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PEOEPAT

AunnomHa poboTa Mmarictpa cknagaeTbcs 3i BCTyny, 5-u po3ginis,
BUCHOBKIB | CMUCKY BWKOPUCTaHMUX [DKepen. 3aranbHuin obcar pobotu
ctaHoBUTb 108 cTopiHOK, poboTa MicTUTb 20 pMCyHKiB Ta 3 Tabnuui, a Takox
2 pogatka. Cnnucok BUKOPUCTaHMX XKepen BKo4vae 47 mxepen.

MeToo [pocnifkeHHsa € nigBuWweHHA edeKTUBHOCTI ynpaBniHHA
ripHM4mMmmn poboTamm Ta MiHiMI3aUis pU3KKIB aBapinHUX CUTYaLin 3a paxyHOK
po3pobku Ta BnpoBagkeHHst cuctemn "GeoDATA Zones", dka 3abe3neunTb
iHTerpauito, 30ip, 0b6pobKy Ta aHania MapKwenaepcbkux i reodisnyHnx
AaHUX N5l MOHITOPUHIY CTiMKOCTI 6opTiB Kap’epis..

O6’ekT gocnigpKeHHs: NpoLec MOHITOPUHIY CTIMKOCTI BOpTiB Kap’epiB
Ta aHani3 goakTopiB BNAMBY Ha CTINKICTb Kap'epHUX DOpTIB.

[MpeomeT gocnimKeHHS: MeToam Ta Mmodeni Ansa nNiaTPUMKN MPUAHATTSA
pilleHb Npo 3abe3nedyeHHs1 KepyBaHHS CTiNKICTIO OopTiB kap'epiB ans
nigBuweHHs 6Ge3nekn Ta emEeKTUBHOCTI TipHMYMX pobiT, po3pobka
nporpamHoro 3abeanevyeHHs Ang ouUiHKK CTIKOCTI 6BopTiB Kap'epiB HA OCHOBI
MapKLengepcbknx Ta reo@isndHmx gaHux.

[MpoBeaeHo aHani3 knw4oBMX Npobriem i nigxogis 4O MOHITOPUHIY
CTINKOCTI OOpTiB Kap’epiB, [OOCNIAKEHO NporpamMHi  CUCTEMW,  LLO
BUKOpUCTOBYIOTbCSA Y Kpusbaci, Ta BU3HA4YeHO onTumarnbHi meToam 36opy
MapKLLIeNn4epCbKuX i reodisnyHnX gaHuXx.

PospobneHo cTparterito po3pobku Ta penisdiB cuctemm GeoDATA
Zones. Ua cuctrema pgossonutb aBTOMaTU3yBaTyW PO3PaxyHKU CTINMKOCTI
bopTiB Kap'epiB, MiABMLLYIOYM €e@EKTUBHICTb aHanisy Ta YynpasniHHS
pusmkamu. [lNporpamHnin mMoaynb, peanizoBaHun y cepeposuwli Delphi,
3abeasneyye WBNOKMUIA Ta TOYHUI PO3paxyHOK KoedilieHTa 3anacy CTiINKOCTI
3 Bidyanisauieto pesynbTaTiB y BUrna4i rpadikis i Tabnuub.

BrnipoBagkeHHs CUCTEMMU CrpUSIE 3HMKEHHIO 4Yacy aHanisy AaHux,
MiHIMiI3ye TNIOACBKI  MOMWUIIKA  Ta NIABULLYE LWIBUAKICTb  MPUUHATTS
ynpaBniHCbkMX piweHb. lNepcnektuea iHTerpauil 3 6asamn gaHux SQL
A03BOSIUTb BUKOHYBATK LieHTpanisoBaHe 36epiraHHs 1 06pobky iHdbopmalii,
O 3pobuTb cucTeMy MacwTaboBaHOK ANs PI3HUX TPHUYO-BMOOOYBHUX
niaNPUeEMCTB.

OTxe, yci nocTtaereHi 3aBOaHHA BMKOHAHO, a OCHOBHa MeTa
AOCIIOKEeHHA Wwoao niaBuULLEHHA edeKTUBHOCTI ynpaBniHHA TipHUYNMU
poboTamu Ta MiHiMi3auii reoTEXHIYHNX PU3KMKIB AOCATHYTA.

KrntoyoBi croBa: CTinkicTb 6opTiB Kap'epy, reodiavyHi JOCNIAKEHHS,
MOLESOBaHHA, MapKwenaepcbki Ta reodisnyHi  gadi, aHania gaHux,
ynpaBniHHA  pusukamu, nporpamHe 3abesnedveHHs, 6isHec-BUMOrHY,
meTogonoria Scrum, User Story Mapping.



SUMMARY

The master's thesis consists of an introduction, five chapters,
conclusions, and a list of references. The total volume of the work is 108
pages, including 20 figures, 3 tables, and 2 appendix. The list of references
includes 47 sources.

The aim of the study is to improve the efficiency of mining operations
management and minimize the risks of emergency situations through the
development and implementation of the GeoDATA Zones system. This
system integrates, collects, processes, and analyzes mine surveying and
geophysical data to monitor the stability of open-pit slopes.

The object of the study is the process of monitoring open-pit slope
stability and analyzing the factors affecting slope stability.

The subject of the study is the methods and models for decision
support in slope stability management to enhance mining safety and
efficiency, as well as the development of software for evaluating slope
stability based on mine surveying and geophysical data.

A comprehensive analysis of key challenges and approaches to
monitoring open-pit slope stability was conducted, and existing software
systems used in the Kryvyi Rih mining basin were examined. Optimal
methods for collecting mine surveying and geophysical data were identified.

A development and release strategy for the GeoDATA Zones system
was created. This system enables automated calculations of slope stability,
improving the efficiency of analysis and risk management. The software
module, implemented in Delphi, provides fast and accurate stability factor
calculations, with visualization of results in graphical and tabular formats.

The implementation of the system helps reduce data analysis time,
minimizes human errors, and accelerates decision-making processes.
Future integration with SQL databases will allow centralized data storage
and processing, making the system scalable for various mining enterprises.

Thus, all the research objectives were achieved, and the main goal—
enhancing the efficiency of mining operations management and minimizing
geotechnical risks—was successfully accomplished.

Keywords: open-pit slope stability, geophysical studies, modeling,
mine surveying and geophysical data, data analysis, risk management,
software, business requirements, Scrum methodology, User Story Mapping.
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BCTVYII

AKTyanbHiCTb TeMu po6OTU. AKTyarnbHICTb TEMW BU3HAYaAETLCH
HeoOXigHICTI0O pO3pOOKN HOBITHIX METOAIB | Moaenen ons aHanisy gaHux,
BUKOPUCTAHHA HAKUX [O03BOMATH MiOBULLNTU  €(PEeKTUBHICTbL YynpaBIliHHA
CTiKKicTiO 6opTiB Kap’epiB. 3abeaneyeHHsi CTIMKOCTI OopTiB Kap'epiB €
BaXXNMBUM acneKkToM [LiASIbHOCTI TFipHUYMX NigNPUEMCTB, OCKINbKM Le
HanpsMy BMANuMBae Ha 6e3neky npaudi, 30epexeHHs HaBKOSIULWHbLOMO
cepegoBuwla Ta €eMEKTUBHICTL BUMPOBHMUMX MpoueciB. 3acTOCyBaHHS
CydaCHUX  MapKenaepCcbknx Ta  reoisnyHnx  gaHux  [O03BONde
BOOCKOHanNUTM nMpouecn MOHITOPUHIY | ynpaBsriHHSA, 3abesneyvytoun
CBOEYACHY OLIHKY CTaHy TipCbKMX MacuBiB Ta MPUUHATTA eqEKTUBHUX
pilweHb  Ans  3anobiraHHA  PU3MKOBMX  cuTyauin.  BMKOpUCTaHHS
IHpopMaLUiNHMX TexXHOoMorin i UMJPOBOro iHTENEKTY CTBOPKE HOBI
MOXIUBOCTI 415 BUPILLEHHS iCHYOUYMX Npobrem y uin cdepi.

NMoctaHoBka npob6bnemun. CTinkictb 60pTiB Kap’epy 3anexuTb Big
BaraTtbox (pakTopiB: reomMeTpil ycTynis, gisnKO-MexaHiYHNX B1aCTUBOCTEN
nopig, Nia3eMHuX BoA, TPILMHYBATOCTI Ta IHWNX NPUPOOHUX i TEXHOTEHHMUX
BnnmBiB. [lpoTe OMHaMiYHI 3MIHW UMX NapamMeTpiB He BPaxOBYHTbCA
HaneXHUM YMHOM MpPWU NNaHyBaHHI Ta BEAEHHI ripHUYMX pobiT, Wo Moxe
npu3BOAMTM LO BTpaTU CTINKOCTI GOPTIB, HEKOHTPONbOBAHUX 3CYBIB M
aBapinHnx cutyauin. Cy4acHi MeToam OUIHKW, SKi 3aCHOBaHi Ha CTaTUYHUX
MoAensax, He [O03BOSSAKTb CBOEYACHO BpaxoByBaTU 3MiHY reOTEXHIYHWUX
napameTpiB. Lle moxe npu3sBecTn 0 NMOMUIKOBUX MPOrHO3iB, MigBULLIEHHSA
pU3MKIB | goaaTkoBMX (piHAHCOBMX BUTpAT Ha nikBigauito Hacnigkis
HecTabinbHOCTI macmBy. HepgoctaTHs  ONepaTUBHICTb  OHOBJIEHHS
pPO3paxyHKiB ypasi 3MiHW YyMOB eKcrnnyartauil YyCKNagHIE KOHTPOnb 3a

NOTEHUINHO HECTIMKUMW [insHKamMu. BigcyTHICTb THYYKMX aHaniTM4HuX
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IHCTPYMEHTIB 0BMeXye MOXNUBICTb aganTauil po3paxyHKOBUX MeToLiB A0
peanbHUX yMOB Kap'epy.

[Ons BupiweHHs uiel npobnemn HeobXxigHO po3pobuTn nporpamHy
CUCTEMY, BUKOPUCTaHHS SIKOI 403BONNTL 3a6€3ne4nTn KOHTPOsb 3a CTaHOM
OiNsHOK 60opTiB Kap’epy 3 ypaxyBaHHSAM 3MiH reoTeXHIYHUX MnapameTpis,
TOYHILE OUIHWTM PU3MKM Ta CBOEYACHO TMPUUHATU pilleHb Woa0
3abes3neveHHs 6eanekn ripHU4Mx pobiT. [Ons po3pobku Takoi cuctemu
HeobxigHO BNpoBaaKeHHA 3acobiB aHani3y, NPorHo3yBaHHS CTIMKOCTI bopTiB
Kap’'epy Ta aganTauil po3paxyHKOBUX METOAIB A0 3MIiHHUX reOTEeXHIYHUX
YMOB.

MeToro pocnipgkeHHA € niaBUWEHHA edeKTUBHOCTI YynpaBSliHHS
ripHM4MMmn poboTamm Ta MiHiMI3aUis pU3NKIB aBapinHUX CUTYaLin 3a paxyHOK
po3pobkun 1 BnpoBagkeHHA cuctemn "GeoDATA Zones", sika 3abe3neunTb
iHTerpauito, 36ip, 0oObpobky Ta aHania MapKwenaepcbkux i reodianyHux
OAHUX OS5 MOHITOPUHIY CTIMKOCTI BopTiB Kap’epiB..

3agadi gocnigXeHHs:

- MpoBecTn pocnimKkeHHa Krn4yoBux npobnem i nigxoaie Oo
MOHITOPUHrY Ta iHTerpauii 4aHnx Npo CTinKiCTb BopTiB Kap’epiB..

- [ocnignTy nigxoam ta nporpamMHi CUCTEMMU, SKi 3aCTOCOBYHOTLCS
ripHmyopyaHMMn nignpnemcteamn y Kpusbaci onga 36opy ta aHanisy gaHux,
Ta npoaHanisyBaTu ocobnmBoCTi 360py MapKLenaepcbkux i reodisnyHmnx
AaHnX.

- CdhopmyBaTK NOCTAHOBKY 3aavi AOCNIIKEHHS.

- [lpoBecTn aHani3 gakTopiB BANMBY Ha CTIMKICTb Kap'epHUX OOpTIB Ta
BU3HAYNTM METOANKM BU3HAYEHHS LIMX dDAKTOPIB.

- CnpoektyBatn Ta po3pobutn nporpamHe 3abe3nedeHHs Aans
aHaniay CTinkocTi 6opTiB Kap’epiB.

- lNpoBecTn iHTerpauito Moaynsa OUiHKM CTiKocTi 6opTiB kap'epis 3

CMCTEMOIO KepyBaHHS FipHUYMMN poboTamMMm.
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- [lepeBipUT nNpaues3gaTHICTb MporpamMHoro 3abesneyvyeHHst Ha
KOHTPOSIbHUX NpUKnagax.

- [lpoBecT €eKOHOMiIYHEe OOrpyHTYBaHHA MNPOEKTY LWOAO PO3PO6KM
nporpamMHoro 3abesneyvyeHHs Ans KepyBaHHS CTiMKICTO 6opTiB kap'epiB Ha
OCHOBI MapKLLengepCbkux i reoisnyHnx gaHux.

O6’eKkT AocniMKeHHA: NPoLEeC MOHITOPUHIY CTIMKOCTI BopTiB Kap’epiB
Ta aHani3 akTopiB BNMBY Ha CTIiMKICTb Kap'epHUX BopTiB.

NMpeameT AocnigKeHHA: MeToOAM Ta Mogeni ana niaTpuMKn
NPUUHATTA pilleHb NPo 3abe3neyvyeHHsa KepyBaHHS CTIMKICTIO BOpTiB Kap'epis
Ons nigBuleHHs 6e3nekn Ta eMEeKTUBHOCTI TipHUYMX pobiT, po3pobka
nporpamHoro 3abeanevyeHHss ANng OUiHKK CTINKOCTiI 6opTiB kKap'epiB HA OCHOBI
MapKLWenaepCcbkmx i reodisndHnx gaHux.

Pe3ynbTtat Ta OGrpyHTYBaHHA X HOBM3HU |/ iHHOBaUiMHOCTI. Y
OaHin poboTi 34INCHEHO KOMMSIEKCHUIW aHani3 Ta y3arafnibHeHHsI METOAIB |
mMoZenen ons niaTpUMKN NPUAHATTA pilleHb NPo 3abe3neyeHHst KepyBaHHS
CTiMKiCTIO 6opTiB Kap'epiB i3 3aCTOCyBaHHAM anropuTMiYHMX Nigxoais Ao
NporHo3yBaHHA Aedopmadi. 3anponoHOBAHO YOOCKOHANeHun nigxig Ao
OUiHKM (paKTOpiB, SKi BMNMBAKTb Ha CTIMKICTb TFiPHMYMX MacuBiB, LLUO
A03BOSIUTb MiABULLNTY TOYHICTb NPOrHO3yBaHHS PU3NKIB aBapiHNUX CUTYyaUin
Ta po3pobuTu BiANOBIAHI NPEBEHTUBHI 3axoaM.

CTpykTypa Ta obcar poboTu. 3aranbHun obecar poboTn CTaHOBUTL
108 cTopiHOoK, poboTa MicTUTb 20 pucyHKiB Ta 3 Tabnuui, a Takox 2 goaaTka.

Cnncok BUKOPUCTaHUX mKepen BKItovae 47 gxepen.



PO34T 1. AOCINIAXEHHA KNOYOBUX MPOBJIEM MOHITOPUHITY
CTIMKOCTI BOPTIB KAP’EPIB TA MOCTAHOBKA 3ALAUI

1.1 [JocnimpkeHHs Kno4yoBMx nNpobnem i nigxodiB 4O MOHITOPUHrY Ta
iHTerpauil gaHux npo CTinKiCTb BOPTIB Kap’'epis
1.1.1 BuaHa4yeHHS Kno4yoBMX NpobremM MOHITOPUHIY CTIMKOCTI 6opTiB

Kap’epiB

MOHITOPUHI CTINKOCTI BOpPTIB Kap’epiB € OQHUM i3 HaMBaXXNUBILLINX
3aBgaHb Yy TipHMYIA  NpoOMMCIOBOCTI, amke 3abesneyeHHss 6Ges3neku
npauiBHUKIB | HaABKOMULWIHBbOrO cepedoBuLla 3aneXxmnTb Big CBOEYACHOro
BUABMEHHA pu3ukie. BogHoyac icHye Hu3ka npobriem, ki 0bMeXxytoTb
e(PEeKTUBHICTb Cy4aCHUX Migxonis 4O MOHITOPUHTY.

OpaHieto 3 OCHOBHUX Npobnem € HeaoCTaTHICTb IHTErpoBaHUX Niaxoais
00 06pobKkM MapKLIengepCbkux i reodisnyHnx gaHmx. binblwicTb cyvYacHuX
CUCTEM, WO 3aCTOCOBYHTbLCA B FPHUYOPYOHIN MPOMUCIOBOCTI, NpaLoTb
aBTOHOMHO, OOMEXYHUYM MOXIMBOCTI ANs  ChiNIbHOrO BMKOPWUCTAHHS
pesynbTaTtiB. Hanpuknag, mapkwengepcbki gaHi yacto obpobnsatoTbes
OKPEMO Bifl reoqdi3nyHmX, WO YCKITagHE CTBOPEHHS LiNICHOI KAPTUHM CTaHy
ripHMyoro macusy. Lle moxe npm3BoanTu 4O MPOMNYCKY KPUTUYHO BaXKITMBUX
petanen abo go po3bikHocTen y pesynbTaTtax, WO BMNAMBaAE Ha NPUNRHATTA
ynpasniHCbKMX pileHb [1].

Llle opgHieto BaxnmBow npobnemord € obmexeHi MOXIMBOCTI
NPOrHo3yBaHHs 3CyBiB i o6BaniB. CyyacHi MeToan MOHITOPUHIY 6asyoTbes
Ha BUKOPUCTaHHI MaTeMaTUYHMUX MoLenen, SKi He 3aBXOu BPaxoBYHOTb BCi
3MiHHi, WO BNNMBaKTb Ha CTabINbHICTL ripHUMYMX MacueiB. Hanpuknag,
ICHYIOMI  migxoOnM 4acTo irHOpPYKTb [OBrOCTPOKOBI 3MiHW B TPHUYO-

reosioriyHMX ymoBax, WO MOXe Npu3BoaUTM OO0 XMOBHMX nporHosie. Lle
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0ocobnnBo Hebe3neyHo B yMOBax AWHaAMIYHOIO pPO3BUTKY Kap’epis, Ae
napameTpu CTINKOCTI MOXYTb 3MiHIOBaATUCHA NPOTArOM KOPOTKOro vacy [2].

HeB4acHui 36ip gaHUX TakoX € CEPUO3HUM BUKITMKOM. Y BaraTbox
ripHMYMX  nignpuemcTBax iHgopmauia npo CcTaH T[ipHUYUMX MacuBiB
36upaeTbCcs Bpy4Hy abo i3 3ani3HEHHAM, WO YHEMOXIMBIIOE OnepaTuBHY
OUiHKY pu3ukiB. BigcyTHiCTb aBToMaTtm3sauil npouecis 300py Ta aHanisy
OaHUX MNpU3BOAMTL A0 3HAYHMX BUTpAT Yacy i pecypciB. Hanpuknag,
3acTtapini metogu, WO BuMarawTb i3UYHOI NPUCYTHOCTI MNpauiBHUKIB Yy
Hebe3nevYHnX 30Hax, NigBULLYIOTb PU3KK TpaBMaTuamy [3].

Llle opgHieto 3Hauyworw nNpobriemMod € BIACYTHICTb aganTUBHUX
CUCTEM MPUNHATTS pilleHb. ICHYOYi nporpamMHi 3acobu, ki 3aCTOCOBYHOTLCS
0111 MOHITOPUHIY CTiKOCTi ©opTiB Kap’epiB, 34e0iNblWOoro opieHToOBaHi Ha
aHania Bxe 3ibpaHnx gaHuWx, a He Ha onepaTuMBHE pearyBaHHS Ha 3MiHW B
peanbHOMYy 4aci. Lle cTBOplE puaMKM A5 CBOEYACHOrO YCYHEHHS
Hebe3neyHnx cuTyauid, LWo MOXe MaTu KaTacTpodiyHi  Hacnigku.
Hanpwvknag, y pasi BUHMKHEHHS 3CcyBiB abo 0bBaniB BiACYTHICTb afanTUBHUX
pillEHb YHEMOXINMBIOE MUTTEBY €BaKyaLlito npauiBHUKIB abo NPUNUHEHHSA
pob6iT [4].

Takox cnig BiA3HAYMTW CKNagHoLWi B iHTepnpeTauil OTpUMaHuX
AaHux. NeodisnyHi gaHi, Wo 36MpaloTbCa B paMKax MOHITOPUHTY, 3a3Bu4yan
MalOTb CKNagHy CTPYKTypy i noTpebytoTb BUCOKOI kBanidikauii ans ix
aHanisy. Lle cTtae 3HayHuMMm Oap’epoMm OnNa BNPOBaMKEHHA Cy4aCHMX
TEXHOSIOriN y ripHU4Yy ranysb, 0cCO6NMBO Ha NigNPUEMCTBax i3 06MeXeHNMU
KagpoBumMu pecypcamun. Hanpuknag, HaBiTb BUMKOPUCTAHHA MNPOrpamMHoro
3abes3neveHHs 3 NepegoBUMU aHanmiTUYHUMKM  (PYHKLiISMWU HE rapaHTye
npaBuUNbHOCTI iHTepnpeTauil peaynbtaTiB 6e3 BiANOBIAHOI MiArOTOBKU
nepcoHany [5].

PiweHHa uux npobrnem BuMarae BAPOBAKEHHS  Cy4YaCHUX
TEXHONOriN, AKi 403BONAKTb NIABULNTU €(PEKTUBHICTL MOHITOPUHIY. OgHMM

i3 MOXNMBUX NiAXOAIB € pO3po0bKa IHTErPOBAHUX CUCTEM, LLO 3abe3nevyroTb
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ob’egHaHHA MapKWenaepCbknx i  reodisnyHux [aHux Yy €OuHOMY
nporpamMHOMy cepeoBuLli. Taki cucTemMum [O3BOMSAKTb CTBOPHOBATU
KOMMJSIEKCHI Moeni CTaHy ripHUYnX MacuBiB, BPaxoBYHO4M BCi HAABHI 3MiHHI.
Hanpuvknapg, 3acTocyBaHHA anropyTMiB MaLUMHHOIO HaBYaHHSA ONA aHanidy
BENMMKNX 0O0cAriB gaHux [O03BOMsiE MNiABUWMUTU TOYHICTb MPOrHO3IB |
CKOpOTUTK Yac 0b6pobku iHpopmalii [6].

ABTOMaTM3aLis NpoueciB 360py AaHMX TAKOX € KIMHOYOBMM HanpsiMom
OS5 BOOCKOHANEHHA MOHITOPUHIY. BukopucTaHHsa 6e3ninoTHMX niTanbHUX
anapariB i UCTaHLINHMX CEHCOpPIB 403BONSE OTPMMYBaATU AaHi B pearibHOMY
Yyaci 6e3 HeobXigHOCTI (PI3UYHOI NPUCYTHOCTI NpauiBHUKIB y Hebe3nevHux
30Hax. Lle He nuwe nigBuye edeKkTUBHICTL 360py AaHUX, ane n 3HWXKYE
PU3NKKN A4ns npauiBHuKiB. Hanpuknaga, 6e3ninoTHMKM MOXYTb 3abeanedyBaTu
PerynsapHUn MOHITOPUHI cTaHy GOpTiB Kap’epy HaBiTb Yy BaXXKOAOCTYMHUX
Micusax [7].

LUle ogHMM BaXnMBUM pilLEHHAM € BNPOBALXEHHA CUCTEM
Bidyanisauii pesynbTaTiB aHanisy, ki 4O3BONSATbL OnepaTMBHO OLUiHIOBATH
CTaH TipHMYMX MacuBIB | NpuUAMaTW BIONOBIOHI pilleHHs. BukopuctaHHA
TPUBUMIPHUX MOAENEN | IHTEePaKTUBHUX IHCTPYMEHTIB Bidyanisauil cnpoLlye
CAPUNHATTS CKNagHWX OaHuX i NigBULLYE TOYHICTb OUIHOK. Lle ocobnuneo
aKTyanbHO ANS TipHMYMX NIgNPUEMCTB, e OMepaTUBHICTb pillleHb MOXe
BU3Ha4yaTtn 6e3neky npauiBHUKIB i e(pekTUBHICTL BUpOBHUUTBA [8].

Takum YNHOM, BUPILLEHHS KNHOYOBUX NPOBEM MOHITOPUHIY CTiAKOCTI
BopTiB Kap’epiB NoTpebye KOMMNNEKCHOro nigxo4y, Lo BKIKYaE iHTerpadito
OaHuX, aBToMaTu3auilo npouecis 300py, BNPOBAMKEHHA afanTUBHUX
CUCTEM i BOOCKOHaNEHHS iHTepnpeTauinHmux metoais. Lli 3axoamn 0o3sBonsaTtb
niaBMwmTn 6e3neky Ta ePeKkTUBHICTb FipHUYNX POBIT, a TakoxX 3abe3neunTn

CTiMKUA PO3BUTOK TPHMYOI MPOMUCIIOBOCTI.
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1.1.2 AKTyanbHICTb iHTerpauii MapKwengepcbkux Ta reodisnyHmnx

OaHUX

IHTerpauis mapkwengepcbkux T1a reodisudHUX OaHUX € OOHIE 3
KITHOMOBUMX 3a4ad Y ripHUYi NPOMMUCNOBOCTI, OCKINbKN Le A03BOSISE 3HAYHO
NiABUWMTN TOYHICTb OUIHKA CTaHy ripHUYMX MacueiB. Cy4acHi ripHWdi
nianpueMcTBa CTUKAKOTbCA 3 HU3KOKW  Npobnem, noB’si3aHux i3
dparmeHTauielo gaHux. 3acToCyBaHHS OKpPEMWX CUCTEM [Ana aHanisy
MapKLengepCcbkux i reo@isnyHnx aHuxX YCKNafHE CTBOPEHHS €OUHOI
iHbopmauinHol 6a3n, HeobxigHoT AN edPeKTUBHOro yrnpaBniHHA CTIKICTIO
BopTiB Kap’epiB..

MapkLengepcbki AaHi TpaguuivHO BUKOPUCTOBYHOTBCA AN OLHKK
reoMeTpuyHMX NapamMeTpiB Kap’epiB, TaknMX K BUCOTA, KyT Haxuny 6opTis, a
TaKoX AS151 BUBHAYEHHSI TOYHOMO MOJSIOXKEHHS FipHMYMX OB’EKTIB Y MPOCTOPI.
BogHovac reoduidanyHi MeTtoau AO03BOMAKTbL OTpUMaTW iHdopmauito npo
BHYTPILUHIO CTPYKTYPY FipCbKMUX Nopigd, iX isnyHi BNacTUBOCTI Ta ANHAMIYHI
xapakrtepuctukn. Ob6’egHaHHA UMX OBOX TUMIB AAaHMX OO3BOSIIE CTBOPUTU
KOMIMJIEKCHY MOAerb, AKa BPaxoBYE SIK 30BHILLHI, TaK | BHYTPILLHI napameTpu
Macusy.

IHTerpauis [gaHux reopagapHux ob6CTexeHb i3 pesynbTaTamu
MapKLWenaepCcbkx BUMIpPHOBaHb [a€e 3MOry BUSIBNATUM 30HW MOTEHUINHOI
HecTabINbHOCTI, SAKi 3anuwarTbCa HEBMAUMUMU ONS OKPEMUX METOAIB
pocnimkeHHs. Lle akTyanbHO Ona nporHo3yBaHHS 3CyBiB i obBanis, Konu
noTpibHa MakcnmanbHO TOYHa iHGopMaUist Npo cTaH macusy [9].

Kpim Toro, iHTerpauis pgaHux cnpusie BOOCKOHANEHHK npouecy
NPUARHATTA YNPaBMiHCbKMX pilleHb. 3aBAAKM BUKOPUCTAHHIO 06’egHaHuMX
OaHUX NigNnpMeEMCTBA MOXYTb BinbLL €ePeKkTMBHO niaHyBaTK ripHu4i poboTu,
MIHIMI3yrOuM PU3UKNM ONA NpauiBHUKIB Ta HaBKOJIMLLHBOrO CcepefosuLia.

BukopuctaHHsA cyyqacHUX TEXHOMOrIN, Taknx sk 6asm gaHumx 3 nigTPUMKOH
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NPOCTOPOBMX i YacoBMX NapameTpiB, AO3BOSISE aBTOMATM3yBaTu Mpouec
aHanisy Ta CTBOpOBaTU TPUBUMIPHI MoAeni Kap’epiB y peXxumi peanbHOro
yacy [10].

OTxe, iHTerpauis MapKwengepcbknx Ta reoisnyHnx aaHux ta ix
aHani3 € He HeobXigHUM Ans Po3pOoOKM pillieHb WOoA0 NiaBULLEHHS 6e3neku
ripHUYMX POBIT, € MOTYXXHUM HCTPYMEHTOM AN onTUMi3auil BUPOBHMYMX
npoueciB. 3acToCyBaHHSA IHTErpoOBaHMX CUCTEM [OO3BOSMSE 3MEHLUNTH
BUTPATN, NiABULLNTM TOYHICTb NPOrHO3iB Ta 3abe3nevynTn ctanum po3BUTOK

rPHMYNX NigNPUEMCTB.

1.2 [ocnimkeHHs  nigxodiB Ta  MNpPOrpamMHMX  CUCTEM,  SKi
3aCTOCOBYOTbCA ripHU4opyaHuMu nignpuemcteamu y Kpmsbaci gna 36opy

OaHUX

PerioH Kpuebacy € ogHuM i3 HanbinbLUMX LeHTpiB BMOOOYTKY 3ani3Hol
pyan B YkpaiHi. [pHuyo-3baravyBaneHi kombiHatu ('3K) uboro perioHy
BUKOPUCTOBYIOTb CydacHi iHdopmauinHi cuctemmn Ta 6a3m gaHux ans
nnaHyBaHHSA BUOOBYTKY, MOHITOpPUHIY 6e3neku Ta onTumisauil npouecis. [1o
Taknx nignpuemcts Hanexatb [liBHiYHMIK, LeHTpanbHuin, [Hryneubkuu,
MNiBaeHHu Ta iHWiI M3K.

Tunu gaHnx Ta NporpamHi cMcTemu:

— MapKLenaepcbKi gaHi onucyTb po3Mipu, opMy Ta po3TallyBaHHS
ripHM4YMX BUPODBOK;

— nporpamHe 3abesnedeHHa MineSight nigTpumye 3D mMoaentoBaHHSA
ONS aHanisy reomMeTpil ripHUYMX MacusiB, Surpac [O03BOMSE iHTerpyBaTtu
Mapkwengepcbki gaHi 3 reo@isndHUMn Onst CTBOPEHHST  KOMIMIEKCHUX

Moaenemn;
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— reodi3nyHi gaHi [003BOSIATb OuiHBaTU  (PI3NYHI  BNacTUBOCTI
ripCbKnx nopig;

— nporpamHi cuctemu Petrel nigTpumye TpmBuMipHe MoaesitoBaHHA Ta
iHTerpauito gaHux Ans nporHodyBaHHS CTiMKOCTI macueiB, Oasis Montaj
BUKOPUCTOBYETbCA AN  aHasnidy MarHiTHUX, CEeUCMIYHMX Ta  IHLIKNX
reodisanvyHuxX gaHux;

— €KOMOriyHi gaHi MICTATb iHdopMauilo npo BnMB BUOOOYTKY Ha
AOBKINNS;

— iHcTpymeHT MENI iHTerpye paHi ons adanidy 3abpyaHeHHS
noBiTpda, BoauM Ta rpyHTiB, GARD BMKOPUCTOBYETLCS ONSA YNpaBIliHHSA
pu3mMKkamu, NoB’si3aHNMMN 3 KNCNOTHUM CTOKOM.

PoarnsHemo BukopucTaHHsa aaHux y Kpmsbaci. '3K Kpusbacy aktmeHO
BNpOBaLKyOTb iHOpMaUiHIi cuctemMu Ons iHTerpadil gaHux. Hanpuknag,
IHryneubkuni ['3K BuKkopuctoBye Surpac ansa nobyaosun mogenen kap’epis, a
MiBoeHHun '3K 3actocoBye Petrel ans aHanisy ceMCMivHUX AaHUX Ta OLiHKK
CTaHy MacuBiB.

MeToaukn 36opy AaHUX:

— TpaguuinHi metoamn 3actocyBaHHs GPS Ta nasepHoro ckaHyBaHHS
AN MapKLengepcbkux pobiT;

— Cy4YacCHi TexHOsorii BUKOPUCTAHHA OPOHIB ANA  OUCTaHUINHOro
MOHITOPUHIy cTaHy 6opTiB Kap’epiB Ta aBTOMaTM30BaHi ceHcopu ans 36opy
reoisnyHnxX gaHux.

AHanis nepcrnekTus:

1. ICHyIO4i CUCTEMM CTUKAKOTLCS 3 TAKUMN OBOMEXEHHAMN:

— He[oCTaTH4 iHTerpauisa MapKwenaepcbkux i reodisndHnX gaHux;

— obmexeHa MOXNMBICTb aBTOMaTMYHOrO aHarisy BenMKuX obcsriB
iHcbopmauil.

2. MNoganbLlumn pO3BUTOK BKIKOYAE:

— BNpoBamXkeHHs nnatdopm Ans o6’eaHaHHS Pi3HMX TUMIB AaHUX;
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— BUKOPUCTAHHA LWTYYHOrO iHTENeKTy AfA NPOrHo3yBaHHA CTIMKOCTI
MacwuBIB.

3. Po3pobka cuctemu Ana aHanisy 3aBeeHux gaHuX.

Llen ornsag OeMOHCTpye noTeHuian BMNpOBagXeHHs cydacHux 6a3
OaHUX | MeToauK 300py Ans NigBULLEHHS ePeKTUBHOCTI poBOTU FipHUYMX

nianpuemcTB Yy perioHi Kpmusbacy.

1.3 AHania nigxoadis 0o 360py MapKLIengepCbknx Ta reodisnyHmnx

OaHUX

1. TexHonorii 360py MapKwengepcbkux aaHumx. MapKwengepchbki
pobOTN € OCHOBOK A4 MiaHyBaHHSA Ta KOHTPOSIO FipHMYMX pobiT. [Ons
360py gaHmMx 3acTocoByTbCSA cyvacHi GPS-cuctemu, nasepHi ckaHepu Ta
TaxeoMmeTpu, AKi 3abe3neydyoTb BUCOKY TOYHICTb BUMiptOBaHb. Lli TexHonoril
O03BOSIAKTL CTBOPHOBATM TPUBUMIPHI Moaeni Kap’epis i BUPOOOK, ouiHoBaTH
reoMeTpito MacuBiB i KOHTPOMOBATU BIiANOBIAHICTE MPOEKTHUM PiLLIEHHAM.
Hanpwvknapg, nasepHe ckaHyBaHHS OO3BOSISE€ OTPUMYBATU AeTarnbHi JaHi Npo
NMOBEPXHIO MacuBy, LLUO BUKOPUCTOBYKTBHCA ASI MPOrHO3yBaHHA PU3KUKIB
scyBiB abo o6beaniB. GPS-texHosnorii 3abes3neyyioTb onepaTuBHUN
MOHITOPUHI 3MiH Yy Tonorpaduil Kap’epiB i AO3BONAIOTL iHTErpyBatn faHi B
reociHopMauirHi CUCTEMM.

2. ['eoisnyHi meToan OocnigxeHHA macuiB. [eodi3anyHi mMeToau
[03BONANTL JOCSIOKYBATW BHYTPILLHIO CTPYKTYPY FMPCbKMX Nopig, X 4i3nYHI
BMAaCTUBOCTI Ta BUSABMATU MOTEHUIMHO HecTabinbHi 30HKW. [JO OCHOBHWX
MeTOAIB Hanexartb:

1) cencMmivHi OOCRIIKEHHSA: BUKOPUCTOBYKOTLCA [ONA  BUBYEHHS

MexaHIYHUX BNacTUBOCTEN MACUBIB | BUABNEHHSA 30H TPIiLVHYBATOCTI;
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2) eneKkTpopo3BifKa: 403BOMSAE OLiHIOBATM €NeKTPONpPOBIAHICTb Nopig,
LLIO BMKOPUCTOBYETbCA ONSA iAoeHTUdikauii BogoHacn4eHnx 30H abo 30H
NOpPYLLUEHOI CTPYKTYPWU;

3) rpaBiMETpUYHi OOCHIMAKEHHA: Ui AocnigpkeHHa 6a3yoTbcsa Ha
BUMIpIOBaHHI Bapiauin rpasiTauintHoro nons 3eMni, WO BUKAMKaHI
HEOLHOPIAHO LWINBbHICTIO ripCbKux nopia. ['paBiMeTpist 4O3BOSISIE BUSBNATH
aHomanii B rpasitauinHoMy noni, AKi BKasylTb Ha Mig3€MHi MOPOXHUHW,
PO3110MM1, 30HU MiHepani3auil Yn iHWi reonoriyHi ocobnueocrTi. Llen metoa
LLMPOKO 3aCTOCOBYETLCSA ANSA ideHTUdIKauil reosnioriYHMX CTPYKTYpP, OLHKK
LWINbHOCTI  FpCbKMX MacuBiB Ta BMU3HA4YeHHS 30H ocnabneHHs vy
rPHUYOPYAHUX PErioHax.

[Mig 4yac npoBedeHHs reodisNYHUX [OOCNISKEHb [JaHi MOXYTb
3anucyBaTuCA B NOMbOBI XypHanu Ans nogansLluol o6podku. Lis npaktuka
3abesneyye 36epexeHHs iHopmaLil HaBiTb Y BUNagkax TEXHIYHMX 300IB |
O03BOSISIE MEPEHECTN AaHi B NporpamMHi KOMMNEeKcu Ansi aBTOMaTUYHOro
aHaniay.

3. CtaHpgapTusauia Tta Hopmanisauia gaHux Anga iHTerpadii. Ons
iHTerpauii MmapKLwengepcbkux i reoqisnyHmnx gaHmx HeobxigHo 3abesneynTu
IXHIO cTaHAapTu3adito Ta Hopmanisauito. Lle nepeabayvae:

1) yHigoikauito dopmaTiB gaHux Ana 3abe3neveHHs CYMICHOCTI MiX
PI3HMMU NPOrpaMHUMKN CUCTEMAMMU;

2) BUKOPUCTAHHA CTaH4apTIB MiXKHAapOAHUX opraHidadin, Takux sk 1ISO
Ta OGC (Open Geospatial Consortium), ona onucy NpoCcTOpPOBUX JaHUX.

3) nonepedHio 06poOKYy OaHMX ONS BUOANEHHSA LWYMIB, Kopekuil
NOMWIIOK | NPMBEAEHHS AaHMX A0 EAMHOro MaclTabHOro piBHS.

Hopmanisauis gaHux [O03BOSMSIE CTBOPHOBATU iHTErpoBaHi modeni
ripHUYMX MacuBIB, LLO MOEAHYOTb FEOMETPUYHY, DI3UYHY Ta reonorivyHy
iHpopmauito. Lle nigBuwye TOYHICTb aHanidy Ta [A03BOSIIE OnepaTtuBHO

pearyBaTu Ha 3MiHW B CTaHi MacuBiB.
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4. MNpobnemu i BUKNUKK B 300pi Ta 0bpobui gaHux. Nonpu po3BUTOK
TEXHOSIOriN, iCHye H13Ka npobnem, ki ycknagHoTb 36ip | 06pobKy AaHUX.
OCHOBHI BUKITMKN BKNKOYaAIOTb:

— HeperynsapHicte 36opy gaHux: Ha 6araTbox nignpuemcTBax AaHi
36upatoTbCs 3 BENUKMMU iHTEPBaNamMm, LLIO YCKNaaHIOE aHani3 guHamivyHnx
3MiH Y MacuBax.

