

O=(X,R,F). L)

Sxmo MHOXMHY F mpeacraButH y BUIIAAL {Ais — pe3yJibTaTH}, TO MH
OTPHMAEMO KJIac HaTypalbHUX cucteM SN, sKi € TeBHUM HATYpalbHUM TOKPHTTSIM
MHOXHH X Ta R. Binbire Toro, MHOkrHA SN BU3HAYA€THCS MHOKHHOK MOYKJITHBHX
Ha0OPIB y3TrO/PKEHUX Jil 31 MHOXKHHOIO O4iKyBaHUX pe3ynbraTiB [25]. Takox ciin
3ayBaXUTH, IO HaOip MOXUIIMBUX i F Moxxe OyTH BH3HA4YeHUWI 32 yMOBH, IO
KOEH 00’ €KT 31 MHOXXHHHU X BU3HAYAETHCS IIEBHUM HA0OPOM 31 MHOXHHH R.
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gy~
SN = (F, X [X(R)). @)

Buxonsan 3 Bm3Hauens (1) Ta (2), MOKHA CTBEpIKYBAaTH, IO JOBUIBHY
OHTOJIOTII0 MOXKHA TPEACTABUTH Y BUTIISAI HATYpAIbHOI CHCTEMH Ta HaBmaku. L{s
JBOICTICTh 1X iICHYBaHHS BU3HAYAE TiNICPBIACTUBICT TUIACTUYHOCTI IIUX KaTErOPiil.

3a paxyHOK X MIACTHYHOCTI MOKJIMBE IHTETPOBaHE BiIOOpaKEHHS JOBLIBHOTO
iHpOpMaLiiHOTO pecypcy, SIKMH BKJIIOUYEHO Yy KOHTYp ympasiiHHs. Hatypanbha
cucrema SN 3a0esmnedye iHTErpoBaHe BiIOOpakeHHS! HAOOPY MEBHUX JOKYMEHTIB,
akmo chopmoBaHa oHrtojoris O, ska 3a0e3mnedye BiOOpa)KEHHS MOHSATIHHUX
CHUCTeM TIPEAMETHHUX O0JacTeil, MmO BHUKOPUCTOBYIOThCA. Tomi peamizyroThCs
Y3TOJUKEHI /i, SIKi BU3HAYaI0Th MHOXKUHY Pe3yJIbTaTiB B3a€MOJIi 3 JTOKYMEHTaMH.
Bxkazani pe3ynpTaTv SIBISIOTH COOOI0 IHTEPAKTUBHUI JOKYMEHT |, KUl 3MiCTOBHO
SIBJISIE COOOI0 IHTETPOBAaHE MPEICTABICHHS YaCTKOBO BIIOPSIKOBAHMX KOHTEKCTIB
yCiX TOKYMEHTIB, 1110 BUKOPHCTOBYIOTHCH.

|= <O, SN>. 3)

TakuM YWHOM, IUIACTHYHICTH HATYPaJbHOI CHCTEMH Ta OHTOJIOTII 3abe3mneuye
IHTEepaKTUBHY B3a€MOJII0 3 HASBHOIO B OHTOJOTII iH(OpMAIi€ y JOBITHHOMY
KoHTypi ympasninHs. Lle, y cBoio depry, peanizye GopMyBaHHS aHaJITHYHUX
JI0/IaTKIB B mporieci ynpapiinnsa. Anamituuauid nogatok AA (analytic application)
3aJIa€ThCsl HA OCHOBI (YHKIIOHAIBHUX iHTeprperanii F BmactuBocteit R
MOHATIHHKX crucTeM oHTojoril O, mo BukopuctoByeThes. ChopMoBaHUil Ha OCHOBI
IHTEPaKTHBHOTO TOKYMeHTY | anamiTnunuii jonatok AA Moxe OyTH IpeacTaBIeHU
y Burisai (4) [27].

AA = (X,, R, AP, S, 0), (4)

ne Xy — MHOXHMHA O0’€KTHMX CYTHOCTEH, Hajl SKMMHU BUKOHYIOTHCS aHAJITHYHI
orepariii Juist BUPIIICHHS 3a/1au4i;
Rg — MHOXXHMHA BIJIHOIIEHb MK 00’€KTaMM IOHATIHHOI CUCTEMH, SKI BU3HAYAIOThH
THT BUKOHYBaHHX OTIEpaIliii;
A°P — MHOXXMHA aHAJITHYHUX ONEpaliil Hax 00’€KTaMH, BUKOHYBAaHUX B MpOLEC
BUPIIICHHS 3a]1a4i;
S — MHOXKWHA CTaHiB 33]iaui, sIKi BAKOPHCTOBYIOTH 3B’3aHi KOHTEKCTH B Iporeci ii
BUPIIICHHS;
O — oHTOJIOTIYHUE OIUC 00’ €KTIB, POIIECIB 1 33]1a4 33/JaHOI TPEIMETHOIT 00JIACTI.
MHOXHHAa aHATHYHUX omeparid A® Bu3Hayae HaOip y3ro/DKEHHMX I
HATYpaJbHOI CHUCTEMH, JIO CKIQJy SKOIO BXOAATh KOTHITHBHI —oreparii
CTPYKTYpH3allii; aHai3y/BUAUICHHS TPOOIeMU; CHHTE3Y Ta BHOOpY. BapiaTuBHICTS ix
BUKOPHCTAHHSI 3a/1a€ThCS TiEPBIACTHBICTIO Pe(UIEKCUBHOCTI Ryrer, sIKa BKIIOYAE IIi
oriepallii 10 KOHTYpY YITPaBJIiHHs Ta 3a0e31euye 3HAX0KSHHS PI3HUX PillieHb 1 BUOip
HaiOTBII onrTMatbHOTO [17, 23, 25]. L5 BapiaTMBHICTH IEBHUM YHHOM 3aJICIKUTH,
3rigHo 3 Bupasamu (2)—(4), BiJl HAIBHOCTI Ta CYTTEBOCTI MIXKKOHTEKCTHOT 3B’ I3HOCTI
00’€KTiB, SIKI BAKOPUCTOBYIOTBCS Y Tipolieci B3aemoii. [le Bu3HaYaeThesi BHOOpOM
aHamiTHIHOT onepartii A® KOHKPETHOTO CTaHy 3B’SI3HOCTI KOHTEKCTIB IHTEPAKTHBHOTO
nokyMenTa |. Bkazany 3B S13HICTb IIPEACTABICHO Y BUIIISAL BUpasy (5):

Rret = (Aop, I) (5)
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Takum uymHOM, pediekcia, NpeAcTaBiIeHa BHpa3oMm (5), BHU3HAYaE YMOBH
aKTHBI3aIlli KOTHITHBHUX OIEparliii Ha OCHOBI YTOYHEHHsI KOHTEKCTHOT 3HAYNMOCTI
Ta 3B’SI3HOCTI 00’ €KTIB i MPOIECiB ypaBliHHSL.

OnHuM 13 CHCTEMHHMX KOMIIOHEHTIB 1HTEPAaKTHBHOTO JOKYMEHTa € OHTOJIOTIS.
KoruituBHi y3rokeHi omeparii HaTypalbHOI CHCTEMH, SK JPYroi CHCTEMHOL
KOMITOHEHTH  IHTEPaKTHBHOTO JOKyMEHTa, 3a0e3leuyloTb  IHTepHpeTariiio
rinepBracTuBOCTed pekypcist Rrec Ta pemykuist Rreq. Bkaszani rimepBigHOIIEHHS
YTBOPIOIOTh MHOXMHY GI, 5Ky 3agaHO HaJ MHOXHHHHUMH OiHapHHUMH
BITHOMIEHHSIMH YacCTKOBOI YIOPSIIKOBAHOCTI, IO BU3HAYAIOTh TAKCOHOMIUHY
iepapxiro oHTONMOTiUHOT cucTemu [21-26].

Inme mpencraBnenns peduiekcii, y Burisiai Bupasy (6), BU3Hauae, M0 KOKCH
KOHTEKCT MOHSTIHHOI CHCTEMH OHTOJIOTI{ € YaCTHHOIO caMoro ceode.

VxR (x,x) — XGX=X. (6)

Lle mo3Bousie ysSBUTH TEBHI MPEIUKATUBHI BHpa3H, MO (HOPMYIOTHCS Ha OCHOBI
00’€KTIB MOHATIHHOI CHCTEMH OHTOJIOTII 13 3aJaHUM MHOXXHHHUM BlJHOIIEHHIM
YaCTKOBOI YIOPSAKOBAHOCTI Y BUTJISIII PEKYPCHUBHOTO Tipenukara [21-25]:

(L APr(X Grx;) APr(xy,...,Xxp)
Pr(xq,...,x,) = {0' Pr(X Grx;) (7)

e x; €EX;1<i<n, X — mnousATiiiHa cUcTeMa OHTOJOrii H IHTEPaKTHBHOI'O
JOKYMEHTA.

®axTuaHO mpenuKkat Bumy (7) M03BOIISE BU3HAUWTH, SIKi 00’ €KTH OHTOJIOTIYHOI
CHCTEMH BOJIOJIIOTh JAaHOl BiacTuBicTiO. CdopMyBaBIIM MHOXKHHY KJIaciB
00’€KTiB OHTOJIOTIYHOI CUCTEMH 3a JOMIOMOTOI0 MPEeJUKaTUBHOTO Bupasy Buay (7),
MU OTPUMY€EMO TaKCOHOMIIO T, HaJ SKOIO 3a/1aH0 MHOXXUHHE OiHApHE BiTHOIICHHS
«uacmuna-yine». Taka TaKCOHOMIiSI MOXKE MaTH CKIAJHY CTPYKTYpY HU3XITHUX
iepapxiid. KoxxHU# CKIIaHUK SIBJIsE€ COOO0 KJac 00’€KTIB, 110 MAIOTh K MIHIMyM
OJIHY 3arajJibHy CEMaHTHYHY BIaCTHBICTb.

Pr(xy...,x,) =0=>3T c T:Vx € X3Y € X:T = YGrx. 8)

lNnepBigHomennss Gr BU3HAYa€e B3a€MOJIIF0 MiXK 00’ €KTaMU KOKHOI TAaKCOHOMIT,
BUJIJICHOT 3 pI3HMX KJAciB MNpeaMETHOI oOmacti. BiamosigHo g0 1bOrO,
pexypcuBHUI mpenukaT BuAy (7) I03BOJSE BU3HAYMTH HOBI BHJIM TaKCOHOMII
OHTOJIOT1YHOI cucteMu. OcobauBY pob Y popMyBaHHI HOBUX TAKCOHOMIH Bimirpae,
KpiM pEeKYypCHBHUX NpEAHMKATIB, QyHKIs BHOOpPY. Y TepMiHAaX TaKCOHOMIYHHX
KaTeropiii BOHa Ma€ HACTYIHUI BUTJISL:

VT[p € T = 3F:T >UT,VvT € T(F(T) € T|. 9)

Toni xapakTepucTudHa GYHKIIIS pEKYPCUBHOTO Mpearkara (7) Moxe BU3HAYATH
YMOBH 3aCTOCOBHOCTI (yHKIii BHOOPY mpu (GopMyBaHHI MHOXKHHH TaKCOHOMIM
OHTOJIOTIYHOI CHCTEeMH. SIKIIO 3HAYEHHS XapaKTepUCTUYHOI (QYHKLIl IOpIBHIOE
HYJI0, TO MW BHIUIMIA MHOXHHY O0O0’€KTiB, 3 KOHTEKCTIB SKHX HEMOXIJIHBO
chopMyBaTH ICTHHHI BHCJIOBJIIOBAHHS, TOMY BOHHM HE BOJIOAIIOTH JKOJHUM 3
OlHapHUMX TiNEepPBIAHOIIEHb YHOPSAKOBAHOCTI. B  mpoTHIE:XKHOMY BHUMAAKY
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XapaKTePUCTUYHA (PYHKIIIS MPUiiMae 3HaUeHH 1, a 3 MHOKHHU KOHTEKCTIB 00paHUX
00’€KTIB ()OPMYIOTH ICTHHHI BUCIOBJIIOBAHHS.

