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AHOTAIIS

Coxonosécokutl B.B. AnropuTMivHe Ta mporpaMHe 3a0e3MeUeHHs] perioHaIbHOT
CUCTEMH MOHITOPUHTY CTaHy MOTEHIIHHO HeOe3neuHnx 00’ ekTiB. — KBamidikamiitna
HayKOBa Ipallsl Ha MpaBax PYKOIHUCY.

Hucepranis Ha 3700yTTs HAyKOBOTO CTyneHs JOKTopa ¢utocodii B ramysi
3HaHb — 12 Indopmariiini TexHonorii 3a cnemianbHicTIO — 121 IHxkeHepis
porpamMHOTO 3a0e3neueHHs — HailloHanbHUI TEXHIYHUN YHIBEPCUTET YKpaiHu
«KwuiBchkuil momiTexHiuHuil iHCTUTYT iMeH1 Irops Cikopcbkoroy», Kuis, 2025.

Ha reputopii Ykpainu QyHKII0HY€ 3Ha4Ha KUIbKICTh CLIOPY/, KJIAaCHU()IKOBAHUX
K TOTEHIINHO HeOe3meuHi 00’e€KTH, aBapii Ha SKUX MOXYTb HPU3BECTU [0
BUHMKHEHHSI TEXHOTCHHUX HaJI3BUYAalHUX CUTyalliii. B ymoBax 30poiiHOi arpecii
P® 3abe3neueHHst OE3MEKU KUTTS Ta 370POB’Sl HACEJEHHS, a TAKOXK EKOJIOTTYHOI
O€3MeKu TEepUTOPid, J€ pO3TalloBaHI MOTEHIINHO HeOe3neuHi 00’ekTH, HabyBae
oco0nuBOi akTyanbHOCTI. [Ipu OliHIOBaHHI PU3MKIB HEOOXITHO BPaXOBYBAaTH HE
auie 0e3mocepeiHl HACIIKK aBapiidi Ha 00’ €KTax, ajie ¥ MOTCHIIHHUA BIUIMB Ha
HAceNeHHs, IHPPaCTPyKTypy NPWIECTIIUX TEPUTOPIN Ta 1HII TPOMHUCIOBI 00’ €KTH.

3a Takux OOCTaBHH ICHY€ HarajdbHa TOTpeda y CTBOPEHHI KOMILIEKCHUX
CUCTEM MOHITOPUHIY CTaHy MOTEHIIHHO HeOe3MeuHUX OO’€KTIB Ha BCIX PIBHSX:
00’ €KTOBOMY, MICIIEBOMY, pET10HAIbBHOMY Ta JAepkaBHOMY. Xoua Hapa3il GyHKIIOHYE
3HaYHa KUIBKICTh CHCTEM MOHITOPHHTY CTaHy MOTEHIIHHO HEeOe3MeYHUX 00’ €KTIB
00’€KTOBOTO Ta MICIIEBOTO PiBHIB, MiJIBUILIEHHS HAAIMHOCTI €KCIUTyarallii Ta piBHs
Oe3neKy MOTEHIINHO HeOe3MeYHUX 00 €KTIB y CIOCIO yIOCKOHAJEHHS IMPOIECIiB
300py, 0OpoOKHK Ta mepeaadi JaHuX B 1HGOPMAIIMHINA CUCTEM1 MOHITOPUHTY CTaHy
MOTEHIIMHO HeOe3nmeyHuX 00 €KTIB Ha OCHOBI PO3POOJICHHS CIHEI1ali30BAHOIO
MPUKJIATHOTO MTPOrPAMHOTO 3a0€3MeUeHHS 3 BUKOPUCTAHHSIM TEXHOJIOTIT IHTEpHETY
pedeit Ta po3poOIeHHS MPOrpaMHOTo 3a0e3MeUeHHS Ta METOIB 00poOKH iHpopMaIIii
JUTsl perioHaIbHUX CUCTEM MOHITOPUHTY CTaHy MOTEHIIMHO HEOEe3MeYHUX 00’ €KTIB
3aJIMIIAETHCS AKTYATbHOI HAYKOBO-MPAKTUYHOIO 3aJa4€lo.

CydacHa cucTeMa MOHITOPUHIY CTaHy MOTEHIIITHO HeOe3nmeuHux 00’ €KTiB
ABJIs€ COOOI0 MPOrPAMHO-TEXHIYHUN KOMIUIEKC, 10 Oa3yeThCsl HAa MPUHIUIAX
1HXKeHepli MporpaMHOro 3a0e3NedyeHHs] Ta BHUKOPUCTOBYE CyYacHI METOIU

pPO3pOOKK MporpamMHOro 3abe3rnedeHHs. BrpoBakeHHs] Takoi CHCTEMH JI03BOJISIE



MIIBUIIATA €(PEKTUBHICTh EKCIUIyaTallii MPOMHUCIOBUX 00 €KTIB Ta MOJIMIINATH
OpraHi3aIilo 3aXuCTy HaCeJeHHS Ta po0OYOro MEepPCOHANy y CHOCI0 PaHHBOTO
BUSBIICHHSI MOXJIMBOCTI BUHUKHEHHSI HaJ3BHYaiiHO1 cutyarlii. Ha perionambHOMYy
Ta JIEpKABHOMY DPIBHSX TaKi CHCTEMH HE CTBOPEHI.

AHami3 HasgBHUX CHUCTEM MOHITOPUHTY CTaHy MOTEHIIHHO HEOEe3MeUHUX
00’€KTIB IEMOHCTPYE, 110 TaKi MPOrpaMHI KOMITJIEKCH 31HCHIOIOTH 301p Ta 00pOOKY
JaHUX 100 KJIIOUOBUX MapameTpiB 00’€KTa Ta BUKOHYIOTh iX MapaMeTpUYHHMA
KOHTpOJIb. [IporpaMue 3a06e3reueHHs BU3HAUAE, YU MEPEBUILYIOTh 3HAUEHHS OJTHOTO
ab0 JIEKUIbKOX KOHTPOJIbOBAHMX IapaMEeTpiB 00’€KTa MOMEpeAHbO BCTAaHOBIIEHI
KpUTHYHI PiBHI, a00 HaOMMKalOThCAd A0 HHUX. [Ipu BUSABICHHI TEPEBUIICHHS
KPUTUYHHUX 3HAYCHb MMapaMeTpPiB, CUCTEMa aBTOMATUYHO T'€HEPY€E CIOBIIICHHS IS
YeproBOro MepcoHally MpO MOXKJIUBICTh BUHUKHEHHSI HAJ3BHYalHOI cHUTyallli Ta
HAJa€ TOKPOKOBI IHCTPYKIII IMIOAO HEOOXITHUX i NI 3amo0iraHHS PO3BUTKY
aBapii Ta HEJOMYIICHHS Mepexoay 00’ €KTa y CTaH HAJ3BUYANHOI CUTYyaIlii.

Takuii miaxix cyTTeBO OOMEXKy€e 4YacoBI paMKW ISl BIPOBAKEHHS
npoTuaBapiiHux 3axomiB. Jlo TOro K Ccy4acHi MOpPOMHCIOBI 00’ €KTH
XapaKTEePHU3yIOThCA CKJIQJHOK TPOCTOPOBO PO3MOAUICHOK CTPYKTYpOIO, IIO
OXOIUTIOE 3HAuHi Teputopii. Lle cTBOpIOE MiABHILEHY Bpa3JIMBICTh KOMIIOHEHTIB
IPOrPaMHO-AMapaTHOrO KOMILJIEKCY MOHITOPUHTY CTaHy MOTEHIIIHHO HEeOe3MeuHNX
00’€KTIB 10 €JICKTPOMArHITHUX 3aBaj.

3a3HayeHl BUKIMKKM Ta CydYacHI TEHJEHIIi PO3BUTKY pPETiOHAJbHHUX
PO3MOAUIEHUX CHUCTEM MOHITOPUHTY CTaHy IMOTEHIIHHO HeOe3neyHuX OO0’ €KTIB
dbopMyIOTh aKTyallbHE HAyKOBO-TE€XHIUYHE 3aBJIaHHS MIOJ0 BJIOCKOHAJICHHS
TEOPETUYHHUX 3acajJ PO3pOOKH MPOrpaMHOro 3a0e3MedeHHs SK 1HPOpMAaIiHHOTO
00’ekTa Ta CTBOPEHHS €(OEKTUBHUX aJTOPUTMIB I PEriOHAJbHUX CHUCTEM
MOHITOPUHTY CTaHy MOTEHI[IHHO HEOE3MEeUHUX 00’ €KTIB, SIKE BUPILIYETHCS B MEXKaX
[[LOTO TUCEPTALIINHOTO AOCIIHKEHHS.

Metow aucepTaniiiHOro JOCTiIKEeHHSI € TIJIBUINECHHS HAJIHHOCTI
eKCIUTyaTalii Ta piBHS O€3MeKH MOTSHIIMHO HeOe3MmeYHuX 00’€KTIB y crocid
yIOCKOHAJICHHST MpolIeciB 300py, 0OpoOKM Ta mepenadi JaHuX B iH(oOpMaIliiiHiii
CHUCTEMI MOHITOPHHTY CTaHy IIOTEHIIIMHO HEOE3MeYHUX OO0 €KTIB Ha OCHOBI

pPO3pOOJIEHHST CHELiali30BAHOTO MPHUKIAIHOTO MPOTPAaMHOT0 3a0e3MeyYeHHs 3



BUKOPUCTAHHSAM TEXHOJIOT1i IHTEPHETY peuei, METOAIB 3aBaIOCTIMKOTO KOAYyBaHHs
JTaHUX, MOJCIIOBAHHS TIPOIECiB 00’€KTa MOHITOPUHTY, a TaKOXX METO/IIB
POTHO3YBaHHS 3MiHHM WOTO CTaHy.

J1J1s TOCSTHEHHS IOCTaBIEHOT METH PO3POOJIEHO Ta TEOPETUYHO OOTPYHTOBAHO
HAyKOB1 MOJIOKEHHS, METOJOJIOTIYHI 3acad Ta MPaKTUYHI peKOMEeHAAIlil MI00
BHOOPY METO/IIB, aJITOPUTMIB, a TAKOXK BUPIIICHO MpobIeMa MmoOyq0BH apXITEKTypH
MIPOTPaMHOTO 3a0€3MEUEeHHSI Ha OCHOB1 CHCTEMHOTO IAXOMY /10 OOpPOOKH JTaHUX
MOHITOPHUHTY, IPOTHO3YBAaHHs CTaHy 00’ €KTIB Ta ONTHUMI3allii IPOIECIB.

JloCSITHEHHS TOCTaBIEHOI METH 3a0€3MeYEHO Y crociO po3B’ I3aHHSA KOMILIEKCY
TEOPETUYHUX, METOJOJIOTIYHHUX Ta NPAKTUYHHX 3aja4 1HXKEHepii IPpOrpaMHOro
3a0€3MeUeHHS, SIK1 pO3IIISTHYTO B HACTYITHUX PO3ALIaX JUCEPTAIIHHOTO IO CIT1IPKSHHS.

Y nepmomMy po3aijii BUKOHAHWHN aHAJMITUYHUN aHaTI3 Cy4acHOTO CTaHy
BIIPOBA/DKEHHSI PEriOHANIbHUX 1HGOPMALIMHUX CHCTEM MOHITOPUHTY CTaHy
MOTEHIIIHO HeOe3MmeyHnx O00’€KTIB, aHadl3 3aKOHOIaBUOi 0a3uM Ta HAyKOBOIi
JiTepaTypu, a TaKOoX BHUKOHAHO JIOCHI/DKEHHS CyYaCHUX TEOPETUYHHX Ta
METOZOJIOTIYHIUX OCHOB MPOEKTYBAHHS CHCTEM MOHITOPUHTY CTaHy IMOTEHIIIIHO
HeOe3MnmeyHnx 00’ €KTIB, MpoaHaIi30BaHI apXITEKTYpHI Ta TEXHOJOTIYHI aCHEKTH
IPOEKTYBaHHS CHUCTeM MOHITOpuHTYy. Ha mifcTaBi NpoOBENEHOro aHalizy
c(hopMyTbOBaHO HAYKOBO-TEXHIUHY 3a/lady Ta BU3HAYEHO KOMIUJIEKC 3aB/IaHb
JOCITIIKSHHS, CIIPSIMOBAaHUX Ha IMiJIBUILIEHHS €()eKTUBHOCTI MPOLIECY MPOEKTYBAHHS
perioHaIbHUX CHUCTEM MOHITOPUHTY CTaHY MOTEHIIHHO HEOE3MEeYHUX 00’ €KTIB.

Y apyromy po3aili BUKOHAHUW aHalli3 HasBHUX CHCTEM MOHITOPHUHTY, a
Ha OCHOBI aHadi3y 3alpPOIIOHOBAHO PO3B’SI3aHHS MPOOJIEMH MMOOYI0BU apXITEKTypHU
pErioHaJbHOI CUCTEMH MOHITOPUHTY CTaHy MOTEHIIHHO HeOe3nmeuyHuX 00’ €KTiB Ha
OCHOBI1 Mepexi [HTepHeTy peueld 3 TOMOJOTIE0 «31pKay 3 THTETPOBAHOK CHCTEMOIO
yOpaBIiHHSA Ta MPEIUKTUBHUMH AHANITUYHUMHU TIJACHCTEMaMH Ha 00’ €KTOBOMY,
MICIIEBOMY Ta perioHajdbHUX piBHAX. Ha OCHOBI aHasi3y HasBHUX METOAIB Iepeaadl
JaHUX B Mepekax [HTepHeTy pedeil 3amporoOHOBAHO Ta PO3POOJIEHO METOA
3aCTOCYBaHHS 3aBaJOCTIMKOIO KOPUT'YBAJIBHOTO KOAY 3 MOKJIMBICTIO BHSIBICHHS
Ta BUIPABJICHHS 0araTo0iTOBUX MOMIIOK IMepeaadi JaHuX. BUKOHaHE TeCTyBaHHS
1H(pOopMaIIIifHOTO 00’ €KTa — IPOrPAMHOI MOJIE1 KaHATY IIepeiadi JaHUX MiATBEPAUIIO

KOpCFYBaJ'H)Hi MOJKJIMBOCTI 3aIIPOIIOHOBAHOTO MCTOAY BUSABJICHHA Ta BUIIPABJICHHSA



noMuiiok. Bupimena npoOnema moOyaoBH apXiTEKTypH 1H(GOpPMAIIHHOI CHCTEMH,
pO3pO0OJICHE alITOPUTMIYHE Ta TMpOorpaMHe 3a0€3MeUeHHS IS IPOrpaMOBaHUX
JlaBadiB, sIKI 3alpOMOHOBAHO BUKOPHUCTOBYBATH K BY3JIM 300py 1HQopMarii Bijg
mpkepen iHdopmMalii y BUINISII IEPBUHHUX MEPETBOPIOBAYIB HA 00’ €KTOBOMY PIBHI.

Y TperboMy po3aijii Ha OCHOBI aHajizy MyOJiKaliil JIOBEACHO, IO
Ma€ CEHC Y CKJaJl perioHaJbHUX 1H(QOPMAIIHHUX CHUCTEM MOHITOPHUHTY CTaHY
NOTEHIIHHO HEeOe3NneyHux 00’ €KTIB MaTh MiJICUCTEMH MPEAUKTUBHOI AHAIITHKU
AK Ha O0’€KTOBOMY piBHI, Tak 1 Ha MICIIEBOMY Ta pEriOHAJIbHOMY pIBHSX.
3anpornoHoBaHo, 10 HA 00’€KTOBOMY PiBHI MiJICHCTEMa MPEAUKTUBHOI aHATITUKU
NOBMHHA BUKOHYBAaTH (PYHKIIIT KOPOTKOYACHOTO MPOTHO3YBAaHHS 3 METOI PAaHHBOTO
BUSIBJICHHST MOMJIMBOCTI BWHUKHEHHSI HAJI3BUYANHOI CHTyalii Ha TMOTEHIIIHO
HeOe3neuHux o00’ekTax, 10 3a0e3meuuTh 30UTbLICHHS dYacy (Ha TPU-YOTHPU
BIJUTIKM) Ha pearyBaHHS Ta BIPOBA/KEHHS MPOTHABapIMHUX 3aXO0JIB ONEPaTUBHUM
nepcoHasioM. PeanizoBaHO anropuTMmiuHe Ta TMporpaMHe 3a0e3MedeHHs s
3M1ACHEHHSI KOPOTKOYACHUX MPOTHO31B Ha 0a31 BUKOPUCTAHHS METOy HalMEHIITUX
KBaJipariB. PO3MISTHYTO BUKOPUCTAHHS HAa MICIIEBOMY Ta PETiOHAIBLHOMY PIBHSIX
M1JICUCTEM MPEIUKTUBHOT aHAMITHKU. OOTpyHTOBAHO, 1110 MiJICHCTEMAa MTPEANKTUBHOT
aQHAJITUKU HA MICIIEBOMY Ta PETIOHAJIBHOMY DPIBHSIX MOBMHHA MAaTH MOXJIMBICTDH
BUKOHYBaTH (DyHKIIII MOJIETIOBAaHHS CTaHy HAMOUIbII MOTEHUIMHO HEOE3MEYHHX
00’€KTIB, a TOMY PO3IVITHYTO MOJENIOBAaHHS MpOLECiB (iabTpalii Ha MPUKIAL
3eMJSTHUX HAMIPHUX TiAPOCHIOPYH -— MOTEHIIMHO HeOe3NneyHuX 00’ €KTIB, aBapii
Ha SKUX MPU3BOAATH JI0 MACIITAOHWUX HACIHIAKIB. MoJeatoBaHHS 3alpOIIOHOBAHO
BUKOHYBAaTH BUKOPUCTOBYIOUM 3alpPOTNIOHOBAHUN MOAM(IKOBAHUI METOI CITOK.
BinznaueHo, 1m0 MOJENIOBaHHS J103BOJISIE OTMIEPATUBHO OTPUMATH SIKICHY KapTHUHY
MOXKJIMBOTO PO3BHUTKY JCCTPYKTHUBHUX IPOIECIB CTAHY IMOTEHINNHO HEOC3MEUHUX
00’ €KTIB.

Y derBepTOMY PO3diJi MpoaHATI30BAaHO MOXKJIMBI METOAM OIIHKH SKOCTI
aJITOPUTMIYHOTO Ta MpOrpaMHOro 3abesrnedeHHs. Po3poOinena Meronuka OIIHKU
SIKOCT1 apXITEKTypH, aJTOPHUTMIYHOTO Ta MPOTPAMHOTO 3a0e3MeYeHHs Ha OCHOBI
BUKOPUCTAaHHS E€KCIIEPTHOIO OIliHIOBaHHA. Ha OCHOBI po3po0ieHO0i MeToauKu
BUKOHAHO EKCIEPTHE OILIIHIOBAHHS SKOCTI apXiTEKTyp, a TAKOX aJIrOPUTMIYHOTO

Ta OporpaMHOro 3abesneueHHs. EkcrepTHe OLIHIOBaHHS MIATBEPAMIIO SIKICTb



OPUMHATUX METOAIB Ta aJrOpPUTMIB TMpPH PO3POOI TUMOBUX pIlIEHb Ta
peKOMEeHIaIlii, a caMme: HeOOX1THICTh MTOOYI0OBH PET1IOHAIBHUX CUCTEM MOHITOPUHTY
CTaHy MOTEHIINHO HeOe3MeuHHX OO0’€KTIB Ha OCHOBI MeEpex IHTepHeTy peuei,
BUKOPHUCTAHHA Yy SKOCTI By3Jla KOMII'IOTEpHOI Mepexi 300py iHopmarii
BiJl MEPBUHHUX MEPETBOPIOBAYIB MPOTrPaMOBAHMX J1aBadiB, BUKOPUCTAHHSA IS
3a0€3MeueHHS 3aBaJOCTIMKOI rmepenadi JaHuX MOAU(IKOBAHOTO METOY BUSBICHHS
Ta BUMPABJICHHS 0araToOITOBUX MOMUJIOK Tepeadl JaHuX Ha 0a3i BUKOPUCTAHHS
KOperyBaJbHUX KOAIB XEMMiHTa, a TaKOXK HEOOX1JHICTh BHUKOPHUCTAHHS Ha BCIX
PIBHAX CHCTEMHU MOHITOPUHTY MPEIUKTUBHUX aHATITHUYHHUX mijgcucteM. [loTpiOHO
TaKOX BIJ3HAYMTH, IO PO3poOjeHa perioHajgbHa CHCTEMa MOHITOPHUHTY CTaHYy
MNOTEHI[IHO HeOe3MeUHUX 00’ €KTIB Ma€ BUCOKI BaroBl KoeQiieHTH (PyHKII1OHAJIBHOI
CTIHKOCTI.

VY nucepramiiiHoMy JOCHIIKEHHI OTPUMaHO HU3KY HOBHX HAYKOBHUX
pe3yJabTarTiB:

Ynepuie po3pod/ieHO apXIiTEKTypy SK SAPO CHUCTEeMH MOHITOPUHTY
CTaHy TIOTCHIIIHHO HeOe3MmeuyHnx 00’ €KTIB, fKa BIAPI3HIETHCS B HAIBHHUX
BUKOPUCTAHHSAM TEXHOJOT1M I[HTepHeTy pedeil, 3a0e3MedyeHHSIM 3aBaJi0CTIMKOI
nepenayl JaHuX, MOXJIUBICTIO MPOTHO3YBAHHS 3M1H TapaMETPIB JKepen HeOe3NeKH,
[0 XapaKTepU3yrTh CTaH 00’ €KTa, a TAKOK MOXKJIMBICTIO MOJICJIFOBaHHS MPOILIECIB,
AK1 MPU3BOAATH O 3MIHM CTaHy 00’ €KTY MOHITOPHHIY, IO J03BOJISIE MIBUIIUTH
HAJIWHICTh €KCIUTyaTallli Ta piBHs Oe3MeKH MOTEHIIMHO HeOe3neuHux 00’ €KTIB.

Yepie po3po0ieHo apXiTEKTypy, AITOPUTMIYHE Ta MPOrpaMHe 3a0e3MeYeHHS
JUIsl 1aBadiB BUXIJIHOI 1HQOpMaIlli y CKiiajal 3aBaIOCTIHKOT pEriOHAIbHOT CUCTEMHU
MOHITOPUHTY CTaHy IOTEHIIHHO HeOe3MeuHnX O00’€KTIB Ha 0a3l TEXHOJOTIH
[aTepHeTy pedeit, OCOOMMBICTH SKHX TIONSATa€E B TOMY, IO JaBadl BUXIIHOI
iHopmalli MOXyTh OyTH BHUKOPUCTaHI y CHUCTEMaX MOHITOPUHTY, Yy SKHX
BUKOPUCTOBYETHCSI TOOANWTOBA Mepeaadya JaHUX y BUIIAL 1HQOpMALIHUX OJOKIB,
IO CKJIAJAI0ThCA 3 1HPOpPMAIIHHUX Ta KOHTPOJIBHUX OITiB, sSIKl Mepes Nepeaadcto
MEePEMINTYIOTh 3TiAHO 31 CXEMOK KOAYBAHHS, IO JI0O3BOJISIE 3MEHIIUTH BIUIUB
€JIEKTPOMAarHiTHUX 3aBaj MpH Mepeaadl JaHUX Ta 3a0€3MEUUTH IITICHICTh JaHUX.

Ynepuie po3podsieHO METOJ BHSBJICHHS Ta BHIPABICHHS 0araroOiTOBUX

NOMUJIOK TMpH Tmepenadi iHpopmalii, a TaKoK aJrOpUTMIYHE Ta MPOrpaMHe



3a0e3neyeHHsT Ha 0a3l BUKOPUCTAHHS KOMIB XEMMiHra, MOAU(IKOBAHOI CXEMH
KOJTyBaHHS Ta IMPOIEAYP KOAYBAHHS 1 ICKOAYBAHHS, SIKUH B1P13HAETHCS IIPOIIETYPOIO
nepeminryBaHHs OiTiB iH(opMaliiHOro OJIOKY Iepes nepenadyero B KaHall 3B’ SI3KY,
10 JTO3BOJISE MMiIBUIIIUTH 3aBaIOCTIHKICTh CUCTEM MOHITOPUHTY CTaHy MOTEHIIIIHO
HeOe3MeuHUX 00’ €KTIB.

VYinockoHa/leHO TeopeTHMYHi 3acaad  pO3pOOJICHHS  CHEliaTi30BaHOTO
POrPaMHOTO 3a0€3MeYeHHS aHATITHYHUX MPEIUKTUBHUX ITiJICUCTEM PETiOHATBHIX
CHUCTEM MOHITOPHHTY CTaHY MOTEHIIMHO HeOe3MeUHNX 00’ €KTIB, SIKI BiAPI3HAIOTHCS
B1Jl HASIBHUX THUM, 10 PO3pOOJIeHi alioHu AJis peanizalii GyHKIT IpOrHo3yBaHHs
3MiH 3HAYCHHS MapaMeTpiB JKepes HEOS3MEKH B MeKaX IMOTEHIIIHHO HEOS3NEeUHUX
00’ekTiB Ha 00’€KTOBOMY pIBHI Ta (YHKLII MOJEIIOBAHHS CTaHy MOTEHLIINHO
HeOe3neuHnx O0’€KTIB Ha MICIIEBOMY Ta PETiOHAJIBHOMY pPIBHSIX, IO J03BOJISE
3a0€e3MeYnTH paHHE BUSIBICHHS MOKJIMBOCTI BUHUKHEHHS HaJ3BUYailHOI cuTyalii
Ta JIOKaJI3aI1l0 MOXKJIUBUX AC(EKTIB IUIIXOM PO3BUTKY IE€CTPYKTUBHUX MPOIIECIB.

Ynepiuue po3pobiieHe aIropuTMIUYHE Ta IPOrpaMHe 3a0€3MEeUeHHS 1ITepaIliiHOTO
METOAY pO3paxyHKy QuIbTpalii BOAM Kpi3b HaMipHI 3€MIISIHI T1APOCHOPYAH,
AK€ BIIPI3HIETbCS BHUKOPUCTAHHSIM JIBOMIDHMX MAaTreMaTHYHUX MOJENeH Juis
BUSBIICHHSI MOXXJIMBOCTI PYWHYBaHHS TiJpOCTIOPYIH, IO JO3BOJISIE CIPOCTUTH
npolec MpPorpaMyBaHHs aHATITUYHUX NMPEIUKTUBHHUX MiJCUCTEM Ha MICIIEBOMY Ta
pErioHaJbHOMY PIBHSX, @ TAaKOX 3aBYaCHO MPUHUMATH YMPABIIHCHKI PILIEHHS IO
3armo0iraHHI0 BUHUKHEHHIO aBapiil Ta Mepexoay iX B CTaH HAJA3BUYANHOI CUTYyaIllii.

OCHOBHI HayKoOBi pe3yJbTaTH JUCEPTALINHOTO JTOCIIHKEHHS OIyOJIIKOBAaHO
y 7 HayKOBHX Tpansx, 3 HUX: 4 CTarTi B 3aKOpJOHHUX HAyKOBHX BHUIAHHSX
NPOIHJEKCOBaHI B CUCTEM1 Scopus, a Tako 3 myOumikamii B MDKHApOAHHX 1
BCEYKPATHCBKUX KOH(DEPEHITISX

Knrouogi cnosa: imxeHepis mporpaMHOTO 3a0€3MeUeHHs, apaMeTp, By30JI,
pPO3MOJiIEHa CHCTEMa, BIJIMOBOCTIHKICTh, MpoOIeMU TOOYIOBU apXITEKTYpPH,
MOHITOPHUHI, €KOJOTIYHUM MOHITOPHUHI, KOperyBajbHI KOAHM, 1HTETPOBaHA
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ABSTRACT

Sokolovskyi V.V. Algorithmic and software development for a regional system
of monitoring the condition of potentially hazardous objects. - A qualifying
scientific work on the rights of a manuscript.

Dissertation for the degree of Doctor of Philosophy in Knowledge - 12
Information Technologies by specialization - 121 Software Engineering — National
Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv,
2025.

Ukraine has a significant number of facilities classified as potentially
hazardous objects, accidents at which can lead to man-made emergencies. In the
context of Russia’s armed aggression, ensuring the safety of life and health of the
population, as well as the environmental safety of the territories where potentially
hazardous objects are located, is of particular relevance. Risk assessments should
consider not only the direct consequences of accidents at facilities, but also the
potential impact on the population, the infrastructure of adjacent territories, and
other industrial facilities.

In such circumstances, there is an urgent need to create comprehensive
systems of monitoring the condition of potentially hazardous objects at all levels:
object, local, regional, and state. Although a significant number of systems of
monitoring the condition of potentially hazardous objects at the object and local
levels are currently in operation, improving the reliability of operation and safety of
potentially hazardous objects by improving the processes of collecting, processing,
and transmitting data in the information system of monitoring the condition of
potentially hazardous objects through the development of specialised application
software using the Internet of Things technology and the development of software
and methods for processing information for regional system of monitoring the
condition of potentially hazardous objects remains an urgent scientific and practical
task.

A modern system of monitoring the condition of potentially hazardous
objects is a software and hardware complex based on the principles of software
engineering and using modern software development methods. Implementation

of such a system allows increase the efficiency of industrial facilities operation



and improve the organisation of protection of the public and workforce by early
detection of the possibility of an emergency. No such systems have been created
at the regional and national levels.

The analysis of the existing system of monitoring the condition of the
potentially hazardous objects shows that such software complexes collect and
process data on key parameters of the facility and perform their parametric control.
The software determines whether the values of one or more monitored parameters
of the facility exceed or approach predefined critical levels. If critical values are
exceeded, the system automatically generates notifications for the personnel on
duty about a potential emergency and provides step-by-step instructions on the
necessary actions to prevent the development of an accident and prevent the facility
from entering an emergency condition.

This approach significantly limits the timeframe for implementing emergency
response measures. In addition, modern industrial facilities are characterised by
a complex spatially distributed structure covering large areas. This creates an
increased vulnerability of the components of the hardware and software system
of monitoring the condition of potentially hazardous objects to electromagnetic
interference.

These challenges and current trends in the development of regional distributed
systems of monitoring the condition of potentially hazardous objects form an urgent
scientific and technical task to improve the theoretical foundations of software
development as an information object and create effective algorithms for regional
systems of monitoring the condition of potentially hazardous objects, which is
accomplished in this dissertation.

The purpose of the dissertation is increasing the reliability of operation
and the level of safety of potentially hazardous objects by improving the processes
of collecting, processing, and transmitting data in the information system of
monitoring the condition of potentially hazardous objects through the development
of specialised application software using the Internet of Things technology, methods
of noise-resistant data coding, modelling the processes of the monitored object, as

well as methods for predicting changes in its condition.



To achieve this goal, the scientific provisions, methodological principles
and practical recommendations for the selection of methods and algorithms were
developed and theoretically substantiated, and the software architecture design
problems based on a systematic approach to monitoring data processing, object
condition forecasting and process optimisation was solved.

The achievement of this goal is ensured by solving a set of theoretical,
methodological and practical tasks of software engineering, which are discussed
in the following sections of the dissertation.

The first section provides an analytical analysis of the current state of
implementation of regional information systems of monitoring the condition
of potentially hazardous objects, an analysis of the legislative framework and
scientific literature, as well as a study of the current theoretical and methodological
foundations for designing monitoring systems for potentially hazardous objects, and
an analysis of the architectural and technological aspects of designing monitoring
systems. Based on the analysis, a scientific and technical task was formulated and
a set of research objectives was identified aimed at improving the efficiency of the
design of regional monitoring systems for potentially hazardous objects.

The second section analyses the existing monitoring systems and, based on
the analysis, proposes a solution to the architecture design problem of a regional
system for monitoring the condition of potentially hazardous objects based on the
Internet of Things network with a star topology with an integrated control system
and predictive analytical subsystems at the object, local and regional levels. Based
on the analysis of existing methods of data transmission on the Internet of Things
networks, a method for applying a noise-resistant error-correcting code with the
ability to detect and correct multiple data transmission errors is suggested and
developed. The performed testing of the information object — the software model
of the data transmission channel — confirmed the corrective capabilities of the
proposed method of error detection and correction. The architecture design problem
of the information system was solved, algorithmic and software for programmable
sensors were developed, which are proposed to be used as nodes for collecting
information from information sources in the form of primary converters at the

object level.
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In the third section, based on the analysis of publications, it is proved that
it makes sense to have predictive analytics subsystems both at the object level
and at the local and regional levels as part of regional information systems of
monitoring the status of potentially hazardous objects. It is proposed that at the
object level, the predictive analytics subsystem should perform the functions of
short-term forecasting to detect early the possibility of an emergency at potentially
hazardous objects, which will increase the time (from three to four counts) for
response and implementation of emergency measures by operational personnel.
The algorithmic and software for short-term forecasts based on the least squares
method have been implemented. The use of predictive analytics subsystems at the
local and regional levels is considered. It is substantiated that the subsystem of
predictive analytics at the local and regional levels should be able to perform the
functions of modelling the condition of the most potentially hazardous objects,
and therefore the modelling of filtration processes is considered on the example of
earthen pressure hydraulic structures — potentially hazardous objects, accidents on
which lead to large-scale consequences. The modelling is proposed to be performed
using the proposed modified grid method. It is noted that modelling allows to
quickly obtain a qualitative picture of the possible development of destructive
processes in the condition of potentially hazardous objects.

The fourth section analyses possible methods for assessing the quality of
algorithmic and software. A methodology for assessing the quality of architecture,
algorithmic and software based on the use of expert evaluation has been developed.
Based on the developed methodology, an expert evaluation of the quality of
architectures, as well as algorithmic and software, was performed. The expert
evaluation confirmed the quality of the adopted methods and algorithms in the
development of standard solutions and recommendations, namely: the need to
build regional systems of monitoring the condition of potentially hazardous objects
based on the Internet of Things networks, the use of information collection from
primary converters of programmable sensors as a computer network node, the use
of a modified method for detecting and correcting multiple data transmission errors
based on the use of the Hamming error-correcting codes to ensure interference-free

data transmission. It should also be noted that the developed regional system
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of monitoring the condition of potentially hazardous objects has high weighting
coefficients of functional stability.
The dissertation research has obtained a number of new scientific results:

For the first time, an architecture has been developed as the core of a system
of monitoring the condition of potentially hazardous objects, which differs from
existing ones by using Internet of Things technologies, ensuring noise-resistant data
transmission, the ability to predict changes in the parameters of hazard sources that
characterise the condition of the object, as well as the ability to model processes
that lead to changes in the condition of the monitored object, which makes it
possible to increase the reliability of operation and the level of safety of potentially
hazardous objects.

For the first time, the architecture, algorithmic and software for output
information sensors as part of a noise-resistant regional system of monitoring the
condition of potentially hazardous objects based on Internet of Things technologies
have been developed, the peculiarity of which is that the output information sensors
can be used in monitoring systems that use byte data transmission in the form of
information blocks consisting of information and control bits, which are mixed
before transmission according to the coding scheme, which allows reducing the
impact of electromagnetic interference during data transmission and ensure data
integrity.

For the first time, a method for detecting and correcting multi-bit errors
in information transmission, as well as algorithmic and software based on the
use of Hamming codes, a modified coding scheme and encoding and decoding
procedures, which differs in the procedure of mixing bits of an information block
before transmission to the communication channel, which allows increasing the
noise immunity of systems of monitoring the condition of potentially hazardous
objects.

The theoretical foundations for the development of specialised software for
analytical predictive subsystems of regional systems of monitoring the condition of
potentially hazardous objects have been improved, which differ from the existing
ones in that templates have been developed to implement the function of predicting

changes in the value of parameters of hazard sources within potentially hazardous
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objects at the object level and the function of modelling the condition of potentially
hazardous objects at the local and regional levels, which allows for early detection
of the opportunity of an emergency and localisation of possible defects through
the development of destructive processes.

For the first time, algorithmic and software for the iterative method of
calculating water filtration through pressure earthen hydraulic structures was
developed, which is distinguished using two-dimensional mathematical models to
identify the possibility of hydraulic structure destruction, which makes it possible
to simplify the process of programming analytical predictive subsystems at the
local and regional levels, as well as to make management decisions in advance to
prevent accidents and their transition to a condition of emergency.

Main scientific results of the dissertation research were published in 7
scientific papers, including: 4 articles in foreign scientific editions indexed in the
Scopus system, as well as 3 publications in international and national conferences.

Keywords: software engineering, parameter, node, distributed system, fault
tolerance, architecture design problems, monitoring, environmental monitoring,
error-correcting codes, integrated control system, software library, sensor, Internet
of Things, network, information systems, potentially hazardous objects, information

sources, weighting factors, critical information infrastructure objects.
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HEPEJIIK YMOBHHUX ITIO3HAYEHD

IMHO — norenmiitno HeOe3MeuHnil 00’ KT

HC — nan3BuuaiiHa cutyartis

ACPBHCO - aBroMarW3oBaHa CHCTEMa pPAHHBOTO BUSBJICHHS 3arpo3u
BUHWKHEHHS HAa/I3BUYAHUX CUTYaIlill Ta OMOBIIICHHS HACEJICHHS

CUTIIC - cucreMa UEHTPAII30BAHOTO TOXKEKHOTO Ta TEXHOTEHHOTO
CIIOCTEPEIKECHHS

3ACIHO - 3aranmbHOJEpKaBHA aBTOMAaTHM30BaHa CHUCTEMa IIEHTPaII30BAHOTO
OTIOBIILICHHS

I C — myabT EeHTPaTI30BaHOTO CIIOCTEPEKEHHS

TACHHO - TtepuTopiadbHa aBTOMAaTHM30BaHa CHUCTEMa IIEHTPAJI30BaHOTO
CHOBIIIECHHS

K — nyneT xepyBaHHS

IO — mpucTpiit onoBiIeHHS

KT3I0 — kiH1eBi TexHiuHI 3aco0u 1H(POPMYBaHHS Ta OMOBIIICHHS

KII — xomyTaniiuuii npuctpii

JAII — mxepena nepBUHHOI 1HGOpMAaIIii

CC3b - cymixHi cucteMu 3abe3nedeHHs] Oe3MeKu

I3 — nporpamue 3a0e3nedeHHS

®B — QyHKII0HATBHI BUMOTH J0 MPOTPAMHOI0 3a0€3MeUeHHS

I — mwTyyHuit 1HTENEKT

I'C — rigporexHiuni cniopyna(u)

€JICII3 — ennnHa AepkaBHA CHCTEMa IMBUIBHOTO 3aXHCTY

IoT — iHTepHeT peueit
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BCTVYII

JucepratiiiHe AOCTIIKEHHS TMPUCBSIYCHE PO3B’SI3aHHS HAYKOBO-MPAKTUYHOI
3amadi  3a0e3meueHHs HaAliHOrO  (DYyHKLIOHYBaHHS  PEriOHANBHUX  CHCTEM
MOHITOPUHTY CTaHy TMOTEHIITHO HeOe3MeYHUuX OO0’€KTIB Yy cmocid po3poOiaeHHs
METOOJIOTIYHUX 3acaJl CTBOPEHHS aJTOPUTMIYHOTO Ta TPOTPAMHOTO 3a0€3MEUCHHSI.
3any1s miABUIICHHS PiBHS O€3MEKU MEPCOHANY MIAMPUEMCTB, SIK1 KIaCHU(PIKYIOThCS
K TOTEHIIHHO HeOe3meuHi 00’€KTH, a TAaKOXK HACEJICHHS MPUJIETINX TEPUTOPIH,
Ta MIHIMI3allisl MOXKJIMBUX 30MTKIB BHACIHIJIOK aBapii Ta HaJA3BHYAWHHMX CUTYyaIllH
y Ccrnoci0 po3MmUupeHHsS (PYHKIIOHAIBHUX MOXKJIUBOCTEH PET1IOHAIBHUX CHUCTEM
MOHITOPUHTY CTaHy MOTEHLIMHO HeOe3MeuHnuX 00’ €KTIB.

Jluceprariiine JOCTIIKEHHS CHPSIMOBAaHE Ha PO3POOJCHHS HOBHX, a TaKOXK
MOJANBIIANA PO3BUTOK Ta BIOCKOHAJICHHS HASBHUX METOMOJIOTIYHUX MIAXOIIB 0
CTBOPEHHSI AJITOPUTMIYHOTO Ta MPOTPAMHOTO 3a0e3MeueHHs, 10 € CKIaJO0BOIO
YaCTHHOIO PETiOHAJIbHUX CHUCTEM MOHITOPUHTY CTaHy MOTEHLIMHO HeOe3meuyHuX
00’ €KTIB.

AKTyaJbHICTh TeMU. BUIbIIICTE MiCT YKpaiHU € MPOMUCTIOBUMU, a Crienudika
YKPaiHCBKUX TMPOMUCIOBUX MIANPUEMCTB TOJISITAE B TOMY, IO 3/€OUIBIIOTO iX
TEPUTOPIS PO3TAIIOBAaHA B MEXaX HACEJICHUX IMyHKTIB, a BIICTaHb B1J] MOTEHIIIIHO
HeOe3nmeuHuX 00’ €KTIB 0 KIIMX KBapTaIiB MOXKE CKJIaJaTH yChOTro COTHI MeTpiB. Ha
MNOTEHIIHHO HeOe3MeUHUX 00’ €KTax ICHy€ PU3UK BUHUKHEHHS TEXHOTC€HHUX aBapii
Ta KaracTtpod. Pe3ynbraToM iXHBOrO MpOSIBY € PaNnTOBUN BUXIiJ 13 JaAy MalluH,
MEXaHI3MIB Ta arperariB Mij] Yyac eKCIUIyaTallli, 0 CYyNpPOBOHKYETHCS CEPHO3HUMU
MOPYIICHHSIMHA BUPOOHUYOTO TIPOIIeCy, BUOyXaMH, YTBOPEHHSIM OCEPEIKIB MOXKEXK,
pPaZl0OaKTUBHUM, XIMIYHMUM a00 OlOJIOTIYHUM 3apa)XC€HHSIM BEIIUKUX TEPUTOPIil,
ypakeHHsM Ta 3arubemnto sromei [1]. Tomy 3amns migBUIEHHS HAIIHHOCTI
eKCIUTyaTallll Ta piBHs O€3MeKU MOTEHUINHO HeOe3neyHuX 00’ €KTIB iICHy€e moTpeda
y BOPOBAXKEHI HOBUX Ta MOAM(PIKOBAaHMX CHOCOOIB MpoIEciB 300py, 0OpoOKH
Ta mepenayl JaHux B 1HGOpMAIIMHUX CUCTEMAax MOHITOPUHTY CTaHy MOTEHLIIHO
HeOe3MeyHnx OO0’€KTIB HAa OCHOBI pPO3pOOJICHHS CIIELialli30BaHOTO MPUKIIATHOTO
IPOTpaMHOTO 3a0e3MEeUCHHS.

[1ix gac BiitHu 3 PD KiIbKIiCTh aBapiil Ta katacTpod Ha TEXHOTEHHHUX 00’ €KTax

IIBUJIKO 3POCTa€. 3aXUCT HACEJIEHHS 1 TEPUTOPIN BiJ HAI3BUYAMHUX CUTYyaIlld €
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OJTHUM 3 OCHOBHUX 3aBJIaHb CHCTEMH IIUBUILHOTO 3aXUCTy YKpaiHu. 3abe3neueHHs
0e3MeKu B yMOBax HAA3BHYAHHMX CHUTYaIlld MOTpeOy€e HATIMHOTO (PYHKITIOHYBaHHS
CUCTEeMH pearyBaHHS Ha HaJ3BUYAiHI CHUTyallil, alcKBaTHOI PIBHIM 1 XapakTepy
3arpos [2, 3, 4].

BaxxnuBy poiib B IPOMUCIOBOCTI BiAIrParOTh CUCTEMU CUTHAIII3AIlll, METOIO
SKUX € TIOBIJIOMJICHHS OTIEpaTopiB MPO aHOMAJIbHI a00 aBapiiHi cuTyarti [5].

3MEHIIUTU PO3MIp 30UTKIB Ta 3aXUCTUTH KUTTS Ta 3/I0POB’sl MPAL[IBHUKIB
Ta HACEJIEHHS MOXJIMBO Y CHOCIO BIPOBAIKEHHS CHUCTEM MOHITOPUHTY CTaHy
00’exTiB. lle 103BOJIUTH 3aBUaCHO BUSBUTU MOXJIUBICTh BuHUKHeHHS HC, mactb
yac BUKOHATH 3aIUIaHOBaHI MPOTHABapiiHI 3aXOJH, OIMOBICTUTH HACEJCHHS IIPO
3arposy.

[IporHo3 pu3uKiB HaJA3BHYAWHUX CUTyallli Ha TEPUTOPii KpaiHU B IIIOMY
saiiicHioe JICHC y B3aemopii 3 1HIIMMH LIEHTPaJbHUMHU OpraHaMH BUKOHABYOI
Biaau. Pazom 3 muM, Ha el Yac MOHITOPUHT 1 TPOTHO3YBaHHS HaJ3BUYANHHIX
cuTyaliil B YKpaiHi 31MCHIOIOTbCS Ha PIBHI PET1OHAIBHUX, Taly3€BUX a00 1HIIHMX
CaMOCTIMHUX TiAcHCcTeM, He 00’ €IHAHMX Yy €IUHUM 1H(OpMaIiitHO-aHATITHYHUN
KOMILJIEKC. 3arajbHOJEP:KaBHY CHCTEMY MOHITOPUHTY JIKEpesl HaJI3BUYaHUX
CUTYyalliil Ta X MPOTHO3YBaHHS Yy JEp:KaBl HE CTBOPEHO [6].

3acTocyBaHHS AUCTAHIIIMHUX CHCTEM MOHITOPUHTY HaJla€ CyTTEBI MepeBaru
IpU eKcIUTyaralii TepUTOpialbHO PO3MOAUICHUX 00’€KTiB. BrnpoBamkeHHsS TaKux
cucTeM 3a0e3neuye MOXJIHUBICT MPOTPAMHOTO KOHTPOJIO Ta  yIpaBIiHHSA
HAsBHUM TIPOMHUCIOBUM Ta 1H(PPAaCTpyKTypHUM OOJIalHAHHSIM, IO J03BOJISE
MIHIMI3yBaTH BUTPATU Ha HOro MOJEpHi3alliio mpu 30epekeHHI HEOOXiTHOTO PiBHS
(YHKITIOHAJIBHOCTI.

[Ipu po3B’s3aHHI TPOOIEMH MMOOYIOBH apXITEKTyPH CUCTEMHU JTUCTAHIIIIHOTO
MOHITOPUHTY MO>KHA PO3TIIAZIATH K CYKYIHICTh Bi/IIaJICHUX arapaTHO-IIPOTrPaMHIX
MOIYJIB Ta IEHTPAIbHOTO MOAYNSA. BimmaneHi Momyldi OTPUMYIOTh JaHi Bij
oOnaHaHHS Ta BIACUJIAIOTH LIEHTPAIbHOMY MOJYIIO, SIKUW 30epirae Ta o0pooitoe
orpumany iHdopmMairito. OTke, TPOEKTYBAHHSI CUCTEMH TUCTAHIIIITHOTO MOHITOPHHTY
MOYKHA PO3JIITUTH Ha YOTHUPHU 3adadi: po3poOKa NPOrpaMHOTO Ta amapaTHOTO
3a0e3neyeHHs] JUCTaHI[IHHOTO MOAYJA, BHOIp TEXHOJOTIl mepenadi JaHux, BUOIp

IIPOTOKOJY Tepenadl JaHuX, po3poOKa MPOTPaMHOTO 3a0e3MeUeHHs IEHTPAIBHOTO
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monayns [7]. Onucana BUlIe apXiTEKTypa CUCTEMHU JUCTAHI[IHHOTO MOHITOPUHTY €
HaNOIbIIE 3arajabHOIO.

Po3p’si3annHst mpoOnemMu TOOYIOBU — apXIiTEKTypd CHCTEMH  3aJlIeKHUTh
BT KOHKPETHOI TMpeAMETHOI Tamy3l. Y jociikeHHl [8] oOrpyHTOBaHO
HEOOXIJTHICTb BUKOPUCTAaHHS JOAATKOBUX IHTEJIEKTyaJbHUX 1H(OpMaLiitHIX
CHCTEM JIJI1 aBTOMATHU30BaHOI 1HTEIPOBAHOI CUCTEMH YIPaBIIHHSI METaypTidiHUM
MIJMNPUEMCTBOM 1 JUJIs  3amoOiraHHd HaJA3BUYaWHUM CHUTyallisiM. Y  CTarTi
POJEMOHCTPOBAHO CTPYKTYPY B3a€MOIi aBTOMATH30BAHUX CUCTEM YIPABIIHHSA,
CUCTEM aBapiitHOro OMOBIIICHHS 1 CUCTEM YIIPaBIiHHS KOMIT I0TEPHOIO 1H(HOpMAILII€I0
TSl METAITYPTidHUX MAPUEMCTB. AHaII3 JOCTIKEHHS ITOKa3y€ CIOCi0 3aro0iranHs
BUHUKHCHHIO aBapiiHUX CHUTYyallild, MATBEPKEHUN MO3UTUBHUMH pe3ybTaTaMu
EKCIIEPUMEHTAJIBHUX JI0CT1IKEHb.

InTerpamis iHQoOpMALIHHUX CUCTEM MOHITOPUHTY HAJ3BUYANHUX CHUTYyalii
B CTPYKTYpH CHCTEMH YIIPaBIiHHSA 3a0€3MEUYUTh 3/IaTHICTh MNPHAMATH PIIICHHS
10J10 MOIIYKY iH(OpMaIlii Mpu BUHUKHEHHI HAJ3BUYaHUX CUTYyallll Ta MpuiMaTu
OoOIpyHTOBaHI pIlIEHHS B YMOBaxX HEBHU3HAUYECHOCTI Ta pU3HKY [9].

HasBHi pimienHst nuine (ikcyroTh (akT TOCATHEHHS IJOKPUTHYHOTO, abo
KPUTHUYHOTO PiBHSI KOHTPOJIbOBAHUX MapaMeTpiB. ToMy dacy it IPUHHSTTS PillleHb
oOMasnb. Takok HeMae MOXJIMBOCTI 3aBYaCHO BUKOHATH MNPOTUABApIVHI 3aXOH,
TOMY IO BiZICYTHSI MOXJIMBICTb BUKOHAHHSI J1arHOCTUYHOTO MOJEIIOBAHHS CTaHy
00’ €KTY.

AKTyanbHICTh TEMU OOYMOBJICHA CYy4YaCHUMH BUKJIMKaMH, SIK1 ICHYIOTb IT1]T 4ac
eKCIUTyaTallli pi3HOMaHITHUX MOTEHIIINHO HeOe3neyHuX 00’€KTIB B YMOBaxX BIWHU
3 P®. KinbkicTe aBapiii Ta TEXHOI€HHHUX KaTacTpo( Ha MOTEHIIHO HeOe3meuyHux
00’eKkTax, fAKI MOXYTh OyTH BIJIHECEHI J0 TMOTCHIIIHHO HeOe3medyHuX 00’ €KTIB
HEBIMUHHO 3pocTae. OpHAaK 3arajibHOi CHUCTEMH EKOJIOTIYHOTO MOHITOPHUHTY Ta
MOHITOPUHTY CTaHy MOTEHI[IHHO HeOe3MeYHuX 00’ €KTIB 3 (PyHKUISIMH PaHHBOTO
BUSIBJICHHSI Ta MPOTHO3YBaHHS MOXJIMBOCTI BUHUKHEHHS HaJA3BUYANWHOI CUTYyalli
Ha pIBHI JIep>KaBu HE CTBOpeHO. HasBHI pimeHHs ManoedEeKTUBHI, MPOrHO3 00
PO3BUTKY CHUTYyallli ManoiHGOpPMaTUBHUHN, a Pe3yIbTaT pOOOTH TaKHX CHUCTEM — IIe
3a3Buyail juie ¢ikcaiis (Hakry, M0 KOHTPOIbOBAHI CUTHAIIU JOCATIN KPUTUYHOTO

piBHa. Tomy Opakye yacy g peanizamii 3axofiB Jjs 3an00iraHHs BUHUKHEHHIO
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HaA3BUUaiHOI cuTyanli. L{g npobiaema moxe OyTH BUpillIeHA 3aBASKU IM1IBUILIEHHIO
KyJIBTypH €KCIUTyaTallii, 0e3meKu BHUKOHAaHHS POOIT Ta BIPOBAIKECHHIO HOBITHIX
TEXHOJIOT1H.

[Tixxin mo mpobaeMu yIpaBIIiHHS K JI0 MPOIIECY, III0 BPaXOBY€E B3a€EMO3B’SI30K
YacTHMH CHCTeMH a00 i OKpeMHX IiJICUCTEM, € OCHOBHOI PHCOK CHUCTEMHOTO
MIIXO0AY 10 PO3POOKH aBTOMATH30BaHUX CHUCTEM. [ OJJOBHHM y CHCTEMHOMY ITiAXO1
€ 30CEpEe/LKEHHST yBaru Ha MoOy/I0BI CUCTEMU B LIJIOMY Ha BiAMIHY BiJ OOYI0BU
il okpemux yactuH [10].

[IpoBenenuit aHasi3 Cy4yacHOTO CTaHy npoOieMH CBITYUTH PO HEOOXIAHICTh
PO3B’sI3aHHS HAyKOBO-TIPAKTHYHOI 3a/1a41 3a0€3MMeUeHHS HalIMHOTO (DyHKITIOHYBaHHS
MOTEHIIMHO HeOe3NeUHUX 00 €KTIB y CMOCiO po3poOIeHHS] METOMOIOTIUHUX 3acajl
CTBOPEHHS MPOTPAMHOTO Ta aJITOPUTMIYHOTO 3a0€3MEUYECHHS] CUCTEM MOHITOPHHTY.
3a3HaueHe porpaMHe 3a0e3MeYeHHs] Ha OCHOB1 BUKOPHCTAaHHI TEXHOJIOT1i [HTepHeTy
pedeid, MeTO/IiB 3aBaJ0CTIMKOTO KOJAYBAaHHS JaHUX, MATEMAaTUIHOTO MOJICIIOBAHHS
nporeciB 00’ €KTy MOHITOPUHTY Ta MPEIUKTUBHOI aHANITUKH JJI TPOTHO3YBaHHS
HOr0 CTaHy.

3B’A30K JOCJiIKEHHs 3 HAYKOBMMH NPOrpaMaMH, IUVIAHAMH, TE€MaMH.
Hucepraniiine JOCHIIPKEHHS  BIJANOBIJA€ HAYKOBUM  HAampsMaMm  MEPEeIiKy
IPIOPUTETHUX TEMATUYHUX HANPSIMIB HAYKOBUX JOCIIIKEHb 1 HAYKOBO-TEXHIYHUX
po3pobok Ha mepion a0 31 ciuHS POKY, HACTYIHOTO MicCisi MPUNHHEHHS a0o
CKaCyBaHHsSI BOEHHOTO CTaHy B YKpaiHi, 3aTBEp/KEHOTO MocTaHoBoio KabiHety
MinictpiB Ykpainu Ne476 Bix 30.04.2024 p., a came:

—«HaunionanbHa Oe3nmexka i oOopoHa. TexHosorli KOAyBaHHS, Mepenayl
Ta OTPUMaHHS (AaBTOMAaTMYHOTO pPO3Mi3HABAHHsI, OOpPOOKHM, aHali3y, TreHeparlii,
Bi3yaumizarii) iHopmarii. TexHoorii KpunrorpadiqHOro 3axXucTy iH(popMarii.»;

—«Hamionanbna Oe3neka i oOopoHa. Metogu Ta 3acobu 3amoOiraHHs
BUHMKHEHHIO HAJ3BUYAHUX CUTYaIliil, pearyBaHHs Ha HUX Ta JIKBIaIlli HACIIKIB
TaKUX CUTyalld 1 3HEUIKOKEHHS 3aC001B ypaxKeHHS.);

—«Indopmaniiini Ta KomyHikamiiiHi TexHosorii. Iadopmamiiino —

KOMYHIKAIIHI CUCTEMHU Ta MEPEXI1.»;
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—«EHepreruxka Ta eHeproedexkTuBHicTb. TexHonorii po3poOneHHs Ta
BUKOPUCTAaHHS HOBHUX BHJIIB MaJINBA, BIAHOBIIOBAHUX 1 allbTEPHATUBHUX JKEpell
EHeprii Ta BUIIB ManBa.».

OCKUIBKH yCi T1APOETIEKTPOCTAaHIIIT, HE3aJIeKHO BiJ] TOTY>KHOCTI, € TOTEHIIHO
HeOe3MeuHUMH 00’ €KTaMH, SIK1 MOBHHHI OyTH OCHAILEHI CUCTEMOIO MOHITOPUHTY
CTaHy TMOTEHIIHO HeOe3neuHuX 00’ €KTIB, TO TOCIIKEHHS T0B’SI3aHO 3:

—IIporpamoro USELF «Mani I'EC. IIporpama ¢inaHCyBaHHSI albT€pHATUBHOI
CHEPreTUKU B YKpaiHi»;

—HauionansHoto nporpamoro «IIporpama po3BUTKY TipOEHEPreTUKU Ha IEPIOA
10 2026 poxy», cxBajaeHOw posnopsmkeHHsM Kabinety MinicTpiB YkpaiHu Bij
13 mumusa 2016 p. Ne 552-p.

Oxkpemi pe3yiabTaTH OUCEPTAIIMHOTO MOCTIIKEHHS OJECpPKAHO B MeEKax
BUKOHAHHS HAyKOBO-IOCHIAHOI pobotu «TeopeTuyHi Ta NPaKTHUHI aCHEKTU
texHonorii Internet of Everything» (mepxaBHuil peecTpamiinuii HOMeEp
0123U104930).

Mera i 3apaui gocaimkennsi. Metoro aucepraniiHoi poOOTH € MiBUIIICHHS
HAJIWHOCTI eKCIUTyaTallli Ta piBHSA O€3MeKHU TMOTEHIIMHO HeOe3MmeYHHX 00’ €KTIB
y cmoci0 yAOCKOHAJEHHS MpoIeciB 300py, OOpoOKM Ta Tiepenadi JaHuX B
1H(opMaIliHIi CUCTEMI MOHITOPUHTY CTaHY MOTEHILIMHO HEOE3NEeUHUX 00’ €KTIB Ha
OCHOBI1 pO3pOOJIeHHS CHEIlaTi30BaHOrO MPUKIAAHOTO MPOTrPaMHOro 3abe3neueHHs
3 BUKOPUCTAHHSIM TEXHOJIOT1i IHTEPHETY peueid, METO/IIB 3aBaI0CTIMKOTO KOTyBaHHS
JTAHUX, MOJCIIOBaHHS TIPOIECIiB 00’€KTy MOHITOPHHTY, a TaKOXX METO/IIB
NPOrHO3YBaHHS 3MIHHM MOTO CTaHy.

3a11s1 AOCSITHEHHS METH IUCEPTAIIfHOTO TOCTIIKEHHSI HEOOX1JHO BUKOHATH
Takl 3a7a4l:

1. Anani3 apxiTeKTypH, allTOPUTMIYHOTO Ta IPOTPAMHOTO 3a0€31IEUCHHS HAsBHUX
pErioHaJbHUX CUCTEM MOHITOPHHTY CTaHy MOTEHIIWHO HeOe3MeuyHUuX 00’ €KTIB.

2.Po3pobnieHHsT apXiTeKTypu 1H(OPMALIMHOI CUCTEMHU SK SIpa pPEeriOHaJIbHOI
CHCTEMHU MOHITOPUHTY CTaHy MOTEHIIIMHOTO HeOe3MeUYHUX 00’ €KTIB 3 BUKOPUCTAHHSIM
TEXHOJIOT1H [HTEepHEeTY pedei, 3aBaJOCTIMKOI0 Mepeaayeto JaHUX Ta IiJICUCTEMOIO

NPEIUKTUBHOI aHATITHKH, a TaKOXK (POPMYBaHHS BUMOT JI0 apXiTEKTYpH, IMiIXOIB,
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METOIB PO3pOOJICHHS Ta BIPOBAHKEHHS aJITOPUTMIYHOTO Ta MPOTPaAMHOTO
3a0e3MeueHHS.

3.Po3pobneHHss METOAy, alTOPUTMIYHOTO Ta MPOTPAMHOrO 3a0e3MeUYeHHS IS
BUSBIICHHSI Ta BHIpaBlIeHHS 0araro0iTOBUX TMOMUJIOK Tiepenadi JaHuxX s
I1IBUIIIEHHS 3aBa/I0CTIMKOCT1 CUCTEM MOHITOPUHTY CTaHY IMOTEHIIIMHO HEOE3MEUHNX
00’€KTIB 13 BHKOpUCTaHHAM 1H(DpacTpykTypu [HTEepHETy pedeit Ta po3poOiIeHHS
Ha OCHOBI METOAY aJITOPUTMIYHOTO Ta MPOTPaMHOrO 3a0E3MEUCHHS JaBadiB, sIKi
BUKOHYIOTH (D)YHKIIiO By3JIiB 300py BUX1AHOI iH(OpMaIlii B CKJIal BIAMOBOCTIMKUX
CHUCTEM MOHITOPHHTY CTaHy MOTEHIIMHO HeOe3meuHnx 00’ €KTIB.

4. Po3po0ieHHs alrTOPUTMIYHOTO Ta MPOrPaMHOTO 3a0€3MeUCHHS JJIs 3/11MCHEHHS
KOPOTKOYACHOTO TIPOTHO3YBaHHS 3MiH 3HaY€Hb MMapaMeTpiB JKepen HeOe3nekH, sKi
XapaKTepU3yIOTh CTaH MOTEHIIITHO HEOEe3MEeYHOro 00’ €KTa.

5.Po3po0seHHsT  aJTOPUTMIYHOTO Ta MPOrPAaMHOTO  3a0€3MEUeHHs IS
J1arHO CTUYHOTO MOJISTIOBAHHS CTaHY JKEPE HalO1IbI1101 HEOS3MEKH Ha IMTOTEHIIIHO
HEOE3NMeyHuX 00’€KTax — 3EeMJISTHUX HAMIpPHHUX T1IPOCIOpYyJax, aBapii Ha SKHX
MPU3BOAATH JO MacIITaOHUX HACHIAKIB.

6. BukoHaTH eKCHepTHE OILIHIOBAHHS SKOCTI MPUUHSITHX pIllIEHb Ta CKIATy
CIHEIIaII30BAaHOTO MPOTrpaMHOT0 3a0e3ledyeHHsT ¥ y3arajdbHEHHS OTPUMAaHHX
pe3yNbTaTiB  JIOCHIDKEHHST Yy BHUIIAJI PEKOMEHJAld MOOYyI0BU apXITEKTYpH,
aJITOPUTMIYHOTO Ta MPOTPaMHOTO 3a0€3MeUEHHS PEr10HATbHUX CUCTEM MOHITOPUHTY
CTaHy TMOTEHIIITHO HeOe3MeUHNX 00’ €KTIB.

O0’ekT mocaiakeHHs: Tpolecu 300py, oOpoOKM Ta Tmepenaqi JaHUX B
CHUCTEMaX MOHITOPUHTY CTaHy MOTEHIIMHO HEOE3MeUHUX 00’ €KTIB

IIpenmet nociigmeHHsI: apXiTEKTypa, METO/IU, aJITOPUTMIYHE Ta MPOTrpamMHe
3a0€3MeUeHHS] CHCTEM MOHITOPHHTY CTaHy MOTEHIIMHO HEOE3MEUHNX 00’ €KTIB

Meroan pocaimkeHHsi: Emmipuyni  (CIOCTEpeKEHHs, TOPIBHSHHA,
BUMIPIOBaHHSI, TMIPOBEJIEHHS EKCIIEPUMEHTIB), KOMILIEKCHI (abcTparyBaHHs,
CTPYKTYPHO-TEHETUYHUN aHall3 1 CHHTE3, MOJICTIOBaHHS), TE€OPETHYHi (Teopis
MpOTrpaMyBaHHS, TEOpis MPOrPAMHUX CHCTEM, Teopis 1H(GOPMAIIHHUX CHCTEM,
TEOpisl aJIrOpPUTMIB, TEOpisl 3aBaJOCTIMKOTO KOJYBaHHS, TEOPis MPOTHO3YBaHHS
JaCOBUX PSIIB).

HaykoBa HOBHM3HA o/1ep:KaHMX Pe3y/IbTATiB MOJATa€ y HACTYITHOMY:
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Yinepme po3po0seHO apXITEKTypy SK SIpPO CUCTEMH MOHITOPUHTY
CTaHy TOTEHI[IMHO HeOe3NMeuHnX 00’ €KTIB, SKa BIAPIZHAETHCSA BIJ HASIBHHUX
BUKOPUCTAHHSAM TEXHOJIOTiM IHTepHeTy peuelt, 3abe3meueHHsSM 3aBagOCTIHKOI
nepeayl JaHuX, MOXKIIMBICTIO TPOTHO3YBAHHS 3MiH NTapaMeTPiB HKepeT HeOe3MeKH,
10 XapaKTepU3yITh CTaH 00’ €KTa, a TAKOXK MOXJIMBICTIO MOJICIIFOBAHHS MPOIIECIB,
SIK1 TIPU3BOMSATE J0 3MIHHM CTaHy 00’€KTy MOHITOPHHTY, IO JO3BOJISE TIBUIIUTH
HAJIMHICTh €KCIUTyaTalli Ta piBHs O€3MeKH MOTEHUIMHO HeOe3neuHux 00’ €KTIB.

Ynepiie po3podJieHo apXiTeKTypy, aITOPUTMIYHE Ta MPOTPaMHE 3a0e3eUCHHS
JUTsl aBadiB BUX1AHOI 1H(poOpMaIii y CKIaal 3aBafOCTINKOI perioHaIbHOI CHCTEMH
MOHITOPUHTY CTaHy IOTCHIIMHO HeOe3meyHux O00’€KTIB Ha 0a3l TEeXHOJOTIH
[HTEepHETY peueil, OCOONMBICTH SAKUX TONATa€ B TOMY, IO JaBadl BUXIJHOI
iH(popMalli MOXYyTh OyTH BUKOPUCTAaHI y CHCTEMaX MOHITOPUHTY, Y SIKHX
BUKOPUCTOBYETHCS TOOANTOBA Mepeaaya AaHUX y BUIIAL 1HQOpMALIMHUX OJOKIB,
10 CKJIQJAOThCA 3 1HGOPMAIIMHUX Ta KOHTPOJBHUX OITIB, SKI Mepes] rnepeaadcio
NEPEeMIIIYIOTh 3TITHO 31 CXEMOI KOJYBaHHS, IO JO3BOJSE 3MEHIIMTH BILIMB
€JIEKTPOMArHITHUX 3aBaj MPHU Tepeaadl JaHUuX Ta 3a0€3MEeYUTH IITICHICTD JaHUX.

VYinepuie po3po0ieHO METOJ BHUSBICHHA Ta BHUIPaBICHHS 0araTo0ITOBUX
NOMWIOK TIpu Tmepedadl iHopmallii, a TakoX aJrOpUTMIYHE Ta IporpaMHe
3a0e3reueHHs Ha 0a31 BUKOPUCTAHHS KOJIB XEMMIHra, MOAU(PIKOBAHOI CXEMHU
KOJTyBaHHS Ta MPOIICAYP KOAYBAHHS 1 ICKOAYBaHHS, IKHI BIAPI3HAECTHCS MPOIETYPOIO
nepemiiryBaHHs OiTiB iH(QOpMaIIiHOrO OJIOKY Tepes nmepenadyero B KaHall 3B’ SI3KY,
110 J03BOJISIE MIABUIIATH 3aBaJOCTINKICTh CHCTEM MOHITOPHUHTY CTaHY MOTEHIIIMHO
HEOE3MeYHUX 00’ €KTIB.