— (pparmeHTaUisa gaHuX: MapKwenaepcbKki Ta reodisnyHi gaHi 4acTto
3bepiratoTbCa B pi3HUX bopmaTtax i cuctemax, Lo YCKNagHIE iX CyMiCHY
iHTepnpeTauito.

— BIOCYTHICTb aBTOMaTu3auii: pydHuin 36ip OaHUX 3anuuaeTbecs
NOLUMPEHOI NPaKTUKOLD, WO NiABULLYE PU3MK NOMUIIOK i NOTPeEBYE 3HAYHUX
BUTpAT Yacy.

— CKNafgHicTb iHTepnpeTauil: reodi3nyHi gaHi BMMaratoTb BUCOKOI
kBanidikauii gna adHanisy, X BWKOPUCTAHHA MNporpamMHUMn 3acobamu
notpebye BignoBigHOI MiArOTOBKM nepcoHany, a TaKoX CyMicHa
iHTepnpeTauia gaHux Big MapKlengepcbkux Ta reodisnyHux BUMIPIB €
AOCUTb CKNaaHUM 3aBAaHHAM.

[MogonaHHa umx npobnem BuMarae BrPOBALKEHHS CyYacHUX
aBTOMaTM30BaHUX cuctem 36opy Ta 06pobkM faHuX, WO 3abesneyvyoTb
IHTerpauito pesynbTaTiB 3 PI3HUX [DKepen | [O3BOSIAKTb OTpUMYyBaTU
KOMMJSIEKCHY KapTUHY CTaHy ripHUYNX Macusis.

OTXe, y cydacHii ripHMYi npomMmcnoBocTi 06pobka AaHnX € KPUTUYHO
BaXNMBUM npouecoMm pans 3abesnevyeHHa eqEeKTUBHOro ynpasIiHHSA,
Be3nekn Ta CTINKoro po3BuUTKY. BUkopncTaHHA nepeaoBux METOAIB, TaKUX SIK
SQL gna aHanitmdHoi o6pobkn, anropyutMyM MalUMHHOIO HaBYaHHA Ans
NPOrHO3yBaHHA pPU3UKIB | IHTerpauiga PpisHUX TUNIB OaHUX Y €OUHY

nnatgopmy, CTa€ OCHOBOK AM15 yXBareHHSA iHPpOpPMOBaHUX pilLEHb.
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1.4 lNocTaHoBKa 3agadvi gocnigKeHHsA

Ha ocHoBi npoBedeHuX AOCNiAKEHb LWOAO KMA4YOBUX nNpodbnem i
nigaxoA4iB 4O MOHITOPUHIY Ta iHTerpauil 4aHnX Npo CTiNKICTb BopTiB Kap’epis.,
a TaKoXX Ha OCHOBI aHarsi3y cy4yacHMx MeToAiB 06poOKM MapKLLENLEPCHKUX |
reodi3nyHux gaHmx 6yno 3pobreHo BUCHOBOK LLOA0 HEODXIAHOCTI po3pobKu
nporpamMHol cMCTeMU AN ynpasniHHSA CTiKKICTIO BOpTiB Kap'epiB Ha OCHOBI
KOMMMEKCHOIro BUKOPUCTAHHA MapKLIEeNOePChbKUX | reodisndHNX JaHUX.

Byno cdopmoBaHo MeTy poboTu Ta 3agadi, SKi HeoOXiaHO po3B’si3aTn
Ana 11 JOCArHEeHHSA

Omxe, MeTa [OOCNIMKEHHA nondrae y niaBULLEHHI edeKTUBHOCTI
nepenbaveHHs gedopmauiiHnx npouecis Ta 3abe3nevyeHHa CBOEYaACHOro
NPUNHATTA YNPaBiHCbKMUX pilleHb ANA MiHIMI3aLil reoTeXHIYHUX pU3KnKIiB 3a
paxyHOK BMpOBaXeHHS MporpaMHol CUCTEMMW, AKa peanisye metogu Ta
mModeni ynpaeniHHA CTiMKicTIo 6opTiB Kap'epiB HA OCHOBI KOMMJIEKCHOrO
BUKOPUCTaAHHA MapKLLIengepCbkux i reoisanyHmnx gaHux.

3aBOaHHsA OOCIAKEHHS BKNHOYaOThb:

— po3pobky mopenen nepegbayeHHs  CTIMKOCTI  MacuBiB i3
3aCTOCYBaHHAM Cy4aCHUX TEXHOOTIN;

— po3pobKy BMMoOr Ao nporpamHoi cuctemm "GeoDATA Zones",

— CTBOPEHHA anroputMmiB gna 36opy Ta oBpobkm pgaHux i3 pisHUX
oKepern,

KiHueBuM pesynbTatoM AOCHIOAXKEHHA € CTBOPEHHS KOMMSIEKCHOI
cuctemun "GeoDATA Zones", gka 00O3BONUTL:

— 3abesnevyBaTn CBOE€YACHUA MOHITOPUHI CTaHy Kap’epiB Ta IiXHixX
boprTis.;

— iHTerpyBatMm faHi Yy 3pyyHux opmaTtax: BpyydHy abo npwu

3aBaHTaxeHHi CSV danny;
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— MNPOrHo3yBaTW MOTEHUiINHI 3arpo3n Ta CBOEYaCHO BXWBATU
HeoOXxigHMX 3axoaiB.;

— NigTpMyBaTU MPOLECU MNPUMNHATTS pPilleHb Ha OCHOBI TOYHUX i
onepaTMBHUX OaHUX.

BusHayemMo Kkrno4voBi acnekTn cydyacHux meTtoniB obpobku gaHux i3
aKLUEHTOM Ha MOXIIMBOCTAX X BMKOPUCTaAHHS Npu po3podui nporpamHol
cuctemn "GeoDATA Zones", ska Moxe iHTerpyBatm TpagauuiiHi W«
IHHOBAUiNHI  TexHonorii  gna onTumisauil nNpoueciB  MOHITOPUHIY Ta
NPOrHOo3yBaHHA.

1. BukopuctanHsa SQL (Structured Query Language) ansa aHanitu4Hol
00pobkn gaHux. SQL € knNYoBMM IHCTPYMEHTOM ana obpobkn Ta aHanisy
BENuWKNX obcsariB gaHux Yy ripHUYOpydHiM npomMucnoBocTi. [loTeHuinHe
BnpoBamkeHHA cuctemn "GeoDATA Zones" O03BONUTbL BUKOPUCTOBYBATU
SQL gnga cTBopeHHs cknagHux 3anuTiB, siki 3abe3nedytoTb:

- aHani3a reoMeTpuYHUX napameTpiB  Kap'epiB Ha  OCHOBI
MapKLenaepcbknx gaHux [8];

— onepatMBHUM JOCTYN [0 reodi3nyHuUX AaHuX ONS OUiHKA CTaHy
macwusis [11];

— reHepaudito 3BiTIB | Bidyanizauin ona MNiaTpUMKN  ynpasniHCbKNX
piLLEHb.

Omxe, 3aBasikn SQL moxHa 3abe3neunTn onTumarnbeHy CTPYKTypy 0as
OaHUX, WO nigTpumye poboTy 3 BENMKMMKU MacuBamu iHdopMauii.
Hanpwuknag, BukopuctaHHs iHOeKkcauii Ta napTuLioHyBaHHA AaHNX LO3BOSA€E
3HAa4YHO CKOPOTUTM Yac BWUKOHaAHHA 3anuTiB, a iHTerpauia SQL 3
aHan TMYHUMKM iIHCTpyYMeHTamMu 3abesneydye BUCOKY TOYHICTb aHaniay.

2. IHTerpaudia anroputmisa  MawwuMHHOrO HaeyaHHa (ML) Aans
NPOrHO3yBaHHA pu3ukiB. MawnHHEe HaBYaHHA € MOTY>XHUM IHCTPYMEHTOM
AN NIPOrHO3yBaHHSA PU3KKIB Y FipHUYi npomucrioBocTi. Cuctema "GeoDATA

Zones" nosuHHa peanidysaTtu ML-anroputMu ansa Takux 3agau:
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— MPOrHO3yBaHHS 3CyBiB i 0bBaniB Ha OCHOBI AaHUX NpPo Aedopmadii
MacCuBIB;

— BUSAABMIEHHA aHomanin y reoisnyHuUxX daHux, SKi  MOXYTb
curHaniayBaTu nNpo NoTeHUinHi Hebe3neku;

— MOESI0BaHHA NOBELIHKM MPHUYMX MAcuKBiB NP 3MiHI HaBaHTaXXeHb.

BukopuctaHHa anroputmiB  Knacudikauil Ta perpecii  4O3BOSISE
0bpobnaTn gaHi B peanbHOMY 4aci. Hanpuknag, 3actocyBaHHS MoAenen,
Takmx sk Random Forest abo Gradient Boosting, 3abesne4dye BUCOKY
TOYHICTb MPOrHO3IB i MiHIMI3y€e NMMOBIPHICTb MOMUIKOBUX piLlEeHb.

3. KoHKypeHTHi nepeBarn 3 icHytouMMKM cuctemamn. Cucrtema
"GeoDATA Zones" noBMHHA BUPISHATUCSA 3 iICHYHOUMX pilleHb 3aBAsKM CBOIN
IHTerpauinHin cNpoMOXHOCTI Ta aganTuUBHOCTI. Hanpuknag, y nopiBHAHHI 3
TpaguuinHumm nporpamamu, sik MineSight abo Surpac, Taka cuctema mae
3abes3neunTu:

— eguvHy nnatgopMy ans poboTM 3  MapKwengepcbkMmu  Ta
reodisyHUMn JaHuMmum;

— MOXIMBICTb aBTOMATU4YHOrO MPOrHO3yBaHHA PU3WUKIB HA OCHOBI
iHTerpoBaHux anroputmis ML;

— BU3HAYEeHHS MiCLib BUHUKHEHHST MOXITUBUX PU3SUKIB,;

— MNPOCTOTY BUKOPUCTAHHA MNpPW 3aBaHTaXeHHi danniB gaHux Ta
dopmyBaHHi 3BiTiB y oopmari PDF.

Ha BigmiHy Big po3pisHeHux piweHb, nogibHa cuctema morna 6
3anpornoHyBaTn NOBHUM LMK 06pobkn AaHuX — Big 300py OO aHaniTUKK Ta
nporHo3dyBaHHs. Lle go3sonuno 6 nignpuemcream onTuMi3yBaTn nNpoLecw,
niasuwmTn 6esneky pobiT i 3HM3UTU BUTPATKU, NOB’SI3aHI 3 yNpaBfiHHAM
pusnkamn. OTxe, nporpamHa cuctema "GeoDATA Zones" noBWHHa
6asyBaTucs Ha NpuHUMNax nokanbHOI 06pobkn gaHux, wo 3abesnevnTb i
aBTOHOMHICTb i BMCOKY LWBWUAKICTb poBOTH, sika 3anexmtume Tinbku Big

3aBaHTaXeHHA y CUCTEMY BUXiOHUX OAHUX.
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PO3I1 2. AHANI3 ®AKTOPIB BMJIMBY HA CTIMKICTb KAP'€PHUX
BEOPTIB

2.1 ®akTop 6a30BOI CTIMKOCTI rpCbKOro MacuBy

dakTop cTikocTi 06'egHye B cobi reonoriyHy 6yagoBy Ta reoMeTpito
AOINAHKN 6OPTY, a TaKOX NITONOrYHUI CKNag, i po3TallyBaHHS Nopig y Macusi.
BUKOpUCTOBYIOTBCA  YMCIOBI  MOKA3HMKM  CTIMKOCTI, 4HAKi  BpaxoBYHOTb
reoMeTpuYHi i reonoriyHi acnektn npmbopToBoro mMacuey. Po3paxyHok
BeOeTbCs Ha OCHOBI KoedilieHTy 3anacy CTIMKOCTI ripCbkux nopig 6e3
BpaxyBaHHA CTPYKTYPHOro ocrnabrieHHs MacuBy 3a paxyHOoK TPiLLMHYyBaTOCTI
Ta iHWKX pakTopiB.

MeTogornoris po3paxyHKy ¢aktopy 6a3yeTbCsi Ha MeTOAi KiHUEeBUX
enemMeHTiB ONna  po3paxyHKy CTIMKOCTI, LWO BKJIlOMAE aHani3 pisHux
reoMeTpUYHMNX Ta reosnoriYyHUX napameTpis 6opTy.

MeToq KiHUEBUX e€neMeHTIB BUMKOPUCTOBYETLCA [ONA AeTasibHOoro
MOAENOBaHHA reoMexaHiYHoro crtaHy OopTiB kKap'epy, 6asyiumcb Ha
di3ndHNUX BRacTMBOCTAX nopig i rpyHTiB. NS po3paxyHKiB CTINKOCTI
3aCTOCOBYOTLCSA PIBHOMaHITHI POPMYIN, AKi BKINHOYaKOTb MPAHWUYHI YMOBUK Ta
MaTtepianbHi BNnacTuBoCTi. Po3rnsiHeMo Kinbka Krio4oBux oopmyr, siki Yacto
BUKOPUCTOBYIOTLCS Y METOZ| KiIHLIEBUX €rTeMEHTIB.

PiBHAHHSA piBHOBaru:

V.o+F=0 (2.1)

[le O - TeH30p Hamnpy»XeHb,

F - o6'eMHi cunu (cvna TSKIHHS).



22

KOHCTUTYTUBHI  piBHAHHA (3akoH [yka 4ng  niHIMHO-NPYXXHUX

maTepianiB):
o=D-¢€ (2.2)

ne D - maTpuusa maTepianbHMX BNacTMBOCTEW, LLO OMUCYE 3B'A30K MiX
Hanpy>XeHHAMU | aedpopmadismu,
€ - TeH30p aedopmadin.
[[eOMETPUYHI PIBHAHHA (B3AaEMO3B'AI30K MK MNepeMilleHHAMN Ta

aedgopmaismn):
e =—(Vu+Vu") (2.3)

e U - BEKTOP NepeMiLleHb.
PiBHAHHA ONa KpuTepito niacTUYHOCTI (Hanpuknag, kputepin Mopa-

KynoHa gn4 ripcbkux nopig):
T=0n-tan(¢)+c (2.4)

[e T - 3CyBHe HanpyXeHHs,

On - HOpMaribHe Hanpy>XeHHS Ha NIIOLLMHI 3CyBY;

® - KyT BHYTPILWHBLOIO TEpTH;

C - Koresisi nopoaun (Mipa BHYTPILLHLOI MeXaHi4YHOI MiLHOCTI rpyHTYy abo
nopoau, sdKka BM3HaA4yae 30aTHICTb MaTepiany nNPOTUCTOATU 3CYBHUM
Hanpy>XeHHAM 6e3 pynHyBaHHS).

MeTop po3paxyHKy KoediuieHTa 3anacy cTtinkocTi. KoediuieHT 3anacy
cTinkocti (FOS) 4acTto po3paxoByTb $K BIAHOLWEHHA OOMYCTUMUX
Hanpy>XeHb A0 (PaKkTUYHUX HanpyXeHb Yy Hanbinbll HaBaHTaXKEHIN Touuj

bopTty. Llen nigxia 0O3BONMSE OUIHUTK CTIKKICTb OOpPTY 3a YMOBM Pi3HMX
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HaBaHTaXeHb i 3MiH Yy BJIaCTUBOCTAX MaTtepiany, BKIIOYaK4yM HasBHICTb
BOAM, 3MiHM TemrnepaTypu Ta iHLe.

Lli piBHSAHHS | METOANKN BUKOPUCTOBYIOTHCA NS CTBOPEHHSA YNCIOBUX
mMoAdenen B nporpamHoMy 3abesnedeHHi Plaxis, 0o3BOnNsYM iHXeHepam
BUKOHYBaATU AeTanbHUN aHani3 CTIMKOCTI MpCbKUX YCTyNiB Ta BUpiLlyBaTu

KOMIIEKCHI IHXeHepHI 3aaaui.

2.2 ®akTop 06’€EMHOCTI

dakTtop 06’eMHOCTI BpaxoBye 06'EMHY CTPYKTYpy reoMeTpito 6opTiB,
BKIOYAOUN KyT Haxuny 6GopTiB Ta ©okoBW OMip, KU CTBOPKETLCS 3a
paxyHOK reoMeTpii 6opTy. AHanisyeTbCs 3MiHa KyTa Haxuny 6opTy kap'epy
BHACMigOK 3MiHM 06'€EMHUX NapaMeTpiB CYCiAHIX 30HaNbHUX LiNSHOK.

MeToponoriss po3paxyHKy. Ha poanogin Barm B mexax ©6opTis, WO
MO>Xe CMPUYUHUTK 3cyBM abo obeanw.

CniBBigHOLLEHHS, Lo 3B’'A3y€ KyTU YKOCIB 06’eMHOro
(BicecMmeTpunyHOro) i nnockoro ©OoOpTiB Kap’epiB 3  OA4HAKOBUMM

KoediLieHTamMu 3anacy CTIMKOCTI, NpeACTaBfeHo y BUrnag;:

Ay =a; + Aa (25)



LY (Y R R R RV
L ||| 2132379+ 6.167J(—j+3.2917(—j + 0| 149,849+ 55.667 ——39.77{—) +
T ex Trnax H H H H

, R R R R
+0°]318.80-175.26) — | +113.80| — | |+ (~0.87624+0.46822 — |-0.32649 — | +
H H H H
2 2
Yo 8.4978—7.9158{Bj+5.3384(3j +0? —16.667+17.709(Bj—11.901(Bj ) +
H H H H
, R RY R RY
+a?] 0.016722—0.023065 — |+0.014614 — | |+v| —0.14746+0.22527 — |+0.14399 — | |+
H H H H
2
+v2[o.288—o.4629(§j+o.296(§j }),
(2.6)

OTpumaHuin Bupas cnpaseaniMBuMi OS19 HACTYMHOro AianasoHy 3MiHW
BMXigHUX gaHux: v=0,2+0,4; a=30+70, R/H = 0,05+1,5.
[Mpy ubOMYy BMpa3 aANns BU3HAYEHHSA NPUPOCTY OO0 KyTa ykocy Aaq 3a

paxyHOK KpUBM3HM BOPTY B NNaHi Mae BUMMSAL

oc 1
I, _ I,
2 Tmax Tmax

Ao =—=x

3" cos(p)- (7xctg(p)-ctg(p)+1) (2.7)

[e p — KyT BHYTPILLHbOrO TepTs;

N — KoeiuieHT 3anacy CTIMKOCTI MNNOCKOro yKkocy; ¢ = (a+p)/2.

2.3 ®akTop BBy Bypo-BnbYyxoBux pobiT

dakTop cencmiyHoro BnnmMBy  Oypo-BuByxoBux  pobit  (BEBP)

3yMOBMEHNN HEOOXiaHICTIO NpoBeaeHHs BUOyXiB npu BMaobyTky. Macose
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nigpvBaHHA CBEPANOBUH NPU3BOLAUTL 40 NOPYLIEHb Y MPCbKOMY MacuBsi, LLO
BUXOAATb 3a Mexi yctyniB. O6car uux nopylleHb 3anexuTb Big macwu
BUOYXOBUX pevyoBMH Ta i3nKO-MEXaAHIYHMX XapaKTEepUCTUK nopia.
OcobnunBO CXUrbHI A0 PYWHYBaHb LLapyM Ha MeXax MK pisHUMU Tunamu
nopig Ta crnaHuesi nopoaun.

PynHyBaHHA NposABRSAKTbCA Y BUMMSALi YTBOPEHHA Crabkmx 30H i3
TpiLLMHaAMK, WO POPMYIOTLCS Y HanNpPsIMKY Aii BUOyXy.

MeTogosoria pospaxyHKy: Y nceBooCcTaTU4HOMY MeToni edoekT
3emMneTpycy NpencTaBnAaeTbCAa SK OIS IHEPUINHMUX CUM Y BEPTUKANbHOMY W
rOPM3OHTaNbHOMY HanpsiMkax, CWUIM HanpsMneHi y LUeHTp Baru

6noky (pnc.2.1).

PucyHok 2.1 — lNceBgocencmivHi cunu, Wwo AitoTe Ha 6nok

[MceBOOCENCMIMHI  cunn B Takomy crnocobi  BuM3Ha4yaeMo 3a

doopmynamu:

£ =W w
g (2.8)
F=2W _w

g (2.9)



26

ne W — Bara 61oky;

an | av — NceBAOCTATUYHI MPUCKOPEHHS, BIONOBIOHO FOPU3OHTAalbHI U
BepPTUKAIIbHI. BigHoLWweHHs alg npeacTaBfsgseMO 6e3p0o3MipHMM
KoediuieHTOM K;

g — MPUCKOPEHHS BINTIbHOrO NagiHHS,.

[[Opu3OHTanbLHa ckrnagoBa CEUCMIYHOrO BMNMBY Bidirpae 3Havylly
pOsib Y CTINKOCTI 6OpTiB Kap'epy MNOPIBHAHO 3 BEPTUKASIbHOLO.

Y pobotax KA. ®egiHa [12, 13] onncaHo MeTOAMKY BpaxyBaHHS
CEeNCMIYHOI cknagoBol Ail BMByxy Ana obyucreHHs koedilieHTy 3anacy
CTINKOCTI.

KinbkicHUn aHania BnnuBy MacoBux BMOYXiB MPOBOANTLCS HA OCHOBI
AOil CENCMIYHMX CUM, FEHEPOBaAHNX CENCMIYHUMU XBUMSIMU, SKI BUKITUKAKOTb
KonnBaHHA nopoaun. Lli KonmBaHHA OUIHIOITLCA 4Yepe3 MakcuMMarsbHi
NPUCKOPEHHS KONUBAKOUYMXCHA YacTOK NOpoan.

3a OpyrMm 3akoHOM HbHOTOHaA, MakcuMmarnbHe MPUCKOPEHHS aia_ia;
BU3HA4Yae MakCcuMarnbHy cuny iHepuii Fi, ska BNnvMBae Ha YaCTUHKN TiPCbKOI

nopoan, onNHMBLLNCH nig BNNMBOM LIMX CUN:

F=-m-a (2.10)

Ae mj, — Maca YaCTMHW NOPOAHOro MacuBy, Aka nignagae nig 4ito CEMCMIYHNX
KOSIMBaHb, Kr.

BekTopu npuckopeHHs npu 4il CEMCMIYHNX KONMBaHb PO3NoAiNatTbCA
XaOTUYHO, Y 3B’SI3KY 3 LM aBTOPOM He NPUBOAUTLCA 1X ONUCAHHSA. Tomy,
Npwv BU3HAYEHHI HANPAMKY Ail BEKTopa CUNK iHepLil npunMaeTbcsa HanbinbLu
HEeCNPUATINBO OpPIEHTOBaHWUW 3 nornagy CTIMKOCTI  Macusy. Takum
HanNPSMKOM € A0TUYHA 40 NMOBIPHOI NOBEPXHI 3pYLUEHHS, HanpsMneHa ybik

BiAnNpauboBaHoOI CTiHKM BopTy Kap’epy (puc. 2.2).
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PucyHok 2.2 — Cxema ob4mcrieHHs CTIMKOCTi BopTy Kap'epy 3 ypaxyBaHHAM

CencMIYHUX BNSIMBIB.

3pYyLUYHOYi CUSK,LLO Ai0Tb MO UMOBIPHIN NOBEPXHI KOB3aHHSA Y TakoMy
BUNaaKy Bu3Ha4daoTbca vepesd cdopmyny (2.11), a K3C ns,, WO BpaxoBye

cercMivyHMM BNNuB BMBYXy Ha MacuB BianoBigae piBHAHHIO (12).

N N
> F3pym=_z m; g sin :Bi"'_z m;a;
=1 =1 ’ (2.11)
N N
2.m; g cos B tgp;+ >.Cil;
BTN N
2 migsin g+ > m;g;
i=1 i=1

, (2.12)

PesynbTytoua popmyna ona BpaxyBaHHS CEMCMIYHOI CKIlagoBoKW Nnpu
BU3HAYEHHI KoedilieHTa 3anacy CTIMKOCTI MacuByY MipCbKUX Mopig npurumae

BUA:



28

—\Na
a¢:ka. 3_q
r

, (2.13)

e g — Maca BMOYXOBOI pPeYvYOBMHM, WO [OOBOAUTLCA Ha CTyNiHb
YNOBINIbHEHHS, Kr;
agp — PaKTUYHE NPUCKOPEHHS CEMCMIYHMX KONMMBaHb nopoau, M/c?;
I — BiiCTaHb Big Micusa npoBeaeHHs1 BUOYXy 40 TOYKM doikcaLii KonneaHb,
M; Ka,
— eMnipuYHi KoeiuieHTn.
PesynbTytoda @opmMyna, sKka 3acTOCOBYETbCA [ANA  BKIHOYEHHS
CENCMIYHOT CKNagoBoi MNpu oByucrneHHi KoedilieHTa 3anacy CTiAKOCTI

I'ipCbKOFO MacuBy, surndagae HactynHMmMm YMHOM:

Zm g cos B, -tgo. +ZC€

N3 =
(2.14)

Omxe, nig 4ac macosux BUByxiB y Kap'epax koediuieHT 3anacy
cTinkocTi (K3C) ainaHok 6opTy Kap'epy 3HMXKYETLCA NPONOPLINHO 3POCTaHHIO

Macu 3apsgy BUOYXOBOI PEYOBWHM, LWO CRiBBIAHOCUTBLCA i3 CTyneHeMm

YNOBINbHEHHS.

2.4 ®aKTop BMANMBY HAsiBHOCTI LWAXTHUX BUPOOOK

dakTop BMNMBY LUAXTU Ha CTiMKICTb GOpPTIB Kap'epy BU3HAYaETbCA

HasBHICTIO Ni43€MHUX FipHUYNX poBIT, SKi BNNMBalOTb HA NpUAersi 4o WwaxTu
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OiNaHKn 6opTy. OCHOBHMI BMAKMB LbOro ¢oakropa Mnosiirae B MOPYLUEHHI
LIiNiICHOCTI MacuBy nopig i BTpaTi CUN 34enfieHHs B 30Hi BMAMBY LWAXTHUX
BUpobok. Lle BiabyBaeTbCA 4Yepe3 CTBOPEHHSA O0AAaTKOBUX HarpyXeHb i
aedopmadin B nopogax, ki MOXyTb CPUYMHUTI 3CYBU Ta OBBarneHHs.
MeTogonorisi po3paxyHKy: CTyrneHemM nopyLeHoCTi MOPOAHOro MacmBy
K.p BOpOHKamMu BTOpPUHHOro obBaneHHs € napameTtp, OOyMoBNeHun 3

HaCTYMHOro CMiBBIAHOLLEHHS:

K,p= Y% 100%
L , (2.15)

e L — JoBXWHa NpU3Mmn MOXITMBOTIO 3pYLUEHHS, M;
Lo — AOBXMHA OiNFHKW, A& MOXMNNBE NepeTUHaHHSA NOBEPXHi 3pyLUEHHS i3
30HOI BUXOAY BOPOHKN BTOPUHHOIO 06BaneHHs Ha AeHHY MOBEPXHIO, M.
Po3spaxyHOK CTIMKOCTI cxigHOro 6opTy Kap’epy 3 ypaxyBaHHSIM 30H

BOPOHKOYTBOPEHHA BUKOHAHO 3a piBHAHHAM Buay [14, 15, 16]:

N
2GS,

n, =n, - 5——K,,/100%

zvi Vi
i-1

, (2.16)

ae Si — NnolLa NnoBepxHi KOB3aHHS j-ro po3paxyHKOBOro 6roky, mM?;

Ci — ycepeaHeHe 3Ha4YeHHs MONEKYNAPHOro 34erreHHs ripcbkux nopia
no i-My po3paxyHKoBOMY BIOKy;

Nz — KoedilieHT 3anacy CTIMKOCTI 6opTy Kap’epy 3 ypaxyBaHHSAM CTYMNEHS
NOro NopyLLIeHOCTi BTOPUHHUM BOPOHKOYTBOPEHHAM, YacTku of.; la;

Ns — KoediuieHT 3anacy CTIMKOCTi GOpTy Kap'epy He MOopYLUEHOro
BTOPUHHUM BOPOHKOYTBOPEHHS, YaCcTku of,.;

Vi — 06’eM i-ro po3paxyHKoBoro 6noky, m3;
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Vi — ycepegHeHa ob’eMHa Bara ripCbkux nopig B i-My po3paxyHKOBOMY
6noui, H/m3;
N — YUCIIO PO3pPaxyHKOBMX BNOKIB.

[ocnigKeHHaMN BCTaHOBMNEHO, WO PO3rnsiHyTUK cnocié HegoCcTaTHLO
TOYHMI Y BUAi 06MiKy NOPYLLEHOCTI MacuBy B po3pi3i, a He B 06’eMi.

[ns 1WOoro YTOYHEHHSA MNPOMOHYETLCA BpaxyBaTW MPOCTOPOBI
NOPYLLUEHOCTI MacuBy TipCbKNX Nopig, 3a HAABHUMU JaHUMU NPO MOSOXEHHS
MYIiban 3pyLUEHHS [14].

Tak koedilieHT NopyLLEeHOCTI MPONOHYETLCA BU3HA4YaT 3 BiQHOLWEHHSA

nnoLy, NopyLUEHOT 1 3aranbHoI Mol cekTopy 6opTy:

KHP = M - 100 0/0, (217)

&£l

e Sy— nnotlua Mynbaun 3pyLLEeHHsI B MeXax AiNAHKN CNOoCTepPeXeHHs, M?;

Sc — nnotua JinsHku 6opTy, M?,

M — KoediuieHT BNNMBY NOPYLLUEHOCTI MacuBy, BiAHECEHUW OO0 MEBHOI
30HM MyIbaW 3pYLUIEHHSA, ONA 30HW BOPOHKOYTBOPEHHA AAHUN KoeilieHT
NPUNHATUIA 38 OOMHULIO, OS5I 30HU TPIWMH | Tepac BiH aopisHe 50%, a ons
30HM NNaBHUX 3pyLleHb 25%.

3a 6GasoBur Bupa3 Ans po3paxyHKiB CTIMKOCTI NignpaubOBaHOMo

MacuBy NPUUHATO (2.17), NOro MOXXHa CKOPOTUTU BBIBLUM KOeilieHT K:

ici S,
Zvi Vi
i—1

K

(2.18)
[licna nepeTBOpeHHs BUpasy (*) oTpMmaemo:

n, =n; - K-K,,/100% (2.19)
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2.5 dakTop BMNMBY TPILLMHYBATOCTI, Yepe3 BU3HAYEHHS napameTpis

dopakTanbHOI PO3MIPHOCTI MacuBy

Onuc: 3HaveHHa pakTopy TpiWMHYBATOCTIi nopig nraHyeTbecd
BM3Ha4aTu 3a JOMNOMOrow aHanidy gopakrasnbHOI PO3MIPHOCTI, LLO LO3BOSISE
OUIHNTU CTPYKTYPHY CKMadHICTb | po3ranyXeHictb TpiwmH. Llen meton
nepegbayvyae BUKOPUCTAHHSA MaTeMaTUYHUX | KOMMN'HOTEPHUX IHCTPYMEHTIB
OS5 BUMIpIOBaHHA dopakTasibHOI PO3MIPHOCTI TPILWMH, 3aCHOBaHMX Ha TOMY,
AK [eTanbHO TPIWMHM 3anoBHIOKTL MPOCTip y nopoai. Yum Buwa
dpakTanbHa pPO3MIpHICTb, TUM OinNblia CKNAAHICTb | MNOTEeHUirHa
HecTabiNbHICTb MNopoan, WO BaXNMMBO ANS  OUIHKA 1I  MeXaHiYHUX
BNacTUBOCTEN Ta MNPOrHO3yBaHHS NOBEAIHKM MacuBy Mig Yac ripHu4mnx pobit
abo HaTypanbHuX npouecis [17, 18, 19].

MeToponoris po3paxyHKy: y TBepaux Tinax MOXyTb OLHOYacCHO
icCHyBaTn OedeKkTn pisHoro macwtady, opmytoun Aekinbka iepapXivyHuX
piBHIB gedoekTHocTi. Lle npusBogutb [0 iepapxidHOro posnoainy
HaBaHTaXeHb, A& AesKi AingHkM martepiany MoXyTb OyTu  CUIbHO
nepeBaHTaXeHi, ToAi $SK iHWI — HegoBaHTaxeHi abo He HecyTb
HaBaHTa)XeHHA B3arani.

Y KOHTEKCTi KBa3MKPUXKOrO PYMHYBAHHA, KONW PYWHYBaHHA Tina
BiAByBaeTbCA BiANOBIAHO OO0 (hpakTanbHOro Knactepa 3 po3mipHicTio ddd,
AKMMA  Bignosigae [OedeKTHIM  CTPYKTypi, pakranbHa pPO3MIpHICTb
MiHiManbHOI AedEeKTHOI CTPYKTYpK, WO 3abeaneyye pynHyBaHHSA, mae byTu
He MeHLwe ABoX. Lla ymoBa nposiBnsieTbCa npu NeBHUX OBCTaBMHaX, LWO
BKa3yloTb Ha  OCHOBHi  MPUMHUUNM  PO3MOA4iISTly  MIKPOCTPYKTYPHUX

HeoaHopigHOCTEN y MmaTepiani.
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.n(ﬂo) |g(ffo)
c/_o_ \g
L 2 L
In— lg—

5 5 (2.20)

d=2-

Ae Oo — MIUHICTb MaTepiany, MNopyweHoro TpilwuHaMn 1N MOBEPXHAMMU
ocnabneHHs;

O —pYWHIBHE HaMNpyXXeHHs ONns CTPYKTYPHOro enemeHTa (3epHa, Kycka,
Bnoky) po3mipom 9;

L— xapakTepHun po3mip TBEpAOro Tina.

nepeTBOpVIMO BULLLlEHaBeAEHUI BMpa3 40 HaCTynHoro snay.

o 70 (2.21)

BpaxoBytoun, WO METO JaHOro eTtany AOCNiIKEHHS € BU3HAYEHHS
CTYNeHs CTIMKOCTI ycTyniB, rpyn yctyniB i 6opTiB Kap’epiB, CKnageHux
CKENbHMUMW NOpoAaMU, BiAHOLLEHHSA 0o/0 Y BULLE HaBeaeHIn dopmMmyIi, iBnse
co6010 He L0 iHWe 9K KoeilieHT CTPYKTYPHOro ocrnabneHHs Ke.

BigHoweHHA niHinHnMXx posmipis L/3, 3 dpopmynu (2.21), CTOCOBHO [0
PO3paxyHKiB CTIMKOCTI BIAKPUTUX FipHUYMX BUPOBOK HEOBXiaHO po3rnagaTtu
SK BiQHOLWEHHA WMOBIpHOro o06’eMy npuamMu 3pyweHHs V o ob’emy
XapaKTepHOro CTPyKTypHOro 6soky Vo.

Takum YnHom, Bupas (2.21) MoxxHa nepedopmMyitoBaTU TakuM YMHOM,
o6 BiH [03BOMSB BU3HA4YaTUM KOeIiUiEHT CTPYKTYpHOro ocnabneHHs

NOpPOAHOro MacuBy 3 ypaxyBaHHAM 3MiHM NOro dopakTanbHOT PO3MIPHOCTI:

Vv
lgk, =(2—d)~|gv—
0 (2.22)
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3BiOKM 0gepXXyeMOo BUpa3 as1s BU3HaAYEHHSA KoedilieHTa CTPYKTYPHOro
ocnabneHHa MNOpoOOHOr0 MacuBy 3anexHo Big Woro dpakTarnbHol
PO3MIipPHOCTI:

(2-d)lg~-

ke =10 (2.23)

Ha pucyHky 2.3 npeactaBneHa rpadpivyHa 3anexHicTb KoedilieHTa
CTPYKTYpHOro ocnabrneHHs nopogHoro MacumBy Big — dopakTanbHol

PO3MIPHOCTI 3a pPi3HMX 3Ha4YeHb MacwTabHOro oakTopy.

dpaxTanbHa PO3MIPHICTE, d

Lgikc)

PucyHok 2. 3 — 3anexHicTb koediuieHTa CTPYKTYpHOro ocnabneHHs ke

NOPOAHOro MacuBy Bif, BENUYMHM NOro opakTasribHOI PO3MIPHOCTI 3a Pi3HUX

Vv V Vv
3HayeHb MacwTabHoro gaktopa:1) v =100; 2) v =1000;3) v =10000,

0 0 0

MeToponoris Bu3Ha4YeHHs pakTanbHOl PO3MIPHOCTI  NOPOOHOro

MacuBy 3a gornomoroto FracLac Ta Imaged BkntoYae Kinbka Knto4oBMX KPOKIB.
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Lla meToguka 6asyeTbCcs Ha aHanisi 300paxeHb TPILWWH, WO O03BONsE
OUIHMUTU CTPYKTYPHY CKNagHicTb TpiwmHoBaTocTi nopia. Ocb OCHOBHI eTanu:

1. 36ip 306paxeHb. 30ip doTorpacdin abo ckaHiB nopoa, siki MatTb
TPILWMHKN. 306paxeHHA MakTb OyTM YiTKUMKM | 3 BUCOKOK PO3AiNbHOK
34aTHICTIO ANA TOYHOCTI aHaniay.

2. [ligrotoBka 306paxeHb B Imaged. Bukopuctosyroun Imaged,
306pakeHHs TPILWMH cnovaTKy NepeTBOPOTLCA Ha YOpHO-6ini Anga kpawol
Bidyanisauii i aHanigdy. Npouec Moxe BKNoYaTu:

- KOHBepTaLUito B 8-0iTHe 300paXkeHHs;

- 3aCTOCYBaHHA NMOPOroBOro 3Ha4YeHHA AN BULISTEHHA TPILLNH;

- OYMLLEHHA LWYyMIB Ta i3onAuia TPIWMH Big iHWWX erleMeHTIB
306pakeHHs.

3. AHani3 pakranbHol poamipHocTi B FraclLac. [licna nigrotoBku
306paxeHb, BOHM iMnopTyoTbesa Yy FracLac, nnariH gnsa Imaged, akun
[03BONdA€e aHanisyBatn opaktasibHy po3MipHICTb:

Box-counting mMeTtoq — OCHOBHUW MeTO[ BU3HAYeHHA (pakTanbHOI
PO3MIPHOCTI, Ae 3006paXeHHA NOALINSAETbCA Ha KBagpaTy PidHMX PO3MIpIB, i
NiapaxoBYETLCA KiSIbKiICTb KBaApaTiB, LLO MICTATb YaCTUHY TPILVHMW.

dopmyna ansa po3paxyHky dopaktanbHol po3mipHocTi (D) 3a meTogom

box-counting:

D = lim 22N .

e—0log(1/e)’ (2.24)

HeniHinHnn picT cpakTanbHOl pO3MIpHOCTI MOpPYLUEHb, 3aneXxHo Bif
HaBaHTaXXeHHA Ha 3pa30K ripPCbKOI NOPOAM.