3rigHo 3 UUM, HaJ HUIMH MOXKYTh OyTH BH3Ha4eHi rinepsinHomenHs Gr. ToOTo,
3aBXK/IM MOYKHA 3HAWTH HEMOPOKHIO MHOKUHY 00’ €KTiB OHTOJIOT1YHOI CUCTEMH, Je
icHye x04a 0 OJTMH 3 THIITIB BiTHOIIEHb YIOPSAKOBAHOCTI BUY 1 KOHTEKCTH 00’ €KTIB,
MOB'SI3aHI TaKWM BiJHOIIECHHSIM, MOXXYTHb yTBOPIOBATH ICTHHHI BHCIIOBIIOBAaHHS.
TakuM 4YWHOM, I yMOBa 3aja€ iHIYKTUBHICTH Tpolecy (OpMyBaHHS MHOKHH
3B S3HMX MIK COOOI0 KOHTEKCTaMH OO0 €KTIB, MK SKHMH BCTaHOBIIIOIOTHCS
rinepBigHomenHss Gr, 1 (akTHYHO KOHCTPYIOETHCS TaKCOHOMis —Ta/abo
TaKCOHOMiyHa Kareropis. Ha mizcraBi TBepkeHb, HamaHux y BUNIIiAL (6)—(9), s
yMOBa Mo>ke OyTH MpeCcTaBlIeHa B HACTYITHOMY BUTJISLIL:

dP cGr,3pe P,vxe X3Y < X :YGrx = 3T =YGrx. (10)

IapyktuBHicTs Bupasy (10) 3amaeTscsi TOCTINOBHICTIO  3aCTOCYBaHHS
npenukatuBHOro Bupasy Buay (7) i (8) mo MHOXUHH 00 €KTIB OHTOJOTIYHOL
cucremu O i mocnigoBHOTO (POPMYBaHHS MHOKWHH 1HTEPaKTUBHHUX AOKYMEHTIB |,
SIK CHCTEMHOT'O KOMITOHEHTY KOHTYPY YIpaBIIiHHSI.

[ocmigoBricte Bupazie (1)—(10) dakTnyHO BHU3HAYAIOTH IHIYKTUBHICTH
(dhopMyBaHHS 1 peKypcii Rrec, K TIIEPBIACTUBOCTI, MO 3a0€3MeUy€e MiKKOHTCKCTHY
3B’SI3HICTH 00’ €KTIB IHTEPAKTUBHOTO JIOKYMCHTA.

OpHak MOBHE BU3HAYCHHS KOTHITUBHUX OIEPAIlil, SKi ONEPyIOTh KOHTEKCTaAMH
IHTepaKTUBHOTO JOKYMEHTa, moTpelye Ie BU3HAYCHHS PEIyKIli, sKa 3a0e3nedye
KOHBEPTAIil0 CKJIQJHUX MPEJICTABIICHb MKKOHTEKCTHUX 3B’ SI3KiB 00’ €KTIB KOHTYPY
YIpaBIiHHSA Y OUTBII TPOCTI BUPA3H.

Taky rimepBiacTUBICTh, SK peAyKIisA, Ta ii (QYHKIIOHANBHY IHTEpPIpETAIliio
HaOLIbII KOHCTPYKTUBHO ONMHCYBATH B TepMiHax A-Teopii. A-Teopist (A-uncneHHs)
— (QopmasibHa Teopis, po3podsieHa Juist (opmarizaiii 1 aHamizy IOHATTS
obuucaroBanocti [28]. TIoHATTS peaykiii € JOCHTh KOHCTPYKTHBHHM JUIS
NPe/ICTaBICHHS B3a€MOIl BCIX CHCTEMHHMX YTBOPIOIOYMX OHTOJIOTii B TEepMiHax
A-uncnenns. CUCTEMHI CKIIQJIOBI BU3HAYAIOTHCSI KAHOHIYHOIO (POPMOIO OHTOJIOTTI,
1 gk Bke OyJI0 3a3HAYCHO BHIIE, 1€ — KIJIBKICTh 00’€KTIB OHTOJIOTII, MHOYKHHA
BiJJHONIEHb M)XK HMMHU 1 MHOXXMHA iHTeprpeTyrounx QyHKOii. fAkmo dopmysaTu
A-BUpa3y 3a KOXKHOIO KaTeropi€l0 OKPEeMO, TO MH BCE OJTHO OTPHMYEMO OE3THIIOBI
BHpas3y, SKi BiJ0OpaxaroTh HAOOPH MEBHUX MPABUII, 3TTHO 3 SKUMU MOXYTh OyTH
chopMyIIbOBaHI PO3B'SI3yBaHi TBEPIKEHHSI.

OCHOBHMMH TIOHATTSIMH A-Teopii € amikamis (3actocyBaHHS (QYHKUIT 10
apryMenty) i abcrpakiis. AOcCTpakiiis o3Havae, 10 Ko t(x) — BUpa3s, KU,
MOJKJIUBO, MICTUTh B 001 BUIbHY 3MIHHY X , TO 3anuc Ax. t(x) — ue pyHKIis f, sKa
CTaBUTH y BIJNOBIJHICTh 3HAYEHHIO a 3Ha4eHHs t(a), iHaKIIe KaXy4dH, Ma€ MicIe
piBHicTh (11).

(Ax.t(x))a = t(a), (11)
JIe X — IIeBHA 3MIHHA;
t — Bupas, 10 MiCTUTh, MOKJIMBO, BXO/IXKEHHS 3MiHHOT X;
a — apryMeHT, 1[0 BU3HAYAE 3HAYCHHS X.
IleHTpansHUM eIeMEHTOM A-Teopil € moHATTs Tepmy [23, 24, 28]. MuoxuHa A
A-TepMiB BU3HAYA€THCS iIHAYKTHBHO, SIK TOKa3aHO BUpa3oM (12):
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x€EAN
MeA=> (AxM)€ A (12)
M,NeA= (MN)€eA

JIe X — JOBIIbLHA 3MIHHA;
M, N — nOBUIbHI TEPMH.

Kpim Toro, B A-teopii mie Tak 3BaHe croctepeskeHHs IlTeindpinkens (13), mo
JI03BOJISIE 3BOANTH (DyHKIIT OaraTboXx aprymMeHTiB A0 (GyHKIii OXHOTO aprymeHty [28].

AX1. X M = Axyq (sz(--- (Axp. (M)) -+ )), (13)

Iie X; — MOBLILHI 3MiHHI,
M — noBiMBHMI TEpM.

BaxknvBe 3HaueHHS Mae TOHATTS [P-peAyKiiii, sSKe MOXKHA BH3HAYUTH SK
BimHOmeHHs (14) Mk ABOMa TepMaMu:

B = {((Ax. M)N, M[x:= N])|M, N € A}, (14)

JIe X — JOBIJIbHA 3MIHHA;
M, N — noBinbHI TepMH;
M[x: = N] — Bupas, orpumanuii migcraHoBkoro N 3amicTh 3MiHHOT X Y BUpasi M.

[ToHATTS peayKIIil B A-4UCICHHI MOXKe OYTH BU3HAUYCHO SIK O1HApHE BiIHOIICHHS
T HaJ MHOXHUHOIO a0ctpakiiii A-tepmiB — A [28]. Pemyxkiisi Rreq Ma€ BIaCTHBOCTI
TPaH3UTHUBHOCTI, pe(hIeKCUBHOCTI 1 € OiHapHUM BimHOMmEHHIM. TyT CiiI 3a3HaYNTH,
mo Oyab-sKa OHTOJIOTIYHA CHUCTEMa MOXe OYTH MpPEICTaBJIeHA TaKCOHOMIEHO
00’€eKTiB, fKa BifoOpakae iepapxiuHi BiIHOMIEHHS MiX HUMH. [Ipuuomy Han
TAKCOHOMI€KO ~ OHTOJOTIi  3aJaHO0  MHOXHHHE  BIJHOLIEHHS  YacTKOBOI
ynopsiakoBaHocTi Pp. ToOTO, MH MOYKEMO BHU3HAYUTH BiJHOIIEHHS P SK PEIYKIIO
Rred Ha MHOXWUHI aOcTpakiid A-tepmiB — A, Je TepMU — CYTh TBEPDKCHHS 13
KOHTEKCTIB 00’ €KTIB OHTOJIOTII, 10 Tpe/cTaBiieHi y Burusiai Bupasis (10)—(14).

To0OT0, MM KOHCTPYIOEMO MaTeMaTH4HI BUPA3H, SIKI IHTEPIPETYIOTHCS CMUCIIAMU
1 KOHTEKCTaMH KOHKPETHHX TBEpJDKeHb. | mpobiema moisrae B TOMY, 1100
CEMaHTHYHO CHHXPOHI3YBaTH 1 3B'I3aTH BINNOBiAHI TBep/keHHs. [Ipu BupimeHHi
3a3HaueHOl MPOOJIEMH MH OTPUMYEMO TIEBHY TIOBHOTY IHTEPIIPETAlliiHUX MOJIETIeH,
MpeJCTaBICHUX Y BUIIISI BUPINTYBaHUX TBEP/KEeHb. BCi KOHTEKCTH 00’ €KTIB, 110
YTBOPIOIOTH  Ili  TBEP/UKEHHs, OOOB'SI3KOBO  MalOTh MEBHY i€papxiduHy
HiANOPSIKOBAHICTh, IO YTBOPHUTbCS HA OCHOBI MHOXKHHHOTO BiJHOIICHHS
YacTKOBOI ymopsakoBaHocTi P. | 1i iepapxivyHi BiHOIIEHHS TOYHO BHU3HAYAIOTh
00'exTHI Kjacu [29], yTBOpeHiI 00’€KTaMW OHTOJIOTIi Ha MiJCTaBl BUIIICHUX
BIIACTHBOCTEH 1 OiHAPHUX BiTHOIICHB.

CuHXpOHi3alisi CMUCIIB 1 KOHTEKCTIB BCiX TBEp)KEHb BUMarae (OpMyBaHHS
MEBHUX TMPaBWJI, SKi BPaXOBYIOTh THUIH iX BIJIHONICHb 1 BJIACTHBOCTEH, a8 TaKOX
(YHKIIOHATBHICTD, SIKa BU3HAYAETHCS MU BIACTUBOCTAMH. J[JIsl 1IbOTO MOTPiOHI
IHCTPYMEHTH, 10 BOJIOJAIIOTh MIEBHOI CHMHTAKCHYHOIO BUpasHicTio. OOHaK, 1e He
BiJIBOJUTH HAC Bij MPOOJIEMH, SIKY MH B3K€ BU3HAUWIIN — CEMAaHTUYHOI CHHXPOHi3awii
KOHTEKCTiB BUKOPHCTOBYBAHUX THIIIB JAHUX, @ TUIBKH YCKJIAIHIOE ii pillIeHHS.

3riJHO 3 BHIICHABEJCHUM, MH MOXEMO MOOYIyBaTH BUpa3d i3 A-TepMiB, sKi
OyAyTh BKJIIOYATH B ce0€ SIK KOHIEITH, TakK 1 BiHOLICHHS 3 (yHKIisiMH. Tak sk Ha
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MHOXXHUHI IIUX BUPa3iB 33Ja€ThCS BIMHOIICHHS P, TO MH MOXKEMO II€ BiTHOIICHHS
BU3HAYHUTH SIK PEAYKIIO0 Rreg Ha MHOXUHI aOcTpakiiii A. Tak sk abcrpakiis
B A-4MCIIEHHI TpPaKTYeTbCA SK TEBHUH 3aci0 KOHCTPYIOBaHHS HOBUX (YHKIIIH
3 Bupasis Bugy (11), To MoknrBe GOpPMYBaHHS JOCUTH CKIAAHUX (QYHKIIOHATBHUX
BHpas3iB 3 A-T€pMiB, 5Ki JO3BOJIATH 3B'SI3aTH KOHIICIITH, 1X BiHOIICHHS, BIACTHBOCTI
1 ¢yHKII] iHTEepIpeTarii KOHTEKCTiB KOHIIETITIB OHTOJIOTI].

Tobto, Tak sik penykist Rred 320e31euye migcTaHOBKY OAHUX BHpa3iB B A-3amucu
3aMIiCTh 1HIIMX, TO BHKOpUCTOBytoun Bupasu Bugy (11)—(14), mMum mMoxkemo
moOyayBaTH TOB'SI3aHI 32 3HAYEHHSMH 3MIHHHX 1 apryMeHTIB po3B'sS3yBaHi
A-Bupasu. Lli Bupa3u MOXXyTb OyTH aruTikaisiMu — QYHKIISIMH, 3aCTOCOBAHUMH SIK
0 KOHKPETHHX 3MIHHHX, TakK 1 J0 aOCTpakuid — CKiIagHuX A-BupasiB, sKi
JIO3BOJISIIOTH  TIOB'I3yBATH KOHTEKCTH KOHKPETHHX KOHLENTIB OHTOJOTIYHOI
cucremu. [Ipu 1poMy, 3MiHHNM (QYHKIIH B A-BUpa3i CTaBIATHCS Y BIAMOBIIHICTD
KOHTEKCTH 00’€KTIB OHTOJIOTII, MOB'A3aHi M’k cO00I0 P 1 Taki, mo OepyTh y4acTb
y KOHCTPYIOBaHHI abCTpakilii sk ckinaanoi GpyHkii Bumy (12)—(14).

B pamkax ¢opmanismy, mpuitHITOro B A-uncienHHi [7], ommcaHi TpaBuia
3aCTOCYBaHHS PEAYKIIii 7 MOXYTh OyTH ITPEICTaBICHI B HACTYITHOMY BHTJISII:

Rreq = {(Ax. L1) Ly, L3[x: = Lo ]}, (15)

ne L; € A, 10610 L; sBnsieThes abeTpakiiero y A-upasi surasy (15).