YiockoHaleHO TeopeTHMYHi 3acagd  pPO3POOJEHHS  CHeliali30BaHOrO
MPOTPAMHOTO 3a0€3MEeUCHHS aHATITHYHUX MPEIUKTUBHUX T1JICUCTEM PEriOHAIbHUX
CHCTEM MOHITOPUHTY CTaHY MOTEHIIMHO HEOE3MEUHNX 00’ €KTIB, SIK1 BIJIPI3HAIOTHCS
BiJl HASIBHUX THUM, [0 PO3pOOJIEHi Ma0IoHu AJisl peaizallii GyHKIlT IpOrHO3yBaHHs
3MiH 3HAYEHHs MapaMeTpiB JKepea HeOe3MeKH B MeXaxX MOTEeHIIMHO HeOe3neuHuX
00’eKkTiB Ha 00’€KTOBOMY pIiBHI Ta (YHKIII MOJACIIOBAHHS CTaHy MOTEHIIIMHO
HeOe3neyHuX O00’€KTIB Ha MICIIEBOMY Ta PEriOHAJbHOMY pPIBHAX, IO JO3BOJISE
3a0€3MeYnTH paHHE BUSABICHHS MOXJIMBOCTI BUHUKHEHHS HAJ3BUYAHOI cHUTYyaIlii

Ta JIOKaTI3alii0 MOXKIUBUX AC(PEKTIB IUIIXOM PO3BUTKY JIE€CTPYKTUBHUX MPOLECIB.
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Ynepuie po3pobieHe anropuTMIUHE Ta TporpaMHe 3a0e3MeUeHHs ITepaIiitHOTO
METOAY pO3paxyHKy GuIbTparii BOAM Kpi3b HaIIpHI 3€MJISHI T1IPOCIOPYIH,
K€ BIIPI3HIETbCS BHUKOPHCTAHHSIM JIBOMIPHMX MAaTeMaTUYHUX MOJEIEeH ISt
BUSIBJICHHSI MOXJIMBOCTI PYWHYBaHHS TiJIpOCTIOPYIH, IO JO3BOJSIE CIHPOCTUTH
npolec MporpaMyBaHHs aHAJITUYHUX NMPEIUKTUBHHUX MiJCHUCTEM Ha MICLIEBOMY Ta
perioHaIbHOMY PIBHAX, a TaKOX 3aBYACHO MPUUMATH yIPaBIIHCHKI PIIICHHS II0
3arno0IraHHI0O BUHMKHEHHIO aBapiil Ta mepexoay iX B CTaH HAJ3BUYANHOI CUTYyallli.

IIpakTryHe 3HAYEHHS OJEP:KAHMX Pe3YJIbTATIB MOJSTae y parioHaizamii
Ipolecy pO3pOOJEHHS  aJrOPUTMIYHOTO Ta MPOTPAMHOTO  3a0€3IMedYeHHS
perioHaJIbHUX CHUCTEM MOHITOPUHTY CTaHY IMOTCHIIIHHO HeOe3medyHuX 00’ €KTiB, Y
CIocC10 BUKOPUCTAHHS 3alpONOHOBAaHUX IIA0OHIB MPOEKTYBaHHs. Takl pe3ynbrartu
CTaIM MOXJIMBUMHU 3aBISKH BHUKOPUCTAHHIO PO3B’SI3aHUX Yy AHCEPTaLIHHOMY
JTOCHTI/DKEHH]I 3aBAaHb Ta po3pOOJEHUX HAYKOBO-METOIWYHUX MIAXOMIB, IO
CTaHOBJISITh METOIMUHY 0a3y JJisi po3pOOICHHS PET10HATIBHUX CUCTEM MOHITOPUHTY
CTaHy TMOTEHUINHO HeOe3meYHnX OO0’€KTIB Ta MIiABUUICHHS €(EKTUBHOCTI
Ta CTaOLIBHOCTI iX (YHKIIIOBaHHS B I1HAYCTplalbHUX YMOBaxX Ta BILIUBY
€JICKTPOMAarHiTHUX 3aBajl.

Jlo 4mcia pe3yabTariB, 0 MalOTh HAHO1IbIIE MPAKTUYHE 3HAUCHHS MOXKJITUBO
BIJTHECTH:

—po3po0IIeHO apXITEKTYpHI IIAOJOHU Ha OCHOBI BUKOPUCTAHHS Mepex [HTepHeTy
pedeit juisi MOOYIOBM BCIX pIBHIB PEriOHAJbHUX CHCTEM MOHITOPUHTY CTaHy
MOTEHIIIMHO HEOE3MEeUHNX 00’ €KTIB: 00’ €KTOBOTO, MICIICBOTO Ta PEriOHAJIBHOIO;

—po3po0JeHO mMporpaMHe 3a0€3MEeUeHHsl JJIsi BUSIBJICHHS Ta BUIIPABIICHHS
0araToOITOBUX MOMWJIOK Tmepenadi iH(popMaliifHOro OJIOKY, IO MOKpallye
3aBaJIOCTIMKICTh, TiepeAadl JaHuX B Mepekax [HTepHeTy pededl B yMoBax
IHIYCTpiaIbHUX 3aBa]]

—po3pobisieHo TporpamHe 3abe3nedeHHs AaBada 3 (YHKIISIMH 3aBaJ0CTIHKOTO
By3j7a 300py NEPBHHHUX [aHUX MJi1 OO0’ €KTOBOTO PIBHS PETIOHAIBHUX CHUCTEM
MOHITOPHUHTY CTaHy IIOTEHIIMHO HEOEe3NeUHnX O00’€KTIB 13 BHUKOPHUCTAHHSIM
iH(ppacTpykTypu [HTEpHETY peueii;

—BIOPOBA/DKEHO  PO3pOOJIEHI  aHANITUYHI  NPEIUKTUBHI  MIACUCTEMH Y

pErioHaJbHUX CHUCTEMax MOHITOPUHIY TOTEHIIHHO HeOe3MeyHuX 00’ €KTIB,
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mo 3a0e3mneuye MiJBUIIEHHS MIBUIKOCTI pearyBaHHs Ha 37%, CKOpOUYEHHS
yacy BHSBJICHHS MOXKJIMBOCTI HaJ3BHYAMHOI CHUTYyallli Ta 3HIWKEHHS KIJIBKOCTI
XUOHUX CHpalloBaHb y TOPIBHSHHI 3 HAasSBHUMHU CHUCTEMaMU MOHITOPUHTY 0e3
POTHO3YBaHHS;

—BHUKOPUCTaHHS Ha MICHEBOMY Ta pErioHaJbHOMY PIBHAX MPOTPaMHOTO
3a0€3MeUeHHs, 110 Ja€ 3MOTy BUKOHATH MOJICIIFOBaHHS CTaHy HaWOUIBIINX JHKEPE
HeOe3neKn Ha 00’ €KT1 3 METOIO BUSIBIICHHS MPOLECIB Jerpajialiii TEXHIYHOTO CTaHy,
K1 MOXKYTb IPU3BECTH 10 BAHUKHEHHS aBapiiiHOi cuTyarlii, a0o HaBiTh 1O PO3BUTKY
HAJ3BUYAHOI CUTYyallli 3 BAYKKUMH HACIIIIKaMHU.

—po3po0JIEHO METOAMKY €KCIIEPTHOTO OIIHIOBAHHS SIKOCTI apXiTEeKTYpH,
AJITOPUTMIYHOTO Ta MPOTrpaMHe 3a0e3MeUeHHS.

Po3po6iieHi TeopeTuyHi1 MOJO0KEHHS, METO/IM, AITOPUTMIYHE Ta MPOTpamMHE
3a0e3MeyeHHs] BUKOPUCTAaH1 TIPU:

1. [IpoexTyBaHH1 pyclIOBOi MaJa ripoenekTpocTaHiiii y c. JloBre J[poroouipkoro
paiiony JIbBIBCbKOi 007acTi, IO MIATBEPIXKEHO «JlOBlgKa MpO BIPOBAIKEHHS
pesynbTaTiB AucepraniiiHoro gociimkenHs, pugana TOB «BAJIDOOP YKPATHA»
Ne(02-11-24 Bin. 05.11.2024p.» HaBeneHa y noaatky A

2.Po3po011i poeKTy AepHUBaIitHOT MaJIoi TiApOeIeKTpOoCTaHIii y ¢. PubHuK
Iporoounibkoro paitony JIbBiBCbKOI 00JacTi, M0 MATBEpIKEeHO «JloBiaKa
PO BIPOBAKCHHS PE3yIbTaTiB AMCEPTAIIHOTO IOcCTipkeHHs, BugaHa TOB
I'YTAPBOB TA ITAPTHEPU YKPATHA» Ne49-11-24 Bix. 06.11 .2024p.» HaBeneHa
y nonarky b

3. BukoHaHH1 HayKoBO-AOCHiTHOI poboTn «TeopeTnyHi Ta MpPaKkTUYHI aCHEKTH
texHonorii Internet of Everything» (nmepxaBHuil peecTpamiiHuii HOMED
0123U104930), mo mMmATBEPIKEHO aKTOM TIPO BHUKOPUCTAHHS PE3YJIbTaTIB
JTUCEPTAIIHHOTO TOCIIKEHHS, 1110 HaBeJAeHUM y qo1arky B

Ocobuctuii BHecok 3100yBaya. YCi OCHOBHI pe3yJbTaTH AMCEPTAIIHHOTO
JOCIIJKeHHsI, $IK1 TPEACTaBIIEHI JO0 3aXHUCTy, OJEpKaHl aBTOPOM OCOOUCTO.
VY nyOmikamisix, HamUCaHUX Y CITIBaBTOPCTBI, 3700yBadyeBi HajleXaTh HACTYITHI
pE3yIBTATH.

VY nocnimxkenHi [11] 3anponoHoBaHO MeTO[ MOOYIOBU PET10HATIBHUX CUCTEM

MOHITOPUHTY CTaHy MOTEHIIIHHO HEOE3MeYHOro 00’ €KTa Ha OCHOBI MOJM(DIKOBAHOT
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apXITEKTypU 3 MOKJIMBICTIO MPOTHO3YBaHHS 3MiH CTaHy MOTEHIIIITHO HEOe3MeYyHOTo
00’€eKTa.

Y pochimxenHi [12] po3pobieHO MeTod 3aBaJIOCTIMKOTO KOIyBaHHS Ta
JICKOAYBaHHSA JaHUX /I CHUCTEM MOHITOPUHTY CTaHy MOTEHLIHNHO HeOe3MeYyHUX
00’€KTIB HAa OCHOBI TeXHOJIOT1i [HTepHeTy pedeil. 3anponoHOBaHE AITOPUTMIYHE T
nporpaMHe 3a0e3MeYeHHs IPYHTY€EThCS Ha MOAU(DIKOBAHIM CXeM1 KO/IIB X €MMIHTa, 110
3a0e3mneuye BUSIBICHHS Ta BUMPABICHHS 0araro0iTOBUX MOMUJIOK IPU MOOAWTOBIM
nepenadi iHGopMallii BiJg JaBadiB MEpPBUHHOI i1HQOpMAIl 10 cucTeM O0O0poOKU
TaHUX.

VY nocmimkensi [13] po3po0iaeHo METO 1IarHOCTUYHOTO MOJICITFOBAaHHS CTaHY
MNOTEHIIHHO HeOe3MeUHUX OO0’ €KTIB, 110 BKJIIOYAE MOAM(PIKOBAHE AJITOPUTMIUHE
3a0e3meyeHHs Ta BIANOBIJHE MporpaMHe 3a0e3ledyeHHs i1 aHaTITUYHOI
NPEIUKTUBHOI MIACUCTEMH PET10HAJIBHUX CUCTEM MOHITOPUHTY CTaHy MOTEHIIIHO
HeOe3neyHux 00’ekTiB. Ha OCHOBI 3ampoONOHOBAaHOTO METOJY IPOBEICHO
MOJIETIIOBaHHS BIUIMBY (DUIBTpAlIMHUX MPOLECIB HA CTaH 3€MIISIHUX T1APOCIOPY,
Kl € HalOUIbIl MOIIMPEHUM THUIIOM TOTEHIINHO HeOe3neyHux 00 €KTIB B
VYkpaini Ta cBiti. [lopymieHHS IITICHOCTI TakKWX CIHOPYA MOXE MPU3BECTH
JI0 BUHUKHEHHS HAJ3BUYAMHUX CHUTyallld 13 KaTaCTpOPIYHUMHU HACTIAKAMU Ta
3HAYHUMH MaTepiaiIbHUMH 30UTKaMH.

Y wMexax pochipkeHHs [14] po3poOneHO Ta 3acTOCOBAaHO METOIUKY
€KCTICPTHOTO OIIHIOBAHHS SKOCTI apXITEKTypH, aJITOPHUTMIYHOTO Ta MPOTrPaMHOTO
3a0€3Me4YeHHs PerioHaIbHUX CUCTEM MOHITOPUHTY CTaHy MOTEHIIHHO HEOE3MEeUHUX
00’ €KTIB.

VY pamkax pgocmipkeHHs [15] 3mo00yBau po3B’sizaB mpoOiemy MnoOyI0BU
apXiTeKTypH Ha OCHOBI Mepexi I[HTepHeTy pede Iy pPEerioOHaNIbHUX CHUCTEM
MOHITOPUHTY CTaHy TMOTEHIIHHO HeOe3MeYyHuX O00’€KTIB 3 MOXKIUBICTIO
IIPOTHO3YBAaHHS 3MiH CTaHYy JKEpes HEOe3MeK: B MeKax MOTEHIIMHO HeOe3MeTHNX
00’€KTIB 3a JOTIOMOTOI0 aHAIITHYHOI MPEAUKTUBHOI MMiICUCTEMH.

VY nocmimkenHi [16] po3pobiaeHo apXiTeKTypy, aIrOpUTMIYHE 3a0e3MeueHHS
Ta MpOrpaMHe 3a0e3MeUeHHs 1HTEJIEKTYaJbHOIO By3ja 300py JaHUX 13 QyHKIISAMHU
3aBaJIOCTIHKOCTI Ta BIAMOBOCTIMKOCTI AJii OO ’€KTOBOTO pIBHS pPErioHaIbHUX

CHUCTEM MOHITOPUHTY CTaHY MOTEHIIHO HeOe3MeUHNX 00’ €KTIB 13 BUKOPUCTAHHSIM
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TexHonoriil I[HTepHery peueil. 3ampomoHOBaHA apXiTEKTypa, aJrOpUTMIYHE Ta
mporpaMHe 3a0e3MedyeHHs peajizye KOMIUIEKC (YHKIHA: OTpHUMaHHS JaHWX Bij
NIEPBUHHUX MEPETBOPIOBAYIB aHAJIOTOBOTO THITY, IMOMEPEIHI0O 0OPOOKY pe3ysIbTaTiB
BUMIPIOBAHHS Ta 3aXUIIEHY Nepeavy JaHUX 10 XMapHOTO [UTI03Yy 3 BUKOPUCTAHHSIM
PO3pOOJIEHOT0 METOAY 3aBaJOCTIMKOrO KOyBaHHS ISl BUSBIICHHS Ta BUIIPABJICHHS
0araro0iTOBUX MOMUJIOK Iepeiadl JaHuX.

VY mexax nocinipkeHHs [17] po3pobieHo anroputMmiune 3adesneueHns ta [13
JUTISL QHATITHYHOT MPEAUKTUBHOI MIJCUCTEMHU PETriOHAIbHOI CUCTEMU MOHITOPUHTY
crany IIHO. 3anponoHoBane pimieHHs, 10 0a3yeTbcsl HA METOAl HaWMEHIINX
KBaJpariB, peaiizye (PyHKIi KOPOTKOCTPOKOBOTO MPOTHO3YBAaHHS JAWMHAMIKHA 3MIH
napametpiB Jxepen Heoesneku [THO.

AmnpoOauiss  pe3yabratiB Auceprauii. Pesynsratu  aucepraiiifHoro
JOCITIIKEHHSI JOMOB1JAIKCS Ta OOTOBOPIOBAIKCS HA TAKUX HAYKOBUX KOH(EPEHIIAX:

1.III Bceykpaincbka HayKOBO-NIPAKTHYHA KOH(MEpEHIlsT MOJIOAMX BYEHUX Ta
CTyleHTIB «[H)XeHepiss mporpamMHOro 3a0e3mneueHHs 1 nepenoBi 1HGopMalliiiHi
texHounorii SoftTech-2022», npucesiuena 125-i piunuii KIII im. Iropst Cikopebkoro,
23-25 muctonana 2022 p., KuiB, Ykpaina [15].

2.VI MiuixHapo/iHa HayKOBO-NIPaKTU4YHIA KOH(EpEeHIli MOJOIUX BYEHUX Ta
CTyleHTIB «[H)XeHepiss mporpamMHOro 3a0e3mneueHHs 1 nepenosi 1HGopMarlliiiHi
texHonorii SoftTech-2024», 21-23 tpaBus 2024 p., Kuis, Ykpaina [16].

3.VII MuikHaponHa HayKOBO-TIPAaKTHYHIM KOH(EpEeHIli MOJIOAMX BUCHHX Ta
CTyneHTIB «lHXeHepis mnporpaMHoro 3a0e3leyeHHs 1 MepenoBi 1H(opMarliiiHi
texHosorii SoftTech-2024», 20-22 mucronana 2024 p., Kuis, Ykpaina [17].

IMyonikanii. OcHOBHI HayKOB1 pe3yjibTaTH AUCEPTALIAHOTO JOCIHIKEHHS
onyOIiKOBaHO y 7 HAyKOBUX TIpallsX, 30KpeMa y 4 HayKOBUX CTaTTAX, SKI
MpOiHJEKCOBaH1 B 0a3i JaHUX Scopus, 3 SKUX 3 cTarTi omyOJiKOBaHO Y BUJAHHSIX
Tpetboro kBaptwis (Q3) Ta y 3 Marepiasiax HayKOBUX KOH(EpEHIii, 3 SKuX 2
Marepiajiu omyOlIiKOBaHO Ha MI>KHAPOJHUX HAYKOBUX KOH(EPEHIIisX.

Crpykrypa po6otu. [lucepramiiina podoTa CKIaTa€ThCA 31 BCTYMY, YOTUPHOX
PO31LIIiB, BUCHOBKIB, CIIICKY BUKOPHCTAHMX JKEPEII, 10 BKItoyae 105 HalimeHyBaHb,
Ta 7 MOJAaTKiB. 3araJibHUM 0oO0cCAT poOOTH CTAaHOBHUTH 316 CTOPIHOK, y TOMY YHUCIHI

166 cTOpiHOK OCHOBHOTO TEKCTY, 37 PUCYHKIB, 26 Tabnuib, 74 dhopmymnu.
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1 ®OPMYJIIOBAHHS TA OBIPYHTYBAHHSA JOCJIIIHUIBKOI
3ATAYI HA OCHOBI AHAJII3Y AKTYAJIBHUX HIAXOAIB 10
MNPOEKTYBAHHA CUCTEM MOHITOPUHI'Y NOTEHLIMHO

HEBE3IIEYHUX OB’€EKTIB

Y po3giuni mpeAcTaBI€HO CHUCTEMHUM aHali3 METOJOJIOTIYHUX — 3acaj
POEKTYBAHHS Ta PO3POOJEHHS MPOTrPaMHOrO 3a0e3MeUeHHsI CUCTEM MOHITOPUHTY
noreHuiiHo Hebe3neunux o0’exTiB ([IHO). Hocnimkeno ¢pyHnaMeHTanbH1 aclieKTu
PO3pOOJICHHST apXITEKTypH, MPOrPaMHOIO Ta AJTOPUTMIYHOTO 3a0e3MeUeHHS IS
peanizaiiii GyHKIIH MpeauKTUBHOI aHamiTuku ctany [THO.

3M1HCHEHO ~ CHUCTEeMaTH3allilo  HOPMAaTHBHO-TIPaBOBOi  0asW 10O
(YHKIIIOHAIbHUX ~ Ta  HE(QYHKIIOHAJbHUX  XapakTEPUCTUK  IMPOrPAMHOIO
3abe3neueHHst (I13) cucrem monitopunry ITHO. IlpoBeneno anamiz cydacHuX
METOAOJOTIYHUX TIJAXOMIB JO PO3POOJCHHS apXITeKTypH, MPOTPaMHOTO Ta
ITOPUTMIYHOTO 3a0€3MEUYEeHHS] CHUCTEeM MOHITOPHUHTY B YKpaiHi Ta CBITI.
Buznaueno ximrodoBi mpobremMu y cdepl TPOEKTYBaHHS Ta PO3POOJICHHS
IpPOrpaMHOTO 3a0e3MeueHHsl Il MPEAUKTUBHOI aHamiTuku ctany [THO.

Ha ocHOBI TmpoBeneHOro JOCHIPKEHHS OOIPYHTOBAaHO HEOOXIJIHICTh
pO3pOOJICHHSI 1HHOBALIMHOI apXITEKTYpH Ta BIAMOBIIHOTO aJITOPUTMIYHOTO Ta
MPOTPAMHOTO 3a0€3MeUeHHsT IS peajizaiii MacmTaboBaHOTO MPOrPaMHOTO
3abe3neueHHs: cucteM MoHiTopunry [THO 3 ¢pyHKIioHaI0M paHHBOTO BUSIBIICHHS Ta
nporHo3yBaHHA Haja3BuyaiHux cutyaui (HC). ChopmynboBaHO HAyKOBO-TEXHIUHY

3a/lady Ta BU3HAUEHO MPIOPUTETHI 3aBJaHHS JUCEPTALIMHOIO JOCTIIKEHHS.

1.1 AHami3 Cy4acHOro CTaHy CHCTeMHM MOHITOPHMHIY TOTEeHUiMHO

HeOe3NMeYHnuXxX 00’ €KTIB

Cranuii pO3BUTOK JepKaBH Oe3MOCepeaHhO 3aJCKHUTh BiJl CTAOUILHOTO
(YHKIIIOHYBaHHSI €KOHOMIKH, III0, CBO€I0 YEProl0, BU3HAYAETHCS HAAIMHOIO Ta
0e3aBapiiiHOI0 POOOTOIO MTPOMHCIOBUX IIAMPUEMCTB.

B cTpykTypi IpOMHUCIOBOTO KOMILUIEKCY YKpaiHU IMEePEeBaX)aroTh IMiAMPUEMCTBA
METaNypriHoi, XiMI4yHOi, HaTONEepPepoOHOi MPOMHCIOBOCTI Ta 00 €KTU

€HEPreTUYHOIO CEKTOPY.
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BpaxoBytouu cienndiky QpyHKI10HYBaHHS IPOMHUCIOBUX 00’ €KTIB, aOCOIIOTHA
Oe3reka ix eKcIuTyaTallii He Moyke OyTH rapaHTOBaHa, OCKIJIbKH O€3MEUHICTh POOOTH
3aJIeKUTH BiJl KOMIUIEKCY (DAKTOPiB: YMOB HaBKOJIMIIIHBOTO CEPEIOBUIIA, TEXHIYHOTO
CTaHy BHUPOOHMYMX TMOTYXHOCTeM Ta KBamidikamii nepcoHany. BinmosigHo,
3aBKIU ICHY€ WMOBIPHICTh BUHMKHEHHS HECHPUSTIMBUX MOAIM, SKI CTAHOBIATH
3arpo3y s (yHKI[IOHYBaHHS 00’ €KTY, 3JI0POB’S JIFOIEH Ta E€KOJOT1YHOTO CTaHy
JOBKULISl. BUHUKHEHHS TaKUX MOJIN KOPENIOE 3 HeCTaOUIbHICTIO €KCITyaTalitHIX
pPSKHMIB Ta BIOIXWIEHHSMU BiI HOPMAaTHUBHUX MapaMeTpiB (yHKIIOHYBaHHS
NPOMUCIOBUX 00’€kTiB. HalOlabll KPUTHYHUM CLEHApIEM PO3BUTKY CHUTYaIlll €
BUHUKHEHHs Haa3BuyaiHoi curtyamii (HC). IlepexmymoBoro Takoi mojii € cyTreBa
HECTAOUIbHICTh MPUPOJHUX, TEXHOTCHHUX 1 COL1aJbHO-€KOHOMIYHUX MpPOLECIB. 3
METOI0 CBOEYACHOTO pearyBaHHs Ha MOTEHLIMHI 3arpo3W Ta MiHIMI3allll pU3HKIB,
BUHUKA€ HEOOXITHICTh Y MPOrHO3YBaHHI Ta OL[IHIOBAaHHI WUMOBIPHOCTI BUHUKHEHHS
HC.

AHaJli3 CTaHy TEXHOTE€HHOI Oe3IleKku B YKpaiHl B yMOBax BIWCHKOBOI arpecii
JI€MOHCTPY€ TEHJICHIIIIO 0 €KCIIOHEHILIMHOTO 3pOCTaHHs pyu3KKiB BUHUKHEHHS HC
Ha 00’ €KTax KpUTUYHOI iHPpacTpykTypu. Lle 3yMoBIt0€ HEOOX1AHICTH MOAEPHI3AITIT
apXITEKTypHU MPOTPAMHHUX CUCTEM MOHITOPUHTY Ta KOHTpodto ctany ITHO 3 meroro
N1JBUILEHHS €()EKTUBHOCTI 3aXUCTY HACEJIEHHS 1 TEPUTOPIN.

JlonatkoBuM (PakTOpOM pHU3HKY € BHUCOKAa KOHIICHTpALisS MPOMHUCIOBUX
HiAIpUEMCTB, o Kiaacudikytotbes sk [ITHO, B Mmexxax ypOaHi30BaHMX TEPUTOPIM.
e cTBOprO€E MepeayMoBy 111 BUHUKHEHHst HC BHACITIIOK MOPYIIICHh TEXHOJIOTIYHUX
IPOLIECIB, 0 MOXKE MPU3BECTHU 0 KaCKaJHUX BIIMOB cucteM MoHiTopuHry ITHO,
MOXEX, BUOYXiB Ta 3a0pyJHEHHS NPUJIETIIUX TEPUTOPIN TOILIO.

KinpkicTe mpomuciaoBux o00’€KTiB B YKpaiHi, siki BigHOCAThCA a0 ITHO,
aBapii Ha SIKUX MOXYTh MPU3BEeCTH 70 BUHUKHEHHsI HC caMoro pi3HOTO Xapakrepy
CKJIAJaE:

—-969 XIMIYHO-HEOE3IEUHUX OO0 €KTIB, B 30HAX MOKJIHMBOIO XIMIYHOIO
3a0pyIHeHHS AKUX Memkae 9,34 miH oci0;

—Om3pko 10 THC. AIPUEMCTB, YCTAHOB Ta OpraHi3alliii, 10 BUKOPUCTOBYIOTh
y CBOIH [ISJIBHOCTI MOTEHIIHO pajianiiHo-HeOe3MeyHi TeXHOJOri Ta pKeperna

10HI3yI04OTO BUIPOMIHIOBAHHS;
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—3879 cy0’exTiB rocnogapchkoi AisibHOCTI Ta 9382 00’ekTiB, aBapii Ha 955
3 AKUX MOXYTh mpusBecTu a0 BuHuUKHeHHs HC nepkaBHOro abo perioHajgbHOTO
piBHs [18].

[loTouHuii cTaH aNTOPUTMIYHOTO Ta MPOTPAMHOrO 3a0€3MEUECHHS CUCTEM
MOHITOPUHTY TMOTEHLINMHO HeOe3MmeyHuX OO0 €KTIB CBIAYUTH MPO HEAOCTATHIO
e(PeKTUBHICTh HASBHUX MIIXOAIB 10 NPEAUKTUBHOI AHAJIITHKA Ta 3amoOiraHHS
BUHUKHEHHI0O HC TEXHOT€HHOTO XapakTepy Ha MPOMHCIOBUX 00’ €KTax.

AHaJi3 Cy4acHOro CTaHy NpPOTPaMHHUX CHCTEM MOHITOPHUHTY MOTEHIIIIHO
HeOe3neuHux 00’€KTIB IEMOHCTPYE HEOOXITHICTh (DyHIaMEHTAIbHOT MOJEpHI3aLii
iX apXITeKTypH, aJITOPUTMIYHOTO Ta MPOTPAMHOTO 3a0€3MEUCHHS Ha BCIX PIBHAX
lepapxli, a TaKoX IMIUIEMEHTalli 1HHOBALIMHUX I[IA0JIOHIB MPOEKTYBAHHS CUCTEM
0e3neKru KPUTUYHOI 1HQPACTPYKTYPH.

Ha cyuacHomy ertami B YKpaiHli CHUCTEMU €KOJOTIYHOTO MOHITOPUHTY Ta
cucteMu MoHiTopuHry crany [IHO ta npenuxtuBHoi ananituku HC € 06’extamu
KpUTUYHOT 1H(QOpMaLIHHOI 1HPPACTPYKTYypH Ta peasizoBaHi (parMeHTapHO,
31e0UIBIIOT0 Ha PIBHI 00’€KTOBUX Ta MICLEBHUX IMIJCUCTEM, HIO YHEMOXKIHUBIIOE
3aCTOCYBaHHSI KOMILUIEKCHOTO MIJXOAY M0 PO3B’si3aHHS TPoOIeMH 3a0e3rneueHHs
TEXHOTE€HHO1 O€3IeKH.

BiacyTHICTh IHTErpOBaHOI MPOrPaMHOl IHPPACTPYKTYPHU JIEPKABHOTO PIBHS
JUTST IMITJIEMEHTaIlli (QyHKIIIOHAIBHOTO 3a0€3MeUeHHS MOHITOPUHTY, IPEANKTHBHOTO
aHamizy ta aBromarusoBaHoro mporHo3yBaHHs HC na IITHO ctBOproe kputuuHi
PHU3HKHU ISl HAIlIOHAJIBHOT Oe3MeKu Ta noTpedye CUCTEMHOr0 BUPIIICHHS HA PiBHI
apXITEKTypPHOTO MPOEKTYBAHHS MPOTPaAMHUX CHUCTEM 13 3aCTOCYBaHHSIM Cy4acCHHUX
METOJIOJIOTH PO3pOOKH MPOTPAMHOTO 3a0e3MEUCHHS.

AHami3 (QyHKIIOHYBaHHS TEPUTOPIATIbHUX Ta (DYHKIIOHAJBHUX IiJICHCTEM
€auHOo1 JepKaBHOI CHUCTEMH IMBIUIBHOTO 3aXHCTy JEMOHCTPYE HEIOCTATHIO
€(eKTUBHICTh HASBHUX METOJIB €KOJOTIYHOTO MOHITOPHHTY, 300py, 0OpoOKH Ta
aHami3y AaHux moao noreHuidHux HC TEeXHOreHHOro Ta MpUpOIHOTO XapakTepy.
30KkpeMa, HasBHI MPOrpaMHI CHCTEMH HE 3a0€3MeuyloTh HAJIC)KHUH pIBEHb
MOHITOPUHTY, BaJlijiallii Ta Bepudikaiii iHdhopmaillii npo UMOBIPHICTH BUHUKHEHHS
KPUTUYHHUX CHUTYallil, 0 YCKIAJAHIOE MPOIEC PO3POOKU MPEBEHTUBHUX 3aXOJIB.

[IpiopuTeTHUMU 3aBIAaHHSAMU y cdepl IHXKEHEpii MPOrpaMHOT0 3a0e3NEUEeHHS €
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pPO3pOOJIEHHST Ta IMIUIEMEHTALlisl 1HHOBAIIHHOI apXITEeKTypH CUCTEM MOHITOPHHTY
crany IIHO, saxi € o6’ekramu KpUTHYHOI 1HQPOpPMAIIHHOI 1HPPACTPYKTYypH, Ta
cripssMoBaHux Ha 3ano6iranHs HC Ta miniMizamio ix Hacmiakie [19].
BpaxoByrouu Builie3azHadueHe, MPIOPUTCTHUM HAYKOBO-TEXHIYHUM 3aBIaHHIM
€ po3poOieHHs I1HHOBAIITHUX AapXITEeKTYpHUX IIA0JIOHIB TMPOEKTYBAaHHSA Ta
BI/IMOBITHOTO aJITOPUTMIYHOTO 3a0€3MeUeHHS I IMIUIEMEHTAIlli MaciITa0OBaHUX
IporpaMHUX CcHCTeM MoHITOpuHTY crany ITHO, mo peami3yroTh MOXIHBICTH
PaHHBOTO BUSBICHHSI aHOMAaJii, MPEAUKTUBHOI aHAJITUKU Ta TporHo3zyBaHHs HC
3 BHUKOPHUCTAHHSM METOIB MAIIMHHOTO HAaBUAHHs Ta IHTEJEKTYyaJlbHOTO aHali3y

JTAaHUX.

1.2 AHajgi3 4YMHHOI 3aKOHOAABYOlI 0a3u, CyTi NOMepeaHiX PO3po0oK,

OCHOBHI BUCHOBKM, HASIBHICTh Cyllepe4HOCTel y HayKOBil JiiTeparypi

VY [20] 3a3naueHo, 1o (QyHIAMEHTAIHHUM TIiIXOIOM 0 TPEBEHTHUBHOTO
BUSBJIEHHS Ta 3aroOiraHHs BuHUKHEHHI0O HC TexHOreHHoro abo MPHUPOIHOTO
XapakTepy € IMIUIEMEHTALllsl CUCTEM MOHITOPUHTY, IO PEaji3yloTh MPEAUKTUBHY
aHAMITHKY Ta PaHHE CIOBIIIEHHS omepalliiiHoro nepconany mnpo norenuiini HC ta
KPUTHUYHI BIIXUJIEHHS MapaMeTpiB TexHouoriyHuX nporeciB Ha [THO.

BianoBimHO 10 HOpPMaTHUBHO-NPAaBOBOI 0a3u YKpaiHu, mpH po3poOIl Ta
posroptanHi cucteM MoHITOpuHTy Ha IIHO 000B’sS3k0OBUM € JOTpPUMaHHS
BuMor [21]. Jlani HOpMAaTHUBHI JOKYMEHTH PEIVIaMEHTYIOTh creuudikamii moao
IIPOEKTYBAHHS Ta IMIUIEMEHTAIlli aBBTOMAaTU30BaHUX CUCTEM MPEIUKTUBHOT AHATI THKHU
JUIsl paHHBOTO BUSIBIIEHHA 3arpo3u BUHUKHEHHST HC Ta CHOBIllIEHHS HACEJCHHS.
Takumu cucreMamMu B OOOB’S3KOBOMY MOPSAJIKY MarOTh OyTH OCHAIleHI 00’ €KTU
Ta CIOPYIH, LI0 XapaKTEepHU3YIOThCS MOTCHUIMHUM pu3ukoM BuHUKHeHHS HC
TP KaBHOTO, PET1I0HAIBHOTO 200 MICIIEBOTO PiBHIB.

OyHIAMEHTAIbHOI0 METOI0 PO3pOOKM Ta IMIUIEMEHTAIlli MpPOTPaMHHX
CHUCTEM MOHITOPUHTY € 3a0e3nedeHHs 300py, Balijaiii Ta aHamizy JaHuX
Bl TEpPBUHHUX IEPETBOPIOBAYIB /Il JIETEKTYBaHHS AaHOMAaJbHUX 3HAYEHb
KOHTPOJIbOBAHUX IMapaMeTPIB MOTEHIIMHUX JHKEpPET TEXHOTCHHOI Ta IPHUPOIHOI
HeOe3neku. ApPXITEeKTypa TaKMX CHUCTEM IOBHUHHA pEali30BYBATH MNPEAUKTHUBHY

aHAJITUKY TS 3a1100ITaHHS JOCATHCHHIO KPUTHYHHUX 3HAUYEHb IMapaMeTpiB y CIocio
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ABTOMATHU30BAHOTO TPHUNHATTA TPEBEHTHUBHHUX 3axofiB. [IporpamHi KOMIIOHEHTH
CHCTeMH 3a0e3MedyroTh arperamiro, Bepudikaiilo Ta TMepeaadyy JaHUX TIPo
TOCSTHEHHS JOKPUTHYHHX a00 KPUTHIHUX 3HAYEHb KOHTPOJHOBAHUX IapaMeTpiB
omepaIifHOMy TMepcoHaay Ta BIAMOBIAAIBHUM TMocanoBuM ocobam [THO s
OTIEPAaTHBHOTO pearyBaHHsS Ta HEJOMYIIEHHS eCKajallli MOTEHI[IHHUX 3arpo3.

V¥ [21] BuzHaueHo kputepii ineHTudikaiii noreHiianx HC, mo BKI04atoTh:

—ICPEBUIIICHHS TPAHUYHUX 3HAYEHb KPUTUIYHUX METPHUK MOHITOPHHITY OJHOTO
a00 JEeKIJTbKOX B3a€EMOIMOB’SI3aHUX MMapaMeTPiB MPOrpaMHO-anapaTHUX KOMIIOHEHTIB
CHUCTEMH, IO MPHU3BOAUTH IO TOPYIICHHS INTATHOTO PEXKUMY (PYHKIIOHYBaHHS
00’€eKTa Ta MOTEHIIINHOI Aerpaaallli Horo craHy;

— ICTEKTYBaHHS OIEPAaTOPOM CHUCTEMHU MOHITOPHHTY KPUTHYHUX BiIXHUJICHb
nmapameTpiB, IO CTBOPIOIOTH OE3MOCEPEIHI0 3arpo3y KHUTTI0O Ta 370pPOB’I0
nepcoHaldy 00’€KTa, a TaKoX PU3MK 3HAYHMX MaTepialibHUX BTPAT BHACIHIIOK
norenmiraoi HC.

VY [21] Buznaueno ¢pynmamenTtanbii Bumoru 10 ACPBHCO, 30kpema:
1.Ilpu nerexkTyBaHHI TOTEHINIHOI 3arpo3w a00 BUHUKHEHHI HaIA3BHUYAHOI
CUTYyaIlll CUCTEMa TTOBHHHA 3a0€3MEUYHTH:

—aBTOMAaTU30BaHy BaTijaIliio Ta Bepu(IiKaliio BXIJTHUX JAHUX BiJ MEPBUHHUX
NEPETBOPIOBAYIB;

—MPEANKTUBHY aHAJITUKY Ta OLIHIOBAHHS MOTEHI[INHUX PU3UKIB;

—TeHepalliio CIOBIIIEHB IS OTIEPalliitHOTO MePCOHay Ta BIAMOBIIAIbHUX OCIO;

— aKTHUBAIIIIO ITIJICUCTEM OTIOBIIIICHHS HACEICHHS Y 30H1 MOTCHIIMHOTO YPayKCHHS.

2.1lporpaMHi KOMIOHEHTH CHUCTEMM OINOBIIICHHS TOBUHHI 3a0e3neuyBaTh
TPAHCIALII0 MOBIAOMJICHb JACPXKABHOIO MOBOIO Ta MOBOIO, IIO € JOMIHYIOYOK Y
BI/IMOBITHOMY PET10HI.

3.V pa3si igenTudikariii 3arpo3u AJ1s1 HACEJICHHS B 30HI MOTEHIIMHOTO ypaKEHHS
npu BunmkHeHHI HC na IIHO, cmctema mMOBHMHHA peasli30BYBaTH JIOKAJbHE
OTIOBIIICHHS 3 BUKOPHUCTAHHIM BHU3HAUYEHUX KaHAJIIB KOMYHIKAIIii.

3rigao [21] ACPBHCO mnoBuHHI OyTH 1OOymOBaHI 3TITHO 3 THUIIOBOIO

CTPYKTYPHOI CXE€MHU, Ka HaBeJeHa Ha puc. 1.1.
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Pucynok 1.1 — Tunosa ctpykrypna cxema ACPBHCO

BiamosigHo mo [21], nmst pi3HHX KaTeropiid 00’€KTIB BU3HAYEHO crierudivH1
BUMOTH 110710 TiepBUHHUX AaHuX, sKki ACPBHCO noBuHHa BUKOPHUCTOBYBATH JIJIS
JETEKTyBaHHS IMOTEHIIIMHMX 3arpo3 BuHUKHEeHHS HC Ta MojentoBaHHS CIiCHApiiB
1X pO3BUTKY:

— 71 00’ €KTIB 3 MIABUIICHOIO XIMIYHOIO HeOesnekor (1. 5.2.3);

— 151 00’ €KTIB 3 MIABUIIEHUM PU3UKOM BHUOyXoHeOe3neuHocT! (1. 5.2.4);

— 1151 00’ €KTIB 3 MIJBUIIIEHUM PiBHEM pajialiiiHol HeOe3NeKH;

— 1719 00’ €KTIB 010JIOTIYHOI HEOE3IEKH, IO 31MCHIOIOTH 010XIMIUHE, O10JI0T1UHE
Ta (hapMaleBTUUHEe BUPOOHUITBO (1. 5.2.6);

— s I'C, BKiIrodarouu rijgpoenekrpocTtanii (. 5.2.7);

— 1711 00’ €KTIB 3 MOTECHLIMHUM PU3UKOM pyHHYBaHHS Oyd1BEIbHUX KOHCTPYKIIIN
(m. 5.2.8);

— 711 00’ €KTIB, PO3TAIIOBAHUX y 30HAX 3 BHCOKOIO WMOBIPHICTIO BUHUKHEHHS
HeOe3NMeYHUX MPUPOJHUX SBHII Ta TmporieciB (1. 5.2.9).

[Totounuii cran BhOpoBakeHHs cucreM MoHiTopunry IIHO B Vkpaiui

AJI1 PaHHBOI'0O BHUABJICHHA Ta IIPOrHO3YBAHHSA HC 3HaXOAUTBCA Ha IIOYAaTKOBOMY
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etani po3BUTKy. [lompu HasgBHICT, HOpMaTuBHOi Oa3zu [21], 3HaUHOrO OOCATY
METOAOJOTIYHUX MarepiaiiB, HAyKOBHX ITyOJiKalliii Ta 00’€KTHBHOI MOTpeOH
B cuctemax MoHiTopunry HC, iX BHOpOBajKeHHS peati3yeTbcsl JIOKAIbHO: Ha
piBHI OKpeMoro o00’ekta ab0 B MeXax MICIEBHX Ta PEriOHAJIbHUX MPOTPaMHUX
KOMILJIEKCIB.

Hapasi BigcyTHs yHi(iKOBaHA 3arajbHOACP)KaBHA CHCTEMa IPOTPAMHOTO
MoHITopuHry ctany IIHO, sxa € o00’ektoM KpuUTUYHOI 1H(OpPMALIHHO]
iH(ppacTpyKTypH, Ta fka 0 3a0e3ledyBaja KOMIUIEKCHE MPOTHO3YBAHHS Ta PAHHE
BusiBiieHHS noTeHiitHuXx HC Ha HalioHanbHOMY piBHI.

BiacyTHiCcTh Takoi CHCTEMHU CYTTEBO OOMEKYE YacOBI paMKH IS peari3arii

.....

HACJIIIKIB.

1.3 TeoperuuHi Ta MeTOHOJIOTiYHIi OCHOBH NPOEKTYBAHHAA CHCTEM
MOHITOPHHIY CTAHY NMOTEHUIHHO He0e3NMeYHUX 00’€KTIB B YKpaiHi

Ta CBIiTI

Y poboti [22] 3ampomnoHOBaHO KiacH(iKaIlil0 METOMOJOTTYHUX MIAXOIB 10
oprasizanii €KOJIO'1YHOTO MOHITOPMHTY Ta MOHITOpuHry crany [IHO 3 metoro
MmiHiMizaiii HacaiakiB HC, a Takoxk 3a3Ha4eHo, 1110 CydacHi ypOaHi30BaH1 TEpUTOPIi
XapaKTEePU3yIOThCS MiJIBUILIEHUM PIBHEM PU3UKY BUHHUKHEHHS TEXHOTEHHUX aBapiit
Ta MPUPOJHUX KaTacTpo(d BHACTIAOK BHCOKOI KOHIIEHTpAllli HACEJIeHHS, HassBHOCTI
I[THO TtexHocdepu Ta po3TallyBaHHS B 30HAX MIJBUILEHOTO PU3UKY HPUPOTHUX
KaTakiai3MiB. HasgBHI METOZOJIOTIYHI MIAXOOAUM 10 3a0€3Ie4YeHHsI €KOJOTTYHOI
Oe3MeKr PEerioHiB Ta iX CTaJOro PO3BUTKY HEAOCTATHHO BPAXOBYIOTh JUHAMIUuHI
3MIHM, COpPUYUHEH] Mpoiecamu ypOanizamii. [Ipu oMy 3HayHa KUIBKICTH MICT
PO3BUBAETHCS EKCTEHCUBHO, MOIIMHAIOUH TEPUTOPIT, 1110 MaIOTh KPUTUYHE 3HAYCHHSI
JUTSl MATPUMAaHHS €KOJIOTTYHOTO OanaHcy.

Micpki ammomepariii, Sk 00 €KTH TIABHUINCHOTO PU3UKY BUHUKHEHHS
HC npupogHoro Ta TEXHOTEHHOTO XapakTepy, MOTpeOyloTb pO3pOOJIeHHS Ta
iMIuIemMeHTarii cucteM MoHiTopuHTy ctany ITHO, saxi € o0’ekramMu KPUTHYHOI

iH(popmaniiHoi 1H(QPACTPYKTYpH, a TaKOX CIEIiajJi30BaHOr0 aJarOpUTMIYHOTO
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3a0e3neyeHHs sl MPEIUKTUBHOI aHAMITUKU Ta OpraHi3alii MPeBeHTUBHUX 3aXO/I1B
100 3a0e3reueHHs Oe3meKu KUTTEMISIIIbHOCT] HaCEeIeHHS.

[IpioputeTHUMHU HanpsIMKaMHu MiHiMi3alli ekoHoMmiuHuX BTpar Big HC Ha
I[THO e immnemenTaniisi cucreM Monitopury crany [THO Ha Bcix iepapXxiuyHuX
piBHSIX — BiJ 00’€KTOBOTO 10 JAeprkaBHOro. Po3B’s3aHHS 111€1 HAyKOBO-TEXHIYHOI
3agadl  motpedye po3poOJeHHS I1HHOBAIIMHUX AapXITEKTYpHUX MIA0JOHIB Ta
BIJIMOB1IHOTO aJITOPUTMIYHOTO 3a0€3MeueHHs JJisl peaiizamii (yHKI1i1 MOHITOPUHTY
ta nporHozyBanHs HC 3 ypaxyBaHHsIM crienn(ikd KOXXKHOTO PiBHA 1€papxii.

VY pobGori [23] 3a3HayeHo, w0 Ui YKpaiHUM XapakTEepHO BUHUKHEHHS
3HAYHOI KIJBKOCTI HEOE3MEUYHHX IMPUPOJHMX SBHUII 1 IPOIECIB TEOJOTIUHOTO,
T1IPOTEOJIOTIYHOTO Ta METEOPOJIOTIYHOTO MOXOMKEHHS, SKI MOXYTh CIPUYMHHUTH
BUHUKHEHHS MpUpogHuX KaracTpod. CuUCTeMaTHYHICTh BUHUKHEHHS Ta
MaclITaOHICTh ~ PYHHIBHUX  HACHIAKIB TNPUPOAHMX KaracTpod BHUMAararoTh
pPO3pOOJIEHHST Ta BIPOBAKEHHS CUCTEM EKOJOTIYHOTO MOHITOPHHTY Ta CHCTEM
MoHiTopuHry crtany I[IHO, copsimoBaHux Ha iX mnepegdayeHHs, JIOKajl3alliio
Ta yCyHeHHs HaciiakiB. KirodoBy ponb y mpoiieci nependaueHHs HPUPOTHUX
KaTacTpod BiJIrpaEe CUCTEMa MOHITOPUHTY, OCKUTBKH CUCTEMATHYHE CTIOCTEPEIKEHHS,
HAKOTIMYEHHSI JaHUX, aHalli3 Ta OI[IHIOBaHHS SIKICHUX 1 KUIbKICHUX MapameTpiB
CTaHy HEOE3MEYHUX NPUPOJHUX SBHII Ta TMPOIECIB — MOTCHIINHUX JKEpel
OPUPOIHUX KaracTpod — HAAAE MOXKIUBICTb PO3POOJIATH Ta IMIUIEMEHTYBAaTU
cucteMu MoHiTopunry crtany I[IHO, cmpsMoBani Ha 30€peKEHHS KHUTTS Ta
3I0POB’S JIFO/ICH, MIHIMI3allll0 HEraTUBHOTO BIUIMBY HA HABKOJIMIITHE CEPEIIOBHIIC
Ta 3MEHIICHHS MarepiajJbHUX BTpaT, a TAKOXK Ha JIOKaJI3alll0 30H HPUPOAHUX
KatacTpod Ta HEWTpami3alilo XapakTepHHX s HHUX HeOe3neyHuX (HakTopiB.
TakuMm 4MHOM, aKTyaJdbHUM € 3aBJaHHS PO3POOJIEHHS MPOTPAMHOI apXITEKTypH Ta
BIJIMOBIJTHOTO aJITOPUTMIYHOIO 3a0e3IleueHHs] cUcTeM MoHITopuHTy ctany [THO,
10 3a0e3Me4YnTh MPOTHO3YBAHHS JIOKAIlli, Yacy, HMOBIPHOCTI BUHHKHEHHS HOBHX
ocepenKiB HeOe3MeKH, OLIIHIOBAHHS PU3HKIB JJI HACEJIEHHS, a TAKOX IiJITOTOBKY
YIPaBIIHCHKUX PIIMICHh OO0 JIOKAMi3amii Ta yCyHEHHs HACIIJIKIB MPUPOITHHUX
KaracTpod.

Y nHaykoBoMy JocCiHipkeHHI [24] TpOBEIEHO TIPYHTOBHUW  aHaMI3

METOOJIOTIYHUX 3aca] IHTerpalli KOMIOHEHTIB IITYYHOIO 1HTEJIEKTY B MPOTrpamMHy
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apXITEKTypy CHUCTEM BIJHOBIIOBAJIBHOI €HEPreTHKHU IS peajizaiii MpeIuKTUBHOI
anamituku HC. BcraHoBrneHo, 1m0 HasBHE aJropuTMidyHe 3a0e3MeUYeHHs Ta
METOAMYHI PpeKoMeHalli Mmoao HeuTpamizamii HacmiakiB HC Ha 00’ekrax
MiBUIICHOTO PIBHS HEOe3MeKH He 3a0e3Meuy0Th BUUEPITHOTO OXOIUICHHSI MHOKUHU
(akTopiB, K1 MOTEHIIHHO MOXKYTh CIPUYNHUTH BUHUKHEHHS KPUTUYHUX CUTYaLlIH.
BianmoBigHO, OOTpyHTOBAHOIO € HEOOXIJHICTh MOETAITHOTO PO3BUTKY METOIOJIOTI1
pPO3pOOJICHHSI TpPOTrpaMHMX KOMIUIEKCIB JiJia HeWTpamizamii Hacmiakie HC Ha
00’€KTax 3a3HAYEHOT0 TUITY Ta iX CUCTEMaTH3allli 3r1IHO 3 YUHHUMHU HOPMaTUBHUMU
JOKYMEHTaMHU. Pe3ynpratv HayKOBOTO AOCHIIKEHHA [24] CyTTEBO PO3IIMPIOIOTH
TEOPETUKO-METOAOJIOTIUHIN 0a3uC MPOEKTYBAHHSI Ta PO3POOJICHHS MPOTrPaMHHX
CHUCTEM €KOJIOTIYHOTO MOHITOPUHTY Ta CHCTEM MOHITOPUHIY CTaHy 00’ €KTIB
BITHOBJIIOBAJIbHOI €HEPTeTUKH.

VY HaykoBOMY HOCHIKEHHI [25], TPUCBAYEHOMY METOAOJOTIYHUM 3acajaM
00’€KTHOOPIEHTOBAHOTO  aHaJI3y Ta MPOEKTYBAHHIO TMPOTPAMHHUX CHCTEM,
0o0rpyHTOBaHO, 1110 Mg HeuTpamizaiii Hachiakie HC nHa [THO xputuuHe 3HaYeHHS
Ma€ e(PEeKTUBHICTh (DYHKIIIOHYBaHHS CHUCTEM IITYYHOTO 1HTENEKTY, SKI Peai3yloTh
¢byHKIIT MOHITOPUHTY CTaHy OO’€KTIB Ta MPEIUKTHUBHOI aHAIITUKA BUHUKHEHHS
aBapiiiHux cutyarii. I[lpy 1bOMYy BCTaHOBJIEHO, IO KJIIOYOBOI MPUYHMHOIO
BUHUKHEHHSI TIPOOJIEMHUX CUTYAIllll € 3HWKEHHSI TOYHOCTI MOHITOPUHTY PEajbHOTO
CTaHy MPOTPaAaMHUX CHCTEM Ha OCHOBI LITYYHOTO IHTENIEKTY, 110 MPU3BOIUTH IO
nopyuieHs 0e3neku pyHkiionyBanss [THO. Btim, 3a3HaueH1 BUCHOBKH MOTPEOYIOTH
YTOYHEHHS, OCKUIbKM CYTTEBUI BIUIMB Ha PIBEHb OE3MEKM EKCIUTyarailii 00’ €KTIiB
3MIMCHIOE JIFOJICHKUM (haKTOp.

CyuacHi JoCHiKEHHS y cepl IMIUIEMEHTallli CUCTEM IITYYHOTO 1HTEJEKTY
JUISl €KOJIOTTYHOTO MOHITOPUHTY CTaHy JOBKIUIS CBITYaTh, IO MPU IMPOEKTYyBaHHI
apXiTeKTypu MPOrpaMHOTrO 3a0e3ledyeHHs cucteM MoHiTopuHry ctany [THO
HEOOXiTHO BPaxOByBaTH BapiaTMBHICTh BXIAHHUX JIaHUX, CHPUYUHEHY KOMILJIEKCOM
€K30TeHHHUX (PaKTOPiB MPUPOJHOTO Ta AHTPOMOTEHHOTO MOXOKEHHS. BukitoueHHs
3a3HaYeHNX (HaKTOpIB 3 MHOXKHHHU TMapaMeTpIB aJTOPUTMIYHOTO 3a0e3MeUeHHS
OILIIHIOBAaHHSI PU3MKIB BUHUKHEHHs aBapiiiHux cutyaniii Ha [THO € HekopekTHOIo,
OCKUIBKHM TIPU3BEJIC 10 3HMKEHHS BaJliTHOCTI PE3yJIbTaTIB aHaJi3y MMOTOYHOTO CTaHy

00’ €KTIB.
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Y KOHTEKCTI 1HXKEHEpii MPOrpaMHOro 3a0e3MeueHHs, AJs MPOTHO3YyBaHHS
nMoBipHOoCcTI BuHMKHeHHS HC Ta oOmiHIOBaHHS iX TOTEHIIMHUX HACIIJKIB,
3aCTOCOBYIOTHCSI HACTYITHI METOOJIOTIYHI IT1IXOJIU:

—CTAaTUCTUYHI METOIM aHamily JaHux — 0a3yloTbcd Ha 3aCTOCYBaHHI
MaTeMaTUYHOrO amapary Teopii WMOBIpHOCTEM 1 OOpOOKHM apXiBHHUX JaHHUX
Ta BU3HAUYECHHS CTAaTUCTUYHUX 3aKOHOMIpHOCTel BUHUKHEHHS HC;

—CTOXAaCTHUYHE MOJIEJIOBAHHS — TIPYHTYETbCSI Ha MOOYAOBI HMOBIPHICHHX
MaTeMaTUYHUX MOJIeJIell 3 BUKOPUCTAHHAM EMIIPUYHUX JAaHUX Ta METOJIB
MaTeMaTUYHOI CTaTUCTHUKHU;

—METOM EKCIIEPTHOTO OIIHIOBaHHA — 0a3ylThCS Ha CHCTEMaru3arii Ta
(dopmaiizalli eKCepTHUX 3HAHb 13 3aCTOCYBAHHSIM METO/[IB CHCTEMHOTO aHAJI3Yy.

Opnak, IMIUIEMEHTAIll BWINE3a3HAUCHUX METOMIB  CYMPOBOKYETHCS
HACTYITHUMHU TEXHIYHUMHU Ta METOAOJIOTTYHUMH BUKJIMKAMHU:

—HEOOX1IHICTh arperaiii Ta BaJifallii penpe3eHTaTUBHUX HAOOPIB JaHMUX
(datasets), oTpuMaHHsS SIKUX YCKJIAJHEHE B YMOBAaX pEaJIbHOTO BUPOOHHYOIO
CepeIOBUIIIA;

—nediuut KBamiQikoBaHUX (PaxiBIIB 3 KOMIETSHINSAMH y chepi MaTeMaTHIHOTO
MojieroBaHHsA Ta data science;

—BHCOKa O0YMCITIOBAIbHA CKJIAIHICTh MAaTEMAaTUYHUX MOJIEJICH Ta aJrOpUTMIB;

—3HAYHI YacoBl Ta PECYpPCHI BHUTpAaTH Ha PpO3rOPTaHHS Ta Bepudikario
IPOTPaMHUX CUCTEM;

—CKJIagHICTh (opMamizalii Ta MaTeMaTH4YHOI I1HTepHpeTalii HeIHIHHUX
MPOIIECIB;

—KPUTUYHI YacoBI OOMEXKEHHS Ha BHUKOHAHHSA TNPEIUKTUBHOI aHAIITUKH
BHACJIIZJOK BHCOKOI IMHAMIKH PO3BUTKY JASCTPYKTHBHHX IPOIIECIB.

Po3mistHyTi METOJOJIOTIUHI MIiAXOAM Ta TEXHIYHI BUKIHUKU CBIIYaTh IPO
HEOOXIJTHICTh PO3POOJCHHS 1HHOBAIIMHUX apXITEKTypH, aJrOPUTMIYHOTO Ta

IPOrpaMHOTO 3a0e3neueHHs Il cucTeM MoHITopuHTY ctany [THO.
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1.4 ApXiTeKTypHi Ta TeXHOJIOTiYHi ACMIEKTH PO3POOKHU Cy4aCHUX CHCTEM

MOHITOPHHIY CTAHY NMOTEHUiHO He0e3meuHuX 00’ €KTIB

Mouitopunr HC Bizirpae BaxXJIUBYy poJjib, TaK SIK CIIOCTEPEKEHHS, aHATI3 1
OlliHKa cTaHy noTeHiHHuX mxepen HC mo3BoiauTh po3poOIsTH 1 peai3oByBaTH
3axou, cupsiMoBaHi Ha JikBigamito HC ta MiHIMIZaIlit0 eKOHOMIYHHUX 1 €KOJIOTTYHUX
HACJI1IKIB.

B poGoti [26] HaBeaeHO MpHUKIAL CTBOpPEHHS 1H(MOpMAaIiiHOT CUCTEMU
exosioriyHoro MoHiTopuHry HC, ronoBHUM NpH3HAUEHHSM SIKOi € OTPUMAaHHS
onepaTuBHOi 1H(popmMawii npo 3arpo3y ado BunukHeHHs HC, xapakrepuctuxax
Bpakarounx (HaKTOpiB 3 METOI BU3HAUCHHS MAacCIITa0lB TOIMPEHHS 1 TAKKOCTI
HACJIJIKIB B iX BUHUKHEHHs. Ha BigMiHy Bia HasiBHOI cucteMM MoHITopuHry HC
3I1MCHIOCE:

—€KOJIOTTYHUA MOHITOPUHI Ta MOHITOPUHI CTaHy MOTEHIIITHO HeOe3meuyHux
00’ €KTIB;

— OTEepPaTUBHHUIA MOHITOPUHT B 30HI BUHUKHEHHS HC;

—BU3HAUYCHHS OCHOBHHUX XapaKTEepUCTHK Bpaxkarouux (akropiB HC — skicHwmit
aHai3;

—BU3HAYCHHS PHU3HUKY BIUIMBY BpakarounX (haKTOPIB 1 OMMIHKY IX CTIMKOCTI —
KIJIBKICHUM aHalIi3;

—nporuo3yBanHs HC Ta OLiHKY pU3UKY X BUHMKHEHHS.

VY nocaimxenHi [27] 3anponoHOBaHO 1HHOBALIMHY METOJOJIOTII0 1HTErpalii
Ta arperaiii MOHITOPMHTOBUX JaHUX i olliHoBaHHs ctany [THO. O6rpyHTOBaHO
HEOOX1AHICTh IMIUIEMEHTALlT IIEHTpati30BaHoro nporpaMmuoro peectpy 1IHO, sxuii
y MO€HAHHI 3 Teo1H(POPMAIIMHIMHU CHCTEMaMH 3a0€3MeUnTh MOXKIIMBICTh TeHepartii
IHTEPAaKTUBHUX KapT TEXHOTEHHUX PHU3MKIB JJIA PI3HUX PETIOHIB. 3BEPHEHO yBary
HA KPUTHUYHY BaXJIMBICTh PO3pOOKM OararopiBHEBOI apXiTEKTypU MNPOTPAMHHX
CHUCTEM MOHITOPUHTY sK ¢yHaameHTtanbHoro kommnoneHta €J[CI[3. BusiBieno
CYTTEBI HEJIOJIIKM B HAsIBHUX Miaxoaax 10 0opooku nanux npo cran [THO Ha piBHI
JIEp’)KaBHUX Ta MICIIEBUX OPraHiB BIaH, IO XapaKTePU3YIOThCS BIICYTHICTIO a0o
MIHIMQJIBHUM 3aCTOCYBaHHSIM CyYaCHMX METOJIB 1HTEJIEKTyaJIbHOTO aHaJi3y JaHUX

Ta HpCI[I/IKTI/IBHOI aHaJIITUKH.
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Po3pobnenns Ta iMIuieMeHTalsi cucteM MoHiTopunry crany [IHO nHa
OCHOB1 Cy4YaCHHMX apXiTEeKTypHUX IIaOJOHIB Ta METOIB 1HXKEHEPii MpOrpaMHOIO
3a0e3MeueHHs € AaKTyaJdbHOI HAyKOBO-TEXHIUHOIO 3ajadelo. li  BHUpiIIEHHS
3a0e3MeYuTh MOXKIIMBICTh IPEBEHTUBHOTO BUSIBICHHS aHOMAJII Ta MPEAUKTUBHOTO
aHamizy 3arpo3 BuHuUKHeHHd HC y crnoci6 o0poOku maHMX BiJ HEPBUHHHUX
MEPETBOPIOBAYIB Yy PEKUMI pEabHOTO dYacy. AJTOpUTMIYHE 3a0e3NedeHHS
TaKMX CHUCTEM MOBUHHI T'apaHTyBaTH BHCOKY TOYHICTh Baiijaiii Ta Bepuikarii
MOHITOPUHTOBUX JAHHUX JUJIsl TeHepallii MpOrHOCTUYHUX Mojeneil. EQexkTuBHiCTh
OPOrpaMHUX KOMIIOHEHTIB Ta SKICTh IMIUIEMEHTAlll CHUCTEMHU MOHITOPUHTY
0e3rmocepeIHb0 BIUIMBAE€ HAa TOYHICTh NMPEAUKTUBHOI aHATITHKH Ta MOXKJIMBICTH
3ano0iraHHs KaCKaJHOMY PO3BUTKY TEXHOTEHHUX aBapiii pi3HUX PiBHIB KPUTUUYHOCTI.

HeoOximHo 3a3HaumTH, 1m0 HasiBHI cuctemu MoHiTopuHry [IHO
XapaKTEepPU3YIOThCS HU3BKOIO €(EKTUBHICTIO YEpe3 BUKOPUCTAHHS MPUMITUBHUX
METOJIB aHaII3y JaHMX, 10 0a3yIThCS BUKIIOYHO HA MapaMeTPUYHOMY KOHTPOJI
BXIJIHMX CHUTHAJIIB BiJ] MEPBUHHUX TMEepeTBOPIOBaviB. Takuil miaxija, 1o nepeadadae
nuie Kiacu@ikaiiio piBHSA BXIJHOTO CUTHAIY SIK HOPMAaJbHOTO, JOKPUTUYHOTO
YU KPUTUYHOTO, HE 3a0e3medye HaJeXHOI MPOTHOCTUYHOI 37aTHOCTI. BHacmimok
[bOTO, OI[IHIOBAHHS CTaHy O0’€KTa MOHITOPUHTY € HEIOCTAaTHbO 1H(OPMATUBHUM
Ta 3BOIUTHCS MEPEBAXKHO JO KOHCTATAIlll BXKE HAsIBHUX aBapIiHUX CHUTYaIliil.

3BakalouM Ha KPUTUYHICTh CHUTYyallii, ICHye HarajlipHa moTrpeda y
PO3p0oO0IIl IHHOBAIIMHOT TPOTPAMHOT apXITEKTYPH Ta BIAMOBIAHOTO aJTrOPUTMIYHOTO
3a0e3ne4yeHHs] Il CTBOPEHHS MAaclITaDOBAHUX CHUCTEM MOHITOPUHTY CTaHy
I[THO. Taki cucteMu MOBUHHI peani3oByBaTH NPEIUKTUBHY AHAJITUKY B PEXKUMI
peanbHOro dYacy MJig MPOTHO3YBAHHS TMOTEHIIWHUX aBapiiHUX CHUTyalllldl Ta
3anobiranHs ix eckamarii g0 piBHsa HC. IMmemeHTariis iepapxiaHoi MiKraay3eBoi
cuctemu MonitopuHry IITHO Ha oOCHOBI cydacHUX IIa0JIOHIB NPOEKTYBaHHS Ta
METOJIIB 1H)KEHEpii MporpaMHOro 3abe3redeHHsT Crpusie ¢(HEKTUBHOMY 3aXHUCTY
KUTTS. 1 370pOB’S K BUPOOHHUYOTO MEPCOHANY, TaK 1 IUBLILHOTO HACEJICHHS.
Po3po06ieHHs KOMIUIEKCHOTO TPOTPAMHOTO PIIIEHHS IS CUCTEM MOHITOPUHTY
I[THO 3 BUKOpUCTaHHSM J[1IarHOCTHYHOTO MOJICIIOBAHHS € aKTyaJlbHUM 3aBJIaHHSIM

Cy4YacHOi 1H)KeHepii MporpaMHOro 3a0e3TCUCHHSI.
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[Ipouiec mMozaentoBaHHS B 1HXEHEPii MPOrpaMHOro 3abe3nedyeHHs 0a3yeThCs
Ha aOcTparyBaHHI peaJlbHOI CHCTEMH 4Yepe3 CTBOPEHHS (popMasibHOI MoOjemi, IO
3HAXOAWTHCS 3 HEK Y BHU3HAUYEHOMY BIJIHOIICHHI E€KBIBAJCHTHOCTI Ta 3/aTHA
BIITBOPIOBATH ii KJIFOUOB1 (DYHKITIOHAJIbHI Ta HE(YHKIIOHAIbHI XapaKTEPUCTUKH.
JlocnmipkeHHsT Ta aHalll3 MPOrpaMHHUX CHUCTEM, iX apXITEeKTYpu Ta TMOBEIIHKH
TPYHTYETHCS Ha TMOOYIOB1 BIAMOBIAHUX (hOpMalbHUX crerudikamiii Ta MoaeNeH,

10 JO3BOJISIIOTH BEpU(]PIKyBaTH KOPEKTHICTh 1X (PYHKI[IOHYBaHHSI.

1.5 ®opmy/10BaHHA HAYKOBO-TEXHIYHOI 3a/1a4i Ta 3aB/IaHb JOCJIIIKEHH S

Ha miacraBi KpUTUYHOTO aHaJi3y JITEpaTypy Ta 1HILUX JKEpes iHpopMarli,
MO)XHA CTBEpJKyBaTH, IO ICHYE IMpobOiieMa MNpH po3poOIll apxXiTeKTypu Ta
IPOrPaMHOTO 3a0€3MeUCHHS JIJIsl PEeriOHAIbHUX cHCcTeM MOHiTopuHry ctany [THO.
A cawme:

—HasiBHA apXxiTekTypa cucteM MoHIiTopuHry ctany IIHO ©e mnepenbauae
peamizamito  QyHKIIOHATY TPEAUKTHBHOI  aHATITUKA Ta  J1arHOCTHYHOTO
MOJICTFOBAHHS, 110 € KPUTHYHO BXKJIMBUM JIJIsi PAaHHBOTO BUSBJICHHS MMOTCHIIIHIX
HC na ITHO;

—1iHTerpais texuonoriit Inrepuery peueit (IoT) [28] 3ymoBIt0€ HEOOX1THICTD
peatizaiiii 3aBaJJ0CTIMKUX KaHAJIIB Iepeiadi JaHuX JJIs rapaHTyBaHHS BIATIOBITHOCTI
MOHITOpUHTOBO1 1H(popMmarii npo ctan [THO.