3arexHiCTb OMUCYETLCA HACTYMHUM PIBHAHHSM:

d=d0+k(0'2-m0') (225)
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4. I[HTepnpeTauia pesynbraTis. Buwia ppakranbHa po3MipHICTb BKa3sye
Ha BinbLUy CKNMagHICTb i po3ranyXeHicTb TPILLMH, LLO MOXe BKasdyBaTW Ha
30inbLUeHy NOTEHUiINHY HeCcTabinNbHICTbL NOpoAMN.

Lla meTopornoria Oo3Bonde reonoram Ta iHXeHepam OTpumaTu
KiNIbKICHI MOKa3HUKW CTPYKTYPHOI CKITagHOCTI TPILLMHOBATOCTI MpChKUX nopia,
L0 € BaXXNMUBMM OS5 OUIHKN CTIMKOCTI FPCbKMX MacuBiB Ta nraHyBaHHA
ripHUYMX pooIT.

O6r'pyHTYyBaHHS eTany: Len eTan 3akfagae OCHOBY ANA NO4anbLUoro
po3pObrEeHHA Ta BNpOBaMKEHHSA CUCTEMM, CNPSIMOBAHOI Ha MigBULLEHHS
ONepaTUBHOCTI, TOYHOCTI aHanidy Ta 30aTHOCTI OO0  NPUUAHATTA
OOrpyHTOBaHMX pilleHb Ha OCHOBI KOMMJSIEKCHOrO aHanisy iHTerpoBaHux
aaHnx [20, 21, 22, 23].
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PO34lT 3. PO3POBKA NMPOIMPAMHOIO 3ABE3INEYEHHA OJ1A
AHAMNI3Y CTIMKOCTI BOPTIB KAP’EPIB

3.1 dopmyBaHHA Bi3Hec-BMMOr 0O nporpamMHoro 3abesnedyeHHs Ans

aHanisy CTinkocTi bopTiB Kap'epis

Ha no4atkoBomy eTani po3pobku nporpamHOro 3abesneyvyeHHs Ond
aHanisy CTiMKoCTi BopTiB Kap’epiB Oynu copmoBaHi Ta NpoaHanizoBaHi
Bi3HeC-BMMOrn 3 ypaxyBaHHSIM OCHOBHUX NOTPe6 cTenkxonaaepis NpoeEkTy.

Yci ocHoBHi 6i3Hec-BMMoOrn npegctaeneHi y surnsagi Mind Map —
iHTenekTyaneHOl KapTun [24]. |HTenekTyanbHa KapTa, SiKy CTBOPEHO Ans
cuctemm "GeoDATA zones", CTpyKTypoBaHO Bigobpaxkae OCHOBHI npouecu
Ta KOMMNOHEHTU cuctemm (puc.3.1). Mind Map po3pobreHo 3a 4ONOMOror
iHCTpyMeHTY Miro [25].0cb getanbHUin ONUC KOXHOMo erleMeHTa:

1. 30ip gaHwnx.

[MnaHyBaHHS — Len eTan BKMoyae B cebe opraHisauito Ta niaroToBKy
0o 36opy gaHux, ge gaxisui (Mapkwengepu, reosiorn, reodiavkn) nnaHyoTb
CBOI Aii, obupaloTb MEeTOAMKM Ta BU3HAYalTb NepioaudHIiCTb 360py
iHpopmaLlii.

36ip noneBnx gaHMx — Ha UbOMY eTani BigdyBaeTbCcs Ge3nocepenHin
30ip gaHMX Ha MicLEBOCTI 3a AONOMOrOK PisHOMAaHITHOro obnagHaHHs, sike
A03BOSIIE  (pikcyBaTU reonorivyHi, MeTeOpOorsiorivyHi, Ta iHWi BaXIuBI
napameTpu.

O6pobka gaHnx — nepesipka 3ibpaHMX gaHMX Ha NOBHOTY Ta TOYHICTb,
IX nepBnHHa 0bpobka i NnepeTBOPEHHS A0 hopmarTiB, siKi MOXXHaA BBOOUTU B

cucTemy.
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BBeneHHs aaHux — nepegada obpoGneHnx JaHux y cuctemy yepes

iHTepdenc "GeoDATA zones" ans noganbuoi iX umgppoBoi obpobkn Ta

36epiraHHs.

["OI’J'IH,EI, CucTemn GeoDATA zones"

MnaHyBaHHA

36ip Nnonesmx ;:Lame)

Obpobka gaHwx
Brbip gaHmx

BUKOpMCTaHHA aHaniTIMYHIX iHCprmeHTiBj

CKnagaHHA 2eiTie

OTpYMaHHA 3BiTIE Ta CI'IOBiLI_I,EHb]

-

AHaniz naHux

./—[MOHiTOpIﬂHI' Besnekn
/

OuiHKa Ta NPUIAHATTA piLIJeHbj

HanawTyBaHHA CL"'ICTEMH]

YMpaBniHHA 4aHNMIA YrpasniHHA KOpMCTyBaHaMLﬂ]

MOHITOpHT CL"'ICTEML"'I]

AKTIBaLA I'IpOTOKOJ'IiB]

ApapiiHe pearysaHHA OuiHKa clTyaLii

KomyHikauis Ta KOOD,ELMHaLliﬂ)

MnaHyeaHHA

36ip Ta aHaniz ;:Lame)

AyOnT Ta 3BiTHICTb

Mepesipka Bi,D,I'IOBi,D.HOCTi]

MopaHHA 3BiTIB CTeu"quon,uepan

| PeecTpauisa Ta OI_l.iHKa]

1
'—(HasanHﬂ Ta cepTWdikauia kopWucTysadie HaB4aneHWA npou,ec]

TecTyBaHHA Ta CepTMCbiKaLl.iﬂ]

PucyHok 3.1 — Po3ymoBa kapTa
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2. AHani3 gaHux.

Bubip gaHnx — aHaniTuk BU3Ha4vae, aki AaHi 3i 3ibpaHnx € NoTPiGHMMMU
Ans aHanisy BignoBigHO 4O BCTAHOBMEHMX 3adau.

BukopuctaHHa  aHaniTM4HMX  IHCTPYMEHTIBT —  3aCTOCYBaHHA
CTaTUCTUYHUX Ta aHaniTUYHMX IHCTPYMEHTIB, iHTerpoBaHux y "GeoDATA
zones", ans 06pobku Ta aHani3y gaHux.

CknagaHHs 3BITiB — NiAroToBKa 3BiTiB HA OCHOBI aHanidy gaHux, dKi
BKNKOYaTb BUCHOBKW Ta pekoMeHgauil, i MOXyTb 6yTn BUKOpPUCTaHI ans
NPUUHATTA YNPaBliHCbKUX PilLEeHb.

3. MoHiTopuHr 6e3neku.

OTpuMaHHS 3BITiB Ta CNOBILLEHb — IHCNEKTOPU OTPUMYIOTb 3 CUCTEMMU
3BiTM Ta aneptu, sKi iIHPOPMYHOTb NPO NOTEHUINHI PU3NKM Ta HebeaneyHi
YMOBMW.

OuiHka Ta MPUNHATTS pilleHb — aHani3 oTpumaHoi iHopmauil Ta
BU3HA4YeHHA HeobXiaHUX 3axoais Anga 3abeanevyeHHss 6e3neku.

4. YnpaBniHHSA JaHUMWN.

HanawTyBaHHS cucTeMn — KOHdirypauia napamMmeTpis cuctemMu ans
BiANOBIAHOCTI BMMOram 6e3nekn ta epeKkTMBHOCTI 00pobKM AaHUX.

YnpaBniHHA KopucTyBavYamMu — CTBOPEHHS, pefaryBaHHs, BUOaneHHs
KOPMCTYBaLbKNX akayHTIB, YyNpaBniHHA npaBamMu 4OCTyny.

MOHITOPUHI cUCTEMU — PEryNIIPHUMA OrNsi akTUBHOCTI CUCTEMU ONS
3abeaneyeHHs Ti cTabinbHOCTI Ta 6e3neku.

5. ABapiviHe pearyBaHHS.

AKTMBaUi NpOTOKOMIB — aBTOMATUYHE BKITIOYEHHS aBapivHUX
npouenyp nNpv BUABMEHHI 3arpos.

OuiHka cuTyaudii — aHania noTo4YyHOl cuTyauii Ana BU3HAYEHHS
HeoOXigHuX Ain.

KomyHikauia Ta koopauHauia — B3aemMoist 3 TEXHIYHOK NiATPUMKOO

Ta iHWKUMK Bigainamu anga KkoopauHauil BianoBigHUX Ain.
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6. AyauT Ta 3BITHICTb.

[MnaHyBaHHS — opraHisauis pecypciB Ta BU3HAYEHHSA rpadpika aygury.

36ip Ta aHani3 gaHux — aBTOMaTUYHUK 30ip Ta aHanis gaHux ans
ayanTy.

[MepeBipka BigMNOBIOHOCTI — OLUiHKA OaHMX Ha nNpegMeT BignoBigHOCTI
BHYTPILUHIM Ta 30BHILLHIM BUMOram.

[MogaHHSA 3BITIB CTEMKXONAepaM — reHepauid Ta 4ocTaBKka geTalnbHUX
3BITIB CTENKXONgepam i perynsaropam.

7. HaByaHH4A Ta cepTudikaLisa KopucTyBadis.

PeecTpauis Ta ouiHKa — npouec peecTpauil Ta OUIHKA HOBUX
KOPUCTYBa4iB CUCTEMM.

HaB4yanbHui npouec — BUBYEHHS NpaBuil KOPUCTYBAHHA CUCTEMOIO Ta
IHLUMX BaXXNMBWUX acCrnekTiB.

TecTyBaHHA Ta cepTudikauid — NpoBeAeHHs TecTiB AN NnepeBipKu

3HaHb Ta HaBNYOK, BUaa4a CepTI/I(biKaTiB yCI'IiLIJHO HaB4Y€HUM KOpUCTyBa4dam.

3.2 Pospobka dyHKuioHanbHnX Bumor ao cuctemmn GeoDATA Zones

OcHoBHe npusHadeHHa cuctemn GeoDATA Zones — Uue
cuctemaTmsauisa gaHux, npoBedeHHA POo3paxyHKiB Ta iHWKMX onepauin ans
ONTUMI3aUil NpoueciB ynpaBniHHA Ta aHanisy ripHu4mnx pobit, wo 6yae
3abeaneyyBaTi IX ePEKTUBHICTb.

[Mepwunm Kpokom npoektyBaHHA cuctemn "GeoDATA zones" €
cknagaHHsa Use Case giarpamu [26, 27].

Hiarpama BapiaHTiB BukopuctaHHa cuctemmn "GeoDATA zones"
npeacrasneHa Ha puc.3.2.

Onunwemo yci BapiaHTn BukopuctaHHa (Use Cases) Ta KopucTyBadis

(akTopiB), siki ByayTb B3aEMOAIATN 3 CUCTEMOLO.



40

=

Mapxwengep, Neonor (Mgporeonor), Neodiank

A

AQMiHicTpaTop cucTemu

3/

Ayputop

Powearad By Visual Paradigm Community Edition 9

PucyHok 3.2 — Use Case giarpama
BapiaHT BukopuctaHHs 1. 36ip Ta BBeAEHHA OaHUX.

AKTOpW: MapKLuenaep, reonor (rigporeonor), reodisuk.
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Mapkwengepn Ta reonorn 3bupatoTb reogaHi Ha AinsHkax kKap'epy,
npMBOAATbL 1X 4O BiANOBIHOro BUrNA4yY, SIKMA po3yMie cuctema. BeoadaTts Ui
naHi B cuctemy "GeoDATA zones" anst noganblLOro aHanidy ta 3bepiraHHs.

AKTOpUY MalTb MOXITMBICTb BUKOHYBATU Taki Ail.

1. [MnaHyBaHHs 360py pOaHux: Mapkwengepu, reodisvkm Ta
reonory NNaHytTb CBOI MapLUpyTU, METOAM Ta NepiognyHICTb 360py AaHUX
3anexHo Big HeobxigHOCTI NPOBEAEHHST CNOCETPEXEHDb Ha AiNsAHKaX.

2. 36ip HaTYPHUX (NonNbLoBKX) AaHuX: BUKOPUCTAHHS
Pi3HOMaHITHOro obnagHaHHsA Ta TexHonorin ana 36opy HeobXigHUX OaHuX,
Taknx SIK KOOpAuHaTW, reonorivHi 3pasku, BUCOTHI AaHi, reodi3dnyHi gaHi,
3aMipu TpiLLMHYBaTOCTI, TOLWO.

3. [MepBnHHa 00pobka fOaHux: nepesipka 3i0paHMX AaHuX Ha
MOBHOTY Ta TOYHICTb Mepeq BBEAEHHAM Yy cuctemy, npu HeobXiaHOCTI
nepeTBOPEHHS AaHUX OO hopmaTy, nepeabayeHoro CUCTEMOLO.

4. BBegoeHHs paHuMX y CUCTEMY: BUKOPUCTAHHA iHTepdency
"GeoDATA zones" pgna BBeOeHHA AdaHux Yy BignosigHi 6asn  gaHux,
3abesneveHHs ix udpoBoi 06pobkn Ta 36epiraHHs.

5. [MepeBipka Ta Banigauis pAaHWUX: cuUcTtema aBTOMATU4HO
nepesipsae HOBI JaHi Ha BiQMOBIAHICTL CTaH4apTaM i npaBuiamMm CUCTEMM.

Pesynbtat: gaHi edektuBHO 3ibpaHi, obpobneHi Ta 3aHeceHi [0
cucTemMu, roToBi A5 NodanblUOro aHanisy, MOXMMBO MNonepenHin aHanis
AaHnX.

BapiaHT BukopuctaHHs 2. AHani3 gaHux.

AkTOpU: AHanITHK.

AHaniTMK BUKOPUCTOBYE PYHKLIT cuctemm aAna adanisy 3sibpaHux
AaHNX, BUSIBNEHHS NaTTEPHIB, PU3UKIB Ta MOXITMBOCTEN ANSA MOKPaLLEHHS
Besneku npu BeAeHHi ripHU4mnx pobiT.

AHaniTMKk Mae MOXNUBICTb BUKOHYBaTW Taki Ail.

1. Bubip gaHux ana aHanisy: aHaniTMK BU3Ha4vae, siki AaHi NoTpibHI

OS5 aHani3y 3rigHo 3 NOCTaBfeHMK 3agadamMn Ta 3annutamu.
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2. BukopuctaHHA  aHaniTM4HUX  IHCTPYMEHTIB:  3aCTOCyBaHHA
CTaTUCTUYHUX Ta aHaniTUYHUX IHCTPYMeHTIB BOyaoBaHux B "GeoDATA
zones" ans o6pobkn gaHux. (TakKMMm iIHCTPYMEHTaMM MOXKYTb CTaTy BUAISEHI
KONIbOPOM AaHi y BignoBigHOCTI A0 KaTeropii Hebeanekn aaHi, 3anexHo Bia
TUNY JaHKX Ta IX 3HA4YEHb).

3. IHTepnpeTauia pesynbTaTis: aHania oTpuMaHux pesynsTtaTiB a4ng
BUABJSIEHHA TPEHAIB, aHOMarnin Ta pu3uKiB.

4, CknapaHHa 3BITIB: MigrotoBka 3BiTiB, sIKi HA OCHOBI aHanisy
AaHNX, MICTSATb NpoaHarni3oBaHi AaHi; BACHOBKM Ta pekoMeHaaLil aHaniTuka;
€NeKTPOHHMI Nignnc aHaniTuka.

5. NMepepaya 3BITIB iHCNeKkTopam: PopmMyrOTbCA 3BITU Y doopmari
PDF, 3BiT1 BignpaBnawTbCs iHCNekTopam abo BUCTaBMSKOTbCA Y CUCTEMI
OS5 AocTyny.

PesynbTaT: 3ibpaHi gaHi aHani3oBaHi, i Ha X OCHOBI CKnageHi 3BiTU
(ananiTuka), ki MOXyTb BUKOPUCTOBYBATUCA ANA MPUAHATTS PilleHb.

BapianT BukopuctaHHa 3. MOHITOpuHr 3abeanevyeHHss 6e3nekn Ha
AOiNAHKaxX Kap’epHOro norsisi.

AkTOopwu: IHCnekTop.

I[HCNEKTOp BWKOPUCTOBYE CUCTEMY AONS MOHITOPUHIy 0Oe3neknm Ha
AOiNAHKax Kap'epy, aHanisyo4dn 3BiTU (aHaniTuka) Ta anepTtu, reHepoBaHi Ha
OCHOBI aHani3y gJaHux aHaniTMKOM.

I[HCNeKTop Mae MOXNMBICTb BUKOHYBATU Taki Ail.

1. OTpumaHHs 3BITiB (aHaniTMKa) Ta anepTiB: IHCNEKTOP perynsipHo
OTPUMYE 3BiTU Ta anepTn 3 CUCTEMMU, SKI NonepeskaroTb MPO NOTEHLUINHI
Hebe3neyHi ymoBu abo 3MiHM 3Ha4YeHHs hakTopy (BU3HAYaOTb hakTopwu, ki
MatoTb BiANOBIAHUA TvN).

2. OuiHka iHdopmauil: aHani3 3BiTiB Ta anepTiB ANA BM3HAYEHHS
Oin, HeodXigHMX aAnsa niaTpMMaHHA 6e3nekn Ha ainsaHu,.

3. CknagaHHa 3BiTYy IHCMeKTopa Ta KoopauHauis 3  iHWWMMK

Bigainamn: 3a noTpebdu iHCNeKTop 3BepPTaETbLCA A0 iHLWNX Biaainis, Takux siK
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TexXHiYHa niaTpyMka abo onepaTuMBHI KOMaHAW, AN BXUTTS HEOoDXigHUX
3axopgiB, cknagae 3BiTU «lHCnekTopay, SKi BKNoYaloTb (NpyM HeobXigHOCTI),
PO3MNOPSMKEHHST NPO BUKOHAHHSA 3axoaiB 3 3abe3nedeHHs CTinKocTi 6opTis
Kap'epiB Ha OiNAHKOX Kap'€pHOro nosns.

4. BukoHaHHs 3axofiB  6e3nekn: IHCMEKTOPOM BU3HAYalTbCA
BignosiganebHi ocobu 3a peanisauito 3axofiB, BUKNALEHUX Yy 3BiTi
«lHCcnekTopay.

PesynbTaT: 3abe3neyeHHst NOCTIMHOIO MOHITOPUHIY 6e3neku, WBuake
pearyBaHHs Ha MNOTEHUiMHI 3arpo3n Ta NiATPUMAaHHSA icTopil 6e3nekoBux
IHUWOEHTIB OS5 aHani3y Ta y4OCKOHaIeHHS.

BapiaHT BuKopuctaHHa 4. YnpaeniHHA JaHMMKM CUCTEMU Ta
obnikoBMMM 3anucamu.

AKTOpU: agMiHicTpaToOp CUCTEMUN.

AamiHicTpaTop cUCcTeMU 3abesneyvye HanawTyBaHH4,
00CnyroByBaHHs Ta ynpasiiHHA KOPUCTYBaLbKMMKU OBMIKOBMMKW 3anucamu
Ta JOCTYNOM OO0 CUCTEMW, CIiOKYe 3a afeKBaTHICTIO 30epeXeHHa JaHuX y
CUCTEMi Ta 3alMMaETbCA OHOBJIEHHAM Ta NIATPUMKOK Npaue3naTHOCTI
cuctemu.

AOMIHICTpaTOp Mae MOXINUBICTb BUKOHYBATW Taki Ail.

1. HanawTyBaHHS cucTeMu: KOHQpirypauis napameTpiB CUCTEMU
BiANOBIAHO A0 BMMOr 6e3nekn Ta eeKkTUBHOCTI 06pObKM AaHUX.

2. YnpaBniHHA KOpUCTyBayaMWu: CTBOPEHHS, pedaryBaHHS Ta
BUOANEHHA KOPUCTYBaLbKMX 06MiKOBUX 3anuciB, HagaHHSA abo obMexeHHs
AOCTyny 00 pecypciB CUCTEMM.

3. MOHITOPUHI CTaHy CUCTEMW. pEeryrnspHUn nepernsg XypHanis
aKTUBHOCTI Ta CUCTEMHUX ONOBilleHb Ans 3abe3nedyeHHs cTabinbHOCTI Ta
6e3nekn poboTn cuctemm.

4, BxuTTs 3axogiB y pasi npobnem: pearyBaHHs Ha TEXHIYHi
npobnemn abo 6e3nekoBi IHUMAEHTKU, criBApaus 3 TEXHIYHOK MiATPUMKOIO

abo0 30BHILUHIMW KOHCYSIbTaHTaMW 418 IX BUPILLEHHS.
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5. [IOKyMeHTyBaHHA [Oin Yy CUCTEeMi: 3annc YCiX BUKOHaAHUX Y
cCUCTeMM Ain i BiANOBIAHUX pe3ynbTaTiB UMX Ai B CUCTEMI (3abe3neyveHHs
CTBOPEHHS NOriB 4in y cuctemi).

6. OHOBMEHHA NporpamMHOro 3abe3neyvYeHHsi:  BrpPOBaKEHHS
OHOBIIEHb NporpamHoro 3abesneyveHHs1, NaTyiB 6e3nekn Ta HOBUX (PYHKLIN.

PesynbTaT: 3abes3neyeHHA HaneXHoOro agMiHiCTPyBaHHS CUCTEMM,
BMCOKa HaginHIiCTb Ta Gesneka ynpasniHHSA AaHUMU Ta KOPUCTYBaLbKUMMU
npoLecamu.

BapiaHT BMKOpucTaHHA 5. ABapiniHe pearyBaHHS.

AKTOpMU: iIHCNEKTOop, aHaniTuUK, aaMiHICTpaTop CUCTEMM.

MexaHiaMn cuctemu pearyroTb Ha MOTEHUiNHI aBapinHi cuTyauil,
aKTMBYIOUM Mpoueaypu LUBUOKOrO pearyBaHHA LA MiHiMi3auil pu3uKiB Ta
HacniakiB.

AKTOpPWU MalOTb MOXIUBICTb BUKOHYBATM Taki 4il.

1. AKTuBauisa aBapiHOro MPOTOKOMY: NPU BUSBMEHHI MOTEHUINHOI
aBapil cuctema aBTOMaTUYHO aKTUBYE BIAMOBIAHI aBapilHi NPOTOKOMM Ta
cnosillae BianoBigHWI nepcoHann.

2. OuiHka cuTyauil aHaniTMKOM: aHaniTUK OUiHIOE AaHi Ta obcTaBmHU
ANs BU3HAYEHHS HeoOXigHMX Ain.

3. KomyHikauis 3 TexHI4HOW nigTPMMKOK Ta  IHCNEKTopaMu:
iHbopMyBaHHS BignoBiganbHUX OCI6 ANs BXUTTA 3ax04iB Ta KoopauHauis
ain.

4. [JokymeHTyBaHHA Ta aHani3 iHumgeHTy: 36ip iHdopmauii npo
IHUMOEHT 4N aHanidy Ta BAOCKOHANEHHS npoueayp 6e3neku.

PesynbTaT: edekTMBHe Ta WBWAKE pearyBaHHA Ha BUHUKHEHHS
aBapiHOl cuTyauii, LWNAXOM BCTAHOBMNEHHA PIBHA BaXMMBOCTI 3BITY,
Hanpuknag 3eneHun XXoBTUN, YepBOHUW. [1pn YepBOHOMY PIiBHI 3BITY, MOXe
6yTn HanawToBaHe aBTOMaTUYHE CMOBILLEHHS BignoBiganbHoI ocobn abo

nepcoHany, KM 3HaxoauTbCs Y BiAMNOBIAHIN 30Hi.
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BapiaHT BuKopucTtaHHs 6. AyauT Ta 3BITHICTb.

AkTopu: AgMiHicTpaTop cuctemu; ocobu, SSKMM HagaHO TUMYacoBUN
AOCTYMN A0 CUCTEMM LUSISAXOM CTBOPEHHA 0BMiKoBOro 3anucy y cuctemi ta
HagaHHA NOBHOBAaXEHb BiAMOBIAHOIO PIBHA OOCTYny.

Cuctema 3abeanedye iHCTPYMEHTU ONA BeAEHHA ayauTy, nepesipku
BiAMOBIAHOCTI NpoueciB BMMOram Ta 3BiTHICTb Nepen CTeUKxongepamu.

AKTOpM MalOTb MOXITMBICTb BUKOHYBATU Taki Ail.

1. TnaHyBaHHA ayguTy: BU3HAYeHHSA rpadpika ayamuty Ta HeobXigaHnx
pecypciB.

2. 30ip Ta aHani3 gaHnx: asBToMaTUYHUI 30ip gaHuX ONda ayauTy.

3. [lepeBipka BigNOBIAHOCTI: OUiHKA AaHUX HA NpeaMET BiANOBIAHOCTI
BHYTPILLHIM MONITUKaM Ta 30BHILUHIM perynaTmBHUM BYMOTaM.

4. CknapaHH4A 3BITiB: reHepauis getanbHUX 3BIiTIB A8 BHYTPILLHLOIO
Ta 30BHILLUHBbOr0 BUKOPUCTAHHS.

5. lNogaHHA 3BITIB CTenkxongepam: OocTaBka 3BiTiB BianoBigHUM
CTenkxongepam Ta perynaropam.

Pesynbtat: 3abe3nedyeHHs Npo30pOCTi Ta BiANOBIAHOCTI pobOTU
CYCTeMU, BUCOKA [0Bipa 3 DOKY 30BHILLHIX Ta BHYTPILUHIX CTENKXONAepiB.

BapiaHT BMKkopucTaHHA 7. HaByaHHA Ta cepTudikalist KOpUCTyBauiB.

AKTOpU: HOBI KOPUCTYBaui, cuctema.

Cuctema Hagae HaB4YanbHi Moayni Ta Martepiany onga NiaroToBku Ta
cepTudikauil KopucTyBadiB, 3abesnedyoum IXHIO KOMMETEHTHICTb Ta
edeKkTMBHICTb Yy poboTi. (MOXe ByTu BMKOHaHa y BUrNAai TectyBaHHS. [Mpu
peecTpauil HOBOro KopuctyBaya MNponTu 06OB’A3KOBE O3HAWOMIIEHHA 3
IHCTPYKUIED, NPONTN TECTYBaHHS Ha BIQMOBIAHICTb 3HaHb LWOAO pPobOTM 3
CUCTEMOIO)

AKTOpUY MalTb MOXIIMBICTb BUKOHYBATU Taki Ail.

1.Peectpauia Ta oOuiHKa  KOPUCTyBadiB: HOBi  KOpUCTyBaui

PEECTPYIOTLCS B CUCTEMI.
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2. HaB4anbHUM npouec: KopuctyBadi 03HaNOMITIOITLCA 3 CUCTEMOIO,
BMBYAlOUM rnpaBusia KOPUCTYBaHHA CUCTEMOIO Ta iHLLI BaXINUBI acreKkTu.

3. TecTyBaHHA Ta OUiHKA 3HaHb: NPOBELEHHS TECTIB A9 NepeBipKu
3HaHb Ta BMiHb KOPUCTYBauiB.

4. Ceptucpikauia: Bugaya cepTudpikatiB (gO3Bin  akayHTy Ans
KOPUCTYBaHHA CUCTEMOID) KOpUCTYBa4vaMm, SKi yCRiLWHO MPOWMLLSIA HaBYaHHS
(O3HaMOMMEHHS 3 NpaBMnaMn KOPUCTYBAHHS CUCTEMOLO, TT MOXITUBOCTSAMM)
Ta TEeCTW.

5.3BiTHICTb Ta aHania pesynbTaTiB. MOHITOPUHT edEeKTUBHOCTI
HaB4YanbHUX Nporpam Ta BHECEHHSI HEOOXIAHUX KOPEKTUBIB.

6. PesynbTar: NiaBULLIEHHSA KBaniikauii Ta KOMMeTeHUin
KopucTyBadiB, 3abe3nevyeHHsa edekTnBHOro tTa 6e3ne4yHoro BMKOPUCTaHHS

cuctemmn "GeoDATA zones" y Ix npoecinHin OianbHOCTI.

3.3 Hiarpama nocnigoBHOCTI

Hiarpama nocnigosHocTi ansa cuctemn GeoDATA Zones intocTtpye
OCHOBHI MpoLecKn B3aemMofii MiXK y4aCHUKaMM CUCTEMU Ta MOLYSSIMU Nig vac
BUKOHaHHSA KNOYOBUX 3aBaaHb [27]. HaBegemMo onMc OCHOBHUX €fEMEHTIB
aiarpamu.

1. Kopuctysau:

— BUKOHYE BXig 0O cucteMun (aBTopusadisi);

— BUWKOHYe onepauii 36opy Ta 06pobkM gaHuXx;

— BBOAMTb AaHi Ao cuctemn GeoDATA Zones.

2. GeoDATA Zones:

— LUEeHTpanbHUiM Moaynb cuctemmn 3abesnedye 3bepiraHHa AaHux, ix

aHarnis, reHepaduito 3BiTIB i B3aEMOLII0 3 iIHLLMMWN YHaCHUKaMU;
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— BUKOHYEe OBpOOKYy AaHuX i 1X aHani3, rotye 3BiTWU Ta Haacunae ix
cTenkxongepam,

— NIATPUMYE TEXHIYHY IHTerpawito Ta OHOBJIEHHS.

3.  KepiBHnyTBO:

— nepernggae pesynbTaTtn aHanisy;

— 3aTBEPOXYE 3BITY;

— OTpuMye 3BiTU Npo 6Gesneky Ta AaHi NP0 BUKOHAHHSA TEXHIYHMX

pillEHb.

4.  IHcnekTopu 6e3neku:

— BUKOHYIOTb aHania AdaHux woao nopyweHb abo noTeHUiMHUX
Hebe3snex;

— TOTYHOTb 3BITU NPO IHUMOEHTN Ta NepeBipATb BIAMNOBIAHICTb JAHUX
BUMOram 6esneku.

5. "eonoru:

— BUKOHYIOTb aHani3 reosiIoriYHnX gaHux;

— 3abe3nevyroTb OHOBIIEHHS AaHUX i3 NOSIbOBUX JOCHIAKEHD.

6. IT-Bigain 3abesneyvye TeXHIYHY NIATPUMKY, OHOBMEHHS CUCTEMU Ta
IHTerpauito HoOBUX MoayniB.

OnnWMMO OCHOBHI KPOKW, SIKi MOCAIAOBHO peani3ytTbecs

1. ABTOpu3auUis KopucTtyBaya.

2.  36ip i obpobka gaHux.

3.  AHanis i reHepauis 3BiTiB BKIHOYaE:

— BUBIp gaHMX Ona aHanidy Ta BUKOHaHHS aHaniTMYHUX onepauin y
moayni GeoDATA Zones;

— iHTepnpeTauia pe3ynbTaTiB aHanisy;

— NiaroToBKa NPOEKTIB 3BITIB, X peueH3yBaHHS Ta 3aTBEpPKEHHS
KepiBHULTBOM.

4. MowmnpeHHa pe3ynbTaTiB Y BUrNSALI PO3CUITKMA 3aTBEPLKEHUX 3BITIB

CTenkxonzgepam Ta 3BOPOTHUM 3B'A30K LWOAO pe3ynbTaTiB aHanisy.



5. MoHiTopuHr 6e3nekun nepegbavae, LWO:

— IHCMEeKTOpM OTPUMYIOTb [aHi Npo MnopyleHHs abo NOTEHUinHI

Hebe3neku;

— (hopmytoTbCA 3BITU NPO IHUMOEHTU Ta 3aX0aun AN YCYHEHHS PU3UKIB.
6.  OHoBReHHs cuctemu nepenbavae , WO:

— IT-Biggin nigTpymye npaues3gaTHICTb CUCTEMW Ta  3L4INCHI0E Tl

OHOBIJ1EHHA.

— reonorun 3abe3neyvyoTb akTyanbHICTb reonoriYyHNX gaHux.
7. 3aBepLueHHsA poboTK nicnsa BUKOHAHHSA BCiX 3aBAaHb.

Hiarpama nocnigoBHocTi ans cuctemn GeoDATA Zones HaBeaeHa Ha
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PucyHok 3.3 — [liarpama nocrnigosHocTi ana cuctemm GeoDATA Zones
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Tpeba 3BepHYTM yBary Ha Taki acnekTu.

[MoTOKM paHux: AaHi nepegarTbCss MK yd4aCHMKaMM  CUCTEMMU,
MOAYNAMW Ta aHaNITUMHUMK IHCTPYMEHTaMM.

ABTOMAaTU3aALiA: 3HA4yHa 4YacTuUHaA MNpoLUeciB aBToOMaTM3oBaHa [Ons
3HWXEHHS NIOACLKUX MOMUIOK.

CninbHa poboTa: y4YacHuku B3aemMopitoTb vepe3 moayni GeoDATA

Zones, 3abeaneyyoyn KOMNIEKCHUIA aHani3 i MOHITOPWHT.

3.4 Peanizauia 6a3um gaHux ons obpobknm mapKwengepCcbknx Ta

reodisnyHnx gaHmx

Y cy4acHuMX ymMoOBax pPO3BUTKY TipHMYOI cnpaBn Ta reoi3anyHmux
aocnigpkeHb obpobka Benukux obcsariB JaHUX CTae BaXKIMBOK CKI1agoBOH
edeKTUBHOro ynpasniHHA npouecamMn Ta 3abes3nevyeHHs 6esnekun pobiT.
Cuctema GeoDATA Zones nepenbavae BUKOPUCTAHHSA MapKLLENOEPCHKUX i
reoi3anyHUX AaHuX A58 34iINCHEHHS aHaniTUYHNX onepadini, NPOrHO3yBaHHS
PU3MKIB Ta CTBOPEHHS 3BITiB. O4HMM i3 KIOYOBUX ENEMEHTIB LET CUCTEMMU €
G6asa paHux, ska 3abesnedye 30epiraHHsa, 00pobky Ta pgoctyn Ao
reonpoCTOpOBOI iHpopMaLil Ta pe3ynbTaTiB BUMIPHOBaHb.

CTtBopeHHa 6a3n paHux pana cuctemmn GeoDATA Zones mMae
BpaxoByBaTu cneungiky reoqisnyHnx BUMiptoBaHb, TakUX K aHani3 BBy
LUAXTHUX BUPOBOK, 06niKk dhpakTanbHOI PO3MIPHOCTI 30H, BOAOHACUYEHICTb,
daktop 6e3nekn Ta iHWiI napameTpu. 3B’S3KM MK  OaHUMMWU  PI3HUX
BUMIpIOBaHb, reofesnyHnMn TovKamMu Ta 30HaMu BMAMBY [O03BONAOTb
30iMCHIOBATWN KOMIMJIEKCHUM aHani3 Ta iHTerpyBaTy pi3Hi acnekTn 4ocniaKeHb

y Mexax opHiei cuctemn. OcobnuBa yBara npuainseTbcs 30epexeHHto
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LiniCHOCTI gaHux | 3abe3neyeHHd MOXITMBOCTI BMKOHAHHSA CKNagHUX
aHan TM4YHMX 3anuTiB.

PospobrneHa cTpykTtypa 6a3u gaHux, sika BKINKOYAE OCHOBHI CYTHOCTI,
iXHi aTpnbyTn Ta 3B’sA3kM. Cepepn KIYOBMX CYTHOCTENM — reodi3nku,
iIHXXeHepn-reo4e3ncTn, 30HM BMNNUBY, TOYKU BUMIPIHOBaHb, MPOMInbHi NiHil,
aHaniTMKN, IHCNEeKTopWM Ta IiHWi enemMeHTn, Lo 3abes3nevyloTb poboTy
cucteMn. [Nga KOXHOI CYyTHOCTI BM3HAYeHO YHikanbHi aTpubyTn Ta 3B’s13KM,
LLIO O03BONSAKTL edekTnBHO 3b6epiratm Ta obpobnatn iHopmauito. Onuc
3B’A3KIB MK CYTHOCTAMW rapaHTye MOXIMUBICTb iHTerpauil pisHOpiaHMX
OaHUX i NigTPUMKY KOMMeKcHoro ananisy [28, 29, 30, 31]. Peani3auis 6a3n
OaHuMX  crnpsmoBaHa  Ha  3abesneyvyeHHs  MacwTaboBaHOCTI  Ta
NPOAYKTUBHOCTI, BPaxOBYKUYM MOXIUBICTb PO3LUNPEHHA CUCTEMU Y
ManbyTHboMy. TakoX Yy Mpoueci NPOEKTYBaHHA BpaxOBaHi OCOBGMUBOCTI
poboTN 3 TreonpoCTOPOBUMM AaHuMMKM, WO Ao3Bonde 3bepiratm Ta
aHanisyeaTu KoopauHaTu, pesynbTaTu BUMIpHOBaHb Ta 30HW BMSIMBY.
BnposagpkeHHs uUiel 6asn gaHux € dyHOaMeHToOM Aans  peanisauii
aHaniTM4Hnx moxnmeocten cuctemn GeoDATA Zones.

1. Geofisics. La cyTtHicTb npencrtaBnge onuc reoduisukie, SKi
3anmMaroTbCs 3amipamMm reodisndHUX napameTpiB y Pi3HUX 30HaX:

— Geofisic ID: integer(10) (Primary Key) - yHikanbHUW igeHTudikaTop
reodi3uka;

— Geofisic Full Name: varchar(255) - nosHe iMm'st reoqi3uka;

— Instrument Factory Number: integer(10) — 3aBOACbKMA HOMEP
IHCTpyMeHTa.

2. Impact of the mine. LA cyTHicTb onucye HasBHICTb BNMBY
NiA3eMHMX WaxXTHUX BUPOBOK abo NyCTOT B MeXax 30HM.

— ID of mine measurement: integer(10) (Primary Key) — ineHTudikaTop

3amipy BMMBY LUAXTY;
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— Geofisic/GeoFosic ID: integer(10) — ineHTUdikaTop reodisunka, KUK
NpPoOBOAMB 3aMipu;

— ZonesZonelD: integer(10) — ineHTMikaTOp 30HKU, A€ NPOBOAUITINCS
3amipu;

— Measurements Time: time(7) — yac 3amipy;

— Value of impact: real(10) — 3HayeHHA BNMBY, BUMIpPSHE
rpasimeTpomM abo npmBedeHe Ao 6e3p03MipHOT BEMNYMHIN (MOKM LLIO HE CKIaB
nocnigoBHY METOAMKY pO3paxyHKy, TOMY PO3MIPHICTb HE BKas3yto).

3. Fractal dimension. Lla cyTHiCTb BKknovae gaHi npo ppakTanbHi
BMMIpIOBAHHSA y 30HaX BMNIMBY:

— Fractal ID: integer(10) (Primary Key) - igeHTudikaTop 3amipy
dopakTasnbHOI PO3MIPHOCTI;

— ZonesZonelD: integer(10) - ineHTUdikaTOp 30HK, A€ NPOBOAUNNCS
BUMIpW;

— Geofisic/GeoFosic ID: integer(10) - ineHTUgikaTop reodisnka, SKum
NpPoOBOAMB 3aMipu;

— Fractal dimension: real(10) - dopakTanbHa po3MipHICTb, BUMIpSAHa Y
30Hi;

— Measurements Time: time(7) - yac 3amipy.