Y 3B’A3Ky 3 IIUM, BeCh eTam MOOyIOBH OHTOJOTIYHOI CHCTEMH MOXe OyTH
MPEICTaBICHUI MHOKHUHOIO CKIaaHuX A-BupasiB BurisiaiB (11)—(15). I skmo mis
JICKJIAPaTUBHOTO TOJIaHHSI OHTOJIOTIi 0CTaTHhO oxHOro 3 Bupasis (11)—(14), To ii
AKTHUBHE BUKOPUCTAHHS MPHU B3a€MOJII 3 Pi3HUMH MEpEKEeBUMH 1H(POpMaIiHHUMH
pecypcamu BUMarae o00B's13K0BOT0 3aCTOCyBaHHs peaykiii (15).

TakuM 4YWHOM, OCHOBHOI KOHCTPYKTHMBHOIO TI€pPEBarol0 peaykmii € ii
BUKOPUCTAHHS Yy SIKOCTI MHOKMHHOTO BiJTHOIIEHHS YacCTKOBOI YIIOPSIKOBAaHOCTI,
sKke 3a0e3reduye MOETalnHEe 3B'A3yBaHHS KOHILENTIB HAa OCHOBI BpaxyBaHHA iX
BIIACTHBOCTEH 1 KOHTEKCTIB SK (DYHKI[IOHANBHUX IHTEPIIPETATOPIB i€papXivHO
MoB'I3aHUX 00’€KTiB. lepapxito, YW TOUHIIIE TaKCOHOMIIO, Terep BXe A-TepMmiB
1 A-BUpa3iB BU3HAYAE PEeIyKIlisi MHOKUHU abcTpakiiit A. [[ppaoMy Mik MHOXKHHHUM
BiJIHOIIIEHHSM YacCTKOBOI YIOPSIIKOBAHOCTI P, 3aJaHUM Ha MHOXHWHI 00’€KTiB X
OHTOJIOTIYHOI CHCTEMH, 1 PEYKTOPOM MHOXXHH a0cTpakiii A Moxxe OyTH 3aBxKIu
BHU3HAUYEHO HEINEpepBHE BinoOpakeHHS. ToOTO, BCS MHOXHHA JIETCPMIHOBAHUX
CTaHIB B3a€MOJIii OHTOJIOTIYHOI CHCTEMH MOXKe Oe3nepepBHO BimoOpakaTHCs B
MHOXXWHY (PYHKIIOHATFHUX O€3THUIIOBUX BHPA3iB, MPUUHATUX B TEOPii A-UHCIEHHS.
Take BimoOpakeHHs, KpIM BJIACTHBOCTI O€3MEpEpBHOCTI, BOJIOMIE TaKOX
BJIACTUBICTIO OOOpPOTHOCTI, CUMETPHUYHOCTI, Pe(ICKCUBHOCTI 1 TPaH3UTHBHOCTI.
Toni BimoOpakeHHST Mi>K OHTOJIOTIE 1 il MHOXHHOO aOCTPaKIiii Ma€ BIACTUBICTh
€KBIBaJICHTHOCTI.

LikaBuM € Te, MO iCHYe BIIOOpayKEHHS 3 BIACTHUBICTIO €KBIBAJCHTHOCTI MiXK
CTPYKTypamH, IKi He MOXKYTb MaTH TaKy BJIacTUBICTb. L[5 B1acTHBICTH MHOKHMHHOTO
BigHOMICHHS OiHApHOI YHOPSAIKOBAHOCTI JO3BOJIIE BU3HAYATH CHOCOOM B3a€EMOIi
MiX TONOJOTIYHMMH MHOXXHHAMH, IO MOXYTh CTaHOBUTH (DYHKIIIOHATIbHI
BJIACTUBOCTI OHTOJIOT1YHUX CHCTEM:

(Ryea = P) = (X, R, Rul) — A). (16)
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Bupazu (1)—(16) Bu3HA4arOTh TPAHCAUCITUILUTIHAPHICTE I1HTEPAKTUBHOTO
JIOKyMEeHTa SK 0a30BOT0 CHCTEMHOTO KOMIIOHEHTa KOHTYpPY YIpaBliHHS. BoHu
3a0e3MeuyloTh 3HaXO/DKEHHsS PI3HUX PIllleHb y Mpolleci BUPILICHHS 3a1ad, IO
BXOZSTh Y KOHTYp YIpaBIIiHHS, HA OCHOBI iHTepIpeTalii BIacTHBOCTEH 00’€KTiB
OHTOJIOTIYHUX CHCTEM, M0 B3aeMoAifoTh. lle daxkTruHO BimoOpaxkae IOACHKY
3IaTHICTh BapiaTHBHO MHUCIIHTH.

TexHosnoriuHi pilieHHA TPaHCAUCHUILTIHAPHOTO MiAX01Y

Peanizanis TpancaucHiruIiHApHOTO MiAXOAY YIPaBIiHHS MOXKE peali3oByBaTHCS Ha
0a3l KOTHITHBHOI TpaHCIUCUMIUTIHApHOI MepexkeBoi TexHonorii IT-TOHOC
[8, 30-32]. LIa TexHomoris mokasana e(peKTHBHICTH PO3POOJIEHHX METOMIB Ta
3aco0iB THMi3alii TPaHCIUCUUIUIIHADHUX OHTOJOTIYHMX MOJeNed y mporeci
iHTerpoBaHOI B3a€EMOMIi 3 KOHTEKCTaMH, SKi BiZoOpakaloTb CEMaHTHUYHI
BIIACTHBOCTI 1H(OpMaLIHHUX pecypciB rinodampHOrO cepepoBuiia. Ha ocHOBI
BUKODHCTAaHHS  MoOjeliell  BimoOpakeHHS  BIOPSIKOBAaHOI  MHOXKHHHOCTI
CEMaHTHYHUX BJIACTHBOCTEH 00 €KTIB 3a0e3MedyeThCs TPAHCAUCHUILTIHAPHA
iHTerpamis iHpopManiiHUX pecypciB Ha KOKHOMY KPOIli B3a€MO/IIT 3 HUMH.

[IporpamHa cucrema TpPaHCOUCUMIUIIHAPHOTO TPEACTABICHHS MeEpPEeXeBol
iHpoOpMallii € CHCTEMOIO, MPU3HAYCHOIO A1 0OpOOKH BENMKHX MACHUBIB CIaOKO i
HECTPYKTYpPOBaHMX JIOKYMEHTIB, IO MOXYTh OyTH TpEACTaBlIEHI y BHIIISAL
MpUpOIHOMOBHUX TekcTiB [16, 30, 32]. Cuctema BUKOHYE BHIIJICHHS 3 HHUX
iHpopMalii 3a 3aJaHUMH KOPUCTYBadeM NpaBWIIaMHU, ii TIPEICTaBICHHS y BUTIISAAL
OHTOJIOT1YHOI CTPYKTYPH, & B MOAANBIIOMY — TPaHCAUCIMILTIHAPHE MPEACTABICHHS.

Cucrema TpPaHCAWUCIUILTIHAPHOTO TMPEACTABICHHS MepexeBoi iH(opmarii
MpU3HaueHa I peanmizamii MHOXKMHHA KOMIIOHEHTIB iH(pOpMamiiHOI TEeXHOIOTii
CTpyKTypH3allii TekcTiB [8, 31, 32], a TakoX PO3MIUPEHHS MHOKMHU KOMITOHCHTIB
iHopMaIiiHOI TEXHOJOTIT MpeACTaBiICHHA IH(oOpMaIll, IO peali3yeThCs
cucremoro TOZJOC.

3 TOYKM 30py MpOTrpamMHOI iHXKEHepii MporpaMHa CUCTeMa PO3TIIAIAETHC Y
BUTJISII HAOOPY OMMCIB, SKI MpEACTaBJICHI y BUIISJII MaTeMaTHUYHUX MOJIENEH,
bopmaiiamiB i TexHik MozemoBanus [33, 34].

Crpykrypa MatematnuHux Mmogeneidl IIC takoro poay Bkimouae B cebe Taki
mozedni [33, 34]:

1) indopmariitna Mozenb;

2) pyHKITIOHATEHO-KOMIIOHEHTHA MOJIEb.

[Hdopmariitna MoieNTs BUKOPUCTOBYETHCS JUIsI IPEJICTABIICHHS 1 OMUCY TIOTOKIB
iHpOpMaIlii, CTPYKTYp JaHUX, @ TAKOXK MPOTPAMHUX MOJTYJIiB B IPOTPaMHil CHCTEMI.

VY3aranbHeHa iHpopManiiiHa MOZETb MPOrpaMHOL CHCTEMH
TPaHCAMCIUILIIHAPHOTO MPEACTABICHHS MepexeBol iHdopmartii /7, Mae Burisi (17).
BoHa npecTaBns€eThest IEAKOK CKIHYEHHOK CYKYIHICTIO IPOrPaMHUX MOALyJIiB I 1,
IO IHTETPYIOThCs B iHpopMartiiiHo-aHanmiTnany cuctemy TOHOC 1

n
g =) Il UlL (17)
i—1
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[lpu 1poMy peanisyeTbest BinoOpaxeHHs Gy, iHTerpamii QyHKIiH OKpeMuX
MPOrpaMHUX MOAYIIB cucteMH, mo Mae Buriasa (18). [ane BimoOpaskeHHS
TIIEPETBOPIOE 00’ €IHAHHS MHOKUHH (YHKIIIH Sp;, KOKHOTO 3 ii MPOrpaMHHUX MOJIYJIiB
IIg; B y3aranbHeHy (UiboBY) QyHKIIIO Fp — TPAHCIMCIUILTIHAPHE MPEICTABICHHS
MepexeBoi iHpopMaIrii.

n
G (| USk = Fr (18)
i=1

Cucrema TOJOC, y cBor dYepry, TakOXX Ma€ BEIHKY KUIBKICTb
0araToQyHKIiOHAILHUX MOIYJIB pi3HOrO mpu3Ha4YeHHs. B poboTi cucremn
TPaHCAMCUUILIIHAPHOTO MPEACTABICHHS MepekeBoi iHpopMarlii BHKOPHCTOBYETHCS
TinbKH CyKynHicTs [Tx C I1; MOIyIiB, IO peleBaHTHI 3axadi GOpMyBaHHS MIApiB
I'IC. Takum gunrOoM, hopmynu (17) i (18) meperBoprotothest B (19) i (20).

n m
R
g =Y TIg U IIT (19)
i=1 i=1
n m R
GHR:USRiUUSTi —)FR (20)
i=1 i=1

CyKynHICTh  MOAYJIB CHUCTEMH TPAaHCAWCUUILIIHAPHOTO MpEACTaBICHHS
MepexeBol iHpopMallii, 1o BXOIATH J0 ckiaay 6a3oroi crpykrypu TOJOC, moxxHa
pO3TNAAATH K OKpEMY TMJICUCTEMY — TIJICHCTEMY CTPYKTYpH3aIlii TEeKCTy
Iy =2, 11 ;- [lana cykymuictb mMae Burisiz (21).

Tl+x =UT 0 1 70 I 10 11 3000 11 10 11 o T o7 T prut® (21)

Posrnssremo peranpHime (YHKINT PI3HUX MOJIYJIB MiJICUCTEMH BUIUJICHHS
MepexeBoi iHopmarlii 3 TEKCTy.

11114 — Moyns BUKOHAHHS TIONIEPEHBOIO aHAJIi3y BXiJHOTO JOKyMeHTa. Jlannii
MOJYJIb HEOOXIHMH i TPUBEICHHS JIOKYMEHTa JIO0 TEKCTOBOro Qopmary.
MHuoxunHa QyHKIINA JaHOTO MOAYJIS Mae BUTIIS (22):

Sm=<S:"87"85".84"8¢"> (22)

Jo #ioro dhyHKIIi# BiTHOCATHCA:

114
1) Si - 3YUTYBaHHS BXiHOTO (hailily OJHOTO 3 MIATPUMYBaHUX (OPMATIB
(tekcr, nokymentu Word, enekrponsi Tabnwmii Excel, gpaiimn HTML Ta in.);

iz

2) Sz OTpPUMaHHSI TEKCTOBOI iHPOpMAIIii, 0 3HAXOUTHCS Y (aiii;
114

3) Sz HOpMaJTi3allisi KoJyBaHHS OTPUMaHOT TeKCTOBOI iH(popMalrii;

114
4) St BUAUICHHA 1 30€epe)KeHHS OpPUTIHAIBHOI PO3MITKH BXiAHOTO
JIOKYMCHTA;
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114
5) S5 30epeKCHHST BKJIQJICHOI B JTOKYMEHT MYJILTUMEIiHOI iH(opMartii
(xapTHHOK, BiIeo, ay/io Ta iH.), SIKIIO THM BXiJHOTO TOKYMEHTA MATPUMYE IIE.
BuxigHumu qaHuMHA 711 JAHOTO MOYJIS € TSKCTOBUM (haii.