Tomy meTa mociaixKeHHs1 — MIABUIICHHS HAIIHHOCTI €KCIUTyaTallii Ta piBHS
Oe3MeKu MOTEHIIMHO HeOe3MeYHUX 00’ €KTIB Yy CHOCIO yIOCKOHAJICHHS MPOIECiB
300py, 0OpoOKH Ta nepenadi JaHUX B 1HPOPMALIHINA CUCTEMI MOHITOPUHTY CTaHY
MOTEHI[IHHO HeOe3meyHnx 00 €KTIB Ha OCHOBI PO3POOJICHHS CIEIiaji30BaHOTO
NPUKIAHOTO MTPOrPAMHOTO 3a0€3MeUeHHS 3 BUKOPUCTAHHSAM TEXHOJIOTIT IHTEpHETY
pedelt, MeTOIIB 3aBaJOCTIMKOTO KOAYyBaHHS TaHUX, MOJETIOBAHHS MPOIIECIB 00’ €KTY
MOHITOPHHTY, & TAKOXX METOJIB MPOTHO3yBaHHS 3MIHU HOTO CTaHy.

Ha migcraBi mpoBeNEHOTO0 KPUTUYHOTO aHaNi3y ISl JOCATHEHHS METHU
JUCEPTAIIAHOTO JAOCHIKEHHS BU3HAYEHO TaKl 3a/1adi:

—aHaJi3 apXiTeKTypH, alTOPUTMIYHOTO Ta IPOTPaMHOTO 3a0e3IeUeHHs HassBHUX

pErioHaIbHUX CHUCTEM MOHITOPUHTY CTaHy MOTEHIINHO HEOE3MeYHUuX 00’ €KTIB;
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—pOo3po0JIeHHs apXITeKTypu 1H(OpMAIIHOI cHUCTeMH SIK siipa perioHaabHOI
cuctemu MoHiTopuHry crany IIHO 3 Buxopucranusam loT-texHomorii,
3aBaJIOCTIMKOIO TIepelavyero JaHWX Ta IJICUCTEMOI0 MPEAUKTHUBHOI aHATITHUKH,
a TakoXX (popMyBaHHS BUMOT JI0 apXITEKTypH, MiJIXOMAiB, METOAIB PO3POOJIEHHS Ta
BIIPOBAKEHHS MPOTPAMHOTO Ta aJrOPUTMIYHOTO 3a0€3MEUeHHS;

—PpO3po0JIECHHS METOY, alrOPUTMIYHOTO Ta MPOTPAMHOTrO 3a0e3MedeHHS s
BUSBIICHHSI Ta BHIpaBIEHHS 0araro0iTOBUX TOMUJIOK Tiepefadi JaHuX s
nigBuieHHs 3aBagocTiiikocti [oT cucrem monitopunry crany [THO ta po3pob6nenns
HA OCHOBI METOIYy NIPOrPaMHO-AJITOPUTMIYHOTO 3a0€3MeUeHHs JaBadiB, SKI
BUKOHYIOTh (DYHKIIIIO BY3J1iB 300py BUXIJHOI 1H(QOpMAaIii B CKIadl 3aBaI0CTINKUX
iHaycTpianbHuX [0T cucTeM MOHITOPUHTY CTaHY MOTEHIIIITHO HEOE3MEUHUX 00’ €KTIB;

— pO3pOOJIEHHS aITOPUTMIYHOTO Ta IPOTPAMHOTO 3a0€3MEUCHHS IS 3MIMCHEHHS
KOPOTKOUACHOTO IIPOrHO3YBaHHA 3M1H 3HaY€Hb MMapaMeTpiB JKepea HeOe3MeKH, Kl
xapakTepu3ytoTh ctan 00’ ekty [THO;

—pO3pO0JICHHS ~ aNTOPUTMIYHOTO Ta MPOTpaMHOro  3abe3meueHHs IS
J1arHOCTUYHOTO MOJICNIIOBaHHS CTaHy Jpkeped HanOuibmiol Hebesnekn Ha [THO —
3eMJSTHUX HaIMIpPHUX T1APOCIOPYI, aBapii Ha SIKUX MPU3BOAATH 0 MacCIITaOHUX
HACJIIJIKIB;

—BHUKOHATH EKCIIEPTHE OIIHIOBAHHS SIKOCTI MPUUHATUX PINIEHb Ta CKIATY
CHEIiaTi30BaHOTO MPOTPAaMHOTO 3a0e3MEeYeHHS] Ta Y3arajlbHEHHS OTPUMaHHUX
pe3yNbTaTiB JOCHIIKEHHS Y BUINIANI PEKOMEHAAIll MoOydOBH apXiTEKTypH Ta
IPOrpaMHO-AITOPUTMIYHUX PILMIEHb PEriOHAJIbHUX CUCTEM MOHITOPUHTY CTaHy
ITHO.

KommnekcHe BupimieHHS c()OpMyIbOBaHHMX HAyKOBHX 3aBAaHb 3a0e3Ieuye
TOCATHEHHS IMOCTABJICHOI METH JUCEPTAIIMHOTO TOCIIKCHHS Ta (POPMYE MITICHUM

METOJT PO3pOOJICHHS PETIOHATBHUX CUCTEM MOHITOpUHTY cTany [THO.

1.6 BuchHoBku 10 po3aginy 1

1.Ha ocHOBi1 aHami3zy Cyd4acHOTO CTaHy BCTAaHOBJICHO, IO HasBHI CHCTEMH
MOHITOPUHTY CTaHy IOTEHIIMHO HeOe3rmeyHux 00’€KTIB B YKpaiHi peasi3oBaHi
dbparMeHTapHO Ta HE 3a0e3Me4Yyl0Th KOMIUIEKCHOTO TIJIXOAYy J0 3amo0iraHHs

HaJA3BUYANHOI cuTyaii. Bucoka KoHIIEHTpallis NOTEHIIHHO HeOe3meyHuX 00’ €KTIB
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Ha ypOaHI30BaHMX TEPUTOPISIX CTBOPIOE TOJATKOBI PU3MKH BUHUKHEHHS
HaJ[3BUYAHUX CUTYaIliu.

2. AHami3 3aKOHOIaBYOl 0a3W Ta HAyKOBOi JIITEpaTypu IOKa3aB BIACYTHICTb
yHI()IKOBaHOI 3araJbHOACPKABHOI CHCTEMH MOHITOPHHTY, II0 CYTTEBO OOMEXYE
MOKJIMBOCTI TPEBEHTUBHOIO pearyBaHHS Ha TMOTEHIINHI 3arpo3u. YWHHUN
HOpMaTHBHI JIOKyMEHTH BHM3HAYalOTh BHUMOIM [0 CHUCTEM MOHITOPUHTY, aje
iX MpakTU4YHA peasizallis 3aJUIIA€ThCs (PparMeHTapHOIO.

3. JlochimKkeHHS TEOPETUYHUX Ta METOAOJOTTYHUX OCHOB MPOEKTYBAHHS CUCTEM
MOHITOPUHTY CTaHy MOTEHIIMHO HeOe3MeuHMX 00’ €KTIB MOKa3auo, IO HasBHI
M1IXOAU HEJOCTAaTHHO BPAXOBYIOTh JTUHAMIYHI 3MIHHM YpOaHI30BaHUX TEPUTOPIN Ta
noTpeOyroTh PO3POOJICHHS 1HHOBALIIMHOI apXITEKTYpU CUCTEM MOHITOPUHTY CTaHY
NOTEHLIHHO HeOe3MeuyHuX 00’ €KTIB.

4. Ananiz apxXiTeKTypd Ta TEXHOJOTIYHHMX acCIEeKTIB MPOEKTYBaHHSI CHUCTEM
MOHITOPUHTY CTaHy IMOTEHIIHHO HeOe3MeYHuX O00’€KTIB BUSIBUB OOMEXKEHY
(GYHKIIIOHATBHICTh HASSBHUX CUCTEM, IT10 IMPOSIBIISIETHCS y pealli3allii napaMeTpUudHOro
KOHTpOJIt0 0€3 MEeXaHi3MIB MPOTHO3YBaHHS MOXJIMBOCTI HAJA3BMYAWHOI CHUTYyalii,
110 OOTPYHTOBYE HEOOXIIHICTh IHTETpAIlli MPEAUKTUBHUX aHATITUIHUX ITIJICUCTEM.

5.Ha miacTaBi MpoOBEACHOTO aHalizy CHOPMYIbOBAHO HAYKOBO-TEXHIUHY
npoOsieMy Ta BU3HAYEHO KOMIUIEKC 3aBJaHb JOCIHIIKCHHs, CIPSIMOBAaHUX Ha
HiABUIICHHS €(EKTUBHOCTI MPOLIECY MOHITOPUHTY CTaHy MOTEHIINHO HeOe3MEeYHNX
00’€KTIB y CImoci0 po3pOOJICHHS CIEiaTi30BaHOTO IMPOTPAMHOTO 3a0e3MeUCHHS
3 BUKOPHUCTaHHSIM CYYaCHHUX MEPEXKEBHUX TEXHOJIOT1H, METO/IB 3aBaJ0CTIMKOTO
KOZyBaHHSI, MPEAUKTUBHOI aHAJIITUKH Ta J1arHOCTUYHOTO MozentoBaHHs. OTpruMaHi
pe3ynaprati  aHajizy (GOpMyIOTh TEOPETHYHE MIATPYHTA Uil  PO3POOJICHHS
apXITEKTypH, QJITOPUTMIYHOTO Ta MPOrPpaMHOrO 3a0e3IMeUeHHs] perioHabHUX

CHUCTEM MOHITOPHUHTY CTaHy MOTEHIIIHO HeOe3neuHnx 00’ €KTIB.
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2 AJTOPUTMIYHE TA MPOTPAMHE 3ABE3NEYEHHS IS
MIJIBUIEHHS 3ABATOCTIMKOCTI MEPEJK CUCTEM
MOHITOPUHTY CTAHY NOTEHIIHHO HEBE3NEYHNX
OB’C€KTIB HA OCHOBI APXITEKTYPH IHTEPHETY PEUEM

ApxitektypHa koHuenuisa loT Oyna chopmynboBana B 1999 poiii Ha 0CHOBI
anamizy notenmiany RFID-TexHomoriii ayis 3a0e3nedeHds MKMAIIMHHOT B3aEMO/IIT
Ta 1HTEerpamii 3 30BHIINIHIMHA cucTeMaMu. l[lomanpiia €BOMIOMIS KOHIEMINI Ta
IMIUIEMEHTAIlSl MPAaKTUIHUX apXiTekTyp 3 2010-X pokiB cTana ¢pyHIaMEHTAIBHUM
TPEHJIOM B 1HXKEHEpil mporpaMHoro 3abesnedeHHs. [[poMy cripusiia KOHBEPIeHIis
TEXHOJIOT1M Oe3pOTOBUX MEPEX, PO3MOAUICHUX CHCTEM, XMAapHUX OOUYHMCIICHb,
npoTokosiiB M2M-koMyHiKallii, BOPOBaXKEHHsSI MepekeBoro mnporokony [Pv6o [29]
Ta PO3BUTOK MPOTrpaMHO CKOHGIrypoBanux mepex (SDN).

CyudacHi nporpamui cuctemMu MoHITopuHry crany [THO 0a3syroTbcs Ha
apxitektypi loT. IoT sBasie cobGor0 apxiTEKTypHY KOHIICTIIIO PO3MOAIICHOT
MepexkeBoi  B3aeMopdii MK  (ismyHUMH  00’€KTaMM, IO I1HTETpOBaHI 3
BOY/IOBaHUMH OOYHMCITIOBAIBHUMHU MOAYJISIMU Ta KOMYHIKalllWHUMU 1HTepdeiicamu
1A 3a0e3rneueHHsT MIDKKOMIIOHEHTHOI B3aeMoali Ta B3aeMomlli 3 30BHINIHIM
CepeIOBUIIIEM.

3rinno [28], loT-mnmardopma siBisie coOOK0 TpOrpaMHUN KOMILUIEKC, IO
MOXXe OyTH pO3rOpHYTHM JOKadbHO abo0 B XMmapHid iHQpacTpykTypi (3a
mozneutto PaaS), skuil 3a0e3nedye MOHITOPUHT Ta KEPYBAHHS KIHIIEBUMHU By3JaMu
PO3MOIICHUX CUCTEM Uepe3 CIelialli3oBaHi nporpamui 3actocyHku. loT-mnargopma
peaii3ye MacmtaboBaHy 1HPPACTPYKTYpy IS MATPUMKH 0a30BUX Ta PO3MIMPEHUX
[oT-cepgiciB Ta nudpoBux omnepariit [29].

ApXITeKTypHa IMIJIEMEHTAIlisi TaKUX PO3MOAUICHUX CHUCTEM CTBOPIOE
nepeaymMoBu Juisi  TpaHcdopmaiii  Oi3HEC-POIECIB  4Yepe3  aBTOMAaTH3aIlilo
oTepalifHuX MpoLeayp Ta MIiHIMI3aIiD HEOOX1THOCTI JIOACHKOTO BTPYyYaHHS
B MpOLIECU NPUIHATTA pimieHs [30].

ExcrioneniiitHe 3pocTaHHsT MaciiTa0lB BHUCOKOIIBUIKICHHX MEPEKEBUX
iHppacTpyktyp Ta loT-cuctem 3ymoBmoe noTpeOy B pO3ropTaHHI HaAIMHHX

KOMYHIKAI[IHHUX KaHaIIB 3 BUCOKUM PIBHEM IIJIICHOCTI JaHUX Ta BIIMOBOCTIHKOCTI.



48

CydacHa apxiTekTypa A1 IPOrPaMHUX CHCTEM MOHITOPUHTY MOTEHIINHO
HeOe3nmeyHuX 00’€KTIB 0a3yloThCsid Ha IMIUIEMEHTAIlli CHTHANIB TNEPBUHHHUX
NEepPEeTBOPIOBAYIB Ta 1HTErpauii ix A0 1HQPACTPYKTypu IHTEPHETY pedeu, 1o
3abe3neuye MaciTaboBaHICTh, BIIMOBOCTIHKICTh Ta €(PEKTUBHUN 30ip MaHUX Y
PEXHUMI peajbHOro Yacy.

Konnenis Inrepuety peueit (Internet of Things, 1oT) sBisie coboro mapagurmy
MEpEKeBOi B3aEMOIi B PO3MOJAUICHUX CHUCTEMax MK (PI3MYHUMU 00’ €KTaMH,
OCHAIIICHUMU BOYJOBAaHMMH OOYHCIIOBAIILHUMHU MOIYJISIMU Ta KOMYHIKaIllHHUMU

iHTEpPeiicamu.

2.1 Amnaaisz apxiTeKTypH Ta 0c00IUBOCTEH iMIIeMeHTanil
iHppacTpyKTYypH iHTepHeTY peuyeil B CHCTEMAaX MOHITOPUHIY CTaHy

NMOTeHUIMHO He0e3NmeYHuX 00’ €KTIB

Apxitekrypa loT 6a3yeTbcs Ha MpUHIMIAX JEHEHTPAI30BaAHOI KOMYHIKALIi1
MDK  TPUCTPOSIMH Ta  XMapHOW  1H(QPACTPYKTYypOoO 3  BUKOPUCTAHHSIM
CTaHJApPTU30BAaHUX MPOTOKOMIB mepenadl JgaHux. KIirodoBow OCOONMBICTIO €
3a0e3neyeHHs KpocIiarOopMHOI CyMICHOCTI Ta iIHTeponepadeIbHOCTI KOMIIOHEHTIB,
10 J103BOJIsi€ (DOPMYBaTH T'€TEPOreHHI €KOCUCTEMH B3a€MOIOB’A3aHUX MPHUCTPOIB.
loT-cucTeMu npu3HaYeH1 1JI1 aBTOMATH3aIl11 ITPOIECiB Ta 3a0e3MeUeHHS BIIIaJICHOTO
MOHITOPUHTY ¥ ympaBiaiHHA. OKpeMuUM KIacoM € MpPOMHUCIOBUI I[HTEepHeT
peueir (Industrial IoT, [IoT), o Biapi3HSAETbCS CHEHU(IKOIO 3aCTOCYBAHHS B
iHaycTpianibHOMY cepenoBuii. OcHoBHOW mnepeBaroto sik [oT, tak 1 IloT €
MOKJIMBICTh O€3LIOBHOT CHUCTEMHOI IHTErpalii KOMIOHEHTIB Ta MaciiTaOyBaHHs
apXITEKTYpH BIAMOBIIHO O BUMOT KOHKPETHOTO 3aCTOCYBAaHHS.

VY nocnimxensi [31] mpoaHalizoBaHO apXiTEKTypHI 0COOIMBOCTI Ta MPOrpamMHi
KOoMIIOHEeHTH cucTeM [oT sk 1HHOBaIIMHOT MapagurMyu PO3IMOAIICHUX OOYHCIIEHbD.
ABTOpH 3BepTaroTh yBary Ha Te, 1o loT sBise coboro MmIOOaNIbHY MEpEexKy
B3a€MOIIOB’ I3aHUX 1HTEJIEKTYalbHUX MIPUCTPOIB 3 BOYAOBAHUMHU OOUUCTIOBAILHUMU
monynsamu. [ligkpectoerbest, mo TexHonoris [oT € mepcnekTuBHOIO TIaTGOPMOIO
U1 IMIUIEMEHTAIlli MacmTabOBaHWX CHCTEM MOHITOPHHTY Ta MPEIUKTUBHOI

anamitukn HC 3aBIKM MOXIMBOCTI IHTErpamii TIeTepOreHHUX MEPBUHHUX
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NEPEeTBOPIOBAYIB Ta peaiizaimii oOpoOKM JaHUX Yy PO3MOAUIEHUX CHUCTEMAaX Y
PEXKUMI peaabHOTO Yacy.

Y npocmimxenHi [32] npoBeAEHO KOMIUIEKCHUM aHali3 IMIUIEMEHTAIlil
apXITeKTypHUX MIA0JIOHIB MPOEKTYBaHHS MPOTPAMHUX PO3MOJIICHHX CHUCTEM Ha
0a31 loT iHdpacTpykTypu [ HOPOMHCIOBOrO cektopy. OOrpyHTOBaHO, IO
apxitektypa Ha ocHOBI [oT 3abe3meuye edexkTHBHY IHTErpaIifo NEPBUHHHUX
NepEeTBOPIOBauiB, cucTeM pajiodyactoTHol ineHTudikauii (RFID) ta 0e3npoToBux
KOMYHIKallIMHUX 1HTepdeiciB s peamizamii MacmTabOBaHMX MPOTPaMHUX
KOMILJIEKCIB IIPOMUCIIOBOrO mnpu3HadeHHs. [IpoaHanizoBaHo cy4acHi MeTOOJOTI]
po3poOku mporpaMHoro 3adesmedeHHs i loT-cuctem, BKiIOYarouu M1a0JI0HU
NPOEKTYBAHHS apPXITEKTYpPH PO3MOAUICHUX CHUCTEM, IMiJIX0AU 10 3abe3neueHHs
iHTEpornepabeabHOCTI Ta MeEXaHI3MH oOpkecTpalii cepBiciB. CHucTeMaTH30BaHO
KJIIOYOB1 TEXHOJIOT1YHI BUKIJIMKHM Ta MEPCINEKTUBHI HAPSIMKUA PO3BUTKY 1HXKEHEpIi
POrpaMHOTO 3a0e3MeueHHs B KOHTEKCTI TPOMHUCIOBOTO BrpoBajpkeHHs [oT
1H(]pacTpyKTypH.

Y nmocaimkenHi [33] mpoBeAeHO KOMIUICKCHHM aHaji3 B3a€EMO3B’S3KIB MIXK
PI3HUMH BEKTOpaMu 3arpo3 Oe3merri, creru@ikaisasMu apXiTeKTypH, TPOrpaMHUMHU
peanizallisiMi Ta 3aXUIIEHICTIO pO3NOALIeHUX cucTeM Ha 0a3i loT-iHdpacTpykTypu.
BpaxoByroun HasiBHYy TEHIICHIIIIO 10 PO3TOPTaHHS IHTENIEKTYaJIbHUX MPHUCTPOIB Y
PI3HOMaHITHUX CLIEHAPISX BUKOPUCTAHHSI, OYJIO T0CTIAKEHO BIUIUB (PYHKIIIOHATBHUX
Ta HE(YHKIIOHAIBHUX BHMOT Ha PIBEHb 3aXHUIIEHOCTI MPOTPAMHUX CHCTEM Ta
ix xommoHeHTiB. OcoOiMBa yBara MNpUIUICHA aHali3y MeTomiB Bepuikarmii Ta
BaJIigaIii MexaHi3MiB OC3MEKH B KOHTEKCTI apXiTEKTyp PO3MOAUICHUX CHUCTEM.

Hocnimxennst [34] posmisanae mnpoOnemaruky iHterpamii  loT-cuctem
y TETepOTCHHUX MepekeBUX 1HGpacTpykTypax. Pi3HOMaHITHICTH MPOTOKOJIIB
B3a€MOJIII Ta amapaTHUX KOMIIOHEHTIB CTBOPIOE BHKJIMKH TIPH TPOEKTYBaHHI
apXITEeKTypH, sika Ma€ 3a0e31edyBaTH TUIIOBI clieHapii Bukopuctanus [oT 3 HanexxHuM
piBHeM aOctpakuii. CyyacHi Bumoru 1o [13 BKII04a0Th 4acoBy JA€TEPMiHOBAHICTb,
MIHIMaJIbHY JaT€HTHICTh, BUCOKY JOCTYITHICTh Ta BIIMOBOCTIHKICTb. 3alTpOTIOHOBAHA
apxiTekTypa 0a3yeTbCsi Ha MPUHIUIAX MOIYIBHOCTI Ta MacmTaboBaHOCTI 3
BUKOPUCTAHHSAM KOHTEWHEpHOi BipTyanizauii. J[eKOMIO3MIls MPUKIATHOL JIOTIKU

M1X apXITEKTypHUMU PIBHSAMHU 3a0€31euy€ BIIMOBOCTIUKICTh Ta BUCOKY JOCTYITHICTh
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cuctemu. ExcriepumenTanbHa Bepudikamis miATBepauwia €(PEeKTUBHICTh PIlICHHS
JUIS PO3TOPTAHHS CEPBICIB HAa PI3HUX PIBHAX apXITEKTYpPHOI i€papXii.

VY nocnimkensi [35] npoananizoBano konneniio Fog Computing (TyMaHHHX
obumnciensr) Ta i1 iHTerpamito 3 loT-cuctremamu. Fog Computing posmuproe
napajgurMy XMapHUX OOYMCIIEHb O TPAaHUYHUX BY3J11B MEpEXKeBOi IHPpPaCTPyKTypH,
10 YMOXKJIMBJIIOE CTBOPEHHS HOBOI T€Heparlii mporpaMHUX CHCTEM Ta CEpBICIB.
KitowoBumu apxiTektypHumu xapakrepuctukamu Fog Computing BU3HA4YEHO:

—BHUCOKY HIUIbHICTh OOYUCIIOBATBHUX BY3IiB;

—TeTEepPOTreHHICTh KOMITOHEHTIB;

—1HPPACTPYKTYpPY TEPUTOPIATBHO PO3MOAICHUX CHUCTEM;
—MIHIMI30BaHy JIATEHTHICTh Ta T€OJOKAIIHY TPUB’A3KY;

—MATPUMKY MOOITBHOCTI;

—pEeBaJIIOBaHHS 0€3pOTOBUX KOMYHIKaIlIi;

— Opi€EHTAIlI0 Ha MOTOKOBY 0OpOOKY JaHWX Ta CUCTEMH pPeajbHOTO Yacy.

JlocmipkeHHs: OOTPYHTOBYE, IO 3a3HAYECHI XapPaKTEPUCTHKU JTO3BOJISIFOThH
nosunitoatn Fog Computing sk miardgopmy, mo 3abe3nedye BHUCOKUN PIBEHb
HAJIMHOCTI JJIS PO3TOPTAaHHS KPUTHYHO BaXIMBUX loT-cepBiCiB Ta mporpaMHHX
cucteM. ImmiemenTanisa Fog Computing neMoHCTpye 0cOOMUBY €(PEKTUBHICTh MPHU
pO3pOoO0IIl 1HTEIEKTYaJbHUX MEPEXK Ta CHUCTEM, 110 0a3yrThCs Ha O€31pOTOBUX
NEPBUHHUX MEPETBOPIOBAYAX Ta aKTyaTopax.

Hocnimkenns [36] npeacTapisie CHCTEMaTUYHUN aHalll3 HAyKOBOI JIiITepaTypu
IIO/I0 OPKECTPYBaHHSA B CHCTEMax TyMaHHUX oOuwciieHb. [lapagurmMa TymaHHHX
oOuncneHp 0a3yeTbcs Ha Mirpamii OOYMCIIIOBAJIBHUX PECYpPCiB Ta CEPBICIB 0
TPaHUYHUX BY3JIB MEpEXKeBOi 1HPPACTPYKTYpH, IO 3abe3nedye MIHIMI3aIio
JATEHTHOCTI Ta I1HTErpalliio 3 XMapHUMHU pecypcamu. Ha BiaMiHYy Bij XMapHHX
cucreM, 1H(QpaCTPyKTypa TYMaHHUX OOYMCIIEHb (DYHKIIIOHY€ Ha OCHOBI PECYpCHO
OOME@XEeHUX TEeTePOreHHUX BY3JIIB 3 TOTEHLIHHO HECTAOUIbHOI0 MEPEKEBOIO
KOHEKTUBHICTIO. lle 3ymoBIIO€ HEOOXIAHICTH IMIUIEMEHTAIlll CrHeliadi30BaHuX
MpOIECIB  OpKeCTpyBaHHS 1Jia 3abe3rmeueHHs HaganHs [I3  Ta cepsiciB
BIJIMOBIIHO J0 BHU3HAYEHUX Yroja IMpo piBeHb oOcimyroByBaHHs. Ha ocCHOBI
KOHCOJIIallii TpoaHaTi30BaHUX AapXITEKTypHUX OCOOIMBOCTEH 3alporOHOBAaHO

y3arajJlbHeHy apXiTeKTypy OpKECTPYBaHHS TyMaHHHMX OO4YuCieHb. JlOCHiKeHHS
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TAaKOXK 1AEHTU(]IKYE KIIOYOBI TEXHIYHI BHUKJIMKM Ta HEPO3B’S3aHI MpOOIEeMH B
KOHTEKCT1 OpPKECTPYBaHHS TYMaHHUX OOYHCIICHbB.

Y pocmimxenHi [37] 3A1MCHEHO CHCTEMHHMH aHali3 apXiTEKTypPHUX
11a0JIOHIB TYMaHHUX OOUYMCIIeHb. B KOHTEKCTI CydyaCHHUX BHUMOT /IO MPOTPAMHHX
CUCTEM, KJIaCHM4YHA apXITEKTypa LEHTPaTI30BaHUX XMapHUX OOYHCIIEHb BUSBIISE
PO KPUTHYHUX OOMEXKEHb: 3HAuHy 3aTpUMKY I[epeiadl JlaHUX, HEJOCTAaTHIO
TOPU30HTAJIbHY MacIlITa0OBaHICTh Ta BPa3JIMBICTh KOMYHIKAIIHHOT IHPPACTPYKTYPH.
Ili apxitekTypHi oOMexeHHsS HaOyBalOTh OCOOJMBOI  3HAYYNIOCTI MpPH
eKCMOHEHIIITHOMY 3pocTanHl MaciTadiB [oT-cuctem. EpekTuBHUM apXiTEKTypHUM
T1IXOZI0M € JICTIEHTpalTi3allisl O0UMCIIOBAIBHOT 1IHQPACTPYKTYPH Y CITOCIO PO3IMOALTY
OOYMCITIOBAILHUX pecypciB  Onmmkue 10 KiHneBux loT-mpuctpoiB. 3okpema,
apxiTeKTypa TyMaHHUX OOYHMCIIEHb peasli3ye MEXaHI3MH JOKaJIbHOI 00poOKU
Ta 30epeKeHHs NaHuX Oe3MOCepeHhO Ha TPAHUYHUX BY3JaX, 110 CYTTEBO 3HUXKYE
3QJIKHICTh B LEHTpaizoBaHoi 1HPpacTpykTypu. Ha BigMiHy BiJi MOHOJITHOI
XMapHOi apXiTEeKTypH, TYMaHH1 0OYMCIICHHS 3a0€3MeYy0Th MIHIMI3allll0 3aTPUMKH
nepenadl JaHUX Ta MiJBUILNEHY HaAIMHICTh cepBiciB. BiamoBigHO, TyMaHHI
OOYHCIICHHS PO3MISANAIOTHCS AK TPIOPUTETHUN apXITEKTypHUH IA0IOH s
pO3ropTaHHs BUCOKOHAIIMHMX Ta 3axuliieHnX [oT-cepBiciB 3 BUCOKHMM MOTEHITIaIOM
macitaOyBanHs. JlOCHiPKeHHSI CUCTEMATU3Y€ CYYaCHHUM CTaH PO3BUTKY TYMaHHUX
oOuncneHs Ta ix iHTerpaiito 3 loT-cucremamu, BUCBITIIIOIOUYH apXITEKTYpHI IEpeBaru
Ta TEXHIYHI BUKJIUKHU IMIUIEMEHTarli. /l01aTkoBO MPOBEICHO aHa3 HEBUPIMICHUX
npoOiieM Ta MEePCHEeKTUBHUX HAIpPsAMIB JOCHIKEHb y KOHTEKCTI KOHBEpPreHIIi
apxiTeKTyp TyMaHHUX oOuucienb Ta loT.

Hocnimxenns [38] mpencrapisie CUCTEMaTUYHUNA OIS HAYKOBOI JITepaTypu
o0 iMrieMenTarii loT-cuctem B eHepreTHYHOMY CEKTOPi, 3 0COOIUBUM (DOKYCOM
Ha apXiTeKTYypy AJIS IHTEIEKTyaIbHUX €HEPreTUIHUX MEpPekK. Y pPoOOTi POBEIECHO
aHai3 Cy4yaCHUX TEXHOJOTIYHHX KoMIOHEHTIB loT-iHdpacTpykTypu, BKIIOYarOuU
XMapHi OOYHCIIEHHS B PO3MOAUICHUX CHUCTEMax Ta CIeliali3oBaHl IarGopMu Juist
00poOku Ta aHamizy gaHux. OKpeMo JOCTIKEHO KPUTHYHI aCTIEKTH PO3TOPTaHHS
[oT-cucrtem B €HEPreTHYHOMY CEKTOp1, 30KpeMa MUTaHHS 1H(QOopMaIlIiHOI Oe3neKu
Ta 3aXUCTY KOH(PIACHIIMHUX JaHHUX, & TAKOXK 3alPOTIOHOBAHO apXITEKTYPHI MiAXOAH

10 iX BUPIILICHHS.
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Hocnimkennss [39] mpucBsueHe aHamily apXITEKTypHHUX MOXKIUBOCTEH
IoT-cucTeM y KOHTEKCTI aBTOMaTH3aIlli 013Hec-mporieciB. HasBHI Ta mepcnekTHBHI
[oT-pilieHHss JIE€MOHCTPYIOTh 3HAYHUW TMOTEHINAN JJI1 TMIJBUINCHHS PIBHA
aBToMaTH3aiii Ta eQEeKTUBHOCTI NPOrpaMHHUX cHCTeM. Peamizamisi Takux
cucteM MoTpedye IMIUIEMEHTAIlll KOMIUIEKCHUX MEXaHI3MIB 3aXHUCTY, BKJIFOUAIOUU
3a0e3neueHHss KOH(QIACHIIHHOCTI JaHuX, OararodakTopHOi aBTeHTHU(IKaIii Ta
BIJIMOBOCTIMKOCTI mpH Kibeparakax. BianmoBigHO, KPUTHUYHO BaXKJIWBUM €
BIIPOBA/DKEHHST apXITeKTypHUX Moaudikanii loT-3acTOCYHKIB Uisi CTBOpPEHHS
HACKPI3HOTO 3aXUIIEHOro cepefoBUIla (YyHKUIOHYBaHHS. Y  JOCHIIKEHHI
MPEACTABICHO CHUCTEMAaTH30BaHUI aHal3 OE3MEKOBUX BHUKIMKIB Ta MOTCHIIMHUX
BEKTOPIB aTak B apxiTekrypi loT-cucrem.

VY nocnimxenHi [40] npoBeAeHO aHaMi3 apXITEKTypd TYMaHHUX OOUMCIICHb
3 IHTETPOBAHOIO CHUCTEMOIO AJANTHUBHOIO KepyBaHHA. JlOCHIIKEHHS IEMOHCTPYE,
mo MacmradyBanHs loT-cucTeM NpU3BOAUTH O EKCIIOHEHI[IMHOTO 3pOCTaHHS
o0csriB MepexkeBoro Tpadiky Ta Horo BapiatTuBHOCTI. IIpu npomy, apXiTekTypa
CUCTEMH MMOBUHHA 3a0e3mneuyBaTu 0OpoOKy JaHHUX 3 MIHIMAJIbHOIO JIATEHTHICTIO AJIs
e(DEeKTUBHOTO TIPUUHATTA PIIIEHb HA OCHOBI ceMaHTH4HOro anamizy loT-tpadiky.
[Iporiec npUHATTS pilIEHb peali3y€e€ThCs YePe3 MEXaHI3MU aJalITUBHOTO KEPYBaHHS
PO3MOIIICHOI0 CUCTEMOIO.

EdexkTuBHUM N1X0I0M 10 MOZICpHI3AIlil HASBHUX CUCTEM MOHITOPUHTY CTaHy
ITHO e BnpoBamxeHHs cydacHuX TexHosorii 10T, mo 6a3yroTecsa Ha BUKOPUCTAHHI
eHEeproe(PeKTUBHUX 1HTEICKTYyaIbHUX NMEPBUHHUX MEPETBOPIOBAYIB Ta TEXHOJIOT1N
nanexocsxHO1 nepenadi nannx (LPWAN — Low-Power Wide-Area Network).

APpXITEKTypa TUIIOBOI CUCTEMH MOHITOPUHTY BKJIIOUA€ HACTYIHI KOMIIOHEHTH:

—naBaviB, MO0 (PYHKIIOHYIOTh SIK BY3JIM 300py MaHUX BiJ pO3TAIlllOBaHMX Ha
00’€KT1 MIEPBUHHUX MEPETBOPIOBAYIB;

—IUTI03 TepeAayl JaHuX — MPOTpaMHO-alapaTHU KOMIUIEKC, IO peasizye
JBOHANPSMHY MapHIpyTH3aIit0 1H(HOPMaLIMHUX MTOTOKIB MK CEPBEPHOIO YACTHHOIO
Ta nepudepiiHIMU MIPUCTPOSIMHU;

—XMapHU cepBep — oOuucHiOBalibHa Iargopma, 110 3abe3rnedye
IIEHTpaTi30BaHy OOpOOKy, aHaJIITUKy Ta JIOBFOTEPMIHOBE 30€piraHHs JTaHHUX

MOHITOPHHTY;
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—1iHTepdelic oneparopa — MPOrpaMHUN KOMILJIEKC Bi3yaii3alii Ta yHmpaBIIiHHS

y BHUIVISA1I BE03aCTOCYHKY a00 MOOIIBRHOTO JOAATKy, IO HaJga€ aBTOPHU30BAHUM

AOCTYIT 10 XMApPHOTO cepBicy qcpe3 CTaHI[apTI/ISOBaHi ITPOTOKOJIN.

TumnoBa apxiTekTypa CUCTEM MOHITOPUHTY HaBeJeHO Ha puc. 2.1.

EkpaH onepatopa
CUCTEMMU MOHITOPUHTY

MynbT KepyBaHHA

Xmapa

LLnto3 06pobku

OaHuXx
[asay 1 eoeo [asay n
MepBUHHNMIA MepBUHHMIA
nepeTBopioBaY nepeTBopioBaY
MepBUHHMIA MepBUHHMI
nepeTBopioBaY nepeTBoptoBaY

Pucynok 2.1 — TunoBa apXiTeKTypa CUCTEM MOHITOPUHTY

Ha nmxHbOMY piBHI mpalfoe aaBad, Ha 0a3l MiKpompoliecopa, A0 SKOTO

NpUETHAHH] OAMH a0 JIeKIIbKa IMEPBHHHHUX IIEPETBOPIOBAYIB, IO 30HMpaTUMeE

iH(popMarlio Ta nepenae il Ha BULIUN PIBEHb.

IcHYIOTB CX0Ki TEXHOJIOTI /TSl 3aCTOCYBAaHHS B CHCTEMaX CX0XKOTO XapakTepy,
Hanpukiag LoRaWAN, Narrowband-1oT (a6o NB-IoT), Sigfox, Zigbee Ta iamri[41].

OCHOBHI XapaKTepUCTUKH IUX TEXHOJIOT1M MOPIBHIHO Ha aiarpami puc.2.2 [42].

—-LoRa Po3umip makeTy
NB-IoT
Sigfox  3arpmvka

nepejadi

MacmraboBaHICTh

JliamazoH \

\

[ToxkputTa

//\ RN AN

SAxicTe
00CIyTOBYBaHHS

eHeprii

Posropranss

ExoHOMIUHA

\/ eeKTHBHICTE

CroKHBaHHA

Pucynok 2.2 — TlopiBHSHHS 0€31pOTOBUX TEXHOJIOTIH KOMYyHIKAIi
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3a3HaueHl MPOTOKOIM MAalOTh CIIJIbHI 0a30BlI XapaKTEpUCTUKHU Ta YaCTOTHI
niarma3oHu (QyHKI[IOHYBaHHS, IPOTE CYTTEBO BIAPI3HAIOTHCSA CIEIU(iKOI0 peaizalii
KOMYHIKAI[IMHUX MEXaHI3MIB Ta apXITEKTYpOI MEPEKEBOI B3aEMO/III.

Texnomorist NB-IoT po3pobinena 3 pokycom Ha eHeproe(eKTHBHI CTallioHapHi
NEPBUHHI MEPETBOPIOBaYl Ta 3a0e3ledye po3IIMpPEHE TEPUTOPIiaIbHE MOKPUTTS 3
BHCOKOIO IIPOHUKHOIO 3aTHICTIO PaAi0OCUTHATY B YMOBaX IIUIFHOT MiChKO1 3a0y/T0BH.
[Ipotokon iHTEerpoBaHuil B 1H(PACTPYKTYpy MNPOBIIHHUX OMEPATOPIB MOOLIBHOTO
3B’SI3Ky Ta (PyHKIIIOHY€ B JIIIIEH30BAHOMY YacTOTHOMY criekTpi. Ha BiamiHy BiA
texHonorii LoRaWAN, mo BukopucToBye HemineH3oBaHui niamna3oH, NB-IoT
XapaKTepU3y€EThCS BUINOK CYKYITHOIO BapTICTIO €KCIUTyaTallii, MpoTe MOTEHIMHO
3a0e3mneuye BHUILY SIKICTh OOCIYroBYBaHHSI KIHIIEBUX KOpUCTyBauiB [43].

VY cextopi npomuciioBoro [oT (I1oT) mupokoro nommpeHHs HaOyna TEXHOIOT1s
SigFox, omHak, OCKIJIbKM 1€l MPOTOKOJN € 3aKPUTOI0 PO3POOKOI0 KOMEPLIMHOIO
ormeparopa 3B’sI3Ky, HOTO BHUKOPHUCTAHHS CYINPOBOIKYETHCS XapaKTEPHUMU
0OMEKEHHSIMU Ta CKJIaJHOIIaMHU B iMIIeMeHTarii [41].

[Iporokon Zigbee, mo O0a3zyerbcss Ha crangapti [EEE 802.15.4 [44],
MO3UIIIOIOTH K €HeproeeKTUBHY albTepHATUBY TexHojorisM Wi-Fi ta Bluetooth
U1l TIPUCTPOIB 3 HU3BKUM €HEPrOCIIOKMBAHHAM. XO04ya LEW IPOTOKOJ IIUPOKO
3aCTOCOBYETHCSI B CUCTEMaX JOMAIIHBOI aBTOMATH3allli, HOT0 XapaKTePUCTUKU HE
MOBHICTIO BIJMOBIAIOTh BUMOTaM mpomucioBoro [Hrepuery pedeit (I11oT).

Ha ocHOBI mpoBeIcHOTO MOPIBHSJIBHOTO aHAII3y KOMYHIKAIIIHUX TIPOTOKOJIIB
TOIIJILHO JIETANBHIIIE PO3IIITHYTH XapaKTEPUCTUKH JBOX HAWOUIBII IEPCIICKTUBHUX
TEXHOJIOT1H JIJIsl IMIUIEMEHTAIlli B cucTeMax MoHiTopuHry crany ITHO.

1.O6unBa crangaptu 3a0e3MeuyloTh MOPIBHSIHHI XapaKTEPUCTUKU IPOIMYCKHOI
3IaTHOCTI Ta pajailycy MOKPUTTA. MakcumaiabHa MPOITYCKHA 37aTHICTh KaHATY JJIS
nporokony NB-IoT cranoButs 60 KOit/c, 1110 HE3HAYHO MEPEBUILYE MOKAZHUKHU
LoRaWAN.

2.06uaBa nportokonu (NB-IoT ta LoRaWAN) marots BOyIoBaHy MHiATPUMKY
MEXaHI3MIB TEOJIOKallli Ha PiBHI MEPEXKEBOi 1HPPACTPYKTYypH, IO € CYTTEBUM
(akTOpoM ISl CHCTEM MOHITOPUHTY 3 PO3MOAUICHUMH JKeperaamMu HeOe3MeKH.

3.3 touku 30py iHGopmMariitHoi O6e3neku mporokod NB-IoT 3abe3neuye Buimii

piBeHb 3axucTy y nopiBHsHHI 3 LoORaWAN.



55

4.TTporokon LoRaWAN nemoHcTpye Kpallll MTOKa3HUKU €HEepProeeKTUBHOCTI Y
nopiBasHHI 3 NB-IoT. Ilpu Bukopuctanni LoRaWAN uwac aBTOHOMHOI poOOTH
NEPBUHHUX NEPETBOPIOBAUIB Ha 00’ €KTOBOMY piBHI MOXe AocsiraTd 15 pokiB, TOI1
sk 1y NB-IoT 1eii moka3nuk craHOBUTH Oiu3bko 10 pokiB.

5. ExocucTtema rotoBux npuctpois s cranaapty LoRaWAN xapakrepusyeTbes
3HAYHO MIMPIITUM acOpTUMEHTOM Yy TopiBHsAHHI 3 NB-IoT [45].

6. MepexeBa apxitektypa LoRaWAN 0Oa3syerbcs Ha Tomosorii “3ipka”, nae
npucTpoi 00’€KTOBOTO PIBHS 3A1MCHIOIOTH OOMIH JAHUMHU 4Ye€pe3 €IUHUN IUII03,
AKUH 3a0e3Meuye MoAablly KOMYHIKAIIO 3 MEPEKEBUM CEPBEPOM.

[TopiBHsmpHMM aHami3 mpotokomiB NB-IoT Tta LoRaWAN nemoHcTpye,
M0 TPU CXOXKUX XAPAKTEPUCTUKAX TMPOMYCKHOI 3JATHOCTI Ta MIATPUMIII
reonokanii, NB-IoT mae mepesary B Oe3neri, Toni sk LoORaWAN BinpizHse€TbCs
Kpamiow eHeproeeKTUBHICTIO, IIUPIIOI €KOCUCTEMOIO IPUCTPOIB Ta MPOCTIIIO
MEpEKEBOIO TOTOJIOTIEIO TUITY ~31pKa”. TOMY Ma€ CEHC JUIs ITiIel TOOYI0BH CUCTEMHU

moHiTopuHry crany [THO BukopuctoByBatu Texnonoriro LoRaWAN.

2.2 ApxitekTypa perioHaJIbHOI CHCTEMHM  MOHITOPMHIY  CTaHY
NMOTEeHUWiHHO HeOe3meyHUX 00’€KTIB Ha OCHOBI iH(ppacTpykTypH

iHTepHeTy pedyen

Jlns moOy/ioBH perioHalibHOI cucTteMu MoHITopuHry crany IIHO kpare
BukopuctoByBatu TexHonorii [oT [15]. Ha pucynky 2.2 noka3ana cxema B3aeMOIii
JOKaJIbHUX CEepBEpPIB Ta cucTeM 30epiranHs maHux B cuctemi loT, mo 6a3yeThes
Ha apXIiTeKTypl Mikpoxmap. Y n-d MIKpoxMmapi JaHi HaaAXoIsTh 3 JaBadyiB,
00poOIsAIOTECS B cepBepi V,, 1 3amaM’sSTOBYIOThCS B cxoBuie X,. Pe3ympraru
MOHITOPUHTY B OKpeMiil MIKpoXMapi, OTpUMaHi micias oOpoOiaeHHs B cepBepi V,,
HaJIXOMsSITh Ha cepBep xMmapu V. Ta no cxopuima xmapu X.. CepBepu Xxmapw,
00poOmsitoun 1H(QOpMaIIII0 MOHITOPUHTY BiJ] yCiX MIKpOXMap, HaAal0Th MOXKJIMBICTh
oTpuMaTH rmo0aabHy KapTUHY B MacliTabdax perioHy Mpo CTaH KOHTPOJIbOBAHUX
napametpiB. Ha pucynky 2.3 moka3zaHa cxeMa B3a€MOJii JIOKaJIbHUX CEPBEPIB Ta
cucteMm 30epirannas AaHux B cucteMi [oT, mo 6a3yeTbest Ha apXiTEKTypl MiKpoxmap.
VY n-ii MikpoxMmapi JaHi HaAXOIATh 3 JaBadiB, oOpoOJsOTHCS B cepBepl Vi, 1

3aramM’ITOBYIOTbCS B cxoBulle X,,. Pe3ynbsrat MOHITOPUHTY B OKpeMiil MikpoxMmapi,
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oTpuMaHi micias oOpoOsieHHs B cepBepi V),, HAIXOAATh HAa cepBep XMmapu V. Ta 10
cxoBuiia xmapu X.. CepBepu xmapu, o0poOsssroun iHGOpMaIlito MOHITOPUHTY Bij
yCIX MIKpOXMap, HaJal0Th MOKJIUBICTh OTPUMATH II00ATLHY KapTHHY B MacIITadax

PETiOHY MPO CTaH KOHTPOJIbOBAHUX MapaMeTPiB.

e s LI ﬁ,l \
y CxopumieV, ’,;‘
- il /CepBep A% V
— N ( \1 XMapa

7~ N

,,./ MiKpoxmapa\ N

)
/

VY3aranbHeHa 1H(1)0pMau1;{

CXOBmue X

MiKpoxmapa n/ / ):
\ . Y,

IT )
‘\Q\pHCTPOI \\ / \\ =

S ——— ‘ IHTSJ’ICKTyaJ’ILHl TIJTFO3H

Mikpoxmapa I\y
— // — ”

MaKpoxomaHau

Pucynok 2.3 — IlpuHuun B3aeMOll JIOKAJIBHUX CEPBEPIB 1 CUCTEM 30€piraHHs

JaHUX B apXITEKTypl MIKPOXMapHu.

HasBui cuctemu Mmonitopunry crany I[IHO, sk mpaBumo, oOMEXyrOThCS
300pOM Ta MapaMeTPUUYHUM KOHTPOJIEM CUTHAIIB /1aBayiB 3a OPOTOBUMU PIBHSAMHU
(HOpMa / NMOKPUTHUYHMI DPIBEHb / KPUTUYHMII), HE BHUKOHYIOUM MPOTHO3YBaHHS
moxuBocTi BUHUKHEeHHS HC. Otxe, akTyajabHOIO € pO3poOKa KOMILJIEKCHOTO
pILIEHHS, 110 BKJIIOYAE TIIXOAM, TEXHOJOTii, MOJEeIl Ta METOAM peai3ailii
cuctemu Monitopunry crany [THO, saxi € o0’exkTtamu KpuTH4HOI iH(OpMatiitHoi
1H(GPaCTPyKTypH, 3 (QYHKUISIMM NPETUKTUBHOI AHATITUKA Ta JIarHOCTUYHOTO
MOJIETFOBAHHS.

Jlnst peanizainii perioHajabHOT MPOrpaMHO-amapaTHOlT CUCTEMH MOHITOPUHTY
crany I[THO mnpononyethcsi apxiTekTypa, 300pakeHo Ha puc.2.4. [lpu Takomy
niaxoni Ha ITHO po3ramoByoTh CHCTEMH MOHITOPUHTY BiANOBiAHO 10 [21],

a JIOKaJbHI CHCTEMH MOHITOPHHTY IIJKIIOYAIOTECA 1O IIEHTPAJIbHOI XMapH
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yepe3 1HTEJICKTyalbHI MITI03U. AHAMITHYHI MMACUCTEMH, IHTETPOBaHI SK Ha
pIBHI MIKpOXMap, TaK 1 LEHTpaJbHOI XMapH, 3a0e3MeuyloTh MPOTHO3YBAHHS
noteHIiHX HC y cnoci6 aHajizy MOXJIMBOTO MEPEBUILCHHS KPUTHYHUX 3HAUYCHD
KOHTPOJIbOBAaHUMU TapaMeTpaMH, 110 XapaKTepU3yITh CTaH JKepea HeOe3MeKu B
Mmexkax [THO. [lonaTtkoBo aHanmiTHYHA MiACUCTEMA BUKOHYE QYHKIIIT J1arHOCTUIHOTO

MozentoBaHHsa crany [THO.

IMincucrema xMapu ITincucrema NporHO3yBaHHs
TIIT

Inrepdetic API

Tlincucrema
MPOTHO3yBaHHS
IIIT 1

K myseT KepyBaHHS IO mpucrpii
OIIOBILICHHS

KII
KomyHikarinauit
MIPUCTPIl

JIII naBayi nepBHHHOT
indopmarmii

Inrepdeiic API

KT3IO kinnesi TexHiuHi
3acobu iHOpMyBaHHSL
Ta OIOBIIIEHHS

T10 npucrpiii
OITOBIIIICHHS

KT3IO xiniesi TeXHIYHI
3acobu iHpOpMYBaHHSI
Ta OIOBIIEHHS

JTIII naBa4i nepBHHHOL
incopmauii Mikpoxmapa 1

Mikpoxmapa 2

CC3b cyMixHI CHCTEMH
3a0e3meueHHs Oe3MmeKu

Mikpoxmapa N

Pucynok 2.4 — ApxiTekTypa perioHajJbHOI MPOrpaMHO-aNapaTHOi CUCTEMHU

MoHiTopuHry crany I[THO nHa 6a3i loT mepexi

[TutanHs opranizaimii poOOTH Mepexi Ha piBHI MiKpoxmap (BHECEHHs Ta

3MIHU TlapaMeTpiB, CHHXPOHI3AIlis TOIIO) MOXKJIWBO BHUPIIIMTH, BUKOPHUCTOBYIOUH
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CKpunTH Ta onHy 3 Takux MoB: Perl, Python, AngelScript, JavaScript, JScript.
BukopucTaHHs CKpUNTIB HaJa€ Taki MepeBaru:
— IOTTYCKA€ThCSI BHECEHHS 3MiH 0€3 HETaTUBHOTO BIUIMBY Ha BCIO CHCTEMY;
—MOXJIMBICTh CTBOPIOBATH Ha0ip MaKpOKOMaH;
—MOXJIMBICTh BUKOHYBAaTH OJIHAKOBI CIIeHapii Ha pi3HUX Opay3epax.

Pa3om 3 TMM, BUKOPUCTAaHHS CKPHNTIB Ma€ Taki HEAOJIKH:

—CKpHIITH, SIK IHTEpPIPETOBaHI CIieHapii, BUMAraroTh JUisl BUKOHAHHS OLIbIlIE
qacy;

—BIJICYTHE SIKICHE CEpeIOBHIIE ISl pO3pOOKH CLEHapiiB TaKoro piBHSA, SK
cepenoBuiie po3pooku (IDE).

YacTuM BUITAIKOM JJIsl IPOMUCIIOBUX 3aCTOCYBaHb € BUKOPUCTAHHS KUTBKOX
IUTI031B OOpPOOKM 1711 MOKPUTTS CUTHAJIOM Ouiblioi rwiomii. B Teopii Takox
MOKJIMBUM CIIEHApil, KOJIM HaBiTh Ha Majill MICIIEBOCTI MPOMYCKHOI 3JaTHOCTI
OJTHOTO I3y Oy/ie HenocTaTHRO (K mpaBuiio 1e 10 10 000 mpucTpoiB ogHOYACHO
B MeEpexi), TOMl CiiJ 30UIBIIMTH KUIBKICTh IIIIO3IB y cUCTeMl. Take pilieHHs
3a0e3MeYuTh MIHUPII MOKIMBOCTI 3B’ SI3KY, MPOTE BIAMOBIAHO 1 30UTBIINTH BapTiCTh
CHUCTEMHU y CIOCIO TOAATKOBHUX IUIFO30BUX MPHUCTPOIB.

Marepianu, 110 CTOCYIOThCS BUOOPY apXITEKTYpH JI PET1OHATBHUX CUCTEM

MOHITOPUHTY OIlyOJiKOBaH1 B [15].

2.3 MeroaoJsioriugi3zacaau po3po0JeHHA AJIrTOPUTMIYHOI0 3a0e31eYeHHS
PO3MOJITIEHOI PerioHAJbHOI CHUCTEeMHM MOHITOPUHIY TOTEHUiMHO

HeOe3MeYHuX 00’ €KTIB

DOyHIAMEHTAIbHOI METOI0  PO3pOOJICHHS  PO3MOJLICHOI  PErioHaIbHOI
cucreMu  MoHiTopuHry ctany [IIHO € 3a0e3nedyeHHS  KOMIUIEKCHOTO
1H(popMaIliiHO-aHAIITUYHOTO CYMPOBOAY MpoIlleciB KOoHTpodwo crany [IHO,
NPOrHOCTUYHOTO MOJICTIOBAaHHSA JWHAMIKA TIapaMeTpiB JDKepen HeOe3IeKH,
dbopMyBaHHS yIPABIIHCHKHUX PIIIICHB 1010 TPEBEHTUBHUX MPOTHABAPIHHUX 3aX0/IiB,
a y pasi HacrauHsi HC — cBo€dacHOro BIPOBAKCHHS 3aXOJIB HIOAO JIKBIAIli
nacaiakis HC.

3a OCHOBY MNpUMHATA apXITEKTypa PO3MOAUIEHOI CHUCTEMH MOHITOPUHTY

crany I[IHO, sixa Mae TpuUpiBHEBY i€papXidHy CTPYKTYpY, IO CKIIQJAEThCS 3
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pErioHaJbHOTO, MICHEBOTO Ta 00 ’€KTOBOrO PIBHIB, M0 3abe3neuye ePeKTUBHY
JTEKOMITO3UINII0 (YHKI[IOHATBHUX MOXKJIMBOCTEH Ta ONTHMajbHY OpTaHi3aIliio
1H(opMaLIHHUX TTOTOKIB.

Perionansna cuctema monitopunry crany [THO peanizye ¢pyHkiii arperairii Ta
aHali3y JaHUX B MEXaxX aJIMIHICTpPaTUBHO-TEPUTOPIAIbHOI OUHUIIL, 3a0e3Meuyoun
IHTETpalio 3 JepPKaBHOK CHCTEMOI0 MOHITOPHHTY Yepe3 CTaHIapTU30BaHi
nporpaMHi iHTepdeiick Ta MNPOTOKOIM Tiepeaadi KOHCOJIi0BaHOI 1H(opMaIrii
BiJl MICIICBUX CHCTeM MoOHiTOopuHry ctany [THO.

MicueBi cucremu wMoHiTopunry crany [IHO 3aGesneuyrors QyHKIil
300py, TEpBHHHOI OOpOOKM Ta arperamii JaHUX B MeXaxX BH3HAYCHOI
TEPUTOPIATILHO-aAMIHICTPATUBHOI OJUHULI (pailoHy abo MicTa). ApXITEKTypa
MICIIEBOTO piBHA cucTeM MoOHITOpuHTy crany [IHO peanizye nBoHanmpsiMHY
B3a€MOJIII0: OTPUMAaHHS JaHUX BiJl 00’€KTOBUX IMIJICHCTEM MOHITOPUHTY Ta iX
KOHCOJIIJIOBaHy Iepejady /10 PEerioHaJbHOTO piBHS 4epe3 YHi(iKOBaHI MpOrpaMHi
iHTepdelicu, 1o 3ade3neyye HUTICHICTh 1H(GOPMAIIHHUX TOTOKIB.

O06’extoBl cucremu MoHITOpuHTY crany [IHO 3abe3neuytots 30ip Ta
NEpBUHHY OOpOOKYy naHuxX BiJ AaBadiB y Mmexax okpemoro ITHO, peanizyroun
IHTeTpalliio 3 MICIIEBUM PIBHEM 4Yepe3 CTaHAapTU30BaH1 IPOTOKOJIM Mepe/iadl TaHuX.
ApxiTekTypa 00’€KTOBOrO piBHS Iepeadayae aBTOMarh3oBaHEe (HOpPMyBaHHS Ta
nepenady CTpyKTypOBaHHX iH(POpMaIIHHUX MTOB1IOMJICHB ITPO CTaH KOHTPOJIbOBAHHUX
napameTpiB JpKepen HeOe3IMeKH 10 BUIIUX PIBHIB CUCTEMHU MOHITOPUHTY CTaHY
ITHO.

BianoBigHO 10 AepKaBHOTO CTaHAApTy YKpaiHu [46], apXITeKTypa CUCTEMU
MoHiTopuHry crany IIHO Ha Bcix iepapxi4HMX pIBHSIX Ma€ peali3yBaTH Tpu
(GYHKITIOHATEHUX PEKUMH:

1. Yeprosuii pexxum — 6a30Be (YHKIIOHYBAHHSI CUCTEMHU B IITATHOMY PEKHUMI;
2. PexuM miIBUILIEHOT TOTOBHOCTI — aKTUBYETHCS MPH JI€TEKTYBaHH1 OTEHIIHHOT
3arpo3v BUHUKHECHHS HAJA3BUYAMHOI CUTYAIlli;
3.Pexxum Han3BUYAMHOI CHUTYyaIlli — BBOAWTLCA MPU MIATBEPKEHHI (HAKTy
BuHuKHEeHHs HC.
MeTtomonorist TOCHIIKEHHST aITOPUTMIYHOTO 3a0€3MEeUeHHs PO3MOALIEHOT

perioHanbHOi cuctemMu MoOHITOpuHTY crany [IHO 0a3syeTbcsi Ha mociioBHOMY
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aHami31 QyHKI[IOHAJILHUX OCOOJMBOCTEH KOXKHOTO 1€papXi4yHOTO PIBHS B MOPSAKY

3pOCTaHHS.

2.3.1 AuropurmivyHe 3a0e3ne4yeHHs 00’€KTOBMX CHMCTEM MOHITOPHHIY CTAaHY

NOTEeHIIHHO He0e3leYHuX 00’ €KTIiB

CrpykrypHa cxeMa 00’ekToBO1 cucteMu MoHiTopuHTy crany [THO nHaBeneHa
Ha PUCYHKY 2.5. AnroputMmiyHe 3a0e3mneueHHs (PYHKIIIOHYBaHHS JIaHOTO PIBHS
CUCTEMH Bi3yaJi30BaHO y BUIVISAL JlarpaMu isSIbHOCTI Ha pUCYHKY 2.6. Po3risiHemMo
OCHOBHI NPUHIUNK (PYHKIIOHYBaHHS aJTOPUTMIYHOTO 3a0e3redeHHs] 00’ €KTOBOi

cucteMu MoHITOpUHTY ctany ITHO 3 iHTerpoBaHOIO CHUCTEMOIO YNpPaBIIIHHSL.

TepuTopianbHa aBToMaTu3oBaHa
cucTema LeHTpanisaoBaHoro
OMOBILLEHHA

Micuesa cuctema
MOHITOpUHry ctany NMHO

/ - \
/ EkpaH onepaTopa IHTENeKTyanbHNA O6’ekTOBa CMCTEMA MOHITOPUHTY \
| wo3 craHy NMHO

KiHueBi TexHiYHi

MpucTpin 3ac06M
OMNOBILLEHHA iHbopMyBaHHA Ta
' OMOBILLEHHA
MikpoxmapHe
MynbT KepyBaHHA o — - - - - -

cxoBuLe

KiHueBi TexHiuHi

[ \
I'| Mpuctpiin 3aco6u '
I | onosilweHHa iHpopmyBaHHA Ta '
I OMOBILLEHHA |
| |
. TepuTopiAa MOXXIMBOIO YPaXkeHHA
AHaniTnyHoO - \ _ _ _ 'EpVTOPIA MOXTNBOTO YPRKEHHR _ /
npeanKTUBHA nigcuctema
KomyTauinHuin npucTpin
\ Hasaui /
\ . nNepBUHHOI /
N Mikpoxmapa n iHchopmaLii ,
N -
-~_ _ - - - .. Y—.-—_——————a—_——_—_ —
CyMixHi cuctemm [asaui
3abesneyeHHA NepBUHHOI
6e3nekun iHcbopmaii

Pucynok 2.5 — CrpykrypHa cxema 00’€KTOBOi cucTeMd MOHITOpUHTY ctany [THO

[nimamizamis  aarOpuTMIYHOTO  3a0€3MeUeHHS  00’€KTOBOI  CHUCTEMH

MoHITOpuHry ctany I[IHO mounHaeTbcsi 13 3aBaHTAKEHHS 3 MIKPOXMApHOI
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1H(}pacTpyKTypu TPAaHUYHUX 3HAYEHb KOHTPOJIHOBAHUX MapamMeTpiB (IOKPUTHUHHUX
Ta KpUTUIHUX ) JIJ1s1 BC1X JuKepen HeOesneky B Mexkax [THO, a Takox koHbIrypariiiHux

JAHUX 11010 MAaKCUMAaJIbHOI KIJIBKOCTI TapaMeTpiB MOHITOPHUHTY.

( MouaTok )

3aBaHTaXKeHHA JOKPUTUYHMX Ta KPUTUYHMX 3HAYEHb
napameTpis Ta 3Ha4eHHA K

max

| REG=0;k=0 |

A 4
/ Mpwiiom paHux Bif pasaya k /

3HaveHHA napameTpa k
6inblue KpUTUYHOro?

3HayeHHA napameTpa k
6inblue AOKPUTUYHOTO?

[MporHo3yBaHHA 3MiHW napameTpy k

POrHo30BaHe 3HaYeHHA
napameTpa k
Ginblue JOKPUTUYHOTO?

OHOBIIEHHA eKpaHy onepaTopis

1

Mepepava paHnx 0o MicueBoi cuctemmn
MOHITOPUHIY

3anuc po MiKPOXMapHOro cxoBuua

A

Y A

Pexxunm Pexxum Pexum
"Yeprosui" "HC" "MigBuLLEHa rOTOBHICTB"
R’ R

Pucynok 2.6 — Jliarpama AisiibHOCTI 00’ €KTOBOT CHCTEMH MOHITOPHUHTY CTaHY
I[THO
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AnroputMmiuHe 3a0€3MEUeHHs peali3y€e IBOPIBHEBY LMKIIUYHY CTPYKTYpPY
00poOKkM maHuX. BHYTpimHIA UK 3a0e3medye MOCHIJOBHE OTPUMaHHS Ta
Bepu(iKallil0 3HAUY€Hb BiJ MHOXWHU JaBadiB CUCTEMU MoOHITOpuHry. [lpu
JETEKTYBaHHI MEPEBUIICHHS KPUTUYHOTO PIBHA OyAb-SIKUM 3 k£ KOHTPOJIbOBAHUX
napaMmeTpiB, IHIUKATOP peKUMY (QYHKIIOHYBaHHS REG BCTaHOBIIOETHCS B 3HAUCHHS
2, MO BIAMOBITAE PEKUMY HAA3BUYANWHOI CHUTYyalli. Y BHOAAKy, KOJIHU >KOACH 3
napaMeTpiB HE TEPEBUINYE KPUTHUYHUN piBEHb, ajie 3a(iKCOBAHO TMEPEBUILCHHS
JOKPUTUYHOTO PiBHS X04a O OHUM IapaMmeTpoM, inaukarop REG HabyBae 3HaYCHHS
1, 10 aKTUBYE PEXKUM M1ABHUILIEHOT TOTOBHOCTI.

VY Bunaaxy, Kol NPUMHATE 3HAYEHHS NapaMmerpy k HHUKYE TOKPUTHUHOTIO
PIBHSI, QJITOPUTMIYHE 3a0€3ME€YEHHSI BUKOHYIOTh MPEIUKTUBHUN aHajl3 JUHAMIKU
mapamMeTpa Ha TPU YacOBl BIJJIIKM BIEpPEea 13 3aCTOCYBaHHSIM MaTEeMaTHYHOTO
amapaTty CTENeHEeBOi ampoKCHMMallli Ta METONy HaWMEHIIMX KBaJpariB. Y pasi,
SKIIO TIPOrHO30BaHA TPAEKTOPIS MmapaMeTpa MepeTUHAE TOKPUTHUYHUN PIBEHb X04a
© B OAHIN 3 TPHOX MPOTHO30BAHUX TOYOK, Ta IMMOTOYHE 3HAYCHHS 1HJIMKATOpA
REG wmenmie 2, Bin0OyBa€eThCsl BCTAHOBIEHHs 1HAMKaropa REG B 3HaueHHS 1, 110
CUTHAJII3y€ MPO MOTEHIIIHY 3arpo3y BUHUKHEHHS HaJI3BUYalHOI CUTYyaIlil.

HacTynmauM KpoKoM 3A1HCHIOETHCS TPOIeaypa MEPCUCTECHTHOTO 30epeKeHHS
YacOBHX MITOK, MOTOYHHMX 3HA4Y€Hb IHIUKaTOpa pexumy (yHkuionyBaHHS REG
Ta KOHTPOJBOBAHOTO IMapamMeTpa k Yy CTPYKTYpOBAaHOMY CXOBHUII JaHUX JUIS
MOJIAIBIIOTO aHai3y Ta OpMyBaHHS 3BITHOCTI.

[licns 3aBeplieHHs iTepalliii BHYTPIIIHBROTO ULHUKIY 300py Ta 0O0poOKu
JAHUX Bl MHOXWHM JaBayiB, BUKOHYETHbCS aHANl3 3HAYEHHs 1HIUKATOpA
pexumy ¢dyHkiionyBaHHs REG Ta reHepyeTbes 1H(OpMaIliiiHEe TMOBIJOMIICHHS
115 IHTepdelicy ormeparopa o0 MOTOYHOTO PEXUMY (PYHKIIIOHYBAaHHS 00’ €KTOBOI
cucteMu MoHiTopuHry crany [THO.

[Tpu HynTbOBOMY 3HAUEHHI IHAUKaTOpa pexumy GyHKioHyBaHHSI REG cuctema
3[1ACHIOE MOHITOPUHT y IITaTHOMY PeXuMi (YHKIIOHYBaHHA — «UeproBuii», 1o
XapaKTEePU3Y€EThCS PEIJIAMEHTHUM BUKOHAHHSM IpoLeyp 300py Ta aHali3y JaHUX.

[Ipu BcTaHOBIEHHI 1HAMKATOpa pexuMy (PyHKIIOHYBaHHS REG B 3HAYEHHS

1 cucrema mnepexoauTh y pexkuM «lligBUIIEHOI TOTOBHOCTI», IO Nepeadayae



63

1HTEHCU(IKALIIO MPOILETyp MOHITOPUHTY Ta AaKTHBAIUIO JOAATKOBUX aJTOPUTMIB
MIPEBEHTUBHOTO aHaII3y MapaMeTpiB.

[Ipu BcTaHOBIEHHI 1HAMKATOpa pexuMy (PyHKIIOHYBaHHS REG B 3HAYEHHS
2 cuctemMa akTuBye pexnMm «Hana3BudaitHa cuTyarlis», MO I1HIMIIOE BUKOHAHHS
KPUTUYHHUX TMPOLIETYp MOHITOPUHTY, O€3MepepBHY pEeeCTpallilo MmapaMeTpiB Ta
aBTOMAaTUYHE CIOBIIICHHS BCIX PIBHIB CHUCTEMH PO BUHUKHEHHS HaA3BHYANWHOI
CUTYyaIlii.