4. Factor of safety (FoS). Lia cyTHicTb Bkntoyae AaHi npo koediuieHT
3anacy crinkocTi (K3C) y 3oHax BrnnuBy:

— Factor of safety ID: integer(10) (Primary Key) - igeHTudikaTop
3amipy K3C;

— ZonesZonelD: integer(10) - ineHTUdikaTOp 30HU, Ae NPOBOAUUCS
BUMIpW;

— Geofisic/GeoFosic ID: integer(10) - ineHTUgikaTop reodisnka, SKum
NpPoOBOAMB 3aMipu;

— Value: integer(10) - 3HauyeHHs dhakTopa 6e3nekn, BUMIpSHE Y 30Hi;

— Measurements Time: time(7) - 4ac 3amipy.
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5. Zones. s cyTHicTb npeacTtasnse reorpadidHi abo yMOBHI 30HU, AKi
BMBYalOTbCA ab0 MOHITOPATLCA B pamMKax NPOeKTy:

— ZonelD: integer(10) (Primary Key) - yHikanbHWi igeHTudikaTop
30HM;

— Zone name: varchar(255) - Ha3Ba 30HU;

— X1Coordinate - Y4Coordinate: real(10) - koopanHaTn 30HU (4 TOYKM
ONS BU3HAYEHHS NOSIOXKEHHS).

6. Geologist (Hydrogeologist). Lia cyTHicTb npeactaBnsie reonoris, AKi
cneuiani3ytoTbCs Ha rigporeonorili abo reonorit:

— Geologist ID: integer(10) (Primary Key) - yHikanbHUi ineHTudikaTop
reonora;

— Geologist Full Name: varchar(255) - noBHe iM'a reosora;

— Position: varchar(255) - nocaga (reonor, rigporeorsor).

7. Water saturation in the zone. Llg cyTHiCTb BKntoYae gaHi Npo piBeHb
BOAOHACMYEHOCTI 3eMNi Y 30HaX BUBYEHHS:

— Water saturation ID: integer(10) (Primary Key) - ineHTudikatop
3aMipy BOAOHaCU4YEHOCTI;

— Geologist (Hydrogeologist/Geologist) ID: integer(10) -
ineHTudikaTop rigporeonora abo reonora, 9KMin NPOBOAVB 3aMipu;

— ZonesZonelD: integer(10) - ineHTUikaToOp 30HU, Ae NPOBOAUNUCSA
BUMIpW;

— Influence of water saturation: real(10) - BnAMB piBHSA
BOJOHacn4eHocCTi Ha 30HY (B 3anexHocTi Big Tuny nopia, siki € B 30Hi, Ans
CKeIbHUX Nopig piBEHb BNIIMBY BOAW MEHLUUW, ANSA TPYHTOBUX, MMUHUCTUX -
BinbLKnin);

— Time: time(7) - yac 3amipy.

8. Engineer Surveyor. LI cyTHICTb onucye iHXeHepiB-reoaesuncTiB, SKi

BiANOBIAAIOTb 3a TOYHI reoge3nyHi BUMipy No NPodifibHUM AiHIAM:
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— Engineer surveyor ID: integer(10) (Primary Key) - yHikanbHumn
iAeHTudiKaTop iHXeHepa-reogesncTa;

— Position: varchar(255) - nocaga iHxeHepa-reogesncra, Bkasye Ha
chneuianizauito Ta 060B'A3KkM B paMKax NpPOEKTY;

— MeasurementTime: time(7) - 4ac, konm 6ynu npoBeaeHi BUMIpK;

— Instrument Inventory Number: varchar(50) - iHBEHTapHUW HOMEpP
BUKOPUCTOBYBAHOIO iHCTPYMEHTY;

— Engineer Surveyor Full Name: varchar(255) - noBHe iM'a iHXeHepa-
reogesuncTa, Wo BKNYae iM'a, npissuwe t1a no 6aTbKoBI.

9. Point of measurement. Lia cyTHICTb NpeacrtaBnse TOYKU, Y SKUX
NPOBOAATLCS 3aMipyn, KOXXHa TOYKa BiAHOCUTbLCS A0 BiANOBIAHOI NPOdiNbHOI
NIl

— NP Point: integer(10) (Primary Key) - yHikanbHUi igeHTudikaTop
TOYKM 3aMmipy;

— Engineer surveyor/Engineer  surveyor ID: integer(10) -
iAeHTudiKaTop iHXeHepa-reogesncTa, KM NPoBOAUB 3aMipy;

— XCoordinate - ZCoordinate: real(10) - koopamHaTn To4kM 3amipy (X,
Y, Z);

— Measurement time: time(7) - yac npoBefeHHs 3amipy.

Moxnnso Oyne BKNOYEHO JoAaTKoBuW aTpubyT agenbTta, skui Oyae
nokasyBaTu 3MILLEHHSI TOYKM, BUPAXOBYETLCS SIK TEMEPILHA KoopAauHaTa
MiHyC nonepeHsi. Moxnueo Tpeba BKNOUMTK Y Ui AaHi N2 30HM, OO0 sKOI
BiHOCUTbLCS TOYKA.

10. Measure Line. Lls cyTHiCTb NpeacTaBnde pesynbtaTu 3amipy, ki
BUKOHYIOTbCA MO NPOQISIbHUM AiHIAM:

— Line ID: integer(10) (Primary Key) - yHikanbHUu ineHTudikatop miHii
3amipy;

— Point of measurement/N Point: integer(10) - Toyka 3amipy abo

HOMEP TOYKM;



54

— Ne of survey line: integer(10) - Homep reoge3n4HOT NPOMINBHOT MiHil
A0 SIKOT BiAHOCUTBLCA TOYKA.

11. Geodata Profile. Llsa cyTHicTb npeactaBnse npodinb reogaHux,
3ibpaHnx Anst KOXKHOI 30HMU:

— Geodata Profile ID: integer(10) (Primary Key) - igeHTudikatop
nNpodinto reogaHnx Ha OCHOBI AKMX Byae cknagaTucs 3BiT;

— ZonesZonelD: integer(10) - igeHTUikaTop 30HKU, NS AKoT Bynu
3ibpaHi gaHi.

12. Analysts. Lls cyTHiCTb npeacTtaBnae aHaniTUKIB, AKi aHanisyTb
3ibpaHi gaHi Ta CTBOPKOKOTL 3BIT aHaniTukKa.

— AnalystID: integer(10) (Primary Key) - yHikanbHuin igeHTudikaTop
aHaniTuka;

— Name: varchar(255) - noBHe iM's aHaniTuka;

— Position: varchar(255) - nocaga aHanituka;

— Completion Time: time(7) - yac 3aBepLUEHHA aHaniay.

13. Reports. Lia cyTHICTb BKIo4ae 3BiTU, AKi CTBOPKOE aHasiTUK Ha
OCHOBI 3ibpaHnx gaHuXx:

— ReportID: integer(10) (Primary Key) - yHikanbHUn igeHTudikaTop
3BITY;

— GeoDatalD: integer(10) - igeHTUdiIKaTop reodaHux,  SKi
BUKOPUCTOBYIOTLCSA Y 3BITI;

— AnalystID: integer(10) - ineHTUgIikaTop aHaniTukKa, KM CKnas 3BiT;

— GenerationTime: time(7) - Yac CTBOPEHHS 3BITY;

— Geodata AnalystsGeodata ID profile Geodata Profile ID: integer(10)
- iBeHTudikaTop Npodinto reogaHnx, AKMN BUKOPUCTOBYETLCSA Y 3BITI.

Moxnneo Tpeba sikmncb aTpubyT gogaTtkoBo, abo BUrpy3Ky 3BiTa 3
KOMEHTapsMu aHarsnituka

14. Inspectors. Lla cyTHiCTb npegcraBnse iHCMNEKTOpiB, SKi

nepeBipsaAlTb AOTPMMAaHHS CTaHAapTIB Ta HOPM, 3aBipstOTb 3BIT aHaniTMKa,
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npu HeobXigHOCTI, AKWO Tpeba npaBkn abo BXMBATM KOHKPETHI 3axoawu
woao 3abesnevyeHHa 6e3nekn Yy 30HI/30HaX BeAEHHSA TipHUYMX pooiT,
cknagae «3BiT iHCNeKTopay, AOMOBHIOKYN 3BIT aHaniTMKa:

— InspectorlD: integer(10) (Primary Key) - yHikanbHUW igeHTudikaTop
IHCMeKTopa;

— ID: integer(10) - ineHTHikaTOp, KU MOXE DYTU BUKOPUCTaHU OIS
BHYTPILUHbLOI igeHTUdiKaLii;

— FullName: varchar(255) - noBHe iM'a iHCneKTopa;

— Position: varchar(255) - nocaga iHcnekropa;

15. Accidents. Lla cyTHicTb BKMoYae iHGoOpMauito Npo HewlacHi
BUNAaOKW, SKi CTanncs B 30HaxX BNUBY:

— AccidentlID: integer(10) (Primary Key) - yHikanbHun igeHTudikaTop
HellacHOro BUNaakKy;

— ZonelD: integer(10) - ineHTUgikaTop 30HW, Oe CTaBCH HeLlaCHUU
BUNAOOK,;

— AccidentReportID: integer(10) - ineHTudikaTop 3BITY NPO HELLACHUN
BUNALOK;

— AccidentTime: time(7) - Yac HellacHOro BUNaaKy;

— Description: varchar(max) - onuc HeL,acHOro BUnagkKy.

Onuwemo 3B’3KN MidK CyTHOCTSAMM.

1.  Geofisic - Impact of the mine. 3B'a3ok OauH o 6araTbox (1:N):
KOXXEH reodi3nk Moxe BUKOHyBaTu 6arato reoduisndHux 3amipiB. KoxeH
3aMip No BNAMBY WaxXTU Moxe ByTn NoB'aA3aHuin Ne 3 OgHUM reoddi3KOM.
Lle o3Hauae, Wwo oanH reodisvk Mmoxe 6yTu BignoBiganbHMM 3a Aekinbka
3aMipiB y Ppi3HMX 4YacoBMX MOMeHTax abo B pi3HMX 30Hax, ane KOXeH
KOHKpPETHUA 3aMip MNpuB'A3aHM NMie 00 OOHOro reoduisuvka, SIKMKM MOro

npoBiB.
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2. Impact of the mine — Zones. 3B'a3ok 6arato go ogHoro (N:1):
KoxxeHomy 3amip no BNAMBY LWIAXTWM MOXe Bi4NoBigaTu TifIbKW OgHa 30Ha, ane
Y KOXHil 30Hi MOXe ByTn BUKOHaHO BaraTo pi3HUX 3amMipiB BANUBY LIAXTW.

3. Fractal dimension — Zones. 3B's30k OaunH o 6aratbox (1:N): KoxHe
BUMIipIOBaHHA bpakTanbHOl PO3MIpHOCTI MOXe OyTu noB'a3aHe nuwe 3
OLHIE0 30HOK, arne B OOHIN 30HI MOXYTb MPOBOAUTUCHL BaraTto pPi3HMX
BUMipOBaHb (ppakTanbHOI PO3MIPHOCTI.

4. Factor of safety (FOS) — Zones. 3B's30k OauH go 6aratbox (1:N):
KoxeH 3amip koediyieHTa 3anacy CTIMKOCTi MoXe ByTn noB'd3aHui nuwe 3
OLHIED 30HOM, ane B OAHIN 30HI MOXYTb MNPOBOAMTUCL Barato pi3HUX
BUMIpIOBaHb KoedilieHTa 3anacy CTIMKOCTI.

5. Geologist (Hydrogeologist) - Water saturation in the zone. 3B'a30k
OauH po 6aratbox (1:N): KOXeH reosior MOXe BUKOHyBaTu 6araTto 3amipis
BOJOHACUYEHOCTI, arne KOXHe KOHKPETHE BMMIipOBaHHS BOOOHACUYEHOCTI
noB'si3aHe TiNbKn 3 OQHUM reonorom.

6. Water saturation in the zone — Zones. 3B'a3ok OgunH oo b6araTtbox
(1:N): KoxeH 3amip BogoHacn4eHoCTi MOXe ByTu NoB'a3aHui nuLle 3 OJHIEr
30HOI0, ane B OAHIN 30HI MOXYTb NPOBOAUTUCL BaraTo Pi3HUX BUMIpIOBaHb
BOLOHACN4YEHOCTi.

7. Measure Line - Point of measurement. 3B'a3ok OgnH go 6araTbox
(1:N): KoxxHa npodinbHa niHia Moxe MaTtn barato TOYOK 3aMipy, ane KoxHa
TOYKa 3aMmipy NoB'sA3aHa TiflbKn 3 OHIE NMPOISTIbHOO NIHIE.

8. Engineer Surveyor - Point of measurement. 3B'a3ok OguvH [0
baratbox (1:N): KoxeH iHXeHep-reoge3snct MoXe BUKOHYBaTU 3amipu y
BGaraTtbOx TOYKax, ane KoXHa KOHKpeTHa Toudka 3aMipy noB'd3aHa Tiflbku 3
OAHUM IHXEHEPOM-reoe3nCTOM.

9. Geodata Profile — Zones. 3B'a3ok barato go ogHoro (N:1): barato
Pi3HUX NpociniB reogaHnx MOXYyTb BigNoBigaTM OAHIN | Tin ke 3oHi. Lle
o3Hayae, WO B pamKax OfHiel 30HM Moxe 6yTum 3ibpaHo Ta 36epexeHo

OeKinbka pisHuMX HabopiB reogaHux, KOXEH 3 sKux npegcraBnse cobotro
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okpemnn npodoinib. KoxeH Takmnm npodisie MICTUTb YHIKanbHi gaHi, ki
MOXYTb BigobpaxaTu pi3Hi Yacosi nepiogn, TMnu 3amipis abo cneymdiyHi
acnekTn AocrnimKeHb B MeXax uiel 30HW. [poTe, KOXXeH KOHKPETHUM Npodinb
reofjaHux rnpuB'a3aHnm TifIbKWU 0O OAHIET 30HKN, AKa BM3HA4ae reorpadivyHnm
KOHTEKCT i pamMku ans 36opy Ta aHanisy uux gaHux.

Llen 3B'130K nigkpecntoe, Wo pisHi AocnigpKeHHS abo NPOEeKTN MOXYTb
BUKOPUCTOBYBATU Pi3Hi Habopn gaHuX 3 OfHIEl 30HKU, ane KOXHWUA Halip
OaHUX Mae€ JiTKy reorpadpivyHy NpuB'aA3Ky OO Ui€l 30HM, Wo 3abesnevye
BiANOBIOHICTb | TOYHICTb aHanisy.

10. Analysts — Reports. 3B'a3ok OagnH o 6aratbox (1:N): KoxeH
aHaniTMK Moxe CTBoptoBaTW Garato 3BiTiB, ane KoXeH 3BiT MOB'A3aHUN
TiNbKM 3 OAHUM aHan TUKOM.

11. Reports - Geodata Profile. 3s'a3ok OanH o 6aratbox (1:N): KoxeH
3BIiT ba3yeTbCs Ha JaHNX 3 O4HOro NPodinto reogaHux, ane KoXxeH npodinb
reofgaHnx Moxe 0yTn BUKopucTaHuin y baratbox 3BiTax.

12. Reports — Inspectors. 3B'a3ok barato go 6aratbox (N:M): Llen
3B'I30K [O3BOMSAE KOXXHOMY iHCMEKTOPY NepeBipATK Barato 3BiTiB, a KOXEH
3BiT Moxe OyTu nepesipeHun GaraTbMa iHcnekTopamu. Lle 3ymoBneHo
HeOoOXigHICTIO 3any4YeHHs1 KiflbKOX IHCMEKTOpIB ANns 3abe3neyvyeHHs1 NMOBHOI
nepesipku aHuX Ta A0TPUMAaHHSA BCTaHOBIEHMX Npouenyp abo ctaHaapTiB.
3asBunyan, Taki 3B'A3kM peani3ytoTbCs Yepes goaaTkoBy Tabnuuto, aka B 6asi
JaHUX Ha3mBaeTbcs "Tabnuueto 3B'aA3kiB" abo "tabnuueto acouiauin”, ge
KOXEH 3anuc Bigobpakae 3B'130K MiXX NEBHMM 3BiTOM Ta iHCMEKTOPOM.

13. Geodata Profile — Reports — Analysts. 3s'a3ok barato go baraTbox
(N:M) mixx Geodata Profile Ta Reports 3 nocepeaHuursom Analysts.

KoxxeH npodinb reogaHux MOXe BUKOPUCTOBYBaTMUCA y OaraTbox
3BiTax, a KOXeH 3BiT MOXe BMKOPMUCTOBYBATW OaHi 3 O4HOIO YM OEKiNbKOX
npodoinie reogaHunx. Lle gossonse 3abe3neynTy LIMPOKUI aHani3 pisHUX

acnekTiB AaHuX, 3ibpaHnx 3 Pi3HUX 30H.
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BogHovac KoxeH 3BiT Mae oAHOro BignoBigarnbHOro aHaniTuka, SKun
BigMoBigae 3a Moro cknagaHHs i aHanis. Lle 3abesnevye 4iTke NpUCBOEHHS
BiANOBiganbHOCTI Ta BEAEHHS 3anuciB Npo xig pooiT.

Peaniszauia 6a3u gaHux gna cuctemm GeoDATA Zones € BaXXnMBum
eTarnoM Yy CTBOPEHHI IHCTPYMEHTY, WO 3abeaneyye eheKkTnBHe ynpaBIiiHHS
AaHUMW Ta NpoBeAEeHHA aHaniTUYHKUX onepauin. Y npoueci po3pobku 6asu
OaHuX B6yno BpaxoBaHO crieumniky ripHMYnx Ta reodisndHnX AocnigxXeHb,
LLIO JO3BOSIUNO CTBOPUTU CTPYKTYPY, sika 3abesnedye He nuwe 3bepiraHHsa
BenMKnx obcsriB gaHux, ane n ix obpobky Ta aHanis.

3aBaskn NpaBuIibHIA OpraHisadii CyTHOCTEN i 3B’s13KiB MiXK HUMK, Basa
AaHNX 0O3BOSISE IHTerpyBaTu MapKLlenaepchbki, reodisdnyHi, reogesnyHi ta
iHWi JaHi, HeoOXigHI OANA MOHITOPUHIY CTaHy Kap’epiB Ta 30H BMuvBY.
BKMOYEHHA TaKuMX KIIHOYOBUX €NEeMEHTIB, K reoisnydHi BUMIpOBaHHS,
dopakTanbHa pPO3MIPHICTb, BOAOHACWUYEHICTb, MNPOMINbHIi NiHIl Ta 3BITH,
[O3BOMSE CUCTEMI NpautoBaTU KOMMNMEKCHO Ta 3abesnedvyBaTty NiATPUMKY
NPUNHATTSA PilLieHb Y pearibHOMY Yaci.

Ocobnuey yBary npugineHo 3abe3nedyeHHIo UiNiCHOCTI  AaHuX,
niaTpumui  MacwTaboBaHOCTI Ta MOXNMBOCTI iHTerpauii 3  iHWuMK
iHpopmauUinHUMKM  cuctemamun. BignosigHa opraHizauis 3B’43KiB - MiX
CYTHOCTSIMW FapaHTy€e THYYKICTb | NMPOAYKTUBHICTb 6asn gaHMX HaBiTb 3a
YMOB 3pOCTaHHs obcsriB iHpopmaluii.

Takum ymHOM, peanisauis 6a3m gaHuMx ctana MiuHUM yHOAMEHTOM
ans noganbworo po3suTtky cuctemm GeoDATA Zones. BoHa 3abesnevye
edekTnBHe 36epiraHHa " 06pobKy iHdOpMaUil, BIAKPUBAE LUMPOKI
MOXITMBOCTI NS aHani3y AaHuX Ta € OCHOBOK 1S CTBOPEHHS 3BITIiB, SKi
CNpUSOTb NPUAHATTIO OBI'PYHTOBAHMX YNPaBiHCbKMX PilleHb.

[liarpama «CyTHICTb-3B’A30K» HaBedeHa Ha PUCyHKy 3.4.
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3.5 OpraHizaudist npouecy po3pobkn nporpamMHoOro 3abesnevyeHHs

Pospobka nporpamHoro 3abesnevyeHHs ans aHanidy cTinkocTi 6opTis
Kap'epiB € CKragHuM npouecoMm, WO BMMarae KoopauHauil MK pPisHUMMK
daxisuamn. Buxogaum 3i CKagHoOCTI NpOekTy 3 po3pobku [13, Ha
no4YaTKOBMX eTanax po3podkM LOUINBHO 30CepeanTmCA Ha KITOHOBUX PONsiX,
Lo 3abesneyaTb epeKTUBHE BUKOHAHHSA NPOEKTY 3 PO3POOKN CUCTEMM.

[Ons ycniwHoro ctBopeHHs cuctemn GeoDATA Zones HeoOxigHO
3abe3neuntn edeKkTMBHY B3aEMOAID MK  KepiBHMKaMW  MPOEKTY,
pO3pObHMKaMK, aHaniTUkamMu [aHux, TecTyBanbHUKaMun, Au3anHepammu
iHTepdbency Ta cneuianictammn 3 6esneku.

KoXXeH u4neH KoMaHOM BUKOHYE BaxXNMBY pPoOSib Yy  MNPOEKTI,
3abeaneyvyoun BigNOBIAHICTE NPOrpamMHOro NPOAYKTY TEXHIYHMM BMMOram,
CTabiNbHICTb NOro poboTU Ta BUCOKY TOYHICTb aHanidy reogaHux.

UiTke BM3HaA4YeHHS BIOQMOBIAANBHOCTI KOXHOMO YYacHMKa MPOEKTY
003BONA€e eqEeKTMBHO PO3MNOo4iNIUTU 3aBAaHHs, MiHIMi3yBaTU pPU3UKN Ta
OOCArTN BUCOKOT SIKOCTI KIHLEBOro npoaykTy [28].

Po3rnaHemMo Krito4OBUX YHaCHUKIB NPOEKTY.

1. KepiBHuk npoekty (Project Manager) BignoBsigae 3a 3ararnbHe
KEepIBHULUTBO MPOEKTOM, YMpaBJfiiHHA pecypcamu, 4acoBMMW pamMKamu Ta
6ropkeToM. BiH Takox koopauHye poboTy BCix kKoMaHf, i 3abe3nedye 3B'A30K
MiX CTeMKxongepamm i KoMaHOoK PO3PO6HUKIB.

2. TexHiynmn pupektop (CTO abo Chief Technology Officer)
BiANOBiga€ 3a TEXHIYHY CTpaTErito NPOEKTY, BKITHOYHO 3 BUOOPOM TEXHOSOTIMN,
NNaHyBaHHAM CUCTEMHOI apxiTekTypu Ta 3abe3nedeHHs M TexHiYHOI
pearnisauil NpoeKTy Bi4MNOBIAHO 40 NOCTaBIEHUX LiNewn.

3. KomaHga po3pobHUKiB BignoBigae 3a HanucaHHA Koay, iHTerpauito

Ccncrtemun, TeCtyBaHH4d Ta AennonmMeHT. BoHu npauroTb Had CTBOPEHHAM
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doyHKLiOHaNBHNX MOXINMBOCTEN CUCTEMU Ta 3abe3neyeHHsM 11 cTabinbHOCTI
i 6esnekun.

4. KomaHga aHanitukie gaHmx (Data Analysts) 30upae, obpobnse i
aHanisye naHi Ta ix B3aemo3B’da30k y cuctemi "GEODATA Zone". BoHu
BiAMNOBIgaloTb 3a 3abe3neyeHHs TOYHOCTI AaHUX Ta YHUKHEHHSI CMOTBOPEHb
npu nepefadi gaHux MK MoaynsMu cuctemu, o 3abesneyye pilleHHs,
NPUUHATI HA OCHOBI JaHUX.

5. Komanga QA (Quality Assurance) BignoBigae 3a 3abe3neveHHs
SIKOCTi  NpPOrpamMHOro  MNpoAYKTYy 4Yepe3 CUCTEMATUYHE TECTYBaHHS,
BUSABNEHHS 6arie Ta HeBignosigHOCTEN Y OYHKUiIOHaNbHOCTI nepen ix
perni3om.

6. UI/UX [aumsanHepu npauiooTe Hag po3pobkoto  iHTepdpency
KOopUcTyBaya, WO € KPUTUYHO BaXMBUM [Onsi 3abe3neyeHHs 3pyYHOCTI
BUKOPUCTaAHHA CUCTEMMU KiHLLEBUMN KOpUCTyBadaMn. BoHM BignoBigatoTb 3a
CTBOPEHHS AM3aiHy, Wo Bignosigae noTtpebam KopucTyBadiB Ta
MakCuMasibHO e(PeKTUBHO B3aEMOAIE 3 HUMM.

7. Cneuianictn 3 6e3nekn (Security Specialists) BignosigatoTb 3a
3abes3neveHHss 0e3nekn cCUCTEMU BiO 30BHILIHIX 3arpo3 Ta BHYTPILLHIX
Bpas3nnBOCTEN. Po3pobnsatoTb cTpaTerii 3aXMCTy OaHuX, BNPOBaaXYHOTb
3axoau woao 3abesneyeHHs LiniCHOCTI Ta KOHiAeHUInHOCTI iHdopmalil.

8. KomyHikauinHnm menempxkep (Communications Manager) Bignosigae
3a 3abe3nedvyeHHs edhekTnuBHOro iHdopmaulimHoro oO6MiHY MiX ycima
yyacHMKaMun MpPOEeKTy Ta 30BHIWHIMK cTenkxongepamn. Po3pobnse i
BNpOBaLKye KOMYHiKaLiHI cTpaTerii, opraHi3oBye 3yCTpidi, KOH(pepeHLil Ta
iHLWIi 3axoau.

Lli poni i BignosiganbHOCTI 3abes3neyaTb YcChilHYy po3pobky Ta
BnpoBagpkeHHss cuctemn "GEODATA Zone", 3abeanedytoum BcebivHUN
niaxia Ao ynpaeniHHA NPOEKTOM, TEXHIYHOI peani3dauii, 3abe3ne4YeHHs SKoCTi

Ta 6e3neku.
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OpHak, BpaxoBYKUYM HEMOXIMBICTb Ha [faHoMy eTani 3ibpatm
HaCTINbKN NOTYXXHY KOMaHAy, ANs HEBESIMKOI KOMaHaW KIoYoBUMK ByayThb
HaCTYMHI TPY NIOOVHM:

1. KepiBHuk npoekty (Project Manager) npoekty BignoBigae 3a
3arasibHe KepiBHULUTBO MPOEKTOM, YnpasmniHHA pecypcamMu, 4acoBUMMU
pamMkamn Ta OwmpkeToM. BiH TakoX koopauHye pobOTy BCiX KOMaHpg i
3abe3neyvye 3B'A30K MK CTeMKxongepamu i KOMaHOOK pPO3pPOBHMKIB.
EdektnBHe ynpasniHHA MPOEKTOM BKIIOYAE MfnaHyBaHHSA, BUPILLEHHSA
KOHQoNIKTIB, 3abe3nevYeHHs1 KOMyHiKaLil Ta BNPOBaKEHHS 3MiH.

2.  ApxiTektop nporpamHoro 3abesneyveHHs/CTapwmin po3pobHUK
(Software Architect/Senior Developer) Bignosigae 3a npoekTyBaHHS Ta
PO3pOOKy apxiTekTypu cuctemu. BiH po3pobnsie TexHivHi cneumdikauii Ta
BU3HA4Yae, SK KOMMOHEHTM cucTtemMm OyayTb B3aeMomdiatm MK coboto,
3abesneyvyoun MacwwtaboBaHiCTb, 0e3neky Ta BMUCOKY MPOAYKTUBHICTb.
ApXITEKTOP TaKOX Bigirpae KroyoBy posb Yy BUMOOPI TEXHOSONiN i pileHb, SiKi
BNNIMBATUMYTb Ha 3arasibHy CTPYKTYpPY Ta MOXIMBOCTI CUCTEMM.

3.  PospobHuk nporpamHoro 3abesneveHHsa (Software Developer)
nporpamicT 30cepekKeHNn Ha HanncaHHi koay, iHTerpauii 3 6asamu gaHumx
Ta 6ibniotekamun, a TakoX Bignosigae 3a OENNOMMEHT Ta BCTAHOBJIEHHS
nporpamHoro 3abesneyeHHs. BiH po3pobnse KOHKpeTHi yHKuii i moayni
cuctemun, 3abesnedyroum  IX  BIAMNOBIAHICTb  TEXHIYHMM  BMMOram |
KOPUCTYBaLUbKNM OYiKyBaHHAM. TakoX uUen po3poOHUK Bigirpae Baxrnvey
pornb Yy 3abesneyeHHi B3aemopgili nporpamu 3 30BHILLIHIMK cepBicaMmn Ta
ONTMMI3aLil NPOAYKTUBHOCTI.

KoxxeH 3 Lunx y4acHUKIB BHOCUTb BUpiLLalibHUIA BHECOK Y YCriX NPOEKTY,
NOYNHAOYM 3 NlaHyBaHHA Ha PIBHI KEPIiBHMUTBA | 3aKiHYYHOYM TEXHIYHOM

peanisauieto Ta onTUMi3auieo NPorpamMHOro 3abes3neyeHHs.
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3.6 Pospobka cTparterii penisiB gna nNpoekTy 3 po3pobKkM cucTemu
GeoDATA Zones

3anponoHoBaHO po3pobky cuctemn GeoDATA Zones 34iMCHUTU 3a
rHydykoto metoponorieto  SCRAM. Metogonoria  Scrum nepegbavae
po3pobky 13 chpuHTamuM — KOPOTKMMW iTepauismn. TpuanicTb iTepauii
BU3HAYaETbCA crneundiko MNpoekTy. Y pesynbTaTi peanisauil CnpuHTY
OTPUMYETBCA sKacb Bepcia poboyoro 13 3 odikyBaHUM NPUPOCTOM
dyHKUioOHany. HanpuKiHUi KOXXHOro CNpUHTY NPOBOAUTLCHA NpeacTaBIieHHS
Ta aHania oTpMmaHux pesynbTatiB — peni3. CTpaTteria penisis nependavae
noetarnHe poO3ropTaHHA OCHOBHMX YHKLUIM CUCTEMW 3 YypaxyBaHHAM
KPUTUYHOCTI, BaXIMBOCTI ONA KOPUCTYBadiB Ta [OOCTYMHUX TEXHIYHUX
MOXXIMBOCTEMN.

Y npoueci po3pobkn cuctemm GeoDATA Zones 6yno BU3HaA4YeHO YiTKy
cTparterito penisiB Ta npioputesauitd PyHKLIOHANbHOCTI, WO AO03BOSIUMNO0
MOCTYNoOBO  BMPOBaXyBaTW  HOBI  MOXNMBOCTI Ta  edEKTUBHO
BUKOPUCTOBYBATN PECYPCU MPOEKTY.

Po3pobneHo nnaH peanisauil KnNo4oBUX KOMMOHEHTIB GeoDATA
Zones, 1X MOCTynoBe pO3WUPEHHA, a TaKoX BWU3HAYeHi NpiOpUTETHI
HanpsiMKNU po3BUTKY, WO 3abesneyaTb BUCOKY €(EKTUBHICTbL aHanidy
cTinkocTi 6opTiB Kap'epis [29, 30, 31, 32, 33].

[Mpiopntnsadito  (PyHKUIOHANbHOCTI  34IMCHIOETBCA  Ha  OCHOBI
aKTyanbHux NoTped daxiBuiB, AKi NpauoTb i3 JaHUMKU MapKLenaepCbknx
Ta reoisanMyHMX BMMIpIOBaHb, 3abesnedyounm onTUMarnbHU BanaHc Mix
MOXITMBOCTSIMU CUCTEMU Ta TI NPOAYKTUBHICTIO [34, 35].

PesynbTatv npioputmsauil yHKUIOHaNbHUX Ta HeYHKLIOHaNbHUX

Bumor ao cuctemn "GeoDATA zones" HaBegeHo y Tabn.3.1.
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Tabnuus 3.1 — Npioputnaauio sumor go cuctemn "GeoDATA zones"

Bumora Onuc [MpioputeT
@yHKLiOHaNbHI BUMOTU
Cuctema NOBUHHA MaTtu MOXIIMBICTb
36ip nigBaHTaXXeHHs1 reogaHux y dopmati CSV Ta | Must have
reogaHumx MOXIMBICTb BBELEHHS TreofdaHuX BpPYYHY, (M)
MOXIMBICTb pefaryBaTtu reofaHi.
Cuctema noBMHHa MaTM MeXaHiaMu aHanisy
AHani3 3ibpaHnx gaHmx Ons BUSABMNEHHS MOTEHLINHUX M
reogaHunx bakTopiB PU3KNKY 3 MPUB'A3KOI0 A0 BigNOBIgHOI
30HMW.
Mo Cuctema Mae MOHITOPUTM CTaTyC BUKOHAHHSA
OHITOPUHT :
BUKOHanHs | PEKOMEHAoBaHMX  3axoAis 663I‘IeKVI,. LLIO
3aX0iB BKMIOYAE MEpeBipKy BMKOHaHHA 3axofiB Ha M
MicusiX | ouiHKa IX ed)eKTUMBHOCTI nicns
be3nekn
BUKOHAHHS.
Cuctema mMae aBTOMaTUYHO reHepyBaTU 3BITU
CkrnagaHHa | Ha OCHOBI aHanidy gaHux, SiKi MICTATb OLHKY M
3BITIB dhakTopiB, WO BMNMBAKTbL Ha CTaH riPCbKOro
MacuBY B MEXaX 30HM.
HeobxigHO 3abe3neuntyn MiHIMyM Tpu piBHI
Ba)XIIMBOCTI 3BITY, piBEHb MOXJTMBOCTI
BKa3yeTbCS A9 KOXHOro 3BIiTYy, Hanpuknaa;
BctaHoBne |— 3eneHun (HeEMae 3HA4YHUX 3MiH KpPUTEpIto
HHS  piBHIB | 6e3nekn No 30Hax, WO BKAOYEHI OO0 3BITY), M
BaXKIIMBOCTI | — XXOBTUMN (€ AesKi noripleHHsa piBHIB 6e3neku
3BITIB Mo 30HaXx, LLO BKIKOYEHI OO 3BiTY),

— 4YepBOHMI (HEOBXiAHO HeramHe pearyBaHHs, €
KPUTUYHI 3MiHWM piBHIB ©e3nekn no 30Hax, Lo
BKIKOYEHI 0 3BITY).
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Bumora Onnc [Mpioputet
Cucrtema noBMHHA MICTUTU KOMMOHEHT ayauTy
(noryBaHHS), IKMN aBTOMAaTUYHO PEECTPYE BCI
3MiHW, BHeceHi y 6a3y aaHux. KoxeH 3annc y
XKypHani 3MiH MOBMHEH BKIOYATU HACTYMNHY
iHpopmauito:
- iaeHTUdikaTop KopmCcTyBaya, AKUM BHIC 3MiHW;
BeneHHsa - YacoBa MiTKa, Konm 6ynum BHeCEHi 3MiHWU;
iCTOpIT 3MiH | - onuc :?MiH, Lo BKIKO4AE aeTani npo . . Should
Ta . MoAmMpikoBaHi gaHi, Taki AK NONePeAHi Ta HOBI have (S)
apxiBauisi 3Ha4YeHHS BaXXKNMBUX MOniB.
AJaHnX TEeXHIYHi BUMOTW:
- NOr NOBUHEH ByTn 3axuLLeHnn Bia
HeCaHKL,iOHOBaHOIro JOCTyny Ta 3MiH, wob
3abe3neynTu UiniCHiCTb Ta HaAiNHICTb
36epexeHol iHdhopmallil.
- cMcTeMa Mae niaTpumMyBaTn HanawTyBaHHSA
piBHA geTanisauii noryBaHH4.
Cuctema mae HagaBaTu MOBINbLHUK OOCTYN And
MoOinbHMA | 3pYYHOCTI KOPUCTYBadiB, WO NpauooTb B NOSi, S
OOCTY AO03BOSISAOYN  BUKOHYBATM  MOHITOPUHI  Ta
KepyBaHHA JaHMMUM Ha MiCUSIX.
'eHepyBaH
HS
peKkoMeHa0 .
BaHMX Cuctema MOXe  MaTUM  MexaHiam  ans
3aXOLiB aBTOMaTWN4YHOTO reHepyBaHHA PEKOMEHA0BaHMX Could
nns 3axofiB, WO A03BOMATL MIABULLMTM 6esneky | have (C)
BeAEHHS ripHUYNX pobiT B Mexax 30HM
3abesneve
HHSA
beaneku
IHTepakTe | Cuctema Mae [O3BOSIATM  KOpUCTyBadam
HUA  OOMIH | OOMiHIOBATUCS MOBIAOMITEHHSAMU B pearibHOMY C
nosigomne |4aci gna kKoopauHauili Al Ta  WBMAKOro
HHAMU pearyBaHHsl Ha 3MiHM YMOB.
| : Cuctema mae 3abesneyyBaTu MOXIUBICTb
HTerpauis | . .
3wy | THTErPAUIE 3 icHylouMMK - KopriopaTBHUMK C
cUcTeMamu 3aMOBHMKA A4 CPOLLEHHST OOMIHY
cuctemamm

JaHUMU | 3BITIB.
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Bumora | Onuc MpioputeT
HedoyHKuUiOHanNbHi BUMOrn
Cuctema mae 3abesneunTn 3axmucTt 3idbpaHux
AaHuX  Bi4  HeCaHKLiOHOBaHOro  OOcCTyny,
be3neka BKITHOYA0YM LUNJOPYyBaHHS AaHnx [ M
3abesneyeHHs goctyny 4depe3  6eaneyHi
NPOTOKON.
Cuctema mae 6ytn ctabinbHOK Ta HagilHOM
HagivHicTe | Nnpu BUKOHaHHI BCiX QyHKUiK, 3abe3nevyroun M
6e3nepebiniHy poboTty 24/7.
Cuctema mae nigTpumysaTu MacwTabyBaHHS,
Macwtabo |wob agantyBaTucA A0 3pocTaryoro obcary S
BaHICTb AaHMx Ta  KopucTyBadiB  6e3  BTpatu
NPOAYKTUBHOCTI.
MiaTpumka | Cuctema nNOBMHHA  NIATPUMYBATU  Kinbka
GaraToMOB | MOBHMX BEpPCIN ONA 3pYYHOCTI KOpUCTyBadiB 3 C
HOCTI Pi3HUX KpalH Ta KYJIbTYPHUX PErioHIB.
PosLwmpeHi
MOXXIMBOCT
[ HapaHHga KopucTyBayam MOXJTMBOCTI
KacToMmiszaui | HanawTyBaTu iHTepenc Ta 3BITU CUCTEMU C
T BiANOBIAHO A0 X cneundivyHnx noTpeb i ponen
iHTepdency | y NpoexTi.
KopucTyBau
a
User Story Mapping gna cuctemmn "GeoDATA Zones" HaBedeHO Ha
puc.3.5.

OnunwemMo ocHOBHI eTanun po3pobku N3 — penisu.

Release 1. baszoBa oyHKLiOHaNbLHICTb.

1.OpraHizyBaTu gaHi:

— nepBuHHa  obpobka gaHux: 3abe3nedyye  OYMLLUEHHS  Ta

CTPYKTYpU3aLito BXiOHUX OaHUX;

— BBEOEHHS OaHuX y cucteMy — 6asoBa (byHKLiS Onsi NOYaTKOBOro

HaMoOBHEHHSA cUCTEMU iHdbOpMaLLiEO.