. MOJIyJIb BUKOHAHHS JIEKCHYHOTO aHamizy (23).
JIA AJIA AJVIA AJIA AJVIA A JIA A JVIA A~ JIA
Suu=<S1-S32.S5554 S5 S6 :S7 S5 > (23)

OyHKIiT MOmyIs:
S JIA .
1) 91 —34yuTyBaHHS BXIIHOTO TEKCTOBOTO (hailmy;

JIA
2) Sz - PO30OUTTS BXIiZIHOrO TEKCTYy HA PEYCHHS, a PEYCHb — HA JICKCEMH
(croBa i cuMBOMH);

JIA

3) Sy _ HOpMai3amist po30UTTS y BiIMOBIAHOCTI 3 TpaBWIAMH MOBH
(Hampuknan, BHJAIEHHS PO3PHBIB peueHb, BUKIMKAHUX KpamnkaMud B
CKJIaJIi CKOPOYCHb 1 YHcen);

JIA
4) Si HOpMaJTi3allis CIiB;

JIA
5) Ss _ BU3HAYCHHS YaCTUHU MOBH JUIS CJIIiB 1 JESKUX CUMBOJIB (TaKHUX SIK
THpE, IO 3aMiHIO€ TIEBHE CIIOBO);

JIA
6) S6  — BU3HAYEHHA IONATKOBHX XapaKTePHCTHK JEKCEM;
JIA
7) S7" _ BU3HAYCHHS CHHTAKCHHHNUX 3B’S3KIB MK JIEKCEMaMH;
JIA
8) Ss - (GopMyBaHHS CTPYKTYp JaHUX HEPBHHHOTO MPEICTABICHHS TEKCTY.

I MOJyJIb iHTepIpeTalii madioHis (24).
Su=<Si Sz Sz :Ss > (24)

OyHKIiT MOIyIs:
S i . .
1) 1 —3yuryBaHHA (ailiiB MAOIOHIB;

i
2) S (dbopMyBaHHS BHYTPIIIHBOTO NpEACTABICHHS IS IMPEIUKATIB,
3 AKUX (POPMYIOThCS 1a0JI0HY;

i
3) SER (hopMyBaHHS BHYTPILITHBOTO TPEACTABICHHS JIJIS IIIA0JIOHIB MTPaBHIT;

I
4) Sa — QopMyBaHHS BHYTPIIIHBOI'O TPEACTABIACHHS JJIs IPaBHII
inenTudikamii iHpopmarii.

Il MOJTyJIb 3aCTOCYBaHHS Ma0IoHiB (25):
Suu=<S{"Sz 83 \Sa > 25)

3
1) St - BUOIpKA ITiIIOCITIIOBHOCTEH JIGKCEM 3 BXiJIHOTO TEKCTY;

311
2) S; _ BHUOiIpKa MabJIOHIB-KaHIUIATIB 3 HASBHOT MHOXKHHU 111a0JIOHIB;
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311
3) SER. 3aCTOCYBaHHS mabIOHIB-KaHIUIATIB bi (o) BHOpaHUX
MIAIOCII IOBHOCTEN JIEKCEM;
s . . . ..
4) 94 — Bubip 1rabsoHy, [0 HaWkpaile BiANOBiZae  BXimHil
M AII0CIII TOBHOCTI.

Iy _ MOIyJib iHTeprperarii iHpopmarii (26):
S$4=<51'57.85:S4 > (26)

1
1) St BUOIp 3aCTOCOBHOI QYHKIIT iHTeppeTanii iHpopmaii;

11
2) Sz pcramosnenns BIIMTOBITHOCTI ~ MK  €JIeMEHTaMH  BXITHOL
i IOCHI JOBHOCTI, III0 MICTUTH iH(pOPMAIIifo, i apryMeHTamMu BUOpaHOi QPyHKIIIi
iHTepHpeTanii;

1
3) Ss — 3acTocyBaHHS (DYHKIIIT iIHTepIpeTartii;
17
4) S4 _ Bu3sHAMCHHS HATEKHOCTI oTpuMaHoi iHdopMarii 1o reorpadiqHoi.

Iy - MOIyIb Baminanii reorpadivnoi indopmarmii (27):

BIT A~ BIT A~ BIT ~ BIT
SBr1=<Sl 'Sz *Sg l84 > (27)
OyHKIiT MOITyTIS:
g . . . .
1) 91 — BU3HAYEHHS KOPEKTHOCTI BCiX 4acTHH reorpadiuHoi iHdopmarrii

(mampuknan, B reorpadiuHUX KOOpJAMHATaX 3HAYCHHS TpalyciB He

MMOBUHHO NiepeBuIyBat 180);
BIT
2) Sy _ HOpMaTi3allisi KOOpJMHAT, MPU HEOOXiTHOCTI — MepeBe/leHHs X B
cucremy Koopauaat WGS-84 [35];
BI'T
3) Sz _ ICOKOJYBaHHS TEKCTOBUX ajpec 3a JOMOMOIOK OCHOBHOI abo

pEe3epBHUX CHCTEM reoKoyBaHHs [35];
BIT
4) S4 _ Bu3sHaYeHHs HaNEKHOCTI pe3yibTaTy J10 reorpadivyHoi 00acTi.

Mo _ MOIyJb (hOpMYyBaHHS OHTOJIOTIH (28):

e ®TI a P o PTH T
Serr=<S1 S, :S; Sy > (28)

OyHKIiT MOITYyTIS:

T
1) ©1  — HopMmaJi3allis CTPOKOBOTO MPECTaBICHHS 00’€KTIB, OMMUCAHUX B
TEKCTI,;
[oypig
2) °2  — ¢opmyBaHHs iepapXii 00’€KTIB 3riHO 3 HAIAHOK TEKCTOM
iHpOopMalLi€ro;
T
3) 93 - ¢opmyBaHHs arpuOyTiB 00’€KTIB, 30KpeMa THX, IIO MiCTSITh
reorpadiuny iHdpopmariiro;

T
4) S4" _samc pe3ynbTyr040i TakcoHoMil y daitn popmary XML [1, 121, 124].
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I pw MOIyJIb peaakTopa malOioHiB. JlaHuUH MOIyab SBIsE COOOMO
KOpHCTYBaIbKuil iHTEpdeiic cucremu. BiH mictuTeh B c0o0i Habip Bi3yalbHHX
pPEAaKTOPIB I PI3HOMAHITHUX CTPYKTYpP JaHUX, [0 BUKOPUCTOBYIOTHCS
cUCcTeMOor0. MHOXKHMHA (DYHKIIIH JaHOTO MOy sl Ma€e BUTIsA (29):

S <818, 85" 8:" 55" 8¢ 8785 > (29)

OyHKII{ MOTYIIS:
g . . o .
1) 91  —cTBOpeHHs 1 pearyBaHHs MpeauKaTiB ineHTH(ikalii iHpopmarii;
PLII
2) Sz CTBOPEHHS 1 peJjaryBaHHsI paBuI ieHTUdiKaii iHpopmarii;

PLI
3) S3 _ pcraHosnenns BIAMOBITHOCTI MDK TpaBHUjaMH imeHTU(IKAITT
iHpopmaii 1 pyHKUIisIMU iHTEpIIpeTaNii;

PLI
4) Si TIEPETIISIT PE3YIbTATIB JIEKCHYHOTO aHANI3Y TEKCTY;

PLII
5) S5 _ apromarmsoBame CTBOPEHHSI IMpaBWJI 1 IMpEeJUKaTiB Ha OCHOBI
Pe3yIbTaTIB JIGKCHIHOTO aHaIli3Y;

pLI
6) Se MIEPETJISII PEe3YIbTATIB POOOTH CHCTEMHU;
S PLII . .
7) 7 — BUNpABJICHHS i yTOUHEHHS pe3yJbTaTiB pOOOTH CHCTEMU;

PLI
8) Ss bopmyBaHHs (haiiTiB MIAOTOHIB.

OyHKIIOHAIEHO-KOMIIOHEHTHA MOJIEIb BUKOPUCTOBYETHCS IS TIPE/ICTABICHHS
B3a€MOJII, BiTHOMIEHh 1 3aJIEKHOCTEH MPOrpaMHUX MOXYIIB, a TaKOX s
JETAIFHOTO ONHUCY KOMIIOHEHTIB CHCTEMH. Y3arajJbHEHO JaHy MOJAENb IS
MPOTPaMHOTO KOMILJIEKCY TPaHCIUCIUILTIHAPHOTO HPEICTaBICHHS T€0MPOCTOPOBOT
iH(pOpMaIlii MOXKHA MPENICTABUTH CTPYKTYporto (30):

Sg =<Mp,Mg,Mp,M¢, R (Mp,Mg) > (30)

Enementu, 1o BX0AATh B JaHy MOJIEIIb!
1) Mp — mozens, 110 3a/1a€ MOBEAIHKY CHCTEMH;
2) Mg — mozenb, 110 33/1a€ CTPYKTYPY CUCTEMH;
3) Mp — Mozenb, 10 33/1a€ CTPYKTYPY MPOrPAMHHX CYTHOCTEIA;
4) M, — momenb (cxema) KOMIIOHEHTIB IPOrPaMHOi CHCTEMH;
5) Py(Mp, M) — npeaukaT 1iIiCHOCTI CHCTEMH.

Bukopucranns IT-TOAOC € mepcneKTHBHAM MiAXOJOM JUIsl CTBOPEHHs H
3aCTOCYBaHHS 1H(QOPMALIMHUX TEXHOJOri Ta CcHCTeM sl aBTOMAaTH30BaHOL
nepepoOkn Ta BHUKOPUCTAaHHS iHGOpMalii MepeXeBOro cepeloBHINa, 5Ka, Ha
BIIMIHY BiJ BIJJOMHX MIJIXOJIB J0 3a0e3leueHHs IHTErPOBaHOI B3aeMOMIl 3
iHpOpMaIlIHHIMU pecypcamu, He JIUIIE BPaxOBYE aTpUOYTHBHI O3HAKH 00’ €KTiB
npeaMeTHoi oOmacTi mpukiIagHoi 3anmadi, a i 3al0e3nedye mHoBHOMAaciiTaOHe
BpaxyBaHH YCiX BIACTHBOCTEH TEMAaTHYHHUX 00’ €KTIB, SIKi BUKOPUCTOBYIOThCS TPH
PO3B’s13aHHI CKIIIHUX TOJITEMATUHYHUX Tpo0IIeM Ta 33/1a4 Teopii yrpaBIiiHHSL.

VY3arajgpHeHa cXeMa TPAaHCAUCHUMIUIIHAPHOTO TMPEJCTABICHHS MEPEXKEBUX
iHpopmauiitnux pecypcis 3a Texnomnorietro TOAOC nmpencrasiena Ha puc. 3.
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Cucrema CcTpyKTypm3auii TekcTie

< «includes» CrpykTypu3aLis

TEKCTY

Pepyuin TexkcTy

! N
\«includes» / “EXEGHC’S”

/ N TOpOC
AatomaTuaoeaH
e (hopmyBaHHA
OHTONOMM
A

I
:ueﬂends»

GopmyBaHHA
oHTONOrA

A

CreopeHHs i
penarysaHHa
wabnonis

BinobpaxexHs oxTonorii y
BUIMAQI OHTONOMYHOD
T'C-pogatka

7
s «extends»
BinoGpaweHnsa
OHTONOMA

TpaxcawcuunniHapHe
NpefcTaBNeHHA
OHTONOMN

BunpaeneHHs
MOMUNOK

CTpyKTypU3aLji

Kopuctysay

s

wincludes» .

DopmysaHHs Haaun
OHTORONM

Onepatop cucTeMu Ma0
CTPYKTYpH3aUil TekcTie

AnmiHicTpaTop
Tonoc

Puc. 3 — Y3aranpHeHa cxeMa TPaHCANCHUILTIHAPHOTO HPEICTABICHHS MEPEKEBUX
iHpopMauiiHuX pecypcis 3a TexHojoriero TOJOC

BucHoBku

HocaimkeHas mpoOieM, MOB'I3aHUX 3 OpPTaHi3amielo eeKTHBHOTO YIPABIIiHHS Ha
OCHOBI aHaITI3y MIKAUCITUILTIHAPHUX 1HPOPMAIIIfHAX pecypcCiB, IOKA3ye, 110 iCHYE
HEOOXIIHICTh PO3POOKH HOBUX METO/IIB Ta 3ac00IB yIpaBiIiHHS iH()OpMAIII€ s
3a0e3MNeyueH sl JOCTYIy JI0 3HaHb, iX 00'elHaHHSA Ta (QOpPMYyBaHHS HOBUX 3HaHb.
loctpora muTaHHS OCOOIMBO BiMYYBAETHCS Y BEIMKHX KOMIUIEKCHHX IMPOEKTAaX,
a TaKoX MYJIbTUAMCUUIUTIHAPHUX 1 TPAHCIUCHMILIIHAPHUX JOCHTIKCHHSX, SKi
MOJIATAIOTh Yy PO3IJISAAl TOrO YW IHIIOIO SIBHIA [103a PaMKaMH SKOICh OJHIET
HAyYKOBOI TUCLUILTIHY, IO € HAHBaXKJIMBILIMM 3aBJIAHHSAM JUIS POEKTYBAIBHHKIB i
TBOPIIiB PO3IIOAITIEHIX MEPEKEBUX 1HGOPMAIliITHO-aHATII THIHUX CHCTEM ITiITPUMKH
MPUAHSTTS PillICHb.