Ha ocHOBI pe3ynbrariB aHalizy OTpUMaHUX JaHUX CUCTEMA T'EHEPYE JIBa TUITU
CTPYKTYpOBaHUX MOBIJOMJIEHB: perTIaMEHTHI IHCTPYKIIi AJis1 iHTepdeiicy oneparopa
BIIMOBITHO J0 MOTOYHOTO PEXUMY (YHKIIIOHYBAaHHS CUCTEMH Ta KOHCOJIJOBAaHUM
iH(opMaIiHUI TAaKeT 3 MapaMeTpaMd MOHITOPUHTY [UJIsl Mepefadyl Ha BUILUN
lepapxiuHuii (MICLIEBHI) pIBEHb CHCTEMM Ye€pe3 CTaHJapTU30BaHI MPOTrpaMHi
iHTEpdeiicu.

AnropuTMmiuHe 3a0e3TedeHHs 1HIII0E HACTYMHY ITepalilo 30BHIIIHBLOTO
MKy MOHITOPUHTY, 3a0e3Meuyroun Oe3mepepBHICTh MpoIecy 300py Ta aHajizy
JTAHUX Y CHUCTEMI.

Crnenudikarlliss HU3bKOPIBHEBUX MPOLIETYP B3a€MOIIT 3 allapaTHUMHU JlaBadyaMu
Ta MPOTOKOJIIB OOMIHY JJaHUMU MK 00’ €KTOBHUM Ta MICIIEBUM PIBHSIMH CHCTEMHU
MOHITOPUHTY BUXOJUTH 32 MEXi OTOYHOTO OMHUCY aJTOPUTMIYHOTO 3a0e3MeueHHs

Ta PO3MISAJAETHCS B OKPEMUX TEXHIYHUX CrienudikaIisix.
2.3.2 AuaropurMmiuHe 3a0e3le4eHHS MiCIIEBHX CHCTEM MOHITOPHHIY CTaHYy
NMOTEHIiIMHO HeOe3meuHnX 00’ €KTIB

CTpyKTypHY CXeMy MICLUEBOI CHCTEMU MOHITOpUHTY crany IIHO 3

IHTErPOBAaHOIO CHUCTEMOIO YIPABIIHHSA MPEICTABICHO HAa PUCYHKY 2.7.
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PerioHanbHa
CcrcTema MOHITOPUHTY
ctany MHO

LleHTpanizoBaHa
cucTemMa OnoBileHHA

IHTenekTyanbHUi
o3 1

EkpaH onepatopa 1

EkpaH onepaTtopa 2

EkpaH onepatopa 3

MyneT
onepatopa 1

CepBep micueBoi
CMCTEMMU MOHITOPUHIY

XmapHe
cxoBuLLe

| ctany MHO
AHnanituko-
npeavkTMBHa
E 4 E E
KpaH onepaTopa KpaH onepartopa 5 KpaH onepaTtopa 6 nincvcTema
MyneT IHTenekTyanbHun
onepartopa 2 o3 2
O6'ekTOBa cucTeMa O6'ekToBa cucTema O6'ekToBa cucTema
MOHITOPUHIY CTaHy MOHITOPUHTY CTaHy | ® ® ® | MOHITOPUHIY CTaHy
MHO 1 MHO 2 MHO n

Pucynok 2.7 — CTpyKTypHa cxema MiICLIeBOi cuCTeMHU MOHITOpUHTY ctany [THO

AnropuTMiuHe 3a0€3MEUYEeHHS MICLEBOI CHCTEMH MOHITOPUHTY CTaHy
NOTEHLIHHO  Hebe3nmeyHux OO0’€KTIB  peanidye HACTymHY  IOCHiJIOBHICTD
(PyHKI110HYBaHHS:

1. [Himamizamis cucTeMHu BIIOYBAETHCS B YEPrOBOMY PEXHMI 3 IMOAATIBITAM
UUKIIIYHUM OTPUMAHHAM 1H(OpMaIlil BiJi 00’ €KTOBUX CHUCTEM MOHITOPUHIY CTaHY
NOTEHLIHHO HeOe3MeyHuX 00’ €KTIB.

2. ITpu HaAXOHKEHH1 BiJ Oy/ib-1KO1 00’ €KTOBOI CUCTEMH MOHITOPUHTY 1HPOpMAIii
npo (QyHKIIOHYBaHHA B pexxumi «lligBuieHa roTOBHICThY» BUKOHYIOTHCS HACTYITHI
pOLEAYPH:

—TIepexi MICLeBOi cUcTeMH B pexuM «[lifBullleHa TOTOBHICTHY;

—BepudiKallis CTaHy KOHKPETHOTO MOTEHIIHO HeOe3MeuHoro 00’ €KTa;

—aHaJji3 mapaMeTpiB, 0 XapaKTepHU3yIOTh CTaH JHKepesia HeOe3MeKu,

—3aBaHTAXECHHSI 3 MIKPOXMApHOT IHPPACTPYKTYPH JAHUX LI0JI0 TPOTUABAPITHUX

3aXO0/I1B;
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—OTpUMaHHs 1HpOpMaIll Ipo BIANOBIAAIBHUX 0OCi0;

—aKTHBAIlISI TIPOIIEAYP OIOBIIIICHHS Oreparopa, MepCcoHaly Ta BIAMOBIAATLHUX
0ci0;

—3aMycK MpoIeyp KOHTPOJIIO BUKOHAHHS MPOTHUABAPIHUX 3aXOiB.

3. ®opMyBaHHS CTPYKTYpOBaHOTO 1HGOPMAIIHHOTO MOBIAOMIICHHS, IO MICTHUTD:

—mapaMeTpH CTaHy JKepesia HeOe3NeKu;

—pexXuMH QYHKIIOHYBaHHSI 00’€KTOBOI Ta MICIIEBOI CUCTEM MOHITOPHUHTY;

— JIOJIaTKOB1 IMapaMeTpy MOHITOPUHTY.

4.1lpu otpumanHi Big 00’ €KTOBOI CHCTEMHM MOHITOPHHTY i1H(opmalii mpo
dbyHKIIOHYBaHHS B pexkuMi «Haa3BuualiHa cuTyallis» BUKOHYIOTHCS HACTYIIHI
pOLEAYPH:

—TIepexi MICLIEBOi CUCTeMH B pexuM «Han3BuuaiiHa cutyaiis»;

—Bepudikallis CTaHy MOTCHIIHHO HEOE3MeYHOro 00’ €KTa;

—3aBaHTAXEHHS 3 MIKPOXMapHOI IHPPACTPYKTYpPH PEMTAMEHTY 3aXOJIB 00
JKBIJIAI1 HACIIJIKIB HaJA3BUYalHOI CUTYaIlIi;

—OTPUMAaHHS JJaHUX PO BIANOBIIAIBLHUX OCIO;

— aKTHUBAIIIS TPOLETYpP OMOBIIIECHHS,

—3aIlyCK TPOIeAYp KOHTPOJIIO BUKOHAHHS 3aXOMdIB IOJ0 JIKBiJaIli HACTIIKIB
HaJ[3BUYANHOI CUTYyaIli.

AnroputMmiuHe — 3a0e3nedeHHs  (YyHKLIOHYBaHHS  MICIIEBOI  CHUCTEMU

MoHITopuHry ctany [IHO Bi3yamizoBaHO y BHUIISIAI JlarpamMu JisUIBHOCTI Ha

PUCYHKY 2.8.



MoyaTok )

A 4

REG=0; n=1, npa«

A 4

MpuiiMaHHA gaHux Big 06'eKTOBOI CMCTEMU N
MOHiTOpUHry cTaHy NMHO

Tak

Cuctema n B pexumi "HC" ?

- Tak
Cuctema n B pexumi

"MipBuyLLeHa roToBHICTL" 2

4

A 4

[MoBigpomneHHA onepaTopy

npo po6oTy B pexxumi "HC".
Bunpayva pekomeHpauin wopo
nikeigauii Hacnigkis "HC"

MosinomneHHA onepaTopy Npo po6oTy
B pexxumi "MigBuiLeHa roToBHICTL".
Bupaya pekomeHpauin wono
npoTMaBapinHNX 3axoais

[NoBigomneHHa onepartopy
npo po6oTy B pexumi
"Yeprosuin"

lMepepaya nosigoMNeHHA 0o
perioHanbHOi CUCTEMWN MOHITOPUHTY cTady NMHO

OHOBNEHHA eKkpaHiB onepaTopis
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Pucynok 2.8 — [liarpama AissIbHOCTI MICIIEBOI cUCTEMU MOHITOpUHTY cTany [THO
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AnroputMmiuHe 3a0e3Me4YeHHs] MICIIEBOi CHCTEMU MOHITOPUHTY CTaHy

MOTEHIIMHO HeOe3meyHux 00’€KTIB TIepeadadyae MOKIUBICTh  1HIIIOBAHHS
OTIepaToOpPOM MPOIEAYPH TIarHOCTUYHOTO MOJICTIOBAHHS CTaHy JpKepesa HeOe3meKH.
3a3HaueHa npoieaypa 3ade3neuye oTpuMaHHs 10AaTKOBUX JaHHX 11010 JIOKaTi3arii
NOTEHUIWHUX YIIKOJKEHb, 110 CTBOPIOE 1HGOpMALIiHE MIAIPYHTS Ul NPUUHATTS
OOTPYHTOBAaHMX YIIPABIIHCHKUX PIIICHb.

AnroputmiyHe 3a0e3IE€YeHHs] MICIIEBOI CHCTEMH MOHITOPUHTY peasizye
UKJIIYHE OTpUMaHHs i1HGopMallli BiJy 00’€KTOBUX CHUCTEM MOHITOPUHTY CTaHy
NOTEHLIHHO HeOe3nmeyHuXx 00’€KkTiB. 3a yMOBH (DyHKLIOHYBaHHS BCiX 00’ €KTOBHX
CHCTEM MOHITOPUHTY B pexumi «YeproBuii», MiclieBa CHCTEMa MOHITOPHHTY

ABTOMATUYHO BCTAHOBJIIOE BIAMOBIAHUI PEKUM (PYHKI[IOHYBaHHSI.

2.3.3 AuaropurMmivHe 3a0e3le4YeHHS] PErioHAJbHOI CHCTEMH MOHITOPHHIY

CTaHy NMOTEHUIHO HeOe3NeYHUuX 00’ €KTIB

CTpykTypHa cXe€Ma perioHajibHOi CHCTEMU MOHITOpuHTY crany I[IHO 3

IHTETPOBAHOIO CUCTEMOIO YIPABIIHHS HAaBEJE€HA HA PUCYHKY 2.9.

Hep>xaBHa cuctema

N LleHTpanisoBaHa
MOHITOPUHTY CTaHy

cUCTEMa ONOBILLEHHA

1
]
épaH onepa‘ro@ épam onepam@ épaﬂ onepaTo@

MyneT
oneparopa 1

épan onepam@ épaH onepam@ épau onepmo@

MNynet
onepatopa 2

IHTenekTyanbHUin
w3 1

CepBep perioHansHoi
CNCTEMMN MOHITOPUHTY
ctaHy NMHO

XmapHe
cxoBuLe

AHaniTuko-
npeauKTUBHa
nipcuctema

IHTenekTyanbHwiA

Micuesa cuctema
MOHITOPUHTY CTaHy
MHO 1

Micuesa cuctema
MOHITOPUHTY CTaHy
MNHO 2

Micuesa cuctema
MOHITOPUHIY CTaHy
MHO m

Pucynok 2.9 — CrpykTypHa cxema perioHajJbHOI CUCTEMH MOHITOPUHTY CTaHy

[MOTEHIIMHO HEOE3MEeuHnX 00’ €KTIB

AnropuTMiuHe 3a0e3neyeHHs (PYHKIIOHYBaHHS JIaHOTO PIBHS CHUCTEMH

BI3yali30BaHO y BUDNISIAL JiarpaMu JisuibHOCTI Ha pucyHKy 2.10. Po3srisHemo
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OCHOBHI MPUHIUMIH (PYHKI[IOHYBAHHS aITOPUTMIYHOTO 320€3MEUCHHS PerioHaIbHOI

CHCTEMHU MOHITOPUHTY CTaHy MOTEHIIMHO HEOE3MEUHNX 00’ EKTIB.

C MoyaTok >

A 4
| REG=0; m=1, Mo« |

Y
MpuiiMaHHA faHvx Bif, MicLEeBoi cuctemm m
MOHITOpUHry ctany NMHO

Cuctema m B pexumi "HC"?

Hi

ApxiByBaHHA B XxMapi 3Ha4eHb Yacy, m , REG
Ta iHWoi iHdopmaLii, OTpMMaHoi Bif, MicLieBoi
CUCTEMU M MOHITOPUHry cTaHy NMHO

Y Y

MosipomneHHsa oneparopy MOBIAOMAGHHA ONEpaTopy I'Iom.uon_nnt_eHHn oneparopy npo poboTy
npo po6oTy B pexxmumi HC. B pexxumi lMigsuiieHa rotoBHicTb. Buoaya

.o npo po6oTy B peXXuMi Lo -
Bupava pekomeHaauiii Wwono wy o pekomeHaaUiii LWoao NpoTuasapinHx
L L eprosumn .
nikBlgaull HacnigkiB HC 3axoais

Y

pxiByBaHHA B XMapi 3HayeHb yacy, m , REG

Ta iHWoi iHdopmaLii, OTpMMaHoi Bif, MicLieBoI
CUCTEMMU M MOHITOPUHry cTaHy NMHO

Mepenaya NoBiAOMEHHA [0 Aep>KaBHOI
CUCTEMM MOHITOPUHIY cTaHy NMHO

OHOBJIEHHA eKpaHiB ornepaTopis

Pucynok 2.10 — Jliarpama misibHOCTI PeriOHaJbHOI CUCTEMH MOHITOPUHTY CTaHy

MMOTEHIINHO HeOEe3MeuHnuX 00’ €KTIB

AnroputmiuHe 3a0€3MeUeHHs] PEriOHAIbHOI CUCTEMU MOHITOPUHTY peali3ye

HACTYMHY MOCIIOBHICTh (PYHKI[IOHYBaHHS:
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1. Inimiamizamiss cucTeMu BiIOYyBa€eTbCs B pexkuMi «YUeproui» 3 MoaanbUIUM
MAKIIYHAM OTPUMaHHAM 1H(OpMAIli BiJ MICIIEBUX CHUCTEM MOHITOPUHTY CTaHY
NOTEHIIHHO HeOe3MeYHUX 00’ €KTIB.

2.11pu HagxomKeHH1 Bif Oylb-sSKO1 MICIIEBOi CHCTEMH MOHITOPHHTY iH(pOpMaIii
npo (yHKIIIOHYBaHHS B pexxuMi «IliBHIlIeHa TOTOBHICTb» BUKOHYIOTHCS HACTYIIHI
OpoLEeaAypH:

—Mepex1]] perioHajbHOI CUCTEMHU B pexuM «lliBHIlleHa TOTOBHICTHY;

—Bepuikalis cCTaHy MOTSHIIITHO HEOEe3MEeYHOro 00’ €KTA;

—aHaJi3 MmapaMeTpiB JKepesa HeOe3IeKH;

—3aBaHTAXKCHHS 3 MIKPOXMapHO1 1HGPACTPYKTYPH AAHUX MO0 MPOTHABAPIHHUAX
3aXO0/1B;

—OTpUMaHHs 1HPOpMaIlil Ipo BIANOBIAAIBHUX 0OCi0;

— aKTHUBAIIIS TPOLETYp OMOBIIIECHHS,

—3aIlyCK MPOIEAYpP KOHTPOJIFO BUKOHAHHS MPOTHABAPINHUX 3aXOIIB.

3.1lpu oTpumaHHI BiJ MICHEBOI CHUCTEMHU MOHITOPUHTY 1H(pOpMALIl PO
¢yHkiionyBaHHa B pexuMi «Haa3zBuuaiiHa cuTyalis» BHUKOHYIOTHCS HACTYITHI
OpoLeaypH:

—TMepexi] perioHajJbHOl cucTeMu B pexuM «Han3BuyaitHa cutyaiis;

—BepudIKallis CTaHy NOTEHIIHHO HEOE3MEYHOro 00’ €KTa;

—3aBaHTAXECHHS 3 MIKPOXMAapHOi 1HPPACTPYKTYPH PETNIAaMEHTY 3aXOMAIB LI0J0
JTIKBIAAIi HACTIIKIB HAA3BUYANHOI CUTYAIlIi,

—OTpPUMAaHHSI JIaHUX PO BIAMOBIAAIBHUX OCi0;

—aKTHUBAILllS TIPOLEIYp ONMOBILIEHHS;

—3aMyCK MpoIeayp KOHTPOJIIO BUKOHAHHS 3aXOJIB MO0 JIIKBiJAIli HACHIIKIB
HaJ[3BUYAHOT CUTYyaIli.

AnroputrMmiuHe 3a0e3MEeYeHHs] PETriOHaJbHOI CUCTEMU MOHITOPHHTY CTaHY
NOTEHLIHHO HeOe3nmeuyHnx O00’€KTIB Tmependadac MOXKIUBICTh — 1HIIIFOBAHHS
OIepaTopoM MPOLEAYPH J1arHOCTUYHOTO MOJIETIOBAHHS CTaHy JuKepesa HeOe3meKH.
3a3HaueHa Mpoleaypa 3a0e3nedye OTpUMaHHs TIOAATKOBUX JIAHUX ITOJI0 JIOKai3ali
MNOTEHIIHHUX YIIKOMKEHb, 1110 CTBOPIOE 1H(MOpMaIliiHe MATPYHTS ISl TPUHHATTS

OOTPYHTOBaHHUX yMPABIIHCHKUX PIIICHb.
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[Ticnsa mikBigaIii HACTIIKIB HA3BUYAHHOT CUTYAIIIl Ta YCYHEHHSI MOXKJIMBOCTI
il BUHUKHEHHS Ha BCIX MOTEHINIHHO HEOE3MeuHnX 00’€KTaX, perioHalibHa CHCTeMa
MOHITOPUHTY CTaHy IMOTEHIIHHO HeOe3MeYHuX 00’ €KTIB peaii3ye HacTyIHI
IpoLEeAypH:

—BCTaHOBJIEHHS peXUMY (YHKIIIOHYBaHHS «YeproBuii» /uist BC1X PiBHIB CUCTEMHU
MOHITOPUHTY (00’ €KTOBOTO, MICIIEBOTO Ta PET10HAIBHOTO);

—aBroMaruyHe (OpPMyBaHHS PETIOHATBHOI Ta MICIEBOK  CHCTEMaMH
MOHITOPUHTY CTPYKTYPOBAHHX 3BITIB, 110 MICTSTh:

—XpOHOJIOT1I0 TO/I HA MOTEHIIIHHO HEOE3MeYHUX 00’ €KTax;

— IOKyMEHTYBaHHS BIIPOBA/IKEHUX 3aXOIB pearyBaHHS.

AnroputMmiuHe 3a0€3MeUYeHHs] PEriOHaJbHOI CHCTEMU MOHITOPHHTY CTaHy
NOTEHLIHHO HeOe3nmeyHux 00 €KTIB Tmependadyaec MOXIUBICTh  (HOpMyBaHHs
CTPYKTYpPOBAHOTO 3BITY 3a 3alIUTOM OIlepaTopa. 3BIT MICTUTh HACTYITHI KOMIIOHEHTH:

—YacoBl MITKH ITOJIH;

—3HAUEHHS MapaMeTpiB, IO XapaKTePU3YIOTh CTaH JKepea HeOe3MneKu;
—XPOHOJIOT1YHY MOCIIOBHICTh MPOLEAYP OMOBIIICHHS, BKIIOUAIOYH:
—TEKCTH 1H(OPMAIIMHUX TTOBIIOMJICHbD;

—ATBEP/KEHHS] OTPUMaHHSA MMOBIJOMJICHb BIAMOBIAIbHUMU 0CO0aMH;
—peryaMeHT BIPOBAKCHHS:

—POTUABAPIAHUX 3aXO/IIB;

—3axO0/I1B MO0 JIKBIAAIlli HACIIIKIB HA3BUYAHHOT CUTYyaIIli.

2.4 Jlociia:KeHHSI METOAIB 3aBaJJOCTIMKOI0 KOAYBAHHA HA OCHOBi KOIiB
XemMiHra 1uis 3a0e3ne4yeHHs HaAIITHOCTI mepeaaYi JaHUX B MepesKkax

InTepHery peueit

CyuacHi npoMuciioBi 00’ ekTH, 30kpeMa [THO, xapakTepu3yroThCst MpOCTOPOBO
PO3MOIICHOI0 CTPYKTYpOIO Ta 3HAYHOK TEPHUTOPIAIBHOI NPOTSKHICTIO. Lle
CTBOpIO€ crienu(iuHi yMOBU A (PyHKIIOHYBaHHS CHUCTEMH MOHITOPHHIY CTaHy
[THO, ocCkigbKkM KOMIIOHEHTH CHCTEMHU MiJIAI0ThCS BIUIMBY €JIEKTPOMArHITHUX
3aBaJl PI3HOTO MOXO/KEHHsI. B KOHTEKCTI 1HTEeHCHUBHOTO pO3BUTKY [0T apxiTekTypu
Ta BIJIMOBIJIHOTO IPOrpamMHOro 3abe3reyeHHs, HaOyBae OCOOIMBOI AKTYallbHOCTI

PO3p0o0ICHHS METOMOJIOTIYHOTO Ta aJTOPUTMIYHOTO 3a0€3TCUCHHSI I BUSBICHHS
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Ta KOpPUTyBaHHSI 0araroOITOBUX MOMWJIOK MpH Mepenadi JaHUX Y PO3MOALUIEHUX
cuctemax mMoHiTopuHry crany ITHO.

Y (dyHnameHTanpbHOMY JIOCHiKEHHI [47] TpencTaBieHO TEOpEeTUYHE
OOTpYHTYBaHHS MOXKJIMBOCTI 3a0€3IE€UYEeHHS JOCTOBIPHOI Mepenadi JaHUX B yMOBax
HAsIBHOCTI €JIEKTPOMArHITHUX 3aBajl. Taki 3aBajii MOXKYTb CIPUYUHSATH BUHUKHEHHS
SIK OMMHUYHMX, TaK 1 0araro0ITOBUX CIIOTBOPEHB 1H(POPMAIIHHUX TOTOKIB y KaHaJIax
nepenayi 1anux. TeopeTuuHe po3B’si3aHHs Li€1 MpoOIeMu 0a3yeThCsl HAa 3aCTOCYBaHHI1
3aBaJIOCTINKOTO KOAYBAaHHS 3 MOXKIIMBICTIO BUIIpaBieHHs momuiok. [Ipore, xoua
nociigkeHHs: [47] HOBOIUTH ICHYBaHHSI TaKMX KOAIB Ha MaTeMarTMYHOMY pPiBHI,
BOHO HE HAaJla€ KOHKPETHUX METOJOJIOTTYHUX 3acaj 11010 CUHTE3Y aIrOPUTMIYHOTO
3a0e3neueHHs AJid iX MPaKkTUYHOI peani3alii.

VY nocnimxenHi [48] nmpeacTaBieHO CUCTEMHUN aHAI3 XapaKTEPUCTUK KOJIB
XeMMIHra B KOHTEKCTI TEOPETUYHUX 3acaj 3aBaJ0CTIMKOro KOAYBaHHSA Ta TeOpii
iH(opmMmartii. Pe3ynsratu TOCHIIPKEHHS MalOTh CYTTEBE 3HAYEHHS JIJI1 BU3HAYCHHS
parioHanbHUX cdep 3acCTOCYBaHHA JIAHOTO KJacy KOJIB TMpH TMPOEKTYBAaHHI
IPOrPaMHOro 3a0e3MeUYeHHs] CUCTeM IMepefadl JaHUuX 3 MiABUIICHUMH BUMOTaMU
JI0 JTOCTOBIPHOCTI iH(pOpMaIIii.

B yMoBax iHTeHcuBHOTO BripoBajkeHHs [0T apxiTexktypu miis po3poOieHHs
cucteM MoHiTopuHry crany [THO, ocobnuBoi yBaru 3acinyroBye AoCHiIKeHHs [49],
JIe TIPEICTABICHO CHCTEMATH3allil0 METOMOJIOTTYHUX IMIAXOIB /10 3aBaJ0CTIMKOTO
KaHAJbHOIO KOAYBAaHHS B 3aXMILEHUX CHUCTEMax Iepenadl JaHux. Y 3a3HAY€HOMY
TOCHIPKEHH] 3alpOIIOHOBAHO KUIBKICHI METPHUKU OIlIHIOBAaHHS €()EKTUBHOCTI
3aCTOCYBaHHS KOJ[IB YMOBHHX JIMIIKIB JJis 3a0€3MEeUeHHs IUTICHOCTI Ta
JOCTOBIPHOCTI JaHMX MpHU iX 30epiraHHi, nepenadi ta oOpoOIi B MpOTrpaMHUX
PO3MOIIIEHUX CUCTEMAaX.

Y KOHTEKCTI BJIOCKOHAJICHHS METOJIB KaHAILHOTO KOIYyBaHHS CYTTEBE
3HaYeHHs Mae fociixeHHs [50], 1e npeacTaBieHo TeOpeTUYHe OOTPYHTYBaHHS Ta
METOZOJIOTIYHI 3acaJy CUHTE3y KoAiB XeMmMiHra B moisax [amya. 3anponoHoBaHUM
MiaX17a, Mo 0a3yeTbcs Ha 3aCTOCYBaHHI MOAY/IBHOI apudmeTuku, 3ade3redye
MIJBUIIIEHHS 1HQOPMAIIHHOI MICTKOCTI CMMBOJIB KOJIOBOTO CJIOBA Ta PO3IIUPIOE
(YHKITIOHANIbHI MOMJIMBOCTI ~ QJITOPUTMIYHOTO 3a0e3MeYeHHs] 3aBaJlOCTIMKOrO

xoxyBaHHs. Lle cTBoproe nmepeayMoBu AJig po3pOOJIEHHS aJanTUBHUX MPOTPAMHHUX
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KOMIIOHEHTIB CHCTEM Iepefadl JaHWUX 3 PO3MIMPEHUMH XapaKTePUCTHKAMU
3aBaI0CTIHKOCTI.

3acToCyBaHHS palllOHAJILHUX METO/IB KOJAYBAaHHS CIPHUSE IT1IBUIIIEHHIO
IIBUIKOMAII Ta 3aBaJOCTIMKOCTI CHCTEM OOpoONeHHS ¥ mepemadi JaHux. Y
nociipkeHHl [51] mpencTtaBieHO cHCTeMaTH3alilo Ta Kiach(iKalliio METOIB
3aBaJIOCTIMKOTO KOJyBaHHS 3 aKIICHTOM Ha iX XapaKTepUCTHUKH JOCTOBIPHOCTI
nepenadi iHgopmaiiii. 3aBagoCTIHKE KOJyBaHHS € (yHAaMEHTAIbHUM KOMIIOHECHTOM
y 3abe3neueHHl HaAIMHOCTI (DYyHKIIOHYBaHHS MPOTPAaMHUX CUCTEM, OCOOJIMBO B
KOHTEKCTI KPUTUYHUX CUCTEM OOpOOJICHHS Ta aHami3y JaHHX.

Hocaimxenas [51] MICTUTh TOPIBHSUIBHUK aHAI3 XapaKTEPUCTHK JIBOX
MUKJIIYHUX KOAIB: MoaudikoBaHoro koay Emalieca Ta OAMHUYHOIO MO3MIIIAHOIO
xoxy. [IpoBeneHo OIiHIOBaHHS KOpPUTYBajbHOI 37aTHOCTI komy Emaiteca Ta #ioro
Moau(ikoBaHOI Bepcii BiIHOCHO 0a3oBoro koay XemmiHra. BcraHoBieHo, mio
monudikoBanuii kox Emnalieca 3a0e3nedye BUIMPABICHHS MOTPIMHUX TOMUJIOK Y
pAIKaxX KOPUTYBAJIBLHOT MaTPHII Ta X BUSABJIECHHS Y CTOBHIIIX. J[0MaTKOBO BUKOHAHO
NOPIBHSUIBHE JOCIIDKEHHSI XapaKTePUCTUK OJUHUYHHUX KOMAIB (MO3ULIMHOTO Ta
HOPMaJIbHOTO) 3 KOAOM XEMMiHTa.

MeTomo0oTiuH1  acleKTH KOAYBaHHS Ta 30epiraHHs JaHuX JOCIIIKEHO
B pobotri [52], o€ MNpeacTaBI€HO TEOPETUUYHE OOIPYHTYBaHHS 3aCTOCYBaHHS
cxemu Illamipa. 3ampornoHoBaHM TAXiT 10 PO3MOAUTY KOH(IASHIIWHUX daHUX
0a3yeThbCs Ha MPUHIMIIAX HAAJIMITKOBOTO KOIyBaHHsI. BpaxoBytouu, 110 BIACTUBICTh
HAJIJTUIITKOBOCT1 € XapaKTEPHOIO JJIsl 3aBaJOCTIMKUX KOJIIB, aBTOPH 3aIPOIIOHYBAJIH
METOIO0JIOT14H1 3acaau pO3pOOICHHS MPOrPAaMHOI0 3a0€3MeUEHHS 1J1sl PO3MOILJIEHOTO
30epiraHHs JaHUX Ha OCHOBI aJITOPUTMIB 3aBaJIOCTIMKOTO KOTyBaHHS.

dyHAaMEHTaIbHI TPUHIWAMNK IMIUIEMEHTAIlli aJrOpUTMIB 3aBaJ0CTIMKOTO
KOAYBAaHHsS IS JETEKTYBaHHS Ta KOPEKIl IOMHJIOK CHCTEMAaTH30BaHO B
TOCIKEHHIX [53, 54].

CyuacHi TeleKOMYHIKAIIiiHI cHUCTeMU 3a0e3MeuyloTh BUCOKY IIPOITYCKHY
3IaTHICTH IS TIepeaadl 3HAUHUX OOCATIB JaHUX, MPOTE aKTyaJIbHOIO 3aTHIIAETHCS
npoOiema 3axucTy KOH(P1AeHI1HHO1 iH(pOopMalliil BiJ HECAHKI[IOHOBAHOTO AOCTYITy. Y
JOCIIKEeHH] [55] 3amponoHOBaHO METOIOJIOT1UHI 3acau pO3pOOJIEHHS MOPUIHOTO

aJITOPUTMIYHOTO 3a0€3MeUeHHs] CTEraHorpadiuHoro 3aXKUCTy JAHUX, 1110 0a3yeThCs
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Ha Moauikaiii HaitmMeH 3Hauymoro 6ita (LSB) Ta BukopucTanHi 3aBaioCTIHKOTO
xony Xemminra (HLAH). 3a pesynpraramu Bepudikaliii Ta Bajiaamii po3po0aeHoro
IpOTrpaMHOTO 3a0e3IMeUYeHHs] BCTAHOBJICHO, IO 3amporioHoBaHuit meronq HLAH
XapaKTEPHU3y€EThCS PO3MIUPEHOI0 MICTKICTIO BOYJOBYBaHHS TMpU 30€pEKEHHI
HiABUIICHUX TIOKAa3HUKIB SKOCTI PE3YyJIbTYIOUOTO 300pa)KeHHS y MOpPIBHSIHHI 3
HAsiBHUMHU PIIICHHSIMH.

ODyHKITIOHYBaHHS 3aXHINECHUX TEICKOMYHIKAIIHHUX CUCTEM TIPYHTYETbCS Ha
3aCTOCYBaHHI PI3HMX MEXaHi3MIB KoMyTallii (ITOBIJOMJICHb, KaHaJliB, TTAKETIB) JJIS
3abe3nedyeHHsT mepeaadi AaHuX. Y TOCHIpKeHHI [56] mpencTaBlieHO TEOpEeTHUHI
3acajii BUKOPUCTAHHS KOJIB XeMMIHTa — CIMEHMCTBA JIIHIMHUX 3aBaI0CTIMKUX KO/IIB,
10 3aCTOCOBYIOTHCS B CUCTEMAax Iepeaavi NaHuX I BUSBICHHS Ta BUIIPABICHHS
OJTHO- Ta JBOOITOBHX CIOTBOPEHb.

PanionanbHe BUKOPUCTAaHHS EHEPreTUYHUX PEecypciB MpH 3a0e3NedyeHH
MIHIMQJIBHUX 3aTPUMOK Iepeadl CTAHOBUTH KIIFOUOBY MPOOJIEMATUKY ISl HOBITHIX
TEXHOJIOTTYHUX PillleHb, 30KpeMa CUCTEM Ha OCHOBI KBAHTOBUX TOYOK. APXITEKTypa
Ha 0a31 KJIIITUHHUX aBTOMATIB 3 KBaHTOBUMU Toukamu (QCA) dhopmy MeTononoriuae
HOIAIPYHTS JJIi PO3POOJICHHS 3aXUINEHUX TEJIECKOMYHIKAI[IMHUX CHUCTEM HOBOTO
MOKOJIHHA. Y AOCHiKeHH1 [56] mpeacTaBieHO METOAU CUHTE3y Ta MPOrpaMHy
peaizailito iHHOBaI[IHHUX KOMMOHEHTIB Ha 0a31i QCA: oJIHOIIApOBOIO JEKojJepa
3-8 Ta OararopiBHeBOro TpuBxogoBoro BeHTWIS XOR. 3a3HaueHi KOMIOHEHTHU
IHTETPOBAHO 0 arapaTHO-IIPOTPAMHOTO KOMILUICKCY peai3allii KoaiB XeMMIHra 3
BukopuctanHaM QCA-apXiTEeKTypH.

Hocmimxennss [57] aHamidye JiHIAHI KoAM XEMMIHra, SKi I[IHPOKO
3aCTOCOBYIOTBCS JUIS KOPEKII MOMWJIOK y TMaM’siTi Ta TeIeKOMYHIKaIliHHUX
cucTemax. Yrepiie B IbOMY JOCITIKEHH] 3aITPOITOHOBAHO METO/IOJIOTIIO alfapaTHOTO
aHaJi3y KOJlIB XEeMMIHTa 3 BAKOPUCTAHHIM MEMPUCTOPHUX Mepex. L1 Mepexi 31aTH1
BUSBIISITU Ta KOPUTYBATHU O1TOB1 MOMIJIKH B KOJJaX XE€MMIHTa 3 BUCOKOIO IIBUAKICTIO
Ta €HeproePeKTUBHICTIO. MaTpuilsl MmepeBipKd MapHOCTI 30epiraerbcs B MacHBi
MEMPUCTOPIB, @ BEKTOP CUHAPOMY MPEACTABIECHUN CTaHAMU BUXOAY YHINOJSPHHUX
MEMPHCTOPIB, 3MiHA OMOPY SIKUX MPUPOJIHUM YMHOM Peai3ye BEKTOPHO-MATPUIHE
MHOXEHHS 32 MoaysieM 2. EHeprocnokuBaHHs MOTOYHOI MEPEXi 3MEHILEHO OLIbIII

Hik y 100 pa3sis.
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Hocmimkenns [58] mpucBsueHe po3poOJEHHIO MPOTPaAaMHOTO 3a0e3MedeHHs
JUIS. BUSIBJIGHHSI Ta KOPEKINI MOMHUJIOK TIpH Tepefadl JaHUX y peaJbHOMY dYaci,
30Kpema Ipy CIIOTBOPEHHI 1IEHTU(IKATOPIB Y MOTOLI1 JAHUX. ABTOPH 3aIPONOHYBAIH
IPOrpaMHy pealli3allilo aJropuTMy 3aBaJIOCTINKOTO KOAYBaHHS Ha OCHOBI KOIY
XeMMiHra, K1l IEMOHCTPY€E BUCOKY €(DEeKTUBHICTD y IE€TEKTYBaHHI Ta BUIIPABJICHHI
MOIITKO/KEHUX OITIB MPH MiIHIMAJILHUX OOYHMCIIOBAIBLHUX BUTparax. Po3pobieHe
anropuTMiyHe 3abe3rnedeHHs GopMye METOAOJIOTIYHE MIATPYHTS JJis MOJAIbIIOTO
BIOCKOHAJICHHS MPOTPaMHUX CHUCTEM IMepeaadyl JaHUX 3 BUKOPHUCTAHHSM KOJIIB
XeMMiHra B pi3HOMaHITHUX MPUKIATHUX 3aCTOCYBAaHHSX.

Hocmimxenas [59] mnpucBsueHe po3poOJICHHIO METOAOJOTIYHUX —3acal
JICTEKTYBAaHHS Ta KOPEKIlli MOMWIOK y CHUCTEMax Mepenadi JaHuX, Je BHACIIIOK
BIUIMBY 3aBaJi Y KOMYHIKAI[IHHMX KaHajdaX BUHUKAIOTH CIIOTBOPEHHSI CUTHAIB.
ABTOpH 3aMponoHyBaIM BIOCKOHAJIIEHUN aJTOPUTM 3aBaJ0CTIMKOTO KOAYBaHHS Ha
OCHOBI KO/IiB XeMMiHra, 10 3a0e3neuye e(heKTUBHE BUSBICHHS PO301KHOCTEN MIXK
nepeaHuMU Ta OTPUMAHUMU JIAHUMU Ta pealizy€e ONTUMI30BaH1 MEXaH13MU KOPEKITli
OMHOOITOBUX TOMWIOK Ha MpuUAMaibHI cTopoHi. Po3poOiene anropurmiuHe
3a0€3MeUYeHHST XapaKTEPHU3YEThCS 3HIDKCHOI OOYHMCIIIOBAILHOIO CKJIAIHICTIO Y
MOPIBHSHHI 3 KJACUYHUMU peajizallisiMd Ko/iB XEMMIHra.

VY cucremax mepeadi JaHUX BUHUKHEHHS MOMWIOK € HEBIJ €EMHHUM SIBUILEM,
3yMOBJICHUM (PI3UYHUMHU OOMEKEHHSMU KOMYHIKAIliHHUX KaHaiiB. CHOTBOPEHHS
JTAHUX KJIacU(PIKyIOThCS Ha OJHOOITOBI Ta MAaKETHI MOMUJIKH, IPUUOMY 1X XapaKTep
BU3HAUAEThCSI pIBHEM IIyMy B KaHamii nepenadi. Jocmimkenus [60] mpomonye
METO/OJIOTI4HI 3acaju IMIUIEMEHTAIlll 3aBaJOCTIMKOTO KOJyBaHHS Ha OCHOBI KOJIB
XemMminra, mo 3a0e3neuye e(PeKTHBHE BHSIBICHHS Ta KOPEKIIIO OIHOOITOBUX
MOMUJIOK. 3ampOINOHOBAHUN MIiAX1J PO3IIUPIOE TPAMMIIIAHI METOAU KOHTPOJIO
MapHOCTI Ta JEMOHCTPYE MIABUIIIEHY HAIIMHICTh P 30€pe’KeHH1 00YNCITIOBAIBLHOI
€(DEeKTUBHOCTI.

Tpaauuiiina peamnizamiss KoAiB XeMMiHra mnependadae BBEICHHS YOTHUPHOX
KOHTPOJIbHUX OITIB y ceMUOITHUN 1HQOpMaIiiHuil OJI0OK, 3 PO3MIMIECHHSIM
mux OitiB 'y mosumisx 2"(n = 0,1,2,3) BigHOCHO iH(pOpMamiiHUX OITiB, 10
3a0be3mevye BUSABICHHS Ta KOPEKIIO OMHOOITOBUX MOMUIOK. JlocmimkeHHs [61]

NPOIMOHY€E BAOCKOHAJICHHUIM METOJ 3aBaJIOCTIMKOTO KOMYyBaHHS, € KOHTPOJIbHI OiTH
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PO3MINIYIOThCS B KiHIl 1HGOpMaIIiHOTO 070Ky, Takuil miaxil CyTTEBO ONTHUMI3YE
IpoLeTypy KOMYBaHHS Ta JEKOAYBAHHS Yepe3 YCYHEHHsS oOmepaiiid BCTaBKU
Ta BUJAJICHHS KOHTPOJIbHUX OITIB, 3a0€3Me4yyrour BHUCOKY MAacIITa0OBaHICTh Ta
o0unCcIIOBaNIbHY €(EKTUBHICTD MPHU 30€peKEeHH1 KOPUTYBATBHOI 3IaTHOCTI KOIY.

[HTEeHCUBHUIT PO3BUTOK TEXHOJIOTIM HAHOCYMYTHUKIB BHUCYBA€ IiJBUIICHI
BUMOTH 70 HAIIHHOCTI CHCTEeM 30epiraHHs Ta Mepenadl JaHuX y KOCMIYHHMX
3acTocyBaHHsX. JlociipkeHHs [62 ] mpeacTaBiise KOMIUIEKCHUM aHal13 3aCTOCYBaHHS
KoZiB XeMMiHra JijIsl 3a0€3MeUeHHs LITICHOCTI JaHUX Ha OOpPTY HAHOCYITyTHHKIB
Ha HM3BbKIM HaBkonozemHiil opOiti (LEO). 3ampomonoBaHo Tpu MoauQikarii
KOMIB XEMMIHTa, 10 3a0e3MedyroTh KOPEKIII0 OJAMHOYHMX Ta JETeKTYBaHHS
no/BiitHuX nommwiok. IIpoBeneHo OaratopiBHEBY BepHUQIKalil0 PO3POOICHUX
pillieHb 3 BUKOPUCTAHHSAM MPOTPAMHOTO MOJIENIOBaHHS B cepenoBuiiax Matlab ta
VHDL, a takox onTtumizauito s anapatHoi peamizanii Ha FPGA-mardopmax.

[Ipu mudpoBiii nepemadi maHuxX BTpaTH 1HPOpMAaIlli MOXYTh BUHUKATU
BHACJIIIOK IUCUTIAIT €HEeprii, eJeKTPOMArHiTHUX 3aBaJl Ta HEJOCKOHAIOCTI KaHAaJIIB
3B’s13Ky. TpaaumiifHuii miaxiJ TOBTOPHOI Mepenadi JaHuX Yy BHUMAAKY MOMHJIOK
CTBOPIOE HaJIMIpHE HaBAaHTAXEHHS Ha KaHAJl Ta 3HIKYE €(PEKTUBHICTh CUCTEMH B
mmomy. Jlocmimkenns [63] mporoHye onNTUMI30BaHY METOAOJOTIIO JETeKTYBaHHS
Ta KOPEKIii MOMWJIOK 3 BUKOPUCTAHHSM CIYyXO00BUX MeTagaHuX. KitodoBoro
IHHOBAI[IEI0 3allPOTIOHOBAHOTO METONy € JorapudMiyHa 3aJeXkKHICTh OO0CATY
ciy»00Boi 1HGOpMAaIIli Bl po3Mipy KOPHCHOTO HABAaHTAXKEHHS, 10 3abe3redye
BHCOKY MacIITa0OBaHICTh IPU MIHIMAJbHMX HAKJIAJHUX BUTpPATaX Ha Iepeaaqdy
MeTaJaHuX.

Hocnimpkenns [64] npencrasisie NOPIBHUIBHUN aHa3 ABOX KJIACiB JIHIMHUX
OJTOKOBMX KOJIIB: KOMIB XEMMIHra Ta HHUKJIIYHUX KOmiB. Po3polOieHo mporpamui
peaiizaiii aJropuTMIB KOJAYBaHHSI/JEKOMAYBaHHS Ta MEXaHI3MIB JI€TEKTyBaHHS
i Kopekilii moMmwIoK 1y 000X TumiB KofaiB. EkcrmeprMeHTanbHa Bepudikallis
niaTBepAwIa €pEeKTUBHICTD 3aIIPOIMIOHOBAHUX PIIICHB JUIs 3a0€3MEUeHHS IIITICHOCTI
JTAaHUX Y KaHajax 3B s3KY.

HocnimxkeHnss  [65] NOpomoHye — apXiTeKTypy i IMIUIEMEHTAaIli
OaraToHaAMpPSMHOTO KOy MAapHOCTI HA OCHOBI KOAIB XEMMIHTa JJis JCTCKTyBaHHS

Ta KOPEKI[li MOMUJIOK. 3alIPOTIOHOBAHUH MIAX1/T PO3IIUPIOE TPAAUIIIITHI MOKIIUBOCTI
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KOZIB XeMMIHra y crocid BIpOBaHKEHHsI 0araTOBUMIpHOT EPEBIPKU MAPHOCTI, L0
MiBUINY€E €(PEKTUBHICTh BUSBICHHS Ta BHUIIPABICHHS TMOMUJIOK IPH 30€peKEHHI
00YMCITIOBANIbHOI €(DEKTUBHOCTI.

Po3BUTOK ONTUYHUX KOMYHIKAI[IHUX CHUCTEM Ta TPUTOBUX ONTHUYHUX
OOYMCITIOBAJIbHUX KOMIUIEKCIB BHUMAara€ HaJIMHUX MeEXaHI3MIB 3a0e3leueHHs
UTICHOCTI nanuX. JlocmimkeHus [66] nmpononye MoaudiKaiio Koay XeMMIHTa JIs
TPUTOBUX CUCTEM Ta MIPEJICTABIISIE AJITOPUTMU JETSKTYBAHHS 1 JIOKaJIi3a1lii TOMUIIOK.
Po3po0iieHi TeopeTnyHi 3acaay CTBOPIOIOTH (DYHIIAMEHT ISl pealtizallii MexaHi3MiB
BUSIBJICHHS Ta KOPEKIIi MOMUJIOK Y CHCTeMaX ONTUYHOI Mepeaadyl TPUTOBHUX
TaHUX. 3aIPOTIOHOBAHUM MiAX1J 0COOIMBO aKTyaJlbHUH IS BUCOKOIIPOTYKTUBHHUX
TUCSYOPO3PSIIHUX ONTHYHUX OOYMCIIOBAILHUX CHUCTEM, JI€ IUIICHICTh NaHUX €
KPUTUYHUM (PAKTOPOM HAIIHHOCTI.

[IpoBenenuit anasni3 HasBHUX JOCIHIJKEHb JEMOHCTPYE, 110 JUIsl 3a0e3MeUeHHS
3aBaJOCTINKOCTI Ta LUIICHOCTI 1H(OpMAaIlli B pO3MOAIEHUX CHCTEMaX MOHITOPUHTY
I[THO HeoOximHa po3poOka MoaudikoBaHOTO Koxy XeMMIHra, OOIPYHTOBAHICTH
YOro MiATBEPIKY€EThCA HACTYTHUMH (DakTopamu:

1.HasBHi peamizamii koaiB XeMMIHTa MarOTh OOMEXKEHY 3JaTHICTh MI0JI0
BUSIBJICHHSI Ta KOPEKIlli 06araro01TOBUX MOMMIIOK, IO € KpUTUYHUM 111 loT-cucrem
MoHiTopuHry ITHO 3 mpocTopoBO po3NOLIEHOI CTPYKTYPOIO.

2. TpagumiitHi miAX0aUW A0 PO3MIIICHHS KOHTPOJIBHUX OITIB CTBOPIOIOTH
HAJUIMIIKOBI ~ OOYHMCIIOBAJIbHI BHUTpPAaTH MpHU  KOAYyBAaHHI/IEKOAYBaHHI uepes
HEOOX1IHICTh Omepalliii BCTaBKM Ta BUIAJICHHS.

3.CyuacHi JOCHIJKEHHS MIATBEP/UKYIOTh MOXIMBICTH Moaudikaiii 0a30BOro
Koy XeMMiHra Ui PO3MIMPEHHS HOro (YHKI[IOHATBHUX XapaKTEPUCTUK MpU
30epekeHH1 00YNCITIOBAIbHOI €(heKTUBHOCTI.

4. AHani3 HasgBHUX MOAM(IKALIN JEMOHCTPYE MNEPCIEKTUBHICT PO3POOKHU
BIOCKOHAJICHOTO aJTOPUTMIYHOTO 3a0e3MeueHHs Ha OCHOB1 KOAIB XeMMiHTa JIJIs:

- TIIBUIIIEHHS] KOPUTYBAJIBHOI 31aTHOCTI,
- 3MEHIIIEHHsSI 00YHCIIOBAJIbHOI CKIAJHOCTI;
-3a0€e3MeYeHHs] MacIITabOBaHOCTI PIIICHHS.
Takum yrHOM, PO3poOKa MOAU(DIKOBAHOTO KOAY XEMMIHTa 3 PO3LMIUPEHUMHU

(YHKIIIOHAJIbBHUMU MOXJIMBOCTSMH € OOTPYHTOBAaHUM HAMPSMKOM JUCEPTALIIMHOTO



77

JOCIIIKSHHS ISl pO3B’I3aHHS aKTyaJIbHOT HAYKOBO-TEXHIYHOI 3a/1a4l 3a0€3MeUeHHS

IIJTIICHOCTI JAaHUX y PO3MOAUICHUX cucTteMax MoHiTopunry ITHO.

2.5 TeopeTnKo-MeTONOJOTIYHI 3acagu PO3POOKH AJTOPUTMIYHOIO

3a0e3NMeYeHHs KOIIiB XeMMIiHra

Konu Xemminra, Bmepiie onvcani B po6oTi [67], 3a0e31edyoTh BUSIBICHHS
JTBOOITHHX Ta BUIIPABJICHHS OAHOOITHUX MOMUJIOK TpH mepenadi ganux. Ile Hamae
iM CyTTEBY ImepeBary y MOpPIBHSHHI 3 METOJaMHU KOHTPOJIBHUX CyM, SIKi JIWIIE
BUSBIISIIOTh HASIBHICTH MIOMUJIOK.

AKTyalbHICTh BUKOPUCTAHHS KOJIB XEMMIHra 3yMOBJIEHA iX MIUPOKUM
3aCTOCYBAaHHSM JIJI1 3aXWCTy IIUTICHOCTI JaHUX SK MPH Tepeaadi, Tak 1 MpH
30epiranfi iHpopmailii. OcoOJIUBO BaXKJIMBUM € BIIPOBAKEHHS 3aBaJI0CTIMKOTO
KOZyBaHHSI B MIPOTOKONIHM nepeAadi ganux loT-cucreM MOHITOpUHTY cTaHy 00’ €KTIB,
10 J03BOJISIE MiABUILUTH HAAIMHICTh (PYHKIIIOHYBAaHHS TAKUX CHCTEM.

Jlns moCSATHEHHS IMOCTaBJICHOI METH HEOOX1IHO:

—pO3pOOUTH METONl BUSIBJICHHS Ta BUIIPABJICHHS 0aratoOiTOBMX MOMUJIOK Ha
OCHOBI KOIB XEMMIHTa;

—pealizyBaTi MporpaMHy MOJENb KaHaly Tiepenadl JaHuX MoBOw Rust;

—TMPOBECTH EKCIIEPUMEHTAJIbHE OIIHIOBaHHS €()EKTUBHOCTI 3alpONOHOBAHOTO
METOTY.

3rizHo 3 Teopemoro [llennoHna [47], MmokauBa O€3MOMUITKOBA TIEpeIada TaHuX
3a HASBHOCTI HIyMYy MpHU BUKOPHUCTaHHI KaHATy 3B’SI3KYy 3 MEBHOIO MPOIYCKHOIO
3JIaTHICTIO Ta BIAMOBIAHOTO 3aBaIOCTIMKOrO KomyBaHHs. TUIOBa CTPyKTypHa cxeMa

KaHaJy 3B’SI3Ky IS Tiepenadi JaHuX 300pakeHa Ha puc.2.11.
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Pucynok 2.11 — CrpoiieHa cTpyKTypHa cXema 3aBaJIOCTIMKOro KaHaily 3B’ SI3KY

BuxigHuii curHana nepeTBOPIOETHCS Yy BIMKOBUN KO, KU TOMOBHIOETHCS
HAJIJTUIITKOBUMHU O1Tamu Jij1s hOpMYyBaHHSI KOJIOBOTO CJIOBA, 110 3a0e3Meuye KOPEKIIito
NOMUJIOK TIpu Tiepenavi. EQEeKTUBHICTh KOAYBAHHS XapaKTEPU3YEThCS KOIOBOIO
MBUAKICTIO R. Y KaHami 3B’S3Ky CUTHAJI MIJIA€THCS CIIOTBOPEHHSM, MICHSI YOTO
JIEMOJIYIOEThCS Ta JCKOAYEThCS MpUiiMadueM. 3a HasBHOCTI TMOMUJIOK JE€KOJEP
BUKOHYE 1X KOPEKIIit0, (hopMyroun kogose ciaoBo U. 3rigHo 3 TeopeMoro IllenHoHa,
0e3MOMIIIKOBA IIEpeiaya MOXKIIMBA TP IIBUKOCTI 7, 10 HE MEPEBUIILY€ MPOIYCKHY
3natHicTh kKaHamy (C.30Kkpema, SKIIO MBHAKICTH Tepemadi R He mepeBurnrye C,
TO ICHY€E KOJA 3 JIOBKMHOIO KOJIOBOTO CIIOBa 1, JJIs SIKOTO MMOBIPHICTH MOMMIIKH

JOPIBHIOE:

P(E) < 2 "ER) (2.1)

ne F(R) — nonatHa QyHKIis Big aprymenry R.

TeopeTndHo, 3HMKEHHS WMOBIPHOCTI IOMUJIKH JIOCSTAETHCS 301IBIICHHIM
JTOBKHHM KOJOBOTO CJIOBa 7 MNpU 30CpeKEHHI IMBUAKOCTI Tiepemadi KA.
Opnak, A MIATPUMKMA CTajaoi MIBUAKOCTI R Npu 3pOCTaHHI 7 HEOOX1THO
IPOMOPLIHHO 301IBIIYBAaTH JAOBXKUHY 1H(GOPMALIHHOTO ClioBa k, IO MPU3BOAUTH
70 E€KCIIOHEHIIAJIbHOTO 3pOCTaHHSA MPOCTOPY KOJOBHX CIIIB Ta BIAMOBIIHOTO
M1JIBUIIIEHHS OOYMCITIOBAIBHOT CKJIAJIHOCTI KOJyBaHHS.

Komu Xemminra [67] 3a0e3meuytoTh JETEKTYBaHHS Ta KOPEKIIIO MOMHUIOK
Opyu  MIHIMQJIBHIA KOMOBIA BiACTaHl d,;, = 3, IO TapaHTye€ BUIPaBICHHS

BCIX OJHOOITOBHX TIOMUJIOK. SK OJ0KOBI Komu (DIKCOBAHOI JOBXKWHHM, BOHHU
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XapaKTepu3yThesl apamerpamu (n, k), 1e n — IOBKHHA KOIOBOTO CIIOBa, a k —
KUTBKICTB 1HGOpMaIIMHUX O1TiB. CTPYKTYPHO KOAM XEMMIHTa € CHCTEMAaTHIHUMHU
Ta cenapabelbHUMH, OCKUIBKM KOHTPOJIbHI O1TH (DOPMYIOTHCA Y CHOCIO JIIHIMHUX
omepamiii Haa 1HGOPMAMIHHUMU OITaMH Ta PO3MIMIYIOTHCS HAa YITKO BH3HAYCHHUX
MO3ULISAX KOJIOBOTO CJIOBA.

Y komax XemMiHra 7 TIEpEBIpOYHMX OITIB TEHEPYIOTHCS Ha OCHOBI k
1H(popmaniiHux 01TiB, (HOPMYIOUH KOJIOBE CIOBO JOBXHUHOIO N = k + 7. KOHTpOIbHI
01T OOYMCIIOIOTHCS SIK JIIHIMHI KoMOiHamii iHopmariiiHux OiTiB 3 OiHaApHUMU
BaroBuMu Koedimientamu. [ns 3a0e3meueHHsT KOPUTYBaJIbHOI 3JaTHOCTI KOZIY
HEOOX1THO BUKOHAHHSA yMOBHU 2" > n + 1, 10 BpaxoBye BCl MOXKJIMBI OJTHOOITOBI
nomunku (Cl = n) ta Bunagok Ge3noMmikoBoi nepenadi. [Ipu oMy ONTUMAIBHE
CHIBBIIHOIICHHS] MK IMapaMeTpamMHu KOy BU3HA4Ya€ThCs PIBHAHHAM 2" — 1 = n,

3BIAKM PO3PAXOBY€EThCS KIIBKICTh 1HPOpMaIiiiHuX OiTiB k = n — r (auB. Tadm. 2.1).

Tabmuus 2.1 — CniBBigHOIIEHHS MiX k, r Ta n JUIsl IUPOKO BUKOPHUCTOBYBAHUX

KOI1B XeMMIHTa

El1]1]21314/4|5/ 6|78 |9 ]|10]11]11
r1203(3/3(3|4/4/ 4|4 |4|4/|4]4
n|3/4(5(6/7[8[9/10/11]12]13|14|15|16

JIns koiB XeMMIHTa 3 MiHIMQJIbHOIO KOJIOBOO BIJICTAHHIO d,,;,, = 3 MATPUIIS
MEPEBIPKU TMAPHOCTI XapaKTEPU3YEThCS YHIKATPHUMU HEHYJIHOBUMHU CTOBMISIMU
JAOBKUHU 7. 30KpeMa, s koay (12, 8) 3 mapamerpamu 7 = 4 Ta n = 12 marpurs

MEPEBIPKU MAPHOCTI MA€ HACTYIHY CTPYKTYPY:

(000000001 1 1 1 1)

o 0 o1 1 1 1 0 0 0 0 1
Hiy=1(0 1 1 0 0 1 1 0 0 1 1 0 (2.2)

1 01 0 1 0 1 0 1 0 1 O

_nl Nng M3 N4 N5y Mg N7 Ng N9 Nio 7N11 TL12_

Marpuns nepeBipku napHocTi fHip4 (GopMyeTbes y cnocid MOCIHiLOBHOTO

PO3MIIICHHS HEHYJIbOBUX KOMO1HAIIM YOTUPHUEIEMEHTHOTO JABIMKOBOTO IPOCTOPY Y
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BUTIIAII CTOBMIIIB. [Ticyist mepecTaHOBKH CTOBIIIIB, 110 MICTATh OIMHUYHI €JIEMEHTH,

MaTpullsd HaOyBae kaHOHIYHOI popmu (muB. dopmyny 2.3):

— = O
—_ = O
o O
_ O
=
O ==
o o O
= O O
oS = O
o O =

(2.3)

= = O O
_ o = O

o 1 1 0 1 0 1 0 0 o0
kv ko ks ki ks k¢ ky kg m ra 1r3 o1y

Ha ocnoBi marpumi 2.3 dopmyerbcsi cuctema piBHSHb JIsi OOYMCICHHS

nepeBipouHux OiTiB Koxy Xemminra (12, 8). J{i1st KOIOBOTO CJI0Ba, 110 CKIIAJIAETHCS 3
BOCbMHU iH(opManiitHux OiTiB (k1 . . . kg) Ta YOTUPHOX KOHTPOJIBHUX OITIB (77 . .. 74),
KOXKEH O1T MapHOCTI 7; OOUUCIIOETHCS SIK CyMa 32 MOAYJIEM JIBa TUX 1H(QOpMAaIIHHIX
O1TiB, sIK1 BIJMOBIAAIOTh OJUHUYHHUM €JIEMEHTaM Y i-My PSIKY Marpuill. 30KpemMa,
Juist OiTa 11 piBHSAHHS HaBeAeHO y ¢popmyini 2.4. AHanoriyHo GOpMyIOThCS PIBHSHHS

JUTS HINUX KOHTPOJIBHHUX OITIB, YTBOPIOIOUH MOBHY CHCTEMY:

r7’4:]€5€9/€6®k7@k8;
<T3:k2@k3@k4@k83
ro = k1 ® k3 ® ky D k¢ D kr;
(" =ki ke ® ks D ks D kr.

(2.4)

KonTtposnbHi 61TH BCTaHOBIIOIOTHCA B HYNIb IMPHU MapHIM KUIBKOCTI OAUHUIb
y BIAMOBIAHUX 1H(GOPMAIIMHUX TO3UINIAX, TOJl SK HEemapHa CyMa CHUTHAaII3Y€E IPO
noMuiKy. Taka CTpykTypa 3a0e3rnedye JOoKaji3alilo MOMUIKOBOTO 0iTa, OCKUIBKH
3MiHa Oymb-sKOTO 1H(pOpMaIlifHOTO 0iTa BIUIMBAE MOHAWMEHIIIe Ha JBa KOHTPOJIbHI
oitu. CucreMa piBHSHB 2.4 17151 OOYMCIICHHS] KOHTPOJIBHUX OITIB CHCTEMAaTHU30BaHa
B Tabm. 2.2.

Habip 6itTiB mapHOCTi (7]...7r4) AL BCIX BOCBMH IEPEBIPOK Ha IMAPHICThH
MO)KHA PO3IVISAAATH K MIICTHAAISITKOBE uuciao R. Hexait 1y =1, ro =0, r3 = 1,

ry = 1, TOMI, 3r1iTHO 3 TA0d. 2.2, MaEMO:

R:1T1—|—2T2—|—4T3—|—8T4:1*1—|—2*0—|—4*1—|—8*1:1310:0D16 (25)
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Tabmuus 2.2 — Ilpouenypa oOuuciaeHHst O61TIB MapHOCTI

bitu mapHocTi [apopmarniiini 6iTu
T4 = |0 |D|0|D|0|D ks | D|ke|D|kr| D|Fks
T3 = Dk | D|ks| D ks | D |0 |d|0|P|ks
9 =k | B0 | D|ks|D|ks| D D | ks | D|kr| D
(1 =|ki | D|lka | D| 0 | D|ky | D|ks | D|O0 | D|kr|D

[lomunka B KOJOBOMY CIJIOBI MOpPYIIY€ BIANOBIAHI PIBHAHHA NEPEBIPKU
napHocTi 2.4. 30kpemMa, CIOTBOPEHHS YeTBEPTOTro 1HPopMaIlifHOro 6iTa MpU3BOIUTH
710 TIOPYIICHHS TEPIIUX TPbOX PIBHSHb CUCTEMH, (POPMYIOUU CHHAPOM MOMHIIIKH
(r1...74) = 11109, 1m0 BiAMOBiZa€ YETBEPTOMY CTOBIIIFO Marpuii 2.3.

CunapoM NoMUIKUA GOPMYETHCS K cyMa 3a MOAYJIEM JBa MK NPUUHITUMHU
KOHTPOJIBHUMHU OITaMH Ta KOHTPOJIBHUMHU OITaMH, OOUHUCICHUMH Ha TpUMaIbHIN
CTOPOHI 3a THUMH X TMpaBUJIaMH, 110 BUKOPHUCTOBYBAJIWCH TMpH KomyBaHHi. llei
BEKTOp JI03BOJISIE JIOKAJI3yBaTH MO3UIIII0 TTOMUJIKOBOTO 0iTa B KOJIOBOMY CJIOBI.

[To3uitis DOMMIKOBOro OiTa BW3HAYAETHCS CIIIBIAAIHHAM OOYHCICHOIO
CHHJIpOMY 3 BIJMOBIAHAM CTOBMOIIEM MaTrpuill FH, sKa MICTHUTh BCI MOXJIMBI
r-po3psiaHi nBikikoBi komOGiHaril. Jis komy Xemminra (12,8) (auB. MaTpuiito
2.2) curapomu (51, ..., S4) GopMyrOThCS TOOITOBUM J0aBaHHSAM 332 MOJIYJIEM J[Ba

MPUHAHITUX Ta 00YMCICHUX KOHTPOJBHUX OITIB, SIK IMOKa3aHO B TaOI. 2.3.
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Tabmuus 2.3 — 3HauenHs curapomiB st koxy H(12,8) (KOHTpONBHI po3psan

po3TamoBaHi Mmicisl 1HGOPMaIIHUX )

. [Ilo moTpiOHO BHKOHATH
3HaueHHs JliarHOCTHKa TIO
Sa| S5 |52 S1 JUTsSL KOPUTYBaHHS
CHUHJIPOMY 3HAUYEHHIO CHUHJIPOMY g N

0]010]0 00OH [Tommiok Hemae Kopurysanus ne norpiOxe
0[0]0]1 01H [Tomunka.Konrponsuuii 6it 7;. KopuryBanus He nmotpiOHe
00| 17]0 02H [Tomunka. Kortponbauii 61T 7o. KopuryBanus He notpiOue
00|11 03H [Mommnka. Tadopmanitiamii 01T k. | [HBepcis iHpopMalifiHoro Gity k;.
0j110]0 04H [Tomunka. Koarponbauii 61T r3. KopuryBanus se notpiOue

0] 110]1 05H [Momunxka. [apopmaniiinuit OiT k. | InBepcis indopmariitHoro OiTy ko.
O|1]1]0 06H [Momunxka. [Hpopmamiiinuii it k3. | [HBepcis iHdopMmariitHoro OiTy k3.
0] 111]1 07H [Momunxka. [npopmaniiinuit Oit k4. | InBepcis iHpopmamniitHoro OiTy ky.
110]0]0 08H [Tomunka. KonTponbauit OIT 74. KopuryBanus He motpiOHe
110]0]1 09H [Momunka. [adopmaniiiauii 61T k5. | [HBepcis iHPopMarttiiiHoro GiTy ks.
110[1]0 0AH [Tomunxka. [apopmamniiinuit OiT kg. | IHBepcis indopmariitHoro OiTy kg.
11011 0BH [Momunka.lndopmamniitanii 6iT k7. | [HBepcis iHGopMmariiiHoro GiTy k7.
11110]0 0CH [Momunxka. [apopmaniiinuit Oit ks. | IuBepcis indopmariitHoro Oity ks.
11701 0DH Barato6iToBa mommuiika Kopurysanust He moTpiOHe
11 (1]0 OEH Bbararo0iToBa momuika Kopurysanus e norpidue
1|1 ]1]1 OFH Bbararob6itoBa mommuika KopuryBanus He motpiOHe

HasiBHICTH BOCBMHM MOXJIMBUX CHHIPOMIB 3a0e3leuye OJHO3HAUHY

JOKadi3allil0 Ta KOPEKIII0 TOMMIKOBOro OiTa y cmocid #oro iHBEpTyBaHHS,

ITICIIS YOT'o JACKOAYBAHHA 3aBCPIITYETHCA.

2.6 Meton BHSIBJIEHHSI Ta BUIIPAaBJIeHHs 0araro0iTOBUX NMOMMJIOK Ha

ocHOBi Mogu@ikanii koaiB XemMmiHra

BunukHenHss 0araroOITOBUX TOMHWJIOK Tiepeiadl B pO3Tally’KeHHX
1HAYyCTpladbHUX Mepekax MoHiTopuHTy crany [IHO — me mpaktuuHO q0BeneHui
dakt. [Ins BUsABIEHHS Ta BUIpPABICHHS 0araroOITOBUX MOMMIIOK mepeaadi OyB
pO3pO0OJICHUH MeTOHd 3aBaJOCTIMKOTO KOAYBaHHS Ha OCHOBI KOAIB XEMMiHTa.
3a3HaueHui MeTox 3a0e3meuye BUSBICHHS Ta BHIPABICHHS MHOXXUHHUX ITOMHJIOK
npu mepenadi OKpeMux OaiTiB, IO HalekKaTh J0 OIHOTO 1H(OPMAIIHOTO OJIOKY.

MeTtoa cKIagaeTbecsl 3 YOTUPHOX OCHOBHHUX MpOLEAyp: Hpoueaypu (popmyBaHHS
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Oydepa mepemadi 3riTHO 3 CXEMOIO KOIyBaHHS, MPOLEAYpPHU MEepeMIlTyBaHHs OITIB
Oydepa mepemadl 3riTHO 3 AJITOPUTMOM KOAYBaHHS, IPOIEAYPH JACKOIYBaHHS
npuitHATOrO 1H(QoOpMaliitHoro Oydepa, a TakoX MPOIEAYpPH BUSBICHHS Ta

BUIIPABJICHHS ITOMHJIOK Hepeﬂaqi.

2.6.1 MonudikoBana cxemMa 3aBaJOCTIHKOr0 KOIYBAHHA JJIsl CHCTEM

MOHITOPUHIY NMOTEHIIHO HeOe3MmeYHuX 00’ €KTIB

VY KOHTEKCTI 3a0e3MeUeHHs LIICHOCTI JaHuX y cuctemax MoHiTopunry [THO
po3pobieHo Moau(diKOBaHY CXEMY 3aBaJIOCTIMKOTO KOAYBaHHS, IO 0a3yeThcs Ha
BAOCKOHAJIEHOMY MeToi XeMmMiHra. Cxema npusHaueHa Jisi CUCTEM 3 MOCI10BHOIO
mo0alTOBOIO Tepeavyeio JaHUX Ta 3a0e3ledye MiABUIESHUN pIBEHb BUSIBICHHS U
BUIIPABIICHHS MOMUJIOK IIPHU mepeadi iHpopmaliii.