Release 1: Bascea
PYHKLIOHANEHIET

Releasa 2:
Po3WMpEHHA dyHKLIA

Releasa 3:
OnTHmisaLin
npoyecie

Release 4: [HHopawi
Ta BAOCKOHANEHHA

Oprauizysartv faui

MNepanHHa oBpobra
RaAHKK

BEEfeHHRA BaHnx ¥
cHCTEMY

IHTerpauis
OEHHX B PisHWK
Awepen

ABTOMETHIDEEHE
EEERSHHA JaHNX

Nepesipka Ta
BaniAALUIR AAHWY

Anania pannx

Bw6ip Rarnx AnR aHaniay

BMKOHEHHA 3HANITHUHKUI
onepauif

InTepnperauis pesynoTaTie
ananiay

Mexepayin 3siTie

MigroToska npoexTin 38iT8

PeUBHIYBaHHA T8
28TEEPAKEHHA 2BITIE

Poscunka saitie
cTeRKxanaepan

Baacmopin 3
KOPWCTYES4EMHA
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¥npaeniHHA

CTBOPEHHA
anroputmis gna
AHENIIY EHUX

InTerpauin HoBns
AHANITHYHNX
IHCTpyMeHTIB

AsTomatizayin
CTBOPEHHA 3BITIE

BRpoBaAKeHHA
HEBHX $OPMATIR
asiria

PoawmpeHHA
HYHELIOHANEHOCTI
inTerpayii

AOREBEHHA HOBMYX
gopmatie AaRdx and
ABBHTNEHHA

JenaBanHa HOBUX
MeToals 3G0pY nanwx

BnpoeapseHHA
HOBWY
TeXHONOriA

BrposanseHHs
WTyNHOTG
IHTENEKTY ANR
EHaniay

Onrumizalia
AHANITHYHKE Npoyecis

ONTHMIZaUIR
anropuTMie ans
ananiay ganmx

Mepcoxaniaayia
28iTiB

NopaeaxHA
MOXAMEOCTER ANA
nepconaniaawl

AaHAMN
Peectpauin 1a
ayTeHTHikauin HanawTysaHHA
KOPMCTYBaYIE CHCTEMA NA BUMOT
Beanax
MoHITopUHr 3anuTie MOHITOpUHT
KOPHCTYBaYlB aKTHEHOCTI
CHCTEMH
3E0pOTHWI 28'A30K BiQ JabezneueHHa
KopHeTyEauin 3aRMCTY AaHNX
JabesneveHHn MigErweHHA
BUHCOKOT AKOETI Geanexu
Basemonii
OnTumizayir npoyecy onTamisagia
e3aeMoAll 3 npouecia 3axmcTy
KODHCTYBAUS MK AaHux
Leaasansn MocTiAne
HOBWK BYHKLTA BAOCKOHANEHHA
CHCTEMH

Pozwupeni
MO MBOCT

ananizy

AeaaBanHa HOBHX
popmarie
BHANTTHYHUY 2BiTiE

MokpalenHs
3BiTHOCTI

[loAaBaEHHA MOXAMEDCTER
noGyaoeu Alarpam Ta
iHCTpyMenTiB Blayanisauii

HOBUX
SYHKUIA Ha ocHoBl
IBOPGTHLOMD 3B AIKY

BnpoBagsaHiA HoBX
cTaHgapTie Geznexu

PucyHok 3.5 — User Story Mapping onsa cuctemmn «GeoDATA Zone»

2. AHani3 paHux:

— BMBip ApaHux ans aHanisy: 6as3oBuin MexaHi3Mm, WO [J03BOSSE
KopucTtyBadyam Bubupatu NoTpibHy iHdhopmaLito;

— BUKOHaHHS aHaniTU4YHUX onepauin: peanisauis 6a3oBnx anroputmis

aHanisy gaHux;

— iHTepnpeTauis

BMCHOBKIB 3a pe3ysibTatTamMun aHan TM4HMX 0BYMCNEHD.

3. eHepalis 3BITIB:

3BITIB;

pesynbTaTiB

aHanisy:

HaJaHHSA

3pO3yMinunx

— nigrotToBKa MPOEKTIB 3BiTiB: CTBOPEHHS LWABMOHIB ANs ManbyTHIxX
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— peueH3yBaHHA Ta 3aTBepKeHHS 3BiTIB: MOXIUBICTb MNepeBipKU
3BITIB Nepep hiHanbHUM 3aTBEPKEHHSAM;

— po3cunka 3BiTiB cTenkxongepam: 6a3oBUM MexaHi3aM NOLMPEHHS
3BITIB.

4. B3aemogia 3 kopuctysadamu:

— peecTpauia Ta aBTeHTUikauis KopucTyBadiB: 3abesnevyeHHs
OOCTYny 4O CUCTEMU NnLLIE aBTOPN30OBaHMM ocobawm;

— MOHITOPVHI 3anuTiB KOPUCTYBadiB: oikcauia Ta aHani3 3anuTis angd
NMOKpaLLLEeHHS1 poBOTH CUCTEMM.

5. YnpaeniHHA gaHUMU:

— HanawTyBaHHSA cucTeMu Onsa BuMmor Oesnekun: 6asoBa peanisauis
3axXUCTy AaHuX;

— 6a30BUIN MOHITOPUHI aKTUBHOCTI cUCTEMMU: hikcaLlisi OCHOBHUX NMoAain
Ta aKTMBHOCTI ANA 3anobiraHHA NoMuIikam.

Release 2. Po3lwumpeHHs oyHKUIN.

Opyrun  peni3  po3wmnproe YHKLIOHAmNbHICTL CUCTEMU, [04aruu
aBTOMaTM3aLilo Ta iHTerpauito 3 HOBUMU IHCTPYMEHTaMM.

1. OpraHisauis gaHux:

— aBTOMaTM30BaHE BBEAEHHSI AaHWX: 3MEHLUEHHS PYyYHOI poboTu
KOpPMCTyBaYiB Yepes iHTerpawito aBToMaTUYHUX NPOLIECIB;

— nepeBipka Ta Banigauis gaHux: 3abesneyeHHss TOYHOCTI Ta
KOPEKTHOCTI BBeeHOI iHhopmaui,l.

2. AHani3 gaHux:

— CTBOPEHHSA anroputMmiB  gnd  aHanisy [gaHux: pPO3LUNPEHHS
MOXXIMBOCTEN aHarnidy 3aBasku HOBUM Migxoaam;

— iHTerpauia HOBWUX aHaniTU4HUX HCTPYMEHTIB. BWKOPUCTaHHS

cneuianizoBaHoro N3 ans poboTtn 3 gaHuMN.
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3. [eHepauiqa 3BITIB:

— aBTOMaTu3aLis CTBOPEHHS 3BiTiB: aBTOMaTU4YHe (POpPMYyBaHHS 3BITIB
Ha OCHOBI BXiAHUX AAHUX;

— BMpoBamXeHHs HoBUX popmaris 3BiTiB: niaTpumka PDF, Excel, iHLi
doopmatu.

4.Bsaemopgia 3 kopucTyBadamu: 3abe3nevyeHHs1 BUCOKOI SIKOCTI
B3aeMofil: onTuMmizauia iHTepdency AN NoKpaLleHHA KOPUCTYyBaLbKOro
aocsigy.

5. YnpasniHHA gaHUMK:

— nigBuweHHs 6e3nekn: BNPOBAMXEHHS HOBUX METOAIB 3axuUCTy
OaHUX;

— MOHITOPUHI aKTUBHOCTI cuUCTeMu: dpikcaulis OCHOBHMX MoAin Ta
aKTMBHOCTI Anga 3anobiraHHA NoOMUIIKam.

Release 3. Ontumisauia npouecis.

TpeTin peni3 poKycyeTbCA Ha BAOCKOHASIEHHI iICHYKOUYMX NPOUECIB i
NigBULLIEHHI ePEeKTUBHOCTI pobOTU CUCTEMM.

1. Opranisauis gaHux:

— PO3LUMPEHHS (PYHKLIOHANbHOCTI IHTerpauin: niaknYeHHS HOBUX
pKepest AaHux Ta cepBiciB;

— [oJaBaHHSA HOBMX popMaTiB AaHUX N9 3aBaHTaXEHHS: NigTpUMKa
HecTaHOapTHUX oopMariB.

2. AHani3 gaHux:

— ONTMMI3aUis anropuTMiB OnNA aHanisy AaHuX: 3HWXKEHHS 4acy
00pobkM Ta NiABULLEHHS TOYHOCTI;

— PO3LUMPEHI MOXNUBOCTI aHanidy: AoAaBaHHS HOBUX (PYHKUIN Ongd
GinbL geTanbHOro aHanisy.

3. [eHepauis 3BIiTIB:

— nepcoHanisauis 3BiTiB: MOXIMMUBICTb KOPUCTYyBaYiB HarnalTOBYyBaTU

dopmart Ta CTPYKTypy 3BITIB.
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— [ofaBaHHA MOXNUMBOCTEW ONA nepcoHanisaudii: HanawTyBaHHS
3BIiTiB NiJ KOHKPETHI noTpedw.

4. Bsaemopgia 3 KopucTyBadyamu: onTUMi3auia npouecy B3aemogil 3
KopucTyBavyamu: NOMinWeHHsA HaBirauil Ta 4OCTYMHOCTI iHTepdency.

5. YnpaBniHHA OaHuMMK: ONTUMI3auis NpoueciB 3axucTy AaHuX:
BUKOPUCTaAHHSA HOBUX METOAIB LUNPPYBAHHSA Ta KOHTPOSO AOCTYnY.

Release 4. IHHOBauUii Ta BAOOCKOHaneHHs. OcTaHHin  penis
30CepekeHMn Ha BMPOBAMKEHHI HOBITHIX TEXHOMOrMW | CTBOPEHHI
IHHOBALIMHUX MOXITMBOCTEMN.

1. OpraHisauis gaHux:

— BMNPOBadXXEHHS HOBWUX TEXHOSOMN: BUKOPUCTAHHS  CyYacHWUX
nigxoAis Ao o6pobkn aaHuXx;

— [opaBaHHs HOBUX MeToAiB 300py AaHuX: nigTpumka loT, ceHcopis
TOLLO.

2. AHani3 gaHux:

— BMAPOBaMXXEHHS LUTYYHOro iHTENeKkTy ANs aHanidy: BUKOPUCTaHHS
Al/ML gns nporHo3yBaHHS Ta BUABJIEHHA 3aKOHOMIPHOCTEN;

— gogaBaHHA HoBUX dopmaTiB  aHaniTU4HUX 3BITIB: IHTerpauid
iH(porpadoikn Ta IHTEPaKTUBHUX €JTEMEHTIB.

3. [eHepauis 3BiTiB: A04aBaHHSA MOXITMBOCTEN NOOYA0BW giarpam Ta
IHCTPYMEHTIB Bidyanisauil: iHTepakTuBHi gawbopan.

4. Bsaemopgia 3 kopucTyBayamu: OoLaBaHHA HOBUX (OYHKUIN Ha
OCHOBiI 3BOPOTHOrO 3B'A3Ky: peanisauis QYyHKUi, 3anponoHOBaHUX
KOopuCcTyBa4yamu.

5. YnpaBniHHS gaHUMu:

— MNOCTINHE BOOCKOHANEHHA CUCTEMMW. peryrndapHi OHOBIIEHHA Ta
NigTPUMKa;

— BMApOBadXeHHs1 HOBUX CTaHAapTiB 6e3nekun: BignoBigHICTb CydacHUM
Bumoram GDPR/ISO.
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PO3AIT 4. MPOIrPAMHA PEANISALIA MOOYITA PO3PAXYHKIB
3ATMACY CTIMKOCTI BOPTIB KAP’EPY

4.1 [HTerpauia moaynsa ouiHKM CTinKocTi BopTiB Kap'epiB 3 CUCTEMOIO
GeoDATA Zones

OuiHka cTiKOCTIi OOpTIB Kap'epiB € BaXNMMUBOK  CKIagoBOK
3abe3neveHHs Gesneku ripHmynx pobiT Ta onTuMisauii npouecis BUOOOYTKY
KopucHux kKonanuH. Llen npouec notpebye BpaxyBaHHA YUCIIEHHUX
reonoriyHnx, reodisandHUX Ta TEXHOSOMNYHUX draKTopiB, SKI MOXYTb
BNSIMBATWN Ha CTINKICTb MPHUYMX MacUBIB. Y CydaCHUX yMOBaX HEMOXINBO
obmMexunTuca nuwe TpaguuintHUMmM MeTogamMu aHanisy; HaTOMICTb AOUiINbHO
3acTocoByBaTW anropuTMiYHI nigxoau, SKi OO3BOSIAOTbL aBTOMaTU3yBaTw
Npouecu OUiHKK, NPOBOAUTU CKIaAHI pO3paxyHKU Ta NMPOrHO3yBaTu PU3MKK 3
ypaxyBaHHAM BaratogaktopHoro snnmvey [36, 37, 38].

3acToCyBaHHSA anropuTMIYHUX MigXo4iB OO OLIHKW CTIMKOCTI BKIOYae
MOAEnNBaHHA MOXIMBUX CLeHapiiB, aHania npoCcTOpOBUX AaHuUX Ta
po3paxyHOK KoedilieHTiB 3anacy cTinkocTi (FoS). Lli niaxoan 6asyoTbca Ha
Cy4YaCHUX MaTteMaTU4yHUX MeTodax, dppakTtanbHOMy aHanisi, MalMHHOMY
HaBYaHHi Ta o0pobui Benukmx obcsariB gaHux [39, 40, 41]. Y ubomy
Niapo3aini po3rnsaaarTbCA OCHOBHI anroputMu, WO BUKOPUCTOBYHOTHCA NS
OUIHKM CTIMKOCTi, a TakKOX OMUCYITbCA IXHi nepeBarn, obMeXeHHs Ta
nepcnekTueun BrnpoBagkeHHs B cuctemi GeoDATA Zones.

Delphi € noTyxHUM cepefoBuemM po3pobKn AOnsi CTBOPEHHS
HaCTINbHUX [0AAaTKIB, SKe MOEOHYE 3pYy4YHU BidyanbHUW iHTepdenc,
NpPoAyKTMBHY MOBY nporpamyBaHHs Object Pascal Ta Benuky KifbKiCTb
IHCTPYyMeHTIB ansa nodygosu anroputmie obuucneHb [42, 43]. Moaynb

po3paxyHKy koediuieHTa 3anacy cTinkocti (FOS) B pamkax nporpamu
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GeoDATA Zones 6yno pospobrnieHo came B Delphi 4epe3 noro 3gaTHiCTb
iHTerpyBaTu cknagHi mateMaTuyHi ob4mcrneHHs 3 Bidyanisauieto pesynbTraris
y peanbHOMY 4aci.

Delphi Hagae MOXNMBICTb LUBUAKO CTBOPKOBATU 3PYYHUU rpadpivyHum
iHTepdoenc kopuctyBaya (GUI) 3a gonomoroto TexHosoril "drag-and-drop”.

BikHa nporpamu, SK-0T BBeAEHHA napamMeTpiB yCTyny, itepauin, Tuny
NiHIT KOB3aHHA Ta BigobOpaxeHHs pes3ynbTaTtie, Oynn po3pobneHi 3
BUKopUCTaHHAM koMmnoHeHTiB TPanel, TEdit, TComboBox, TImage, TMemo
TOLLO.

O6uuncnioBanbHa noTyxHicTb: Delphi go3sonsie iHTerpysaTtu cknagHi
MaTteMaTU4Hi OBYUCNEHHS, BKMOYaKYM PO3B’A3aHHA pPiBHSAHb, OBPOOKY
MaTpu1Lb Ta reoOMeTPUYHI 0BYNCNEHHS, LLLO € OCHOBOIO ANS po3paxyHkKiB FoS.

Ons peanisaudii anroputMmie, Takux K mMeTton JlagpaHta 4m mogeni
rpaHN4YHOI piBHOBaru, BUKOPUCTOBYOTLCS BOYAOBaHI OYHKLiT MaTeMaTUYHUX
onepauin.

Bigyanisauia pesynbrtaTtiB: Delphi Hagae komnoHeHT TImage, akun
[03BONA€ BUBOOUTY rpadoiky JTiHIN KOB3aHHS Ta iHLWMX napameTpis.

Y moayni peanizoBaHo nobyaoBy rpadikis (kono, napabona) 3anexHo
Bif 06paHOro TMny po3paxyHky.

[HydKicTb y poboTi 3 gaHuMMn: nporpama npaule i3 BBeAEHUMU
KOpUCTyBayeM napameTpamMun, AKi 34MTYHOTbCHA 4Yepe3 TEeKCTOBi nond Ta
cnnckun. [aHi Takox MoXyTb 36epiratuca B 30BHIiLLHIX hannax (.txt, .csv) ans
nogansLuoi 06pobdku.

[ns 36epexeHHs pes3ynbTaTtiB BUKOpUCToBYeTbCcA SaveDialog, wo
3abes3nevye NpOCTOTY EKCNOPTY PO3paxyHKiB.

Moaynb po3paxyHKy koediuieHTa 3anacy cTinkocTi (FoS), ctBopeHumn
y cepeposuuli Delphi, BUKOHyE Knto4oBY GOyHKLiO 3abe3nevyeHHa 6e3neku
npu ekcnnyaTtauii kap’epis. OgHak MOro noTeHuian 3Ha4yHO 3pOCTe, AKLLO
iHTerpyBaTu Len iHCTpyMeHT y cuctemy GeoDATA Zones, sika OXOnoe BCi

acneKkT MOHITOPUHIY, aHani3y Ta ynpaBniHHS AaHUMM FipHUYKX pobiT. Taka
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iHTerpauisa [03BONMUTb 3HA4YHO MiABULWLNTU €dOEKTUBHICTb BUKOPUCTAHHS
mMoAayns, 3abe3neynT Noro B3aeMofito 3 iHLWMMM KOMAOHEHTaMU CUCTEMMU i
CTBOPUTU €4NHY NNaTopMy AS1S1 KOMMNSIEKCHOro aHaniay.

[Mepw 3a Bce, iHTerpauia moayna y cuctemy GeoDATA Zones
O03BOSIUTb aBTOMaTU3yBaTW nepedady [OaHuX MK pisHUMKW  eTanamu
aHanisy. Hanpuknag, aaHi reogisn4yHnx BMMiptoBaHb, TPILLMHYBATOCTI Nopig,
BOLOHACMYEHOCTI 30H Ta IHWMX nMapamMeTpiB MOXYyTb aBTOMaTU4YHO
nepepgasatucsa 3 6asn gaHnx GeoDATA Zones y moaynb po3paxyHky. Lle
ycyBa€ HeOOXiAHICTb Py4YHOro BBEOEHHA AaHMX, 3HWXKYE PU3UK MOMMUIOK i
3HaA4YHO MPUCKOPIOE NPOLIEC PO3PaXxXYHKIB. Y CBOK Yepry, pesynbTaTtv Mogy s
FoS, Bknio4yawum KPUTUYHI 30HM 3 HU3BbKMMMK KoedilieHTamMu CTINKOCTI,
MOXYTb aBTOMaTUYHO nepefaBaTMca ON9 noganbluoi Bidyanisauii abo
dpopmyBaHHS 3BITIB.

KpiMm uboro, iHTerpauis mogyns B €OuMHY cucTemy 3abesneyvntb
rmMbwnM piBeHb aHaniTUKX 3aBOSKM MOEAHAHHIO AAHUX i3 Pi3HUX OXepen.
Moaynb FoS 3moxe npautoBat He nuwle 3 NnokanbHUMU AaHUMK, ane 1 i3
BenMKoMacwTabHUMM Mogensmu, BKAOYaYM NPOCTOPOBI AaHi, 3ibpaHi 3a
OOMOMOro OpOHiB, reopagapis abo cynyTHUKIB. Lle 4o3BONNTb BUKOHYBATH
PO3paxyHKN CTIMKOCTI ANs BCbOro Kap’epy B IHTEPAKTUBHOMY pPEXUMI,
dopmyBaTU KapTU PU3UKIB | NPOrHO3yBaTW MOBEAIHKY MacuBIB 3a Pi3HUX
YMOB eKcnyaTauii.

Takox iHTerpauis moaynsa FoS y cuctemy GeoDATA Zones Bigkpue
MOXXITMBOCTI AJ1 BUKOPUCTAHHA CyYaCHWUX TEXHOMOriN, TakX AK MalluHHe
HaBYaHHA Ta WTYYHUA iHTenekT. Hanpuknag, adania pesynbtaTiB
po3paxyHkiB FOS y noegHaHHi 3 iCTOpUYHMMKM JaHuMMKM npo obsanu
O03BOSIUTb CTBOPUTU MOAeENi NPOrHo3yBaHHA pu3ukiB. Lle 3pobutb cuctemy
GeoDATA Zones He nuwe iHCTPyMEHTOM aHanidy, ane u 3acobom ans
NIATPUMKN NPUAHATTA PillEHb HA OCHOBI CLIEHAPHOro MOAENtOBaHHS.

Takum YMHOM, iHTerpauia Moayns po3paxyHKy CTIMKOCTI B rnobanbHy

cuctemy GeoDATA Zones € HaCTynHMM cTpaTeriyHMM KPOKOM Ans
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NigBULLIEHHS edPEKTUBHOCTI poboTn, aBTOMaTU3aUil NPoLUECiB Ta OTPUMAHHS
BinNblW TOYHUX | KOPUCHUX pesynbTaTiB. Lle A03BONUTbL CTBOPUTU €AUHY
iHpopmauinHy nnatdgopMy, 34aTHY BUpillyBaTW  CKMagHi  reOTEeXHIYHI
3aBaaHHA i 3abe3neyvyBaT KOMMNIEKCHUA MOHITOPUHI 6e3nekn B FipHUYMX
nignpuemMcTeax.

[Ona inTerpauii Delphi 3 6asamn gaHnx SQL MOXHa BukopuctaTtu
komnoHeHT FireDAC (noTtyxHa OGibnioteka gna podotn 3 6azamun gaHux),
akunM  nigtpumye  Ginblwicte nonynapHux CYB[L, Bkntoyaroun MySQL,
PostgreSQL, SQLite, Microsoft SQL Server Ta iHLi.

OCHOBHI KpOkU ManbyTHLOI iHTerpadii:

1. HanawTtyBaHHA NigkntovYeHHs 0o 6asn gaHux: BUKOPUCTOBYETLCHA
komnoHeHT TFDConnection ans BCcTaHOBNEHHA 3’€OQHAHHS.

HanawTtoByloTbCs napameTpu goctyny Ao 6asu: xocT, NopT, Ha3Ba

6a3n, norid i napons (puc.4.1).

FDConnectionl.Params.DriverID := 'MySQL',
FDConnectionl.Params.Database := 'GeoDATA',
FDConnectionl.Params.UserName := 'root’,
FDConnectionl.Params.Password := '‘password’,
FDConnectionl.Params.Add('Server=localhost’);

FDConnectionl.Connected := True;

PucyHok 4.1 — HanawToByTbCA napameTpu 4OCTyny

Ona pobotn 3 pgaHumm depes SQL-3anutn  3anpornoHOBAHO
BUKopuctatu komrnoHeHT TFDQuery.

3anuTt ons oTpUMaHHSA OaHuX npeacTtaBfieHo Ha puc.4.2
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FDQueryl.SQL.Text := 'SELECT * FROM StabilityFactors WHERE
ZonelD = :ZonelD"
FDQueryl.Params.ParamByName('ZonelD").AsInteger := 1,
FDQueryl.Open;
while not FDQueryl.Eof do
begin
MemoResults.Lines.Add(Format('Zone: %s, FoS: %.2f,
[FDQueryl.FieldByName('ZoneName').AsString,
FDQueryl.FieldByName('FoS").AsFloat]));
FDQueryl.Next;

end;

PucyHok 4.2 — 3anut aAns oTpUMaHHSA AaHux

2. 3anuT ong 3anuncy pesynbTaTiB po3paxyHkis (puc.4.3).

FDQueryl.SQL.Text := 'INSERT INTO StabilityFactors (ZonelD,

Height, FoS) VALUES (:ZonelD, :Height, :FoS)’;
FDQueryl.Params.ParamByName('ZonelD").AsInteger ;= 1;
FDQueryl.Params.ParamByName(‘Height').AsFloat := 25.0;
FDQueryl.Params.ParamByName('FoS'").AsFloat := 1.45;
FDQueryl.ExecSQL;

PucyHok 4.3 — 3anuT anga sanucy pesynbTaTiB po3paxyHKiB

3. 3B’A30K 3 BidyarlbHMMN KOMMOHEHTaMW: AN BigobpakeHHs1 AaHnX y
Tabnuusax BMKOpUCTOBYETLCA KOMMNOHeHT TDBGrid, gani HanawToBYyeETbCA
3B’A30K i3 Axepenom gaHux yepes TDataSource.

BukopuctaHHa anroputMiyHMX | OporpamMHuX nigxodiB y pamkax
PO3pOOKM MOAYNS OUIHKM CTIMKOCTI BopTiB Kap'epiB 0O3BOMSE NiABULLUTK
TOYHICTb | ONepaTUBHICTb PO3paxyHKIB, a TakoX 3abe3neynT iHTepaKTUBHUIA
OOCTYyn OO0 pesynbTaTiB aHanidy. Po3pobka uboro moaynsa Ha nnatgopmi

Delphi geMOHCTpye THYYKiCTb | (PYHKUIOHamNbHICTb, amgke BiH 34aTHUN
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iHTEerpyBatn CKMagHi mMateMaTudHi MeToguM 3 IHTYITUBHO 3pO3YyMinum
rpadiyHnm iHTepdencomMm. BaxnmBo TakoX 3a3HaAYUTU, LLIO BUKOPUCTaAHHS
SQL gns pobotn 3 6asamm gaHux 3abesnedvye HagiHe 30epiraHHA Ta
o0bpobKy Benukoro obcary  iHpopmauil, WO €  KI4YOBUM Y
BGaratodakTopHOMY aHarnisi.

[Moganblwnin  pO3BUTOK MOAYNS B HanpsIMKy iHTerpauil mnoro B
rmobanbHy cuctemy GeoDATA Zones [o03BOAUTb CTBOPUTU  €OUHY
iHbopMaUinHy ekocucTemy Ansa ynpasfiHHSA TFipHUYMMKM poboTamu. Takun
nigxiga cnpusTMumMme He nuiie NigBuULLIEHHIO Be3neku Ha nignpuemMcTeax, ane m
eekTUBHOMY MnaHyBaHHO poOGIT 3aBAAKM NPOrHO3yBaHHIO PU3KKIB Ta
CUEeHapHOMY MOAESBaHHIO. Y nepcnektusi ue 3abe3nevntb we binbluy
afanTUBHICTb CUCTEMW [0 YMOB eKcrnyartauil, a TakoX po3wmputb i
dyHKUiOHaN 3a paxyHOK HOBITHIX TEXHOMOrIN, TaKNX K MaLUWHHE HaBYaHHS

Ta aHani3 BENMUKNX OaHuUX.

4.2 Onuc iHTepdency moayns po3paxyHKy CTIMKOCTI 6opTiB kap'epy

OcHOBHe npu3Ha4vyeHHs iHTepdency cuctemm — 3abesneveHHd
3pYy4YHOro BBEEHHA BUXIOHUX OaHWX, 3anyCcKy pOo3paxyHKiB Ta nepernsagy
pes3ynbTaTiB MOAENOBaHHA CTiMKOCTIi 6opTie kap'epy. CnpoweHnin gusamH
OO3BOSIIE  KOpUCTYyBayaM Jierko BWKOHYBaTM OCHOBHI onepaudii  6e3
HeobXigHOCTI rMMUBOKNX TEXHIYHUX 3HaHb.

Po3rnaHeMo OCHOBHI efieMeHTn iHTepdency.

[MaHenb MeHio (puc.4.4). Y BepxHiM 4YacTWUHI NPUCYTHA CTaHdapTHa
naHeslb MEHI0, sika BKITHOMa€e OCHOBHI BKIMagKuW, TakKi SK:

— "Kap’ep" (HanawTyBaHHS NEPBMHHMX NapaMeTpiB 00YMCNEHD);

— "BigBan" (3anyck ob4ncneHsb);
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— "donomora" (TamM € HeBENUKMW OnMUC MNpPO HanawTyBaHHSA
napameTpiB po3paxyHkKiB);

— "Buxig" — 3akpuTT4a Nporpamu.

Kap'ep Bigean Jonomora Buxia

PucyHok 4.4 — 'onoBHa cTOpiHKa iHTepdency Kkopuctysada

Mogenb «Kap’ep» Big mogeni «Bigsan» Bigpi3HAETbCA TUM, WO Y
mogeni «BigBan» mMoxHa 3agaBatu wapu, AKi PopMyoTb OCHOBY BigBany

(pnc.4.5).

Moaynb po3paxyHKy cTinkocTi gnsa cuctem GeoDATA Zones

Kap'ep Bigsan [Jonomora Buxig

3aunHuT

Mapamerpu kap'epy [WAlITIVT1x1

Biakputn daiin

33aaTkh KiNbKICTb YCTynis

3aunHuTI

PucyHok 4.5 — CTopiHka niaBaHTaXXeHHs napamMeTpiB kap’epy abo 3agaHHA

KiTbKOCTI YCTYniB AN NoLanbLloro HanawTyBaHHS
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Hani moxemo BIigKpUTKM ¢bansm 3 HanawToBaHMMKU PO3pPaxyHKOBUMMU
napamMmeTpamu ons nepepisy Kkap’epy, abo 3agatu KifbKiCTb YCTYNiB BPY4HY,

a noTiM CaMOCTIMHO HanawTyBaTn napameTpu (puc.4.6).

Mopgene kap'spy

Mapamerpn kap'epy  Jonomora  3aunnuti

PucyHok 4.6 — Bubip KinibKoCTi yCTyniB

TyT 3agaeTbCa KiNbKIiCTb YCTYNIB, SKi OyayTb 6paTnUcs 40 po3paxyHKy.

[ani BigKkpnBaeTbCA YacTUHa nporpamMu, sika BignoBigae 3a BBEOEHHS
reoMeTpu4yHMX napameTpiB yCcTyny Ta i3nMKo-MexaHi4YHUX BNacTUBOCTEN
nopig AOns pospaxyHKy CTinkocTi 6opTiB kap'epy. BoHa [possonse
KOpUCTyBa4eBi HanalwTyBaT OCHOBHI MapaMeTpu po3paxyHKiB 4S5 KOXXHOIro
OKpPEeMOro ycTyny.

Po3rnsaHemo OCHOBHI enieMeHTn iHTepdency.

1. Bubip yctyny. Y BMnagawyoMy MeHK KOpUCTyBad MOxe Bubpatu
HOMep YycCTyny, Ana skoro ©OyayTb 3agaHi napametpu. Lle possonsie
npaurBaTH 3 KifibkoMa yCTynamm B MeXxax O4HOro po3paxyHKy.

2. [eoMeTpUYHI NapameTpu ycTyny:

— BucoTta: none ang BBeaeHHs BUCOTU YCTYNy Yy MeTpax;

— KyT ykocy: none ans BBeAEHHS KyTa Haxuny ycTyny y rpagycax;
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— bepma: none ans BBeAeHHS WMPUHK BepMun y MeTpax.

Lli napameTpu € 6a3zoBuMK onst BUSHAYEHHS reoMeTpil ycTyny.

3. di3nKko-mexaHivHi BMacTMBOCTI nopia;

— HasBa nopoan: BuMnagakoyde MeHlo, sike [03BOfsie obpatun Tun
nopoau (Hanpuknag, CKenbHi, MNiCOK, rnMHa, CYrinHoK);

— ['yctuHa: nona Aans BBEAEHHS MiHIManbHOI Ta MaKCUManbHOI
rYCTUHW nopoawn (B Kr/m3);

— KyT BHyTpiWHBOro TepTd: nona A5 BBeAEHHS MiHiMarbHOro Ta
MaKCUMasibHOro 3Ha4YeHHs KyTa BHYTPILWHBOro TepTs nopoau (B rpagycax);

— 34enneHHs: nonsa ans BBeAeHHs MiHIManbHOro Ta MakCMMarnbHOro
34yenrieHHs nopoau (B Ma);

— O6G'em BMbBIipKM 3agae KiNbKICTb gaHuX, siki 6yayTb BUKOPUCTaHI B
MOJErNOBaHHI;

4. KHoMka [na HanawTyBaHHA napamMeTpa po3noginy [Ao3Bonse
BU3HAUUTU, YN  PO3MNoAiNArTbCA  (i3MKO-MEXaHIiYHI  BNacTUBOCTI  3a
HOpPMasibHUM 3aKOHOM.

5. lpacdpikn: y npaBin 4acTuHi BigobpaxatTbCcsa rpadiku posnoainy
BfIACTUBOCTEN MOPIA: TYCTUHW, KyTa BHYTPIWHBbOrO TepTd, 34ensieHHs. Lli
rpadoikm gonomararoTb BidyanidyBaTu napamMmeTpu, WO BBOOATLCH, | Aal0Tb
3MOry OUiHUTKM 1X BapiaTUBHICTb.

6. KHonka "Ouunctntn obnactb BuBoay": oumae obnactb y npaBomy
HWKHBOMY KYTKY, sika Bifobpaxae 3MiHM y HanawTyBaHHi napamMeTpiB.

Llen momoynb [03BONISiE geTanbHO HanawTyBaTW napameTpu ansd
KOXXHOro yctyny, 3abesneyytoum TrHYYKICTb i TOYHICTb pO3paxyHKiB

cTinkocTi (punc.4.7).
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£ Napamerpu yeryny 4 -1o]
Jonomora  3aunHuTi
3 MycTuna
Bubip v - :
Homep yerymy |4 = Ounctii obnacts EMEONY | :

Teomerpruni napametpy yerymy 4

Bucmal]o H: Ky yrocy |38 ‘él Bepma |35 |§1 ‘

JuenneHHa

KyT BHYTP. TEPTR

DisHKD-MEXaHMH] BIacTMBOCT yerymy 4

Hazga nopomit | Cremsni v[ O6'em enbipra 1000 E]:

3ImiHa MapaMeTpa pasmoniny

Mizim Maxcim
Lz 700 2] 3400 2] franopuamssn sar-|

f t f
2800 3000 3200

TycTrHa miH 2700 makc 3300
Mz Marcrm MyeruHa tiH 2700 make 3200

ycTiHa wiH 2700 make 3300

Kyt BHYTp. TepTa IB ‘jl I41 ‘jl Im FHOpMATEHIM 3a1j FycTia Min 2700 Make 3400
Kyr BRYTR. TEP. MiH 23 marc 42

Kyr BHyTR. TEp. MiH 23 make 41

3000 [2|] (24000 2| |sa nopmamsmmm sa ~

PucyHok 4.7 — ®opma 3aBAaHHA napamMmeTpiB yCTyniB

Micna HanawTyBaHHA reoMeTpUYHMX Ta  (PI3MKO-reosIoriYyHnX
napamMeTpiB, NnepexoaumMo 00 HanawTyBaHHS napameTpiB imiTauil.
Lle BikHO O03BONSE rHy4YKO HanawiToOBYBaTW napamMeTpu iMmiTauinHoro

MOZESIOBaHHS 3aMeXHo Big YMOB po3paxyHkiB (puc.4.8).

A Napamerpw inivavii (=]

Jonomora SaUMHUTI

Hazea dafina pesymetaty Howm. sapiauty
[Peslu-5-0-5-1-Bap-1| 1 B

Verymm, axi nedopMyroTeca
Homnlu*“S |3: Kirepmuit Il

[prmzma scyeym Yerynu, aki gegopragioreca HavaneHei 5 Konedades 1
Mpustda oSpywerar Mun 5 MakcB0 Kpord

Mix I5 |jl Maxe I60 |§| KPOK_I Kpok cirkit 1 Kinrepauii 1

PucyHok 4.8 — HanawtyBaHHS napamMmeTpiB iMmiTauil
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KopuctyBad MoOxe TOYHO BU3HAYUTM TEOMETPID Kap'epy, KpPOK
obumcneHb | obnacte aHanidy. Taka CTpykTypa iHTepdency 3abesneuye
IHTYITUBHE BBEEHHA JaHNX Ta IX NepeBipKy nepes 3anyckomM po3paxyHKiB.

Onuc HanawTyBaHb NapameTpiB iMiTau,il:

1. HasBa pavny pesynbTaty. [lone gna BBedeHHA iMeHi danny, y
AaKun OyayTb 30epexeHi pesynbTatn mogesntoBaHHs. Hanpuknaa, "Pesm-5-
0.5-1-Bap-1". Lle ponomarae opraHidyBaTu pfaHi pesynbTtartiB nnd
nofanbLloro aHarnisy.

2. Homep BapiaHTy - BMGIp HOMepa BapiaHTy MOLENHOBAHHA.
[lo3Bongae KopucTyBayy BMKOHYBATW Pi3Hi CLieHapil po3paxyHKiB 3 Pi3HMMU
napamMmeTpamu Ta Bi4cnigkoByBaTH IX.

3. Ycrynu, aki gedopmytotbed. loyvatkoBun Ta KiHueBuM ycTynu:
BM3Ha4aloTb  Aiana3oH ycTyniB, Ansa sakux ©Oyae  BMKOHYBaATUCH
mMoaentoBaHHA. Hanpuknag, Big 5 oo 1. Lle no3Bonsie 3agaBaTtt KOHKPETHUN
iHTepBan ycTyniB Ans po3paxyHKiB.

4. Kpok ciTku, M. Bu3Hayae BigcTaHb MK TOYKaMM po3paxyHKiB Ha MiHil
KoB3aHHA. Hanpuknag, Kpok ciTkm "1 M" 03Hayae, Wo po3paxyHku byayTb
BUKOHYBATUCh Yepe3 KOXXEH MeTp.

5. KinbkicTe iTepauin. lNone ansa Bubopy KiNbKOCTI iTepauin, sKi
nporpamMa BMKOHyBaTUMe A9 TOYHOCTI pO3paxyHKiB.

6. [pn3ama 3cysy, M. MiHimanbHa Ta MakcumaribHa npuv3ama 3CyBY
3agatoTb poa3mip obnacti, Wo Moxe Oytu gedopmoBaHa. Hanpuknag,
MiHiMyM — 5 M, makcumym — 60 M. Kpok BU3Hauae, i3 skum npupocTtom byae
3MiHIOBATUCA 3HAYEHHS Nig Yac MoAeSOBaHHS.

7. PesynbTaT. BigobpaxeHHs BBeAeHUX NapamMeTpiB Yy Burnagi
TEKCTOBOro 3BiTY BHM3y BikHa (puc. 4.9). Lle ponomarae kopucTtysauy

NepeBipuUTN NPaBUIbHICTb BBEAEHUX AAHWX NepPe NoYaTKOM MOOENHOBaHHS.
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FPeslir-b-0-5-1-Bap-1

Heorynu, Akl gedopragioTecd HavaneHed b KoHeuHe 1
MNpusma odpyweruA Mud 5 Makckl Fpokl

K.pok, cmeLkd 1 Kinmepauii 1

PucyHok 4.9 — BigobpaxxeHHSA TEKCTOBOrO 3BiTY BHWU3Y BikHa

4.3 TlepeBipka npaue3gaTHOCTI MoOAyNs OUiHKM CTiMkocTi 6opTiB
Kap'epiB Ha KOHTPOSIbHOMY NpuKnagi
4.3.1 TligrotoBka Ta aHani3 BXigHUX gaHux Onga po3paxyHKiB CTINKOCTI

bopTiB Kap'epiB

[nsi BMKOHaHHS po3paxyHKiB KoeduiuieHTa 3anacy CcTinkocTi (FoS)
BopTiB Kap'epy BMKOPUCTOBYETLCS LUMPOKMA Habip BUXIOHMX OaHUX, SKi
OMUCYITb FrEOMETPUYHI NapamMeTpun yCcTyniB, (Pi3anKO-MexaHi4yHi BNaCTUBOCTI
nopig, a TakoX oOMmexytodi ymoBuM i napameTpu iTepaudin. Ui padi
O03BOSIAIOTL BpaxyBaTu BaratoakToOpHUI BNAMB Ha CTINKICTb Kap'€épHUX
MacuBiB | 3a06e3ne4YnTr TOYHICTb MOOENOBaHHS.