[Ipencraneni HayKOBi, METOIONIOTIYHI 3acay Ta TEXHIYHI PIllIEHHS MOOY0BH
Cy4JacHHX iH(hOpMaIiiHUX TEXHOJIOTI BUKOPUCTAHHS MEPEKEBUX 1HPOPMAIITHIX
peCypCiB IMOKa3aau, IO TPAHCAUCIUIUIIHAPHI PIICHHS MOBHICTIO JO3BOJISIOTH
BUKOPUCTOBYBAaTH Yy JOBUILHOMY KOHTYpl VIpaBIiHHS caMme MOJiTeMaTH4Hi
iH(pOpMaLiiiHi pecypcu Yepe3 MHOKUHHICTh Ta HEBIOPSIKOBAHICTh iX CEMAaHTUYHUX
BJIACTMBOCTEH, a TAaKOX HEUITKICTh X OMMCIB MiJ Yac PO3B’s3aHHS CKIIAIHHX
MPUKJIAIHUX 3379 MDKIACIUILTIHAPHOTO XapaKkTepy.

TpaHCIMCIMIUTIHAPHICTS ~ IPYHTYETBCS  Ha  3YyCHIUIIX  (OPMaJbHOTO
B3a€MO3B'A3KY PO3YMiIHb OKpPEMHUX JUCHMIUNIH i3 (OpMyBaHHSIM JIOTIYHHX
METapaMoK, 3a JOMOMOTOI0 SIKMX 3HAHHS, IO BUKJIAJACHI B IHUX JUCIMILIIHAX,
MOXYTh OyTH IHTErpoBaHi Ha OUIBII BHCOKOMY piBHI aOcTpakiiii, HDK Ie
BiZOyBa€eThCsl B MDKAMCUMILTIHAPHOCTI. TOMY OIMH 3 BipHMX BHOOpPIB METOIY
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BHPIMIEHHS 3a7a4i 3100yBaHHS Ta YNPaBIiHHSI 3HAHHAMH B MDKIUCITUILTIHAPHOMY
iH(pOopMaIIiHOMY CepeIOBUIIl — BUKOPUCTAHHSI METO/IIB 1H)KEHEpIi 3HaHb, a caMe —
BUKOPHUCTAHHS OHTOJIOTiH HA OCHOBI METOJI0JIOTIT TPAaHCAUCITUTUTIHAPHOCTI.

Tomy po3B’si3aHHs 3amadi 3a0e3MEYCHHS TPAHCAWCIUIUTIHAPHUX JIOCIIKCHb
B MUKIUCHHIUTIHApHOMY iHGOpMAIiITHOMY CEepelIoBHIl MOISITaE B HEOOXiTHOCTI
po3po0OKM  3aco0iB  3a0e3meueHHs  3arajbHOr0  TPAHCAMCIHMILTIHAPHOTO
OHTOJIOTIYHOTO TPECTABJICHHS CEMAaHTUKH, 110 HaJaCTh MOXJIMBOCTI 30epiraHHs,
00pOOKH Ta JOCTYIY IO HOTO Pi3HOPIMHUX 00’ €KTIB Ta iH(HOPMAIIHHIX OJUHHII.

[HTerpamis MIKIUCIMITTIHAPHUX PECYpPCiB B €IUHOMY OHTOJIOTO-KEPOBAaHOMY
CEPEIIOBHIII TAKOX BHPINIYETHCS MUISXOM 3aCTOCYBaHHS TPAHCIUCIUILTIHAPHOTO
MiIXOay.

MeToom0Tisl TPaHCAUCTUITIIHAPHOCTI — I1€ CIOCi0 PO3YyMiHHS, Ti3HAHHS 1 OTIHCY
o0'ekTa y CKJIaJl €IMHOTO MHOXXHUHHOTO YIOPSJKOBAHOTO CEpPEIOBHINA; CIOCIO
yIpaBIiHHs CTAHOM 00'€KTa 1 MPUPOTHOTO CePeIOBUIIIA HOTO iICHYBaHHSI.
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FORMATION BY OPTIMAL ON PARETO RESOLVE OF
THE PROBLEMS OF GROUND-BASED FAILURE IN CONDITIONS
OF SEISMIC DANGER

Abstract. From 2000 to 2009, natural disasters damaged and destroyed about one
million objects, which directly affected nearly 2.5 billion people worldwide.
Increasing seismic activity in the Vrancea and Black Sea regions, as well as on the
planet as a whole, has led to an increase in seismic hazard throughout Ukraine.
Ukraine (and not only the Carpathian and Crimean regions, as it was previously
thought) is a zone where potentially possible earthquakes, and quite strong. In areas
with weakened soils, 7-8-ball effects can be observed. For a long time, during the
course of the twentieth century and until now, seismic security of construction in the
territory of Ukraine is mainly associated with regional estimates of seismicity,
which, according to the results of researches of specialists of the Institute of
Geophysics of the National Academy of Sciences of Ukraine and others, correlated
with so-called seismically active zones, mountain structures of Crimea and the
Carpathians and the foothills. According to the estimates of the departments of the
State Geological Survey of the Ministry of Environmental Protection, Ministry of
Regional Development and Building and other 70% of the territory of Ukraine,
forest and loamy formations of | and Il categories of draft are developed, 25% of
developed open and semi-open karst, the processes of man-made flooding cover up
to 10-15% of the industrial urban agglomerations. The most complex impact on the
technogenic deterioration of engineering-seismological conditions is associated
with flooding, as a result of which occur the following processes in the upper zone
of the geological environment, where the stress-strain state of the base of objects is
formed: deformation of the front of seismic waves in the substructure of buildings
at contact level groundwater with foundations and maintenance of increased pore
pressure; decrease of stability of shift-dangerous areas; the formation of zones for
the formation of plumes and thixotropic transformations of water of saturated clay
rocks; man-made generation of land-summerers during floods, mining operations
in areas of influence of large water reservoirs. In general, a significant complex of
changes in the stress-strain state of the geological environment due to natural and
man-made factors increases the probability of occurrence of resonance phenomena
in the system of "soil rock foundation — building construction™ due to a wide
spectrum of seismic shock shocks and man-made microseismic influences. In the
article the algorithm of system harmonization of various requirements and
indicators of soil ground reliability is considered with the help of compromise of
opposite goals by means of formation of Pareto set. The practical possibility of
obtaining the Pareto set is illustrated numerically.

Key words: seismic activity; soil foundation; set; Pareto
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A.IL CipeHnko

HauionaneHuii TexHiyHMH yHiBepcuTeT YkpaiHu «KHIBCHKMII NMOJITEXHIYHUH IHCTHUTYT
imeHi Iropst Cikopcbkoro», M. KuiB, Ykpaina

Beryn

®OPMYBAHHSI OIITUMAJIBHUX 110 ITAPETO PIIIEHb
BIJIMOB I'PYHTOBOI OCHOBHU B YMOBAX CEMCMIYHOI
HEBE3IEKH

Anomauin. Ilocunenns  ceticmiunoi  axmusHocmi 6 30Hi  Bpanua ma
YOpHOMOPCOKOMY Pe2ioH, a MAKoIC 6 YILIOMY HA NIAHEMI NPU36eio 00 NIOGUUEeHHS
pisHs celicmiunoi Hebesneku Ha 6ciil mepumopii Yrkpainu. Ykpaina (a ne minbku
Kapnamcokuii i Kpumcokuii peciowu, 5K paHiuie 86ajcanoch) € 30HOI, Oe
NOMEHYIUHO MOJICIUGT 3eMIempycu, NPU4oMy 00801 culvHi. Y pationax 3
nocrabneHumMu  IPYHMamMu MoJcyms cnocmepicamucy i 7-8-6anvni  epexmu.
Ynpooossc XX cmonimms i Odomenep ceticmiuna 6besnexa 0yOigHUymMea Ha
mepumopii  Vkpainu nepeeascdcno nos'sizycmvcs 3 peioHANbHUMU  OYIHKAMU
celcMiYHOCMI, SIKI 3a pe3yTbmamamu 00Caiodxicens gpaxisyie [nemumymy ceoizuxu
Hayionanvuoi axaodemii mayk Ykpainu ma iHwux xopenroganu 3 max 36AHUMU
CeUCMOaKMUBHUMU 30HAMY, 2ipcbkumu cnopyoamu Kpumy ma Kapnam ma
nepeoipcoKumu NpoOCUHAMU. 3a HAAGHUMU OYiHKaMU niopo30inie
Hepaczeoncayscou Minnpupoou, Minpezion6ydy ma inwux, na 70% mepumopii
Yrpainu possunymi necoei ma necoso-cyenunucmi gopmayii I ma Il xamezopiu
npocaokogocmi, Ha 25% po3guHymuil GIOKpUMUll ma HanieGIOKPUMuUIL Kapcm,
npoyecu mexHo2eHH020 NIOMOonienHs oxonaorms 00 10-15% niowi npomucioso-
Micokux aznomepayiti. Haubinouw KoMNAEKCHUL 6NUE HA MEXHO2EHHE NOZIPUEHHS
iHOICEHEPHO-CEUCMO2€0NI02TUHUX YMO8 NO8'A3anull 3 NIOMONJIEHHIM, GHACTIOOK
K020 8i00Y8aIOMbCsL HACMYNHI NPOYECU y 6EPXHIl 30HI 2€0]102IUH020 cepedosuya,
de @opmyemsbcs  HANPYsHCeHO-0epopMOaHull  CMaH NIOTPYHMsA 00 €KmIg:
deghopmayisn ppornmy celicmiyHux X8uib 8 NioTpyHmi 6y0igenb NPu KOWMAKMI PieHs
IPYHMOBUX 800 3 (PYHOAMEeHmMaMU ma YMpUManHs nio8UEeH020 NOPOBO2O MUCKY,
SHUJICEHHS CMITIKOCMI 3CY80HeDe3NeyHUX Mepumopitl;, (popmy8aHHs 30H YMEOpEeHHs.
NIUGYHIG 1 MUKCOMPONHUX NEPEemEOPeHb B0OOHACUYEHUX SIUHUCIIUX NOPIO;
MEeXHO2eHHEe 2eHEPYBANHS 3eMAEMPYCi6 NPU NOBEHAX, NPOBEOEHHI 2IPHUYUX POOIm 8
30HAX 8NAUBY BEUKUX 8000CX08UWY. B yinomy sHauHuii KoMniekc smiH HanpyiceHo-
depopmosanozo cmamny 2eonociuHo2o cepedosuya ni0 GNIUeOM NPUPOOHUX |
MEXHO2eHHUX YUHHUKI@ NIOBUWYE UMOBIPHICMb SUHUKHEHHS PE30HAHCHUX A8UWY )
cucmemi "nopoou niorpynms — 6yoisenvua cnopyoa” HACTIOOK WUPOKO20 CHEKMpPY
X8UNb CEUCMIYHUX NOWMOBXI8 MA MEXHOLEHHUX MIKPOCEUCMIYHUX 6nausis. Y
cmammi  pO32IAHYMO  ANCOPUMM  CUCHEMHO20 Y3200CeHHsT DISHUX 6UMO2 md
NOKA3HUKI@ HAOIUHOCMI IPYHMOBOI OCHOBU 3a OONOMO20K) NOULYKY KOMAPOMICY
npomunedcHux yineu wasxom gopmyeanns mruoxcunu Ilapemo. I[lpaxmuuna
Modrcaugicms ompumanus Muodxxcunu Ilapemo npointocmposana yuceibHo.
Kniouosi cnosa: ceiicmiuna akmugnicms; rpynmoga ocnoea; muodicuna Ilapemo

[potsirom necstrmittss (3 2000 mo 2009 pp.) cTUXifHI JIMXa MOMIKOIWIN Ta
3pyHHYBanu OJU3BKO OJHOIO MUIBHOHA 00'€KTiB, MO Oe3mocepeHbO TOPKHYIOCS
Maibke 2,5 mipa mozeii B ycbomy cBiTi [1]. Ilocunenns celicMiuHOi aKTUBHOCTI B
30H1 Bpanua Ta YopHOMOPCEKOMY PETioHi, a TAKOXK B I[JIOMY Ha TUIAHETi TIPU3BEIIO
JI0 MIJBUIIEHHS PiBHS CeHCMIUHOT HeOe3IeKH Ha BCil TepuTopii YKpaiHu.
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HaykoBi mocmimkeHHST 13 CEMCMOCTIMKOCTI TPYHTOBHX OCHOB, OYIiBENb Ta
CIIOPY PO3MIISIHYTI B POOOTaxX BITUM3HAHMX i 3apyOiKHEX mocmimuukis: Alonso-
Rodriguez A. et al. 2018, Anastasopoulos I. et al. 2018, Antolini F. et al. 2014,
Balducci M. et al. 2011, Bardi F. et al. 2018, Barla M. et al. 2014, Basile G. et al.
2018, Borja R. et al. 2011, Burghignoli A. et al. 2016, Burton H. et al. 2018,
Buttiglia S. et al. 2011, Callisto L. et al. 2016, Casagli N. et al. 2010, 2011, 2018,
Catani F. et al. 2010, Ciampalini A. et al. 2018, Dao S. et al. 2014, Del Ventisette C.
et al. 2010, Di Traglia F. et al. 2018, Frodella W. et al. 2018, Gigli G. et al. 2011,
Kaliukh 1. et al. 2013, 2015, 2015, Kampas G. et al. 2018, Knappett J. et al. 2018,
Lacasse S. 2013, Liu X.Y. et al. 2011, Lollino G. & Chiara A. 2006, Luzi G. et al.
2010, Martinelli M. et al. 2016, Nikitas N. et al. 2018, Piccioni R. et al. 2011,
Regni R. et al. 2011, Salvatici T. et al. 2018, Shokrabadi M. et al. 2018, Sirenko A.
2013, 2014, Stewart J. et al. 2018, Trofymchuk O. et al. 2015, Venanti L. et al. 2011,
Wang Y. & Rathje E. 2018, White J. et al. 2011, Wu W. et al. 2011 Ta ixmi [2-18].