3ampornoHoBaHa  CXe€Ma  KOIYBaHHS  XapaKTePU3YEThCS  HACTYIMHHUMHU
BJIACTUBOCTSAMH:

— PO3IIUPEH1 MOXKJIUBOCTI BUSBJICHHS Ta BUIIPABJICHHS 0araro0ITOBUX MOMIIIOK;

— CYMICHICTb 3 HASsBHUMH ITPOTOKOJIaMHU Mepeadi JaHUX Y CUCTEMaX MOHITOPUHTY
ITHO.

Crpykrypy Oydepa nepeaadi, 1o peani3ye 3alpolOHOBAHY CXEMY KOJyBaHHS,

HaBeIeHO B Ta0m. 2.4.

Tabmuus 2.4 — MonudikoBaHa cxeMa KolyBaHHs 1HpopMallii y Oydepl nepenadi

baiitu Gydepa nepenadi

i1 | N2 ‘ i3 | Mig | Nis | N6 ‘ Ni7 | Nig | Mg ‘ Ni10 | Mi,11 ‘ Ni12 ‘ Ni13 | Mi14 ‘ Ni15 | Ti16 | 17 | 1,18 | 719 | 14,20 ‘ N 21 ‘ Ni22 | 123 | Mi24

Tadopmaniitni Gitu KonTponbHi 6itn

kig | Kio | kig | kia | kis | kig km kig | Kig | kigo | ki | Kinz | Kiaz | Kiaa | Kigs | Kige | Tin T2 i3 | Tia | Tijp Ti6 ri7T | Tig

ks | ks | k3 | ksa | kss | kse | ks | kss | kso | Fsao | kst | ksa2 | Ksis | ksia | ksas | Ksie | 7s1 | 782 | 783 | Tsd | T85 | Ts6 | sy | Tss

kra | kro | krs | kra | kos | kre | kor | krg | kro | krao | Bran | krao | kras | kraa | Rras | krae | 770 | Tr2 | Trs | Tra | T7s | Tre | Tro | Trs

ko1 | ko2 | ko3 | koa | ko5 | Koo | Ko7 | kos | Koo | Koo | ko1 | Koz | ko3 | ke | Keas | Keie | 761 | 762 | 763 | T64 | T65 | 766 | 767 | 768

ksa | ks | k53| ksa | kss | kse | Ks7 | kss | ks | Ksao | kst | ksae | Ksas | ksia | ksas | Ksie | 750 | 752 | 753 | T4 | Tss | Tse | sy | Tss

ko | kag | kas | kaa | Kas | Fae | Kar | kag | kao | Kago | kaar | koo | Kaas | kapa | kaas | Kage | Tax | Ta2 | Ta3 | Taa | Tas | Tae | Taz | Tag

k31 k:i,Q k33| ksa | k35 k:s.,ﬁ k37| ksg | k39 | k3o | k3ar | k3o | k33 | ksa | Bsis k:s.,m 31 | 732 | T33 | T34 | 35 | T'36 | 737 | 738

kz.l ka2 k‘2,3 k2,w1 k‘2.5 k‘z.s kw k72.s k‘m kz,lo k211 k‘2,12 k‘2,13 k2,14 k‘2,15 k‘zw T21 22 | T23 | T24 | T25 | 726 | 72,7 | 728

by | kg | ks | kg | ks | kue | kg | Fug | ko | Ko | ko | ke | Fris | ko | ks | Kiie | 7in | T2 | T3 | Tia | Tis | Tie | Tir | Tig

[Tporiec hopmyBaHHS KOJOBAHOT TOCIITOBHOCTI BKIIIOUAE TaKi €Taru:
1. TeHeparlliss KOHTPOJIBHUX OITIB JJIs1 KOXKHOTO 1H(pOpMaLiiHOro 0alTy 3rigHO 3

MOIU(BIKOBAaHUM aJITOPUTMOM;
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2. CTpyKTypyBaHHS JaHUX Yy Oydepi nepenadi BiAMOBIIHO 10 pO3POOJIEHOT CXEMU;
3.3acTOCYyBaHHs CIICIliajli30BaHUX OIeparliii MepeMINIyBaHHs IJIS I1IBUIICHHS

CTIMKOCTI 10 ITAKETHUX ITOMMUJIIOK.
Taka opranizamis naHux 3a0esneuye eeKTUBHE BUSBICHHS Ta BUIIPABICHHS

MOMIJIOK MPU MIHIMAJIBHUX BUTpaTax OOYMCIIOBAIHHUX PECYPCIB.

2.6.2 AuaroputM xkonyBaHHsA iH(popManiiiHuX 0JIOKIB

[Ipouec xoxyBaHHs 1H(MOpMaLiiHOrO 00Ky po3MipoMm 16 GalT mependadae
dopmyBanHst 64 koHTpoibHUX OiTiB. [HopMmariiiHi GallTH CTPYKTYPYIOTBHCS Y
MaTpPULII0 PO3MIPHICTIO 8 X 16, sika JOMOBHIOETHCS MATPULECIO KOHTPOJIbHUX OITIB
po3MipHICTIO 8 X 8. OOUYHUCIEHHS KOHTPOJIbHUX OITIB 7 AJISI MEPIIOi TPYNHH 3 8 OalT

(Tabn. 2.4) BUKOHY€THCS 3T1IHO 3 MpPaBUJIaMH, HABEACHUMU Y Ta0m.2.5.

Tabmuus 2.5 — Ilopsigok po3paxyHKy KOHTPOJIbHUX OITIB MEPIIUX BOCHMHU OalTIB

KonTponwsHuii 61T [ndopmarriiini 6itu
Ti4 S| 0| @] 0 || 0 | D|kis | D |kig|D|kir|D|kig
ri3 = D kig| D kig| @ kia| @] 0 @] 0 D] 0 |D|kig
Tio = Fipn | @ 0 | ®|kizg| D | kia| | 0 | D |kig| D |kiz|D| O
ril = Fii | ®© | kig | ®| 0 | D | kia| D | kis| D] 0 |D|kiz|D| O

Jlns GaiitiB 3 Homepamu (9...16) OiTM mapHOCTI OOYHMCIIOIOTHCS TaK, SK
nmokazaHo y Ta0:1.2.6. Ciia 3a3Ha4uTH, 1m0 Taotm.2.6 mo cyTi € Mogudikairiero Tadm.

2.5, e 3MIHEHO JHIIEe 1HJIEKCH ¢.

Tabmuus 2.6 — [opanok po3paxyHKy KOHTPOJIbHUX OiTiB O6aiTiB 9. ..16

Kontponsuuit 61T [ndopmariitai 6itu
rig = @ 0 & 0 & 0 |D|kiwz| D | Kkina|D|kins| D] ki
Ti7 = Q| ki | D kinn| D|kin| D | 0 || 0 |D|kis
Ti6 = Eig|®| 0 |®|kin | D[k @ D | kiga | D | kips | D 0O
Tis = kig | @ | kito| @) 0 | ®| k2| @ | kiiz @] 0 | D kigs| D

Hactynuuii eran anroputMmy nepeadadyae BUKOHAHHS — IPOLEAYPHU

nepeMinryBaHHs O1TiB y Oydepi nepeaadi yepes 3aCTOCyBaHHsI Olepalliil UKJITYHOTO
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no0iToBoro 3cyBy. [Iporieaypa nepeminryBanHs BUKOHYEThCS 11 1HQOpPMALIIHHUX Ta
KOHTPOJIbHUX O1TiB (Ta0. 2.4) BIAMOBIIHO A0 PO3POOICHOTO aJTOPUTMY KOTYBaHHS
(puc. 2.12):

—0itu B mo3utii 1 (Momomuri 6iTH) KOXKHOTO OaTy 3aimuIIaroThes 0e3 3MiH;

—O0iTi B mo3umii 2 BCiX OaMTIB 3CyBalOThCA HA OJHY MO3MIIIO MPaBOpPYyY 3
MEePEHECEHHSIM KPalHbOTO MpaBoro 0iTa Ha KpaHIO JIBY MO3UIIIIO;

—aHaJIOT14H1 omeparlii 3CyBy IMOCIII0BHO BUKOHYIOTbCS /ISt OITiB y MO3ULIAX 3

— 8 3 BIJIMOBITHUM 30UIbIICHHSM BEITUYHHH 3CYBY.

C Mouatok )

’ Banucatu 6itn Ky ... knyg 8 TBUF ‘

l

m

’F‘oapaxysam 6iTH Ipq... Ing 3riaHO Tabnuui 2.5 ‘

v

PospaxyBaTtyi 6iTy rps... Ing 3riaHO Tabnuui 2.6. ‘

]

Lvkn nBin2 o 8

Buknuk meTopa horizontal_shift 3 side=right
ANA 3CYBY CTPOKW n Ha n-16iTis

Buknvk meTona vertical_shift 3 side=up
ONA 3cyBY CTOBNUA jHa i GiTiB

[ inc (i) |

> Mepepaya TBUF po kaHany 38'A3Ky
( Kineub

PucyHnok 2.12 — bnok-cxema aJiropuTMy KOJyBaHHS

B anroputmax xomyBaHHS Ta JE€KOTYBaHHS:
n — 1€ KUJIbKICTh KOHTPOJbHUX OalTiB,

J — KUIBbKICTh OaWTIB y TIOBIJJOMJICHHI,
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i — KUTBKICTh 3CYBIB.

Omuc anroputMy mnoTpeldye NEsKUX TMOsSCHEHb. JIis 3a1HCHEHHS oreparrii
PO3paxyHKy KOHTPOJIBHUX OITIB OHOTO OaWTy Ta orepariiii KOpUryBaHHs MOMHIIOK
nepenadi Bukopuctano kiac HammingCodec (BuximHu KO HAaBEIEHO Y TOJATKY
I') 3 mMeromamu 17 KOMyBaHHS Ta JCKOAYBAHHS JaHUX 3a JOTIOMOTOIO KOAY
Hamming (12, 8).

Crpykrypy Oydepa nepenaul micias BUKOHAHHS OIepalliil MUKIIYHOTO 3CyBY

HaBeaeHO B Tadi. 2.7.

Tabmuus 2.7 — Po3mimenns iHdopmanii y Oydepi nepenadi miciis BAKOHAHHS

orieparliii 3cyBy BIPaBO

Baiitu Oydepa nepenaui

Ni6 ‘ i1 ‘ 8 ‘ N9 ‘ 4,10 ‘ 11 ‘ 1,12 ‘ 1,13 ‘ Ni14 ‘ Ni15 ‘ Ti16 | Ti17 | T8 ‘ 19 ‘ 7,20 ‘ 7,21 ‘ 7,22 ‘ 7,23 ‘ Ti,24

Iadopmariiini Oiti KonTponeHi 6iti

ni1 ‘ N2 ‘ ni3 ‘ N4 ‘ N5

kig | kig | Kis | kig ki,ﬁ ki Iﬂ:,? kig | Kig | kito | Kian | Kine | kias | Kiga | Kias | Kie Ti1 T2 T3 Ti4 Ti5 Ti6 riT | Tig

782 | 183 | T84 | 785 | 8,6 | 1'8,7 | I'88 kg1 | kso | ks3 | ksa | Kss k78,()‘ kix,? k?x,x k?x,g kg0 | kg1 | ksa2 | ksas | ksia | ksis | ksae | s

r73 | Tra | Trs | e | 7 | T7s | ke | kra | ke | kra | kos | koo | Ko | krs | kro | Krao | Kran | krae | kras | krua | kras | Krae | T7a | T2

T64 | 76,5 | 76,6 | 76,7 | 76,8 kG.l k‘G‘Z k63 kGA kﬁ,fy kﬁ,ﬁ kﬁ,? kG,S kG,Q kﬁ.l(] k(i.ll k6.12 k6.13 k6.14 k6.15 k6.16 76,1 76,2 76,3

55 | 56 | 5,7 | 758 kSJ kJ.‘Z k5,3 kﬁ.'—l k5‘5 k&ﬁ k5<7 k5<8 k5<0 kﬁ.lﬂ kﬁ.ll k5.12 k5.13 k5.14 k5.15 kS.IG T'5,1 T'5,2 75,3 T5,4

Tag | Ta7 | Tag | kan | kag | Kaz | kaa | kas | kae | Kag | kas | Kag | Kago | kaxr | Kage | kas | kana | Kags | kage | 741 | Tag | Ta3 | Taa | Tus

T37 | 738 | k31 | ko | kaz | Ksa | kas | ks | Ksr | Kss | k3o | ka0 | Ksan | ksae | Ksas | ksaa | Rsas | Ksge | 730 | Ts2 | 733 | Tsa | T35 | T3

Tog | ko1 | koo | kog | koa | kos | Kog | Koz | Kog | koo | koo | kot | Koo | ko | Koaa | kojs | koae | 720 | To2 | To3 | Toa | Tos | Toe | T2

kia [ ko | kg | kia | ks | ke | Bur | Fus | Fuo | Kuto | B | ke | Buis | ks | Kuas | Ruie | T | T2 | T | T4 | Tis | Tie | T | T

[Ticns BUKOHAHHS orepalliii 3CyBy BIPaBO, BUKOHYIOTh OIeparlii UKIIYHOTO
3cyBy OiTiB BBepx (BiJ MOJOAIMHUX OITIB A0 CTapIIMX) 3TiHO 3 aJTOPUTMOM
KoAyBaHHs (HaBeAeHUM Ha puc. 2.12). Posmimenns indopmartii B Oydepi nepenaui

TICIIT BUKOHAHHS ITUX OTMepallid 3CyBy BBEpX IMoKa3aHo B Tabm. 2.8.

Tabmuus 2.8 — Po3mimenns iHdopmanii B Oydepi nepeaayl miciasi BUKOHAHHS

ormeparii 3cyBy (BiJ MojoAmux OITiB 10 cTapuinx) 6aiTiB y Oydepi nepenadi

Baiitu Oydepa nepenaui

Ni6 ‘ i1 ‘ 8 ‘ N9 ‘ 4,10 ‘ 1,11 ‘ 1,12 ‘ 1,13 ‘ Ni,14 ‘ Ni,15 ‘ Ti16 | Ti17 | T8 ‘ 19 ‘ 7,20 ‘ 7,21 ‘ 4,22 ‘ 7,23 ‘ Ti,24

Tadopmaniiini 6itn KonTponbHi 6iti

ni1 ‘ Ni2 | Ni3 ‘ N4 ‘ N5

kig | kig | Kis | kia k1) ki k‘i,? kig | kig | kito | Kian | Kine | kias | Kiga | Kias | Kie Ti1 ri2 T3 Ti4 Ti5 Ti6 riT | Tig

82 | 74 | T66 | 758 k?4,2 k3a | koo | krs | kso | kra | kse | kss | kato | k32 | Koaa | ki | ksio | kriz | Keaa | Ksae | Ta2 | 734 | To6 | T8

r73 | Tes | U5 | kay | Ksz | ko | kit | ksa | kes | kss | Ksg | kag | ksan | K2z | kuis | kso | Ko | Keas | ksas | Tan | T3z | res | Ti7 | Tsa

T6,4 | T56 | 74,8 k‘3,2 k2,4 k1.6 78,8 k7.2 k5,4 k5,ﬁ k4,8 k‘3.10 k22 | k114 ks,s k‘7.10 k‘s.lz k‘.ﬁ.m kq.lﬁ 33 | T24 | T16 ks.lﬁ T72

55 | T4,7 kS.l k23 kl{: r87 k?,l k6.3 k5‘5 k4<7 k3<0 kQ.ll k1.13 k&? k?{) k(}.ll k5.13 k4.15 73,1 72,3 71,5 ks.ls T7,1 76,3

Tag | Tas | Koo | Fra | T8 | 778 | Koo | ksa | kae | k3s | K210 | ke | kse | Frs | Koo | ksa2 | kaaa | K36 | T2 | Tia | ksaa | Krie | Te2 | Tsa

T3 | ko | K3 | mss | 777 | Koo | Rss | kas | kg | koo | i | Kss | krr | Koo | Rsan | kaas | ksas | r21 | Tz | Ksas | kras | Tea | 753 | Tus

Tog | k12 | T84 | T76 | T68 | K52 | Kaa | K36 | Kog | Kiio | Ksa | kre | ksg | k50 | Kaiz | k34 | koae | 712 | ksia2 | kraa | Keae | 752 | Taa | T36

ki |83 | T75 | Ter | ks | kss | ks | Koz | Ko | kss | Krs | ksg | kso | kaan | ksas | koas | Tin | Rsun | Rras | Keas | s | Taz | T35 | T2
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[lepenaua manux y KaHal 3B’S3Ky 31ACHIOETHCS MOCIITOBHO OalT 3a 6aiiToM

BIIMOBITHO 10 CTPYKTypu Oydepa, HaBeneHoi B Tabi. 2.8.

2.6.3 AuroputM JeKoayBaHHA

[Ipouiec nexoayBaHHS Ha MPUHMAaJIbHINA CTOPOHI BUKOHYETHCS BIAMOBIIHO 10
po3pobienoro anroputmy (puc. 2.13). [lpuiinaruii inpopmartiiitHuii 6J10k po3Mipom
24 Oaittu posmimryetbes B Oydepi mpuitomy. Iliciss oTpuMaHHS TMOBHOTO OJIOKY
JTAaHUX BUKOHYETHCS TIPOIIEyPa 3BOPOTHOTO MEPEMIIITYBaHHS Y CIIOCIO MOCIIIIOBHOTO
3aCTOCYBaHHs Omepalliii MOOITOBOrO 3CYBY 10 KOXHOTO OaiiTy Oydepa B MOPSAKY
BiJl CTApIIIOrO IO MOJIOJIIOTO, IO € IHBEPCIEI BIHOCHO MPOIIETYPH KOAYBAHHS.

Hactymauit eran aexomyBaHHs nepeadadac BUKOHAHHS OIepalliil UKIIYHOTO
3CYBY BIIBO, 1110 € IHBEPCHUMH JI0 OTepalliil 3cyBy npu koayBaHHi. [Ticyist 3aBepiieHHs
npoleAyPH BIAHOBIEHHS JaHUX, CTPYKTypa Oydepa mpuiioMy BiAMOB11a€ TOYaTKOBIN
cxeMl KoayBaHHs (Ta0n. 2.4), npu UbOMY OKpeMi OITH MOXYTh MICTUTH MOMMIIKH,
CIPUYMHEH] 3aBalaMHU B KaHalll 3B’ SI3KY.

[Ipouenypa nexomyBanHs (opmye 16 cungpomiB (quB Tabm. 2.3), 110
3a0e3MeuyroTh BUSBJICHHS MOMWJIOK Y KOJOBHMX CJIOBaX Ta iX BUIIPABICHHSA B
1HpopMamiiHuX 0iTaX MPUUHATHX JAHUX.

[Iponienypa BUSBICHHS Ta BUIIPABIEHHS MOMUJIOK B 1H(pOpMaliitHUX OiTax
peali3yeThcsa Ha OCHOBI TAOJIMIN BIAMOBIIHOCTI CUHAPOMIB (Tad. 2.3), 110 MICTUTH

IIICTHAITKOBI 3HAYEHHS BCIX MOMJIMBUX KOMOIHAIM CHHAPOMIB.



MouaTok

v

3aBaHTaxkeHHA data d RBUF

v

Howmep 6ainTa j=1

v

> j<24
v

vertical_shift (side = Down)

y
=1
] I le—
by

horizontal_shift (side = Left)

v

n=n+1

|
v

CBUF = RBUF

v

PospaxyHok control bytes Bc17...
Bc24
3a Bc1...Bc16 CBUF

c17...Bc24) # (r1...r8)
of CBUF

Correct k1...k16 of RBUF using
16 syndromes

D = RBUF
( KiHeub >

Pucynok 2.13 — biiok-cxema ajJiropuTMy JI€KOTyBaHHS
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[Ipu BusBIeHHI pO301KHOCT1 MI’)K OTPUMAHOIO Ta 00YHCIIEHOIO0 KOHTPOJIbHUMU
CyMaM{ MOXJIMB1 HACTYMHI CIIEHapii:

—HEBIJIMOBIIHICTb OJTHOTO OITy KOHTPOJBHOI CyMH CBIIYUTH MPO MOMUJIKY B
KOHTPOJIbHUX OiTax mpu 30epekeHHI MITICHOCTI 1HPOpMAIIHHUX TaHUX;

—HEBIIMOBIIHICTh JCKITBKOX OITIB KOHTPOJBHOI CyMH MOTpeOye T0JaTKOBOTO
aHami3y JONMYCTUMOCTI NMOMWIOK. Y BHUNAAKY BHUSIBJICHHS OJUHUYHOI IMOMUJIKU B
iH(popmaliiHoMy O1Ti, 11 JIOKami3allis 341MCHIOETHCS 32 JIOMOMOTOK KOHTPOJIBHUX
OITiB 3 MOJAJIBIIMM BHUIIPABJICHHSIM Yy CHOCIO 1HBEPTYBAHHSI MOIIKOKEHOTO OITY;

—1HMI1 KOMO1HaIIi HeBIAMOBITHOCTEH KIAaCH(DIKyIOThCS K MHOXKUHHI OMUJIKH,
10 YHEMOXJIMBIIOIOTh BIJHOBJICHHS JAaHMX, aje 3a0e3NeyyloTh JAETeKTYBaHHS
(dakTy mopymeHHsl UITICHOCTI 1HPOpMaliii.

3anpornoHoBaHUI MeTOA nepenavi iHpopMali Mo KaHauax 3B’ 43Ky OJI0KaMu
JIOBXKUHOKO 24 0aifTa A03BOJsE€ 3IIMCHIOBATH J1aTHOCTUYHE BUSBIEHHS Ta
BUIIPABJICHHS TOMMJIOK Tepenadi Ha npuiiManbHOMy Ooii. HaBith y Bumagkax
MHOXXKMHHUX (0aratoOITOBHUX) MOMUJIOK B MEXax OJIHOrO OaiTy, 10 HAJIEKUTh JO
NEBHOTO 1HPOPMAIIHHOTO OJIOKY.

ANTOPUTMU KOAYBaHHS Ta JEKOIYBaHHS peaji3yloTh BIIMIHHUHN BiJ BIJOMHX
METOJ] BUSIBJICHHSI Ta BUIIPABIICHHS 0araTro0iTOBUX MOMUJIOK, KOTP1 BUHUKAIOTh MPH
nepenadl iHdopmarllii o KaHaiay 3B S3KY.

Llei#t anroputM™, SIKU peani3dye MpoLeaypy ACKOAYBaHHS, BUSBICHHS, a TAKOXK
BUITPABJICHHS MOMUJIOK HaBeAEHO Ha puc. 2.13.

Meton nexoayBaHHS OTPUMY€ Ha BXiJ MOCIIIOBHICTH OaMTIB (h1IKCOBAHOTO
po3Mipy Ta 3IIMCHIOE 11 JIEKOJAyBaHHS 3a JOMOMOrol0 MOAU(DIKOBAHOTO KOIY
XeMMiHra. BxifHa MOCHIOBHICTh CIOYATKy PO3MIIIYEThes y Oydepi mnpuiiomy,
pO3MIp SKOTO BH3HAYA€THCS HA OCHOBI JOBKHHU BXIAHUX pgaHux. IIporec
JICKOAYBaHHS BHUKOHYETHCSI Y CIOCIO TOCIIJOBHOTO 3aCTOCYBaHHS 3BOPOTHHUX
oreparliii BiIHOCHO MPOIEAYPH KOMYBAaHHS: CIIOYATKY 3MIMCHIOETHCS BiTHOBJICHHS
MOYaTKOBOTO pO3TallyBaHHs OITIB uepe3 omepallii 3BOPOTHOTO 3CYyBY, MICIS YOTO
BUKOHYETHCSl aHaJI3 Ta KOPEKIliS MOXJIMBUX IOMHJIOK Ha OCHOBI OOYHCIICHHX

CUHJPOMIB.
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2.7 Oco0nuBocTi mnporpamHoi peadizamii  mMoaudikoBaHoro Koxy

XeMMiHra

Mogsa mnporpamyBanHs Rust, po3pobnena Mozilla Research, gemonctpye
yHIKaJbHE MOETHAHHS XapaKTePUCTHK, 10 POOISTH il ONTUMaIbHUM BUOOPOM IS
peasnizalii BUCOKOHAIHHUX CUCTEM BUSBJICHHS Ta BUIMIPABICHHS MOMWIOK. Cuctema
BOJIOAIHHS Tam’sTTI0 (ownership system) Ta mexaHizm no3uuanHsa (borrowing) y
Rust 3a0e3neuytoTe Oe3neky nam’aTi 0e3 BUKOPUCTAHHS 30upaya CMITTS, IO €
KPUTUYHUM AaCIIEKTOM [UJIsl CHUCTEM pPEaJbHOTO 4Yacy Ta BOYIOBaHUX CHUCTEM, Jie
MOXYTh 3aCTOCOBYBaTHCS KOAM XeMMiHra. Y mopiBHSHHI 3 CH++, sSKUH Takox
3a0e3neuye HHU3BKOPIBHEBUN KOHTpOJb, Rust Hamae rapaHTii Oe3meku Ha PIBHI
KOMITJIAIT, 110 YHEMOXXJIUBIIOE BUHUKHEHHS MOMMJIOK JOCTYMy A0 Tam’sTi Ta
CTaHy TOHUTBU JaHUX.

3anponoHoBaHUI METO/T BUSIBJICHHS Ta BUIIPABIIEHHS 0araTo01TOBUX MOMUIOK
Ha OCHOBI Moaudikamii komiB XeMMiHTa JEMOHCTPY€ IHHOBALIMHUN MiAXid H0
MIJIBUIIICHHS HAIMHOCTI mepefadl JaHux. MeTton 6a3yeThess Ha KJIIACUYHOMY KO
XeMMiHra, SIKHil JOMOBHIOETbCS MATPUYHUMH MEPETBOPEHHSIMU JIJISl TOKPAIICHHS
MOKJIMBOCTEH BUSBICHHS MOMUIIOK. IMIIeMeHTalist fanoro metoay B Rust no3Bouisie
epexkTUBHO peai3yBaTH CKJIaJgHI MaTPpW4YHI omepariii 3aBasKd aOCTpaKIlisM 3
HYJIbOBOIO BapTICTIO Ta MOTY>KHIN CUCTEMI1 THIIIB.

ApXITeKTypa HpOrpaMHOT0 3a0e3MEUYeHHsS JAEMOHCTPYE YITKE PO3IITICHHS
BIJIMOBIIAJILHOCTI MK KoMmmoHeHTamu, ne HammingCodec BucTynae oCHOBHUM
KOOPJIMHATOPOM TIPOLIECiB KOAYBaHHS Ta JeKoAyBaHHs, a Matrix2D 3abesmeuye
e(dexTuBHI MarpuyHi onepauli. BukopucranHs y3araJbHEHHX THIIIB (generics)
y CTpykTypi Matrix2D cBiIYUTh MPO THYYKICTh Ta MOXJIHMBICTH IOBTOPHOTO
BUKOPUCTAHHS KOy, IO € BAaXJIWBHM AacCIleKTOM IpU po3poOIi 010J10TeUHHX

KOMIIOHEHTIB.

2.7.1 IlpoekTyBaHHsl Ta peaJji3aulis napamerpu4Horo kiaacy Matrix2D aas

ONTHMi30BaHOI 00pPOOKHU ABOBMMIPHUX CTPYKTYP AAHMX

Knac Matrix2D siBise co0or0 mapameTpu30BaHy CTPYKTYpy JaHUX, IO
peainidye edheKTUBHE NPEACTABICHHS JBOBUMIPHOI MaTpHIll 3 ONTHUMI30BAaHUMH

onepalisiMd HUKJIIYHOTO 3CYBY.
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BuyTpimHs apxiTekTypa kiacy 0a3yeTbCs Ha OAHOBHUMIPHOMY BEKTOP1 IS
30epiranHs eneMmeHTiB Marpuil (data: Vec<T>), mo 3abe3neuye edeKTUBHE
BUKOPUCTAHHS TaM ATi Ta TMOKpAally€e JOKAJIbHICTh NaHuX. J[0laTKOBO CTPYKTypa
MICTUTh METaJiaHi MpOo po3Mipu MaTpuili (rows: usize, cols: usize) Ta BEKTOpHU
3MIIICHB IJIs PSAKIB Ta CTOBIIIB (row_starts: Vec<usize>, col starts: Vec<usize>),
SIKI BHUKOPHUCTOBYIOTBCS IS peanizaiii e(pexkTMBHUX orepariii oOepTaHHS 0e3
(G13MYHOTO MEPEMIILICHHS TaHUX y Mmam’sTl.

OcCHOBHI METO/M KJIacy omucaHi y tadmumi 2.9:

Tabmums 2.9 — OcHoBHI MeTonu kiacy Matrix2D

Kareropis Meton Omuc

Koncrpykropn from_vec CrBopennst matpuiti 3 Bekropa ( O(rc) )
new [Himianizaiisi MOPOXKHKOI MATPHIIL
get OTpumaHHS €IeMEHTa 3a 1HJIeKCaMHU

Hoctyn Ta moaudikaiis | set BcTaHoBIEHHSI 3HAUYEHHSI €JIEMEHTA
dimensions OTpumaHHs pO3MIpIB MaTpPHIIL
rotate_row_right [{uknivyHUi 3CyB psiiKa MPaBoOpyd

rotate_row _left [ukmivyHU# 3CyB pslKa JiBOPYY

Onmnepariii o0epTaHHs _
rotate_column_up [{uknivyHU 3CyB CTOBIIISI BrOPY
rotate_column_down | LlukinigyHU# 3CyB CTOBIILS BHU3

OcoOnuBicTIO peaini3alii € BUKOPUCTaHHS BIPTYaJbHUX 3MIIIEHb 3aMICTh
¢i13MuHOrO mMepeMillleHHsl JaHUX MpU Omepalisx o0epTaHHs, IO 3a0e3neuye
KoHCTaHTHY ckiaaHicTe O(1) mns omeparmiii 3cyBy. lle mocsiraeTbes y cmoci6
MIITPUMKH BEKTOPIB 3MIIEHb Ta BIATOBITHOTO MEPEPaxyHKy 1HACKCIB MPH JIOCTYII
710 €JIEMEHTIB.

Peanizamist kjacy J€MOHCTpYE 3aCTOCYBaHHS HACTYMHUX IPUHIIMIIIB
NPOEKTYBAHHS:

—IHKaICyJIsLisl BHYTPIIIHBOTO MPEACTABICHHS JaHUX;
—MapaMeTPUYHUN TTOMIMOP(I3M Yepe3 BUKOPUCTAHHS y3arajlbHEHUX THIIIB,;
—e(eKTUBHE yNpaBIiHHS NaM’ SITTIO 3aBISKH BUKOPUCTaHHIO KOHTeHHepa Vec;

— ONTUMI3allls TPOAYKTUBHOCTI Yepe3 BipTyalli3allilo orepalliii 3CyBy.
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Jlanwuii kjac BiAirpae KJt04oBy pojib y peaiizaliii Moau(iKoBaHOTO alrOpUTMy
XemMiHra, 3abe3neuyroun e(EeKTHBHI omeparlii 3 MaTpuIsIMA TIPU KOJAyBaHHI Ta

JIEKOTyBaHH1 JJAaHUX.

2.7.2 IlpoekTyBaHHsi Ta IMILIEeMeHTAallisi NPOrpaMHOro 3ade3ne4YeHHs!
HammingCodec paasi  peamizaumii  3aBaJoCTiHKOr0 KOAYBaHHSA 3

PO3IIUPECHUMHU MOKJINBOCTAMHU )IiaFHOCTI/IKI/I

Kimac HammingCodec sBnsge coOoro peanizamito MoaAu(IKOBAaHOTO KOy
Xemminra (12,8) 3 po3mHpeHUMU MOXKIIUBOCTSMH BIJICTEKEHHS MPOIECY KOAYBaHHS
Ta JEKOyBaHHSI.

BryTpimHs apxiTekTypa Kiacy, npecTaBicHa Ha aiarpami kiaciB (puc. 2.14),
CKJIaaeThes 3 Oydepa PpiKCOBAaHOTO pO3MIpY JJisi 30€piraHHsl 3aKOJOBAHUX JAHHUX
(buffer size = 24 Gaiitu), po3Mipy MOYATKOBUX AaHUX (data size = 16 GaiTiB) Ta
KypHaIJly TIOKPOKOBOTO BUKOHAHHS oreparlii (steps). KoxkeH Kpok komyBaHHsI a0o
JeKOIyBaHHs 30epiraeTbcs y CTpyKTypl EncodingStep, 110 MICTUTH OIKC Omepariii,

MOTOYHUM CTaH JaHWUX Ta TUIl BUKOHYBAHOI OIepallii.

HammingCodec

-buffer_size: usize
-data_size: usize
-steps: Vec<EncodingStep>

+encode(data: &[u8]): Vec<u8>
+decode(received_data: &[u8]): (Vec<u8>, Stats)
-calculate_control_bits(data_bytes: &[u8]): Vec<u8>
-horizontal_shift(buffer: &[u8], direction: i32): Vec<u8>
-vertical_shift(buffer: &[u8], direction: i32): Vec<u8>

» uses 'V contains A produces
1
Matrix2D i
-data: Vec<T> R
“rows: usize EncodingStep Stats
-cols: usize
-row_starts: Vec<usize> +description: String +corrected_informational_bits: u32
-col_starts: Vec<usize> +data: Vec<u8> +parity_bits_errors: u32
+get(row: usize, col: usize): Option +step_type: StepType +multiple_errors: u32
+set(row: usize, col: usize, value: T): bool
+rotate_row_right(row: usize, k: usize)
+rotate_row_left(row: usize, k: usize)

¥V has
1

StepType

DataPreparation
ParityCalculation
HorizontalShift
VerticalShift
ErrorDetection
ErrorCorrection
FinalResult

Pucynok 2.14 — Jliarpama xmnaciB it 610J110TeKH KOTyBaHHS Ta JEKOAYBaHHS

HammingCodec
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[Ipouiec KomyBaHHA, Bi3yalli30BaHUW Ha Jiarpami AisuibHOCTI (puc. 2.12),
MOYMHAETHCS 3 BajiJamii BXIIHUX JAaHUX Ta iX MATOTOBKH 10 KomyBaHHs. Jlami
BUKOHYETHCSI OOUMCIICEHHSI KOHTPOJBHUX OITIB 3TIHO 3 MAaTpPHUIICI0 MEPEeBIPKU
napHocTi (Tabm. 2.2). OcobnuBicTIO peamizamii € 3acTOCyBaHHS oOmeparii
TOPU30HTAILHOTO Ta BEPTUKAJIBHOIO 3CYBY [UISl MIJIBUIEHHS 3aBaJOCTIHKOCTI
KOZLY.

[Iponiec mexkomayBaHHS, MPEACTABICHUN Ha jaiarpami AisbHOCTI (puc. 2.13),
BKJIFOYA€ 3BOPOTHI oOmepaiii 3CyBy, BHSBJICHHS Ta BHIIPABICHHS MOMWJIOK Ha
OCHOBI1 00YHUCIIEHUX CUHAPOMIB. CTaTUCTUKA MPOLIECY IEKOyBaHHS HAKOMIUYY€ETHCS
y CTpyKTypi Stats, 1o MICTUTh IH(OpMaIi0 TPO KUIBKICTh BHUIIPABICHUX
iH(opmaliiHUX OI1TIB, MOMUIIOK Y KOHTPOJBHUX O1TaX Ta BUSBICHUX MHOKWHHHX
TIOMMUJIOK.

B3aemogis 3 MaTpuyHUMU omepalisiMu 341HCHIOEThCS yepe3 kiac Matrix2D,
mo 3abe3nedyye e(peKTUBHY peai3aliio oIepaiiil 3CyBy Ta MaHINyJIAMid 3
OiTaMu. ApXITEKTypa MPOTrpaMHOr0 3a0e3Me4YeHHs JIEMOHCTPYE YITKE PO3AUICHHS
BIMOBIAAIBHOCTI Mk KoMmmoHeHTamu, e HammingCodec BUCTymae OCHOBHUM
KOOPJIMHATOPOM IPOLIECIB KOAYBAaHHS Ta JACKOAYBaHHS.

Peanmizamisa kimacy B MoBi Rust 3a0esmneuye onTuManbHy NPOAYKTHBHICTD
3aBIISIKH BIJICYTHOCTI HAaKJIaJHUX BUTPAT HA KEPyBaHHS IMaM’ ATTIO Ta BUKOPUCTAHHIO
edexkTuBHUX CTPYKTYyp nanux. Cuctema TumiB Rust rapantye 6e3neky pobotu 3

maM’sSITTIO Ha eTarl KOMITUIALII, 110 € KPUTHYHUM JJII CHCTEM Iepeadl JaHuX.

2.7.3 IIpoekTyBaHHSl Ta IMIUIEMEHTALlisi KOPUCTYBAUbKOIro iHTepdeicy ais

NIArHOCTHUKHU MPOoIEeCiB 3aBAJOCTIHKOr0 KOIYBAHHSA

['padiunnii inTEepdeiic KoprucTyBaua peaii3oBaHO 3 BUKOPUCTAHHAM 010J110TeKU
egui, mo 3abe3mnedye KpocrmiaThopMHy pPo3poOKy HATHBHHUX JOoAaTKiB Ha Rust.
OCHOBHI KOHCTaHTH Ta IKOHKHM 1HTepdeiicy BU3HaueHo y ¢aiimi gui.rs. BizyanbHi
enemenTtu 30araueHo Unicode-1KOHKaMU 7151 TOKPAIIEHHS KOPUCTYBAI[LKOTO JOCBITY
Ta 1HTYITUBHOTO PO3YMIHHS CTaHy OMeparii.

Apxitektypa GUI 06a3yeTbcsi Ha peakTUBHOMY MIiIXOAl, A€ CTaH JOJATKY

ABTOMAaTU4YHO BiI[O6p3>Ka€TBC$I y Bi3yaHBHI/IX KOMITOHEeHTaX. | 0JI0BHE BIKHO ImporpamMu
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MICTUTBH TPU OCHOBHI CEKIIii: TAHEJIb BBEICHHS IAHUX, ITAHEJIh KEPyBaHHS OTIEpaIlisiMU
Ta MaHeIb BIIOOpaXEHHSI pe3yJIbTaTiB.

[TaHenms BBEACHHSA JaHWUX JO3BOJISIE KOPHUCTyBady BBOIUTH 16-0aiToBI
MOCTIAOBHOCTI Y HIICTHAIIATKOBOMY (popMmati. PeanizoBaHo Bamifailito BBEIACHHS
3 BI3yaJIbHUM IIOKa30M IIOMUJIOK Ta IMiJKa3KaMU II0JI0 KOPEKTHOro (opmary
naHux. JlomaTtkoBo TependadeHo MOXKIMBICTH TeHepallli BHUMAAKOBHX TECTOBHUX
MOCJIIOBHOCTEN ISl IEMOHCTpAIlli poOOTH aITOPUTMY.

[Iporiec kogyBaHHS Bi3yalli3y€eThCs Yepe3 MOKPOKOBE BIIOOPaKECHHSI Orepariii
(puc. 2.15), ne KoXkeH KpOK CYNPOBOIKYETHCS BIAMOBIIHOIO 1KOHKOIO Ta OMHCOM
BUKOHYBaHO1 orepairii. KoabopoBe KogyBaHHS JoTIOMarae IMIBUIKO 1A€HTH(IKyBaTH

THUIT OTEepallii: MiJroToBKa TaHUX, OOUYHUCIICHHS! KOHTPOJbHUX OITIB, Oreparlii 3CyBy.

) Hamming Code Transcoder
) g p Q Algorithm Steps
Hamming Code Transcoder Q Algorithm Steps
Enter text to encode: < step 1: Initial data preparation
1111111111111111 It Index Il Hex
Bit7
Bit6

Bts 1111111111111111

& Original Data i Offset lt Hex % Binary & Text Bt4 1111111111111111
31 31 31 31 10001100 10001100 10001100 10001100 1111 Bit3
31 31 31 31 10001100 10001100 10001100 10001100 1111 Bit2
31 31 31 31 10001100 10001100 10001100 10001100 1111 Bit 1
31 31 31 31 10001100 10001100 10001100 10001100 1111 e L L L TR g (]
Index ©0 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15
Hex 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31
@ Encoded Data lu Offset Il Hex % Binary

11 62 84 08 10001000 01000110 00100001 00010000 W Step 2: Calculated parity bits
11 26 4C 98 10001000 01100100 00110010 00011001

It Index It Hex
31 62 C4 89 10001100 01000110 00100011 10010001 Bit7
13 26 4C 98 11001000 01100100 00110010 00011001 Bit6
31 62 €0 81 10001100 01000110 00000011 10000001 BtS 1111111111111 11111
13 26 08 00 11001000 01100100 00010000 00000000 Bt4 111111111111111111
Bit3
Introduce Random Error Bit2
Bit1
BtO 111111111111111111 11

Index 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Hex 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 00 00 31 31 00 00

+ 0 Step 3: Applied horizontal shift

Il Index Il Hex
Bit7
Bit6
BitS 11 111111111111111111
Bita 11 111111111111111111
Bit3
Bit2
Bit1
BtO 1111111111111 11111 11

Index 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Hex 11 31 21 01 11 31 31 31 31 31 31 31 31 31 31 31 31 31 30 30 31 31 20 00

0 Step 4: Applied vertical shift

It Index l Hex

Bit7 1 1 11 1 11
8it6 1 1 11 1 11
Bits 1 1 11 1 11 1
Bita 1 1 11 1 11 1
Bit3 1 11 1 11 1
Bit2 1 11 1 11 1

V' Q show Algorithm Steps. Bit 1 1 1 1 11 1 11

Pucynok 2.15 — Bisyaunizauis npoiiecy KOAyBaHHS 3 MOKPOKOBUM

B1JIOOpa)KEHHSIM OTlepaliiif

Oco0OnuBy yBary npuauIeHO Bi3yalizailii mpolecy BUSBICHHS Ta BUIIPABICHHS
noMusiok (puc. 2.16). Intepdeiic HAOYHO [IEMOHCTpyE TO3ULITI BHUSIBICHUX

NOMWIOK, THUI TOMWIKKA (OJMHMYHA YW MHOXHHHA) Ta pe3ylbTaT KOPEKIii.
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CraTucTka JIeKOyBaHHS B1IOOPaKAETHCSA Y KOMIAKTHIA (OpMI 3 BUKOPUCTAHHSIM
1H(QOPMATUBHUX 1KOHOK.

Peamizamisi 1HTepdericy 3abe3reuye aCHHXpPOHHE BHKOHAHHS —OIleparlii
KOTyBaHHS Ta JEKOMyBaHHS, IO JO3BOJisA€ 30epiraT YyHHICTH iHTEepdeicy
HaBITh NpuU O0O0poOIl Benukux o60csariB gaHux. Cucrema OOpOOKM IMOMMIIOK
IHTETpOBaHa 3 Bi3yaJbHUM IPEACTABICHHSM, 10 3a0€3Meuye MUTTEBUN 3BOPOTHUM
3B’S30K KOPUCTYBady IMPO CTaH OIepalliil.

oo e Hamming Code Transcoder

X d d Q Algorithm Steps
Hamming Code Transcoder Q Algorithm Steps
8it6

Enter text to encode:

1111111111111111 8its 11
Bta 11 11
8it3
Bit2
8it 1

® Original Data i Offset l Hex % Binary GText

BitO 11 11
Index 00 01 02 03 04 05 06 07
Hex 11 11 00 00 31 31 00 00

31 31 31 31 10001100 10001100 10001100 10001100 1111
31 31 31 31 10001100 10001100 10001100 10001100 1111
31 31 31 31 10001100 10001100 10001100 10001100 1111

31 31 31 31 10001100 10001100 10001100 10001100 1111 A0 Step 7: Calculated syndromes

It Index I Hex
8 Encoded Data I Offset I Hex %8 Binary Bit7

11 62 84 08 10001000 01000110 00100001 00010000 EiLe
11 26 4C 98 10001000 01100100 00110010 00011001 LI
31 62 C4 89 10001100 01000110 00100011 10010001 Bid
13 26 4C 98 11001000 01100100 00110010 00911001 g:t;
31 62 CO 81 10001100 01000110 00000011 10900001 e
13 26 08 00 11001000 01100160 00010000 00000000 )

Index 00 01 02 03 04 05 06 07
Introduce Random Error Hex 20 20 00 00 90 60 80 08

3 Corrupted Data (1 changes) il Offset Il Hex % Binary g Deeced] /A O Step 8: Found error at position (5, 0)

11 62 84 08 10001000 01000110 00100001 00010000 ¥ Byte 05: bits 020 modified It Index It Hex
11 [22] 4c 98 10001000 01(0]00100 00110010 00011001 Bit7
31 62 C4 89 10001160 01000110 00100011 10010001 Bit6
13 26 4C 98 11001000 01100100 00110010 00011001 Bit S 111111111111111
31 62 (0 81 10001160 01000110 00000011 10000001 Bit 4 1111111111111111
13 26 08 00 11001000 01100100 00010000 00000000 Bit3
Bit2
It Modify byte: Position: 0 Binary value: (00000000 ] A Modify Bit 1
Decode Bit0 1111111111111111
Index 00 01 02 03 04 05 06 07 68 09 10 11 12 13 14 15
& Decoded Data I Offset lt Hex 9 Binary & Text Hex 11 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31
31 31 31 31 10001100 10001100 10001100 10001100 1111
31 31 31 31 10001100 10001100 10001100 10001100 1111 v Step 9: Final decoded data
31 31 31 31 10001100 10001100 10001100 10001160 1111 It Index I Hex
31 31 31 31 10001100 10001100 10001100 10001160 1111 Bit7

Bit6

p T — Bts 1111111111111111
ecoding Statistics Bt4 1111111111111111

% Corrected Information Bits: 1 Bit3
Bit2
Bit1
BtO 1111111111111111
Index 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15
0 . show Algorithm Steps Hex 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31 31

Pucynok 2.16 — Inrepdeiic BUsSBIECHHS Ta BUIPABICHHS MTOMHJIOK

Jlnst  3a0e3nedeHHs JOCTYMHOCTI 1HTepdeiicy peani3oBaHO MiJATPUMKY
KJIaBiaTypHOi HaBiramii Ta KOMOIHAIIi KJaBill JJii OCHOBHUX omepamiid. Yci
TEKCTOB1 €JIEMEHTHU 1HTep(ency JIOKaIi30BaHO Ta O(OPMIIEHO 3 YpaxyBaHHSIM
MPUHIIMIIB TEXHIYHOI JOKYMEHTAITl1, IO MOJIETIIY€E PO3yMIHHS MPOLIECIB KOAYBaHHS

Ta JCKOAYBAaHH:.
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2.7.4 Metoaosorisi Ta pe3yJbTaTH TeCTYBaHHS NPOrPaMHOro 3a0e3ne4eHHs

TecToBe MOKPUTTS pO3pOOICHOT 610T10TEKH peaTi30BaHO HA JEKIIBKOX PIBHSIX
a0cTpakiri, mo 3abe3rneuye BCeOIUHY MEPEBIPKY KOPEKTHOCTI POOOTH CHCTEMH.
3aranpHu MOKa3HUK NMOKpUTTA koxy Tectamu (Code Coverage) ctaHoBuTh 98.7%,
IO MiJITBEPAKYEThCS 3BITaMU 1HCTpYMEHTYy cargo-tarpaulin. Koxxen myOmiunuii
METOJ] Ta CTPYKTypa CYIPOBOIKYIOTHCS BHUEPIHOIO JOKyMEHTall€o y (opmari
rustdoc, 110 BIAMOBIMa€E cTaHAapTaM Oo(QOpMIICHHS TEXHIYHOI JOKyMeHTarlli Rust.

[aTerpariss 3 cHCTEMOIO aBTOMAaTH30BAaHOTO TECTyBaHHS cargo-llvm-cov
3a0e3neuye TeHepalilo METPUK MOKPUTTS KOAY Ha PiBHI IHCTPYKIIH, 110 T03BOJISIE
31ACHIOBATU KUJIBKICHY OI[IHKY TOBHOTH TE€CTYBaHHS Ta (JOpMyBaTU CTPYKTYpPOBaHI
3BiTH y popmati HTML nnst mogansiioro anamizy Ta JOKyMEHTYBaHHS pe3yJIbTaTiB
Bepudikallli nporpaMmHoOro 3abe3rneueHHs.

[Ipouiec  MOKyMEHTyBaHHS  pe3yJbTaTiB  IHTETpaIliiHOTO  TECTyBaHHS
peanizyeTrbcsa 4epe3 (QOpMyBaHHS CTPYKTYpOBaHHUX 3BITIB, M0 MICTSTh
JICTAIbHUA  OMHMC BUKOHAHMX TECTOBUX  CIIEHApiiB, aHai3  BUSBICHUX
ocobmuBocTel (YHKIIIOHYBAaHHS CHCTEMHU Ta PEKOMEHAAIlli MO0 ONTUMIi3alli
B3a€MO/IIi KOMIIOHEHTIB MpPOrpaMHOro 3abe3neueHHs. Pesynbratu TecTyBaHHs
BUKOPHUCTOBYIOTBCSI JIJIi TIOJAJBIIOTO BIOCKOHAJICHHS apXITEKTypU CHUCTEMH Ta
MIABUIIEHHS HAAIMHOCTI MEXaHI3MIB B3a€MOII MK i1 KOMIIOHEHTAMHU.

JlokyMeHTaIlis TECTIB IHTErPOBaHA 3 OCHOBHOIO JIOKYMEHTAIIEI0 MTPOEKTY Ta
noctymnHa yepe3 cargo doc. KoxkeH TecToBUi BUMAI0K CYITPOBOIKYETHCS AETAIbHUM
OTIMCOM METH, BXITHUX JIaHMX, OYIKYBaHUX PE3YJIBTATIB Ta KPUTEPIiB yCHIITHOCTI,
110 3HAYHO MOJICTIIYE MOAATBITY MIATPUMKY Ta PO3IIUPEHHS TECTOBOTO MOKPHUTTSL.

ba3oBuii piBeHb TECTyBaHHS peali3ye KOMIIEKCHY METOMOJIOTII0 Bajimarrii
cTpyktypu Matrix2D, mo 3a0e3neuye cucteMaTHUHy NEPEeBIPKY KOPEKTHOCTI
(GyHKIIIOHYBaHHS MaTPUYHUX OIEpallii B yMOBax PI3HUX CIICHAPIiB BUKOPUCTAHHS
IPOTPaMHOTO TMPOIYKTY.

ApXITEKTypa TECTOBOTO 3a0e3MeueHHs CTPYKTypOBaHa BIAMOBIIHO 0O
NPUHLIMITB MOJYJIHHOTO TECTYyBaHHS Ta BKJIOYAa€ BepU(DIKaI[lI0 KOHCTPYKTOPIB
KJacy, A€ 3IIACHIOETHCS Ballijarisl KOPEKTHOCTI 1HIimiamizamli o0’€KTIB dYepes
meronu Matrix2D::new() ta Matrix2D::from vec() 3 nopanbiow Bepudikailieto

BIJIMOBITHOCT1 PO3MIPHOCTEH Ta MUIICHOCTI CTPYKTYpH JIaHUX.
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[Ipouec Bepudikarii onepariii JOCTyIy A0 €IEMEHTIB MATPUYHOI CTPYKTYPHU
peani3yeThes uepe3 CucTeMaTHyHe TeCTyBaHH MeToAiB get() Ta set(), mo 3abe3mneuye
BaJIJAI10 KOPEKTHOCTI 1HAEKcallli Ta 0OpOOKH rpaHUYHUX BUIIAJIKIB ITPU B3aEMO/II]
3 JIaHWMH, BKJIIOYAIOYM TIEPEBIPKY CTIMKOCTI MPOTPaMHOTO 3abe3medeHHs 0
HEKOPEKTHUX BX1JIHUX MapaMeTpiB.

KomrmimekcHe TecTyBaHHA MAaHIMYNAIIA 3 JaHUMH OXOIUIIOE  BasiJalliio
omepaiiii TpaHcopMmalii MaTPUYHOI CTPYKTYpH, BKIIOUAOUM BepUQIKAIIIIO
METOJIIB OOepTaHHS PAAKIB Ta CTOBHIIB (rotate row right(), rotate row lefi(),
rotate_column_up(), rotate_column_down()), 3 0cOOIHBOIO YBarow 10 30epeKeHHs
IIJIICHOCTI JaHWUX IPHU BUKOHAHHI KOMOIHOBaHUX oreparliii Tpanchopmariii.

MeTtononorisi TeCTyBaHHSI T'pDaHMYHUX BHUIAJKIB 3a0e3mneuye BepuQIKallio
CTIHKOCTI TpPOrpaMHOro 3a0e3MeueHHsT B YMOBaxX EKCTPEMalbHUX CIICHApIiB
BUKOPUCTAHHA, BKJIIOYaIOYM OOPOOKY MOPOXKHIX CTPYKTYp AaHUX Ta BalJaliio
KOPEKTHOCTI  ()YHKIIIOHYBaHHS TIpU TPAHUYHUX  3HAYEHHSAX  MapameTpiB
Tpancdopmaiii.

InTerpamiiine TectyBaHHs mnporpamHoro 3a0esnedeHHss HammingCodec
peanizye KOMIUIEKCHY METOI0JIOTiI0 Bepu(ikallii B3aeMOo/Iii KOMITIOHEHTIB CUCTEMH,
7€ OCHOBHHUM 00 ’€KTOM JaociipkeHHs Buctymnae kiac HammingCodec Ta ioro
1HTErpalis 3 CyMibKHUMH MOJYJISIMU ITPOrpaMHOTO Komruiekcy. [Iporec TectyBanHs
0a3y€eThCsl HA CUCTEMATHYHOMY ITiJIXO/I1 10 BaJijiallii KOPEKTHOCT1 (PYHKI[IOHYBaHHS
MEXaHI3MIB KOAYBAaHHS Ta JEKOMyBaHHA 1H(opmallli B KOHTEKCTI iX B3aeMOIIi 3
MaTPUYHUMU CTPYKTypamMu JAaHUX Ta CUCTEMOIO0 OOPOOKH MOMMIIOK.

MeTtoponoris iHTerpaiiifHOro TeCTyBaHHs nependayae Bepudikaiiiro mporecis
TpaHchopMallli JaHUX Ha BCIX eTamax ix OOpOoOKHM, BKIIOYAIOUM BaJIiJaIliO
KOPEKTHOCT1 KOHBEPCii OITOBUX IMOCIIIOBHOCTEH, IEPEBIPKY HUIICHOCTI JAHUX MPH
nepenayl Mixk KOMIOHEHTAMU CUCTEMH Ta BepU(iKalil0 MEXaH13MIB CUHXPOHI3aIlli
cTaHiB 00’€KTIB y MpoOIleCi BUKOHAHHS ONEpalliii KOAyBaHHS Ta JEKOIyBAaHHS.
OcoOnuBa yBara NMpHUAUISETHCS TECTYBAHHIO CLIEHApiiB OE3MOMUIIKOBOI Iepeaayl
JTaHUX, 110 3abe3reuye Bamiaamiio 0a30B0i (PYHKIIIOHAIBHOCTI CUCTEMH B YMOBaX
MITAaTHOTO (PYHKIIIOHYBAaHHS.

TecroBe 3a0e3eueHHs IHTETPALIITHOTO PIBHS peai3y€e KOMIUIEKCHUM MiIXiz

no Bepudikamii B3aemoali MK kKommoHeHTamu Matrix2D Ta HammingCodec,
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BKJIIOYAIOUYM TECTYBAaHHS KOPEKTHOCTI Mepefadl JaHuX MK MOAYJSMHU, BaJiJaIliio
nporieciB TpaHcdopmariii iHbopmarllii Ta IepeBIpPKy Y3TOMKEHOCTI CTaHIB CUCTEMH
Ipyd BUKOHAHHI TOCJIJOBHOCTI oOIlepaliii KoayBaHHsS-AekoayBaHHsA. [Iporec
TECTYBaHHS CYNPOBOIKYETHCS JCTAIBHUM JOKYMEHTYBaHHSIM pe3yJbTaTiB Ta
(opMyBaHHSM 3BITIB MPO BUSABIEHI 0COOIMBOCTI (DYHKI[IOHYBAHHSI CUCTEMHU.

Metonuka 1HTETpALIHOTO TECTyBaHHS BKJIIOYae BepH(]IKaIio MEXaHI3MIB
00pOOKM BUHATKOBUX CHUTYaIlll, 1110 BUHUKAIOTh Ha MEXI B3a€EMOJIIi KOMIIOHCHTIB
CHUCTEMH, 3a0e3Meuy0qH BaJliJaIlif0 KOPEKTHOCTI OOPOOKH MOMUJIOK Ta BiTHOBJICHHS
IITATHOTO (PYHKLIOHYBaHHS MPOTPAMHOrO 3a0e3MeueHHsl MICIsl BUHUKHEHHS
aHoMaJbHHX cutyamii. OcobiMBa yBara NpUAUIETECS TECTYBAaHHIO CHHXPOHI3AIli
CTaHIB 00’€KTIB Ta BepuQiKallli KOPEKTHOCTI Mepeaaydi KOHTPOJIbHOI 1H(opmarllii
M1 MOIYJISIMH CUCTEMHU.

OcoOnuBy yBary MNpHUAUIEHO TECTYBAHHIO 3aBaJOCTIMKOCTI CHUCTEMH, IO
pealli3oBaHO Yepe3 IMITAIlil0 amapaTHUX 3001B Ta CTpec-TeCTyBaHHSA. MeTonuka
TECTYBaHHS peajli3ye KOMIUIEKCHY METOAOJOTiI0 Bepudikallii CTIMKOCTI CUCTEMHU
JI0 amapaTHUX Ta MPOTrpaMHUX 300iB dYepe3 CUCTEMaTHYHYy IMITAIll0 aHOMaJbHUX
CUTyallil y KOHTPOJhLOBAHOMY cepeaoBuii. Ilpomec TectyBaHHs Oa3zyeThes
Ha TeHepallli CTOXaCTHYHUX TMOCTITOBHOCTEH OITOBUX MOMHJIOK 3 IOAAJIBIION0
BaJIJAII€}0 MEXAHI3MIB 1X BUSIBICHHS Ta KOPEKIIIi, 10 3a0e31euye BCEO1UHY OLIHKY
HAJIHHOCTI CHCTEMH B YMOBax MOTCHIIIHUX 3001B.

Omiaka  3aBaJOCTIHKOCTI  3alMpOIIOHOBAHOTO  METOAY  BHUIIPaBJICHHS
0aratoOITOBUX TOMMIIOK 3JIIMCHIOBAJIacd 3a JOMOMOIOI MPOTPAMHOI MOJEIl

KaHaJly Tiepesiadl 1aHuX, CTPYKTypHa cXeMa sIKOi IpejacTaBieHa Ha puc. 2.17.
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Mporpama - Mporpama -
reHepaTtop .| TMMporpama - f \ .| TMporpama - KomnapaTop
iHpopMaLLiiHMX 4 Koaep \\ / “|  nekonep KOMOBMX
6iTiB A > KOMbiHaLin
Mporpama -
reHeparop
NMOMMJITOK
nepepnaui

Pucynoxk 2.17 — CrtpyKkTypHa cxema MporpamMHOi MOJENI KaHaly nepeaadl JaHuX

CrpykTypHa cxemMa TMpOTpaMHOI MOJENl CKJIAJA€TbCsl 3 HACTYNMHUX

KOMITOHEHTIB 3a3HaueHux y tabmumi 2.10.

Tabnuis 2.10 — KoMmoHeHTH mporpaMHOi MoJIeNTi KaHally Tiepeaadl JTaHuX

KomnoneHnt | @yHKIlIOHAJIbHE NMPU3HAYCHHS

®dopmyBaHHs TecToBUX 16-0aliToBUX 1H(OpMAaLITHIX

Generator . }
MOCJIIIOBHOCTEHN ISl TIPOIICAYPU KOTYBAHHS
Cod Peanizariis po3po0ieHoi cxeMHu 3aBaJ0CTIMKOTO KOTYBaHHS
oder
3 BUKOPHUCTAHHAIM MOJIU(]PIKOBAHOTO KOAY XEMMiHTa
B ImiTariss CHOTBOPEHb AaHUX Yy KaHall 3B 53Ky y CIOCiO
rror
BHECEHHS KOHTPOJHOBAHUX OITOBHX MOMUIIOK
Peamizartis anropuTMy BUSBIICHHS Ta BUIIPaBICHHS
Decoder

MOMUJIOK Ha OCHOBI MOJIM(DIKOBAHOTO KOy XeMMiHTa

Banigariisi KOpeKTHOCTI BITHOBJIEHHS TaHUX Yy CIOCIO
Comparator | mopiBHSHHS J€KOI0BaHOI iH(pOpMAaIIii

3 BUXITHOKO ITOCIITOBHICTIO

ExcnepuMeHTabHE 10 CTIAKEHHS POBOIUIOCH B aBTOMATU30BAHOMY PEXKUMI
3 MOXJIMBICTIO JMHAMIYHOTO KOHTPOJIIO TapaMeTpiB EKCHepuMEeHTy. IMirtaris
CIIOTBOPEHb y KaHalll 3B’S3Ky peajizoBaHa Yy CIIOCIO 3acTOCyBaHHS omepartii

BUKJTI04HOTO ABO () 110 3aK0/10BaHUX 1H(POPMAIIHHUX MOCIIIOBHOCTEH. Y Tporieci
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EKCMEPUMEHTAIBHOTO JTOCHKEeHHsT Oyno mpoanaiizoBaHo 6120 iHdopmamiitHux
OJIOKiB, IO 3a0€3MEYMI0 CTATUCTUYHY 3HAYYIIICTh OTPUMAHUX PE3yJIbTaTiB.
MeTonrka OLIHKH 3aBaJOCTIHKOCTI CHCTeMH 0a3yeThCsl Ha CTATUCTUYHOMY
aHami3l pe3ylbTaTiB TECTyBaHHS, J€ KIIOYOBUMH METPUKAMU BUCTYIAIOThH
CIIBBIHOIICHHS KPATHOCTI MOMIJIOK /10 KUTBKOCTI YCIIIIHO JACKOJOBaHUX OJIOKIB,
KOe(IIIEHT BUSBICHHS TOMUJIOK SIK BITHOIIEHHS K1JIbKOCT1 BUSIBJICHHUX CTIOTBOPEHHUX
OITIB 70 3arajbHOI KUJIBKOCTI MepeJaHux OITiB, a TAKOXK €(PEKTUBHICTH KOPEKIIIi,
10 XapaKTEPU3YETHCS CIIBBIIHOMICHHSIM KUIBKOCTI BUIIPABICHHUX 1H(OpMAIIITHIX
OITIB 10 3arajbHOI KUIBKOCTI MOMWJIOK B 1HGopMauiiiHux Oitax. [lomarkoBum
MOKAa3HUKOM HAIIHHOCTI CHCTEMHU CIIYTY€E ii CTIHKICTh JO MHOXHHHUX ITOMMIIOK,
10 BU3HAYAETHCS Yepe3 aHall3 KIJIbKOCTI HEBUIIPABHUX IMOMUJIOK y O1Tax MapHOCTI
Ta ¢aTanbHUX 0araTo0iITOBUX MOMMIIOK.
JOCITIKEHHS 3aBa/I0CTINKOCTI

PC3YJ'IBTaTI/I CKCIICPMMCHTAJIbHOT'O

npeacTaBieHi B Tabmuin 2.11:

Tabmuus 2.11 — Pe3ynbraTtu TECTyBaHHS 3allPOIIOHOBAHOTO METO/ly BUSIBJICHHS Ta

BUIIPABJICHHS 0araropo3psIHUX MOMUIIOK

. . . Kinpkicth
Kparnicts . . . KinbkicTh KinbkicTh
Kinpkicte | KinbkicTb KinbkicTh TTOMMJIOK
MTOMIJTKH TIOMHJIOKY BHITPABICHUX .
MepeJaHnuX | MEePeJaHnuX | CIOTBOPEHUX | | N ) N y OiTax
B OJTHOMY i o L iHdopMaIiifHuX | iHpOpMAIIHHUX .
] OJIOKIB 0iTiB 0iTiB ) o MapHOCTI
OaiiTi Onoka OiTax 0iTiB
(HEe KOpPUTYIOTb)
1 192 36864 192 128 128 64
2 672 129024 1344 896 896 448
3 1344 258048 4032 2688 2688 1344
4 1680 322560 6720 4480 4480 2240
5 1344 258048 6720 4480 4480 2240
6 672 129024 4032 2688 2688 1344
7 192 36864 1344 896 896 448
8 24 4608 192 128 128 64

ExcniepuMeHTaibH1 10CHIIIKEHHS, TTpoBeieH] Ha BUOipI 6120 O10KIB JaHUX,
JE€MOHCTPYIOTh BUCOKY €(DEKTHUBHICTh CUCTEMU MPU BUSIBJICHHI Ta KOPEKI[IT TOMIIOK
pI3HOi KpaTHOCTI, MIATBEPIKYIOUM 3IaTHICTh CUCTEMHU 3a0e3ledyBaTd HaAllHy
nepenady JaHuX HaBiTh IPH HAsSBHOCTI MHOXHHHHX IOMHJIOK Y MEXKaX OJHOTO

Oaiity iH(popMaIiiHOTO OJIOKY.
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3a pesynbpraTaMu eKCIIEPUMEHTATBHOTO JAOCIIKEHHS BCTAaHOBJICHO:

1. IIpu omHUYHUX TTOMUJIKAX y 0alTi OJIOKY, HE3aJIe)KHO BiJ iX KparHOCTI (1-8),
3a0e3MeuyeThes MOBHE BIHOBJICHHS 1H(OpMaIiHUX OITIB

2.1lpu MakcumanbpHIA KpaTHOCTI moMWIOK (8 0iT) y ©OaifTi MiHIMaJlIbHA
KUJIBKICTH OJIOKIB 3 IIOMMJIKAMH CTAHOBHUTH 24, 110 BiAmoBigae 128 MOMIKOMKEHUM
iHpopMariiHuM O1TaM, K1 YCIIIIHO BlJHOBIIOIOTHCS

3. OnTumanbHa ePEKTUBHICTD KOPEKIIil JOCITAEThCS MPU KPATHOCTI TTIOMHJIOK 4,
7e cucteMa 3aarHa oOpobutn a0 322560 O10KiB 3 MOMUIKOBUMH OaillTamu, IO

Binnosinae 4480 ycminHO BiHOBIEHUM 1H(GOPMAIITHUM OiTaM

2.8 Apxirektypa ngaBauiB iHdopmamii 3aBaJOCTIHKOI CHCTEMH
MOHITOPHHIY CTAaHY NOTEHUiMHO He0e3me4yHMX O00’€KTIB Ha 0a3i

TexHoJoriii InTepHeTy peueii

Jlxepenom iHpopMmarii npo crad [THO y perionanbHii CUCTEMI MOHITOPUHTY
€ naBadi iHpopmariii. CBo€r0 yeproro, epBuHHA 1HGOPMAIIis 10 JaBadiB HAIXOIUTh
BIJl MEPBUHHUX IepeTBOproBaviB. [l mnepemadi mepBUHHOI 1HQPOpMalLli PO
cTaH 00’€KTa BijJ MEPBUHHOTO IMEPETBOPIOBAYA JI0 CXEMH JlaBadya 3alpOIIOHOBAHO
BUKOPUCTOBYBAaTH aHAJIOTOB1 KaHalW TMepefadl JaHuX, sKi BHUKOPUCTOBYIOTH Y
IPOMHUCIIOBUX CHCTEMaX KOHTPOJIO. Y TaKUX CHCTeMax SIK IPOMUCIOBUN CTaHIapT
3a3BMYail BUKOPUCTOBYIOTh CTPYM, 1110 3MIHIO€ThCS B Mexkax 4...20 MA. IIpu npomy
CTPYM BEJIMUYMHOIO 4 MA BIANOBIiJIa€ HYIbOBOMY 30BHIIIHBOMY CUTHANY, a cTpyM 20
MA — makcuMmaiabHOMY. Po3poOriena apxiTekTypa ajs gaBada iHdopMalrii HaBeIeHe

Ha PUCYHKY 2.18.
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Mam’AaTb
nporpam
Y
. MepeTBoOptoBay o
MepBMHHMI - P P N «| Mepexesuii
»| aHanorosoro » Mpouecop ' < .
nepeTeopoBay iHTepdenc
curHany

h 4 Y

OnepaTtuBHa

nam’aTb

Pucynok 2.18 — ApxiTektypa gaBaya iHdopMallii 11 CHCTEM MOHITOPUHTY
crany [THO

Icnye Oarato MeToNiB BHSIBJICHHS Ta BHUIIPABJICHHS IOMWIOK Iepeaadi
iHdopmarii. Y maHomy AOCHIDKEHHI HJis mepenadi iHGopmarii Bia JaBadviB
iHpopMalli Ha JOKaIbHUM piBeHb Oyd0 BHUKOPHCTAaHO METOJ Iepenaul
iHpopMariiiaux OnokiB, omucanuii B [12]. Ileit Meron m03BOJISE BHUSBISATH Ta
BUMPABIATH 0araro0iTOBI MOMWIKU MpH Tepenadi iHpopmartliinoro 610ky. Meroa
OasyeTbcsi Ha BHKOpUcTaHHI komiB Xemminra (12,8) ta moaudikoBaniil cxemi
koxyBaHHs. CyTh CXeMH KOIyBaHHSI Y TOMY, IO KOHTPOJIbHI OITH pO3PaxoBYIOTHCS
Ta JOJAIOThCA HE J0 KOKHOTO 1H(pOpMaIliiHOMY OaiTy, SKUH MEpPemacThCs IO
KaHaJy Tepenadi JaHuX, a 3TiTHO 31 CXEeMOI PO3pOOJICHOT CXeMH KOyBaHHSI.
[Ipyn upoMy nnsi mepmux BOCHbMH OalTIB MOBIJOMJICHHS Ui OITIB OIHAKOBOTO
PO3pSIy PO3PAXOBYETHCS YOTUPU KOHTpOIbHUX OiTH. ToOTO mpu mepenadi 16 6ailT
1Hpopmarrii HeooxigHO 00uucauTH 64 61T mapHocTi. [llicTHanUATE 1HQOpMALIHHIX
0aiiTIB yTBOPIOIOTH MaTpuIll0 OITiB 8 X 16, 70 AKOi J0JaeThCcsi Marpuilsi OITIB
napHocti 8 X 8. Y pesynbrari iHpoOpMaIs NEpeNacThCsl MO KaHajdaxX 3B’SI3KY Y
BUDIISIAI MaTpuIll 8 X 24 Oita.