Po3rngaHemMo OCHOBHI BUXiAHI AaHi.

3aranbHi obmexyroui napameTpu:

— MiHiManbHa/makcnmaneHa sucoTta yctyny: 0—-1000 m i3 kpokom 1 M.;

— MiHiManbHa/MakcumaneHa wupnHa 6epmn: 0-500 M i3 kpokoM 1 M.;

— KyT yKocy: 5°—-85° i3 kpokom 1°.

[MapameTpun OCHOBM:

— winbHicTb: 1000-3500 kr/m? i3 kpokom 100 Kr/m?;

— 34enneHHa: 1-1000000 IMa i3 kpokom 1000 lMa;

— KYT BHYTPILIHLOro TepTs: Ao 45°;

— MakcmmarsibHa KinbkicTb wapis: 20;
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— npuama 3cyBy: MiHimanbHa — 1, makcumarnbHa — 100, kpok — 1.

di3nMKo-MexaHiyHi  BfIaCTMBOCTI: BM3HA4YalTbCA 3a HOpPMaSibHUM
po3noaifiom, LWo A03BOSISiE MOAENBaTU MMOBIPHICHI Bapialil BNaCTUBOCTEN
nopig.

AfanTMBHICTL MapaMeTpiB: 3aBASKM MOXITMBOCTI HasalTyBaHHS
NnoYaTKOBMX MapameTpiB iMiTauii, po3paxyHKM MOXHa ajanTtyBatv Ans
pisHMUX YMOB i reomeTpii kap'epiB. Lle gossonde crsoptoBatn moneni, Lo
MaKcMmMarbHO TOYHO BigobpaXkaloTb peanbHUiN CTaH FMipHUYNX MacuBiIB.

MopgenioBaHHA  cueHapilB:  BUKOPUCTAHHA  (DiI3UKO-MeXaHiYHUX
BflACTUBOCTEN Mopia, AKi 3a4atoTbCsA HOPMarbHUM PO3MOAifioM, O03BOJISE
BpaxyBaTW BapiaTMBHICTb LUUX MapameTpiB, O € BaXNMBMM ONA aHasni3dy
CTIMKOCTI B yMOBaX HEBU3HAY€HOCTI.

ObGmMexXeHHA  po3paxyHKiB:  BCTAHOBSIEHI IPaHWYHI  NapameTpu
3abe3neyytoTb 3anobiraHHS OTPUMAaHHIO HEKOPeKTHUX abo  i3nyHo
HEMOXINBUX pe3yribTaTis, WO NiABULLYE OJOCTOBIPHICTL PO3PaXyHKIB.

Ha ocHoBi umMx BuMXigHMX OaHUX po3paxyHok FoS 3gincHioeTbeA
Lwnaxom 6araTopasoBoro itepatMBHOro aHanisy. KoxHa itepauis BpaxoBye
reoMeTpuYHi NnapameTpu ycTyniB, (Pi3aMKo-MexaHiyHi BNacTMBOCTI Nopig Ta ix
BapiaTMBHICTb. KiHLUEBUM pe3yrnbTaToOM € po3paxyHOK KoediulieHTa 3anacy
CTIMKOCTI 4N KOXHOIo sipyCy Ta BU3HAYEHHS 30H i3 HANOINbLINM PUNKOM
obBanis.

IHiLiani3auis napameTpiB: 34UNTYOTLCA NOYATKOBI NapamMeTpu imiTauil:
KiNbKICTb iITepaLin, KpOK CITKX, NOYaATKOBUIM Ta KiHLEBUIN SPYCW.

BcTtaHoBnoTbCsl  oOMexylodi  napameTpu:  MiHiManbeHi  Ta
MaKCcMManbHi 3Ha4YeHHs AN BUCOTU YCTYNIB, WUMPUMHM BEpMK, KyTa yKoCy,
34erreHHs, LWiNbHOCTI Ta KyTa BHYTPILLHbLOrO TepPTS.

[ligrotoBKa [aHUX [ONA  KOXHOro YCTyny: 4S9 KOXHOro sApycy
BU3HA4YalTbCA  (Pi3MKO-MExXaHiYHi  BracTuBOCTI (ryCcTuMHa, KyT TepTs,

34ensieHHs1) Ta reoMeTpuyHi napameTpu (BMUCOTa, LMpuUHaA 6Gepmu, KyT

yKoCy).
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BnacTtuBocCTi nopoan po3nofiniaiTbCA 3a HOpMarbHUM 3aKOHOM Yy
MeXax 3afaHux MiHiMarnbHUX Ta MakCUMarnbHUX 3HAYEHb.

[MobygooBa CciTKM napamMeTpiB: reHepyeTbcs Habip 3HayeHb AOns
KOXXHOro napameTtpa (Hanpuknag, BWCOTU YCTyny) B MeXax 3agaHux
obMeXxeHb i3 3a4aHNUM KPOKOM.

KoxHa kombGiHauisi napamMeTpiB BUMKOPUCTOBYETBHCA ONA PO3paxyHKy
KoediuieHTa 3anacy CTIMKOCTI.

PospaxyHok koediuieHTa 3anacy cTinkocti (FOS): ans  KoXHoi

KomMbiHauil napameTpiB BUKOPUCTOBYETLCA HACTyMHa popmyna:

__ C'L+W-cos (8)-tan®
FoS = w-sin (6) (4.1)

ne C — 3yenneHHda nopoau (Ma);
W — Bara npuamu obsany, po3spaxoByetbca 9k W=p-V, oe p — ryctuHa;
V — o6’em npuamu;
$ — KyT BHYTPILLHLOrO TEPTH (rpagycu);
B — KyT yKocy (rpagycm).
Bisyanizauia pesynbTtatiB: nobygosa rpacikie 3anexHocTi FoS Big
reoMeTpuYHMX napameTpis (BUCOTU, KyTa YKOCY TOLLO).
BuBeneHHs 30H 3 KpUTUYHUMUM 3HAYEeHHAMN FOS onga KOXXHOro ycTyny.
[nsa 36epexeHHs napamMeTpiB po3paxyHKiB, BOHW 3annCyoTbCA Y hans
(.imm) (Intermediate Modeling Metadata) a6o 6a3y gaHux onga noganbLoro

aHanisy. CTpykTypa ganny HaBegeHa Ha puc. 4.10.
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I8 Napamerpw kap'epy-obpazen-2.imm — Bnokror

®aiin Mpaexa Gopwar Bag Cnpasea
NapameTpu einsany

NapameTpu Aapycie sipeany
fApyc 1

15 48 45 1

2800 3400 100 5
234515

3600 33000 l@0@ 5
Apyc 2

15 26 45 1

2700 3400 100 5
234515

3ooe 38000 leee 5
Apyc 3

15 37 50 1

2700 3400 100 5
234515

3eoe 38000 leee 5
fpyc 4

15 3560 1

2700 3400 100 5
234515

3000 38000 1000 5
fipyc 5

15 68 45 1

2760 3400 100 5
234515

3600 33000 l@0@ 5
NapameTpu cnabkoro wapy
2

NapameTpu cnnaiHy
[

PucyHok 4.10 — CtpykTtypa channy

Pagok 1 (reometpist): Bucota yctyny (M); MiHIManbHUMA KyT YKOCY
(rpagycun), MakcumaribHUM KyT YKOcy (rpagych), KpoK KyTa YKOCy (rpagycm).

Pagok 2 (WinbHicTe nopoawn): MiHiManbHa ryctuHa nopoaw (kr/m?),
MaKcmarnbHa ryctuHa nopogm (kr/m3), Kpok winbHocTi (kr/m3), 06'em BMOBIpKK
(yMOBHI oauHuLi).

Pagok 3 (KyT BHYTPIWHBOrO TepTd): MiHiManbHUA KyT BHYTPILHBbOrO
TepTa (rpagycu), MakCUManbHUN KyT BHYTPILHBLOrO TepTa (rpagycu), KPok
KyTa (rpagycwm).

Pagok 4 (34enneHHs): MmiHimManbHe 34enneHHs (lMa), makcumanbHe
34ensieHHs (a), kpok 34enneHHs ([1a).

Lli 6nokn NnoBTOPIOKTLCSA ANA KOXHOro sipycy (Apyc 1, Apyc 2 1.4.).

Toukn onst po3paxyHKy Ta 0BYMCNEHHS CMiBBIQHOLLEHHSI CUIT Ha MiHil
KOB3aHHS.

Touku Ha niHiT KoB3aHHS. JliHIA KOB3aHHA BU3Ha4Yae Mexy, y340BX KOl
MOXe BigbyTuca 3cyB macuBy nopoam B Kap'epi. List niHia dpopmyeTbca Ha
OCHOBI TeOMeTpUYHUX napameTpiB YCTyny Ta BflaCTUBOCTEM NOpoOAU

(LWiNBbHICTb, KYT BHYTPILWHBOrO TEPT4H, 34enneHHs). [1ns ToO4HOro po3paxyHky
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KoedilieHTa 3anacy cTiMkocTi (FOS) B34oBX NiHil KOB3aHHS MPOBOAMTLCS
aHani3 oKpeMmx TOYOK i3 3aJaHNM iHTepBasriom.

1. IHTepBan po3paxyHky:

— TOYKM ONs1 po3paxyHKiB BepyTbCa Yepes3 NeBHUW iHTepBan y34oBX
FOPM30HTamNbHOI OCi XXX (3a3BU4al, KOXXEH MeTp);

— iHTepBan BM3HAYa€ETbLCA KPOKOM CITKU, AKMW 3afaHu Yy napameTpax
MOZE0BaHHS.

2. Po3TallyBaHHS TOYOK: KOXKHa TOYKa Ha MiHil KOB3aHHA BU3HAYa€ETHLCS
KoopauMHatamu (X,y) Oex — TOpu3oHTaribHa kKoopauHata (MeTpu)y —
BepTuKaribHa KoopanHaTa, po3paxoBaHa Ha OCHOBI reOMeTpIl NiHil KOB3aHHSA

(Hanpuknag, kono, napabona abo cnnavH).

4.3.2 KoHTponbHWI Npuknag Ans OuiHKM CTIMKOCTI 6opTiB kap'epiB

PoarnsHemo npuknag po3paxyHKy ChiBBiAHOLIEHHS CUN YTPUMYHOUNX
00 cun 3pywytoumx. Ha puc. 4.11 HaBeeHO CKpUnT.

[1na ToYkM Ha nNiHil KOB3aHHSA 3 KoopanHaTamu x=10M, y=5 M, 3a Takux
napameTpiB:

— C=30000 May;

- L=1m;

— W=5000;

— 6=30°;

— ¢=35-.



87

unit MainForm;
interface
uses
System.SysUtils, System.Classes, Vcl.Controls, Vcl.Forms,
Vcl.StdCtrls,
Vcl.ExtCtrls, VVcl.Graphics, Vcl.Dialogs, Math;
type
TfrmMain = class(TForm)
Panellnputs: TPanel;
IblIHeight: TLabel;
IblAngle: TLabel;
IbiIBerm: TLabel;
Ibliterations: TLabel;
edtHeight: TEdit;
edtAngle: TEdit;
edtBerm: TEdit;
edtiterations: TEdit;
PanelResults: TPanel;
MemoResults: TMemo;
btnCalculate: TButton;
Chartimage: TImage;
SaveDialog: TSaveDialog;
btnSave: TButton;
CombolLineType: TComboBox;
IblLineType: TLabel;
procedure btnCalculateClick(Sender: TObject);
procedure btnSavecClick(Sender: TObject);
private
procedure DrawsSlidingLine(LineType: string; lterations: Integer);

procedure SaveResultsToFile;

PucyHok 4.11 — Nporpama ans po3paxyHkKiB

1. Cvna TepTs:

Fresist=3000-1+5000-c0s08(300)-tan¢=(35)=6031.

2. Pywinna cuna: Farive=5000-sin 8 (302)=5000-0.5=2500 .

CniBBIAHOLLIEHHS CUIT 3pYLUYOYMX OO CUIT YTPUMYIOUMX Y OaHIN TouL:

F0S=6031/2500=2.41.

Y ubOMy BUNagKy TOYKa CTinka, ockinbkn FOS>1.3.

[ns nepeBipkn Moayna cUCTeMU Y34Ti pearnbHi AaHi nopig ogHoro 3

kap’epis Kpmsbacy (Tabnuusa 4.1.) Ta BMKOHaHO pO3paxyHOK. PesynbTaT

HaBefeHOo y Tabnuui 4.2 Ta puc.4.12 Ta puc.4.13.



Tabnuuysa 4.1 — [laHi BNacTMBOCTEN NOPi4 Ta napaMeTpiB sipycCiB BigBany

MiH. WnnbH., Makc. WwunbH.,
Apyc | Bucota | Kyt | Bepma Kr/m® Kr/m® MiH. | Makc. MiH. Makc. | Mopoan | IHoekc Mo3HayYeHHs
OTtBan
1 5 30 28 2100 2100 28 28 15400 | 15400 3miwwaHi -
2 10 37 100 2100 2100 28 28 15400 | 15400 nopoav eiasany -
3 20 36 52 2100 2100 28 28 15400 | 15400 -
4 20 36 50 2100 2100 28 28 15400 | 15400 -
5 20 36 50 2100 2100 28 28 15400 | 15400 -
6 20 35 56 2100 2100 28 28 15400 | 15400 -
Mopoawn ocHoswM BigBany

1 - - - 1830 1830 19 19 11000 | 11000 | CyrnuHkm Q3

2 - - - 1710 1710 20 20 8000 [ 8000 | CyrnuHku Q2

3 - - - 1850 1850 18 19 22000 | 22000 | CyrnuHku Q2

4 - - - 1740 1740 18 19 9000 | 9000 | CyrnuHkm Q2

5 - - - 1930 1930 18 18 28000 | 28000 | CyrnuHkm Q1

6 - - - 1900 1900 17 17 20000 [ 20000 | CyrnuHkm | N2-Q1

7 - - - 1890 1890 19 19 11000 | 11000 | CyrnmHkm | N2-Q1

8 - - - 1800 1800 24 24 4000 | 4000 Mecok N2 -Q1

9 - - - 2100 2100 18 19 35000 [ 35000 [ E N2 -Q1

10 - - - 1920 1920 24 24 4000 | 4000 Mecok N2k
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PucyHok 4.12 — Pe3ynbTat po3paxyHKy rno npoinbHin niHil

Tabnuua 4.2 — [1aHi po3paxyHkiB

0,25

0,24

02641 --booote

______________

_________________________

- E S

0,2
016
016
014
012

0,1

0,08

0,06 4+
0044
ooz 4

]

_______________________________________

--------------
________________

_______

21F22182218221822183 218321832183 21832154

46591

Mpunama=1 MinKu = 2,19 MaxKu = 2,19 Cep.Ku =2,19
Mpn3ama=6 MinKu = 2,18 MaxKu = 2,18 Cep.Ku =2,18
Mpunama=11 MinKu = 2,18 MaxKu = 2,18 Cep.Ku=2,18
Mpunama=16 | MinKu = 2,18 MaxKu = 2,19 Cep.Ku=2,18
Mpuama=21 | MinKu = 2,19 MaxKu = 2,19 Cep.Ku=219
Mpuama=26 | MinKu = 2,20 MaxKu = 2,20 Cep.Ku =220
Mpunama=31 | MinKu = 2,21 MaxKu = 2,22 Cep.Ku =222
Mpunama=36 | MinKu = 2,24 MaxKu = 2,24 Cep.Ku=224
MiHiManbHe 3Ha4YeHHA
Mpuama = 11 Bunop =0 Ku= 2,18

PucyHok 4.13 — ['pacpik po3nogineHHsa koeilieHTy
3anacy CTiMKOCTI



90

Omxe, Mmoaynb po3paxyHKy cTinkocTi ana cuctemm GeoDATA Zones €
BaXMMBMM  e€fleMeHTOM, Lo 3abesneyye BUMKOHAHHA  TOYHUX |
BaraToakToOpHUX OLIHOK CTilKocTi 6opTiB Kap'epy. Moro pospobka Ta
iHTerpauia cranM MOXIIMBMMM  3aBOSKM  BUKOPUCTAHHIO  CyYaCHUX
anroputmivyHMX nigxodis, nporpamHoro cepepnosuwia Delphi ta wmpokoro
CMNEKTPY BUXIOHMX AaHUX, LLO BKIKOYAOTb reOMETPUYHI napameTpu, isunko-
MeXaHiYHi BNacTMBOCTI Nopig Ta obmexytodi yMoBW.

HaHnn moaynb 0O3BOSIIE aBTOMAaTU3yBaTM PO3paxyHKM KoedilieHTa
3anacy crTinkocTi (FoS) 3a gonomoroto iTepaTMBHOroO aHanidy, 3abesnevye
FHYYKICTb HanawTyBaHb ANA MOAENOBAHHA Pi3HUX CUEeHapiiB i BpaxoBye
BapiaTUBHICTb BMacTUBOCTEW nopig 4epe3 HopmanbHUKA  po3nogin.
PesynbTtatn mogentoBaHHA NpeacTaBneHi y Burnagi rpadikis, Tabnvupb Ta
dannis, WO nonerwye iHTepnpeTauito LgaHuX | Chpuse NPUUHATTIO
0OrpyHTOBaHMX pilleHb Y NPoLECi ripHNYMX pobiT.

[Mopanblua iHTerpadis moayns B 3aranbHy cuctemy GeoDATA Zones
BiAKpMBaEe nNepcnekTnemn Ans Binbl KOMMNEKCHOro aHanidy Ta nigBuLLEHHS
e(PEeKTUBHOCTI BUKOPUCTaHHA [AaHux. Lle [o3BonuTb CTBOPUTU  €OUHY
nnatgopmy, sika o6'egHye reonorivHi, reodisanyHi Ta TEXHIYHI acnekTu
MOHITOPUHTY CTINKOCTI, 3abe3neyyoum TMM CaMnM BUCOKUIN piBEHb Beaneku

Ta onTuUMiI3auii ripHMYKMX NpoLecis.
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PO3MIN 5. EKOHOMIYHE OBI'PYHTYBAHHA E®EKTUBHOCTI
MPOEKTY PO3POBKN CUCTEMU KEPYBAHHSA CTIMKICTIO BOPTIB
KAP'€PIB

5.1 OBrpyHTYyBaHHA OouinbHOCTI po3pobkn cuctemmn GeoDATA Zones

Y cyyacHux ymoBax pPO3BUTKY TripHNY0406YBHOI MPOMUCIOBOCTI
aBTOMaTmM3auis npoueciB 36opy, obpobku Ta aHanidy AaHux Bigirpae
KNYoBy posib  y 3abesnedveHHi 6Gesnekn pobiT Ta NiABULLEHHI
NPOAYKTUBHOCTI nignpuemcts. BnpoBamkeHHA iHOpMaLUiMHUX CUCTEM,
Taknx gk GeoDATA Zones, 003BONg€ 3HAa4YHO CKOPOTUTM BUTPATK vacy Ta
pecypciB Ha KOHTPOSfib 3a CTiKKICTIO GopTiB Kap'epy, WO € KPUTUYHO
BaXXNMBMM ANS 3anobiraHHA aBapisMm Ta 3MeHLWEeHHS diHaHCOBUX PU3UKIB.
[MpoTe, aK | Oyab-sKka TeXHIYHa iHibiaTnBa, peanisauis Takoro nporpamMHoro
Komnnekcy notpebye nonepeaHbOro EKOHOMIYHOrO aHarnisy, sikun BpaxoBye
He Nvwe BUTpaTU Ha BMPOBAKEHHS, a N OYiKyBaHi €KOHOMIYHI BUroaw.
Came TOMY Yy gaHOMy po3aini po3rnsaHyTO EKOHOMIYHY CKagoBy po3pobku
cuctemn GeoDATA Zones, 1l NOTEHUINHNA EKOHOMIYHUIA ePekT, a TakoX
0OrpyHTOBaAHO AOUIMBbHICTb IHBECTULIN Y Take NporpaMHe pileHHS.

Baxnueo 3a3HaumTtn, Wwo BnpoBagpkeHHs cuctemn GeoDATA Zones €
IHBECTULIMHNM NPOEKTOM, KM Ma€E Ha METi ONTMUMI3aLito ripHMYKMX pobiT Ta
NiABULLEHHS ePEKTUBHOCTI ynpaBniHHA Kap’epamu. [1ns ouiHK1 OOUiNbHOCTI
TaKkoro pilWweHHs HeobXigHO pPO3rNsAHYTM OCHOBHI (iHAHCOBI MOKA3HUKW,
BKMtOYauM  BUTpATM Ha  obnagHaHHA, pPo3pobKy  NPOrpamHoro
3abes3neyeHHs, HaBYaHHA NepcoHany Ta noganblui ekcnnyaTtauiiHi BUTpaTw.
[Mpwn uboMy cnif BpaxoByBaTw, WO CUCTEMA He NnuLle 3MEHLLYE BUTPaTU Ha

KOHTPONb 3a CTINKICTIO CXWUMiB, @ N 3HAYHO MOKpaLLlyEe AKICTb NMPUAHATTA
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pilLleHb, WO Yy OOBroCTPOKOBIN MepCcrnekTuBi Beae [0 CYTTEBOI €KOHOMIl
PEeCcypCiB Ta 3HWXEHHS PU3KKIB aBapiHUX CUTyauin.

Okpim BesnocepeHix diHaHCOBUX MOKA3HMKIB, HEODXIAHO OLIHUTW |
HEABHUA €KOHOMIYHUN ePeKT, AKNN NPOSABNSAETLCA Y BUMMSAAI 3MEHLUEHHSA
WMOBIPHOCTI BUHUKHEHHS 3CYBIB, MOKpaLLEeHHS YMOB npaui Ta nigBuULLEHHSA
e(PEeKTUBHOCTI BUKOPUCTAHHS BUPOOHUYMX MOTYXXHOCTEW. Hanpuknag,
HaBiTb OAWH 3anobirHyTuin obBan Moxe 3aolaanTi NiANPUEMCTBY 3HAYHI
KOLUTW, OCKIfIbKM aBapilHi cuTyauil B Kap'epax NpuM3BOOATb He nuwe ao
npsaMmnx piHaHcoBMX BTpaT, a W [0 3YynNuUHKAM poboTn, HeobXiaHOCTI
NPOBEAEHHS AOPOrnX BigHOBSOBANIbHUX 3aX0A4iB Ta MOXIMMBUX LUTPAHUX
caHKuin. TakmMm 4YMHOM, aHani3 edEeKTUBHOCTI BMNPOBAMXEHHA CUCTEMMU
GeoDATA Zones noBMHEH BpaxoByBaTWM He nNulIe  MNOYaTKOBI
KaniTanoBKNageHHs, ane N NoTeHUinHi piHaHCOBI BUroau, Aki 3abeanedyoTb
CKOPOYEHHST BUPOBHMYMX PUSBKKIB.

Llle ogHWM BaXnMBUM acnekTOM EKOHOMIYHOro OBr'pyHTyBaHHS €
NOPIBHAHHSA BUTPAT Ha BNPOBaKEHHS CUCTEMM 3 TPAAULINHUMK MeTO4aMM
KOHTPOIIIO 3a CTinKiCTio BopTiB kap’epy. Y BinbLocTi BUNaakiB nignpnemMmcraa
BUKOPUCTOBYIOTb ab0 py4Hi METOAM OLiHKM CTaHy CXmniB, abo 3aCTOCOBYHOTb
dparMeHTOBaHI LUMAPOBI PIlLEHHS, WO He 3abe3nedvyoTb KOMMMEKCHOro
nigxogy OO0 MOHITOpuHry Ta aHanidy. BnpoBapxeHHs GeoDATA Zones
O03BOMSE 3MEHLUNTM TPyAoOBUTPATK, aBTOMaTudyBaTtu npouecu 36opy Ta
00pobKM AaHMX, a TaKoX 3HU3UTK BB JIOACBKOro dpaktopa Ha TOYHICTb
ouiHkn. Lle pae 3amory yHukatm HenoTpibHMX diHAaHCOBMX BUTpPaT Ha
NPoOBeAEHHS 0OAATKOBMX AOCHiQXKeHb Ta npunmMatn B6inbll obrpyHTOBaHI
pilleHHs Wwoao 6e3nekn BegeHHs ripHUYNX pobiT.

TakMm 4MHOM, MpoOBefeHUN aHani3 ga€e 3MOory OUIHWMTM dpiHAHCOBI
BUTPAaTn, HEOOXiAHI Ans BnpoBagkeHHA cuctemn GeoDATA Zones, a Takox
BU3HAYUTU 1l E€KOHOMIYHY eqeKTMBHICTb Yy KOPOTKO- Ta [OOBrOCTPOKOBIN
nepcnektusi. OuiHKa EKOHOMIYHOI CKNagoBOl, PO3paxyHOK MOXIIMBOIO

€KOHOMIYHOro edekTy Ta aHania peHtabenbHOCTi iHBECTUUIN O03BONATb
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BU3HAYNTM OOUISMbHICTL BNPOBaKEeHHA LAaHOro npOrpamMHoOro pileHHsa vy
peanbHUX BUPOOHMYMX yMoBax. Y UbOMy po3gini 6yae AaetanbHO
PO3rMNAHYTO OCHOBHI acrekTn BMpOBaMXEHHA, BUTpaTW, SAKi HeobXigHo
NOHECTW ANs peanisauil NPOEKTY, a TaKoX MNOTEHUINHI BUrogu, WO MOXYTb

OyTK oTpuMaHi y npoueci ekcnnyaTauil cuctemu.

5.2 EkoHOMIYHa cknagoBa NpoeEKTy

BnposagxeHHs iHpopmauinHoi cuctemmn GeoDATA Zones notpebye
KOMMJMEKCHOro aHanidy eKOHOMIYHOI e(EKTUBHOCTI, OCKINTbKM LIen MNPOEKT
nepegbayae €K nOYaTKOBI  KaniTanoBknageHHda, Tak | noganblui
ekcnnyaTtauinHi Butpatn. OCHOBHa €KOHOMIYHA BMroga Bifg BNpoBaLKeHHS
OAHOI CUCTEMW nondrae y 3MEHLUEHHI (piHaHCOBMX BUTPAT Ha PYYHUU
MOHITOPUHI, aBTOMaTm3auii obpobku OaHux Ta 3anobiraHHi aBapiHUM
cutyauism. ABToMaTu3auist npoLecis 4O3BOSISIE 3HAYHO CKOPOTUTU BUTPATH
Ha PYTUHHI onepauii Ta 3MEHLLNTN PU3MK MOMUIIOK, NOB'A3aHMX i3 NIOACHKUM
daktopomMm, wWo ©GeanocepeaHbO BMNMBae Ha IHAHCOBI MOKA3HMKN
nignpuemMcrea.

OcHoBHi cTatTi BuTpaT Ha BnpoBagkeHHss GeoDATA Zones
BKNOYaTb  po3pobKy  nporpamMHoro  3abesneyveHHs,  npuadaHHSA
HeoOXxigHoro obrnagHaHHA Ans poboymx Micub KOpUCTyBadiB, iHTerpawito
cucTeMn y BUpobHMYMKM npouec Ta 1l nogarnblle TeXHiYHe 06CnyroByBaHHS.
3aranbHa BapTiCTb peanisauii NpoekTy cTaHoBUTb NpnbnmaHo 575 000 rpH,
LLIO BKrtoYae 3akynisnto obnagHaHHA (125 000 rpH), po3pobKy nporpamHoro
3abeaneyeHHs (400 000 rpH) Ta ekcnnyaTauinHi BUTpaTn Ha nepumin pik (50
000 rpH). Lla cyma € uinkom obrpyHTOBaHOK 3 ypaxyBaHHSAM MOTEHUiAHOI
€KOHOMIT Ta nigBuLEeHHS edeKTUBHOCTI  onepauivHux  npouecis

nignpuemcTaa.
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Posrnggatoydn nutaHHA OOUINbHOCTI IHBECTUUiN Yy BNpOBagXeHHSA
GeoDATA Zones, HeobxigHO nMOPIBHATM Ui BUTPATU i3 MOTOYHMMMU
BUTpaTaMu NianpuemMcTBa Ha NPOBEAEHHSI KOHTPOMO 3a CTiKKICTIO BopTiB
Kap'epy. BukopucTaHHs TpaguuinHux wmeTodiB nepenbavae 3anyyeHHs
BEJIMKOI KiNnbKOCTI (paxiBuiB, py4yHe BUMIpPIOBAHHA MapamMeTpiB CXUSiB Ta
noganswy o6pobky [aHuMX, WO 3aMMae 3HadHuMKM Yac Ta noTpebye
OoOaTKOBUX pecypciB. Butpatn Ha nepcoHan, npoBedeHHA reofaesnyHmnx
OOCNigpKeHb Ta aHani3 3ibpaHmx gaHux MoxyTb nepesuwysatn 300 000 —
500 000 rpH Ha pik, 3anexHo Big MacwTabiB kap’epy Ta piBHA HEOBXigHOro
MOHITOPUHIY. TakMm 4YMHOM, BIMPOBAKEHHA aBTOMATM30BaHOI CUCTEMU
MOXe OKYyNUTUCA BXe MpoTAromMm 1-2 poKiB 3a pPaxyHOK CKOPOYEHHS
onepauinHux BuTpar.

[logaTkoBuUM apryMeHToOM Ha KOPUCTb €KOHOMIYHOT AOUiNbHOCTI LbOro
NPOEKTY € MOXNUBICTb YHUKHEHHA HaA3BUMYaMHUX CUTyauil Ta BTpar,
NOB’A3aHMX i3 3CyBaMW I'PYHTY YM pynHyBaHHAM 60pTiB Kap’epy. HaBiTb oanH
aBapinHM obBan MoXxe NpPUM3BEeCTM 0 BTpAT, WO NepeBunLLyoTb 1 MITH IPH,
BKIOYAOYM BUTPATU HA YCYHEHHS HacnigkiB, NPOCTOI TEXHIKM Ta MOXIUBI
WTpadoHi caHkuii. 3aBaskun snposampkeHHIo GeoDATA Zones nignpMemcTso
OTPUMY€E €(PEKTUBHUM IHCTPYMEHT O MOHITOPUHIY CTaHy 6opTiB Kap'epy Ta
NPOrHOo3yBaHHsA Hebe3neyHux cuTyauinh, WO [OO03BOMSE 3HAYHO 3HUIUTU
WMOBIPHICTb aBapiHNX BUNAAKIB i YHUKHYTU (piHAHCOBKX BTpPaT.

Takum 4MHOM, €KOHOMiIYHa cknagoBa npoekty GeoDATA Zones
BKNOYae sk ©Oe3nocepedHid €EKOHOMIKD KOLWTiB, Tak i 3anobiraHHs
noTeHuinHnM 36utkam. NMopiBHSAHHA BUTPAT Ha BNPOBAKEHHSA CUCTEMU 3
NOTOYHUMKW oOnepauitHMMKM BUTpaTaMM Ta MOXIMBUMW BTpaTamu Big
aBapiHMX cuTyauin nokasye, WO Len NPOEKT € EKOHOMIYHO AOUINbHUM Ta
Ma€E BWCOKUM piBEHb peHTabenbHOCTi. Y [OBroCTPOKOBINM MEepPCneKTUBI
GeoDATA Zones po3sBonuTb NiANPUEMCTBY NIABUWNTU  €(PEKTUBHICTb
ynpaBniHHA Kap'epHMMn poboTamn, MiHiMi3yBaTuU pU3UKM Ta ONTUMI3yBaTK

BUPOBHMYI npouec.
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Ockinbkn cuctema GeoDATA Zones 6yge BUKOpPUCTOBYBATU
3aranbHUn cepBep, BUTpaTU Ha [ofaTkoBe cepBepHe obnagHaHHA
BUKITIOYEHI. B oHOBNeHOMy po3paxyHKy BpaxoBaHO nuwe HeobXigHi
KOMMNOHEHTU Ans poboTn cuctemm.

1. Butpatm Ha 3akyniBnio obnagHaHHA. [Ons KOpPeKTHOI poboTu
nporpamuM HeobxigHO 3abesaneynTtn pobodi Micua Ona KopucTyBadiB Ta
MepeXeBY IHPPaCTPYKTYpY:

— poboui cTaHuil onsa kopuctyBadiB cuctemu (3 wrt.): 25 000 rpH/wT x
3 =75000 rpH.;

— MepexeBe obnagHaHHa (MaplipyTtusatopu, komyTtaTtopum): 50 000
PH.

3aranbHi BuTpath Ha obnagHaHHsA: 125 000 rpH.

2. Butpatn Ha po3pobky nporpamHoro 3abesneyeHHsi. Butpatu Ha
CTBOPEHHS, HanalwTyBaHHS Ta iHTerpauito nporpamHoro 3abesneyeHHs
BKINOYaOThb:

— po3pobka nporpamHoro 3abesnevyeHHs Ta  QYHKUiOHANbHUX
moaynis: 250 000 rpH.;

— iHTerpauia 6a3 paHux Ta agantauia Ao  iHpacTpykTypu
nignpmnemctaa: 80 000 rpH.;

— TeCcTyBaHHS, HanawTyBaHHs Ta Bignagka cuctemu: 70 000 rpH.

3aranbHi BUuTpaTn Ha po3pobky M3: 400 000 rpH.

3. ExkcnnyatauinHi Butpatn. Butpatn Ha NigTPUMKYy Ta TexXHiYHe
00CnyroByBaHHS NPOrPaMHOro KOMMEKCY BKAOYAOTh:

— OpeHAda CepBEepHUX pecypciB Ha 3aranbHOMYy cepBepi (pivHa
BapTicTb): 20 000 rpH.;

— TexHiYyHe obcnyroByBaHHA  ObnagHaHHA Ta  NPOrpamMHoro
3abesneveHHs: 30 000 rpH.

3aranbHi ekcnnyartauiiHi ButpaTti: 50 000 rpH.
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4. 3aranbHa BapTiCTb BNPOBaLKEHHS. YCi 3aranbHi BUTPATU NPOEKTY
cknagatumyTb 575 TUC. IpH.

Takmm uyumHOM, BRpoBagxkeHHa GeoDATA Zones € He nuuwe
TEXHOSOrMYHNM, ane "W eKOHOMIYHO OOrpyHTOBaHMM piLLEHHAM, SKe
O03BOSIIE  MIANPUEMCTBY CYTTEBO CKOPOTUTU BUTPATM Ha MOHITOPUHT
CTiMKOCTI BOpTIB Kap’epy Ta ONTUMI3yBaTK NPOLIEC NPUMHATTA YNpaBniHCbKUX
pilleHb. AHani3 nokasye, WO NoYaTKOBi iIHBECTULIT Y CUCTEMY € NOPIBHSHO
HEBEJIMKNMUN Y MOPIBHAHHI 3 BUTpaTaMu Ha TpaguuinHi MeToam KOHTPOSIO Ta
noTeHUinHUMM  36uTKamMmn y  pasi  aBapilHMX cuTyauin. 3aBasKu
aBTOMaTM3auil Ta iHTerpauii Cy4acHuUX aHaniTM4HMX MeToniB cucTema
O03BOMUTb NIABULMNTM TOYHICTb MPOrHO3iB, YHUKHYTU NIOACHKMX NOMUITIOK Ta
3abe3neunT MOHITOPUHT CTaHy FipHUYNX.

3 (piHaHcoBOT TOYKM 30py, iHBecTuuil y GeoDATA Zones MOXyTb
OKYNUTUCA BXe NpoTsaroMm 1-2 pokiB, WO pobuTb LEN NPOEKT He nuwle
edekTMBHUM, a N BurigHum ans nignpuemcrtea. Okpim 6e3nocepeaHbol
€KOHOMIT, CUCTEMA CIMPUSIE 3HMKEHHIO PU3UKIB TEXHOIEHHUX KaTacTpod, AKi
MOXYTb CMIPUYNHUTU 3HAYHI diHAHCOBI BTpaTU. Taknm YAHOM, BUKOPUCTaHHSA
Cy4yaCHMX UUGPOBUX TEXHOSOrA Yy ripHM4o400yBHINM ranysi € He nuwe
TPEeHAOM, a N HeobXiaHICTIo, WO Ao3Bonse 3abe3neuntn 6e3neyvHi ymoBu
poboTK, MiHIMIZ3yBaTM BUTpaTU Ta MiABULLNTN €GEKTMBHICTb YnpaBmiHHSA

BVIpO6HVIL-II/1Ml/I npouecamin.

5.3 HesiBHUM ekOHOMIYHUI edoeKT Bia BrnipoBagkeHHst GeoDATA Zones

Y npoueci OUIHKM €EKOHOMIYHOI e(eKTUBHOCTI BNpoBagXeHHS
iHpbopMauinHux cnctem, Taknx sk GeoDATA Zones, BaXXnMBo BpaxoByBaTu
He nuwe npsmi giHaHCOBI BUTpaTM Ta AOXOA4W, @ W HESABHI €KOHOMIYHI

edektn. Ui edektn BknoyaoTb NoKpaweHHa 6e3nekn npaui, 3HWKEHHS
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PU3NKIB aBapiHUX cuUTyauin, nNigBULLEHHS eJEeKTUBHOCTI BMKOPUCTaHHSA
pecypciB Ta NOKpaLWEeHHS AKOCTI MPUMHATTS pilleHb. HEABHUIN €KOHOMIYHMIA
edeKT MOXXe MaTu 3Ha4YHU BMNAMB Ha 3ararnbHy peHTabesibHICTb MPOEKTY,
HaBiTb SIKWO MOro CKNagHO OUIHWUTW Yy BUMMSQl KOHKPETHUX (piHAHCOBUX
NOKa3HMKIB Y KOPOTKOCTPOKOBIM NepPCrNeKTUBI.

OOHMM i3 TrOMNOBHUX acnekTiB HEABHOINO EKOHOMIYHOro edekTy €
3HWXKEHHSA PU3KNKY aBapiHWX cuTyauin Ta ix Hacnigkis. lNpHuyogobysHa
NPOMMCIOBICTb € OOHIED 3 HaMbINb pu3mMkoBaHMX cdep AisNbHOCTI, ae
KOXXHa aBapis MOXe CMPUYNHUTK He nnwe doiHaHCcoBI 36UTKK, a 1 3arpo3y
XUTTO  npaudiBHukiB. BrnpoBagpkeHHa GeoDATA Zones [gosBonge
3gincHoBaT 6e3nepepBHU MOHITOPUHI CTaHy BopTiB Kap’epy, WO cripude
PaHHLOMY BUSABMEHHIO MOTEHLIMHO HeBe3neyYHnx AingHOK Ta CBOEYACHOMY
BXUTTIO 3axoAiB Ang ixXHboi ctabinizauil. Lle He Tinbku MiHiMi3ye BTpaTu
nignpuemcTea y pasi HagsBuYanvHUX CUTyauin, a N gornomMarae YHUKHYTU
coujasnibHUX Ta penyTauiH1UX PU3UKIB.

Llle ogHM BaXXnNMBMM acnekToM € onTMMi3auid nNpoueciB ynpasniHHA
Ta NPUAHATTA pilleHb. 3aBOsKM aBTOMATU30BaHIM CUCTEMI aHanidy gaHux
KEepPIBHUKN MignpuemcTea OTPUMYKOTb MOXIMUBICTbL ONepaTMBHO MpUAMaTH
0oOrpyHTOBaHI pillEeHHA Ha OCHOBI akTyarnbHOI iHdopmadil. Lle gossonsie
YHUKHYTK 3aMBUX BUTPAT Ha O0OATKOBI OBCTEXEHHS, CKOPOTUTM 4Yac Ha
aHani3 iHndpopmadii Ta onTUMI3yBaTK NnaHyBaHHSA ripHUYKX pobiT. Kpim Toro,
cuctema O03BOJSISIE 3MEHLUNTM HaBaHTaXXEHHSA Ha nepcoHarn, WO BUKOHYE
PYYHUI aHani3, 3BiflbHAYM NOro pecypcu ans BinbL cTpaTeriyHMX 3aBLaHb.