OcHOBHA YacTHHA

[Ipubnmzrao go 2000 p. PO, Ykpaina, bimopych Ta iH. BUKOPHCTOBYBaJ M KapTH
3arajJbHOr0 CEHCMOPAalOHYBaHHS, HA SIKMX PETJIAMEHTYBAJIOCS €IUHE 3HAUYCHHS
PO3paxyHKOBOi CEHCMIYHOCTI, SIKE TEPEeBaXHO BpPaXOBYBAIO BEPTUKAIbHE
HaBaHTa)XCHHS Ha OyAiBelNbHI (3a1i300€TOHHI) HECY4l KOHCTPYKIi, B TOMY YHCIHI
3 ypaxyBaHHIM IPYHTOBO-TEOJIOTIYHHUX (MICIEBUX 1H)KEHEPHO-TEOJIOTIYHUX) YMOB.
OcHOBHUM MeToJIOM audepeHIfiamii ocTaHHIX OyJ0 1 3aJMIIAEThCS CEHCMIYHE
MikpopalionyBaHHs. Tpeba BiMITUTH, 110 CEHCMiYHE MIKpOpailoHYBaHHS 3HAYHOIO
MipOI0 BiZloOpaxkae HampyeHo-ae(popMOBaHUI CTaH BEPXHBOI 30HH I'€OJIOTIYHOTO
cepemopuma (I'C) ckimagHUX TEXHOTCHHO-TEOJOTIYHUX CHCTEM 'TEeXHOTCHHUI
00’ekT — 30Ha BImBY Ha ['C" GesmocepeHbO Ha MOMEHT HOTO BHUKOHAHHS.
Bonnowyac Bepxus 3oHa ['C Mae 3HauHi 3MiHM BOJOHACHYEHHS (TEXHOTEHHI
iHGbiTbTpamis, MIATOIUIEHHS), BIUIMB MEXaHIYHOI 1 XiMiuHOi cy¢o3ii, 3MiH
KIIMaTHYHUX TMapaMeTpiB, (i3UKO-XIMIUHI TIEPEeTBOPEHHS TOPiM MiATPYHTS
(YTBOpEHHSI KOJIOIAiB Ta 30H THKCOTPOITHOCTi, MOPYLICHHS BOJHO-COJIBOBOTO i
TEIJIOBOTO OasiaHCy Ta iH.). 3a HasIBHUMH OLIHKaMH MiApo3aitiB Jepxreonciayxou
Miunpupoau, Minperiondyny, I'H HAHY ta in., mHa 70% Ttepuropii YkpaiHu
PO3BHHYTI JIECOBI Ta JIecOBO-CyTrHHUCTI dopmaii [ ta Il kaTeropiit mpocaakoBocTi,
Ha 25% po3BUHYTHUI BIAKPUTHH Ta HAIIBBIAKPUTHH KapcT, IPOLECH TEXHOTEHHOTO
MiTOIUIEHHS OXOIUTIOIOTH 10 10-15% Tuiomi mpoMHUCIOBO-MICHKUX arjoMeparii.
Haii0inpm KOMIUIEKCHUI BIUIMB Ha TEXHOTEHHE TOTIPHICHHS i1H)KEHEpHO-
CECMOTEOJIOTIYHUX YMOB TepUTOpPii YKpaiHM NOB'I3aHUA 3 MiATOIUICHHSM,
BHACIIIZIOK SIKOTO BigOyBarOTbCs HACTYNHI IpouecH y BepxHid 3omi I'C, ne
(dhopMyeThCs  HAINPYXKEHO-Ie(OPMOBAHUI CTaH MIATPYHTS MPOMHUCIIOBUX Ta
nMBiIBHKMX 00’€ekTiB [19]:

— nedopmartist GpoHTY ceHiCMOXBWIIb B MiIPYHTI Oy/IiBeNb MPY KOHTAKTI PiBHS
I'PYHTOBHX BOA 3 (hyHIaMEHTaMHU Ta yTPUMAaHHS [iABULICHOTO TOPOBOT'O THUCKY;

— B3HWKEHHS CTIHKOCTI CXMJIOBUX TEPUTOPIN;

— (opMyBaHHS 30H IUIMBYHOYTBOPEHHS 1 THKCOTPOITHUX II€PETBOPEHb
BOJIOHACHYEHHX TIIMHUCTUX TOP1J;

— TEXHOI'CHHE FeHEepYBaHHS 3€MIIETPYCIB IPU MOBEHSX, IPOBEACHHI TIPHUYHX
POOIT B 30HaX BIUIMBY BEJIMKHUX BOJOCXOBHIII.
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BumieHnaBeieHi BUCHOBKM  IOJI0O CYTTEBOTO  YCKJIQTHEHHS iH)XXEHEPHO-
CEHCMOTEOIOTIYHIX YMOB OyMiBHHUIITBA HA MIJITHKAX MiATOIICHHS, HA HAI TIOTJISI,
MO’KHa IIPOLTIOCTPYBATH HACTYITHUMU MPUOJIU3HUMU po3paxyHkamu [19]:

1) IIpu po3mipi MoHomiTHOro ¢yHmaamenty 010Ky AEC |l =~ 100x100 wm
B YMOBaX MiATOIUICHHS CIIA0ONPOHUKHUX CYTJIMHKIB MAIPYHTS 9ac MPOXOIKEHHS
cellcMIYHOT XBUI teeiew 13 CEPENHBOI MIBHAKICTIO Veeiew = 10°M/cex cxmane
tecien = WV eeiens = 10%:10° = 0,1 cek, a uac 3HIKEHHS 10JaTKOBOTO MOPOBOTO TUCKY
thop, TIPH CEPEMHIN TPOHUKHOCTI CYTTHHKIB Ko = 0,1+1,0 M/mo0y Ta piBHENPOBITHOCTI
a, = 101+10% M*/ 100y, cxnaze:

. fl)/ 100/ \2

, 2 0,5- .

Erop(uin) = (a ) ~ §102)/2) ~ 12,5116 (10°cek).
5

Taxkum yHOM, MOKHA OAYUTH, U0 O1JBII JOBTHH Yac 3HHKESHHS TOPOBOTO TUCKY
B TIOPOAAX MiATPYHTSI MPU HOTO MiATOIUIEHHI CYTTEBO MiJBHUIYE PU3UK T0IATKOBUX
nedopmaiii Ta BBy adTepmokiB (tiop/teeicn = 10%:0,1 = 107 pasis) [19].

2) Ha npukimagi BHKHAY BOAHOIPYHTOBOI MacH Ha CXWIOBIH  UISHII
xwurinomacuBy "Tomons" y M. JIHinponetpoBcbKy (1997 p.) MOKHA MPOLTIOCTPYBaTH
MiJBHUINEHY YYTIMBICTh IMIATOIDIEHOTO MACHBY JIE€COBO-CYTJIMHUCTHX TIODIif, SIKi
MEPETBOPIIIMCS Ha THKCOTPOITHE YTBOPEHHS, T€OAMHAMIYHO-aKTUBHOI 30HH (SIPYXKHO-
OankoBa cucTeMa B MeXax IMPOMHUCIOBO-MICBHKOI arjiomeparii) Mpu CTaTHYHOMY
Hanpy KeHHI 3PYLIEHHS BOJHO-KOJIOIIHOTO yTBOPeHHs & =~ 100 Mr/cM?, rycTMHOMO
p = 1,4 r/em®. KyT piBHOBar# mpu Hepexoi MOPOJHO-KOIOIAHOTO yTBOPEHHS Y

. . 5§ _01
piauHHHMI cTaH Oyae carati @ = arctg raEvia 49 [19].

B ninoMy 3HauHUMII KOMIDIEKC 3MiH HanpyxeHo-nedopmoBanoro crany 1'C mifg
BILTUBOM TPUPOIHHX i TEXHOTEHHUX YUHHHKIB ITiBUIIYE HMOBIpHICTh BHHUKHEHHS
pe3oHaHCHUX siBHL Y (OpMYBaHHI "HOpPOAM MiATPYHTS — OyJiBenbHa cropyna”
BHACITIZIOK HIMPOKOTO CHEKTPY XBWJIb CEHCMIYHHMX MOINTOBXIiB Ta TEXHOTCHHUX
MIKpOCEHCMIYHMX BIUIMBIB. TakuM YMHOM, U1 TOrO IIOO CIIPOEKTYBaTH €AUHY
CHCTEMY YIpaBIiHHS HQAIMHICTIO TPYHTOBHX OCHOB, HEOOXiJHO Tepml 3a Bce
PO3pOOHUTH CHCTEMY B3a€MOIIOB'SI3aHUX KPUTEPIiB (AesKi 3 SIKUX OMKCaHi BHIIE).
HeoOxigHO BH3HAUUTH 3aJEXHICT MK KpUTEpiAMH 1 IX CHCTEMHY
MiAMOPSAKOBAHICTD LITbOBIN (PyHKIIIT, 110 BU3HAYAE HAIHHICTh IPYHTOBUX OCHOB B
iIoMYy.

Ha oanuii wac, Ha scanb, 00cmosipHy tiMOBIpHICMb TPYHIMOB0I 8i0MO8U 8 0)0b-
AKUNL MOMEHM eKCHIYAmayii, cmpoeo KadiCyuu, SUSHAYUMU HEMONCIUBO Hepe3
GEIUYE3HY KIIbKICMb YUHHUKIG, WO 6NIUSAIOMb HA HAOIUHICMb, 1 GeIUKy
PIBHOMAHIMHICMb MONCIUBUX NOEOHAHb PIZHUX hakmopis. Tomy MOHICHA peanbHO
2080puUmMuU uULe NPO HAOIUICEHY OYIHKY UMOBIPHOCTIE IPYHMOBOT 8i0MO8IL.

Ha pi3Hnx eramax oIliHKa HMOBIPHOCTI TIPYHTOBOi BiJIMOBU TPOBOAUTHCS B
aOCONFOTHO PI3HMX YMOBax i Ha OCHOBI iH(opMmallii, sika mopasy € JInIIe YaCTHHOO
iHpopmanii, HeoOXimHOT A1 BUPOOJICHHS YNpaBiliHCHKUX pimeHb. IlociizoBHICTD
YIPaBIiHCHKUX PIlIEHb MOBMHHA PETYJIOBATHUCS CHUCTEMOIO KpI/ITepllB K1
MPEJICTABISIIOTE COOOK0 B3aEMOIIOB'SI3aHY CHUCTEMY OI[IHOK HMOBIPHOCTI IPYHTOBOI
BigMOBH. {11 BUpOONIEHHS TaKuX KpUTEPiiB HEOOXiHO Ha OCHOBI MOHITOPMHIOBOT
iHpopMmanii BMITH BUpIIIyBaTH 3BOPOTHY 3aady Teopii HaAIdHOCTI — A 3aJaHoi
IPYHTOBOi OCHOBH 1 MPH BiJIOMHX 30BHIIIIHIX BIUIMBaX HEOOXiJJHO BU3HAYUTU MEXI
3MiH BXiJJHHX TapaMeTpiB, 110 3a0e3MevyroTh 3aJlaHy WMOBIPHICTH BiqMOBH a0o0
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3agaHui Koe(illleHT 3amacy, TOOTO MiHIMyM (MakCHMyM) LiiboBOi (yHKii. ITpu
BHPIIIICHHI 3aBJJaHh CHCTEMHOTO y3TOKEHHS PiI3HUX BIUMOT 1 TOKa3HHUKIB HATIMHOCTI
HEeoOXiTHO BpaxoBYBaTH HE TIIBKH 0OMEKEHHsI MaTepiadbHuX, (JiHAHCOBHX Ta 1HIITHX
pecypciB, a i BIUTUB Ha HUX TEXHOT€HHUX Hellepen0adyBaHnX (GaKkToOpiB PU3HKY.