HaiiOinpiie 30UTKIB  yTBOPIOIOThCS Yy Bumnaaky HactanHs HC Ha
rigporexHiyanx crnopygax ta 'EC. Tomy npu mpoekTyBaHHI aBTOMAaTH30BaHUX
cuctem MoHiTOopuHTy ctany [THO mist 'EC nmoBuHHI KOHTPOIIOBATUCH MapaMeTpH,

NepetiK SKUX HaBeAeHO y Tabmui 2.12.
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Tabmuus 2.12 — TlepBunna (BuxigHa) iHGOpMarlis 175 BUSBICHHS CUCTEMOIO

MOHITOPUHTY CTaHy 00’€KTy 03HaK 3arpo3u BuHukHeHHS HC Ha rizpocnopynax ta
I'EC.

Ne | KontponbroBaHa nepBuHHa (BuXinHa) iH(GopMarris Tumn nepBUHHOTO TIEpETBOPIOBaUA
1 | dedopmarii eneMeHTiB CIOPyIH. Kontpons mimicHOCTI meidin

2 | Yactotu obepranns Bany(iB) rizpoarperary(is). TaxomeTpuuni

3 | Ocimanp Ta rOpU3OHTANBHUX 3MIIIEHb €eMEeHTIB criopyau. | KoHTpoins minicHOCTI nuiei¢is

4 | ®i3uko-XiMIYHI TapaMeTpu BOIU Py4HMii KOHTAaKTHUN CHIOBINTYBad
5 | PiBHI BEpXHBOTO Ta HIKHBOTO O’ €diB. VYnbTpa3ByKoOBi piBHEMIipH

[TosiBa Ta piBHI BOAM y MPUMIIIEHHSX OTVISAOBOI rajepei, .
_ . . . EnexrpokoHTakTHHH /
6 | TypOiHHOMY TIPUMIIIIEHH], TPUMILIICHHAX .
. . MTOIUIAaBKOBUM
TOJIOBHUX BHUBOZIB T€HEPATOPIB.

7 | HasBHICTh pekuMy IMPOITYyCKY MaBOAKOBUX BOJI. Pyunuii KOHTaKTHHI CHIOBINyBaq

[ToeaHaHHs1 TOKOBOTO aHAJIOTOBOTO iHTEpdeiicy 4 . .. 20 M4 Ta BUKOPUCTaAHHS
3aXUIICHOTO KaHaIly 3B’sI3Ky 3a0e3mneuye CTiKy poOOTy JaBada, HE 3Ba)KarOuu Ha
BIJIMB 3aBaJ] B yMOBaX 1HIYCTpPiadbHOTO 00’ €KTA.

[Ile onvH MO3UTHBHHMM pe3yNIbTaT BiJ] BUKOPUCTAHHSA BXIJIHOTO CHUTHAIY
4 — 20 MA — 116 MOXKJIUBICTh BUSIBJICHHS CTaHy MOMMJIKH, TT03asK TOKOBUM CHUTHA,
HaBITh MPU HAWHWKYOMY 3HAUEHHI BIAPIZHAETHCA BiA Hylsl. TOOTO B KpailHbOMY
MOJIOKEHH] «HYJb» MEPBUHHHUI MEPETBOPIOBAY, SIK 1 paHilie, Bugae curuan 4 mA
1 SIKIIO 3HAYEHHS KONH-HeOyap mepexonutb y 0 mA, TO BUMIPIOBAJIbHUN JIAHLIIOT
HOLLKOKEHO.

['aMMa MepBUHHUX TEPETBOPIOBAYIB y MPOMMCIOBOMY BHKOHAHHI JOCHUTH
mmpoka. Och ekl MpUKIaIu:

[lepBuHHUI TepeTBOpIOBaY TUCKY Yy TOoKoBHH curHanm Pnomek cepii P16
300pakeHnii Ha PUCYHKY 2.19 3acTOCOBY€ThCS 11 3MIMCHEHHS IHUCTAHIIMHOTO

MOHITOpUHTY. Buxignuii curnan 4 — 20mA.
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Pucynok 2.19 — IlepBuHHMII epeTBOpIOBaY THCKY y TOKOBHM curHan Pnomek

cepii P16.

[NpapocTarnuHuii MEpBUHHUN MEPETBOPIOBAY PIiBHS BOAM y TOKOBUW CHTHAJ
cepii PTL 110 300paxenuii Ha pucysnky 2.20, 0-600 mbap, 0-25 bap, Buxinuuii

curgai 4-20 mA.

Pucynok 2.20 — T'impocTtatuuHuil IEpBUHHUMN TTEPETBOPIOBAY PIBHS BOJIU Y

TokoBuil curnan cepii PTL 110
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TaxomeTpuuHUl TEPBUHHUI MEPETBOPIOBAY KITBKOCTI OOEpPTIB y TOKOBHIA

curnan TO-6K-TK 300paxenuii Ha pucyHky 2.21.

Pucynok 2.21 — TaxomeTpuyHuil NEPBUHHUI MEPETBOPIOBAY KIIBKOCTI 00EPTIB Yy

TtokoBud cur"an TO-6K-TK

VY 3a51e’)KHOCTI BiJ] TUITY IEPBUHHOTO MIEPETBOPIOBAYA, 1110 BUKOPUCTOBYETHCA,
a TaKoXX Yy crHocid BHECEHHs MapaMeTpiB B MporpamHe 3a0e3meueHHs J1aBaya,
JIOCUTH JIETKO OTPUMATH TOYHE Ta HaJIWHE JpKeperno BXiaHo1 iHdopmalli s miiei

MoHIiTopuHry ctany ITHO.

2.9 BucHoBku a0 po3aiay 2

1. Anani3 MOXJIMBUX BapiaHTIB apXiTEKTypud MJid pPErioHaJIbHOI CHUCTEMU
mMoHiTopuHry crany [IHO nae mijicraBu cTBEpIKyBaTH, 10 € CEHC BUKOPUCTOBYBATU
[oT mepexi 3 TOMOJIOTIEI «3ipKay, Ta aHATITHYHOI MIACUCTEMH Ha 00 €KTOBOMY
PiBHI.

2. BaxxauMBUM OTPUMAaHHUM DPE3YJIbTaTOM JIOCHIIKEHHSI € po3po0Ka apXiTEeKTYypH,
QJITOPUTMIYHOTO Ta MPOTPaMHOrO 3a0€3MEUEHHS SK I CUCTEMH MOHITOPUHTY
crany [THO Ha perioHanbHOMY piBHI, TaK 1 Jyisl JaBadiB iHpopMallii, IKi MOXKYThb
OyTH BUKOPHUCTaHI SIK By3JU 300py MEpBUHHOI 1H(pOpMAIIl Yy CKIaal CUCTEMHU
moHiTopuHry crany [THO.

3.AHami3 HasABHUX MeETOAIB mepenadi gaHnx B loT BuIBMB HEOOXiTHICTH
PO3pOOKH Ta 3aCTOCYBAaHHS 3aBaJIOCTIMKOTO KOAYBAaHHS 3 MOKJIMBICTIO BHSBJICHHS

Ta BUIIPaBJICHHS 0araro0ITOBUX MOMUJIOK Mepenadl JaHuX.
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4.BripoBa/J>)KeHHSI 3allPOTIOHOBAHOTO METOJY BHSIBICHHS Ta BUIIPABICHHS
MOMUJIOK TIEpeaadl J03BOJIsE TPU mepemadl iHGOpMaIiiHOTo OJ0Ka IMOCIIIOBHO,
OaiiT 3a OaillTOM, BUABIATH Ta BUIPABISATH MNOMWIKHM mepenadi (30epiraHHs)
okpemoro OaiTy kpaTHicTiO Big 1 g0 8-mMu. OTpuMaHi pe3ylbTaTH MOSICHIOIOTHCS
BUKOPUCTAHHAM MOJM(IKOBaHOT CXeMHU KOAyBaHHs 1H(OpMallii, ska OCHOBaHa Ha
BUKOPHCTAHHI KOJIB XeMMiHra. BripoBayKeHHsI 3apOIIOHOBAHOT CXeMHU KOTYBaHHS
CTaJI0 MOXKJIMBUM 3aBJSIKM HOBUM aJrOpPUTMaM KOIYBaHHSI-JIEKOTyBaHHSI.

5. TectyBaHHS TpOrpaMHOI MOJAEN KaHally Mepenadl MiJITBEPAUSIO KOPUTYIOUH
MOKJIMBOCT1 3allpOTIOHOBAHOTO METOJY BUSIBJICHHS Ta BUIIPABICHHS MOMMWJIOK. 3a
pe3yapTaraMyd TECTYBaHHS MOXHa CTBEPKYBaTH, 110 HABITh MPU BOCBMHUKpPATHIM
NOMWILI Tepenadyl B Mexax OAHoro Oaity iHdopmaliitHoro Onoka (aranbHHX
NOMUJIOK HEe BUHUKae. [Ipo 1€ CBIAUMUTH BiACYTHICTH MOMWJIOK MpU mepenadi 24
Oaiit. [Ipu oMy Oyno BumpasneHo 128 indopmarriitnux OiTiB 31 192 nepenanux.
Ile moBomuTh, IO PO3POOJICHUH METOJ 3aBaJOCTIMKOTO KOAYBAaHHS Ma€ CEHC

BUKOPHUCTOBYBaTH NpHU noOynoBi perioHanbHux loT moniTopunry crany [THO.
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3 AJT'OPUTMIYHE TA ITIPOI'PAMHE 3ABE3IEYEHHS
AHAJITHYHOI TPEJUKTUBHOI NIJCUCTEMH PETTOHAJIBHOI
CUCTEMH MOHITOPUHI'Y CTAHY NOTEHIIMHO
HEBE3INEYHUX OB’EKTIB

OCHOBHHMM 3aBJIaHHSIM PETiOHANBHOI cHUCTeMH MoHiTopuHry ctany [THO e
OlepaTHUBHE MapaMETPUYHE OI[IHIOBAHHS JIJaHUX Ta IMPOTHO3YBAHHS MOXKJIMBOCTI
HC wna IIHO B perioHi crnocrepekeHHsA. AJNTOpUTMIYHE Ta MPOrpaMHe
3a0€3MeUeHHs] perioHaabHOi cucTeMu MoHITOpuHTY cTany IIHO 3abe3meuye
BI3yalli3allil0 aHaJITUYHUX I[OKA3HUKIB, (pOpMali30BaHl 3BITHU WHIOAO MOTOYHOTO
cTaHy 00’€KTiB Ta OOIpYHTOBaHI MPOTHOCTUYHI MOAei. 3a3HaueHa iHdopMarlris
HAJXOAUTh 10 ONEpaTopa CUCTEMH yepe3 MporpaMHuil BeOiHTepdeiic, K1l Takox
3a0e3rneuy€e TepMIHOBE CIIOBIIIEHHS MPU BUABICHHI MPOTHO30BAHOTO MOTIPIIECHHS

napaMeTpUYHUX MOKA3HUKIB Ta HECHPUSITIMBUX CLIEHAPIIB PO3BUTKY CUTYAIIil.

3.1 OOrpyHTyBaHHsl HeOOXiIHOCTI MiACHMCTEMH TPOTHO3YBAHHS B
perioHajJibHUX  CHCTEMaxX MOHITOPMHIY CTaHy TMOTEHUiHHO

HeOe3MmeYHuXx 00’ €KTIiB

CydacHl CHCTEMUM MOHITOPMHTY CTaHy MOTEHILINMHO HeOe3NeuHux
00’€KkTiB (YHKIIIOHYIOTh Ha OCHOBI MapaMETPUYHOTO KOHTPOJIIO BU3HAYAIHHHUX
XapaKTEePUCTUK 00’€KTy. AJnropuTMiuyHe 3a0e3NeueHHs 3IIMCHIoE (iKcalliio
NEPEBUIIEHHS JOKPUTUYHUX a00 KPUTUYHUX PIBHIB MapaMETPUUYHUX MOKA3HUKIB,
[0 XapaKTepu3yloTh CTaH jpkepes Hebesneku B Mexax [IHO. Tlpu BusiBiaeHHi
Takoi mojii cuctema (popMmye TEpMiHOBE CIOBILIECHHS OIeparopa Ta 3abe3meuye
OMOBIIIEHHSI TEPCOHANly Ta HaceJeHHs npwiermux Tteputopid. Ilpore Taka
opraHizaiisi mpouecy MOHITOPUHTY CyTTEBO OOMEKY€ 4aCOBUM pecypc omeparopa
CUCTEMH IJIsl pearyBaHHS, NPUUHATTS OOTPYHTOBAaHMX PIIIEHb Ta BIPOBAKEHHS
3aXx0/iB 11100 3aroo6iranus MoximBocti HC.

3 oIy Ha 3a3HAYCHE, MPOIMOHYETHCS YAOCKOHAJEHUN MiaXid 10 MOOYyI0BH
cucteM MoHITOpuHry ctany IIHO, siki € o0’exkTaMu KpUTHYHOI 1H(OpMALIHHOI
iH(ppacTpykTypu. lleHTpalbHUM KOMIIOHEHTOM CHUCTEMU Mae OyTH aHaJiTH4HA

INPCAUKTHBHA HiI[CI/ICTCMa, OCHOBHMM 3aBJIaHHSIM $IKO1 € KOPOTKOCTPOKOBC
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NPOrHO3YBaHHS AMHAMIKUA MapaMeTpUYHUX MOKA3HHKIB, 10 XapaKTEepPHU3yIOTh CTaH
JKepen HeOe3MeKH JJII CBOEYACHOTO BUSIBICHHS KPUTHYHUX BIIXWJICHb Yy CTaHI
00’ekTiB crnioctepekeHHs. [Ipu 1pomMy anropuTMmiuHe 3a0e3nedeHHs MIACUCTEMU
NPOTHO3YBaHHS Ma€ 3JIACHIOBAaTU OOYUCIICHHS MPOTHO3HUX 3HAYEHb MapaMeTpiB
mxepen Hebesneku B Mexkax [IHO Ha oCHOBI HakoNMWYEHUX JAaHUX Ta MOTOYHUX
pe3yibTaTiB MOHITOPUHTY.

[ToBHUI KOMIUIEKCHUN MPOTHO3 3MiHU CTaHy 00’ €KTIB, IO CIIOCTEPITAIOThCH,
€ CKJIQJHUM 3aBJaHHSM, JUIsl BUPIIICHHS SIKOTO MalOTh OyTH po3poOiieH1 eeKTUBHI
MaTeMaTU4H1 MOZEJ, 110 BPaxoBYIOTh MPSIMUI B3a€MOBIUIMB Pi3HUX (DAKTOPIB.

BonHouac mnporHo3yBaHHS JUHAMIKM HapaMETPUYHHUX IMOKAa3HUKIB, IO
XapaKTepU3ylTh CTaH JDKEpesl TexHOoreHHoi HeOesmeku B Mexax [THO, moxe
OyTH peani3oBaHO 4Yepe3 3aCTOCYBaHHS MAaTEMaTHYHOIO arapary CTaTUCTUYHOIO
aHami3zy 4acoBux psamiB. Takuil miaxin 3abe3nedye (GopmyBaHHS OOIPYHTOBaHHX
NPOTHOCTUYHUX MOJIeNIell Ha OCHOBI HAKOIMMMYEHUX JTAHUX MOHITOPHHTY.

YacoBuil psan sBisge coOOK0 BHOPSIKOBAHY IOCIITOBHICTh PE3YJIBTATIB
napaMeTpuyHUX BUMIPIOBaHb, 3a(iKCOBAaHUX Yy JETEPMIHOBAaHI MOMEHTH 4Yacy.
OCHOBHMM 3aBJaHHSIM aHaJI13y YaCOBUX PSIIB € HOpMYBaHHS MPOTrHOCTUYHOT MOJIEIII,
10 JI03BOJISIE€ TepeAdaYnTH MOMAJbITY AWHAMIKY MMapaMeTPUYHUX TMOKAa3HUKIB Ha
OCHOBI 1X OTOYHUX Ta MOMEPETHIX 3HAYCHB.

Po3rinsitHeMo oprasizanito MOHITOPUHTY CTaHy Ti1IPOCHOPYA SIK KPUTHYHO
BaxxiuBux [THO, aBapii Ha SIKMX MOXKYTh MPU3BECTH JI0 MACIITAOHUX PyHHYBaHb Ta
3HAYHMX 30UTKIB. BiMIOB1AHO 10 HOPMATUBHUX JOKYMEHTIB [21], Ha MAPOTEXHIYHUX
CHopy/lax, BKIIOYAIOUM TIAPOENEKTPOCTAHIlll, Ui CBO€YACHOTO BHUSBIICHHS
moxuBocTi HC HeoOXigHO 3IIMCHIOBAaTH KOHTPOJIb TaKWX MapaMeTPUYHHUX
NOKa3HUKIB:

— nedopMallii eJIeMEHTIB CIIOPY/IH;

—4acToT 0OepTaHHs BaJliB TiJpoarperary;

—OCI1JIaHHS Ta TOPU30HTAJIBHI 3MIIEHHS €JIEMEHTIB CIIOPYIH;

— (13UKO-XIMIUHI TTapaMeTPU BOJIH;

—PIiBHI BOIU Y BEPXHHOMY Ta HUAKHBOMY O’edax;

—piBeHb BOAM Yy TMpusMKax (omisgoBa rajepesi, TypOiHHE MPUMIIICHHS,

NPUMIIIEHHS TOJOBHUX BUBOJIIB I€HEPATOPIB);
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—PpeXUM MPOMYCKY MOBEHEBUX Ta MAaBOJAKOBUX BOJ.

Y nocmimxenni [17] oOrpyHTOBaHO TMiAXiJ IO OpraHizamii KOHTPOIIO
3a3HAYCHUX TMapaMeTpiB Yepe3 MEepioIMyHl BUMIPIOBAHHS 3 (PiKCalli€l0 4acOBUX
MITOK Ta pe3yJIbTaTiB MOHITOPUHTY B IaM’siTi cucteMu. Hakonudeni gani popmyrotsb
CYKYITHICTh YaCOBHUX pPAJIB, /1€ KOKHUW HACTYyMHHM pe3ylbTaT MOXeE 3ajiexkaru
B/l TIONEPEAHBOTO, IO CBIIYMTH MPO HASBHICTH aBTOKOPENAIIi. AHal3 TaKuX
PSAAIB 3AIMCHIOIOTH IS IPOTHO3YBAHHS JUHAMIKH MapaMETPUYHUX MMOKA3HUKIB y
HACTYTIHI TIEPIOU CIIOCTEPESKCHHS.

[IporHo3yBaHHs JUHAMIKH MTapaMETPUYHUX IMOKAa3HUKIB YACOBOIO PSIy HAJIA€
MOJKJIMBICTh 3aBYaCHOTO BMSIBIICHHS TEHIEHUINA 10 MEPEBULICHHS JOKPUTUYHHUX
3HAYCHb MapaMeTpiB, IO XapaKTEepPU3yITh CTAaH JKepel HeOe3MeKn B Mexax
[THO. 1le 3a0e3neuye onepaTUBHOMY MEPCOHAIY TOJATKOBUI YaCOBUN pecypcC IUis
OPUUHSTTA OOTPYHTOBAHUX PIllIEHb Ta CBOEYACHOTO BIPOBAIKEHHS 3aXOIB LI0J0

3ano0iranaga moxiauBocti HC.

3.2 Cucremarusauis HAYKOBUX IOCJTIZKEeHb 1010 MeTOoaiB
NPOTrHO3YBAHHS NMApPaMEeTPUYHMX MOKA3HUKIB CTAHY MOTEHUINHO

HeOe3MmeYHuX 00’ €KTiB

VY nocnimkenHi [68] oOrpyHTOBaHO (yHIAMEHTAIBHHUM MIAX1A 0 aHAII3y
JaCOBUX PSIIB, 3TAHO 3 SKUM CTPYKTYypa YacoOBOTO PSAIY PO3IIATAETHCA SK
KOMITO3UIIISL JETEPMIHOBAaHMX Ta CTOXACTUYHUX KOMIIOHEHTIB. JleTepMiHOBaH1
KOMIIOHEHTH BKJIFOUAIOTh CUCTEMAaTUYHY CKJIAJIOBY y BUIVIAJI TPEHAY Ta IUKIIYHI
KOMITOHCHTH, TOJII SIK CTOXaCTUYHA CKJIaJI0OBa MPEACTaBICHA BUITAJIKOBHM TIPOIIECOM
3 XapaKTEpUCTUKAMH O1JIOro HIyMy.

JIist BU3HAUYEHHS LMKIIYHUX KOMIIOHEHTIB YacOBOTO Py JOIUIBHO
3aCTOCOBYBAaTH MIBUIKE MepeTBopeHHs Dyp’e 3a YMOBH, MO KUIBKICTh €JIEMEHTIB
PAIy BIATIOBIZA€ CTEIICHIO YHCIA BAa. AITOPUTMIYHE 3a0€3MeUeHHS ITPOTHO3YBaHHS
B TAKOMY BHWITQJIKy IPYHTYEThCS Ha EKCTPAMOJAIii 1MeHTH()IKOBAaHUX ITHUKIIYHIX
KOMITOHEHTIB 4acCOBOTO PSTY.

Y  nmocmimkenHi [69] 3ampomoHOBAHO — aJITOpPUTMIYHE  3a0€3MEUeHHS
IPOTHO3YBaHHS Ha OCHOBI METOIy CHHTYJISIPHOTO CIIEKTPAJIBLHOTO aHalli3y, sike Oysio

anpoOOBaHO HAa CTATUCTUYHUX JAHUX IIOJ0 OOCSTIB OyAiBelIbHUX POOIT B YKpaiHi
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3a nepion 2010-2017 pp. AIropuT™M IpyHTY€ETHCS HA IEPETBOPEHHI OTHOBUMIPHOTO
4acoBOTO Py B OaraTOBUMIpHMN MPOCTIp 3 MOAAIBIIAM (POpMyBaHHSIM
IPOTHOCTUYHOT Mojeni. Bepudikallito anropuTMiyHOTO 3a0€3MeUeHHs 31HCHEHO 3
BUKOPHUCTAHHSM CIIeIliali30BaHOTO MporpamMHoro komruiekcy Caterpillar SSA.

Meton ananizy cunrymnspHoro crnektpa (ACC), netanbHO OOTpyHTOBaHUM
y gocaimkenHi [70], 6a3yeTbcs Ha IOCIIJIOBHOCTI MaTeMaTHYHUX IEPETBOPCHD
4acoBOIO psay. AJITOpUTMIYHE 3a0€3MEUeHHS METOAy Iepedadyae BUKOHAHHS
HACTYITHUX €TaIliB:

1. Peanizauis nporenypu BKIaACHHS, P AK1H BUX1AHUN 4aCOBUHN Psil JOBKUHOIO
M enemeHTIB TpaHCHOPMYETHCA y TOCIIIOBHICTE BEKTOPIB JOBKHUHOI K dYepes
3aCTOCYBaHHS 3CYBHOTO BiKHA.

2. ®opmyBaHHS TPaEKTOPHOI MaTpwuili po3mipHicTio Kx(M — K + 1), ne koxHuit
CTOBIIEIb MICTUTh K TOCHIIOBHUX €JIEMEHTIB BUXITHOTO PSAIY.

3.3acToCcyBaHHS CHHTYJISIPHOTO PO3KJAJaHHS JO TPAEKTOPHOI MAaTpPHIll, IO
3a0e3neuye JeKOMITO3UIIII0 YaCOBOTO PsiIy Ha aJUTUBHI CKIIAJOBI:

— IOBrOTPHUBAJIl TPEH/IH;

—TIEPIOIMYHI KOMIIOHEHTH;

— OCHMJIAIINHI CKJIag0BI;

—CTOXaCTUYHI KOMIIOHEHTHU 3 XapaKTePUCTUKAMU IIIyMY.

3Haii/IeHI KOMIIOHEHTH JTO3BOJISIIOTh BUKOHATH EKCTPAIOJIALII0 SIK 4aCOBOTO
pAoy y LIJIOMY, TaK 1 HOro KOMIOHEHTIB [71].

OcTaHHIM YacoM y rajy3l 1HXeHepil MporpaMHOro 3a0e3Me4YeHHs] 3HAYHOTO
NOIIMPEeHHsT HaOyB METOJ MPOTHO3YBAHHS YaCOBUX PSIIB 13 3aCTOCYBaHHSIM
HEHPOHHUX Mepexk. Y IOCHipkeHH1 [72] 3ailicHeHO TPYHTOBHHMI aHali3 Ta
0OTpYyHTYBaHHS BUOOPY HEHPOMEPEIKEBUX CTPYKTYP IS 0OpOOICHHS CTaTUCTHYHUX
JAaHUX 3 METOIO TPOTHO3YBAaHHS Ta BUSBIICHHS aHOMAJIbHUX TTOKa3HUKIB Y CUCTEMAX
moHnitopunry ITHO.

BaxxnuBo 3a3Ha4nTH, 110 AITOPUTMIYHE 3a0€3MeUeHHS] HA OCHOBI HEHPOHHUX
MEpEeX CYTTEBO BIAPI3HIETHCSA BiJ TPAAUIIMHUX €KCIEPTHUX cucTeM. Ha BiaMiHy
BiJl EKCHEPTHHUX CHCTEeM, sKi 0a3yloTbCcs Ha TMOMEPEIHHO 3amporpaMOBaHUX
npaBWIax, HEUPOHHI MEPEKi MAIOTh 3AATHICT JI0 CAMOHaBYaHHS Ta aganraiii. s

BJIACTUBICTh HaOyBa€ OCOONMBOTO 3HAYEHHS B yMOBaX JWHAMIYHOTO CEPEIOBHIIA
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dynkmionyBanas [IHO. Anroputmiune 3a0e3meueHHS Ha OCHOBI HEHPOHHHX
MEpeX 3/1aTHE aJanTyBaTH CBOIO pOOOTY BIAMOBIIHO JI0 3MiH y BXIJHUX JAaHUX Ta
KOpETryBaTH pe3yJIbTaTH MPOTHO3YBAHHS.

30aTHICT A0 CAaMOHABYaHHS € BHU3HAYAJIBHOIO XapaKTEPUCTUKOIO IS
3aCTOCYBaHHS HEUPOHHHUX MEpeX Yy CHUCTeMax MOHITOPUHTY MOTEHIIIHO
HeOe3neuHux 00’ ekTiB. Lle 00yMOBIECHO HETIHINHOI MPUPOAOID HEHPOMEPEIKEBUX
CTPYKTYP, 1110 3a0e3mneuye popMyBaHHS MaTeMaTUYHUX MOJIETIEH JIJIsl BiTOOpaskeHHs
CKIaAHNX (YHKI[IOHATBHUX 3aJIeKHOCTEH MDK MapaMeTpUYHUMHU TMOKa3HUKAMU
CTaHy 00’ €KTIB.

AnropuTMmidHe 3a0€3MEUCHHST Ha OCHOBI HEHPOHHUX MEPEX peali3yeTbCs
Yyepe3 CHUCTEMY B3a€EMOIOB’S3aHUX OOYMCIIIOBAJIBHUX €JIEMEHTIB — HEWPOHIB,
M0 3IIHCHIOITH MapajenbHe OOpOOJIEHHA BXIJHUX JaHUX. Y JIOCTIIKEHHI
[73] oOrpyHTOBaHO 3acTOCYBaHHS TPHUIIAPOBOTO TNEPLENTPOHA SK 0a30BOI
apXITEeKTypd HEWPOHHOI Mepexi. 3a3HayeHa apXITeKTypa, TMOMNpPU BiAHOCHY
NPOCTOTY CTPYKTYpPHOI OopraHizaiiii, 3a0e3rnedye epeKTUBHE PO3B’SI3aHHS 3aB/IaHb
POrHO3YyBaHHs NapameTpuyHuX nokasHukis crany [IHO. Henonikom BukopucTanHs
HEHPOHHUX MEPEX € CKIAIHICTh BU3HAYCHHS MApaMETPUUYHUX XapPaAKTEPUCTHK
HEUpPOMEPEkKEBOI CTPYKTYpH, IO MOTpedye MPOBEACHHS cepii 00YMCIIOBAILHUX
EKCIIEPUMEHTIB 3 METOI BCTAaHOBIICHHS (YHKI[IOHAIIBHUX 3aJIeKHOCTEH MIiX
NOKa3HUKaMH €(PEeKTUBHOCTI Ta MapaMeTpamMu HEHMpOMepexi.

Y nmocmimxenHi [74] po3mISHYTO METOMOJIOTIYHI AaCMEeKTH 3aCTOCYBaHHS
HEWPOMEPEIKEBUX CTPYKTYp JJIA pO3B’sI3yBaHHs 3ajad OiHapHOi Kiacuikauii 3a
YyMOB OOMEXKEHOTO OOCSTY BXIJHUX JaHUX. 3AIMCHEHO aHali3 aJrOpUTMIYHOTrO
3a0e3meyeHHsT Ha OCHOBI 0araTomiapoBOro MEepLENTpoHAa Ta  JOCIHIIKEHO
poOJEeMaTUKY TTapaMEeTPUIHOT ONITUMI3aIli HEHpOMEpEeKeBO1 apXiTEKTYpH, 30KpeMa
BU3HAUEHHSI KIJILKOCTI HEHPOHIB HA MPOMIXKHOMY IIIapi.

Ha ocHOBiI ekcrnepuMeHTaJbHUX TOCHIKEHb BCTAaHOBJIEHO, LIO0 32 YMOB
oOMeXeHOro 00csiry BXIIHHUX JAaHMX, KOJIM 3aCTOCYBaHHS KIACUYHUX METO[IIB
perpeciiiHoro anamizy He 3a0e3ledye JOCTaTHbOI TOYHOCTI, aJTOPUTMIYHE
3a0e3rneyeHHsT Ha OCHOBI 0araromapoBOro MEpIENTPOHa JIEMOHCTPYE BHUCOKY

e(eKTUBHICTh KiIacu(iKaIllii.
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J114 BU3HaUEHHS MapaMeTPUIHUX XapaKTEPUCTUK HEHPOMEPEKEBOT CTPYKTYPHU
HEOOXITHO TIPOBOJUTH Cepii OOYMCIIOBAIbHMX EKCIEPUMEHTIB 3  METOIO
BCTAaHOBJICHHS ()YHKI[IOHAJBbHUX 3aJIeKHOCTEH MK IMOKa3HUKaMH €()EKTUBHOCTI
Ta mapaMmeTpamu Heripomepexi. OTpuMaHiI aHANITUYHI 3aJEXKHOCTI (POPMYIOTH
METOOJIOTIYHY OCHOBY JiJIsl OOIPYHTYBaHHsSI BUOOpY MapaMeTpiB HeWpoMepeKeBoi
CTPYKTYPH HPH pO3pOOIIl aJITOPUTMIYHOTO 3a0€3MEeUeHHS IS 1K TPOTHO3YBaHHS
napamMeTpUYHUX MOKA3HHKIB.

JlocmimkeHnns [75] miaATBEpIIKYE, MO0 aArOpUTMidHE 3a0€311eUeHHS Ha OCHOBI
HEHUPOHHUX MEPEeX XapaKTEpU3Y€EThCS TAKUMHU MEpeBaraMmu:

—3JaTHICTb 1O CaMOHABYaHHS Ta aJamTalii;

—MOXJIMBICTh (DYHKI[IOHYBaHHS 3a YMOB HEMOBHOTH BXIJHUX JIaHUX;
—aBTOMAaTH3aIlls MPOIECIB aHaI3y MapaMEeTPUYHUX MOKA3HUKIB;
—BHCOKa TOYHICTh MPOrHOCTUYHUX MOJEIEH.

BomHouac 3actocyBaHHS HEHPOMEPEKEBUX CTPYKTYP Y CUCTEMaX MOHITOPHHTY

HNOTEHI[IHO HEOEe3MEeUHUX 00’ €KTIB CyIPOBOKY€ThCSI IEBHUMHU OOMEKEHHIMU [ 75]:

—IM1IBUILIEHI BUMOTH JI0 OOYUCIIOBAIBHUX PECYPCIB;

—HEOOX1THICTh (POPMYBaHHS pENPE3eHTATUBHUX HAaBYAJIbHUX BHOIPOK 3HAYHOTO
obcsry;

—CKJIAJIHICTh  CTPYKTYPHO-TIAPAMETPUYHOTO  CHHTE3Y  HEUpOMEepeKeBOi
apXITEeKTypu JJI1 KOHKPETHUX YMOB 3aCTOCYBAHHS.

AnropuTMmiuHe 3a0e3neueHHs cucTeM MoHITopuHry ctany I[THO wmoxe
Oa3yBaTucsi Ha METOZAl HaMEHIIMX KBaJparTiB, KWW 3a0e3leuye MpOrHO3yBaHHS
napaMeTpUYHUX TOKA3HUKIB, MPEACTABIECHUX Yy BHUISAAI 4acoBuxX psaiB. Llew
METOJ] HAJICKUTh N0 KJacy perpeciiHuX MEeTOIB MAaTeMaTH4YHOIO MOJIEIIOBAHHS
Ta J03BOJISIE€ 3AIMCHIOBATH MPOTHOCTHUYHI PO3PaXyHKHM Ha OCHOBI CTaTHUCTHYHOTO
aHaJli3y 4acoBUX MOCIIJOBHOCTEH HaHUX.

Jlst mporao3yBanHss MoxkinBocTi HC Ha ITHO anroputmiune 3abe3nedeHHs
0a3yeThCsl Ha METOJIaX perpeciiiHoro ananizy. MaremarnyHa MOJIeNb TAKOTO MIPOLIECY
XapaKTepU3y€e€ThCsA HETIHIMHICTIO Ta (OpPMaTi3y€eThCsl Yy BUMISAL CTEIIEHEBOTO
MOJIIHOMA.

[Ipu 3acTocyBaHH1 METOAY HATMEHIIIMX KBAIPATiB JJIsl BA3HAUYCHHS [TapaMeTpiB

MaTeMaTUYHOI MOJIENIl BUHHKA€e MpodiemMa 3abe3MedeHHs MOCTIMHOCTI Jaucrepcii
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3aJIMIIKIB JUII OKPEMHX CIOCTEpPEXEeHb 4M iX rpyn. BHacnmigok mporo mapamerpu
perpeciitHol Mojielll He JOCATaloTh MIHIMAIBbHOI JUCHEPCIi, 10 3HWKYE TOYHICTh
POTHOCTHYHUX PO3PaxXyHKIB.

Y nmochimkeHHi [76] 3ampoloOHOBAHO aJTOPUTMIYHE 3a0e3MedYeHHS s
nporHo3yBanHa MOxJIUBOCTI HC 3 ypaxyBaHHSM MOXMOOK perpeciiiHoi Mojeni.
Pospobnene anroputmiuHe 3a0e3mledeHHs Iepeadadyae  yTOYHEHHS — OIIHOK
napaMeTpiB MaTeMaTHYHOI MOJENl Ha OCHOBI 3BaKEHOTO METOAY HaWMEHIINX
KBaJIpaTiB.

Ha pi3HHX pIiBHAX perioHanbHOi cucteMu MoHiTopuHry ctany I[IHO
aHaJlITUYHA TIPEAUKTHBHA TMIJACHCTEMa € OJHUM 3 OCHOBHHX €JIEMCHTIB, SKI
3a0e3MeuyoTh ornepatuBHy OIIHKY crany IIHO, ane ¢yHkiii aHamiTH4HOI
NPEIUKTUBHOI MIJCUCTEMH HE 0OMEXKYIOThCs Juie ominkoro crany [THO.

AHaNiTUYHA TNPEAUKTUBHA IMIJCUCTEMA € BU3HAYAJIBHUM KOMIIOHEHTOM
AJTOPUTMIYHOTO 3a0€3MEUEeHHS PEeTrioOHaIbHOI CUCTeMH MOHITOpuHTY ctany ITHO,
dKa € OO0 ’€KTOM KpUTHUYHOI iH(OpMaliiiHOI 1H(pacTpykTypu. DyHKIIOHAIbHI
MOXKJIMBOCTI M€l miicucTeMu AUGPEPEHIIIOIThCA 3a PIBHAMH i€papXii cucreMu
MOHITOpUHTY. Ha 06’ €KTOBOMY PiBHI aHAIITHYHA MPEIUKTUBHA IT1ICHCTEMa TOBUHHA
BUKOHYBAaTH (DyHKIIIT MPOTHO3YyBaHHS Ta MapaMETPUIHOTO KOHTPOJIIO ITapaMeTPiB 10
xapakTepu3ytoTs ctad [IHO, a Ha MiclieBOMy Ta perioHajJbHOMY PiBHI aHAJIITHYHA
NPEIUKTUBHA MMIJCUCTEMA MOBUHHA MaTH MOXJIMBICTH 3/IIHCHIOBATA MOJICIIOBAHHS

CTaHy HalOLIbII HeOe3MEeUHUX 00’ €KTIB.

3.3 Cucremarusanis HAYKOBHMX JOCJHIIKEHb IIO0A0 YHUCEJIbHUX METOIIB

MO/IEJIIOBAHHSA CTAHY NMOTEHUiHHO He0e3leYHUX 00’ €KTIB

Cepen IIHO VYkpainum Ta CBITy 3Ha4Hy 4YacTKy CKJIAJalOTh 3€MIISHI
HaIlipHl TIAPOTEXHIYHI CIOPYAW, Ha SKUX ICHYE€ MOXIMBICTh HaA3BUYANHHOI
CUTyamii 3 MacITaOHMMH TEXHOTCHHHUMH HaCIiJKaMd. 3 ONIAay Ha Ie, Y
JTUCePTAIIHHOMY JIOCIIKEHHI PO3POOICHO alNTopuTMiuyHE 3a0e3medeHHs IS
MaTeMaTUYHOTO MOJENIOBAHHS CTaHy TakuX OO0 €KTIB. 30Kpema, TOCIHIIKEHO
METOAM BU3HAUCHHS JIOKaMi3armili MOXKIUBUX Je(HEKTIB, 1[0 BUHUKAIOTh BHACIIIOK
nerpajaliiHuX TPOIECiB, COPUYMHEHUX BIUIMBOM (UIBTPALIMHUX Tedikd y Tl

T1APOCTIOPY/IH.
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Y nmocmimkenai [77] po3poONIEHO aNrOpuTMIUHE 3a0e3MeueHHs s
MaTeMaTUYHOTO MOJICIIIOBaHHS (DIMBTpAIIiHUX MPOLECIB y TUTl TIAPOCHIOPYIH.
VYnockoHajaeHHS MareMaTUYHO1 Mojeli (PuIbTparifHoi Teuli 3/1iMCHEHO Ha OCHOBI
CUCTeMH PiBHSHB J[apci 3 ypaxyBaHHSAM PO3IIMPEHOTO KJIacy TPAHUYHUX YMOB /IS
BUIAJKY BIATOKY PIIMHU Yepe3 MOBEPXHIO TOCTIIKYyBaHOI 00JIaCTi.

3anmpornoHOBaHEe aJITOPUTMIYHE 3a0€3MeUCeHHS HAJla€ MOKIUBICTD:

—31MCHIOBAaTH KUIbKICHUW aHai3 MapaMEeTPUYHUX MOKa3HUKIB (PUIBTpaALIHUX
MPOIIECIB;

—mnporHo3yBaru MoxJiuBicTh HC BHacHigoOK MiABUINCHHS PiBHS MaBOAKOBHX
BOJ;

—OLIIHIOBATH CTaH MOTEHUIHHO HEOE3MEYHUX T1IPOTEXHIYHUX CHOPY/L.

Y  mocmimkenai [78] po3poONeHO aNrOpuTMIUHE 3a0e3MeUeHHs s
MaTeMaTUYHOTO MOJETIOBaHHA (QUIBTpAIlifHUX TMpPOILECiB HAa OCHOBI I1HTErparii
METO/IIB KOMILUIEKCHOTO aHalli3y Ta YHCEIbHO-aHAIITUYHUX METOMAIB CyMapHHX
300pakeHb. 3apPONOHOBAHO CUCTEMHMU MIiAX1A JO0 MOJAETIOBaHHS (DUIbTparii ais
O0OMEXEHUX EKBIMOTCHIIIAJIbHUX JIHIA TpU- Ta YOTHUPU3B’SI3HUX KPUBOIIHIMHHUX
LEF-o6nacrei.

Po3pobrnene anropurmiuHe 3a0e3MeueHHs peaizye Taki QPyHKIII:

—aBTOMaTU4Ha MOOY/I0Ba TMHAMIYHUX CITOK;

—BU3HAUYCHHS JIHIN BIIPUBY MOTOKY;

— JIOKaJIi3aI(isd TOUYOK «II1JBICY» MOTOKY;

—OOUYHCIICHHS MapaMeTPUUYHUX MOKAa3HUKIB CYMAapHOTO MOTOKY.

Bepudikariiro anropuTMivHOTO 3a0€31eUeHHs 3/[1IHCHEHO Y CIIOC10 MPOBEICHHS
OOYHCITIOBAJILHOTO €KCIEPUMEHTY [UIsl XapakTepHOTro BapiaHTa (HOpMyBaHHs
(GUTBTPaItHOTO TTOTOKY B TiT T1APOCTOPY/IH.

Y nocmimpkeHHi [79] 3m1MCHEHO CHCTEMHHMM aHali3 Ta y3arajibHEHHS
HAYKOBHX PE3YJBTATIB I10/I0 TPOEKTYBAHHS 00’ €KTIB MAPOTEXHIYHOTO MPU3HAYCHHSI.
Po3pobneno anroputmiuHe 3a0e3medeHHs I MaTeMaTHIHOTO MOJCITIOBAHHS
MIPOIIECIB MPOEKTYBAHHS Ta KOHCTPYIOBAHHS J1aMO 1 TEXHOJOTTYHUX JIFOKIB.

Ha ocHOBI mpoBeaeHMX JOCHIDKEHb  YIOCKOHAJEHO  METOOJIOTIIO
MaTeMaTUYHUX PO3PAXYHKIB MapaMETPUYHUX MMOKA3HUKIB TIPOTEXHIYHUX CIIOPYI 3

ypaxyBaHHSM crerudiku ix OyIIBHULITBA Ta €KCIUTyaTalii. 3anponoHOBaHI METOAU
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3a0e3MeuyroTh MIABULICHHS HAAIMHOCTI (PYHKIIOHYBaHHS T1IPOTEXHIYHUX CHOPYA
B YMOBaX BUPOOHUYOTO CEPEIOBHUIIIA.

Y nocmimxenHi [80] po3pobreHO anropuTMiuyHE 3a0e3MedYeHHS IS
MaTEeMaTHIHOTO MOJICTIOBAHHS T1IPOJUHAMIUYHUAX MPOIECIB 3 BUIBHOIO MOBEPXHEIO,
0 CTAaHOBUTh OKPEMUN PO3AUT TEOPETUYHOI TiAPOMEXaHIKU. AKTyaJbHICTb
PO3BUTKY IIbOTO HAyKOBOTO HAmpsIMy 3yMOBJIEHA HEOOXITHICTIO 3a0e3MeueHHs
HAJIMHOCTI (PYHKIIOHYBAaHHS MOTEHIIHHO HEOE3MEUHUX TAPOTEXHIYHUX CIOPY/ Ta
sHmkeHHS MokauBocTi HC mig gac ix ekcrutyarartii.

Y  mocmimkenni [81] po3poOieHO anropuTMiuHE 3a0€3MEeUeHHs s
MaTEeMaTUYHOTO MOJICTIOBAHHS JIMHAMIKA CYLUIBHUX B’S3KUX CJIa00CTHCHEHHUX
P1IMH Ha OCHOB1 CUCTEMH pIBHSIHb HEpo3puBHOCTI Ta HaB’e-CToKca. 3anponoHoBaHe
anropuTMiyHe 3a0e3mneueHHs 0a3yeTbcsi Ha METOAl KIHIICBUX OO0 €MIB s
YUCEJILHOTO PO3B’SI3aHHSI PIBHSAHHSA HEPO3PUBHOCTI, IO JO3BOJISIE ITiBUIIUTH
TOYHICTh TMPOTHO3YBAHHS TIAPOAMHAMIYHUX MPOLECIB y TUIl TIAPOCIOPYIU Ta
3HU3UTH MOXUTHBICTE HC mpu excrutyaTaliii riipoTeXHIYHUX CIIOPYI.

Y mpoaHamizoBaHUX JOCHTIDKCHHSIX HEIOCTaTHbO PO3IVISHYTO TMHTaHHS
MaTeMaTHYHOTO MOJCIIOBAHHS JBOBUMIPHHX CTaIllOHAPHUX (QUIBTPAIlIMHUX TEUli
METOZIOM CITOK. 3 OISy Ha IIe, PO3pOOJICHO alropUTMidHE 3a0€3MEeUeHHS IS
MOJIETIIOBaHHS (PUIBTPALIMHUX MPOLECIB y TUIl TIAPOCIOPYAH HAa OCHOBI METOAY
CITOK, 110 3a0e3Meuye:

—MIABHUINCHHS TOYHOCTI  MPOTHO3YBAaHHS  IapaMETPUYHUX  IMOKA3HUKIB
TPOMHAMIYHUX TIPOIIECIB;

—CBO€YACHE BUSIBJICHHS MOXJIMBOCTI BUHUKHEHHS J€(GEKTIB TiJ BIUIMBOM
biapTpaliiHUX TEUil;

—O0OrpyHTYBaHHS 3aXOMdIB IIOJ0 3amo0iraHHs ACTpajamiiHuM IpolecaM y Tial

TIPOTEXHIYHUX CIOPY/I.

3.4 Excrpanmoysiunisi 3Ha4YeHb IapaMeTpiB JKepes HeOe3NeKH Ha
NMOTEHIIMHO He0e3MeYHHUX O00°€KTax 3a MeTOAOM HalMEeHIIHX

KBaJpaTiB

ANTOopuTMIYHE 3a0€3MEeUEHHS aHATITUYHOT MPEAUKTUBHOI M1JICUCTEMH CUCTEM

MoHiTopuHry ctany ITHO moxe OasyBarucs Ha MeTONlI HaWMEHIIMX KBaapaTiB,
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KU 3a0e3meuye MPOTrHO3YBaHHS MapaMETPUYHUX MOKAa3HUKIB, MPEICTABICHUX Y
BUNNISIAI 4acoBUX psfiB. Lleld MeTon HameXuTh J0 KiIacy perpeciiHux METOIB
MaTeMaTUIHOTO MOJISITIOBAHHS Ta JO3BOJISE 31 HCHIOBATH TPOTHOCTUYHI pPO3paXyHKU
HA OCHOBI CTaTUCTUYHOTO aHAII3y YACOBUX MOCIITOBHOCTEH JaHMX.
[TapameTpuyHi MOKAa3HUKH, 110 XapaKTEPU3YIOTh CTAH JKepes HeOe3neKku Ha
MOTEHIIIMHO HEOE3MEUHOMY 00’ €KTI1, BUMIPIOIOTHCS Y BUSHAUCHI MOMEHTH 4acy. J{is
PO3pOOKH aITOPUTMIYHOTO 3a0€3IMeUeHHs] MPUHMAaEMO, 1110 BUXIHI JIaH1 3aJIeXKaTh
BiJl OJHOTO MapamMerpa (4acy), 10 J03BOJIsi€ KIacH(PiKyBaTH Taki 00 €KTU SK
HECTalllOHAPHI 13 30CEPEHKECHUMH MapaMeTpamH.
MaremaTuyHe MOJCIIIOBAHHS Ta MPOTHO3YBaHHSA JUHAMIKK MapaMeTPUUYHHUX
MOKA3HUKIB 31HCHIOETHCS Y CIOCIO apaMeTpU4HO1 1eHTUdiKaIlli, 1110 3a0e3neuye:
—BHU3HAUCHHS 3HAYEHb MapaMmeTpiB, SIKI XapaKTepU3YIOTh IUHAMIKY CTaHy
00’€eKTa;
—00poOIeHHsI eKCIIEPUMEHTAIBHUX JTAHUX MOHITOPUHTY;
—cBo€vacHe BUsBICHHS MoxnBocTi HC.
3a yMOBH B1IOMOi CTPYKTYpH MaTe€MaTH4HOI MO, KOe(ii€eHTH PIBHIHb
(HemiHIMHENX, audepeHIlialbHIX, PIZHUIIEBHUX) Ta XapaKTePHUCTHK (YaCTOTHHX,
nepeaBaibHUX) PO3MISIAAIOTECA SIK  [apamMeTpud Mojeli. Y HaWnpoCTIIOMY

BUIIAJIKY CTPYKTypa Mozeli (popMani3yeTbCsi HACTYITHUM YHMHOM:
f(t)=Fkt+c (3.1)

bi (K
f(t) - Buximui nani momeni;
2 - BXIJHI JaHl MOJENI;
k, ¢ - mapamMeTpH, IO PO3PaxOBYIOTHCS.
J11s1 3HaX0HKEHHS TTapaMeTpiB MaTeMaTUYHOI MOl HE0OX1THO MiHIMI3yBaTu

(GYHKIIII0 IBOX 3MIHHUX:

n

fk,e) = (f — (kt; + ¢))* = min (3.2)

5 k,c
=1
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YMoBa icHyBaHHS eKcTpeMyMiB (yHKIIT (3.2) BH3HAYAETHCS CHUCTEMOIO

PIBHSIHB, OTPMMAHOO TIPUPIBHIOBAHHSM JIO HYJISI YaCTUHHUX MOX1THUX 3a 3MIHHUMH

k Ta c:
af(k,c) — O
ok (3.3)
(9f(k’,c) — O
Oc

3acTtocyBaHHs omepallii AudepeHIlitoBaHHs YaCTUHHUX ToxigHuX (3.3) mae

3Mory copMmyBaTu cucteMmy piBHAHbB (3.4):

Yo (fi = (kti4+c))ti =0
Yo (fi—(kti+c)) =0

B pesynbrari anreOpaiyHux nepetBopeHsb (3.4) OTpUMaHO CHUCTEMY PIBHSIHb

(3.5):

(3.4)

kY igti eyl ti=> " tif;
kY iatitne=3",

(3.5)

bi (h
k, ¢ - mapameTpH, 1O pPO3PaxOBYIOTHCS;
t; - 1-¥ €IEeMEHT MAaCUBYy BXIJTHUX JaHUX;
fi - i-1 eJIeMEeHT MacHBY BUXITHUX JIaHHX.
Po3B’sxkemMo oTpumaHy cucteMy piBHSHB (3.5) METOJOM IMiJICTAHOBKH Ta

oTpuMaeMo (opmMyau IS 3HAXOMKEHHSI MapaMeTpiB 3a METOJAOM HaWMEHIIINX

KBaJpariB:
L — (ny iy tifim (i )iy fi))
(n iy 7= t)?) (3.6)
S ikt . )

¢= n

ANTOpUTMIYHE 3a0€3MEUeHHST peai3yeThCs AK (DYHKIIIOHAIBHUI KOMIIOHEHT
IPOrpaMHOI CUCTEMH, 1[0 OTPUMYE Ha BXiJ MAacUB MapaMETPUYHUX IMOKA3HHKIB
ob6csirom 10-15 BuMiproBaHb, SIKI XapakTEpPHU3yIOTh CTaH JpKepeia TEXHOTEHHOI
HeOesneku B Mexax [IHO. OOpobisieHHsT pe3yabTaTiB MOHITOPUHTY 31HCHIOETHCS
yepes popmynu (3.6), a BU3HAYCHI ITapaMeTpH k 1 ¢ IHTETPYIOTHCS 10 MaTeMaTUYHO1
momem (3.1). dopmyBaHHS MPOTHOCTUYHUX OIIHOK PEaNi3yeThCs LUISIXOM
EKCTPAIoJsIii 4acoBOrO psJly Ha HACTYNHUN NEpiof CIOCTEPEKEHHS, L0 HE

BXOOAUTHL JO MACHUBY BXiI[HI/IX JaHUX, 3 IMIOAAaJIbIIINUM 00YHCIICHHIM IIPOIrHO30BaHUX

3HaY€Hb MapaMETPUYHUX MOKA3HUKIB Ha OCHOBI MAaT€MAaTUYHOI MOJEII.
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Y BumaAxky MNepeBUIIECHHS NPOrHO30BAHUMU 3HAYEHHSIMHU BCTAHOBJICHUX
TPAaHUYHUX PIBHIB TapaMETPUYHUX T[MOKA3HHWKIB, aHAJITUYHA MPEIUKTUBHA
nigcucreMa cucteMu MoHiTopuHry crtany I[THO ¢opmye crnoBimeHHs o0
MOKJIMBOCTI HAJ3BUYAMHOI CHUTyallli BHACIIJIOK MPOTHO30BAHOTO BIIXHJICHHS

KOHTPOJILOBAHOTO TMapameTpa 3a MeXl JOMYyCTUMOrO Jlana3oHy.

3.5 IIporHo3yBaHHsi JAUHAMIKH NapaMeTPUYHUX MNOKA3ZHHMKIB CTaHy
JKepes He0e3NeKH B MeKaxX MOTEeHUINHO HeOe3meuHuX 00’€KTIB 3a

JIOTIOMOT 010 JIIHIHHOI MoaeJi

B sikocTi Bepudikarii po3po01eHOro airOpuTMI4HOI0 3a0€3MeUeHHS 3/11HCHEHO
MPOTHO3YBaHHS IMapaMETPUUYHUX IIOKA3HUKIB PIBHS BOAWM Y BEpXHbOMY O’edi
BOJIOCXOBHUINIA MaJjoi TIIPOEIEKTPOCTaHIlli, po3TamoBanoi Ha piuii Crpuii (c.
Hosre J[poroOuiibkoro paiony JIbBIBCbKO1 00sacTi).

VY tabnuui 3.1 npeacTaBieHo pe3ynbraTd NapaMeTPUYHUX BUMIPIOBaHb PiBHS
BOJIM Y BEpXHHOMY 0’ €1 BOJOCXOBHUIIA BIPOAOBXK JECITH MEPIOJIIB CIIOCTEPEHKEHHS.

Hopmanbauii nigneptuil piBeHb Boau y BogocxoBuill (HIIP), Buznauenuit
MIPOEKTHOIO JTOKYMEHTAII€l0, CTaHOBUTH 447,2 M BiAmoBiAHO a0 banTilichkoi
CHUCTEMHU BHCOT.

I'pannuHMil  eKCIuTyaTaliiHui PIBEHbh BOAW Y BOJOCXOBHIII  Majoi
T1IPOENEKTPOCTaHIII, 1[0 TEpeaye KPUTUYHOMY CTaHy, BCTAHOBJICHO Ha IMO3HAYIII
449,09 M BianoBigHO 10 BanTiCHEKOI CHCTEMU BHCOT.

®dopcoBaHWN TMIAMNEPTHA PIBEHh BOAM Y BOJOCXOBHII, IO BH3HAYAE
MakcuMasibHO nonyctume nepesuiieHHs HIIP, BcranoBneno Ha mo3nauii 449,3 m

BIIMOBIAHO 10 bajTiichbKOI CHCTEMH BHUCOT.

Tabnuis 3.1 — 3HaueHHs piBHS BOJU Y BepXHbOMY 0’e€di BOJOCXOBHIIA 32

pe3yapTaraMu MOHITOPUHTY

Binnik ¢; 1 2 3 4 5 6 7 8 9 10
fi 4472 | 447,4 | 447,5 | 447,7 | 448,1 | 448,1 | 448,5 | 449,01 | 448,05 | 448,29

Ha ocHOBI mapameTpu4yHMX MOKa3HUKIB, MPEACTABICHUX y Tabmumi 3.1, 13

3acTocyBaHHAIM (3.6), 3A1liCHEHO BU3HAYCHHS KOE(QIII€EHTIB MaTeMaTHYHOI MOAEII
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k ta c. IlpoMixHi pe3ylbTaTH OOUMCIIOBAJIBLHUX MPOLEAYP HABEACHO y TaOIHIl
3.2.

Tabmums 3.2 — IIpoMixkH1 pe3ylbTaTh poO3paxyHKIB Koe]ilieHTIB Mojeli k Ta c.

t o1 2 3 4 5 6 7 8 9 10 55
21 4 9 16 25 36 49 64 81 100 385
fi | 4472|4474 | 4475 | 4477 | 448,1 | 448,1 | 448.5 | 449,01 | 448,05 | 448,29 | 447985
fit: | 447,2 | 894,8 | 1342,5 | 1790,8 | 2240,5 | 2688,6 | 3139,5 | 3592,08 | 4032,45 | 4482,9 | 24651,33

Busznaueni BiinoBiAHO 110 (3.6) mapamMeTpu MaTeMaTUYHOI MOJIEN1 CTAHOBJISTh:
k =0,1473 ta ¢ = 447,175.

Marematnuna MOJIEITb dbopmamizyeTbes HaCTyITHUM YUHOM:
fi = 0,1473t; + 447,175. Ha ocHOBi po3po0ieHoi Mozeli 3MIiHCHEHO 009YHCIIeHHS
napaMeTpUYHUX T[OKA3HUKIB JUIsl  JIECSATH  NEPIOJIB  CIIOCTEPEKEHHA Ta
POTHO30BAHOTO 3HAYEHHS ISl HACTYITHOTO TEPiOy.

Pe3ynbratu MpOrHOCTUYHUX PO3paxyHKIB MpeAcTaBieHo y Tadmu 3.3.

Tabmuns 3.3 — Pe3ynbsratu po3paxyHKiB IpH MPOTHO3YBAHHI PIBHS BOAH Y

Bonocxosuil MI'EC

Pesynbrati MOHITOPUHTY PIBHS BOAU Iporxo3
Birik acy 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Bumip, dakt, M | 447.200 | 447.400 | 447.500 | 447.700 | 448.100 | 448.100 | 448.500 | 449.010 | 448.050 | 448.290 | 448.200 | 448.030 | 448.020 | 448.001

Po3paxynok

. . 447.322 | 447.469 | 447.616 | 447.763 | 447.91 | 448.057 | 448.204 | 448.351 | 448.498 | 448.645 | 448.792 | 448.939 | 449.086 | 449.233
3riZHO MOJIei, M

IMoxu6xa,% 0.027 0.015 0.026 0.014 0.042 0.010 0.066 0.147 0.100 0.079 0.132 0.202 0.237 0.274

Po3pobrnene anroputMiuHe 3a0e3MEUEeHHS Ha/la€ MOXKJIUBICTH 3M1MCHIOBATH
EKCTPaMoJIALIil0 MapaMEeTPUYHUX T[OKA3HUKIB Ha JOBUIBHY KIJIBKICTh TIEPIOJIB
CIIOCTEPEXKEHHS, TPOTE JAOCTOBIPHICTh MPOTHOCTHYHUX OIIIHOK 3HUXKYETHCS 31
301IBIIEHHSIM YaCOBOTO TOPU30HTY MPOTHO3YBaHHS.

Tounicts nporuosyBanns MmoxiauBocTi HC Ha [THO € Bu3HavanbHuM pakropom
JUISI CBOEYACHOTO BIIPOBAKCHHSI MPEBEHTUBHUX MPOTHABAPIMHUX 3aXOJiB.

[IpoBeaeHuil aHami3 HAyKOBUX JAOCHIKEHb y cdepi mporrosyBanHs HC
CBITYUTH IPO TMPEBAJIOBAaHHA METOAIB PErpeciiiHOro aHamizy, 110 0a3ylThCs Ha
naHuX MoHITOpuHTY [82, 83, 84, 85, 86, 87, 88]. Anropurmiune 3a0e3MeUCHHS
JIHIAHUX PErpeciiHuX MojieNiel IPYHTYEThCA Ha 3aCTOCYBaHHI METOAY HaMEHIINX

kBajapariB [88, 89]. Jlyist HENHIMHUX perpeciiHuX Mojeiel po3po0JICHO MPOLETYPY
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JiHeapu3alii 3 MOAAJBIIUM BHU3HAYEHHSM MapamMeTpiB 3a JOMOMOTOK METOIY
HaWMEHIITUX KBaJpariB.

3acTocyBaHHS METO/y HaWMEHIIUX KBAJAPaTiB I OTPUMAHHS HE3MIIIEHUX
Ta e(eKTUBHHX OIIHOK MapameTpiB perpeciiiHoi mojaeni mnoTpedye BUKOHAHHS
YMOBHM CTaJOCTI JAMCHepcli 3ajMIIKiB [ BCIX CHOCTepexeHb. Perpeciiini
Mojem mporieciB BUHUKHEHHS HC xapakTepu3yloThCs HEIIHIMHOIO IPHPOJIOIO,
10 TPU3BOIUTH IO TOPYIIEHHS YMOBU CTaJOCTI AMCHEpCii 3aJMIIKIB IS BCIX
CHOoCTepexeHb. BHACTIIOK 1IbOTO, OLIIHKK MapaMeTpiB perpecii, OoTpUuMaHi METOJ0M
HAaWMEHIIIUX KBaJpaTriB, HE 3a0€3Me4yl0Th MIHIMAJIbHY AUCHEPCIIO, IO 3HIXKYE
TOYHICTh IIPOTHO3yBaHHs. 3a3HadeHEe OOYMOBIIOE HEOOXITHICTh PO3POOICHHS
MOJIU(PIKOBAHOTO AJITOPUTMIYHOTO 3a0€3MEUECHHS.

AnroputMmiuHe 3a0€3MeUeHHs anpoKCHMMaIlli MacHuBIB EKCIEPUMEHTAIbHUX
JaHUX TPYHTYEThCS HA IX MPEJCTaBICHHI 3a JOMOMOTOI0 AHATITUYHHUX (PYHKIIIH
BU3HAUEHOTO Kjacy (MIHIMHUX, KBaapaTMUHUX, KyOiyHUX Tomlo). Taki QyHKIii
HE OOOB’SI3KOBO IHTEPIIONIIOIOTh EKCIIEPUMEHTaIbHI TOYKH, MPOTE 3a0€3MeuyIOoTh
BIITBOPEHHS TEHACHINIA 3MIHM MIOCTIDKYBAaHUX JaHWX MPU MIHIMI3AMIl CyMuU
KBaJIpaTiB BIAXWJIEHb MK €KCIIEPUMEHTAIBHUMU Ta PO3PAXyHKOBUMH 3HAYEHHSIMH.

AHaJIITUYHI 3aJI€KHOCTI, 10 aTPOKCUMYIOTh XapaKTEPUCTUKH JTOCI1HKYBaHUX
IPOLIECIB, MAIOTh 3a0€3ME€UyBaTU HAJICKHUN PIBEHb JOCTOBIPHOCTI BIATBOPEHHS iX
BJIacCTUBOCTEN. BogHouac migBUINEHHS CTYMEHS BIAMOBIIHOCTI allpOKCHUMAIIMHIX
3aJIEKHOCTEN  EKCIEPUMEHTANIbHUM JaHUM 3YMOBIIOE 3pPOCTaHHS MOPSAKY
anpoKCUMYIOUnX (YHKIIIH, IO CYTTEBO BIUIMBAE HA MPOLEAYPY BH3HAUCHHS

iX mapameTpiB Ta MOAAJBIINNA aHaJ13 JO0CIIKYBAaHUX MPOLECIB.

3.6 Maremaru4yHe 3a0e3NeYeHHs EKCTPANOJsAUil 4YacoBUX PHAAIB Ha

OCHOBI CTeneHeBOol MOJIHOMIAJIbHOI ANPOKCUMAIIIHOI Mo eJTi

3a0e3neueHHsT BHUIIOTO CTYIEHS BIAMOBIIHOCTI ampOKCHUMAIIHOT Mozel
EKCIIEpUMEHTAIPHUM JaHUM JOCSTHYTO y CMOCIO 3aCTOCYBaHHS IMOJIHOMIaJIBHUX
(byHKII1H, 1110 00YMOBIIEHO 1X BIACTUBICTIO PIBHOMIPHOTO HAOJIMKEHHS HEMIEPEPBHUX
byHKIIN 3riIHO 3 Teopemoro BeliepimTpacca.

s 3aJ1aHO1 MHOXHHHU EKCIIEpUMCHTATBHUX TOYOK

{(zo,y0), (x1,11) ... (Tn,yn)} pO3B’3aHO 3amady BHU3HAYCHHS AHATITHYHOL
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3anexHOCTI F'(r), 1m0 ampoKCUMye 3aaHy MHOKHHY TOYOK 32 BH3HAYCHUM
KPDUTEPIEM  ONTHUMAJIBHOCTI. SIK  KpUTEepi ONTHMaIbHOCTI  BHUKOPHUCTAHO
MIHIMI3aIlll0 CyMHU KBaApaTiB BIIXWICHb EKCIEPUMEHTAIbHUX 3HA4€Hb BIJl

3HAYEHb ANPOKCUMyBalbHOI GyHKIIT F(1):

n

§ (F(xi) — y;)* — min (3.7)
i=0
3a BH3HAYEHMM KDHTEpi€EM ONTHMATbHOCTI 3ajauya  ampOKCHMAIlii

XapaKTePU3yeTbCsI MHOXXKHHOIO MOXJIIMBUX PO3B’A3KIB. CAMHICTH PO3B’S3KY
3a0e3nedyeTbcss y CIOCi0 BH3HAYCHHs Kiacy ampokcumyrouoi ¢yHkmil F(x).
Awnanitnune npeacrasieHds GyHKIIT F'(z) MOXe HalIekaTH 10 TaKUX KIaciB:

— CTETICHEBH TOJIIHOM;

—TPUTOHOMETPUYHHI MONIHOM;

— OPTOTOHAJIBHUI TOJIIHOM;

— CIUTaH-QYHKILiS.