HeaBHMI €KOHOMIYHUW edOeKT TaKOoX BKIOYae MiaBULLEHHA O0BIpU 3
Boky iHBeCTOpIB, NApPTHEPIB i pErynoYmnx opraHis. BUKOpUCTaHHSA Cy4acHUX
iHbopMmaUinHKMX TexHonorin y cdepi ripHn4oaobyBHOI MPOMMCIIOBOCTI
CBiQYMTb NPO nparHeHHs NignpuemMcTea A0 NiABULLIEHHS piBHA 6e3nekn Ta
edekTUBHOCTI poboTn. Lle moxe NOo3NTUBHO MNO3HAYUTUCS Ha penyTauil
KOMNaHil, CNpOCTUTM OTPUMAaHHS A403BOSIB HA NPoBeAEHHS PobIT Ta cnpuaTH

3any4YeHHI0 HOBUX iHBECTULiN. TakuM YMHOM, HaBiTb 6e3 NpsaMoi hiHaHCOBOI
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ouiHky, BnpoBamkeHHss GeoDATA Zones crnpusie cTtanomy po3BUTKY
NigNpUeMcTBa Ta 3MILHEHHIO MOro KOHKYPEHTHUX NO3ULLN.

1. 36uTkK Big aBapinH1UX obeanis Ta 3cysiB. PanToBi 3cyBu Ta obBanu
OopTiB Kap’epy € Cepro3HOK 3arpo3okd And Gesnekn Ta cTabinbHOCTI
BUPOOHMYOro npouecy. Taki aBapii MOXyTb MPU3BECTU OO0 3HAYHUX
diHaHCOBMX BTpaT 4epe3 3HULIEHHA obnagHaHHA, HeobXiaHICTb
npoBeAeHHs aBapinHO-BIQHOBMOBANbHUX pPOBIT, a TaKoX npocTol Yy
BNOOBYTKY KOPUCHUX KonamnuH. BuTpatm Ha yCyHEHHSI HacrnigkiB MOXYTb
BKNKOYATU BUTPATM Ha PO3YMLLEHHA 3aBaniB, MOCUMEHHS YKPINIEHHS
Kap’epHUX 60OPTiB Ta BiQHOBEHHS MOLLKOAXEHOT iH(ppaCTPyKTypu.

Y Bunagky Benukux obeaniB @iHaHCOBI BTpaTM MOXYTb cAraTu
OECATKIB  MifbMOHIB rpuBeHb. Lle Bknoyae €Kk npsami 36UTkn  Big
MOLLKOPKEHHSI TEXHIKKW, TaK i HEMNPAMI BUTPATU Yepes3 3aTpuMKy BUOoOYyTKy
Ta NOpYLUEHHSA BUPOBHMYOro rpadpika. BukopmnctaHHsa cyyvacHux umdopoBmx
cuctem MOHITopuHry, Takmx 9k GeoDATA Zones, [03BOSISIE 3HAYHO 3HU3UTH
pU3MK NofibHMX noAin 3a paxyHoK 6e3nepepBHOro CMNOCTEpEXeHHs 3a
CTAHOM Kap’€PHUX CXWUJSIIB Ta CBOEYACHOrO pearyBaHHA Ha MNOTEHUiVHI
3arposu.

2. BTpatn yepes npocCTin TEXHIKN Ta NOPYLUEHHS BUPOOHNYOIrO LINKITY.
MpocTin ripHn4oa06yBHOT TEXHIKM MOXE CYTTEBO BMIMHYTM Ha €KOHOMIYHI
NnokasHuWkM nignpuemcrtea. byab-g9ka HesannaHoBaHa 3ynuvHKa pobiT
npu3BOoaMTb OO0 BTpaTU BUPOBHMYMX MOTYXKHOCTEW, HEOOOTPUMAHHS
NpubyTKy Ta 4OAATKOBUX BUTPAT Ha onepaTUBHE YCyHEHHS npobnem.

BapTicTb NpocTolo BENUKOT Kap €PHOI TEXHIKM MOXE CTaHOBUTU COTHI
TUCAY rpMBEHb Ha A00Yy, 0COBMMBO SKWO 3yMMHKA CTOCYETHCHA KIHOYOBUX
npoueciB, Takux sk BUOobyToK, TpaHCnopTyBaHHS abo ApobGneHHa pyau.
3aBasiku BnpoBamkeHH0 GeoDATA Zones, MOXXHa MiHIMi3yBaTu Ui pU3NKW,
agke cuctema 3abesnevye 6e3nepepBHUN KOHTPONb 3a CTaHOM 6opTiB

Kap’epy Ta nonepemkae npo HebesneyHi 3MiHM B CTPYKTypi rpyHTy. Lle
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A03BOJSISIE CBOEYACHO BXWBATW 3axoAiB Ans 3anobiraHHs aBapisimM, a OTXe,
3MeHLyBaTn ¢oiHaHCOBI BTpaTu.

3. EkonoriyHi wTtpadun Ta codianbHi BuTpatn. [ipHUY0406YBHI
NiANPMEMCTBA YacTO CTUKAKTLCS 3 €KONOriYHUMK Npobremamu, aKki MOXYTb
npu3BOAMTM OO  3HAYHUX  PIHAHCOBMX  CaHKUin.  3abpyaHeHHs
HaBKOMULLUHBOIO CepefoBulla, pPYyMHYBaHHSA €KOCUCTEM Ta 3MiHM Y
nangwagTi  MOXYTb  CAPUYMHATM  HeobXxigHicTb cnnatm  wTpadis,
KOMMeHcauin MicueBMM rpomMagam, a TakoX BUTPaAT Ha €eKOSoriyHy
peabiniTauito TEpUTOPIN.

LLITpadu 3a nopyLLEeHHSI HOPM EKONOTiYHOT 6e3NeKN MOXYTb CTAHOBUTU
MISIbMOHU TPUBEHb, 3aneXHOo Big PIBHA BNSIMBY Ha OOBKINNA Ta CTyneHs
NnopyLleHHs HopMaTuBHuX akTiB. BnpoBagpkeHHs GeoDATA Zones
gonomarae  3MEHLIUTU PU3MKM  TakuUx MOpYyLUEeHb, OCKiflbKM cuctema
3abeasneyye MOXIMBICTb NPOrHO3yBaHHA HeGe3neyHnx cuTyauin i 4o3Bonsae
onepaTMBHO BXMBATU 3axohdiB ONA MiHiMi3auil HeraTMBHOrO BMJSIMBY Ha
AOBKINNS.

4. OnTumisauis BUMKOPUCTAHHA pecypcis. ABTomMaTtmaauis npolecis
OLLIHKM CTINKOCTi BopTiB Kap’epy A03BOSISIE CYTTEBO CKOPOTUTM BUTPATU Ha
PYYHUA MOHITOPUHI | 3MEHLWNTU NOTPpeby B A04aTKOBUX OOCTEXEHHSIX
TepuTopil. Lle 3HWKye BUTpaTn Ha 3anyyeHHSa cneuianicTiB Ans NpoBeAeHHS
reogesnyHux pobiT Ta aHaniTUYHMX OOCHIOKEHb, @ TaKOX 3MEHLIYE PU3MK
NIOACBKNX MOMUIIOK Y po3paxyHKax.

BnposagpkeHHa  GeoDATA  Zones  [o3BOnse  NignpueMcTBy
edeKTUBHILLEe BUKOPMUCTOBYBATU PECYPCU, OCKINIbKM cucTtemMa aBTOMaTU4YHO
aHanisye pfadi, ¢opmMye nporHo3nM Ta BuAAE pekoMeHZauil woao
HeoOXigHOCTIi npoBeaeHHA AoOaTKoBUX 3axodiB 6eanekn. Lle He Tinbku
€KOHOMWUTb KOWTK, ane W 3Ha4YHO MoKpallye npouec YynpasniHHSA
BUPOBHMLITBOM.

5. TligBuweHHsa HaginHOCTi  BMpPOOHMYOro npouecy. HesaBHui

eKoOHOMiIYHUN edoekT BnpoBamkeHHA GeoDATA Zones TakoX BKIOYae



100

NigBULLIEHHS 3aranbHOT ePEKTUBHOCTI NiANpPUEMCTBA Ta NOKPaLLLEHHS O0BIpU
0o noro poboTtn 3 OOKY napTHepiB, IHBECTOPIB Ta PErysritolunx OpraHis.
BukopucTaHHA cydacHMX LMAOPOBUX TEXHOSOTIN A9 KOHTPOJSIO 3a CTINKICTHO
Kap’epy € BaXXNuMBuUM dakTopoM Npwu OuiHLUi CTabifIbHOCTI KOMNaHiT, Lo MoXxe
BMSIMHYTU Ha 3any4YeHHA HOBMX KOHTPAKTIB, IHBECTULIN Ta MiKHAPOLHOro
cniBpobITHMLTBA.

TakMM YMHOM, HEABHI €KOHOMIYHI eddeKTU BMpPOBaKEHHA CUCTEMMU
BKIOYAKOTb He TiNbKW ©e3nocepenHio eKOHOMID KOWTIB, a W 3anobiraHHSA
NoTEeHUiMHUM 30MTKaM, ONTMMI3aUilo NPOLIECIB Ta MOKpaLLEeHHs penyTtauil
nignpuemcrTea. 3aBOsKM BUKOPUCTAHHKO aBTOMATM30BaHOI  CUCTEMM
MOHITOPUHIY Ta aHanisy pgaHux, nignpuemMcTBo OTPUMYE CTpaTeriyHi
nepesarn y JOBroCTPOKOBIN NEPCNeKTUBI.

Omxe, BnpoBagkeHHs cuctemn GeoDATA Zones cnpusae He nuuwle
onTuMmisauil BUTpaT i NiABULLEHHIO edEKTUBHOCTI MOHITOPUHIY CTIMKOCTI
GopTiB Kap’epy, a W MiHIMi3ye HeSABHI €KOHOMIYHI PU3NKN, SAKI MOXYTb
CAPUYMHUTM 3HaA4YHiI doiHaHCOBI BTpaTW. 3aBAsikm aBToMaTu3auil npouecis
aHanisy, CBO€EYaCHOMY BUSABIMIEHHIO HebeaneyHnx 30H Ta iHTerpauil
aHaniTMYHUX [OaHUX CcucTtemMa [O03BONAE YHUKHYTU MPOCTOIB TEXHIKM,
aBapiNHMX CMTyaUin Ta NOTEHUINHUX ekonoriyHnx wrpadis [44]. Kpim Toro,
3HWKEHHSA PU3NKY NIOACHKUX NMOMWUITOK Y po3paxyHKax Ta BiLMOBOCTINKICTb
aBTOMaTM30BaHOro nigxody 3abesnedvyoTb GiNbW HagiiHe Ta edekTUBHE
ynpaBniHHS BUPOBHMYMMUM npouecamu [45, 46].

Y posrocTpokoBin nepcnektuei BukopuctaHHsa GeoDATA Zones
OO3BOSISE  MigNPUEMCTBY  NIABAWNTU  piBeHb 6e3nekn, 3abesneqntn
eKOomnoriyHy BiAMOBIQHICTb, MOKpALIUTM penyTauilo cepeq napTHepiB Ta
OEpPXXaBHUX PEryriolynx oOpraHiB, a TaKoX 3HAYyHO 3HU3UTWU 3arasbHi
BUPOBHMYI pu3nKn. 3aBasikv LbOMY MiANPUEMCTBO He nuwle onTUMI3ye CBOI
BUTPATK, a N OTPUMYE KOHKYPEHTHY nepesary y ranysi, wo gossonse 6inbLu
eekTUBHO nNfaHyBaTM noJanblMW  PO3BUTOK Ta 3abesnedyBaTu

cTabinbHicTb BUpobHMYOro npouecy [47].
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BMCHOBKU

Y pesynbTaTi BAKOHaHHSA po6oTn Byfio OTpMMaHO Taki pesynbTaTw.

[MpoBedeHi AocnimkeHHs Khw4voBMX npobrnem i nigxodie [Oo
MOHITOPUHIY Ta iHTerpauii MapKwengepcbknx 1 reodisnyHmux gaHux npo
CTiMKiCTb GopTiB Kap’epiB. [ocnigxeHo nigxoan Ta nporpamHi cUcTem, SKi
3aCTOCOBYIOTbLCS FipHMYOpyaAHUMK nignpuemctBamu y Kpusbaci gna 3dopy
aaHux. Y poboTi HaBedeHO pesynbTaTyv aHanisy nigxoais wono 3oopy
MapKLengepcbkux Ta reodisndHnx gaHnx. 3a pesynbtaraMmvm npoBeaeHoro
AocCnigKeHHA chopMOBaHO NOCTAHOBKY 3afadi 4OCIgXKEHHS.

CnpoekToBaHo Ta po3pobrieHo nporpaMmHe 3abe3neyveHHs Ans aHanisy
cTinkocTi 6opTiB Kap’epiB y Mexax cuctemm GeoDATA Zones, gka 4o3BONsiE
aBTOMaTM3yBaTM NPOLIEC MOHITOPUHIY CTIMKOCTI 6OpTiB Kap'epiB, LLLO CYyTTEBO
niaBuwlye edgeKkTUBHICTb aHanidy u ynpasniHHA pusMkamu. |HTerpauis
MapKLLENOepCbknX Ta reodisnyHnx gaHmx 3abesneyye KomMnnekcHUn nigxia
[0 OLiHKK CTINKOCTI ripHn4mx macumeiB. [porpamHe 3abe3neyeHHs peanisye
MeToAM aHani3y bakTopiB BNAMBY Ha CTiNKICTb BOPTiB Kap'epiB, LLO 3HAYHO
NiABULLYE TOYHICTb MNPOrHO3yBaHHA MOXNUMBMX 3pyLleHb Ta obsaniB y
Kap’epax. 3anponoHoBaHi MeToaM 6a3ylTbCad Ha MaTemMaTUYHOMY
MOJENBaHHI CKagHMX NpoLleciB, Ha MeTogax MaTeMaTU4YHOl CTaTUCTUKN
AON151 BUBYEHHSA (Di3MKO-MEXaHIYHMX BflaCcTMBOCTEN Ta Ha 6araToakTopHOMY
aHanisi.

[MporpaMmHuUn  MoAynNb  PO3paxyHKy CTIMKOCTI, peanisoBaHun Yy
cepepoBuwi Delphi, no3Bonsie WBMOKO Ta TOYHO BUKOHYBaTU iTepauivHi
po3paxyHKu koediuieHTa 3anacy cTinkocTi (FoS). Bidyanisauii pesynbtariB y
BUrNAgi rpadikis i Tabnvub 3Ha4yHO nosnerwye iHTepnpeTauito OTPUMaHUX
AaHux. BnpoBamkeHHA cuctemmn y BUPOBHMYMIM NpoLec A03BOSNUTb CYyTTEBO
CKOPOTUTM Yac aHanidy AaHux, MiHIMi3yBaTU WMOBIPHICTb JIHOOCBKUX

NOMUSIOK Ta NIABULUMTM LUBUAKICTb NPUMAHATTA YNpaBniHCbKUX pilleHb. Lle
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0COBNMBO BaXNMMBO AONS BESIMKUX TIPHUYO-BUAOOYBHUX MNiOANPUEMCTB, SKi
npauloTb Y CKNagHUX reonoriyHnx ymosax. IHTerpauia cuctemmn 3 SQL
B6a3zamn gaHnx 4o3BonnTb 3abe3nedunTn epekTnBHe 36epiraHHa Ta 06pobKy
Benukux obcsriB iHgopmau,il, Wwo pobuTb cuctemy maclutaboBaHO M1
npuaaTHOK AN BUKOPUCTAHHS Ha  PIBHUX  TipHUYO0-BNOOBGYBHUX
nignpuemcraax.

ApanTauis cMctemMn 4O Pi3HMX YMOB eKkcnsyaTauil MOXNvBa 3aBOSAKM
FHYYKOCTI MporpaMHoOro 3abes3nevYeHHs Ta MOXIIMBOCTI KOHirypyBaHHS
BUXIQHNX napameTpiB, Wo aossonse sukopuctosyBatn GeoDATA Zones
01151 MOHITOPUHIY Pi3HUX TUNIB Kap'epiB Ta ripHUYNX po3pobok.

EKOHOMIYHMIN aHani3 NpoeKTy po3pobKM Ta BNPOBALKEHHS CUCTEMU
GeoDATA Zones O0BiB €KOHOMIYHY OOUINbHICTb, OCKISTbKM BUKOPUCTAHHSA
Li€l cuctemmn nNpmsBene 00 3HWKEHHS BUTpAT Ha aBapiviHi 3axoan n byae
CAPUATM MOKPALLEHHK NnaHyBaHHS BUMAOOYTKY | 3MEHLIEeHHK BTpaT
npoaykuii Yepes nepenbayvyeHHs 3cyBiB Yn obBaniB. HesiBHUI €KOHOMIYHWUIA
edeKT BKMOYaEe niaBuLLIEHHSA PiBHS ©e3nekn npaudi, 3HWKEHHS pU3KUKIB Ans
nepcoHany, nOnNiMWeHHs €eKOMOoriYHOI cuTyauil 3aBasikm  3anobiraHHIo
aBapisim Ta e(PeKTUBHOMY BUKOPUCTAHHIO MPUPOLAHNX peCypCiB.

BnpoBagXeHHs1 cuctemn y BUPOOHMYMA npouec byde cnpusTtu
NiABULLEHHIO piBHA UMdpposisauil ripHMyoi npomucrioBocTi. Lia cuctema
MOX€e CTaTu OCHOBOK AS1I3 CTBOPEHHA €AMHOI iHopMauinHOI cucTemMm
ynpasniHHA 6e3nekoto Ta ePeKTUBHICTIO pOBOTH Kap’epiB y ManbyTHbLOMY.

OTXe, Yy Xo4i BWKOHAHHA AMNNOMHOI poboTM Byno BMKOHaHI YCi
noctaenieHi 3aBgaHHs. OCHOBHa MeTa WOoA0 MigBULLEHHS €dOEeKTUBHOCTI
ynpaBniHHA ripHM4YMMmn poboTamm Ta MiHiMi3aLil puaukis aBapiiHUX CUTyaLin
3a paxyHOK po3pobku Ta BNpOBaMXEHHSs nporpamHoi cuctemn 6Gyna

OOCSArHyTa.
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DEVELOPMENT OF AN EFFICIENT DATABASE FOR GEOPHYSICAL AND SURVEYING
MONITORING FOR THE GEODATA ZONES SYSTEM

Romanenko A.
Technical University "Metinvest Polviechmic™ LLC

Abstract. This article debves into the development of an advanced database aimed at integrating and anatyzing
geophysical and surveying data within the GeoDATA Zones monitoring system, specifically talored for quarry
applications. Modem mining operations face significant risks such as landshides_ collapses, and other geological hazards
dug to inadequate data management practices. The GeoDATA Jomes system addresses these challanges by
implemanting innovative data processing methods using machine leaming and arificial intelligence algorithms. This
aricle's primary goal is to showcase how the development of a structured database can improve the speed. accuracy,
and reliability of geophysical and swrveying data analysss, which in tum supports more effective decision-making
PrOCESSES.

Key factors infleencing the stability of rock masses, including geoclogical formations. physical properties of rocks,
fracturing, and the impact of ongoing mining activities, are thoroughly axplored. The aricle also examines anvironmental
influences, such as water safuration and seismic activities, which can further destabilize rock structures. Furthermore,
fhe article highlights the critical role that a well-structured database plays in ensuring data integrity, security, and
scalability, while also enabling integraion with other systems utiized in the mining sactor. The database design
considers logical and physical structures, with Microsoft 301 Senver being the primary database management sysbem.
Addiionally, visualization tools such as Power Bl are leveraged fo enhance data interpretation, analysis, and reparfing
capabilities for real-time decision-making.

The development process incorporates robust security measwes, including multi-level user authentication. data
ancryplion, and access control protocols to safeguard against unauthonzed access and ensure the system's reslience.
Research findings suggest that GeoDATA Zones can significantly improve the efficiency, safety, and sustainability of
mining operations, thereby contributing to the long-term success of mining enberprisas. This solution fosters proactive
decision-making and risk mitigation, aligning with the industny's push toward mone sustainable and emvironmentally
conscous mining practices.

Keywords: geophysical condition, rock mass stabibity, database managemant, void detecBion in rock formations,
maching learning, mining safaty, data integration, sustainable mining practices.

1. Introduction

In modern mining, significant attention is paid to effective data management
related to the stability of rock masses. Monitoring systems such as GIS Terra Mining,
MineScape, and RockWare are critical for ensuring the safety of mining operations,
as they enable comprehensive analysis of the condition of rock masses through
geological and surveying data. The importance of these systems is underscored by the
need for timely detection of potential risks such as landshides and collapses, which
could endanger worker safety and affect the efficiency of extraction operations.

The primary goal of this article is to develop an effective database for integrating
and analyzing surveying and geophysical data within the GeoDATA Zones
monitoring system for quarries. This task is becoming increasingly relevant due to the
need to use modern digital technologies for the collection, processing, and analysis of
large and continuously expanding datasets. The development of a structured database
will improve the speed and accuracy of analysis, as well as support informed
decision-making regarding the management of quarry stability.

The article examines the key factors affecting the stability of rock masses,
including geological structure, physical properties of rocks, the seismic impact of
drilling and blasting operations, as well as the influence of mining excavations. An
analysis of data collection methods is conducted, particularly surveying and
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geophysical methods, which provide a comprehensive approach to studying quarry
conditions [1-10].

This article also highlights the significance of unlizing machine learning and
artificial intelligence algonithms to enhance data processing efficiency and predict
potential threats. In addition, it emphasizes the importance of ensuring data security,
scalability, and the ability to integrate with other systems used in the mining industry.

Thus, the development of a database for the GeoDATA Zones system will make a
significant contribution to improving the efficiency and safety of mining operations
and will also lay the groundwork for further research and development in this field.

1. Methods

Development of an effective database for the GeoDATA Zones system is a key
step in ensuning reliable and accurate collection, processing, and analysis of geophysi-
cal and surveying data. This system aims to integrate various data to improve the effi-
ciency of geoengineering research in managing mining processes. This section of the
article discusses the methods and tools that wall be used to create the database.

Structural analysis of the database involves determining the optimal architecture
that ensures the integrity, rehiability, and scalability of the system. The main
components of the GeoDATA Zones database include:

- Entities and attributes: Defining the maimn entities, such as geophysical data,
surveying data, monitoring zones, data on mine workings, and others. Each entity has
a set of attnibutes that describe 1ts charactenistics and properties.

- Relationships between entities: Defining the relationships between different
entities to ensure data mtegration and interaction. This includes establishing one-to-
many and many-to-many relationships, allowing the integration of varnious data types
into a single system.

- Data hierarchy: Creating a hierarchical data structure that enables efficient
orgamzation and management of information. This includes classifying data by type.
importance level, and other characteristics.

- Data indexing: Developing indexes for quick access to data, ensunng optimal
sysiem performance during queries and analysis.

The process of developing the database for GeoDATA Zones includes several
stages to ensure its reliability and efficiency:
1. Requirements analysis:

- Collecting requirements: Identifying user needs and specifications for the
database, including data types, volume of information, and security requirements.

- Analysis of existing systems: Reviewing similar solutions to determine best
practices and avoid potential 1ssues.

2. Database design:

- Logical design: Creating a conceptual model of the database, which includes
defining entities, attnbutes, and their relationships.

— Physical design: Developing the physical structure of the database, including
selecting the type of DBMS (database management system), determiming the data
storage format, and optimizing the structure.
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3. Database implementation:

- Selecting a DBMS: Choosing the optimal database management system (e.g.,
PostgreSQL, Microsoft SQL Server, Oracle) that meets the needs of the GeoDATA
Zones system.

— Creating tables and relationships: Implementing the database structure in the
selected DBMS, including creating tables, defining relationships, and establishing
constraints to ensure data integrity.

4. Integration and testing:

- Data mntegration: Selecting methods for user data input into the GeoDATA
Zones system.

- Testing: Conducting database testing to identify and correct possible errors, as
well as to venfy its performance, security, and functionality.

5. Ensuning data security:

- Authentication and authorization: Implementing mechanisms for controlling
access (o the database, including user authentication and defining access rights.

— Backup: Setting up backup and data recovery procedures to prevent data loss
n case of emergencies.

6. Scalability and optimization:

—Query opumization: Applying optiimzation techmiques to improve query
performance and reduce system response time.

— Scalability: Ensuring the database can be expanded without losing
performance, allowing 1t to handle increasing volumes of data.

Various tools and technologies will be used for database development and
maintenance:

-SQL (Stwuctured Query Language): Used to manage data in relational
databases, including creaning tables, relanonships, and executing queries.

-ETL (Extract, Transform, Load): Tools for extracting, transforming, and
loading data from different sources into a single database.

- Visualization tools: Tableau, Power Bl for creating interactive visualizations
and reports based on data from the database.

3. Theoretical part

The GeoDATA Zones system represents a comprehensive approach to managing
and analyzing geophysical and surveving data, which are cnucally important for
ensuring safety and controlling the efficiency of miming operations. The foundation
of this system’s development lies in creating a rehable and scalable database that
allows the integration of various data and provides real-time access to them.

Integration of geophysical and surveying data.

The integration of geophysical and surveying data 1s one of the key aspects of the
GeoDATA Zones system. This approach ensures a comprehensive assessment of rock
mass stabihity and the wdentification of potential risks. Such integration includes:

- Combiming data from different sources: This includes seismic survey data,
GNSS measurements, the presence of mine workings within specific zones,
hydrogeological, and geological data.
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— Intelhigent analysis of research results to assess the impact on miming safety:
Machine learming and artificial intelligence algonthms are used for data analysis and
predicting potential risks. This allows evaluating the impact of various factors on the
stability of rock masses and developing risk mitigation strategies, which ensures the
safety of mming operations. This approach enables the tmely identification of
potential threats and the development of appropriate preventive measures,

The GeoDATA Zones system uses a general data structure approach that includes
normalization to ensure data integnty and reduce redundancy, as well as indexing to
optimize data access speed. The relational model allows for the effective integration
of data from vanous sources, ensuring logical organization and ease of access to
mformation.

Data security methods.

Data secunity 15 a key aspect in the development of the GeoDATA Zones
database. This includes:

- Access control: Using authentication and authorization to manage user access
to the system.

- Backup: Regular creation of data backups to protect against data loss in the
event of emergencies,

Using Microsoft SOL Server.

Microsoft SQL Server 1s the primary tool for implementing the GeoDATA Zones
database due to its numerous advantages:

— Support for large volumes of data: SQL Server can handle large volumes of
data, which 1s entically important for the mining industry.

— Integration with other tools: Easy integration with Power Bl, Excel, and other
products for data analysis and visuahization.

- Geospanal capabilities: Support for geospanal data, allowing for work with
maps and geographic information.

- High secunty: Features such as encryption, access control, and other security
functions ensure data protection.

Application of theory in practical implementation.

The development of the GeoDATA Zones system 1s based on theoretical princi-
ples of geophysical data integration and processing, which allows for:

- Improving monitoring efficiency: Ensuring real-ime access to relevant data
and the ability to analyze them in real-time.

- Enhancing the safety of mining operations: By identifying potential nisks and
threats, in each studied zone of the quarry field, the GeoDATA Zone system allows
for situation control through the development and implementation of safety measures,
which are designed and implemented by system users and the working staff of the
enterprise and subcontracting orgamzations.

4. Results

In the GeoDATA Zones system, several key user roles have been defined, each
playving an important part in ensuring the effective monitoring and management of
quarries. The importance of clearly defiming roles lies in providing optimal system
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access, allowing users with different tasks to perform their functions with maximum
efficiency. Each role has specific responsibilities that contribute to the collection,
analysis, and processing of data, ensuring safety and improving productivity in the
mining industry. Below are the main user roles and their responsibilities.

GeolDATA Zones System Users and Their Functions.

1. Surveyor/Geologist:

- Data collection: Conducts surveying to detect changes in rock formations and
collects geological data for analysis and assessment of quarry field conditions.

- Geological data analysis: Analyzes collected data to assess the condition and
stability of rock masses, considering factors such as water saturation and geophysical
charactenstics.

~Data entry: Submits processed data to the system for further processing and
analysis.

2. System Admimstrator:

- User management: Creates, edits, and deletes user accounts, providing or
restricting access to the system.

- System monitoring and maintenance: Ensures the system's stability and
security, implements software updates, and resolves technical 15sues.

— System configuraton: Configures system parameters to ensure cfficient data
processing and meet secunity requirements.

3. Inspector:

— Safety momitoring: Receives reports and alerts on potential nisks and hazardous
conditions, analyzes this information to ensure workplace safety.

— Safety status assessment: Conducts safety mspections to ensure compliance
with safety standards and develops measures to address identified 1ssues.

- Documenting actions: Records data on incidents and safety violations that
occur during monitoring.

4. Data Analyst:

—Data processing and analysis: Collects data necessary for analysis, applies
staistical and analytical tools to identify trends and anomalies that could affect
mining safety and efficiency.

— Report creation: Prepares reports based on data analysis, including conclusions
and recommendations for management decisions.

— Data visuahzaton: Uses tools to create visualizations that help understand the
results and present them n a user-friendly format for decision-making,

In the GeoDATA Zones system, the structure of the database is a critically im-
portant component, ensuring effective information management and support for van-
ous functional capabilities. A well-designed structure allows the integration of geo-
physical, surveying, and other data necessary for comprehensive monitoring of min-
g objects. It includes entities such as geophysicists, zones, safety factors, and oth-
ers, each with 1ts own attributes that reflect specific characteristics such as 1dentifiers,
values, and timestamps. This structure ensures the interconnection of data, optimizes
the speed of access and data processing, and maintains a high level of secunty and
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data integrity. It allows users to access cntical information in real-time, necessary for
decision-making in mining operations.
Database Structure:
1. Geofisic: This entity represents geophysicisis responsible for measuring
geophysical parameters in various zones.
- Geofisic 1D: mteger(10) (Primary Key) — Umgque dentufier for the
geophysicist,
- Geofisic Full Name: varchar{255) — Full name of the geophysicist.
— Instrument Factory Number: integer(10) — Factory number of the instrument.
2. Impact of the mine: This entity refers to the presence of the influence of
underground mine workings or voids within the zone.
- ID of mine measurement: mteger(10) (Primary Key) — Identifier of the mine
impact measurement.
- Geohisic/GeoFosic 1D: mteger(10) — Idennfier of the geophysicist conducting
the measurements.
- ZonesZonelD: integer{ 10) — Zone identifier where the measurements were taken.
- Measurements Time: time(7) — Time of measurement.
- Value of impact: real(10) — Impact value measured by a gravimeter or
converied to a dimensionless quantity.
3. Fractal dimension: This entity includes data on fractal measurements in the
zones of influence.
- Fractal 1D: integer{10) (Primary Key) — Identifier of the fractal dimension
measurement.
- ZonesZonelD: integer{ 10) — Zone identifier where the measurements were taken.
- Geofisic/GeoFosic ID: mnteger(10) — Identifier of the geophysicist conducting
the measurements.
- Fractal dimension: real{10) — Fractal dimension measured in the zone.
- Measurements Time: time(7) — Time of measurement.
4. Factor of safety (FoS): This entuty includes data on the safety factor in the
zones of influence.
- Factor of safety ID: mteger(10) (Primary Key) — ldentifier of the safety factor
measurement.
- ZonesZonelD: integer( 10) — Zone identifier where the measurements were taken.
- Geofisic/GeoFosic ID: mteger(10) — Identifier of the geophysicist conducting
the measurements.
- Value: integer(10) — Value of the safety factor measured in the zone.
- Measurements Time: time(7) — Time of measurement.
5. Zones: This entity represents the geographical or conditional zones that are
studied or monitored as part of the project.
- ZonelD: mteger(10) (Primary Key) — Unique identifier of the zone.
- Zone name: varchar{255) — Name of the zone.
- X1Coordinate — Y 4Coordinate: real(10) — Coordinates of the zone (4 points for
positioning).
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6. Geologist (Hydrogeologist): This entity represents geologists specializing in
hydrogeology or geology.
- Geologist ID: integer( 10) (Primary Key) — Umique identifier of the geologist.
- Geologist Full Name: varchar{255) — Full name of the geologst.
— Position: varchar(255) — Position (geologst, hydrogeologst).
7. Water saturation in the zone: This entity includes data on the water saturation
level of the ground in the study zones.
- Water saturation ID: mteger(10) (Primary Key) — Ildentifier of the water
saturation measurement.
- Geologist 1D: integen(10) — Identifier of the geologist conducting the
measurements.
- ZonesZonelD: integer(10) — Zone identfier where the measurements were
taken.
— Influence of water saturation: real(10) — Influence of water saturation on the
Zone.
- Time: time(7) — Time of measurement.

5. Conclutions

1. Improving mining safety: Duning development, the GeoDATA Zones system
has the potential to sigmficantly enhance miming safety by integrating geophysical
and surveying data. The system 1s expected to enable timely identification of
potential risks such as landshdes and collapses, ensunng quick decision-making and
the implementation of appropriate safety measures.

2. Innovative approach to data management: The development of GeoDATA
Zones 15 based on an innovative approach to managing large volumes of data, which
includes the use of machine learning algonthms and artificial intelligence. Ths
approach 15 intended to ensure efficient data analysis, forecasting potential threats,
and developing nsk mitigation strategies, ultimately improving mining operations'
efficiency.

3. Scalability and integration with other systems: The GeoDATA Zones database
15 designed to ensure future scalability and the ability to integrate with other systems
used in the minmg industry. This will allow for the storage and processing of growing
data volumes without loss of performance, as well as mntegration with tools hike
Power Bl for data visualizanon.

4. Ensunng data integnty and security: In the development of GeoDATA Zones,
significant attention 15 given to ensuring data integnty and secunty. The
implementation of authentication and authorization mechanisms will provide access
control, and regular data backups are mtended to protect agamnst data loss n
emergency situations, which 1s entical for information security.

5. Diversaty of users and their roles: GeoDATA Zones supports a vanety of users,
including surveyors, geologisis, inspectors, system admimstrators, and analysts. Each
role will have its specific functions, ensuring a comprehensive approach to data
collection, processing, and analysis, as well as supporting safety in the workplace.
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PO3POEKA E®EKTMBHOI BA3M [AHWX FTEO®IZMYHOMO TA MAPKILEWOEPCEKOMO MOHITOPHHIY
AN CHCTEMH GEODATA ZOMES
PomaHesxo A.

AnoTauis. ¥ cTari poarnagacTech poapobka aoocxkonaneqol GaaM QAKX NpMaHaYesol ONA iMTerpayil T assaniay
rendisnaHey | MBDKILERNADCEHIMK NAHWX Y cWCTEMi MoHiTOpmary GeoDATA Fones, AKA CeyiankHo ANANTOBAHA ONA
BMEOPWACTaHHA HA kap'epax. Cyqacki ripHyi onapalyl CTHESOTRCA 3i IHAHHAMK DHIACEMA, TAKMMM AK JCyBM. 0GBANW T3
MW reonoriuwd HEDRINEA, WO BMHWKANTE YEpEl WeedeKTHEHE ynpamnidHA gasaw. Cwcrema GeoDATA Zones
BHpIWYE W NpoBneMd WNAXOM BNPOBATKEHHA IHHOBELIAHMK METORIE ODpOGEM DEHMX @ BMKOPMCTAMMAM ANMODWMTMIE
MEALMHIOND HABYAHMA TA WTYYHOMD iHTEnesTy. OCHOBKS MATA CTATT — NOWAZETH, A poapobxa cTpyaTyposamol Gaim
[k MOKE NONDAWHTH WBHAKICTE, TOYHICTE T3 HAQRHICTE 3HANIEY rechiadyHin | MapHOSROBPCHIAE DAHUL WO,
CROEHD YRONoeD, NigTpesye Ginkw acherTHBHERA NPOLET NDWAKATTA PilLEHES.

Y cramn peTansH0 pOIFNADANTECH KMOY0E aKTopW, WO BAAWBANTE M3 CTIAKICTE ripCRMMX MacWeie, Tak A«
PECNOridHl YTBOPEHHA, iWqHi BRACTHBOCTI NoDID, TPILMKYBATICT: | BAMAR NOTOWMMK ripHMYe polit. KpiMm Toro,
AHANGEYIOTECA A Wi DaEKTOpW, 0KDEME HACHYSHHA BOODKD T3 CEACMMHA BKTHEHICTE, AK MOMYTe OO0ATHOBD
pectabinizyaath nopogu. CTatTR nigkpecnios eaxsy pone nobpe cnpoesTosawol Gaiw pawm, Axka aabeaneuye
UiMicHiCT, Beanesy Ta WacwTaboBadicTe OaEHML a Taw0W MOMMBICTE (MTEMPaELIl 3 iHWMMH CHCTEM3MW, Lo
BMEOPMCTORYIOTRCA ¥ MpHHYIA npoMwcnosoctl. MpoexTysasmA GasM Nadd) BRAXOBYE AKX noriddy, Tas i diasduy
CTPYHTYPH, NOHHOMY OCHOBHOK CHCTEMON ynpasnisn Gasamu faudx ofipaso Microsoft SOL Server. Kpim Toro, AnA
NOKpALLEHHA HTEPNPETAW Nam, aKanily Ta CTBOPEHHA JBIMIE BAKODHCTORYITLCA HCTRYMEHTH Biyyanisaull, Tak Ax
Power Bl, w0 A3i0Te MORIMEICTE NDAAMATH pilLessn B DaansHoMY Yaci.
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Mpoyec poapobkn G JaHMy BEMOYEE BNDOBAJWEEHA HANIAMKMX 3ax00in OeanNekW, Takdx AK Baratopissess
ABTEHTWRIKALIA KOPHCTYBAYIR, WADDYESHHA NAHWE | NPOTORONW KOHTDONK AOCTYNY, A J8NMLEKTE CACTEMY B
HECAMKLIOHOBAHOMD OCTYNY Ta 33beaneuyioTe 1 CTIRKICTE. PeaynsTamd QOCTHFEHE NOKAIYIOTE, Wo cacTema GeoDATA
Zones MOmE CYTTERD MNNBMLATH SQErTHEHICTS, Deanaky Ta CTANICTE MPHWE POSIT, WO CNPRATHME Q0BIOCTROROBOMY
'p:mry TipHA n,ummru Lle piwesss CNPMAE NPOAKTHEHOMY npuﬁnﬂmﬂ PilLeHE | JMBHILEHHID DWIMKIE, LD
Bianoeinas Nparsesssd ranyai 0o Binkw cTANWS | BKONOMAYHE BIONOBILANEM FPHWARE NDEKTHE.

Kroyonri cnosa: reodianssi CTaH, CTIRKICTE MPChRMx M3CHBIE, ynpaanisn Dalams Nase, BUABNEHHA MOS0
¥ FIpCRRME NODONAK, MALWWHHE HaBYaHHA, Beanawa ripdtdi poBiT, iHTenpauin Aasn: CTANI NipHAW NPEKTHIN.