BupimieHHs Takux 3aBAaHb 3BOAUTHCS [0 MOUIYKY KOMIIPOMICIB CYNEpPEwINBIX
mizeir Ha ocHOBI ¢opmyBaHHs MHOXHMHH [lapero. Ilpm mpomy B MeTomax
¢dopmyBanHa ontumansHUX 1o [lapero pimeHs OaraTokpurepianbaux 3anau (b3)
ampiopHO BBaXKaeTbed, Mo MHOXKHHA [laperto icHye [20]. Pazom 3 TuM, B peasibHUX
CUCTEeMHHX 3amadax (OpMyBaHHS MHOXHHH KOMIIPOMICIB CYNEpEeWwINBHX IiJiei
anpiopHO MOXKHA BUKJIIOYHMTH CUTYyaIlil, KOJIA BHUXIiJHI YMOBH 1 3a/IaHi BUMOTH JIO
Ha/IHHOCTI IPYHTY € IPUHLIUIIOBO HECYMICHIMH B paMKax JTaHOTO MiJXO.y.

[Ipu Bukopucranui npuHiwy [lapeto B mpouenypax pimenHs b3 motpibHo,
mepu 3a Bce, BCTAHOBUTU HEOOXiJHICTH 1 JOBECTH MOKIMBICTH (HOpMYBaHHS
HETIOPOXKHBOI MHOKMHH KOMIIPOMICIB IIiJIei TPH 3a1aHUX BUMOTaX, 00MEKEHHAX Ta
ymoBax. Criz 3BepHYTH yBary, 1o Iii 3aBJaHHS MPUHIMIIOBO BiAPI3HIIOTHCS Bif
TUTIOBHX 3a7]ad CHUCTEMHOI ONTHWMi3amii TWM, IO IIboBI (YHKINI, oOmacTi
BU3HAYEHHs 1 MHOKMHH 3Ha4yeHb amlpiopHO HE 3aJar0Thbcs. BoHW MOBUHHI OyTH
BH3HAYCHI Ha OCHOBI HETIOBHOI, Half4acTimie pi3HOpiAHOI BXimHOI iH(opMarii mpo
(hi3uKO-MeXaHIYHI XapaKTePUCTUKH IPYHTY, CEUCMIUHICTh Maii/TaHYMKa Ta iH.

CyTh METOAY 3HAaXOJDKCHHS PAlliOHATBHOTO KOMIIPOMICY 1 MOXJIHBICTH HOTO
3aCTOCYBaHHS JUIsl BUpILIeHHS b3, cHCTEMHOT0 y3ro/i’KeHHS CylepewIMBUX IiieH B
YMOBaxX HEBHU3HAYCHOCTI PO3TIITHEMO Ha MPUKIIAAL 3a/adi MOTOHKEHHS BUMOT JIO
30BHIIIHIX 1 BHYTPILIHIX TMOKa3HUKIB JOCIiIKYBaHOTO OYAiBEIHHOTO 00'€KTa MpH
anpiopHO BiJIOMUX 0OMEKECHHSX Ha MMOKA3HUKU 30BHIIIHBOTO BIUIUBY.

MartemaTH4Ha IOCTAHOBKA 3a/1a4i
3aaHi BUMOTH JI0 30BHIIIHIX MOKa3HHUKIB Y Y BUTIISAL

y € B, Bt = (Bfi=1,2 m},Bf ={y;|bj <y, <b},ie[1Lm]}; (1
BHMOTH JI0 BHYTPIIIHIX MTOKA3HUKIB X

x; € Df, Df = {x; |2, = <x1j1']'1 =1,n,), dij, < xqj, < df; ) 2
1 BU3HaYeHI 0OMEKEHHS Ha MTOKa3HUKH X5, X3 30BHIIIHHOTO BILTUBY

X; € D3, Dy = {Xz|x, = (x2},, /2 = Lny), d3;, < x5, < d3.}, 3
X3 € D;, D; = {X3|X3 = <x3j3,j3 = 1,113), d3_13 < X3j3 < d;-]3} (4)

BijoMi (yHKITIOHANBHI 3aJIe)KHOCTI 30BHINIHIX TMOKAa3HWKIB Y BiJl 3MIHHHX
x = (X41,%3,X3) y BUIIs1 OaraTopiBHEBOI i€papXiuyHOi CHCTEMH MOJIENIeH B Kiaci
MyJbTUIUTIKATUBHUX (yHKUiA. Cucrema peanizoBaHa B HacTymHid ¢opmi
MOCJIITOBHOCTI MOJIEIICH:

yi=®(x); i=1m; (5)
[1+ ®;(0)] = [T52,[1 + @y ()16 (6)
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[1 + (pik(xk)] Jk 1[1 + q]k]k(xk]k)] lk]k (7)
_ Pk] Ak]k
[1+ %, G )] = T [1+ iy, (s, (8)
3amaHi YMOBH B3a€EMHOTO Y3rOpKeHHS 001acTi D* BU3HAUEHHS KOXHOT (QYHKITT

y; = @;(x) muoxunn @ = {®;(x)| x € D*; i = 1,m} ta MmHOXUHH B; 3HaueHb
y; € B, B € B” koxHoi ¢pyskuii ¢; € @, i = 1, m y Burnszi

(Vxy € D) A (Vx, € D;) A (Vx3 € D3) = 3y € B*, 9)
Vy € B* = (3x; € D{) A (3x, € D;) A (3x3 € D3), (10)
Yy EB" o (y; €EB))A...A(y; € BY) A...A (¥ € By). (11)

IMoTpioHo:

e OoOrpyHTyBaTH HEOOXINHICTP 1 [IOBECTH MOXIHBICTH (OPMYyBaHHS
HETNOPOXKHBOI MHOXXHHHU KOMITPOMICIB 1inieit b3 mpu 3agannx BuMorax, 00Me:KeHHAX
Ta YMOBax;

e chopmyBatu Taxky MHOxuHY Ilapeto Ppp(®), B saxiii 3abesnedyeTncs
BUKOHAHHS YMOB B32€EMHOTO y3TO/DKCHHSI BU3HAUCHHs obmacti D* i MHOXUHU B;
BH3HAYCHHS TAPAMETPIB [T KOKHOI QyHKII @; € P, i = 1, m;

® BH3HAUUTH pAaliOHAIBHI YMOBH CHCTEMHOTO Y3TODKCHHS CYINEpeuwINBUX
LiIe.

Pimenns manHoi 3amadi 3BOAMTHECA MO CHCTEMHOTO Y3TOIPKEHHS Ta CILUTBHOTO
BuKoHaHHS yMOB (9) 1 (10) sk ocHOBH (hopMyBaHHS HETIOPOKHBOI MHOXKHHU [lapeTo
[21].

Ilykana muoxuHa Ilapero Ppp(®) xapakrtepusyerbes Tpiamoto (D*, BY, @),
3abe3reuye B3a€MHE CUCTEMHE IHTEpBalIbHE y3TOHKEHHS 00acTi BU3HaYeHHs D™ i
MHOXKMHHM 3HaueHb B* g KOXHOI GyHKIIT MHOXKMHH @ 1 ONHCYETHCS
CHIBBIIHOILLICHHSIM:

Ppg(®) = {((D*, B*, @) | [#:D* - B A[®~1:B* - D*]}.

JlaHe criBBiIHOIIIEHHS MTOKa3ye, 0 PU OY/Ib-IKOMY BUOOP1 3HAUEHb 30BHILITHIX
i BHYTpIIIIHIX MOKa3HMKIB BUKOHYEThCS yMoBa Vy € B* = Ix; € D, T00TO sl
KOKHOTO y € B* iCHYIOTh Bi/AIOBIZHI 3HAYeHHSA X; € Di MHOXHHH BHYTPILIIHIX
MMOKa3HHMKIB.

[IpencraBuMO OCHOBHI TpOLEAYPU aIrOpUTMy (OPMYBAaHHS PallioHAIHLHOTO
KOMITPOMICY TIIYKaHOT MHOXKHHH ITiJIEH.

1. OcHoBHOIO He(OPMaTi30BAaHOIO MPOLENYypPOl0 € BHOIp KpuTepiiB 1 ix
pamKyBaHHS 3a CTyIIEHEM BaKIMBOCTI. BBaxaemo, mo ocoba, sika TpuiimMae
pimennst (OI1TP), oOpana HacTyIHiI BapiaHTH 3a CTYIIEHEM BaKIIBOCT:

® BCi KpUTEpii € piIBHOZHAYHUMH 33 BAXKITUBICTIO;

® BCi KpUTEpil paH)KOBaHi 32 CTYIIEHEM 3MEHIIICHHS X BRKJIMBOCTI.

2. HactymHo0 32 BaXKJIMBICTIO HEOPMATi30BaHOIO MPOLEAYPOIO € PaHKyBaHHS
3a CTYNEHEM BAXKJIMBOCTI 3aJlaHUX CylepewinBuX Mijaeil. Beaxkaemo, 1mo OITP
oOpaJia HacTyIHI BapiaHTH paH>KyBaHHS IiJIeH 3a CTyIIEHEM BaXKIIMBOCTI:
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e BapiaHT l: MPIOPUTETHUMHU € IIiTi, JJIS SIKAHX ONTUMAIIEHUM TOKa3HUKOM €
MTOKa3HUKH HAIIHHOCTI 1 O6e3meku. Taxi miJii XapakTepu3yIOThCS CITiBBITHOMIECHHIMMA:

lor =201 —1; i =1Lmy,y; = rrilgxd)(x); (12)

e BapiaHT 2: NPIOPUTETHUMH € LM, AT SKUX ONTUMAalIbHUM IMOKAa3HHUKOM €
MOKa3HUKH BapTOCTI OymiBENBHUX pOOIT 3 BIIHOBIEHHS IPYHTOBHX OCHOB Ta
¢dbyHnamenTiB OyaiBens Ta ciopya. Taki il XapaKTepu3yIOThCs CITIBBITHOIICHHSIMH:

i02 = 212; iz = 1; mz; yi*OZ = mln(D(x) (13)
loz
3. llomepemHi mpomexypyd CTBOPWJIA OCHOBY JIUII PO3POOKH TPOLEAYypH
(hopmyBaHHS (YHKITIOHATBPHAX 3aJIEKHOCTEW minieil. 3 ormsany Ha (yHKIIOHATIBHI
3aJIE)KHOCTI Y Biji 3SMiHHUX X = (X1, X5, X3):

yi=®;(x); i=1m, (14)

Ha OCHOBI pesynbratiB B;, D, D3 hopMyeTbCst cucteMa piBHSHB:

Yilqol — @i(x1,x2[q2],%3[q3]) = 0; i=1,m; qo = 1,Q,. (15)

Tyt muckperni ananoru Y;[qol; x2[q2]; x2[q3] mnst B, D3, D3 Bu3HAYaOTHCS
CHIBBIIHOIICHHIMU:

B* = {yily: =vilq0); ¥ilao] € Bi; 90 = 1, ko; yi[1] = b;; yilko] = bi'}
D; = { le Xy = %2[q2]; x2[q2] € D3; qz = 1, ky;x5[1] = d3; x3[k,] = dz+}
D3 = { x3|x3 = x3[qs]; x3[qs] € D3; q3 = 1,k3;x3[1] = d3; x3[k3] = d;’}

4. Cucrema piBHsHB (7) hopMyeTbest OKpeMo IS Liel Bapianty 1 Ta BapiaHTy 2
i Mictuth BiamoBimHOo Ny = my X Qi Ny = m, X Qy piBHSHB, 1€ HEBIIOMHMHU €

KOMIIOHEHTH X1, j1 = 1,1 BekTopa X;. KoxeH Bapiant cuctemu (5) € HECYMiCHOIO
CHCTEMOIO HEeNNiHIHHUX piBHSHB. PIBHAHHS € HeMiHIHHIUMH, OCKUTBKY Y; BU3HAYAIOTHCS
iepapXiuHOI0 cHcTeMOr HelniHiMHuX Mozeneit (5), (12)—(14). Cucrema piBHSHB €
HECYMICHOIO, OCKUTBKH KilbKicTh N; 1 N, pIBHSHb TEPEBHUILYE KiIBKICTh 14
KOMIIOHEHTIB BEKTOpa X;. 3 OISy Ha 3a3Ha4eHi OCOOJIMBOCTI, JOUITHHO KOXKHY
cucremy (15) 3Bectr 0 knacy YeOumeBChKUX 3aBaHb HAOIKEHD TSI HECYMICHHUX
CHCTEM HEJIHIHHUX pIBHSHb, METOJ| BHPIIICHHS SIKHX 3allpOTOHOBaHO B [21].
Pe3ynbrary pimeHHs cucTeM piBHSHB U1 pOpMYBaHHs 1iiei BapianTy 1 Ta BapiaHTy
2 CKJIaaloTh MHOXKMHY PalliOHATLHUX KOMIIPOMICIB IIiJIEH.