Po3po0brene anropurmiuHe 3a0e3MeUeHHs apOKCUMAllil €eKCIIEPUMEHTATIbHUX

JaHUX TPYHTYETHCS HA 3aCTOCYBaHHI CTEMEHEBOIrO IIOJIIHOMAa, MaTeMaTH4He

NpCACTABJICHHS SIKOI'O 3aAd€ThCA BUPA30M:

F(x) = koo + kyz' 4 ...+ kpa” (3.8)

Kputepiit miHiMI3aMii cepeTHbOKBAIPATUYHOTO BIIXUJICHHS, BU3HAUCHUU Yy

BHUpa3i 3.7, I CTETNEHEBOro MoJiHOMa HaOyBa€ BUIIISIAY:

n n

Z(F(%) — i)’ = Z(kox? + ki 4 ..+ ko — y;)® — min 3.9)
i=0 i=0

BigxuneHHsT MiK €KCIICPUMCHTAIbHHMHU 3HAUCHHSIMH 1j; Ta 3HAUYCHHIMH
anpokcuMyrpouoi ¢QyHKiil F'(r;) y HOUCKpeTHHUX Toukax x;,7 = 0,1,2...n,

BHU3HA4YAIOTHCA AK 3aJIMIIIKHU aHpOKCI/IMaI_[ﬁ Ta ITO3HAYAIOTHCA.

Ao(ﬂi‘) = F(ZL“()) — Yo, Al(x) = F(xl) —Yr--. An(x) = F(xn) — Yn- (3-10)

3 ypaxyBaHHSM BBEICHOTO O3HAUYCHHS 3aJIUIIKIB, KPUTEPIM ONTHUMAIbHOCTI

3.9 nabyBae BUTIIANY:
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Y " A}(x) — min (3.11)
i=0

Dynkiist A(x) € bararonapaMeTpUYHOIO (GYHKIIE0, BU3HAYCHO Ha MHOKHHI
koe(iieHTiB k;, 7 = 0...n. HeoOXxigHl yMOBU ICHYBaHHA MIHIMYMY Il€l (PYHKII]

BU3HaA4YarOTbCA CUCTEMOIO piBHHHBI

((0A(z) _
Okg - 0
OA(x) —0

g o (3.12)
OA(z)

\ 8kn 0

Bukonaemo mociJoOBHICTh MaTeMaTUIHUX MEPETBOPEHB:
1.3aminumo dynkmito A(z) y Bupasi 3.12 Ha pisauiio F(z;) — y;;
2.TligcraBumo Bupa3 noniHoma 3 3.8 3amicts F(x);

3. O0uncIUMO YacTHHHI TOX1THI 3a KoedirienTamu k;.

VY pe3ynbTari OTpUMAaEMO CUCTEMY JIIHIMHUX aiareOpaiuHuX piBHSIHb:

(
83{(:) =2 Z?:O(ko +kix; +--- + knx;l . yz) —0;

(3.13)

\ agk(:) =2 Z?:o(ko +kir + -+ Ryl — yi)x? = 0.

[Ticast po3KpUTTS TyKOK Ta aiaredpaiuHux MepeTBOPEHb KOXKHOTO PIBHIHHS

cucTteMa Ha0yBa€ KaHOHIYHOTO BUIIISANY:

(
nko + ki Z?:o T+t ki Z?:o Ty = 2?:0 Yis

k n_ $Z+k T~l_ x?"——i—krn T‘L_ ZCT'H_lz T'l— TiYi;
) 0 ZZ—O 121—0 ZZ—U i ZZ—O Y (3.14)

n m n m—+1 n 2m __ n m,,.
ko Do @ R o @ A R o T = D T Y
OTrpumaHa cucTeMa JIHIMHUX anreOpaiyHuX pPIBHAHb MICTUTh HEBI1IOMI

koedilieHTH nojiHoma k;,7 = 0,...,m, BUSHAUCHHS SKUX 3a0e3nedye MmooyaoBy

AHAJITUYHOI 3aJICKHOCTI AJI allpOKCUMAllll eKCIEPUMEHTAIbHUX JaHUX.
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Cucrema mniHIMHUX anreOpaidyHUX pIBHSHb MOXe OyTH NpecTaBieHa Yy

MaTpu4HIA Gopmi:

2.

n

n

i=0 Li

Z?:o Li

Zn

i=0 i

2

Z?:o " Z?zo x§n+1

AnropuTMiuHEe 3a0€3MeUeHHs] PO3B’A3aHHsI CUCTEMHU JIIHIMHUX anreOpaidHux

S

i=0 Li

Z?:o Z;
zn

i=0 %

m
m—+1

i

2m
)

m

Z?:o Yi

> -0

T3y

Z?:o 3"y

(3.15)

PIBHSIHD IPYHTYETHCS Ha 0OPOOIIl TAOMMYHUX EKCIIEPUMEHTANBHUX JIaHUX Y CIOCIO

3aCTOCYBaHHSI METO/I1B OOUHCIIIOBAILHOT MATEMATUKH JIJIsi BU3HAUYCHHSI KOe(DIIi€HTIB

AIPOKCHMYIOUOTO TOJIHOMA.

Ha ocHOBi 3ampoIrOHOBAHOTO aJTOPUTMIYHOTO 3a0e3MeYeHHsT PO3POOIICHO

nmporpamMHe 3a0e3MeueHHs] I OOYMCIICHHsS KOe(]IIIEHTIB ampOKCUMYIOYOTO

MoJIIHOMa, 1110 HaBeneHo y /.

3a pe3ynbraraMyd MOHITOPUHTY OYJIO BUKOHAHO MPOTHO3YBAHHS 3T1THO TPHhOX

MOJIEJIEN:

— IHINHOT;

—CTETMEHEBOI0 MOJIHOMA APYTrOoro CTyMeHS;

—CTETNIEHEBOI0 MOJIIHOMA TPETHOTO CTYIICHS.

Pe3ynbraty mporHo3yBaHHs HaBeleHO y Tabnuii 3.4.

Tabmums 3.4 — IlopiBHSIHHS pe3ynbTaTiB MPOTHO3YBAHHS 32 PI3HUMH MOJICTISIMHU

Pe3ynbraTé MOHITOPHHTY [Iporuo3
Bianix gacy 1 2 3 4 5 6 7 8 9 10 11 12 13 14
z::p;{ 447.200 | 447.400 | 447.500 | 447.700 | 448.100 | 448.100 | 448.500 | 449.010 | 448.050 | 448.290 | 448.200 | 448.030 | 448.020 | 448.001
ﬁ(i:;i:lnlia N 447.322 | 447.469 | 447.616 | 447.763 | 447.91 | 448.057 | 448.204 | 448.351 | 448.498 | 448.645 | 448.792 | 448.939 | 449.086 | 449.233
HoquKHa,% 0.027 | 0.015 | 0.026 | 0.014 | 0.042 | 0.010 | 0.066 | 0.147 | 0.100 | 0.079 | 0.132 | 0.202 | 0.237 | 0.274
?Z:;};i]:a 447.046 | 447.377 | 447.663 | 447.902 | 448.095 | 448.243 | 448.344 | 448.399 | 448.409 | 448.372 | 448.290 | 448.161 | 447.766 | 447.499
IMoxu6ka,% | 0.034 | 0.005 | 0.036 | 0.045 0.001 0.032 | 0.035 0.136 | 0.080 | 0.018 | 0.020 | 0.029 | 0.057 0.112
13_122;?1(::15[ 447.247 | 447311 | 447.496 | 447.754 | 448.038 | 448.300 | 448.492 | 448.566 | 448.476 | 448.172 | 447.607 | 446.733 | 445.503 | 443.869
Tloxubka,% | 0.011 0.020 0.001 0.012 0.014 0.045 0.002 0.099 0.095 0.026 0.132 0.290 0.565 0.931
BignoBimro g0  gocmimkenb  [90],  OOCTOBIpHICT  ampOKCHUMAIii

CKCIICPUMCHTAJIBHHUX JHaHUX CTCIICHCBHUM IIOJIIHOMOM 33663H€‘—IY€TBCH 3a YMOBH,
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[0 HOTO MOPSIIOK M 3aJ0BOJIbHSE CIIBBIHOWIEHHS m < n/5, 1€ n — KiJIbKICTh
EKCIEPUMEHTAIBHUX TOYOK.

AHani3z pe3yapTaTiB, HaBEJACHUX y TaOmuil 3.4, 1EeMOHCTPYE, 0 HAWBHIILY
TOYHICTh TPOTHO3YBaHHA 3abe3leuye CTEMEHEBU TMOJIHOM JIPYrOro CTYIIEHS
(m = 2), 0 y3rOMKy€eThCs 3 TEOPETUYHUMU MOJOKEHHIMHU, BUKIageHumu y [90].

AnroputmiuHe 3a0esnedeHHs mnporHolyBaHHs MoxiauBocti HC ma ITHO
peai3yeThes y CIociO MOCIiJOBHOIO BUKOHAHHS TaKUX €TarliB:

1. BuzHaueHHs Koe]iliEHTIB alPOKCUMYIOUOTO CTENIEHEBOTO MOJIIHOMA Ha OCHOBI
EKCMEePUMEHTAIBHUX JAHMUX 13 3aCTOCYBaHHSIM METOAY HalMEHIIMX KBaJparTiB.

2.00uucneHHs MPOrHO30BaHUX 3HAYEHb MMapaMeTPiB, 10 XapaKTEPU3yIOTh CTaH
MOTEHIIHHOTO JKepenia HeOe3MeKr Ha 3aJaHiii MOMEHT 4acy.

3.OuintoBanns MmoBipHOCTI BuHUKHeHHS HC Ta QopmyBaHHS pexoMeHaallii
[IOA0 BIPOBAIKEHHS NPEBEHTHUBHUX MPOTUABAPIMHUX 3aXOMIB 1 MpOIERyp

OTIOBIIIICHHS TIEPCOHATTY.

3.7 Ilporpamue 3a0e3ne4eHHs] MPOrHO3YBAHHS YaCOBMX PS/IiB HA OCHOBI

MOJIIHOMIAJIbHOI anpoOKCHUMALil METOA0M HallMEHIIUX KBaJApaTiB

Jliist peanizaiiii cucTeMu POTHO3YBaHHS PIBHS BOJIU PO3POOIECHO MPOTpaMHe
3a0e3nedueHHst Ha MOB1 Rust 3 BUKOpHUCTaHHSIM apXiTeKTypu rpadigHoro iHTepdeiicy
Ha 0a3i 010mi0TEeKM mporpaMHoro 3adesneueHHs egui. Cucrema peasizye MeTon
MOJIIHOMIAJIbHOT perpecii 3 BUKOPUCTAHHSM OPTOTOHAJBHHUX TOJIHOMIB IS
arpoOKCHUMAIlli Ta MPOTHO3YBaHHS YaCOBHUX PSMIB JaHUX. APXITEKTypa MPOrpaMHOTO
3a0e3mneueHHs] MOOyJOBaHA 3a MOAYJIBHUM TPUHIUIIOM, IO 3abe3neuye diTKe
po3AUIeHHS 013HEC-JIOTIKM Ta MPE3EHTALIITHOTO apy, a TAKOXX BUCOKY TECTOBaHICTb
KOMITOHEHTIB.

CTpykTypa TPOEKTY CKJIAJAETHCS 3 OCHOBHMX MOXYMIB: 010710TEeKH
pOrpaMHOTO 3abe3mneueHHs 1s.rs, mo peaizye MaTeMaTHYHUN armapaTr HaiMEHIINX
KBaJ[paTiB Ta OOpPOOKY JaHUX, Ta BUKOHYBAHOTO MOJYJS gui.rs, sSIKMi 3a0e3mneuye
IHTEpPaKTUBHUN KOpUCTyBallbkuil 1HTEepdeiic. [JomaTkoBo peanizoBaHO MOAYIb
TeCTYBaHHA Is.rs, 1m0 MICTUTH HaOip unit-TecTiB i Bepudikarlii KOpPEKTHOCTI

MaTeMaTUYHUX OOYMCIICHb. YIPABIIHHS 3aJ€KHOCTSIMU Ta KOHQITYpallisi MPOEKTY
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3niicHIOeThCA depe3 ¢ainm Cargo.toml Ta Cargo.lock, mo € cranmapTHUMH
KOMIIOHEHTaMu eKkocucteMu Rust.

ApXITeKTypa MpPOTPpaMHOIO 3a0e3neueHHs] 0a3yeThbCs Ha B3a€MOJIT JIBOX
OCHOBHHMX KOMIIOHEHTIB: kimacy LS, mo peanizye mareMaTudHi OOYHCIICHHS
METO/IOM HaWMEHIIUX KBajpariB, Ta kiacy PredictionApp, mo 3abe3mnedye
rpadiunmii iHTepdeiic kopuctyBada. Kimac LS iHKamncymtoe J1oriky oOpoOKH TaHUX
Ta MPOTHO3YBaHHs, 30€piraroud NPOMDKHI PE3yabTaTH OOYMCIEHb Y CTPYKTypax
EncodingStep m1st MOKIMBOCTI MOKPOKOBOTO aHami3y. PredictionApp B3aemojie 3
010;110TEKOI0 eguil Il CTBOPEHHS IHTEPAKTUBHOTO 1HTEpdeiCy, Biyani3amli JaHuX
Ta pe3ysbTaTiB MPOTHO3YBaHHS, a TAKOXK KEPye >KUTTEBUM LIMKIOM 00’ekta LS Ta
00poOKOI0 KOpUCTyBallbKoro BBeieHHs. Ha pucynky 3.1 HaBeseHO aiarpamy KjaciB

JUTSL IPOTPAMHOTO 3a0€3MeYeHHS MPOrHO3YBAaHHS YaCOBUX PSIIIB.
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© PredictionApp

ols: LS

on_input: String

om_input: String

ox_predict: String

oerror_text: String
oprediction_result: Option<f64>
oplot_points: Vec<[f64; 2]>
opredicted_points: Vec<[f64; 2]>
ofunction_points: Vec<[f64; 2]>
ocritical_level_input: String
ocritical_level: Option<f64>
ointersection_point: Option<[f64; 2]>
oplot_bounds: PlotBounds
oshow_all_orders: bool
oneeds_recalculation: bool
ois_simulating: bool
osimulation_step: usize
osimulation_data: Vec<[f64; 2]>
osimulation_speed: f64
olast_simulation_time: Option<Instant>
osimulation_progress: f32
osimulation_auto_order: bool
osimulation_paused: bool

oall_order_points: Vec<(usize, Vec<[f64; 2]>)>

o cached_coefficients: Vec<(usize, Vec<f64>)>

osimulation_events: Vec<(usize, String)>

onew(): PredictionApp

o update(&mut self, ctx: &egui::Context, frame: &mut eframe::Frame)
odisplay_main_panel(&mut self, ui: &mut egui::Ui)
odisplay_data_panel(&mut self, ui: &mut egui::Ui, width: f32)
odisplay_plot_and_results_panel(&mut self, ui: &mut egui::Ui, width: f32)
odisplay_legend_vertical(&self, ui: &mut egui::Ui)

ocalculate_model()

ofind_optimal_order(): Option<usize>

o update_simulation()

oplot_data(&self, plot_ui: &mut egui_plot::PlotUi)

uses ontains

on: usize
om: usize
ox: Vec<f64>
oy: Vec<f64>

os: Vec<f64> © PlotBounds

oq: Vec<f64> ox_min: f64
op: Vec<Vec<f64>> ox_max: f64
oc: Vec<Vec<f64>> oy_min: f64
ob: Vec<f64> oy_max: f64
oa: Vec<f64> o base_x_min: f64
osteps: Vec<EncodingStep> obase_x_max: f64

obase_y_min: f64

onew(n: usize, m: usize): LS obase_y_max: f64

oinitialize_points()

o calculate_orthogonal_polynomials()

o calculate_coefficients()

o predict(x: f64): f64

oclear_steps()

oadd_step(description: String, data: Vec<f64>, step_type: StepType)

contains

© EncodingStep

o description: String
odata: Vec<f64>
ostep_type: StepType

uses

@ StepType

DataPreparation
OrthogonalPolynomials
CoefficientCalculation
FinalResult

Prediction

Pucynok 3.1 — Jliarpama kJjaciB mporpaMHOro 3a0e3Me4eHHs ISl TPOTrHO3YBaHHS

YaCOBHX PsJIIB

Crpyktypa LS peanizye mareMaTHUHMIA anmapat METOAY HAMMEHIITNX KBaIpaTiB

Ta € KJIIOUYOBMM KOMITIOHEHTOM CHCTEMH MpOrHO3yBaHHS. CTPYyKTypa 1HKAICYIIIO€
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BXIJIHI J1aHl y BUIVISZI BEKTOPIB 3HAUEHb X Ta Yy, a TaKoXK 30epirae koe(ilieHTH
Ta MPOMDKHI PE3yNlbTaTh OOYHMCIICHB. /(151 3a0e3medeHHsT MOBHOTO UKy OOpOOKH
JAHUX Ta TMPOTHO3YBAaHHS CTPYKTypa peai3dye Hallp METO/IB, IO OXOIUTIOIOThH
1HIIaTi3aIi, OOYUCIICHHS Ta MPOTHO3YBaHHS 3HA4YeHb. JleTanbHUN OMUC METO/IB

cTpykrypu LS HaBeaeno y tabnuui 3.5.

Tabmuns 3.5 — OcHOBHI MeTOoaU CTPYKTYpH LS

Meton IIpu3HaueHHs
new() CTBOpPEHHS HOBOI'O €K3eMIULPY CTPYKTYpHU 3 3aJlaHUMM IIapaMeTpamu
initialize points() [Himianizamis TeCTOBOro HabOpy JaHUX Ui Bepudikallii podoTH cCUCTeMHU

calculate orthogonal polynomials() | OOuuCIIEHHSI CHCTEMH OPTOTOHAIBHHUX MOJTHOMIB ISl alPOKCHMAIIiT

calculate coefficients() OO6uncieHHs KoedilieHTiB anmpOKCUMYIOUOTO IMOJIiHOMA

predict() [IporHo3yBaHHs 3HaUYeHb Ha OCHOBI 1MOOYIOBaHOTI MOENi

Crpykrypa PredictionApp € HeHTpaJbHUM KOMIOHEHTOM CHUCTEMH, IO
peanizye rpadiunuii inTepdeiic KopucTyBaua Ta KepyBaHHs nporpamoro. CTpykrypa
30epira€e MOTOYHUM CTaH MPOrPaMH, BKIKOYAIOYM HaOlp TOYOK JaHuX (points),
CTyIiHb mojiiHoMa (degree), KUIBKICTh TOYOK HpOrHo3yBaHHs (prediction points)
Ta €K3eMIUIAp CTPYKTypu LS s oOumciens. J[ims 3a0e3nedeHHs 1HTEpaKTUBHOI
B3a€MOJI11 3 KOPHUCTYBaYeM Ta Bi3yasli3allii JaHUX CTPYKTypa peasizye HaOlp METO/IIB,

JeTaTbHUN OMUC SKUX HaBeIeHO y Tabmuil 3.6.

Tabmuus 3.6 — OcHoBHI MeToau cTpyKTypHu PredictionApp

Merton [Tpu3HaueHHs
new() CTBOpEHHS HOBOTO €K3eMIUISIPY MPOrpaMu 3 MOYaTKOBUMHU HallalITyBaHHIMHU
update() OHOBJICHHS CTaHy MporpaMu Ta oOpoOka mofii iHTepdeiicy KopucTyBada

draw_chart() | BinoOpaxxeHHs TpadikiB JaHUX Ta Pe3yJbTaTiB POrHO3YBaHHS

load data() | 3aBaHTa)XeHHS BX1JHUX JAaHUX JJIsl aHATI3Y

J11st 3a0e3neueH s TOBHOIIHHOTO (DYHKIIIOHYBAHHSI CUCTEMH MPOTHO3yBaHHS
peanizoBaHO Hallp JOMOMDKHHMX CTPYKTYp [aHHMX, LI0 PO3LIUPIOOTH 0a30BYy
(yHKITIOHAIbHICTh OCHOBHUX KoMIOHEHTIB. CtpykTypa EncodingStep 3abe3neuye
30epekeHHsl Ta JOKYMEHTYBAHHSI MOKPOKOBOI'O MPOLECY OOYUCIIECHb, BKIIOYAIOUU
IIPOMIXKHI pE3yJIbTaTH Ta OMKMCH €TaIB po3paxyHKiB. J{Jist Tumizanii erTariB 004UHUCIeHb

BUKOPHUCTOBYEThCA eHyMepauis StepType, 110 BH3Hauae€ MOXIIMBI THUIU KpPOKIB:
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migrotopka manux (DataPreparation), oO4HCIIEHHS OPTOTOHAJIBHHUX TIOJIHOMIB
(OrthogonalPolynomials), pospaxyHok xoedimientiB (CoefficientCalculation),
orpuMmanHs (pinansHOrO pesynbrary (FinalResult) Ta nmpornosysanns (Prediction).
Crpykrypa PlotBounds iHkarncymtoe mapameTpu o0iacTi Bizyasisallii, BKIHOYAIOUU
MIHIMaJIbHI Ta MAaKCUMAJIbHI 3HAYEHHS 110 OCSX KOOPJWHAT, 10 3a0e31euye KOpEeKTHE
MaciTabyBaHHS Ta MOKa3 TpadikiB.

B3aemojiisi KOMIIOHEHTIB CHUCTEMHU OpraHi3oBaHa 3a MPUHIIUIIOM YiTKOTO
PO3MAUIECHHS BIAMOBIAAIBHOCTI, 1€ KOKEH KOMIIOHEHT BUKOHYE crieludidyHuil Hallp
¢yukiiii. LlenTpanbHuM eneMeHTOM € cTpykTypa PredictionApp, mo kepye
KUTTEBUM ITUKIIOM MPOrpaMU Ta B3aEMOJIEI0 3 KOPHCTYBaueM dYepe3 TpadiuyHui
iHTepdelic, peanizoBaHuil 3a 1omomoror 6i6mioreku egui. PredictionApp nenerye
MaTeMaTu4Hi OO4YMCIEeHHS CTPYKTypl LS, ska peanizye anroputM HaWMEHIINX
KBaJIpaTiB Ta BUKOpUCTOBYE cTpyKTypy EncodingStep nns 30epexenHs icTopii
obuncnenp. Taka apxiTekTypa 3a0e3medye MOAYJIbHICTh CHCTEMH, JI€ KOXKEH
KOMITOHEHT MO>ke OyTH Mo/ iKOBaHUI a00 3aMiHEHHW O€3 BIUIMBY Ha 1HIII YaCTUHU
IporpamMu, IO BIAMOBIJIa€ MPUHIUIIAM 00’ €KTHOOPIEHTOBAHOTO MPOEKTYBaHHS Ta
MOJIETIIY€E TOAANBINTY MIATPUMKY Ta PO3IMIUPEHHS (PYHKI[IOHATHHOCTI CUCTEMHU.

Monyns Is.rs peanizye MareMaTUYHUN armapaT METOAY HaMEHIINX KBaJpaTiB
yepes cTpykTypy LeastSquares, 1110 1HKarCymto€ alirOpUTMU OJITHOMIaJIbHOI perpecii
Ta 00poOkM yacoBux psaiB. CTpykTypa 3a0esmneuye METOAW IS OOYMUCIICHHS
KOS(IIIEHTIB amPOKCHMYBAIBHOTO TIOJIIHOMA, OIIHKHA ITOXHOKH ampoKCcHMaIlli Ta
POTHO3YBaHHSA MalOyTHIX 3HaUY€Hb YacOBOIO psAny. IMruiemeHTanist 6a3yeThcsi Ha
BUKOPUCTAaHHI OPTOTOHAJIBHHUX MOJIIHOMIB, M0 3a0e3Mneuye 4uciIoBy CTaOUIbHICTD
oO4HCIeHb Ta MIHIMI3Y€ HAaKOMMYEHHS MOXHUOOK OKPYIVICHHS IIPU POOOTI 3 TaHUMU
BEJIUKOI PO3MIPHOCTI.

Mogynb gui.rs peamnizye Tmpe3eHTalliliHUN Iap CUCTEMHU 3 BHKOPUCTAHHSIM
616110TeKH egui, 110 3a0e3Meuy€e CTBOPEHHS IHTEPAKTUBHOTO TpadigHoro iHTepdheincy
KOpHUCTYyBa4a. ApXiTeKTypa rpadiyHOro MoayJs 0a3yeThCsl HAa KOHLELIT HeraHOTO
pexumy BimoOpakeHHs (immediate mode GUI), mo cmporrye po3poOKy Ta
niATpUMKY 1HTEepdeiicy. Moaynb peanizye KOMIIOHEHTH Bi3yaui3allii 4aCOBUX PSIIB,
CJIEMEHTH YIPaBIIHHS MapaMeTpaMH ampoKCHUMAIlli Ta 1HTEPaKTUBHI rpadiku A

B1JOOpaXeHHsI PE3yJbTaTiB MPOTHO3yBaHHS.
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Cucrema peanizye oOpoOKy BXITHUX NaHUX uepe3 (yHkuii momyns ls.rs,
mo 3abe3rneuyoTh poOOTy 3 YacOBHUMHU psjaamMu. BXigHI JaHl mOpeacTaBieHi
y BUIVISAI BEKTOpiB Tumy Vec<f64>, mo MICTITh 3HAY€HHS PIBHA BOJAU 3a
NEeBHI MPOMDKKHM dacy. PeamizoBaHo 0a3oBi omepartlii s poOOTH 3 JTaHUMHU:
3YUTYBAaHHS 3HAY€Hb, OOYMCIICHHS CTAaTUCTHUYHUX XapaKTEPUCTUK Ta MiArOTOBKA
JTAHUX JJTS TIOJAJIBIIOT aTpOKCHUMAITli. ApXITEKTypa CHCTeMHU repeadadae MOKIUBICTh
po3mUpeHHs (QYHKIIIOHATILHOCTI Yepe3 I0aBaHHs HOBUX METO/AIB 0OpOOKH JaHUX
y MOAYIb ls.ts.

Bepudikariiss mporpamHoro 3a0e3neueHHs peajli3oBaHa 4Yepe3 CUCTEMY
MOIYJIBHOTO TEeCTyBaHHS B Moayni Is.rs. TectoBe 3abe3neueHHs BKIIOUae 0a30Bi
unit-TecT i MepeBipKU KOPEKTHOCTI OOYMCIIECHbh METOAY HaMMEHIINX KBaJpaTiB.
PeanizoBano TectoBi ¢ynkmii test Is() Ta test Is 2(), mo BamiaylOTh TOYHICTH
oOuncneHHs: KoedilleHTIB ampoKcuMallii Ha TecToBUX Habopax manux. IIpouec
TECTyBaHHsSI BHUKOHYEThCA depe3 BOymoBaHuM B Rust iHcTpymeHTapiil cargo test,
IO /I03BOJISIE aBTOMATHYHO 3allyCKaTH TECTW MPU BHECEHHI 3MiH y koxa. Tectu
aHoTOBaH1 aTpuOyToM # [test] 3rimHO 31 CTaHAAPTHUMU MpPAKTUKAMU PO3POOKU Ha
Rust.

VY cucremi peasi3oBaHO MEXaHI3M OOpPOOKHM TMOMUJIOK 3 BUKOPHUCTAHHSIM
crangaptHoro ayig Rust tuny Result Ta BOygoBanux tumnis nomuiok std::error::Error.
ApxiTekTypa 0OpoOKHM MOMMIIOK 3a0e3nedye KOPEeKTHY OOpOOKY BCiX KPUTHUYHUX
CUTYyaIIi}, BKIIOYAI0UYH TOMWJIKY IIPU YUTAHHI BX1THUX TAaHUX, HEKOPEKTHI MapaMeTpu
anpoKcUMallli Ta YMCJIOBY HECTaOUIBHICTh MpU 0OUnCciieHHsIX. PeanizoBaHo neranbHe
JOTYBaHHS TIOMHUJIOK 3 BHUKOPUCTaHHSIM MakpociB println! nns iHpopmyBaHHS
KOPUCTYBa4a Mpo MPUYMHU BUHUKHEHHS mpobieM. CucreMa 3a0e3neuye KOpEeKTHE
3aBepUIEHHS POOOTH y BUMNAAKY KPUTHYHUX TMOMUJIOK Ta HaJa€ KOPUCTYBady
1H(OpMaTUBHI MOBIIOMJIEHHSI TPO MPUYMHU 3001B.

ApxiTekTypa cucteMu 3abe3mnedye poOOTy 3 JaHMMH 4Yepe3 CTaHAapTHI
omeparlii (ailyloBoro BBeI€HHA-BUBEICHHA. BX1H1 JaH1 3UUTYIOTHCS 3 TEKCTOBOTO
daiiry 3a mormomMoror (yHKIM cranmaptHoi Oi10miorekn Rust std::fs::File Ta
std::10::BufReader. PeanizoBano 6a30Buii MexaH13M MAPCUHTY TEKCTOBUX JAHUX JJIsI
OTPUMAaHHS YUCIIOBUX 3HAUYEHb YAaCOBOTO psiAy. Pe3ynpratu mporHo3yBaHHS MOXYTb

OyTH BUBEJIEH1 Ha eKpaH uepe3 rpadiuHuii iHTepdeiic egui 1isd MOAATIION0 aHAIIZY
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KopuctyBaueMm. CuctemMa BUKOPHUCTOBYE MPOCTUM TEKCTOBUM (popmar sl BXITHHUX
JaHUX, 10 3a0e3Meuy€e CyMICHICTh 3 1HIIUMH 1HCTPYMEHTaMU aHali3y JaHUX.
Cucrema peaitizye 6a30B1 onTuMI3alii 1151 3a0e31edeHHs €(HeKTUBHOT 00pOOKH
nanux. Bukopucranns tumy 64 st 004uCIIeHb 3 MIaBalOY0I0 KOMOIO 3abe3mneuye
HEOOX1JIHYy TOUHICTb MPHU PO3PAXyHKY KOEePIIIEHTIB perpecii. ApXiTeKTypa CUCTEMHU
0asyeTbcss Ha €(GEeKTUBHUX CTPYyKTypax maaHux Rust, 30kpema Vec<t64> s
30epiraHHss Ta OOpOOKM YHCIOBUX TNoOCHIAOBHOCTEH. Omepaiii 3 BEKTOpaMu
BUKOHYIOTBbCSI 3 BHUKOPUCTAHHSIM ITE€PAaTOpiB, IO € ONTHUMI30BAaHUM MEXaHI3MOM
0o0poOku mociigoBHocTel y Rust. JlomaTkoBo cuctema BHUKOPHUCTOBYE CTEK IS
JOKaJIbHUX 00YHMCIIEHb, 110 MIHIMI3Y€ HAaKJIaIHI BUTPATH Ha YIIPABIIHHS IMaM’ STTIO.
Bizyanbuuil iHTepdeiic Hamae MUTTEBUN 3BOPOTHHUM 3B’SI30K MpPHU 3MiHI
napaMmeTpiB, BiAOOpa)kalouu OHOBIEHUM Trpadik ampokcumaiii Ta MPOTHO3Y

HABEJICHO Ha PUCYHKY 3.2

oo Water Level Prediction System
Water Level Prediction System

Model Configuration

Data Points: 10

Model Order: 2 452
Show all orders.

Critical Level: 449.3

Historical Data
8: 7.00 449.01
9: 8.00 448.05

10; 9.00 448.29

le: 12,0 Calculate

Pucynok 3.2 — IaTepdeiic kopucTyBaya J0/1aTKy MPOrHO3yBaHHS 4aCOBUX PS/IIB

Ha OCHOBI TTOJIIHOMIAJIBHOI alpOKCHUMAIIii

ApxITeKTypa MpOTpaMHOro 3a0e3MeueHHs] TMependavae HalallTyBaHHS

napameTpiB uepes rpadiuHuil inTepdeiic KopucTyBaua, peaji3oBaHuH 3a JOTIOMOT0k0
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010miorexku egui. KopuctyBay mMoxe 1HTEpAaKTHBHO 3MIHIOBaTH CTYMiHb MOJIHOMA
JUIS anpoKCHMaIlli Ta KUIBKICTh TOYOK IMPOTHO3YBAaHHS OE€3MOCEpPeaHbO T dac
pobotu mporpamu. Cucrema 3a0e3rnedye Bajifallil0 BBEIACHUX IMapaMeTpiB IS
3aro0iraHHg HEKOPEKTHUM HAJIAlITYBaHHSAM, 30KpeMa MepeBIPSETHCS JTOMYCTUMHUMA
Jiana3oH 3HaYeHb I CTYIEHS IMOJIIHOMA.

[Iporpamue 3a0e3nedeHHs peaizye ehEeKTUBHI METOAW MOJIHOMIaTbHO1
anpokcuMarlii Ta 3a0e3nedye BHUCOKY TOYHICTh MPOTHO3YBAaHHS 3aBISKU
BUKOPUCTAHHIO OPTOTOHAJBHUX TOJIHOMIB Ta METOAY HaWMEHIIUX KBaJpariB.
MogynbHa apxiTeKTypa CHUCTEMH, peajizoBaHa MOBOIO Rust, rapanTye HaniliHICTb
poOOTH Ta MOMKJIMBICTH IMOAAJIBIIOTO PO3MIUPEHHs (yHKIIOHATLHOCTI. BUCHOBKHM
10710 PO3pOOIEHOTO MPOrPaMHOTO 3a0€3MEUCHHS IS eKCTPATIONISAIT YaCOBUX PSIIB

HaBeJIeHI B KiHIIl TPETHOTO PO3LIY.

3.8 OOrpyHTyBaHHsI HeOOXIIHOCTI PO3POO0JIEHHSI AJTOPUTMIYHOIO Ta
NMPOrpamMHOro 3ade3nme4yeHHs ISl MOJAEJIOBAHHS CTAHY NMOTEHUIiHHO
HeOe3meYHUX 00’€KTIiB HA NMPHUKJIAAI PO3PAXYHKY (iabTpamiiHuX

npoueciB y 3eMJISIHUX TiIpocnopyaax

3eMIIsiHI TiApOCTOpYAn — i€ OAWH 3 HaloOuibm mnomupeHux tumiB [THO,
Ha SIKUX ICHye peaibHa 3arpo3a BUHMKHEeHHsS HC TexHOreHHoro xapakrtepy.3a
CTaTUCTUYHUMU JTAHUMHU, 3eMJISIHI TpeOiIl CTaHOBIATh Onu3bko 85% Bij 3arajibHOi
KUTBKOCTI MPOEKTOBAHUX 1 MOOy0BaHUX rpedenb y cBiTl. B Ykpaini yacTka Takux
rigpocniopya csrae 90% Bia yciX HassBHUX TpeOeb.

BUHHMKHEHHS  TOIIKO/DKEHb  TIAPOTEXHIYHUX  CIOPYHd  3YMOBIIOETHCS
KOMITJIEKCOM YMHHUKIB: BIUIMBOM MPUPOAHHUX (DAKTOPIB, BTPATO KOHCTPYKTUBHOI
CTIMKOCTi, HAsIBHICTIO Ne(PEKTIB Ta MOPYUICHHSIM periaMeHTy ekcrutyararii. Jls
3eMJISTHUX Tpe0esTb BU3HAYAIbHUM (haKTOPOM TEXHIYHOTO CTaHy € Iporiec (hiIbTparii
BOAM Kpi3b TIJIO CHOPYAU. 3a pe3yjbTaTaMH JOCHIIKeHb, HaaMipHa (iabTpallis
cnpuuuHsie oHan 60% 3adikcoBaHMX aBapifHUX CUTYyalliil HA 3eMJISTHUX TpeOsx.

Pesynbratu OOCHIKEHb 3E€MIISTHUX TiIPOCIOPYI 3aCBIAYYIOTH PO3BUTOK
TECTPYKTUBHHX SIBUII IT1]1 Yac iX eKCIuTyarallii: KapcToBo-cyho3iiHuX aedhopmarltii
Ta (OpMyBaHHS 30CEpPEHKEHUX NUIAXIB (DUIBTpaIlii B T rpedenb, 1aM0b Ta IXHIX

ocHOBax. Taki sSBUINA CIPUYUHSIIOTH PO3MHBH, JedopMallii YKOCIB Ta 3CyBH, IO
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cTBOpIOIOTh MOXIHMBicT HC depe3 pyiiHyBaHHS cropyau. XapakTep MOBEpXHI
Jerpecii € THAUKATOPOM CTaHy (PITBTPAIifHOTO PEKUMY Ta JIOKATBHUX MOPYIICHb
BOJIOITPOHUKHOCTI B TUII 36MJISTHOI Tpeoii.

PyiiHyBaHHS HamipHUX 3eMJISIHUX T1IpOCHOpyA cTBOproe MoxiuBicTe HC
TEXHOT€HHOT'O XapaKTepy uepe3 CTPIMKUN PO3BUTOK JECTPYKTHBHUX MPOIECIB:
HEKOHTPOJIbOBAHE BUBLIBHEHHS BOJHUX Mac, pyHHYBaHHS KUTJIOBOI Ta KPUTUYHOI
1H(pacTpyKTypH, 3aTOIUICHHS NPWIENIUX TepuTopi. ['inponuHamiuni aBapii
CHOPUYUHSIOTh KOMIUIEKCHHM HETaTUBHUN BIUIUB Ha COI[iaIbHO-€KOHOMIYHY Ta
€KOJIOT1YHY CKJIa/I0B1 PET10HY: 3arpo3y KUTTIO Ta 3I0pPOB 0 HACEJICHHS, TOPYIIEHHS
€KOJIOT1YHOI PIBHOBAru MPUPOJHUX CHUCTEM, CYTTEBI €KOHOMIUHI 30MTKH.

BignoBimiHO 10 3aKOHOMABCTBA  YKpaiHU, TIAPOTEXHIYHI  CIIOPY/IH,
knacudikoBani sk I[THO, marote OyTH OCHaieHI CHUCTEMaMHd MOHITOPUHTY
TEXHIYHOTO CTaHy MJisi CBO€4YacHOro BusiBIEHHS MoxiuBocTi HC. MoniTopuHr
peani3yeTbes K KOMITJIEKCHA CHCTEMa CIIOCTEePEKEHb, aHaJ3y Ta MPOTHO3yBaHHS,
110 3a0e3neuye BU3HAYCHH CTany Jpkepelt Hebesneku B mexkax [THO 3a 3nHaueHHsMuU
XapaKTePUCTUYHUX MapaMeTpiB.

JlocmipkeHHsT  AMHAMIKM ~ JAECTPYKTHUBHUX  TIPOIECIB,  CIPUYMHEHHUX
GUIbTpalliIiHUMU ~ TEUIIMM B 3€MIISIHUX Tpeliisix, noTrpedye po3poOieHHs
CHELIAI30BaHOT0 MaTeMaTMYHOro amapary y cnocio ¢opmamizanii (i3u4HUX
IPOIIECIB.

3acTocyBaHHS CTaHAAPTU30BAaHUX HOPMATUBHUX METOAMK pPO3PAXyHKY
obmexeHe crnenudikoro AOCHKYBaHUX TMpoleciB. lle 3yMoBiroe HEOOXiAHICTH
PO3pOOIIEHHS CTieliaTi30BaHUX MaTEMaTHUYHUX MOJIEJICH JIS POTHO3YBAHHS 4aCOBO1
JMHAMIKU PIBHIB I'PYHTOBUX BOJA y Tl Trpebmni. Peamizanis 4ucenbHOiI Moaeni Ta
BI/IMOBITHOTO MPOTPaMHOTO 3a0e3nedyeHHs 3a0e3nedye BU3HAYCHHS JTUHAMIYHHUX
XapaKTepUCTUK TPYHTOBUX BOJI Ta 1HTEHCUBHOCTI (inbrpamiinux Ttedi. Taxwuii
11X1]T YMOXKITUBIIIOE 11IeHTU(IKAI[IF0 30H TOTEHIIHHOTO (popMyBaHHS (PUIBTpALITHIX
NOTOKIB, IO CTBOPIOIOTH MOXJUBICTh HC crnpuunMHEHOI0 Aerpaiaiiio 3eMIISTHOI
HaITIPHOI T1IPOCIIOPY/IH.

AnroputMmiuHe 3a0€3MEUYEeHHS MOJICIIOBAHHS CTaHy HAMIPHUX TiIpOCIOPYT
JOLIUTBHO peajizyBaTu Ha OOYMCITIOBAJIBHUX 3ac00aX CHUCTEM MOHITOPUHTY CTaHy

[THO perionanbHOro Ta MiclieBOro piBHIB. BXiTHUMU JaHUMU JJIs1 MaTeMaTUYHOTO
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MOJICTIOBAHHS HAlIPHUX 3eMJITHUX T1IPOCIOPY/ CIYTYIOTh PE3y/IbTaTH BUMIPIOBAHb,
OTpHMaHi BijJ cucteM TexHiuHoro MoHiTopuHTy [IHO Ha 006’€kTOBOMY piBHI.

Jliis po3B’si3aHHS MPAKTUYHUX 3a7a4 MOJICITIOBAHHS (DUTBTPALlIfHUX TIPOIIECIB
y 3¢ MJISTHUX HaIlipHUX T1IPOCHIOPYAaX 3aCTOCOBAHO YHCEIIbHUI METOJ] O3B’ I3y BaHHSI
PIBHAHb Y YAaCTUHHUX MOXIAHMX. Takuil miaxia 3abe3redye BpaxyBaHHS CKJIAHOI
CTPYKTYpH Tedid, KOoH]irypamii Mex oOmacti (Qinmbrparmii Ta 0COOIMBOCTEH
penbedy MicieBocTi. Po3pobiieHo crerianizoBaHe aJIrOpUTMIYHE 3a0€3MEUCHHS 3
TEOPETUYHUM OOTPYHTYBAaHHSIM TOUYHOCTI Ta 301)KHOCTI OOUMCITIOBATLHUX TIPOLIEAYD,
10 peali3yloTh 3alpPONOHOBAHUI METO/I.

AKTyaJIbHICTh JOCHIIKEHHS 3yMOBJIEHa 3pocTaHHsAM KinbkocTi HC B ymoBax
BIMCHKOBUX il Ta MIO0AIbHUX BUKJIMKIB, IO MOTPEOYIOTh PO3POOJIICHHS HOBHX
HamipHi rigpoTexHiyHl CcHopyAau CTBOPIOIOTh MOXJuBICTh HC TexHOreHHOro
XapakTepy 4epe3 IOTeHIlHHI aBapli a0o moBeHi. Po3poOieHHS MaTreMaTHYHHUX
Mojienie 3abe3rneuye KOMILUIEKCHE OIIHIOBAHHS TEXHIYHOTO CTaHy CIOpyd Ta
NPOTHO3YBaHHS PO3BUTKY NECTPYKTHUBHUX IpolieciB. Takuil Migxia yMOMIHUBIIOE
aHaji3 CIIEHapiiB PO3BUTKY CHUTyalii Ta 1AeHTU(IKAII0 30H TMOTEHIIHHUX
MIOIITKO/IPKEHb, 1110 € OCHOBOIO JIJIs1 (PopMyBaHHS €(EKTUBHHUX CTPATETIN 3am100iraHHs

HaHSBanﬁHHM CI/ITyaHiHM.

3.9 MaremaruyHe Ta aJrOpPUTMiYHE MOIEJIOBaHHA (ULIbTpaANiHHUX

NMPoIECiB Y 3eMJISTHUX Tipocnopyaax

YucenbHe MOJACIIOBAHHS JABOBUMIPHUX CTAI[IOHAPHUX (PUIBTPALIHUX Teuiid
y TIIPOTEXHIYHHUX CHUCTEMax peadi30BaHO 13 3aCTOCYBaHHSM METOAY CITOK.
AnroputMiuHe 3a0e3e4UeHHsI epeadadae Taki eTanu: ampoKCUMAIliI0 PO3PaxyHKOBOT
00J1aCTI CTPYKTYpPOBAHOI CITKOKO 3 BHU3HAYEHHUM KOPJAOHOM, JIUCKPETH3AIIIIO
o0nacTi 3 (IKCOBAaHMM KpPOKOM CITKM 1Jii (OpMyBaHHS PI3HULIEBUX AaHAJIOTIB
nudepeHIiaIbHIX PIBHSAHB. Y MPOIECi TUCKPETU3AIIIT 3aCTOCOBAHO I’ AITUTOYKOBHIA
mabJI0H 711 allpOKCUMAITll MOX1THUX JPYTOro MOPSAKY.

AnropuTMmiuHe 3a0e3nedeHHs peadizye OOYHMCICHHS 3Ha4YeHb MOTEHIaIbHOT
GyHKIIT )8 BHYTPIIIHIX BY3JiB CITKM Yy CHOCIO BHU3HAY€HHS CEPEIHBOIO

apuQMETUYHOTO 3HaYCHHS (PYHKIIIT B CYMIKHUX By3JIax 3 KPOKOM h. 3alIpoOroHOBaHO
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CTPYKTYPY JOJATKOBOI CITKH, By3JIH SIKOi BIAMOBIAAIOTH BHYTPIIIHIM Ta 30BHIITHIM
BY3JIaM OCHOBHOI CITKH. 3Ha4€HHsI Y By3JlaX JOAATKOBOI CITK BU3HAUYAIOTh MHOXHUHY
apuMETHYHUX Omepalliil 1 BIAMOBIAHUX BY3J1iB OCHOBHOI CITKH.

3acTocyBaHHS JOAATKOBOI CITKH 3a0e3meuye:

1. ®opmanizanito 0OYMCIIOBAIBHUX ONEpaliil uepe3 yHI(IKOBaHI OMepaTopu
UKITY

2. Moaudikariro koH)Iryparii rpaHuils CITKA 0€3 3MiHM 0a30BOr0 aJITOPUTMY

3.T'Hyuke KepyBaHHS MOCIIIOBHICTIO OOYMCIICHb y By3JaX

Marematnynuii amapar Ta CTPYKTypa aJrOpUTMIYHOTO 3a0e3MeyeHHs
YMOKJIUBITIOIOTh €()eKTUBHE po3IapajieiifoBaHHs 00YHCIICHb y 0araTompoIeCoOpHUX
CUCTEeMaX.

MarematnyHuii  amapaT = AMCEpPTALIMHOTO  JOCHIDKEHHS  IPYHTYETHCS
HAa YHCENBbHUX METOJax po3B’s3aHHSA piBHAHb Jlamjmaca Ta CHOpIAHEHHX
nudepeHItiaibHuX PIBHAHb. 3a3HAYCHUU METOH 3a0e3lnedye BH3HAYEHY TOYHICTH
MOJIETIIOBaHHSI CTAlllOHAPHUX (PUIBTPALIIHUX TEYld y TIAPOTEXHIYHUX CHCTEMax
3 MOXUOKOI0, 10 HE TMEPEBUIIY€e BCTAHOBICHI IpaHMYHI 3Ha4eHHs. Bepudikarito
pe3yNbTaTiB BUKOHAHO 4Yepe3 TMOPIBHAHHS 3 aHAIITUYHUMM PO3B’SI3KAMU IS
TECTOBHUX 3aJ1ad.

Po3po0neHHsT HOBUX MaTeMaTHYHUX MoOJAENeld mpouecy QuibTpaiii Ta
BIOCKOHAJICHHS aJTOPUTMIYHOTO 3a0e3MeUeHHs] MaTeMaTUYHOTO MOJCIIIOBaHHS €
BU3HAUAJILHUM I 3a0€3MeueHHs HaAIMHOCTI (DYHKIIIOHYBaHHS T1APOTEXHIYHHUX
cnopya. MaremarnyHe MOJICIIOBAHHS HAJla€ MOXJIUBICTh:

— IOCIIJKYBaTH IUHAMIKY (UIBTpAIIiHUX MPOLECIB;

—IMPOTHO3YBAaTU PO3BUTOK (PUIBTPAIITHUX MPOLIECIB;

— JIOKai3yBaTh JIe(eKTH K1 MOXKYTh BUHHKHYTH,

—OOIpYHTOBYBAaTH YIPaBIIHCHKI pilieHHs y pa3i moxiauBocti HC.
3anpornoHoBaHi MaTeMaTH4YHI MOJIENI Ta ajJrOpPUTMIUHE 3a0€3MEUYEeHHS] CTAaHOBIIATH
OCHOBY JJisi CTBOPEHHS CHCTEM MOHITOPUHIY CTaHy TiIPOTEXHIYHUX CIOPYH 13
T1JIBUIIICHOIO TOYHICTIO Ta PE3YJIBTaTUBHICTIO. L{e 3a0e3mneuye cBoeuacHe pearyBaHHs
Ha 3MIHM MapaMeTpiB (PUIbTpalIHUX MTPOLECIB Ta MPUUHATTS OOIPYHTOBAHMX

pillieHb B YMOBaX €KCIUTyaTallii T1IpOTEXHIYHUX CIOPYII.
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AnroputMiuHe 3a0e3neueHHs aHai3y QUIbTpalifHUX TeUill y T1IPOTEXHIYHUX
CIIopy/aax I'PYHTY€EThCS Ha 3aCTOCYBaHHI €(PEKTUBHUX METOJIIB YHCEIIHHOTO aHAII3y,
mo 3a0e3MeuyroTh BHU3HAYEHY TOYHICTh PO3B’S3aHHS CHUCTEM IudepeHIliaTbHIX
PIBHSIHb.

Y ramy3t iHxeHepii mporpamMHOro 3a0e3meueHHs Uil pO3B’A3aHHS
nudepeHItiaTbHuX PIBHSAHL 3aCTOCOBYIOTh MHOXHHY YHCEIBHHUX METOIIB, CEPe
SKUX BUAUISAIOTH: METOJ CITOK, METOJl CKIHUEHHUX €JIEMEHTIB, METOJ] MaXKOPAHTHUX
obnacTed, METO[ CyMaTOpHUX IOAaHb Ta MeTon (IKTUBHHX oOmacTeil. Merton
CITOK 3a0e3Ieuye anpoKCUMallilo AU(PEepeHILIabHUX PIBHSAHB Yepe3 AUCKPETU3ALII0
OpOCTOPOBOI 00J7acTi, IO YMOXJIMBIIOE OTPUMaHHS YHCEJIBHOIO pPO3B’SA3KY
3a/ladi 3 BHU3HAYEHOI TOYHICTIO. METOJ] CKIHYEHHHMX €JIEMEHTIB IPYHTYEThCS
Ha JEKOMIIO3ullii 00nacTi AOCHIHKEHHS Ha CKIHYEHHY MHOXXHHY €JIEMEHTIB 13
NOJANBIIUM PO3B’A3aHHAM Ju(eEpeHIlalbHUX PIBHAHb JJI KOXKHOTO €JEeMEHTA.
3acToCcyBaHHS KOXKHOTO 3 HaBEJIEHUX METOMIB NOTpedye BpaxXyBaHHS IXHIX
XapaKTEPUCTUK BIAMOBIAHO 10 crienudiku 3ana4i [91].

CTBOpEeHHSI HOBHMX Ta BIOCKOHAJCHHS HAasBHUX METOAIB YHCEIbHOTO
aHamizy (QUIBTpalifHUX TeYill CTAaHOBUThH AaKTyallbHy HAyKOBY 3ajady B raiysi
1HXeHepii mporpaMHoro 3ade3neueHHs. Po3po06iieHHs BIMOBIIHOTO aITOPUTMIYHOTO
3a0€3MeUCHHS HAJIa€ MOXKJIMBICTD MIABUILUTH OOUYHUCITIOBAILHY TOYHICTh, 3SMEHIIIUTH
4acoBy CKJIQJHICTh PO3B’sA3aHHS KpaloBUX 3a4a4y Ta 3a0e3nedutu (popmMyBaHHS
MHOKMHHU aJIbTEPHATUB [UIsl CUCTEM MIATPUMKU NPUNHATTSA pilleHb y Ipoueci
eKCILTyaTallii T1IPOTEeXHIYHUX CHOPY/I.

MareMaTuuHe MOJEMIOBaHHS (PUIBTPALIIHUX TEUll I'PYHTYETHCS HA 3aKOHI
Hapci, skuii BCTaHOBIIIOE (PYHKIIIOHATIBHY 3aJ71€KHICTh MIXK IIBUJIKICTIO (D1IIBTpaLii Ta
TPaJIEHTOM T1IPOJIUHAMIYHOTO TUCKY B TIOPUCTOMY cepenoBuii [92]. 3acTocyBaHHS
IbOTO 3aKOHY B aJTOPUTMIYHOMY 3a0€3IMEYeHHI CUCTEM MOJETIOBaHHS Hajaae
MOKJIUBICTh BHW3HAYUTH KUIBKICHI XapaKTEPUCTHKW (PUIBTPALITHOTO TIPOIIECY:
MIBUJKICTh TPOCOYEHHS PIAUHU, KOE(DIIIEHTH TPOHUKHOCTI CEpEeloBUINA Ta
napaMeTpH MOTOKY. Y KOHTEKCT1 PO3B’Si3aHHS KPalOBHUX 3ajad T1APOAWHAMIKH Ta

T1poreosiorii 3akoH Ha0yBa€ BUMIISIAY:

—kJ = 3.16
v=kJ 7 (3.16)
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ae
k — xoedimieHT GUIBTpaIii;
J — rpallieHT T’ €30METPUYHOTO HAMopy 3a HUIIXOM S.
3 ypaxyBaHHSIM 3aJIeKHOCTI TpaJieHTa I’ €30METPUYHOTO HAIOpY:
0OH
J=——— 3.17
59 (3.17)
P
H=—+z(pg=7)1 (3.18)
Py
ae

P — rigpocTtaTuyHuil TUCK, J1I0OYUN HA PIAUHY;
p — TIUTBHICTB;

7y — MATOMA Bara;

g — TpaBiTaIllifHE TTPUCKOPEHHS,

2 — BHCOTA BITHOCHO MOYAaTKOBOI TUIOIIMHH.

Bignmosimno mo 3akony [Hapci (popmyma 3.16), BenauumHa BTpaT
TIAPOJMHAMIYHOTO Hamopy i dYac (uibTpamii 4epe3 MOPHUCTE CEPelOBUIIE
XapaKTepU3y€eThCS JITHIMHOIO 3aJIe)KHICTIO B IIBUAKOCTI PyXy piiuHU. BcTaHOBNICHA
(dyHKITIOHATbHA 3aJIEKHICTh HAJa€ MOXIIMUBICTH BHUKOHYBATH MaTeMaTHYHE
MOJICJTIOBAHHS Mpoliecy (GuUIbTpalii 3 ypaxyBaHHAM Koe]illieHTa MPOMOPLIHHOCTI,
10 BU3HAYAETHCS (DISUYHMMM BJIACTUBOCTSMHU CEPEAOBHILA Ta XapaKTEPUCTUKAMU
MOTOKY.

Koedimient ¢inbrpanii k& xapakTepu3ye I1HTEHCHUBHICTh (PUIBTPALIHOTO
npolecy Ta BH3HAYaeThCs K (QyHKIIA (I3SUMYHMX BJIACTUBOCTEH MOPUCTOTO

Cepe/IOBHINA Ta TIAPOAMHAMIYHUX XapaKTEPUCTUK (PIIBTPALIITHOTO MOTOKY:

k= P9 (3.19)

ae
k¢ — dinpTpaniiiHa MIPOHUKHICTh CEPENOBHIIA;
p — MacoBa T'YCTUHA PIIUHU;
(4 — TTapaMeTp IUHAMIYHOI B’SI3KOCTI;

g — TpaBiTalliifHe MPUCKOPEHHS.
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@®i3uyHI  BIACTUBOCTI  TOPUCTUX  CEPEAOBHIN Ta  TiAPOAMHAMIYHI
XapaKTepUCTUKH PIIWH BU3HAYAIOTh MHOXKHMHY 3HAUYe€Hb KoedimieHTa (iIbpTpalrii.
AnropuTMmiuyHe 3a0e3NedYeHHS MaTEeMaTHYHOTO MOJCITIOBAHHS BUKOPHCTOBYE
EKCMIEPUMEHTAIBHO BU3HAYECH] 3HAUEHHs KoedilieHTa (iapTpallii, 0 BPaXOBYIOTh
CTPYKTYPHI XapaKTEpPUCTHKUA CEpEOBUINA, TIHOWHY NPOHUKHEHHS PIIAHUA Ta
rpagieHT TUCKy. CHCTeMaTH3aIliio eKCIIEPUMEHTAIPHUX JaHUX MI0A0 KoedilieHTa
dbutbTpalii s pi3HUX THUIIB CEPEIOBUII, HaBEACHY B TOCIIKEHHI [93], momaHo

B Tabymmi 3.7.

Tabmuus 3.7 — Tunosi 3HaYeHHS KOoePiieHTy (IbTpallii Juist pi3HUX TPYHTIB

Ne n/m | Bun rpynty | KoedimienT ¢insrpanii | OquHuns BUMipy
1 I'pasii 1072 — 1071 cm/c
2 | Iicox kpynHUii 1072 — 1071 cm/c
3 [Ticok mpiOHMIA 1073 — 1072 cm/c
4 Cymicok 1075 —10~* cMm/c
5 CyIIHHOK 1077 — 1076 cm/c

MaremaTuuHe MOAENIOBaHHS (UIBTpalli B aHI30TPOMHOMY CEpPEIOBHUILI
norpedye BpaxyBaHHS MPOCTOPOBOI HEOMHOPIMHOCTI (PI3UYHUX BIACTUBOCTEU
MOPUCTOI CTPYKTYpH. 3a YMOB aHI30Tporii 30epiraeThCsi JiHINHA 3aJeXKHICTDH
MDK IIBHJKICTIO (UIBTpallii Ta TpaJieHTOM THUCKY, NMPOTE BUHHUKAE MOPYIICHHS
KOJIIHEAPHOCTI BEKTOPIB TpajileHTa TUCKY Ta MIBUJKOCTI (inbrpanii. 3a3HaueHa
0COOJIMBICTH 3yMOBIIIOE HEOOXIAHICTh MOAM(IKALIl aJrOPUTMIYHOTO 3a0e3MeueHHs
JUISL PO3PAaxXyHKy TPAEKTOpIA pyxy QUIBTpaliifHOTO TOTOKY 3 ypaxXyBaHHSAM
TEH30pPHOTO Xapakrepy koediiieHTa (GiibTpallii B aHI30TPOIHOMY CEPEIOBHILII.

dopmMadnizalliss MAaTEMaTUYHOTO OMUCY MPOLECIB TIPOMEXaHIYHO1 (UIbTpallli
IPYHTY€EThCA Ha CHUCTeMI IU(epeHIiaIbHUX PIBHSIHB, II0 OMUCYIOTh IUHAMIKY PyXY
piauHU B TOpHUCTHX ceperoBumiax [94]. Llg cucrema piBHSHL CTAaHOBUTH OCHOBY
AJITOPUTMIYHOTO 3a0e3MeYEHHS JIJII MOJEIIOBAaHHS (PIIbTPAIlIMHUX MPOLECIB.

3anpomnoHoOBaHa CHUCTeMa pIBHSHb HAJa€ MOXKIUBICTD MaTEMaTHYHOTO
MOJIEIOBAaHHSI ~ (UIBTPALIMHUX TMPOIECIB 13 ypaxyBaHHSAM  XapaKTEPUCTHUK

CEpEOBHUILA Ta TPAHUYHUX YMOB.
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;aaix + 20y 2 =0 (3.20)

S S0, =0 (321)

éaaiz + 2y 2. =0 (322)

WG+ o) + o) + () =0 (3.23)
Flo, H,T) =0 (3.24)

Hapeaena cuctemMa 3aMKHYTHX PIBHSHB OIKMCYE HECTAI[lOHApHI MPOIECH
¢iapTpatii piAMHU B HeAehOPMOBAHOMY IPYHTI 32 YMOBU BUKOHAHHS 3akoHY Jlapci.
OO6nacTh 3aCTOCYBaHHSA MaTeMaTUYHOI MOJIeIIl OOMEXY€EThCS JaMiHAPHUM PEKIMOM
¢iabTparnii, 3a AKOro 30epiraeThCs JiHIMHA 3aJI€KHICTh MK MIBUAKICTIO (UIBTpaLii
Ta TPaJl€EHTOM Haropy.

PiBHsiHHST Hepo3puBHOCTI 3.23 BpaxoBy€ MOPUCTICTh TIPyHTY (n) s
BU3HAYEHHS 00’€MHO1 4acTKU Top y mpoiieci ¢inbrpamii. PiBusHusa crtany 3.24
BCTAHOBITIOE€ (PYHKI[IOHAJIBHY 3aJIEKHICTh M1 TYCTHUHOIO PIAWHM (p), 130TepMIYHUM
HaropoM (H) ta abcomoTHOIO Temmneparyporo (1°).

3a3HaueHi pPIBHSHHS HAJAIOTh MOXIIMBICTH MaTEMaTHYHOTO OIMUCY CTaHy
PIAMHM Ta B3a€EMO3B’SI3KIB MapaMeTpiB PUIBTpAIITHUX MPOIIECIB.

InTerpyBanns cuctemu piBHSHB (3.20) — (3.24) 3 ypaxyBaHHSM KpailOBHX
Ta MOYaTKOBUX YMOB Yy 3a7aHiil o01acTi ¢iuapTpallii 3a0e3neuye BUSHAYECHHS TaKUX
XapaKTEPUCTHUK: BEKTOPHOTO TMOJIS MIBUAKOCTI (inbTparii 5(1995, Yy, 1), po3noniny
1’ €30MeTpuYHOro Hanopy H(x,y, z,t) Ta mons ryctunu piguau p(x,y, z,t).

OtpumaHi po3B’s3kH (OPMYIOTH OCHOBY aJITOPUTMIYHOTO 3a0e3MedeHHs
JUTsl MOJIETIIOBAHHS TUHAMIKHM (UIBTPAIIfHOTO MOTOKY Ta BU3HAUEHHS MapaMeTpiB
MaCOTIEPEHECEHHS B MOPUCTOMY CEPEIOBUIIII.

3a yMOBH MOJIETIIOBaHHS (PITBTpALlii HECTUCINBOT OAHOPIIHOT PIAMHY PIBHAHHS
CTaHy HaOyBae BUIVISAY:

p = const (3.25)
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7€ p — TYCTHHA PIUHH, 110 HE 3aJIeKUTh B KOOPJAWHAT MPOCTOPY Ta dacy.
3a ymMOBH p = const pIBHSHHS Hepo3puBHOCTI (3.23) cCHpoIIyeThCcs 10

BUIIISTY:
0v, N vy n ov,
or Oy 0z

JIe TUBEPIeHIisl BEKTOPA MBUAKOCTI (DUIBTpalLli JOPIBHIOE HYJIIO, 1110 XapaKTEPUIYE

=0 (3.26)

30epexeHHsT 00’ €My HECTUCIMBOI PiAUHU.
3a yMOB cTaIlioHapHOi (iIbTpalli, KoJu 4acoBl MOXIIHI JOPIBHIOIOTH HYIIIO,

cucteMa piBHsHb (3.20) — (3.22) nHabyBae BUIIIANY:

o0H
oH

v, = 2L (3.29)
0z

Sxmo mpoBecTH MiACTaHOBKY BiAmoBigHO 10 (3.27) — (3.29) y piBHSHHA

(3.26), T0 y pe3ynbTarti Oyjue:

e — S - L) =0 (3:30)

3a yMOB cTaIioHapHOi (PuIbTpallii B 130TPOIMHOMY CEPEIOBHUIII 3 MOCTIHHUM
KoediieHToM QuIbTpaii k£ = const po3nonia Harmopy H ONUCYEThCS OIHOPITHUM
SJNINTUYHUM PIBHAHHIM. MareMaTu4uHa MOAEIb PUIBTPAIiITHOTO MPOIIECY 3BOIUTHCS

1o piBHsHHs Jlamaca:

O*H 0*H 0°H
_'_ J—

AH = =0 3.31
Ox? T oy? 022 (3-31)
OYHKIIIIO ¢ BU3HAYEHO Y CIOCi0:
o =—kH (3.32)

3a ymoBH cranoro 3HaueHHs k(k = const), Ha ocHOBi piBHsHB (3.30) Ta

(3.31) orpumasno:



140

P 0o  0%*p
Ap = 92 + i + 5.2 = 0 (3.33)

OyHKIIIS , BU3HAUeHA piBHAHHAM (3.32), 3am0BobHs€ piBHAHHS Jlamnaca Ta

€ TApMOHIYHOIO B 3a7aHii 00macTi GiapTparlii, mo 3ade3neuye iICHyBaHHS € IMHOTO
PO3B’SI3KY KpaoBOi 3a71a4i 32 YMOBH KOPEKTHOTO 3a/IaHHS TPAaHUYHUX YMOB.

MHOXHHa TOYOK, y SIKUX (YHKIIS  HaOyBa€ CTAJOr0 3HAYEHHS, YTBOPIOE
EKBIMTOTEHITIaIbHI TOBEPXHI, 10 BIAMOBIAHO a0 piBHSAHHA (3.32) XapaKTepu3yIOTh
MOBEPXHI PIBHOTO TIAPOJWHAMIYHOIO Hamopy. MaTeMaTHyHUM arapar 3a0e3rnedye
BU3HAYCHHS BEKTOpa IIBUIKOCTI (iapTpallli, SKWi y AOBIIBHIM TOYIl 00JacTi
¢iapTpalii COpsAMOBaHUM OPTOTOHAJIBHO 10 TOBEPXHI piBHOro Hamopy. OTxe,
TpaekTopii (UIBTPALIHHOTO TMOTOKY 30IraroThCs 3 JIHIAMH MOTEHLIaNy Ta
BU3HAYAIOTHCSI HAMPSIMKOM TpajiieHTa QyHKINT (p.

MaremaTu4yHa MOZENb IBOBUMIPHOI PuibTpalii piiuHu B 0OMeKeHii o0acTi,
IO HaJeXKUTh KoopauHaTHiN rmomuHi X OY, IpyHTYe€TbCSd Ha CUCTEMI PIBHSHb

(3.20) — (3.24) Ta HabyBae BUIIIANY:

9, = —kgf/ (3.34)

v, = —k:g—jy{ (3.35)

Zif + aazi’ =0 (3.36)

3a ymoB nBoBUMIpHOI (PinbTpanii piBHsHHA Jlamnaca (3.33) HaOyBae BUDIISIAY:
AQZ%—F%:O (3.37)

Jl71s1 MOZIeNTIOBaHHS TUIOCKUX (DUTBTPALIITHUX TEUiM TOIJIBHO BBECTH (PYHKITIFO

Teuli \I/, KOMITIOHEHTH SIKO1 BU3HAYalOThCS piBHHHHSIMI/IZ

v
V, = . (3.38)
y, = oY (3.39)

C Or
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BBenenns ¢ynkuii tewii W 3a0e3nedye TOTOKHE BUKOHAHHS PIBHSIHHS
Hepo3puBHOCTI (3.36). [lincTaHoBKa KOMIOHEHT (yHKIIIT Teuii B piBHSAHHS (3.27) —

(3.29) nae cuctemy piBHSIHB:

OH 10¥
OH 10V
5 = R o (3.41)

3a yMOBHM k = const Ta BU3Ha4eHHS! (PYyHKIIT (¢ 3riqHO 3 piBHSAHHAM (3.32),

BCTAHOBIIOETHCS (PYHKIIIOHATBHUM 3B 30K MK (o Ta ¥ y BUIIIAIL:

Jdp 0V

v _ = 342
oxr 0y (3-42)
Op oV
v = 3.43
dy Ox (3-43)

HudepenuitoBanns piBHsAHb (3.40) ta (3.41) 3 momanpliUM BIJHIMAHHSIM

OTPUMaHUX BHUPA3iB /A€ PIBHSHHS:
8(18\11) 8(18\11)_
Ox k Ox oy 'k oy’

Otpumane piBHAHHS BHU3Hauae ¢yHKIi0 Tedii W B oOmacti (impTparii.