49. PomaHeHko A.O. OCHOBHI 3ACAON PO3POBKN CUCTEMK
GEODATAZONESOJIA MOHITOPUHI'YCTAHYBOPTIB
MNBOKNX KAP'EPIB // International scientific conference
‘MININGMETALTECH 2024 — The mining and metals sector:
integration of business, technology and education” : conference
proceedings (November 28-29, 2024. Riga, the Republic of
Latvia). Riga, Latvia : “Baltija Publishing”, 2024. Vol. 1., 347-349
p.p. DOI https://doi.org/10.30525/978-9934-26-506-8-116
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FUNDAMENTAL PRINCIPLES FOR DEVELOPING
THE GEODATA ZONES SYSTEM FOR MONITORING
THE STABILITY OF DEEP QUARRY SLOPES

OCHOBHI 3ACA/TH PO3POBKH CHCTEMH GEODATA ZONES
AJIA MOHITOPHHI'Y CTAHY BOPTIB I''THEOKHX KAP'E€PIB

Romanenko A.O., Pomanenxo A.O.,
PhD, Student (group 122-23-1M), xmx., enydexm 2p. 122-23-1M
LLC "Metinvest Polytechnic TOB «Texnivnuti ynieepcumen
Technical Univerzigy, ” « Memineecm noaimexxixas,
Zaporizhzhia. Ukraine a 3anopinexcz Vpaina

Beryn. Ilpommcnosi ob'ext, Taki AKX xap'eps, BHMAraoTs moctiffHoro
MOHITOPHMIY CTIHKOCTi, OCKLIBKM SMIMH B TeOJOMNYHMEX yMOBax abo
NOPYIIeNHT ULTICHOCTI OOPTIE MOKYTH NPHSBECTH 0 HeOesmeux CHTyaLii,
BETIONANOUN 00BATH Ta SCYBR. 3a0esneuenHns cTaOLTBHOCTI MPHIYHX POOIT €
KmogosiMd aKTOpoM A% OesmexH MpaumisHmKIs 1 sOepexenns oO1agHAHMA,
a TaKOX A4 MIMIMISAlli HEraTHEHOrO BILTHEY Ha HABKOJMIUNE CepeJOBMIe.

Cucrena "GeoDATA zones" npHsHavena 211 {HTErpauii JAMHMX 3 PiSHIX
JKepel, BEMOYANOYH MapEmlefizepcsbki 1 reodisHUMI BIMIDIOBAMMA, 100
saesmeuHTH KOMMIEKCHHE mMXiJ [0 amamisy crifkocti  Gopris.
BukoprcTaEEZ TaKHX JaHEX JOSBO/LIE OTPHMYEBATH aKTyaTsHy iHbOpMaIio
Npo CTaH TpPHHYMX MACHEIS ¥ PeaTbHOMY Haci, ONepaTHEHO pearysaTH Ha
SMiHH 1 EAHBaTH 3aXO01E 417 3ano0iraHHa asapiiamM caTyamms. Kpinm Toro,
CHCTEeMa IHTerpye iCTOPHYHI JaHi, 10 J0SEOA4E MPOBOJHTH JOBTOCTPOKOBHIR
aHATS Ta MpPOTHOSYBaHHR PHSHKIE, BHSHA4alOYH SOHH MUIBHINEHOL
HeOesmexn.
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Taxms aumOM, SacTOCYBaHHI TEXHOTOriH mMPPOBOro MOHITOPHETY Ta
nrrerpum JaHMX [OSBOIAE CYTTEBO MLISHIIHTH pmem; Oesnmexn 1
CTabiTBHOCT! Kap'epHHX OOpTiS, SMeHUIyIOWH mompmcu asapit Ta
sa0esnedyroun OesnepepEHICTs NPHIYHX Onepamil

Meropoaoria. ¥ JocaiTaeHH: BHKOPHCTOBYIOTBCA MeTOAm sOopy H
IHTErpauii FammX i3 SaCTOCYBAHHAM CYHacHMX UMQPOBHX IHCTPYMEHTIS.
OcHOBHMME eTanaMy € CTaHZapTHsamiA GOopMaTIE JaHMX, NepenoOpodka Ta
aBTOMATH3AUmiX IHTerpanii, mo sadesnevye HLTICHICTS JAHMX AR IXHBOTO
aHAMSY Y PEATHHOMY Wact.

Pesyasrarm.  Cucrema GeoDATA Zones pospoOazersca aua
NOKpaleH T uoairopum'v Ta sa0esnmeyeHHA CTIMKOCTI OOPTIE rAMOOKHX Ta
HAArHOOKMX  Kap'epis. Ii creopemna ofymomneHo morpeSon B
KOMIVIEKCHOMY PIlIeHH! 2718 300py, 0OPOOKM T2 aHATISY JaHMX HATYpPHHX
cnocrepexens Ta iHQopMamii NPO MACHE, MO JOSBOIMTL CBOCHACHO
pearysatn Ea moTeHuifimi sarposn. OCHOBHIDGM 3acajamMM CHCTEMH €
INTErpamia PISHOPIIHHX JAHNX, ABTOMATHIAINA oopooxu Ta m.‘nplmu
KOPHCTYBAYIS Y NPHAHATT! piMeHMh HA OCHOB! AHATISY 3BITIS, AKi
CTEOPIOIOTHCA HAMBABTOMATHYHO.

OcHosm: sacazm, Ma mxmx Oasyernca pospoOxa cucremn GeoDATA
Zones, BXTIONAN0TS:

=  ABTOMATHIALNO TA IMYNKICTD BEEJEMMA JAMMX: CHCTeMa nepexdavac
sapanTaxemns Jamix yepes CSV-daitn abo seezemmn spyuny, mo 3038074¢
ONEePATHBHO BMOCHTH JaMi 3 PISMMX JKepel Oes MeoOXiIMOCT! CEIAIMMX
mrerpauit. Lle saGesneuye AerxicTs y BHKOPHCTAMMI T FHYNKICTS I8 PIIHHX
THIE KOPHCTYBAqIB,

= IMTeTpamilO pisHOPIAMMX JaMMX: 30 CETATY CHCTEMH MalOTh
BXOZMTH  MOZym, AKi 3OmMpammMyTs T2 o0'eaMyBaTIDMyTs  JaMi
MAPKIIEAZEPCEXNX CIIOCTEpeXeNs, reo@smm AOCTIMKEMD Ta IMuI JaMi,
AKI € BAATHBINGH LA OUIHKH CTIIKOCTI ALTAHKE COpTY Kap'epy.

= MOZYM 3HATIIY Ta MPOTHOSYBAHMA: CHCTEMAa Mae 3abesmedyBaTH
aMams CTPYKTYPHMX 3SMIH Ha JuIAMKax Oopris kKap'epy Ta BHABIATH
noTenuifino HeGesmeuni somm HarzamTyBamma mapameTpis BHABIEHHA
BUIXMIeHHA sHaudend QaxTopis BiY cepe:nm: Mae aBTOMATHYHO BHABIATH
aHOMATI], MO MOKYTH NepeIyEaTit 00BATaM 200 IHIIMM 3arposaM.

=  IHTEpaKTHMEHA BISYATiSalliA Ta SEITHICTS. KOPHCTYBadi OTPHMAIOTH
AOCTYN A0 IHTePaKTHMBHMX rpadikis, MO MNOJErMHTL AHATIS JaHHX Ta
VXBaTeHHA pimens. MoAIMBICTD eXCNIOPTY JaHMX Ta HYYKe HATAWTYBaHHA
3BITHOCT1 320€3Me4aTs aJanTHEHICTS CHCTEMHE J0 EMMOT PISHHX CIEImIATICTIE.

Ouixysam pesyasTaTi 513 sanposagxeHHs GeoDATA Zones:

—  Tloxpamena TOUHICTH NMPOTHO3YBAaHHA T2 OMIHKM pHSHEIE. JacTs
SMOry SaB4YacHO BHABIATH HeOesmeuHi 3OHH T2 pPOSPOOIATH SaxXOAM 1A
3aroOiraHHa aBapifHIM CHTYalLiaM.
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—  TIligTprvka aganTHEHOCTI Ta JOCTYH JO SBITHOCTL. MOXTHBICTE
SABaHTa®EeHHA Ta AaHAMSY JAaHHX YV PISHEX cpopuarax JOMOMOXe
KOPHCTYBa9aM TpHAMaTH oo:pyrrrosam PIIEHHA HAa OCHOBI AKTYATBHHX
AaHMX, MIBHITYIOYH SaraTbHy Oesnexy Ta ePexTHBHICTD MPHNTHX POOIT.

Taxme wrmon, pospodka GeoDATA Zones crpaMoBana Ha CTBOpEeHHA
HaQIfHOI CHCTEMH uom'nopmm Ta aHATISY, K2 BUINOBITaTHME CYHacHHM
BHMOraM OesnmexH y MpHH9ii raTysi Ta HaJacTs FHYYKICTE ¥ pOOOT 3 JaHHMH
AIA ONMEPATHEHOTO NMPHAHATTA PINIEHS.

Bucnosxu: pospoﬁ::em CHCTEMa JOSBOMAE ABTOMATHSYEBATH aHAMS
CTIAKOCTI OOpTIE Kap'epy, BHKOPHCTOBYIOWM {HTErpoBaH: reodisiani Ta
Mapkmeitzepcsxi aani. Lle mgsmmye pisens OesnexH TipHWYHMX poOiT 1
AO3EBOAAEC ONMEPATHBHO PEAryBATH HA IMIHH B YMOBAX BUPOOHHUTEA.

DOI https://dos.org/10.30525/978-9934.-26-506-8-117

TECHNOLOGIES FOR THE USE OF ARTIFICIAL
INTELLIGENCE AGENTS TO AUTOMATE THE EXECUTION
OF TASKS FOR THE SEARCH AND GENERALISATION
OF DATA FROM EXTERNAL SOURCES

TEXHOJIOTT{ BHKOPHCTAHHSA ATEHTIB IUTYYHOI'O
IHTEJIEKTY 11 ABTOMATH3ALIT BHKOHAHHA 3ABJIAHD
3TIOIIYKY TA Y3ATATbHEHHA JAHHX
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THEORETICAL FOUNDATIONS OF THE DEVELOPMENT
OF THE IRON ORE INDUSTRY IN UKRAINE

Romanenko A. O,

INTRODUCTION

The miming mdustry take a sigmificant role in the development of
Ukraine’s economy. Ukraine achieved the status of a leading global producer
of iron ore raw materials by February 22 2022. The country demonstrated a
high level of iron ore production, despite challenges and techmical
complexities.

Ukraine possesses a significant raw iron ore base, including magnetite and
oxidized quartzites, which play a crucial role in the mining and metallurgical
industry. Technogenic deposits, such as talling ponds, also contamn various
materials for further use and enrichment

This raw material base provides Ukraine with substantial potential for the
development of the mining industry and related sectors. However, it 15
essential to utilize it efficiently and address environmental and technological
challenges. Among the key resources, natural-rich iron ores with high metal
content magnetite, and oxidized quartzites stand out, which are utilized in the
mining and metallurgical industry.

Technogenic deposits, such as tailling ponds. are a vital part of the raw
material base. They contain essential components for further utilization and
enrichment. However, 1t 1s necessary to maimntain a balance between the
extraction of valuable minerals and the protection of ecosystems for the
sustainable development of the minmng industry.

Scientific research and technological advancements are constantly
improving, opening up prospects for the further development of iron ore
extraction and processing. Investments in the raw material sector and
technological advancement will contribute to the successful future of
Ukraine’s mining and extraction complex.

According to the state geological and subszoil service of Ukrame’s report
for 2019. the total explored balance reserves of iron ores in the country amount
to approximately 20.9 billion tons. this quantity indicates a robust potential in
the ron ore base, which 1s crucial for the development of the mining and

metallurgical industry’.

! OgimifmRf CPAABHOL coyx0E  recdori  Ta  Hag YKE&]]:IIL
https:/ www. €0. cﬁ,ua"F " an“uDﬂ“uBﬁ“eDG‘uBB“ D0%B0%D0%BD%D1 %8
%aD0%BE 2%D1%06+%D0%B7%D0%B0%D0%BF%D0? DBU%DI%BI'DDG"
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D1%80%D1%83%D0%B4%D0%B8, (Accessed 06 October 2023).
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The mentioned 209 billion tons are categonized differently.
Approximately 11 billion tons constitute reserves that are already in active
enterprises. This availability of readily exploitable reserves i1s a valuable
resource for meeting iron ore material needs and ensures the stability of the
mining and extraction industry. Based on the average iron ore production rate
of approximately 170 mullion tons per year. it i1s estimated that the available
reserves will last for the next 65 vears. Additionally, according to the state
geological and subsoil service of Ukrame (DNVP "Geomform Ukrame") data
as of the beginning of 2021, the balance reserves of wron ores amounted to
18,065.04 million tons, which represents a significant quantity of iron ore
resources with substantial potential for further exploration and extraction®.

For the sustainable development of Ukraine’s mining mdustry and the
maximization of benefits from wron ore resources, it 1s necessary to actively
explore new deposits and modermize extraction mechanisms.

Thus article analyzes the state of Ukramne’s mining and extraction complex.
focusing on the Kryvyi Rih iron ore basin. It examines factors influencing the
industry’s productivity and cost-effectiveness, including povernment support,
legislation, technological modermzation, and environmental remmments
The aim 1s to identify development priorities and propose measures to improve
the industry's situation and enhance the competitiveness of Ukramne’s mining
and extraction complex, taking into account contemporary frends and
sustamnable development requirements.

1. Methods

Thas section outlines the primary methods and approaches used to optimize
the production capacities of muning and extraction enterprises and ensure the
sustainable development of the mdustry.

2.1. Utilization of Research and Analysis.

Thorough research and analysis of geological mining, and technical
parameters of deposits are essential for the efficient use of mineral resources.
They help determine the structure and properties of resources and develop
optimal approaches to their extraction and processing.

2.2. Innovation and Technology.

The use of modern technologies and innovative approaches is crucial for
optimizing mining processes. New technologies®, automated equipment, and

? Tlopran pnammx BEAOOVEHOI ramva Vipaimm: hitps:/www eiti gov ua/resursi-
rozvidka-ta-vidobuvannya‘mdi- zaliza/, {Accessed 06 October 2023).

i Kateryna Babii, Mykhaile Chetvervk, Volodvmyr Perehudov, Kostiantyn Kovalov,
Ruslan Kiriia, Viacheslav Pshenychnyi (2022) Features of using equipment for in-pit
crushing and conveying tedmolcgy on the open pit walls with complex structure Mining of
Mineral Deposits, Volume 16 (2022), Issue 4, 96-102
hitps://doiorg/10.33271/mining 16.04.006, (Accessed 06 October 2023)
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digital systems enhance productivity and efficiency in extraction, reduce
environmental impact, and improve safety”.

2.3. Environmental and Social Responsibility.

Preserving the environment and considerng social aspects are key
elements of optimizing mining processes. De\elopmg and 1mplemennng
environmentally friendly technologles minmmizing emissions and
environmental impact, and ensuring the safety and well-being of employees
are industry priorities.

2.4 Rational Resource Utilization and Strategic Planning.

Sustainable industry development involves the efficient use of available
mineral resources and careful strategic planning for their extraction. Research
mto reserves and the development of growth strategies help ensure the
mndustry's long-term viability and balance extraction with sectoral needs.

2.5. Investments and Partnerships.

Investments in the muning industry drive the adoption of new technologies
and methods. Partnerships with scientific institutions, businesses, and
mnternational organizations facilitate the exchange of expertise and access to
moderm resources and knowledge.

2.6. Organizational and Technical Measures.

The implementation of a wide range of organizational and technical
measures, supported by the government. 1s a key factor in successfully
managing the miming industry. This approach has allowed for the effective
mncrease in iron ore production and the realization of the country’s export
potential, even in the face of global financial crises and growing competition.

2.7. Sustainable Development and Exports.

The achieved results enable Ukraine to maintamn a stable export potential
despite global financial crises and competition. The mxmng industry mn
Ukramne remains resilient and capable of holding its positions in the global
market.

2.8. Challenges of Modern Mining.

The past two decades have been challenging for the mining mndustry,
driven by both objective and subjective factors. This period has not led to
significant industry improvements due to natural limstations and management
1ssues.

2.9. Challenges and Prospects.

The industry faces numerous challenges, such as limited technical
development, high costs, and a lack of modemization These aspects hinder
mndustry growth and erode competitiveness in the international market.

‘0. Kovrov, K. Babiy, M. Rakishev, A. Kutg:avu (2016) Influence of watening filled-
up tock massif on 5eomechamul sub:htz f the cyclic and progressive mechnologg

Minin epage Volume 10, Issue 2 5-63.
lmps do: org/10. 15407 muning 10.02.055, (Accessed 06 October 2023)
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These methods and approaches form a crucial foundation for achieving
sustainable development in the mining industry and ensuning the efficient
utilization of iron ore resources for the needs of the economy and society.

This section emphasizes the importance and challenges of optimizing
mining processes, implementing effective technologies, and strategic
management to ensure the stable and sustainable development of the iron ore
extraction industry.

2. Theoretical part

3.1. Improvement of Strategic Development and Innovative Approaches.

Improving strategic planmng and fostering mnovation 1s a crucial task for
the state and industry mstitutions. This will allow attracting investments and
promoting the implementation of modern technologies in Ukraine’s mining
industry. Collaboration with international partners and scientific research can
enhance the conditions for the development of the iron ore production sector.

The history of Ukrame’s mining industry demonstrates that despite
achieving records in 1ron ore production, it has been challenging to fully
restore past performance levels. For example, in 1978, an impressive
production volume of 126 4 mullion tons was reached, but subsequent years
brought challenges and obstacles that limited the ability to replicate this
success.

Even 1n 1990, when 1ron ore production amounted to 104.9 million tons,
the industry could not fully restore previous figures. Varnious factors such as
economic crises, changes in global market conditions, productivity losses at
old deposits, and a lack of mnvestment altered the prospects for the industry's
development.

Active review of strategies and the identification of new development
directions, coupled with mtiatives for modermization and increased
competitiveness, can contribute to the rapid growth of this vital sector of
Ukrame's economy and secure its position in the international market.

3.2. Export and Import of Iron Ore: Challenges and Prospects.

In 2021, the industry supplied metallurgical enterprises with iron ore raw
matenals according to their production needs, and there was no import of iron
ore raw materials, indicating the self-sufficiency of the industry”.

However, it's important to note that iron ore exports decreased by 4.2% 1
2021 compared to the previous year, amounting to 44.5 million tons. Still, the
monetary value increased by 62.8% to $6.9 billion® Despite exports

’ O caitt  O0'egmanma MANPHEMCTS «MetaTyproposs:
lcx,tatp: n'?('géukrmetprom.orgﬂ'pidstmh'-roboﬁ-gmk-ubm 1-za-12-musyact/, (Accessed 06

ber 2023).

" O¢uuitrnit cafir GMK Center: https://gmk center/'va news ‘ukramsky)-gmk-u-2022-
roci-eksportuvav-24-min-t-zaliznoi-(Accessed 06 October 2023).
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accounting for half of the production, the ranking of the product remained low
mn the global market, making the industry vulnerable to market fluctuations.

This vulnerability 1s evident through the necessity of importing iron ore
raw materials into Ukrame for several years, with imports exceeding 7 million
tons. This indicates mnternal 1ssues within the industry and a lack of domestic
resources to produce products that meet global standards.

To enhance the competitiveness and resilience of the mining sector m
Ukraine, 1t 1s essential to increase investments, improve technologies, enhance
product quality, and develop the domestic market. This will help reduce
dependence on external factors and increase the industry's resilience to
changes in the global market, ultimately promoting the development of the
Ukrainian mining sector in the future.

3.3. Resource Availability and Geological Conditions: Challenges and
Importance.

The stability of the muming industry depends on the availability of
sufficient iron ore reserves and the consideration of geological conditions
duning extraction. Resource availability allows the mdustry to plan production
and ensures high product quality. Geological conditions affect the
organization of mining but can create challenges, particularly in terms of
safety and costs.

Preserving and replemishing ore reserves are crucial tasks for the industry’s
stability. Continuous mining leads to the depletion of deposits, so actively
searching for new sources 1s necessary. Reclamation of mining sites. or the
restoration of the natural environment after mining. helps preserve the
ecological balance and provides opportunities for sustainable and
environmentally friendly mining production.

3.4. New Deposits and Challenges of Underground Mining.

The mining industry mn Ukraine continually seeks new deposits and
implements advanced technologies. This 15 necessary to support production
but presents challenges such as high costs and compliance with environmental
standards. Lowering the level of mining operations at depth 1s a key aspect, as
1t affects extraction timelines and safety.

An important aspect 1s the annual decrease in the level of mining
operations in open-pit mimng. which i1s approximately 7-9 meters, while
underground operations, this figure increases to 12-16 meters.

Reducing the level of mining operations 1s essential for ensuring stable
extraction and the restoration of natural resources. However, this requires
specialized technologies and resources.

The depth of 1ron ore reserve explostation through underground methods
has indeed reached significant values, namely 1200-1400 meters, compared
to the depth of open-pit mining, which is about 350-400 meters. These values
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mndicate the maximum depth to which iron ore deposits are developed
depending on the extraction method.

3.5. Challenges of Deep Mining and Efficient Resource Management.

As mining operations go deeper, mining companies face the challenge of
precise and efficient planning. Deep mining also leads to increased costs due
to the need for powerful equipment and safety measures.

Thus situation poses a profitability challenge for companies. Planning and
optimizing extraction processes at great depths are key tasks for sustainable
development and the rational use of resources.

In some mining and beneficiation complexes. the ratio of iron ore
overburden volume to production ranges from 0.3 to 1.5 m® per 1 ton of
extracted ore. This affects environmental considerations and demands
attention to ecology.

Durning financial crises, companies reduce the volume of overburden
removal, which can limit their development and stability. The availability of
ready-to-mine ore reserves for companies 1s a critical factor for sustainable
production and efficient management. Balancing stability and financial
performance 1s crucial for the industry’s future development.

3.6. Challenges of Reduced Stripping Volumes and Water Resource
Management.

From 2014 to 2021, mming companies witnessed a decrease in activity
and increased competition. which required restraining the nise in production
costs, particularly through reduced stripping volumes.

The overburden-to-ore ratio was 2.1% in 2014, but 1t increased to 20.8%
m 2015, underscoring the challenges in providing the necessary stripping
volumes for stable production.

Reduced stripping adversely affects the resource base and the industry’s
prospects, necessitating strategic measures to preserve stability and efficiency.

The reduction in miming depth 1s accompanied by water pumping from
deep horizons. This increases geological risks, requiring significant
expenditures to ensure safe working conditions and rock stability.

3.7. The Importance of Implementing Advanced Technologies and
Reconstruction for the Mining Industry.

Ukrammian mining enterprises face significant challenges, such as
increasing depths of ore deposit exploitation and dewatering of deep mines.
This prompts them to adopt advanced technologies and undertake facility
reconstruction.

Modermization and upgrading of enterprises enhance mining efficiency,
reduce costs, and improve product quality. This provides enterprises with a
competitive edge and supports their stability in the market.

Flexibility in utilizing cutting-edge technologies helps enterprises adapt to
changing conditions and market demands. Increasing production capacity 1s
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crucial for the development of the industry and the Ukrainian economy.
Support for the reconstruction and modermization of production 1s essential
for ensuring the sustamnable development of mining in the country.

3. Results

4.1. Reasons for the Decrease in Iron Ore Production and Product
Deliveries.

The decrease i 1ron ore production and product deliveries in Ukraine can
be attributed to the following key reasons:

1. Market oversaturation: 1ron ore production exceeds demand, leading to
stockpiling. Enterprises limit production and deliveries to avoid
oversaturating the market.

2. Low competitiveness: domestic products are not always competitive
compared to global manufacturers. Enterprises must reduce costs and improve
quality to attract customers.

3. Decreasing global prices: Excessive supply of iron ore products leads to
falling prices on the world market, affecting profitability and the ability of
enterprises to increase production.

4. Political instability and conflicts: political conflicts and military actions
Iimit the supply and transportation of iron ore, negatively impacting the

These factors collectively affect Ukramne’s mining industry, creating
challenging conditions for its development and stable operation
Implementing effective strategies and measures can help overcome these
challenges and ensure the industry's stable development.

4.2. Challenges and 1ssues in Ukraine’s miming mdustry.

While possessing vast potential in iron ore resources and the capability for
extraction and processing, Ukramne's mining industry faces several critical
problems requiring immediate resolution to ensure stable and efficient
development:

1. Low ore quality: the ore exhibits low quality and necessitates additional
expenses for enrichment before further use.

2. Increased depth of mining: continuous deepening of operations
complicates extraction and raises costs.

3. High energy consumption: the industry demands significant energy
resources, which can impact profitability.

4. Equipment renewal: constant replacement and upgrading of production
equipment require mnvestments.

5. Environmental concerns: mining operations can harm the environment.

6. Large volumes of waste: increased extraction leads to the accumulation
of substantial waste volumes.
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7. Rusing transportation costs: deeper development increases
transportation expenses for raw materials.

8. High costs of technological equipment and energy: nsing equipment and
energy resource prices create financial pressure.

9. Low innovation level: the absence of inmovative solutions limats
development opportunities and process optimization.

Addressing these 1ssues 15 wvital to support the effective growth of
Ukramne's mimng industry and sustamn its competitiveness on the global
market. Process optimization, mnnovative solutions, and a balanced approach
to addressing these problems can contribute to the mdustry's sustainable
development and mimimize negative impacts.

43, Challenges of nanonal sigmificance and their impact on Ukramne’s
mining sector.

The constant negative pressure of national significance also significantly
affects Ukraine's mining sector, putting its effective development at nsk.
Among the main problems ansing from this are the following:

1. Lack of strategy and support: insufficient management and the absence
of strategic plans complicate the industry's development.

2. Rusing fees and tanffs: increased costs for resource use and product
transportation can burden the sector.

3. Inadequate regulatory framework: the absence or obsolescence of laws
and regulations complicates sector management.

4. Unfavorable mnvestment climate: lack of mvestment slows down
modernization and sector development.

5. Low scientific support: the absence of a proper scientific base hinders
mnovation and the development of new technologies.

6. Absence of domestic machinery production: dependence on imported
machmery and equipment complicates sector development.

7. Global financial crises: changes in global markets can affect commodity
prices and lead to economic difficulties in the sector.

Addressing these 1ssues requires a comprehensive approach and active
participation from the state, businesses, and the scientific community to create
favorable conditions for the sustamable and efficient development of
Ukraine s mining sector.

44 Adaptation and mnovation: key aspects of the development of the
mining sector.

Adaptation and imnnovation are key aspects of the development of
Ukramne's mining sector, especially in the face of market uncertainty and
competition. The main aspects of this process mnclude:

1. Strategic review: compames must continually analyze their strategy,
taking into account changes in the market and the economy. this may involve

264

130



131

shifting to new types of products, entering new markets, or expanding the
geographic scope of sales.

2. Technological mmnovation: it 1s crucial to implement modem
technologies to increase productivity and reduce costs. this may include
automation, using data for decision-making, and adopting more efficient
methods of ore extraction and processing.

3. Exploring new markets: decreased domestic demand may require
exploring new markets for mining products, including export opportunities.

4. Balance and efficiency: companies should strive to balance their
expenses and income, reduce losses and costs to maintain stability and
profitability.

5. Promoting innovation: allocating financial resources to research and
development of new technologies and approaches can support the innovative
development of the industry.

6. Collaboration with research institutions: partnering with research
mstitutions and umversities can facilitate the development and
implementation of new technologies and solutions.

Adaptation and mnnovation will help the sector maintain competitiveness
and ensure sustainable growth, even in the face of challenges and uncertainty.

4.5. Technological upgrade and investments: key aspects of modermizing
the mining sector.

Modernization and the adoption of new technologies will make this
mndustry more efficient, competitive, and resilient to future challenges. Here
are key points:

1. Investment in research and development: explonng new technologies
and innovations can be a significant step toward modermization. This includes
funding scientific research and development efforts aimed at improving
muning and ore processing processes.

2. Support for immtiatives: governmental and legislative support for
mitiatives aimed at modernizing the mining sector can incentivize investors
and companies to implement new technologies.

3. Improved efficiency: the application of modem technologies can
mncrease productivity and reduce production costs. Efficiency 1s a crucial
factor in ensuring competitiveness.

4. Environmental sustamability: new technologies can help reduce the
negative impact on the environment, which is an essential consideration mn
today's market and regulatory requirements.

5. Tramning and workforce development: developing and trammng
personnel to work with new technologies 1s also a crucial component of
successful modernization.

In general, 1t 1s 1n Ukraine’s best interest, both as a nation and for the
muning industry as a whole, to actively pursue technological upgrades and
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mvestments to ensure sustaimnable development and competitiveness in the
global market.

4.6. Prospects and priorities for the development of Ukraine's mining
industry.

To ensure sustainable and effective development of Ukraine's mining
mndustry, it 1s essential to actively address the challenges that put 1t at a
crossroads. This can be achieved through investments in new technologies,
scientific research, equipment modernization, and enhancing competitiveness
in the global market. Such measures can secure steady and efficient industry
growth, preserve its significance for the country's economy, and improve the
quality of life for miners.

The prionity directions for sustainable and effective long-term
development of Ukraine’s miming complex, including addressing issues in the
Kryvyi Rih iron ore basin, include:

1. Product diversification: mn addition to ore ennchment, consider
expanding the range of products to include other valuable minerals or higher-
value metal production. This can reduce the industry’s dependence on
fluctuations in the iron ore market.

2. International cooperation: explore opportunities for collaboration with
international companies that have experience in modern mining technologies.
This can accelerate the adoption of new practices and technologies.

3. Human capital: invest in the traming and development of miners and
engineers to equip them with the skills required to operate modern equipment
and technologies.

4. Safety standards: ensure the highest safety standards for miners and
minng processes to prevent accidents and incidents.

5. Green mining mitiative: consider launchmg a green xmmng initiative
that promotes environmentally friendly mining and ore processing practices.

The successful development of the mining industry will have significant
mmplications for Ukraine’s economy and social stability. Implementing these
measures will help overcome challenges and create conditions for the
sustainable and efficient growth of the mining industry 1n Ukraine, enhancing
its competitiveness in the global market.

CONCLUSIONS

The implementation of state support for Ukrame’s miing industry to
comprehensively address its challenges can be a key factor in ensuring its
sustainable and effective development. Introducing the following measures
will contribute to resolving pressing issues:

1. State support - a crucial stimulus for the sustamnable development of
Ukraine's mining sector.
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2. The research program for the Kryvyi Rih 1ron ore basin - a guarantee of
safety and stability mn extraction.

3. A prospective development strategy - necessary for effective reforms
and the industry’s sustamned growth.

4. Strengthening state regulation - contributes to the fair distribution of
resources and income.

5. Joint projects and technical adaptation - enhance resource utilization
efficiency.

6. Innovation support - the key to the industry's competitiveness in the
global market.

7. Creating a favorable investment climate - ensures the stability and
growth of the country’s export potential.

These steps share a common goal - the comprehensive resolution of 1ssues
mn the mining industry, improvement of the resource base, and increased
efficiency of resource utilization. It 1s crucial for government bodies,
businesses, and research mstitutions to collectively direct their efforts towards
implementing these measures to achieve the sustamable development of the
industry and contribute to the prosperity of the country as a whole.

SUMMARY

The article examnes the theoretical foundations of the development of the
1ron ore complex in Ukrame, with a focus on the Kryvyi Rih iron ore basin.
Key 1ssues are identified. such as outdated equipment, msufficient investment,
and environmental and social aspects. The author proposes solutions to these
problems, including technological improvement, optimization of deposit
development, the advancement of scientific research, and attracting
mvestments. The importance of government support for the sustainable
development of the industry 1s discussed, and specific measures are suggested,
such as the development of development strategies and programs, ensunng
transparent resource allocation, and providing incentives for innovative
enterprises. The critical importance of the development of the mining industry
for the country's economy and ecology 1s emphasized. As a result of the
research, specific steps are proposed to ensure the sustainable and efficient
development of the mndustry and enhance competitiveness in the international
market.

Bibliography
1. Odimiiami cafit JepxaeHoi CTy:KOH reonorii Ta Haap YKpaiHH:
https://www.geo.gov.ua 7s=%D0%91%D0%B0%D0%BB%D0%B0%D0%
BD%D1%81%D0%BE%D0%B2%D1%96+%D0%B7%D0%B0%D0%BF
2%D0%B0%D 1%81%D0%B8+%D0%B7%D0%B0%D0%BB%D1%96%D0

267



134

%B7%D0%BD%D0%BE%D1%97+%D1%80%D1%83%D0%B4%D0%BS8
, (Accessed 06 October 2023).

2. ITopran JaHHX BHI00YBHOL ramysi Vkpainn:
https://www.eit1.gov.ua resursi-rozvidka-ta-vidobuvannya rudi-zaliza/,
(Accessed 06 October 2023.

3. Kateryna Babu, Mykhailo Chetvervk., Volodvmyr Perehudov,
Kostiantyn Kovalov, Ruslan Kirua, Viacheslav Pshenychnyi (2022) Features
of using equipment for in-pit crushing and conveying technology on the open
pit walls with complex structure Mining of Mineral Deposits, Volume 16
(2022). Tssue 4, 96-102 https://doi.org/10.33271/'mining16.04.096, (Accessed
06 October 2023).

4. 0. Kovrov, K. Babty, M. Rakishev, A. Kuttybayev (2016) Influence of
watering filled-up rock massif on geomechanical stability of the cyclic and
progressive technology line Mining of Mineral Deposits Journal homepage
Volume 10, Issue 2, pp. 55-63. https://dor.org/10.15407/minng10.02.055,
(Accessed 06 October 2023).

5. Odumnitauit  cafit O6'eaHanHs manpHeMcTe «MeTaaypruopoM»:
https:/'www.ukrmetprom org pidsumki-roboti-gmk-ukraini-za-12-misyacy/,
(Accessed 06 October 2023).

6. Odumiinmii cafit GMK Center: https://gmk center ua news/ukrainskij-
gmk-u-2022-roci-eksportuvav-24-min-t-zaliznoi-
rudy #F~text=%D0%AF%D0%BA %20%D0%BF%D0%BE%D0%B2%D1
2696%D0%B4%D0%BE%D0%BC%D0%BB %D 1%8F%D0%B2%20GMK
%20Center%2C%20%D0%B 7%D0%B0,%E2%80%53%20%D0%B4%D0
%eBE%20%246%2C9%20%D0%BC%D0%BB%D1%80%D0%B4,
(Accessed 06 October 2023).

Information about the author:

Romanenko Andrii Oleksandrovych,

Candidate of Technical Sciences,

Mine Surveyor Engeneer of the Rock Movement Monitoring

Private joint-stock company Central Mining and Concentration Plant
Kryvyi Rih, Dnipropetrovsk region, 50066, Ukraine

268



International scientific conference

Takox po3poGka Ta BOPOBAKEHHS CTAHJAPTIB NUINPHEMCTBA IIOJAO
BHKOHAHHS HH3KH TeXHOJIOTIYHHX IPOMECIB Ta OXOPOHH Mpaill aKTHBHO
BeJeThCA Ha TipHHY000YBHHX akTHBax MetinsecT XONAMHTY, 30Kpema,
[TPAT «lllaxToynpasmuns «IlokpoBchke»

[lepenixk BUKOpHCTANKX T&KeEpe

1. [ligroTorui BupoOkH Ha nonorux mwiacrtax. Bubip kpinnenns, cnocobis
1 3aco0ie oxopoun / COY 10.1-00185790-001:2007, K.: 2007. 114 c.

2. Jlerazamis Byruiennx wmwaxt / COY 10.1.00174088-001-2004, K.:
2004, 113 c.

3. Ynparninug NoKpisieio | KpiUIeHHS B OYHCHHX BHOOSX HA BYTUILHHX
macTax 3 Kyrom naginns go 350 / COV-II 10.1-00185790-020:2012, 1.
2012, 150 c.

DOI https://dot.org/10.30525/978-9934-26-361-3-65

THEORETICAL FOUNDATIONS OF THE DEVELOPMENT
OF THE IRON ORE INDUSTRY IN UKRAINE

TEOPETHYHI 3ACA/IH PO3ZBHTKY
JANBOPYIHOI FAJIY31 YKPATHH

Romanenko A.O. Pomanenxo A.O.
PhD (Engineering), Mine surveyor K.TLH., Mapruenoep xap epy
engeneer of the rock movement N0 HAZAROY 3a 306120M ZIPHUNUX ROPIO,
monitoving, Private joint-stock company HipAT «l{enmpansnuii 2ipuuvo-
Central Miming and Concentration Plant, 30RANYEATBHUL KOMOIHAM Y,
Krvwyi Rih, Ukraine; a. Kpuenil Piz, Vipalha,
student (group 122-23-1M), cmyoeum 2p. 122-23-1M,
LLC “Technical university TOB « Texniunuil ynisepcumem
“Metinvest polytechnic”, «Meminsecm novimexunixay,
Zaporizhzhia, Ukraine M. Janopixcxca, Vepaina

Ukraine achieved the status of a leading producer of iron ore raw materials
by February 22, 2022, demonstrating a high level of iron ore production
despite technical challenges.

Ukraine possesses a significant raw material base, including magnetite and
oxidized quartzites, which are crucial for the mining and metallurgical
industry. However, it is essential to use these resources rationally and address
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environmental and technological challenges. Technogenic deposits, as part of
the raw material base, contain diverse materials for further utilization.
Maintaining a balance between extracting valuable minerals and preserving
ecosystems is crucial for sustainable development.

According to the State Geological Survey of Ukraine, the total explored
balance reserves of iron ore in the country are approximately 20.9 billion tons,
indicating a powerful potential for development [1]. Among them, 11 billion
tons are ready for exploitation, ensuring the industry’s stability for
approximately 65 years. Additnonally, according to the State Enterprise
wGeoinformation of Ukraines (SE «Geoinform Ukrainew) data for the
beginning of 2021, the balance reserves of iron ore amounted to 18,065.04
million tons, representing a significant quantity of iron ore resources with
considerable potential for further exploration and extraction [2].

Technogenic deposits, such as tailings, are an essential part of the raw
matenal base, containing diverse materials for further utilization. It is crucial
to maintain a balance between extracting valuable minerals and preserving
ecosystems for sustainable development.

The goal is to identify development priorities and propose measures to
improve the situation in the mining industry and enhance the competitiveness
of Ukraine’s mining complex, taking into account current trends and
sustainable development requirements.

Key methods and approaches used for investigating the optimization of
production capacities of mining enterprises and ensuring the industry’s stable
development include research and analysis utilization; innovation and
technology: environmental and social responsibility; rational resource use and
strategic planning; investments and partnerships; organizational and technical
measures; sustainable development and export: challenges of modern mining;
difficulties and prospects.

As a result of the conducted research, key factors ensuring sustainable and
effective development of the industry have been identified: state support for
sustainable development: a research program for the Kryvyi Rih iron ore
basin; a strategy for prospective development: strengthened state regulation;
joint projects and technical adaptation; support for innovation; a favorable
investment climate. These factors aim to comprehensively address the
challenges of the mining complex, improve the state of the raw material base,
and enhance the efficiency of natural resource utilization. The task is a
collaborative implementation of these measures by government bodies,
businesses, and research institutions to achieve sustainable development of
the industry and support the overall prosperity of the country.
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Enepretnuna kpuza B €Bponi, mo BHKIHKaHa BiiiHol B YKpaiui,
NpH3Besia 0 KOPIHHOTO MNeperisjy KOHUSNTYATbHHX 3acall CTBOPEHHS
eHepreTHYHol crabuibHOCTI B cBiTl. J{uBepcH(ikanis eHepreTHYHHX LKepe
1 MOTOKIB MpH3BENA [0 3MIHH JONCTHYHHX JIaHOK, DanaHcy pecypcis, 110
NPOAYKYIOTE €eKTpHUHY eHepriio. Tennopa renepamis 3 «3eJeHHX» Kepe
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