PosrnsiHeMo mpukiia BUpIIEHHS TECTOBOTO 3aBJIaHHS HAa OCHOBI (hOpMyBaHHS
MHOkUHHU Ilapero Ppp(®). Mera npuknagy — NpoJAE€MOHCTPYBAaTH MOTEHIiHHI
MOKIIMBOCTI  KoHHenuii MuHoxuuu Ilapero Ppp(®) y BupimeHHi 3a1auyi
OaratokpuTepiaibHOr0 (OPMYBaHHA Ta CHCTEMHOTO Y3TO/DKEHHS CYIEepeuwINBUX
1iJIel B yMOBaX HEBU3HAYCHOCTI. Po3riissHeMo TecToBi BUXiHI AaHi 32 8 3MiHHUMHU
mapameTrpamu (tadu. 1) [21].
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Taomuus 1 — Buxigai nani

Homep |Ilapametp |I[Iapamerp |Ilapametp ([lapametp |ITapametp |IIapamerp |[Iapamerp (ITapamerp
BUOIpkn |[Ne 1 Ne 2 Ne 3 Ne 4 Ne 5 Ne 6 Ne 7 Ne 8
1. 8 8 3 3 0 3 2 18
2. 5 5 3 3 0 2 4 12
3. 10 8 4 5 1 4 5 20
4. 2 6 2 3 0 3 4 11
5. 7 5 2 5 1 2 2 19
6. 6 4 3 1 0 2 5 13
7. 2 3 3 1 1 1 3 14
8. 5 5 2 2 0 2 2 17
9. 4 6 3 2 1 3 3 13
10. 5 5 2 1 0 2 2 18
11. 3 9 2 5 0 3 3 10
12. 4 7 5 4 0 5 2 17

[Ipouenypu po3B'si3aHHs 324341 BiZoOpa)kamucs B 1iaJOTOBUX BiKHAX:

I'onoBHe MeHIO.

Bubip napametpiB (yHKIIH.
dopmyBaHHS YMOB poOOTH.
®opmyBaHHS BUOIPKU PiBHSHB.
ITepartitina npoueaypa.

Ha pucynky mpencrasieno nianorose BikHO «ItepaiifiHa npouenypay», B IKOMY
BimoOpaskeHo BapiaHT (opMyBaHHS MHOXWHHU llapeTo anms BUXITHUX HaHHUX

(tabm. 1) [21].

—MNapar1eTp — ErHKLMA
IMax CTOWMMOCTE padoT j
PauroHaneHbI2 SHAYEHIAA: PauroHaneHoe 3HAYEHKE:
2.85;3.90; 4.81; |<1nn.nn>;
[2.00:5.00] [100.00:500.00]
2.85 3.90 4.81 100.00
Cost | Time Ty | He | Lk Dk |
HitwHaAa 100.00 15.65 1.00 HitHaa 1.00 3.06 1.62
BepxHan 500.00 10.65 2.00 BepxHan 313 8.00 1.00
« | Ml | [

MHoweCTED ﬂapE!TD HE COr NacoEaHO.

ChpATaTe OKHO I

Pucynok — Itepamiiina nponenypa 3HaxopkeHHss MHOKHHH [lapeTto

B pesynbTarti iTepauiiiHoro BUpilIEHHS 3a/1a4i B iHTEPAKTUBHOMY A1aJIOTOBOMY
pPEeXUMI OTpUMaHa HaCTyIIHA y3ro/pkeHa MHokuHa [lapero (Tabm. 2).
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Tabmums 2 — Pesyneratu hopmyBanHs MHOXKUHU [lapeTo

[Tapametp | Ilapametp | Ilapametp | Ilapamerp | Ilapamerp | Ilapamerp | Ilapamerp | Ilapamerp
Ne 1 Ne 2 Ne3 Ne 4 Ne 5 Ne 6 Ne 7 Ne 8
[3.4,5.8] | [5.9;7.5] | [2.4;35] | [2.1,41] [0;1] [2.8;4.2] | [2.4;,4.4] |[11.2;18.9]

BucHoBku

1. 3HayHMil KOMILIEKC 3MiH HampykeHo-aedopmosanoro crany ['C min BmBoM
MPUPONHUX 1 TEXHOTCHHWX YHHHUKIB TMIABHINYE MMOBIPHICTh BUHUKHEHHS
pe30oHaHCHUX SBUII y (hopMyBaHHI "mopoam miarpyHTs — OyaiBenbHa cropyna'
BHACIIZIOK HIMPOKOTO CHEKTPY XBWJIb CEHCMIYHMX IMOINTOBXIiB Ta TEXHOTCHHUX
MIKpPOCEHCMIYHUX BIUIHBIB.

2. Jns toro moO CHpOEKTyBaTH €NWHY CHUCTEMY YIPABIIHHA HaIiHHICTIO
IPYHTOBHX OCHOB, HEOOXiTHO MEpII 3a BCE PO3POOHUTH CHCTEMY B3a€MOIIOB'I3aHUX
KpUTEpiiB, BU3HAUUTH 3aJEKHICTh MDK KpUTEpisiMH 1 IX CHCTEMHY
i ANOPSAKOBAHICTE IUTbOBIH (PYHKIIIT.

3. [ToOynoBaHO AITOPUTM CHCTEMHOTO Y3TO/XKCHHS Pi3HUX BHMOT 1 IOKa3HUKIB
HaIIHHOCTI TPYHTOBOT OCHOBHU LIISIXOM TIOIIYKY KOMIIPOMICY CyNEepedIHBHX IIiIeH
Ha OCHOBI opmyBaHHs1 MHOXUHH [lapeTo.

4. 3aBmaHHA MaTEeMaTHYHOTO MOJCIIOBAHHSA BiMOBH IPYHTOBOI OCHOBHU
HEOOXIZTHO PO3IIISIaTH SIK CKIaJHy CaMOCTIMHY 3aiady, BiJ NpPaBWIBHOTO i
ONTUMANBHOTO BHPIIICHHA $KOi Oyne 3ajekaTH HaIiiHICTh JOCHIIKYBaHOTO
o0'ekta ab0 cCHOpyAH, KOPEKTHICTh MiACYMKOBHX pE3YNIbTATiB i, B KIHIIEBOMY
pe3yibTaTi, — Oe3meKa KUTTA 1 eKCIuTyaTailii OyiBejb Ta CIIOPY.
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10 YBAI'M ABTOPIB 3IPHUKA

3MicT MarepialiB, 10 HANPaBJISAIOTHCS 0 PEAAKLii, MIOBUHEH BiOBiaTH Mpodino Ta
HAYKOBO-TEXHIYHOMY piBHIO 30ipHHKA.

KosxHa HaykoBa CTAaTTs MOBUHHA MaTU BCTYII, PO3/1JIM OCHOBHOI YaCTHHU Ta BUCHOBKH,
a TaKOX aHOTAIII0 1 KIOYOBi cioBa (He MEHIIE I1’ATH) TPhoMa MOBaMH (YKPaiHCHKOIO,
POCIHCHKOIO Ta aHTIIIHCHKOIO).

[MigroroBka cTaTTi 3MIHCHIOETHCS B TeKCTOBOMY pemakTopi MS WORD for WINDOWS,
3 BukopucTaHHAM mpupty Times New Roman, Cyr, xerms 11, omuHapHmWiA iHTEpBa,
mosiMu 2,0 cM 3 KO)KHOTO OOKY, 3aJaHIM PO3MIpOM CTOPiHOK 17x26 cM.

VYci hopmynu maroth OyTi HaOpaHi B penaktopi MathType.

Imroctparii moBUHHI 00OB'I3KOBO HyMEpYBaTHCS, MAaTH KHI)KKOBY OpI€HTAIil0 i HE
MOXYTh IEpPEBHIIYBaTH 32 PO3MIpOM 3aJlaHy CTOpIHKY (mapamerpu cTopiHku 17x26 cm
3 mossmu 2,0 cm). Tlepermik miTepaTypHuX IKepen MepeKiagaeThCsl aHTTiHChKOI MOBOO
(abo TpaHCHITEPYETHCS B pPOMaHChKOMY aJI(haBiTi) 1 TOJAE€THCS BIMOBIIHO 10 MiXKHAPOIHOTO
cranmapty odopmieHHs HaykoBux myOmikamiii APA  (American Psychological
Association) style 3aranbHUM CIIMCKOM Y KiHII CTAaTTi 3@ YEPTOIO MOCHIIAHb Y TEKCTI.

HanpukiHiii cTaTTi HABOAUTHCS KOPOTKA JOBiAKA MPO aBTOPIB, /¢ BKA3YKOTHCSA Mpi3-
BHIIIE, TIOBHE iM’s1 Ta TI0 OaTHKOBI aBTOPiB, HAYKOBHIA CTYIIiHb, BUCHE 3BaHH, I0CA/Ia, Ha3Ba
migpo3ainy (kadenpu) Ta oprasizaiii, 0COOMCTI IaHI KOKHOTO 3 aBTOpIiB (aapeca, MICTO,
Kkpaina, koHTakTHU# Tenedown, e-mail), ORCID ID.

OO00B'I3KOBO CITiJT HAJATH ENEKTPOHHY BEepCito cTaTTi B pemakropi Microsoft Word.

VYci mpexncTaBiaeHi B peNakiilo PYKONMHCH TPOXOJATH peTelbHE OaraToslaHKOBE
pelCH3YBaHHS BIiAMOBIMHUME (axiBIsMu 3a mpodimem craTti. SKImo cymapHa OIliHKa
PELIEH3CHTIB MEHIIIa 332 BCTAHOBJICHUH MOPIT, PYKOIIUCH BIAXHUIISFOTCSL.

3MicT cTaTTi Ta SKICTh HamucaHHs ab0 mepekiany (YKpaiHChKOIO ab0 aHTJIIHCHKOIO
MOBaMH) NEperisIaloThesi KOpeKTopamu 30ipHHMKa, HPOTE BiJIINOBIAANBHICTE 32 3MICT Ta
SKICTh CTAaTTi HecyTh aBTOpuM Matepiany. [lo craTti MOXyTh OyTH BHECEHI 3MiHM
penaxuiiHoro xapakrepy 6e3 3roJu aBTopa.

Po3min 30ipHEMKa, 10 sKoro Oyle BigHECEHa CTAaTTsA, BH3HAYAETHCS pPEHAKINEr0,
Y3TOJDKY€ETBCS — TOJIOBHUM pelakTopoM abo ioro 3acTymHukoM. OcCTaTOYHHI BHCHOBOK
o0 my6Jtikanii MaTepialliB CXBaJIIO€ peakiliifHa Koeris 30ipHuKa.

Enextponna Bepcist 30ipHHKa, npaBuia 0pOPMIIEHHS Ta BUMOTH JI0 CTaTe€d MICTSAThCA
B [HTepHeTi Ha caiiti http://www.es-journal.in.ua, sikuii CHCTEMATUYHO OHOBIFOETHCS.

30ipHUK HayKOBHMX Npallb TakoX IpelcTaBiIeHHi Ha caiiTi HamionanbHoi 06i6mioTexu
Vxpaian im. B.I. Bepraacekoro, Ha caifti [HcTHUTYTY TenexoMyHikamii i riio6aabHOTO
inpopmaniitnoro mpocropy HAH Vkpainm http://itgip.org/ y posmini «BunaBHuua
TSTBHICTHY» Ta Ha caidTi 610mioTekn KHIBCHhKOTO HAIIOHATBHOTO YHIBEPCUTETY OYAIBHUIITBA
i apxitexktypu http:/library.knuba.edu.ua/node/883.

ISSN: 2411-4049. Exonorivyna 6e3reka ta npupoaokopucrysatsst, Ne 2 (30), 2019


http://www.es-journal.in.ua/
http://library.knuba.edu.ua/node/883

~ 124 ~

Bukonasuuii peoakmop — B.I1. Bepuyn

HanpykoBano B TOB «BunaBuuurso «HOcton»
01034, m. Kuis, Byn. O. I'onuapa, 36a.
Temn.: (044) 360-22-66
WWW.yUStOﬂ.COfﬂ.U&

CBigouTBo npo BHeceHHs CY0’€KTa BUIABHHYOI CIIPABH 10 AePsKABHOI0 PEECTPY
BH/IABILIiB, BUTOTOBJIIOBAYiB i PO3NOBCIOIKYBa4iB BUAABHIUYOI MPOAYKLIT
cepist a1k Ne 497 Bix 09.09.2015 p.

[Mianucano i1 3mano g0 apyky 24.06.2019. ®opmar 70x108/16. Mamip odceTHMA.
Odcernnii apyk. YMoBH. Apyk. apk. 10.94

O6n.-Buzn. apk. 11.5 Tupax 300 npumMipHHKIB
3amoBiieHHsI Ne

KUIB 2019