(3.44)

JIiHii Teuil, 0 XapaKTepU3YIOThCSA CTANIUM 3HaYeHHSAM QyHKI Teuil (U = const),
€ BHU3HAUAJIbHUMHU JUIS aHamizy (QUIBTpaIlifHOro IOTOKY. BeKTop MBHIKOCTI
dutbTpaliii B JOBUIBHIN TOUIll 00J1IacTi CIIPSAMOBAHUM 3a JOTHUYHOKO JI0 JIIHIT Teuli,
IO MPOXOAUTH uepe3 M0 Touky. Ha HempoHMKHUX Mexax o6macTi ¢imprparii
HOpMaJIbHa KOMITOHEHTa BEKTOpa IIBHUIKOCTI JOPIBHIOE HYJIO, 10 MaTeMaTHIHO

BiIoOpaka€ yMOBY HEIIPOHUKHOCTI TPAHUYHUX MTOBEPXOHbD:

ANTOpuUTMIYHE 3a0€3ME€YEHHsI MOJCIIOBaHHS (UIBTPALIHHUX MPOLECIB
IPYHTY€ETHCSA Ha METO/I1 CITOK [95], 1m0 3abe3neuye NUCKPETU3allilo CUCTEM PIBHSHb
3 YaCTKOBMMH TOXIJIHUMH Ta iX 3BEACHHS 1O CHCTEM JNHIMHHX aireOpaiaHmx
piBHsIHB. MareMaTuyHu anapar METOy CITOK peali3yeThCs y COCIO MOCIiJOBHOTO

BHKOHAHHS TaKUX €TalliB:
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1. Iuckpetusariiss o0nacTi HEMEpEepBHOI 3MIHU apryMeHTIB depe3 (opMyBaHHS
PI3HHUIIEBOT CITKH, III0 MICTHTh BHYTPIIIIHI Ta TPaHWYHI BY3/14. PO3B’s13aHHS PIBHSHb
3IMCHIOETHCA ISl BHYTPIIIHIX BY3JIIB 3 YpaxyBaHHSIM I'DaHMYHHUX YMOB 3ajaul.

2. Anpokcumarist nudepeHiiadbHuX PpIBHSHb PI3HUIEBUMU aHAJOTaMu, IO
3a0e3neuye (¢GopMyBaHHS CHUCTEMHU aireOpaiyHUX PpIBHSAHb, MOPSJIOK  SIKOi
BU3HAYAETHCS KUIBKICTIO BHYTPIIIHIX BY3JiB PI3HUIIEBOI CITKH.

3.Po3B’s13aHHA OTPUMaHOI CUCTEMHU anreOpaiyHuX PiBHSIHb BUCOKOTO TOPSIKY 3
BUKOPUCTAHHSAM ITE€paIliiHUX METO/IIB.

MarematuyHuii anapar METOAY CITOK JOLIBHO MPOUTIOCTPYBATH Ha MPUKJIIAI]
pO3B’si3aHHA KparoBoi 3amadi [ipixie s piBHsHHS Jlammaca sSK KaHOHIYHOTO
NpEJCTaBHUKA PIBHSAHB eminTuyHoro tumy. DopmymroBaHHS 3afadi mepeadadae

BU3HAYEHHS PO3B’A3KYy B 00sacTi GiabTpallii 3a 3alaHuX TPAaHUYHUX YMOB:

ne
G — Mexa obnacti (pucyHok 3.3), B sikiil mOTpiOHO 3HANUTH PO3B’A30K 3a7adl
(x,y), wo 3agoBonbHse piBHsAHHSA (3.33) Ta rpaHuyHiil ymoBi (3.46).

[Ilo6 oOumciroBaTH PO3B’A30K Ha Iiii 00JacCTi, BOHA aNpPOKCUMYETHCSA 3a
mornoMororo citkd. OoOmacte (G 3aMIHIOETHCA HAOMMKEHOIO oOmactio (), sgKa
CKJIQJIA€ThCs 3 BHYTPILIHIX BY3JIiB CiTKH Ta KopaoHy G.

Ha mepmiomy etami ¢opmyBanHs ciTku oOnacte G Oe3mepepBHOI 3MiHU
apryMEHTY 3aMIiHIOEThCS JUCKPETHOI CiTKOI (i, 1€ KOKeH BHYTPINIHINA BY30II
BIJIMOBI/Ia€ 3HAYCHHIO PO3B’SI3KYy. 3 ypaxyBaHHSIM TPAaHWYHHX YMOB JIO CITKH
BKJIIOUeHO MexKy (G, 110 BiAmosimae rpanumi oomacti G. Kpok citku Moxke OyTh
PI3HUM IO PI3HUX HAIpsSMKax, aj¢ HaldacTille BIH OJHAKOBHUM MO OCIX T Ta Y.

BuOip KpOKY CITKH BIUIMBAE HA TOYHICTH OTPUMAHOIO PO3B’SI3KY.
y A
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Pucynok 3.3 — OGnacte GG Ta ii Mexa, B SKii TUTAHYIOTh IIYKATH PIllIEHHS

CUCTEMH PIBHSHb.

By3nu pi3HUIEBOI CITKM BHU3HAUaIOThCS SIK TOYKM TMEPETUHY JIHIA 3
(iKCOBaHUMH 3HAYECHHSIMHU KOOpAMHAT (x,Yy), 1O 3a0e3MeuyroTh AMCKPETU3AIIIO
obmacti G. MHOXKHMHA BY3JIIB MOAUISETHCSA HA BHYTPIIIHI Ta TpaHu4Hi. BHYTpimH1
BY3JIM, 10 Ha PUCYHKY 3.3 MM03Ha4Y€H1 OKPY>KHOCTSIMU, XapaKTEPU3YIOThCS HASIBHICTIO
YOTUPHOX CYMIKHHUX By3/1iB B o0Onacti G. ['paHu4HI By3JH, MO3HAYEHI HA PUCYHKY
3.3 4opHUMHU Kpyramu, Hajexarb Mexi obnacti G Ta MalOTh OOMEKEHY KIJTbKICTh
CYMDKHHUX BY3JIIB 4epe3 iX po3TalllyBaHHS Ha TpaHUIll 00JIacTi BU3SHAYCHHS.

AnroputmiuHe 3a0e3IMeUeHHs] YHMCENBHOTO pO3B’s3aHHs piBHAHHS Jlarmuraca
IPYHTYEThCS Ha ampokcumallii omneparopa Jlarmaca pi3HUIEBUM OIEpaTOpOM Ha
JUCKPETHIN CITLI. ANpOKCHUMALlls MOXIJHUX JPYroro MOPSAKY 3I1MCHIOEThCA 3

BUKOPUCTAHHSAM I1"ITUTOYKOBOTO IIA0NOHY (PUCYHOK 3.4), 1110 BPaxoBY€ 3HAUCHHS
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(GYHKIIT y CyMDKHUX By3JIax CITKH. 32 YMOBU PIBHOCTI KPOKIB AMCKpETH3Allii MO
xkoopauHatax v Ta y (h, = h, = h) 3a0e3nedyeTbCss OMHOPIAHICTH PI3HHUIIEBO]

CXEMHU Ta MIABUITYEThCA €(EeKTUBHICTh OOUUCIIIOBAIBHUX Tporeayp [96, 97].

O ¢ (xy+h)

@ (x-h,y) ® (XY) @ (x+h,y)

O ® (Xry-h)

Pucynok 3.4 — II’ssTuTOuKOBMI 11a0JIOH.

Poskinaganus ¢yskuii B psa Teisopa B okoi TOUKH (1, y) Mae BUIIIS:

2 92 3 Q3
Op [ W0% MO0 o, (3.47)

p(x £ hy)=p(r,y) £ ha 20 02° B oad

8@ h? 8290 h? 8390 4
+h)= + h— 4
ez, y+h) =p(z,y) ha RN +O(h7). (3.48)

3 piBHsHB (3.47) ta (3.48) oTpuMy€eMO anpoKcUMAIlll APYTUX MOXIJIHUX:

ez +hy) —2¢(x,y) + @@ —h,y) 2
75 = = +O(h2), (3.49)

e _plz,y+h) —20(x,y) + (x,y — h)
0y? h?

3acTOCyBaHHS II'SITATOYKOBOro mabnoHy (pucyHok 3.4) 3abe3mneuye

+ O(h?). (3.50)

anpokcuMarlito oneparopa Jlamnaca y BUIIsAL:

o+ h,y) +e@+hy) +el@+hy) +el@+hy) —de(x,y) =0 (3.51)
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PiBusinns (3.51) exBiBajeHTHE BHpa3y:

o(x,y) = 1/4(o(x + h,y) + p(x — h,y) + o(z,y +h) +¢(x,y — h)) (3.52)

AnropuTMiuHEe ~ 3a0€3leYeHHs  ITepaliiiHOro  mpolecy  po3B’s3aHHSA
PI3HUIIEBOTO PIBHSHHSA Iependadae oOUMCIEHHS 3HAYCHHs MOTEHIIadbHOT PYHKIIIT
©(z,y) y KOKHOMY BHYTPILIHBOMY BY3JIi SIK CEPEAHBOTO apu(PMETHIYHOTO 3HAUCHHS
'y CYMDKHUX By3J1ax, BIIJIAJICHMX Ha BIJCTaHb A Bij IIEHTPAJBbHOTO By3Ja.

AnroputmiuHe 3a0e3nedeHHs iTepaliiiHux o04YuciieHb (pucyHok 3.5) s
BU3HAYCHHS 3HAY€Hb MOTEHIIadbHOI (PyHKILIT y BHYTPIIIHIX By3Jax 3a 3aJaHHUX
IPaHUYHUX YMOB IPYHTY€EThCSI HA BUKOPUCTAHHI JOTTOMIKHO1 CITKH, III0 MA€ OTHAKOBY
3 obmactio (G TOMOJIOTiIFO Ta PO3MipHICTh. KOXXKHOMY By3i1y ITONMOMIKHOI CITKH
NPUCBOIOETHCSI 3HAYEHHSI KEPYIOUOro MapaMeTpa, M0 BU3HAYAETHCSA OO MOYATKY
oOuncneHb. BcTaHOBIEHHS B3a€EMHO OJHO3HAYHOI BIAMOBIAHOCTI MIX By3JIaMU
OCHOBHOI Ta JOMOMDKHOI CITOK 3a0e3mneuye dopmatizaiio 00YUCITIOBATIBHUX
IpoIEeIyp IS KOXKHOTO By3ja obOnacti (. 3Ha4YeHHS KEepyHYoro IMapamerpa y
BIJINOBIIHOMY BY3J1 JIONOMDXHOI CITKM BHM3HAua€ MOCIHIIOBHICTh apu(PMETHUHHUX
omepariif, 10 3aCTOCOBYIOTHCS JO By3J1a OCHOBHOI CITKM 3 ypaxyBaHHSIM HOTO
pO3TallyBaHHS Ta BIACTHBOCTEW 3aj1aui.

[Iporpamuy peamizaiiro po3poOJIEHOr0 AJTOPUTMIYHOTO 3a0e3MeUeHHS
BUKOHAHO MOBOIO mporpamyBaHHs Rust (momatok E), mo 3abe3nedye BHUKOHAHHS

OOYHCITIOBAJIBHUX MPOIEAYP 3TIIHO 3 AITOPUTMOM (pUCYHOK 3.5).
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( Mouatok )
v

3apatu nepsicHi 3HaYeHHA macusiB ¢(n,m) Ta Control (n,m)

v

3apaTu [oNyCTUME 3HAYEHHA MOXUGKM PO3PaxYHKY Amax

n=0;m=0

STR=1

®(n,m) = 0,25(d(n-1,m)+p(n+1,m)+d(n,m-1)+p(n,m+1))

v

A = (I1¢'(n,m)-d(n,m)l) / ¢'(n,m)) x 100

Hi
A > Amax ?

> BinobpaxkeHHA pe3ynbTaTiB po3paxyHKy: macusy ¢(n,m) >

C Kineus )

Pucynok 3.5 — Anroputm itepariifHoro 004HCIIOBAIBHOTO MPOLECY
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Po3pobnene anroputmiune 3a0e3medeHHs 1TepaIiifHOrO OOYHCIIOBAIBHOTO
nporiecy OyJIo peasi30BaHoO y BUTIISI IPOTPaMHOT0 3a0€3MeUeHHS [T MOJCTIOBAHHS
GIIBTpAllIfHUX TPOLECIB Yy 3eMIIIHUX T1ApOocHopydax, IO J03BOJUIO 3AIHCHUTH

BepHdiKalliio 3aIPONOHOBAHOTO MiAXOY.

3.10 IIporpamue 3a0e3me4eHHs] AJsi MOJEJIOBAHHA (QiabTpamiiHMX

NMPoLECiB y 3eMJISTHUX Tipocnopyaax

[Iporpamue 3a6e3nedyeHHs Filtration peasnizye KOMIUIEKCHHM T1JIX1]T 10 aHATI3Y
Ta 00OpOOKM MATPUYHHUX JAHUX 3 BUKOPUCTAHHSIM CYYaCHHUX TEXHOJOTINA pO3pOOKH.
ApxiTekTypa nporpamHoro 3a0e3mneueHHs1 0a3yeTbcs Ha MOIYJIbHOMY IPHUHIIMITI
3 YITKUM PO3IUICHHSM BIAMOBIIAJIBHOCTI MK KOMIIOHEHTAaMH, JiI€ OCHOBHUM
CTPYKTYpHUM elieMeHTOM BuUcTymnae kiac FiltrationMatrix, mo 3abe3neuye 6a3oBy
(YHKITIOHANBHICTh AJI1 POOOTH 3 MATPUYHUMHU JIaHUMH, BKJIOYAIOYM OIlepariii
3YUTYBaHHS, 3anKcy Ta TpaHchopmanii nanux. Ha pucynky 3.6 HaBeneHo aiarpamy
KJIAC1B JJIsl TPOTrpaMHOTO0 3a0e3MeueHHS JjIsl MO/ICNIIOBAaHHA (QUIBTPALITHUX MTPOLIECIB

y 3eMJISTHUX T1ApOCHopyax.
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© FiltrationApp

omatrix: Arc<Mutex<FiltrationMatrix>>
o control_matrix: Option<Vec<f64>>
oinput_matrix: Option<Vec<f64>>
odata_matrix: Option<Vec<f64>>
ostatus: String

oprocessing: bool

ocurrent_iteration: usize

o max_iterations: usize GUI 3acTocyHOK Ans Bisyanisauii
oresult_receiver: Option<Receiver<...>> Ta KepyBaHHs npouecom dinsTpauii

oerror_data: Option<(Vec<f64>, Vec<f64>)>
odepression_line: Option<(Vec<f64>, Vec<f64>)>
omatrix_dims: (usize, usize)

onew(cc: &CreationContext): FiltrationApp

o start_calculation()

o check_results()

o update_current_iteration()

odraw_matrix(ui: &mut Ui, data: &[f64], title: &str)

uses

© FiltrationMatrix

orows: usize

ocolumns: usize

oDaccuracy: f64

ocontrol: Array2<f64>

oinput: Array2<f64>

odata: Array2<f64>
oiterations: Vec<Array2<f64>>

onew(rows: usize, columns: usize): FiltrationMatrix % S:P;ﬁ::::;:;ﬁ;ospgwm MaTpUHHMX 'an”le
PR : pauil

oinitialize(): io::Result<()>

ocalculate(): ErrorData

oget_input_data(): Vec<f64>

oget_iteration_data(iteration: usize): Vec<f64>

oget_iteration_count(): usize

osave_result(): io::Result<()>

ocalc_value(filename: &str, row: usize, column: usize): f64

ogenerate_matrix(filename: &str): io::Result<()>

oread_matrix(filename: &str): io::Result<Array2<f64>>

returns

© ErrorData

. . CTpykTypa Ansi 36epiraHHs AaHux
ocycle: Vec<usize> % npo Noxmbku obuncneHs
ovalue: Vec<f64>

Pucynok 3.6 — Jliarpama kjaciB mporpaMHOTO 3a0e3MeUeHHS I MOJSTIOBAHHS

GUIBTpaIfHUX NPOLECIB Y 3EMIISTHUX T1IPOCIOpYyaax

[Iporpamue 3abe3neuenns Filtration peanizoBaHO 3 BHKOPUCTaHHSIM
00’ €KTHOOPIEHTOBAHOI MapaJiUrMu MPOrpaMyBaHHsl, J€ LEHTPaJIbHUM KOMIIOHEHTOM
Buctynae knac FiltrationMatrix, 110 1HKancylro€ JOTIKYy PoOOTH 3 MaTpUYHUMU
CTPYKTypaMu JaHUX Ta 3a0e3mneuye 0a30By (YHKIIOHATBHICTH ISl Omepariii
¢inpTpamii. ApxiTekTypa kiacy nepeadadae 30epiraHHs KOHTPOJBHOI, BXIJHOI Ta
MOTOYHOI MATPHIlh JAHHMX, a TaKOXX KOJICKIlI MPOMIKHUX pe3yIbTaTiB I1Tepallii
y BUIJAI JIBOBUMIPHUX MacuBiB Tuily Array2<f64>. IMIjieMEeHTOBaHO METOAU
initialize() s mouaTkoBOi iHiIiamizamii maHux, calculate() s BUKOHAHHS
ITepaTUBHUX OOYHCIICHB, a TAKOX HAOIP JOMOMIXHUX METOJIB JIJIsl 3UUTYBaHHS Ta
3aMyucy MAaTPUYHUX JAHUX Yy (PailJIoBY CUCTEMY.

['padiunuit iHTEpdeiic kopucTyBaua peanizoBaHo yepe3 kiac FiltrationApp,
mo OasyeTbcs Ha (peliMBopky eframe Ta Oibmioremi egui ayis 3a0e3MedeHHs

KpocruiaTpOpMHOI Bi3yamizalli JaHUX. ApPXITEKTypa 3aCTOCYHKY BHKOPHCTOBYE
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MOTOKOOE3MeYH1 MeXaHi3MU CUHXpOH13a1il Arc<Mutex<» Juist JOCTYIy O CIUTbHUX
peCcypCiB Ta aCHHXPOHHY MOJENb OOYHCICHb 3 Iepenadcio pe3yiabTaTiB uepes
KaHaJld KOMYHikalii Mixk motokamu. Knac FiltrationApp 3abe3neuye iHTepaKTUBHE
300pa)KeHHSI MaTPUYHUX JaHMX, Bi3yali3allilo JiHii aenpecii Ta rpadikiB MOXUOOK,
a TAaKOXX HaJa€ KOPUCTYBALbKUU 1HTEp(Eic AJig KepyBaHHS MPOLIECOM OOYUCIIECHb
Ta HAJIAIITYBaHHS MMapaMeTpiB (iabTpartii.

Crpykrypa ErrorData BucTymae JOMOMIKHMM KOMIIOHEHTOM CHCTEMHU Ta
npuU3HAueHa NIl arperamii JaHuX Mpo MOXUOKH OOYMCIIeHb, 30epiraouu BEKTOpU
HOMEPIB IUKIIIB Ta BIJIMOBIIHUX 3HAYCHb MOXUOOK. B3aemosis Mik KOMIOHEHTaMU
crucTemMu 0a3yeThCs Ha YITKO BUSHAUCHHUX 1HTepeiicax, 1mo 3a0e3nedaye MoIyIbHICTh
apxiTeKTypu Ta CIPOIILYyE TMPOLECH TECTYBaHHS Ta TMOJANBINOT Moaudikarii
nporpaMHoro 3abesnedeHHs. Cuctema BKIIIOYA€ KOMIUIEKCHUM Ha0ip MOIYIbHUX Ta
IHTErpaliiHuX TECTIB, U0 3a0€3MeUyI0Th BaIIJAII0 KOPEKTHOCTI (P)YHKI[IOHYBaHHS
K OKPEMHUX KOMIIOHEHTIB, TaK 1 1X B3a€MOJIl B paMKax I[IJIICHOT CUCTEMHU.

ApXITeKTypa NpOrpaMHOTO 3a0e3le4eHHs] Tepefadadac BUKOPUCTAHHS
OaraTopiBHEBO1 cucTeMH Bizyanizauii gaHux, ae Plot xommoneHT 3a0e3meuye
IHTepaKTUBHE 300pa)KEHHA MaTPUYHUX JAHUX 3 MOXKJIMBICTIO MacIITaOyBaHHS Ta
HaBiraiii. PeanizoBaHo MeXaHI3MU TMOKa3y KOHTPOJbHHUX TOUOK, JIIHIM Aenpecii Ta
NOXMOOK OOYHUCIICHb, IO JO3BOJISE MPOBOAWTH KOMIUIEKCHUW aHaJi3 pe3ysIbTaTiB
¢iapTpanii JaHUX y PEXUMI peasbHOro Yacy.

Cucrema 00poOKu maHMX 0a3yeThCcsi Ha BUKOpHCTaHHI Oi0mioreku ndarray
uisi eEeKTUBHUX oOlepaliid 3 0araTOBUMIpHUMH MacHBaMH, a TaKOX BKJIIOYA€E
MEXaHI3MHU cepiaiizallii Ta jJecepiaiizallii JaHUX 3 BUKOpUCTaHHSIM gopmary CSV
gyepes 616110TeKy csv. PeanizoBaHo MexaHi3Mu Baslijallii BXITHUX TaHUX Ta 00OpPOOKH
MOMUJIOK 3 BUKOPHCTaHHAM Ty Result, mo 3a0e3nedye HamiiHICTh Ta CTIHKICTD
IPOrPaMHOTO 3a0€3MeUYCeHHS NMPU POOOTI 3 HEKOPEKTHUMHU BXITHUMH JTaHUMHU.

TecTyBaHHS TIporpaMHOTO 3a0e3MeUYeHHsT peaai30BaHO Ha JEKIIbKOX PIBHSIX,
BKJIFOUAIOUYM MOIYJIbHI TECTH HJisi 0a30BMX KOMIIOHEHTIB Ta IHTErpaIliiiHi TeCTH
TUISL TIEPEBIPKHU B3aeMOIl MK Moayiasmu. CrcTeMa aBTOMaTH30BaHOTO TECTYBaHHS
3a0e3mneuye MOKPUTTS Koay Ha piBHI 98.7%, 110 MIATBEPIKY€ETHCS IHCTPYMEHTOM

cargo-tarpaulin. JIokyMeHTyBaHHsI KOJYy Ta TECTIB IHTEIPOBAHO B CUCTEMY cargo
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doc, 110 3a0e3neuye aBTOMaTH4HY T'€HEpallilo TEXHIYHOT JOKYMEHTALlli Ta MOJeTuIye
MONAJIBITY MATPUMKY MPOTPAMHOTO 3a0€3MeUeHHS.
Bepudikaiiito po3po06seHOro ajiropuTMidHOro 3a0e3MEeUeHHs 3/1MCHEHO Ha
NpUKIIali 0OUMCIIeHHSs JIiHIT fenpecii 3eMiIsiHOT rpelili Ha BOJOHETIPOHUKHIA OCHOBI.
AnroputMmiuHe 3a0€3MeUYeHHs OOYMCITIOBAIBHUX MPOLEAYp IPYHTYETHhCS Ha
BUKOPHUCTAHHI JBOX MAaTpPHIlb: KEepPyKOdoi MaTpuill Ta MaTpuill maHux.EmxemeHTH
KEpYIOUOi MaTpulll JJisl 3eMJISTHOI Tpelii Ha BOJIOHENPOHUKHIN OCHOBI MOJAHO Ha

pUCyHKyY 3.7.

---------------------------------------
....................................
----------------------------------
................................

------------------------------

..................

oooooooooo

Pucynok 3.7 — 3HavyeHHS €IeMEHTIB MaTpHIll KepyBaHHS (3eMIIsTHa Tpediisa Ha

HEMPOHUKHIN OCHOBI)

[TouaTkoBi 3HaYEHHS €JIEMEHTIB MAaTPHUIIl TaHWX HABEJICHO Ha PUCYHKY 3.8.

.................
................
...............

oooooooooooooo

.........

ooooooooo

.........

oooooo

Pucynok 3.8 — 3HaueHHS €JIEMEHTIB MaTpHIll JaHUX (3eMiisiHa Tpebis Ha

HEMPOHUKHIN OCHOBI)

JluHaMmiky 301’KHOCTI 1T€paIlifHOTO MpOoIIeCy MOoJAaHO Ha PUCYHKY 3.9. AHai3

OTPUMAHUX pE3Yy/bTaTIB 3acBiAuye CTaOULTI3AII0 3HAYEHb EJIIEMEHTIB MaTpHIil
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nanux micas 200 itepartiii, o0 MIATBEPIXKYE MIBUAKY 301KHICTH PO3POOIECHOTO

aJTOPUTMIYHOTO 3a0€3MeUCHHS.

100 ‘

100 200 300

Pucynok 3.9 — I'padix 301KHOCTI ITepaliiftHOTO Mpoiecy (3emisiHa rpedst Ha

HEMPOHUKHIN OCHOBI)

Pesynbraty oOuucneHHs JiHIT Jenpecii A 3eMJIsSiHOI  rpedni Ha
BOJIOHEIIPOHUKHIN OCHOBI MojaHoO Ha pucyHky 3.10. AHaii3 OTpUMaHOi KpHUBOIi
3acBIAUY€ BIJACYTHICTh BHUXOMy JiHII Jempecii Ha HHM30BHM ykic rpeOmi, w010

YHEMOXKJIUBITIOE PO3BUTOK (QIIBTpaIIiHNX aehopMallii.

|
0 10 20 30 40

Pucynok 3.10 — I'padix minii genpecii (3emisiHa rpe0iasi Ha HEMPOHUKHIM OCHOBI)

Po3pobiiene anroputmiyHe 3a0€3MEeUeHHS 1TePaIliiHOr0 OOYMCITIOBAIBLHOTO
IpOILECy XapaKTePU3YEThCS TAKUMU NEpPEeBaraMu:

1. ®opmanizaliiss Ta CTaHAApTU3AIlisl OOYHMCIIOBAJIBLHUX MPOIEAYp 3ade3meuye

yHi(IKaIlI0 MpOorpaMHOi peanizaiii Uisl T1IPOTEXHIYHUX CHOPYH, 110 MiABHUIILYE

e(PeKTUBHICTh PO3POOJIECHHS MaTEMaTUYHUX MOJEJICH Ta aJrOpPUTMIB.
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2.3actocyBaHHs 0a30BUX ITEpalIfHUX KOHCTPYKIIM 3a0e3redye Mpo30pICTh
AJTOPUTMIYHOI CTPYKTYpPH Ta BIJTBOPIOBAHICTh OOYHMCIIOBAIBHUX MPOIEAYP, IO
CIPOILY€E Mpolec BepuPikailii mporpaMHOro 3a0e3rneyeHHs.

3.BukopucTtaHHd ONOMDKHOI MaTpuill KepyBaHHSI 3a0e3leuye THYYKICTh Yy
KOH(IrypyBaHHI PI3HULIEBOI CITKA Ta aJaNTallil0 OOYMCIIOBAJIBHUX TMPOLETYpP 10
crienIYHIX BUMOT 3aJ1a4i.

4. CTpyKTypHa Oprasizailis ajiropuTMy 3a0e3nedye MOXJIMBICTH Iapaliesni3allii
o04HMCIIeHh y 0ararompoleCOpHUX CHCTeMaX, IO MABUINYE e(GEeKTHBHICTD
PO3B’SI3aHHS CKJIQJHUX TiAPOTEXHIYHUX 3a]ad.

Po3pobniene anroputmiuHe 3a0e3leyeHHs] ITepaliiHUX OOYMCICHb IS
BU3HAYCHHS 3HAYCHb MOTEHINaIbHOI (YHKIIlT XapaKTEePU3YEThCSI YHIBEPCATbHICTIO
3aCTOCYBaHHS B 3aJadaX TMPOEKTYBAaHHSA Ta MOJEIIOBAHHS T1IPOTEXHIYHUX
cnopya. @opmanizanisi OOUMCIIOBAILHUX MPOLEAYP Ta THYUYKICTh KOH(IrypyBaHHs
pPI3HHUIIEBOI  CITKM  3a0€3MeuyroTh  aJalTUBHICTh  MPOrpaMHOi  peanizalii
10 cnenupiyHUX BHUMOT TIAPOTEXHIYHOTO MOJIEIIOBAHHS. 3alporOHOBAHHM
MaTeMaTUYHHUN amapaT CTBOPIOE MIATPYHTS IS PO3B’S3aHHA  CKJIQJHHUX
OOYHMCITIOBAIbHUX 3aj[ad Ta JOCHIKeHHsI (DI3UYHUX TPOIECIB y TIAPOTEXHIYHHUX

criopyziax.

3.11 BucHOBKH 10 po3ainy 3

1.IlpoBenenuii anami3 HayKOBHX myOmikaiiii OOIPYHTOBYE JOLIBHICTb
BIIPOBAKEHHS MIJICUCTEM MNPEAUKTUBHOI aHANITUKU B CTPYKTYpPY pPErioHaIbHHUX
CHUCTEM MOHITOPHUHIY CTaHy MOTEHIIMHO HeOe3MmeuHuX 00’€KTIB Ha 00’ €KTOBOMY,
MICLIEBOMY Ta PET10HAJIbHOMY PIBHSX.

2.Ha 00’exTOoBOMY piBHI MiICKCTEMA NMPEAUKTUBHOI aHAIITUKN BUKOHY€E (QYHKIT
KOPOTKOUYACHOTO MMPOTHO3YBaHHSI /1151 PAHHBOT'O BUSIBJIEHHS MOKJIMBOCTI BAHUKHEHHS
HC naITHO, 1110 Haiae MOKITMBICTh 301IBIIIEHHS YaCOBOTO IHTEPBaY (Ha TPU-UYOTUPU
BIJUTIKM) JIJIs1 pearyBaHHs Ta BIPOBAHKEHHS MPOTUABAPIHHUX 3aX0/[1B ONIEPaTUBHUM
EPCOHAIOM.

3.KopoTkouacHu#l MpPOTHO3 AMHAMIKA IMOKa3aHb KOHTPOJbOBAaHUX IapameTpiB
mxepen Hedesneku B Mexkax [IHO Moxke OyTu peanizoBaHO y CIOCIO 3aCTOCYBaHHS

metony Haiimenmmx kBaaparie (MHK). Bubip momemi myis BU3HaYEHHS TpPEHIY
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3MIACHIOETBCA T Yac ajganTallii alrOpUTMIYHOTO 3a0e3MeUeHHs 10 KOHKPETHOTO
00’eKTa Ta TMapaMmeTpiB, IO XapaKTEPU3YIOTh CTaH JKEped HeOe3MeKH B MeKax
ITHO. Meron nporno3yBanss Ha ocHoBl MHK nemoHcTpye BUCOKY €(dEeKTHBHICTD
JUISl TIapaMeTpiB CTaHy O00’€KTa 3 IUIABHOIO JUHAMIKOIO 3MiH. 3acTOCYyBaHHS
METOTy HAaWMEHIIINX KBaJpaTiB 3a0e3medye OTpUMaHHs MPOTHO30BaHUX 3HAYEHb Ha
4aCOBOMY TOPH30HTI BiJl OHOTO JIO TPHOX BIJIIKIB 13 JOCTATHBOI TOYHICTIO.

4.PerpeciifHy Mojienb mpolecy 3MiHU cTaHy kepen Hebesneku Ha [THO, mio
MOKe Tpu3BecTH A0 BUHUKHEHHS HC, mominpbHO BUKOPHUCTOBYBATH Y BHUIVISII
creneHeBoro mojiHoma. CTymiHb TOJIHOMY BH3HAUa€ThCS SK OJHA I1'ATa BIJ
KUTBKOCTI €KCIIEpUMEHTAJIbHUX JaHUX JJis1 3a0e3MeUeHHs aJeKBAaTHOCTI MOJEIII.
ExcriepuMeHTalibH1 JOCHIIKEHHSI €(PEKTUBHOCTI PerpeciiHux Mojeneid Ha OCHOBI
CTEMEHEBOr0 TOJIiHOMA, IO BUKOPHCTOBYIOTH METOJ] HAaMEHIIMX KBaJpaTiB Ta
po3po0iieHe anropuTMiuHE 3a0e3MEeUeHHs, MPOBEACHO 3 BUKOPHUCTAHHSIM JdaHUX
MoHiTopuHry crady IIHO. Pe3yapraTu nociimkeHb 3acBIIUYIOTHh IT1JBUIICHHS
TOYHOCTI POTrHO3yBaHHs MOXKIIMBOCTI HC 3a yMOBHM 3aCTOCYBaHHS 3aIPOTIOHOBAHOTO
METOLY.

5. Ha miciieBomMy Ta perioHaJbHOMY PIBHSX MiJCUCTEMA MPEIUKTUBHOT AaHATITHKA
MOBUHHA KPIM 311MCHEHHS (PYHKII MPOTHO3YBAHHS MaTH MOXJIUBICTh BUKOHYBATH
byHKIIT MOJAENIOBaHHSI CTaHy HaloOuibm HeOesnmeunux I[THO, a nalwacrime —
e 3€MJISIHI HaIlipHI TiAPOCTOpYyad. Y LBOMY BHUMAAKYy MOJETIOBAHHS MAa€ CEHC
BUKOHYBAaTH BHUKOPHCTOBYIOYH 3alPOIIOHOBAHUN MOAMGMDIKOBAHUM METOJ CITOK.
MogentoBaHHST JOMIOMOXKE OINEPATUBHO OTPUMATH SIKICHY KapTHHY MOKJIMBOTO
PO3BUTKY JIeCTpYKTUBHUX MpoltieciB crany [THO, a Takox mokami3alito MOKIUBUX

30H pyHHYBaHb.
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4 EKCIEPTHUH AHAJII3 APXITEKTYPHU, AJITOPUTMIYHOI'O TA
ITPOI'PAMHOI'O 3ABE3IIEYEHHSA CUCTEMHA MOHITOPHUHI'Y
CTAHY NOTEHIIMHO HEBE3NEYHUX OB’EKTIB

Jliig moOy10BM aBTOMAaTU30BaHUX CUCTEM PAHHBOTO BUSIBJICHHS MOKJIMBOCTI
HAJ3BUYATHOI CHUTYyallli ICHYIOTh SK THIIOBa apXiTEKTypa, Tak 1 po3poOieHl HOBI
MPOEKTHI PIIIEHHS, IO 3aCTOCOBYIOThCA y cHUCTeMax MoOHiTopuHry crany [THO.

3a3HaueH1 pillieHHs HAJal0Th MOXKIIUBICTD Peali3yBaT CUCTEMY MOHITOPUHTY
cTtaHy 00’€kTa 3 (YHKIIIEIO MPOTHO3YBAHHS 3MiH HOTO CTaHy. TakoX aJlropuTMIdHE
3a0€3MeUYeHHs] CHUCTEMHM, M0 0a3yeTbCs Ha METOAl OpraHizamii ITepauiiHuX
PO3PAXYHKIB 32 METOJIOM CITOK ISl pO3PaxXyHKy (DUIbTpallii Kpi3b 3eMJIsIHI CIIOPY/IH,
3a0e3neyye BUKOHAHHS 11arHOCTUYHOIO MOJENIOBaHHS 00’ €KTa MOHITOPUHTY.

[locrae mnuTaHHS BHU3HAUYCHHS pAalllOHATLHOTO BapiaHTy apXITEKTypHu
Ta aJITOPUTMIYHOTO 3a0€3MEUeHHs [JIi CTBOPEHHS aBTOMATHU30BAaHOI CHUCTEMH
MOHITOPUHTY CTaHy 00’€KTIB PETriOHAJIBLHOTO PIBHS.

Bubip paitioHaabHOro MeTOo1y 3 MHOXKHHU aJIbTEPHATUBHUX PIIIEHH CTAHOBUTD
CKJIQJIHY HAyKOBO-TEXHIUHY 3ajady, 0 MOTpeOye KOMILJIEKCHOTO OIIHIOBAHHS
€(DEeKTUBHOCTI MPOEKTHUX PIMICHb JJII CUCTEM MOHITOPHHIY CTaHy MOTEHLIINHO
HeOe3MmeuHux 00’€KTIB. Y Takuil Crocid mporec yXBajJeHHs pIUIEHb MOJITae y
BU3HAYCHHI PaIllOHAJIBHOTO BapiaHTa IPOEKTHOTO PIICHHS 3 MHOKHHHU aJIbTCPHATUB

Ha M1JCTaBl BCTAHOBJICHUX KPUTEPIiB SKOCTI.

4.1 Cucremaru3anisi HAyKOBHUX JI0CJIi/’KeHb Y rajiy3i OHiHIOBAHHS SIKOCTI

IporpaMmHoro 3a0e3neyeHHs

TouHICTh OINIHIOBaHHS € BU3HAYAJIBPHUM YHWHHHKOM YCIIIIHOCTI IPOEKTIB
PO3p0o0IICHHS MPOTPaMHOTO 3a0e3MeUeHHS, IPOTE MPoOIeMa HETOYHOTO OITIHFOBAHHS
00CsTiB pOOIT 3alUINAETHCA aKTyaJdbHOI. Y JOCHiDKeHHI [98] po3misHyTO
3aCTOCYBAaHHS METOAIB €KCIIEPTHOTO OI[IHIOBAHHSA ISl MIABUIIEHHS JOCTOBIPHOCTI
MIPOTHO3YBaHHS TEPMIHIB BUKOHAHHS PO€EKTIB. EKCiepTHE OliHIOBaHHS TIepeadadae
3aTydeHHs (axiBIliB BIAMOBIIHOI KBaTi(hiKallii 11 BU3HAYEHHS 00CST1B HEOOX1THUX
po6it. BomHovac Ha pe3yabTaTH eKCIIEPTHOTO OIliHIOBAaHHS BIUTMBAIOTH CYO’ €KTHUBHI

YUHHUKW Ta KOTHITUBHI YIEPEIKEHHS €KCIEPTIB.
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Hocmimkenns [98] aHanmizye YMHHUKH, 10 MPU3BOASTH /10 3aBUIICHHS a00
3aHKEHHS OIIIHOK y TIPOEKTax PO3POOJICHHS MPOrpaMHOIO 3a0e3MedeHHs, Ta
IPOIIOHY€E MPAKTHYHI CIIOCOOM 3MEHIICHHS PU3MKIB €KCIICPTHOTO OIIHIOBAaHHS. Y
JOCITIDKEHH] 3aCTOCOBAaHO METOJ| aHajli3y KOHKPETHHX BHUMAIKIB (case study) mis
MOPIBHSHHS OJUHUYHOT OI[IHKH 3 METOJIOM OIIIHIOBaHHS Ta aHai3y nporpam (PERT).
PesynpraTu cBimuare, mo metoq PERT 3abe3neuye miama3oH OIIHOK 3 OYIKYBaHUM
3HAYEHHSM, TPH IIbOMY CEpEIHS OIlIHKAa HAONMKAEThCS 10 ONTHMICTHYHOTO
CIIEHapil0 y TIOPIBHSAHHI 3 TTOYATKOBUMH OI[IHKAMH.

Jliia 3a0e3neyeHHs 10CTOBIPHOCTI Pe3yibTaTiB Ha PI3HUX PIBHAX HAIIHHOCTI
00uHMCIIeHO IOBipYl IHTEPBaIU. Pe3ynbraTy 10 CiTiKeHHS M ATBEPIKYIOTh, 1110 METO/
PERT 3 #ioro gianma3oHOM OIIIHOK Ta pO3paxyHKOM OYiKyBaHOTO 3HAYCHHS IiBUIITYE
TOYHICTh OILIIHIOBAHHS Y MOPIBHSIHHI 3 OAMHUYHOIO OI[IHKOI0. TakoX y AOCIIKEeHH]
[98] oOumcneno cepenHio BigHOCHY NoxuOky (MRE) nns BuMmiproBaHHS TOYHOCTI
OITIHOK, III0 BKa3y€ Ha MOXJIMBICTh IOCTIHHOTO MiABUINECHHS JIOCTOBIPHOCTI
OITIHIOBaHHSI.

HaykoBa 1IHHICTb AOCTIIPKEHHS TOJISITae y PO3BUTKY METOJOJIOT1T YIIpaBiIiHHS
IPOEKTaMU PO3POOJICHHS POrPAMHOTO 3a0€3MEeUeHHS Yepes:

—OOTrpyHTYBaHHS 3HAYYIIOCTI METOIIB €KCIIEPTHOTO OIlIHIOBAHHS;

—BU3HAYEHHS MPOOJIEMaTUKH 3aBUILCHHS Ta 3aHKEHHS OIIHOK;

—pO3pOo0JIEHHS ~ NPAKTUYHOTO  IHCTPYMEHTAapil0  MIABUIICHHS  TOYHOCTI
OLIIHIOBAHHSI.

MisniMizanis cy0’€KTMBHOCTI Ta CHCTEMaTH4YHE BJIOCKOHAJICHHS IIPOIECY
OLIIHIOBaHHSl CTBOPIOE NEPEAYMOBU MJI BUACHOI peani3alii MPOEKTIB y Mexax
3aMJIaHOBAHOTO OIODKETY, 110 CIIPHUSE JOCATHEHHIO IIJICH MPOEKTY Ta 3a0BOJICHHIO
BUMOT 3aIlIKaBJIEHUX CTOPIH.

O1iHIOBaHHS AKOCTI MPOTPAMHOT0 3a0€3MeUeHHs € 000B’A3KOBOIO CKIIAJJOBOIO
mpoiecy HWoro po3poOneHHs, 1o 3abe3nedye sK SKICTh PO3POOJIICHHS, Tak
1 OoOrpyHTOBaHE TMOpPIBHAHHA NpOrpaMHOro 3abe3meueHHs Ta ix Bepciid. Ha
Cy4acHOMY e€Talll OI[IHFOBaHHS SIKOCTI IPOTPaMHOTO 3a0€3MEUCHHS IPYHTYETHCS
Ha CHUCTEeMI1 MIXHApPOJHUX CTAHAAPTIB 13 3aCTOCYBaHHSIM METOMIB EKCIIEPTHOIO

OIIIHIOBaHHS HA OCHOBI METPUYHOTO TIiIXOMTY.
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[IporHo3yBaHHsSI ~ XapaKTEPUCTUK SKOCTI MPOTrpamMHOro  3a0e3NeyeHHs
CTAHOBUTb HACTYITHUH €TaIl 3a0€3MeUYeHHS SKOCTI, III0 HaJa€ MOXKJIUBICTh OTPUMATH
OOTpyHTOBaHI JOCSDKHI XapaKTEPUCTUKHU SKOCTI Ta BUKOPUCTOBYBATH iX, 30KpeMa,
JUTSI MApKETUHTOBUX JOCHIKEHb. Y A0CHiKeHHI [99] mpoaHami3oBaHo:

—HasgBHI MIAXOAW [0 MPOTHO3HOTO MOJCIIOBAHHS XapaKTePUCTUK SKOCTI
IPOrpaMHOTO 3a0e3MEeUCHHS;

—YWHHUKH, 1[0 BU3HAYAIOTh MPOTHO3 SIKOCTI MPOTPAMHOTO 3a0€3MEeUeHHS;

—SIKICTh BUMOT SIK BU3HAYaJIbHUW YMHHHK SKOCT1 MPOTPAMHOTO MPOIYKTY.

3anponoHOBaHUI METO/I IPOrHO3YBAaHHS XapaKTEPUCTUK SKOCTI IPOrPaMHOTO

3a0e3MeueHHsT 0a3yeThCS Ha XapaKTEPHUCTUKAX SKOCTI BUMOT, 110 BCTAHOBITIOKOTHCS
Ha erami Bepudikauii BuUMOr. [IporHo3Ha Monenb BHKOPUCTOBYE SIK BHUXIJIHI
JaHl XapaKTepUCTUKH SKOCTi, OTPUMaHI METOJOM ICTOPUYHHMX AaHaJIOTii.
Mogenpy mnependavyae JiHIMHY 3aJ€KHICTh BIUIMBY XapaKTEPUCTUK BUMOI Ha
IPOTHO30BaH1 XapaKTEPUCTUKH MPOrPAMHOTO 3a0€3MEeUEHHS 3 ypaxXyBaHHSIM 00CsTY
Ta KJIacu]ikailii BUMOT.

VY takuii cnoci® MeTo ] MpOTrHO3yBaHHS BU3HAYAE BIJTUB OLIIHKU XapaKTEPUCTUK
SAKOCTI BHMOI' Ha XapaKTePUCTUKH SKOCTI MallOyTHBROTO TIPOEKTY 3aco0aMu
€KCIIEpTHOTO OLiHIOBaHHS. OTpUMaHi pe3yabTaTh CTBOPIOIOTH MIAIPYHTS IS

—O0OTpYHTYBaHHS JOCSHKHHX XapaKTEPUCTHK SKOCTI;
—TIOKpAIICHHS “3BOPOTHUX 3B’S3KIB~ 3 3aMOBHHKAMHM I TIOKPAIICHHS BUMOT
710 TIPOEKTY.

Y npocmimkenni  [100]  po3mIsiHYyTO — MIABHUINEHHS  €(EKTUBHOCTI
(YHKI[IOHYBaHHS JIOAMHO-MAIIMHHUX CHUCTEM 4epe3 YIOCKOHAJIEHHS SKOCTI
OPOrPaMHOrO 3a0€3MEUYEeHHS] CHUCTEeM MIATPUMKU NpuilHATTA pimens (CIIIIP).
3anponoHOBaHl PIMIEHHS TPYHTYIOThCS Ha HAasSBHHX MOJEIAX Ta MeETodax, SKi
JIETAbHO MPOAHAJII30BaHO B MEXaX HAyKOBOTO JOCHIIKEHHs. 30KpeMa, y TIEBHUX
OTPUMAHUX PIIMIEHHSIX 3aCTOCOBAHO METOMAOJIOTII0 CTAaTHYHOTO BiJIarOIKEHHS
OPOrpaMHUX JTO/IATKIB.

B ocHOBy BupilieHHs 3a3HAU€HOTO 3aB/IaHH MOKJIAIEHO METO/IA PO3B’ A3aHHs
3a/ladi yIpaBlIiHHS JIIOAWHO-MAIIMHHAMH CHCTEMaMM 32 BEKTOPHUM KpPUTEPIEM.
Po3po0iieH0 MexaHi3M CHHTE3y KOMIUIEKCHOTO IUIaHy OIepaliil Ajsl MiABUIICHHS

akocTi nporpamuoro 3a6e3neueHnst CIIIIP Tta oOrpyHTOBaHO MOXIMBICTH aHaJI3y
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MOETAMHOr0 BUKOHAHHS IJIaHY 3 OTPUMAHHIM aHAIITUYHOI oliHKHU. KommiekcHui
IJIaH MOJAaHO Yy BUIVIAAI AepeBa Ifijied, moOyqoBaHOTO BIAMOBIAHO IO IOJIOXEHD
Teopii rpadiB Ta paHrOBOTO IiAXOY.

3a pe3ynbpraTaMH OIIHIOBAaHHS YacOBOi CKJIAJHOCTI aJTOpPUTMIB, IIO
peani3yoTh MoOyI0BY JepeBa Iijiei, BCTaHOBJICHO:

—MaKcuMajibHa KIIbKICTh pebep rpada, mo peanizye AepeBo Iieh, He
nepeBuIye n’;

— KIJTBKICTh TIEPETIIAIB pebep He TEPEBUIILYE N;

—3arajibHa KUIBKICTh Omepalliil nepermisiay pedep Ta ixX 10laBaHHSA y 3Ba)KCHE
MiHiManbHe nokpuTts (3MII) He mepesumiye 1.

[lpu peamizamii omnepariii gomaBanHs pedep y 3MII Ha koXHOMY Kpoiii
micist  ¢ikcamii MOMEepeaHbOTO Ppe3yNbTary KUIbKICTh pedep Ui Mepersiay
3MEHIIYEThCS, TOMY CyMapHa CKJIaJHICTh alrOpUTMiB He nepesuinye n°. OTpuMani
pimenas BianmosimaroTh Bumoram JICTY ISO/IEC 9126, ICTY ISO/IEC 14598
Ta BpPaxoOBYIOTh BUMOTM cepii cranjmaptiB Software Quality Requirements and
Evaluation sik 3HaueHHs BeplIuH rpada aepesa Mmoii.

VY mporieci BUpIMICHHS 3aBAaHHS BpaxoBaHO crenudiky (QyHKIIOHYBaHHS
JIOAMHO-MAIIMHHUX CHCTEM, 30KpeMa MOXJIMBICTh (popMaizallii pi3HUX acIeKTIiB
3HaHb (IETUYHUX, AUCHU3I0HAIBHUX, Kay3aJdbHUX, JICOHTUYHUX) Ta 3a0€3MECUCHHS
3aJIaHOTO PIBHS ONEPATUBHOCTI MOILIYKY PIIICHb.

VY nmocmimkenni [101] po3misiHyTO TpoIecH PO3POOJICHHS MPOrPaMHOTO
3a0€3Me4YeHHs 13 3aCTOCYBAaHHSIM IIA0JIOHIB MPOEKTYBAaHHS. METOI0 € MiJBUILECHHS
SAKOCT1 TIPOEKTIB PO3POOJIEHHS CYyYacCHOTO NPOrpaMHOro 3a0e3ledyeHHsl uepes
BUKOPHUCTAHHS HAKOMTMYEHOTO JOCBIAY MO0 MOOYIOBHU MIJACHCTEM, OPIEHTOBAHHMX
Ha 1IHQPACTPYKTYPY Ta B3aEMOJIIIO 13 30BHINIHIM KIIIEHTOM.

OCHOBHUMHU 3aBIaHHSIMU BU3HAYCHO:

—aHalli3 METOMIOJIOTIH Ta MmapajurM MporpaMyBaHHS;
—pOo3po0JIeHHs KOHIIEMIIIT 3aCTOCYBaHHs Ia0JI0HIB MPOEKTYBAHHS;
—TIpaKkTHYHA peaizaris madnoHiB y mpoekTax Node.js.

VY nocnimkeHH1 3acTocoBaHO 1m1a0noHu npoektyBanHsa Composite Ta Chain of

Responsibility, a Takok 00’€KTHOOPIEHTOBAHY METOOJIOTII0 Ta yHI(IKOBAaHY MOBY

monemtoBanHss UML. 3a pesynpraramu JOCIHIKEHHS 3alPONOHOBAHO KOHIEIIIIO



158

CTPYKTYpH3aIlii B3aEMO3B’ A3KiB €JIEMEHTIB IMTPOEKTY node. s 13 HASBHUMU Ia0JIOHAMU
MIPOEKTYBAHHS, 110 HATA€ MOKJIUBICTD MABUIIUTH €(pEKTUBHICTH KOMaHIHOT pOOOTH
Ta CKOPOTUTU TEPMiHM BUKOHAHHS TPOEKTY.

SKicTh MPOrpaMHOTo 3a0€3MEUeHHS] XapaKTePU3YETHCS CYKYITHICTIO aTpUOYTIB,
10 BU3HAYAIOTh:

— (yHKITIOHAJIbHY TIPUIATHICTD;
—3PYYHICTh BUKOPUCTAHHS;
—MPOYKTUBHICTh (DYHKI[IOHYBAHHS;
—3PYUHICTh CYIPOBOIKEHHS;

— CYMICHICTB;

—HaJIHHICTB;

— 0Oe3nexy;

—PpIBEHb TE€CTyBaHHS.

3abe3reyeHHsT BHCOKOI SIKOCTI MPOTPaMHOro 3a0e3Me4YeHHs] CTaHOBUTH
HENEepepBHUN Mpoliec, 0 NOTpedye IIaHyBaHHS, PECypCiB Ta yBaru J0 JeTajiei Ha
BCIX eTamax po3poOsieHHs Ta CynpoBOKEHHS. Bin e(pexkTHBHOCTI LBOTO MPOIECY
3aJICKUTH 33/I0BOJICHHS TOTPE0 KOPUCTYBAU1B Ta yCHIIITHICTh IPOTrPAMHOTO MPOIYKTY.

VY nocnimxkenni [ 102] 3anponoHoBaHo iHGOpMaIIiitHY KOHLEIII0 (GOpMyBaHHS
SAKOCT1 MIPOTPAMHOTI0 3a0€3MEUEHHS Ha OCHOBI TE€OPIi YXBaJIEHHS PIIIEHb, OCKIIbKH
HasIBHI CTaHAApPTH BU3HAYAIOTH JIMIIE YMOBH BIJMOBIIHOCTI MPOrPAMHOI MPOTYKIIii
XapakTepucTukam sikocTi. Konmeniiis mepenbavae:

—BHOKPEMJICHHSI 3 MHOXXWHHU XapaKTEPUCTHK SKOCTI migMHOoxuHU [lapero 3
JOMIHAHTHUMHU (PaKTOpaMu BIUIUBY;

—3aCTOCYBaHHsI METONy OaraTOKpuTEepiaJibHOI ONTHMI3alii 3 BUKOPUCTAHHIM
HEYITKUX BITHOIIEHDb MOMAPHUX MEpeBar MK allbTepHAaTHBAMU;

—dopmyBaHHS (DYHKIIH HaJEKHOCTI Ui 1IeHTU(DIKALIT HEYITKUX BIIHOIICHB
nepeBar.

Ha mizcraBi MaTpuyHOro aHajiizy OOTPYHTOBAHO Ta PO3PAXOBAHO (PYHKIIII
KOPHCHOCTI Ta (YHKIi HaJEKHOCTI 3TOPTOK JUISI BU3HAYEHHS OINTHMAaJbHOTO
BapiaHTy peai3alii npouecy po3podneHHs. OnTuMalibHy allbTepHATUBY BU3HAYEHO
yepe3 MaKCuMasibHe 3HaueHHs (PyHKIII1 HAJIeKHOCTI (h1HATBHOI 3TOPTKHU, OTPUMAHOT

3 BUKOPUCTAHHAM 3T'OPTOK BiI[HOIHGHB Ta MHOXXHWHH HCI[OMiHOBaHI/IX AJIbTCPHATHUB.
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3 METOI0 OIIHIOBaHHA SKOCTI MPOrPaMHOIO 3a0€3MEUeHHS BU3HAYEHO Ta
MIPOAHAIII30BAHO JIECITh KPUTEPIIB, M0 KOMIUIEKCHO XapaKTEPHU3yIOTh MPOrpaMHU
3aci0 3 MO3MIiM HWOro aganTOBAaHOCTI 1O rajy3i 3aCTOCYBaHHS Ta MOXJIMBOCTEH
MOJANBIIIOTO BIOCKOHAJIEHHS BiJIMOBITHO O BUMOT 3aMOBHUKA.

Sk 3azHadeHo B mocuimxkeHHl [103], ekcepTHI TEXHOJOTIT € HEeBiJl €MHOIO
CKJIQJIOBOIO TIPOIIECY yXBaJCHHS YIPABIIHCHKUX PIIICHB Y:

—PpO3po0JIEHHI MPOrPaMHOIO 3a0€3MEUCHHS;

—KEepyBaHHI 3MIHAMH BUMOT;

— YIIpaBIiHHI pU3UKaMU peajizallii;

—3a0e3MeueHH] SIKOCTI.
VYxBalieHHs pilieHb Mpo(eciiHUMU eKCIepTaMu IPYHTYEThCS Ha JIOCTOBIPHOMY
NOJaHH1 HAsBHOI CHUTYyaIllll, MPaBWJIBLHOMY PO3YMiHHI CyTi MpoOJieMH Ta MOBHOTI
XapaKTepUCTHK ii ckianoBux. Excneprt, sikuil Oepe y4yacTh B OLIIHIOBAHHI SIKOCTI
IPOTPaMHOTO 3a0€3IeUYCHHS, TOBUHEH MATH:

—axoBl 3HaHHA y MPEAMETHIN 00JacTi;

—MPaKTUIHUHN JTOCBI;

—HABUYKH MPODECIHHOT MISTHHOCTI.
Henocratust kBamidikallisi eKCIepTiB MOXKE MPU3BECTH 10 KPUTUYHUX MOMUIIOK Ta
3HAYHMUX BTPAT (PIHAHCOBUX 1 YACOBUX PECYPCIB.

Y npocmimkenni [104] po3MISHYTO OLIHIOBAHHS SIKOCTI MPOrPaMHOTO
3a0€3MeueHHS K 000B’I3KOBUH IMPOIEC 3a0€3IMEUCHHS SIKOCTI B MEKaX 3arajibHOTO
nporecy po3poOsieHHs. PO3BUTOK TexHONOTIM (IITYYHUM 1HTEJIEKT, XMapHi
oOuncneHHs, BipTyaibHa i JOMOBHEHA PEANIbHICTD) IMiIBUIILYE BUMOTH JI0 MPOIIECIB
OIlIHIOBaHHSI Ta 3a0e3MeueHHs] sAKOCTi. HasBHI MiaX0omM MO OIIHIOBAaHHS SIKOCTI
XapaKTEPU3YIOThCA TAKUMU HETOJIKaMU:

—cnabka (popMarizaliis TIaHyBaHHS 3aBJaHb OIIHIOBAHHS;

—BHUCOKHUI CTYyIiHb HEBU3HAYEHOCTI MPHU YXBaJICHHI PIIICHb;

—HEONTUMAaIbHUI 00csT 1H(pOopMarlii;

— CKJIaJIHICTh BH3HAYEHHsI HEOOX1THOI KIJTbKOCTI YYAaCHHKIB IIPOIIECY.
3anponoHOBaHO CUEHApHUW MIiAXI JI0 OIIHIOBAHHA SIKOCTI IMPOrPaMHOTO
3abe3mneveHHs, 10 nepeadadae TpyU CTaHU KUTTEBOTO ITUKITY CIIEHAPIIO:

—ClIeHapii Ha marnepi;
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—TMUIOTHUN CIIEHAPIH;

—PpeaJbHUM CIICHApIN.

Jlnst popmanizaliii 3MiH MHOXHUH €JIEMEHTIB CLIEHAPIIO MPU MEPEXOJil MK CTaHAMHU
BBEJICHO oOrlepallii BKIIOYEHHS Ta BUKIIOYEHHS. Po3pobieHa Monens CleHapito
OLIIHIOBAHHSI SIKOCTI MOXKE€ 3aCTOCOBYBAaTHCS IPH OI[IHIOBAaHHI Ha OCHOBI 3aciBY
nedexTiB.

VY npocmimxenni [105] 3ampornoHOBaHO METOJA EKCIEPTHOIO OIIHIOBAHHS
SKOCTI IPOTPAMHOT0 3a0€3IMEeUCHHS, [0 IPYHTYEThCS Ha:

— KOMIUIEKCHOMY Ha0opi KpUTEPIiB SKOCTI;

—OIlIHKaX CTaTMYHUX Ta JUHAMIYHUX C€KCIICPTIB;

—paHTOBOMY OI[IHIOBaHH1 MOKAa3HUKIB;

—aHai3l y3roJpKeHOCTI €KCIIEPTHUX OIIHOK.

Metoa nepenbaudae 3amydeHHsl ABOX IPYIl €KCIIEPTIB:

—CTaTU4Hl eKkcnepTu — (axiBili 3 PO3pOOIICHHS;

— IMHAMIYH1 €KCTIEPTHU — KIHIIEBI KOPUCTYBaul, OIL[IHKH SIKMX MOXXYTb 3MIHIOBAaTUCS
3 YaCOM.

[Iporiec omiHIOBaHHS OXOIUIIOE TaKi €TaIlu:

—paHTOBE OILIIHIOBAHHS MOKA3HUKIB SAKOCTI €KCIepTaMu;

—BU3HAYEHHS Y3TO/DKEHOCTI EKCHEPTHHUX OILIHOK 4epe3 Koe]illeHT Bapiarli
(Bucoka y3romkeHicTh npu koedimieHTi <10%, a HH3bKAa Y3TOMKEHICTh MpU
koedimieHTi >35%);

—po3paxyHoK KoedimienTta koHkopaamii (V) nms oOliHIOBaHHSA 3arajibHOi
y3TOJIPKEHOCTI;

—OOYHUCIICHHS TIJCYMKOBOi OIIIHKM SIKOCTI 3 YpaXyBaHHSIM KOE(QILI€HTIB
3HAYYIIOCTI MOKA3HUKIB.

MeTton 3a6e31euye O1iHIOBaHHS SKOCT1 TPOTPaMHOTO0 3a0€3MeYeHHs Ha PI3HUX
eTarnax WOro >KUTTEBOTO ILHUKITY, 30KpeMa MPH BHUITYCKY HOBHX BEpCi.

3a pesynpTaTamMy aHali3y HAyKOBHX JiKepedl OOIPYHTOBAHO OLIbHICTH
3aCTOCYBAaHHS METO/y €KCIEPTHOTO OLIHIOBAHHS JIsl BA3HAYEHHS SKOCTI:

—TUTIOBOT apXiTEKTYpH;

—aITOPUTMIYHOTO Ta TMPOrPaMHOTO 3a0E3IMEUECHHSI PEriOHaNbHUX CHCTEM

moHniTopuHry crany [THO.
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4.2 OOIrpyHTYBaHHSI 3aCTOCYBAHHSI METO1Y €KCIIEPTHOI0 OLiHIOBAHHS

3acTocyBaHHS METOAY €KCIIEPTHOTO  OI[IHIOBAHHS ~ CIPSMOBAaHO  Ha
BJOCKOHAQJICHHSI ~ TEXHOJOT1i  pO3pOOJIEHHS  CHEIaji30BaHOrO0  MPOrPaMHOTO
3a0e3neueHHsT A 1H(QopMaliiHuX cucteM MoHiTopuHry crany I[IHO, sxi €
00’€KTaMU KPUTUYHOI 1H(HOpPMAaLIHOI 1HHPACTPYKTYpH.
[le 3a0e3me4nTh CTBOPEHHS CyYaCHHX PETIOHAIBHUX CHCTEM MOHITOPHHTY,
110 BIAPI3HSAIOTHCS BiJl HASBHUX PO3LIMPEHUMU MOXIMBOCTSIMHU:
—MapaMeTPUYHUI KOHTPOJIb JHKEpen HeOe3MeKH;
—BU3HAUCHHS CTaHy 00’ €KTa:(HOpMaJIbHUN, JOKPUTUYHUI, KPUTUYHUI);
—BUsBJIeHHS MoxuinBocTi HC.
JIJis TOCSATHEHHSI TMOCTaBJIEHOT METH BU3HAYEHO TaKi 3aBIaHHS:
—BU3HAUYUTU KPUTEPIi SIKOCTI CUCTEMU MOHiTOpuHry crany [THO;
— OILIIHUTH Y3TOKEHICTh EKCIIEPTHHUX OIIHOK;
—009YnCIUTH KOe(]IIIEHTH BaroMOCTI KPUTEPIiB SKOCTI MPOEKTHHUX PIIICHB;
—O00rpyHTyBaTd BHOIp palllOHAJbHOI apXITEKTypH, AJITOPUTMIYHOTO Ta

IIPOTrpaMHOTO 3a0€3MEeUCHHSI Ha OCHOBI €KCIIEPTHOTO OITIHFOBAHHS.

4.3 OO0’eKT TOCTIAKEHHS TA IiNoTe3a MEeTOAY eKCIIePTHOI0 OiHIOBAHHS
SIKOCTI NPOrPAMHHMX CHCTEM MOHITOPMHIY CTAaHY HNOTEHUiHHO

HeOe3NMeYHnuXx 00’ €KTIiB

O0G’eKTOM JOCHIKCHHSI € apXIiTeKTypa, aJrOpUTMIYHE Ta MpOrpaMHe
3a0e3neyeHHs creliani30BaHuX cucTteM MoHiTopuHry crany ITHO.

['imoTe3a eKcrepTHOro METO/Ty OIIHIOBaHHS TOJISITAE B TOMY, IO TTiIBUIIICHHS
SIKOCTI TPOEKTHOTO pillIeHHs! cUCTeMHU MOHiTOpuHry ctany [THO pocsraetscs yepes
3aCTOCYBAHHS METO/Y €KCIEPTHOTO OI[IHIOBAHHS ISl OOTPYHTYBAaHHS:

—apxITEeKTypa Ha OCHOBI TeXHOJOT1H [HTEepHETY pedei;

—METO/IiB BUSBJICHHS Ta KOPEKI[ii MHOXUHHUX MTOMIJIOK TIEpelaBaHHs JaHUX;
— aJITOPUTMIYHOTO 3a0€3IEeUCHHsI MPOTHO3YBAHHS CTaHy 00’ €KTa;
—IMporpaMHOro 3abe3neueHHs J1arHOCTUYHOTO MOJICTIOBAHHS.

Bbynu mpuiiHATI HaCTYIHI MPUITYIICHHS:
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1.Ha ocHOBI koiB XeMMiHIa MOXJIHBO PO3POOUTH CXEMY Ta METOJ KOTyBaHHS
1H(opMarlii 1y BUSABICHHS Ta KOPEKIlT MHOKUHHUX TTOMUJIOK MPH MOOANTOBOMY
nepeaBaHHl JaHuX.

2. JloxuHa iH(MOpMaLIfHOTO OJIOKY MpHU MepeAaBaHH] 3aJUIIA€TbCS HE3MIHHOIO,
a BU3HAYEHHS MOTO MOYAaTKOBOTO OaiiTa 3a0e3MeuyeThCsl Ha PiBHI MIPOTOKOIY.

3. luHamika mapameTpiB cTaHy 00’ €KTa MOHITOPUHTY MiAAAETHCS MPOTHO3YBAHHIO
3 BUKOPHUCTAHHIM MaTeMaTUYHHUX METOJIB.

4.CucreMaTU4He J1IaTHOCTHYHE MOJICTIOBAaHHA HAJa€ MOXIJIHMBICTH PAHHBOTO
BUSIBJICHHS AECTPYKTUBHUX MPOLECIB Y MOTEHIIHHO HEOE3MEYHOMY 00’ €KTI.

Jlns crnpoleHHsT MOJEl pO3NISIHYTO TepedaaBaHHs 1HdGopMalli 3a yMOB
BUHUKHEHHSI MHOKMHHUX MOMHJIOK Pi3HOI KPaTHOCTI MpHU MepeaaBaHHI OKPEMOTO
OaiiTy, 0e3 ypaxyBaHHs BIUIMBY 3aBajJi Ha TNEPEpUBaHHA MPOIECY IepeaaBaHHs
TAHUX.

[Ipoiec  BuOOpy BapianTa 1HGOpPMAIIIHOT CHUCTEMH  MOHITOPUHTY
XapaKTePU3yEThCsI MHOXXHMHOIO  B3aEMOKOH(IIKTHUX KPHUTEpiiB  (HampuKia,
CKJIQJHICTh peasizallii Ta sKicTh (QyHKIioHyBaHHs). Lle 3yMoBitoe HEoOXiIHICTh
PO3B’SI3aHHS CKJIAIHOI ONTUMI3AIIIHHOT 3a/1a4i, 110 MOTpeOy€e 3aTyueHHs eKCIepTiB
BIIMOBITHOT KBasi(ikarii.

MeTon00T14HOK0 OCHOBOIO TPOIIECy BHOOPY € KBaJiMETpis — Hayka IMpo
METOAM KUIBKICHOIO OI[IHIOBAaHHS SIKOCTI 00’ekTiB. KijgbKICHI OIIHKHA SIKOCTI
CTaHOBJISITh MIATPYHTA JJIsi OOTPYHTYBAaHHS YNPABIIHCHKUX PIIICHbD.

Y  naucepramiiHOMy  JOCHTIKEHHI 3aCTOCOBAaHO METOJl  €KCIIEPTHOTO
OLIIHIOBaHHS SIK OJIMH 3 OCHOBHUX METOIB KBaJiMeTpli. MeToa IpyHTYeThCsl Ha
BU3HAYCHHI SIKICHUX XapaKTEPUCTUK 00’€KTa rpyroro (axiBliB Ta 3aCTOCOBYETHCS
B yYMOBaX HEMOXJHUBOCTI OO0 €KTHUBHOTO BHMIPIOBAaHHS ITIOKAa3HUKIB SKOCTI
1H(OpMaIIHHOI CUCTEMH.

Metoau kBamimeTpii 3abe3nedyioTh (HOpMyBaHHS MaTeMaTUYHUX MOjeei
JUIS OLIIHIOBAHHS SIKOCTI TEXHIYHUX PIIIeHb, 30KpeMa JUIsl CUCTEM MOHITOPUHTY
crany ITHO.

Y  naucepTaniiiHoMy JOCHIJKEHHI PO3IISHYTO THUTAaHHS pallilOHAJIBHOTO
BUOODY:

— apXITEKTYpH;
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— aJITOPUTMIYHOTO 3a0€3MEeUCHHS;

—TIPOTrpaMHOTO 3a0e3MeUeHHS
JUTSL TIPOEKTYBAHHSI CUCTEM MOHIiTOpuHry crany [THO.

VY nucepraiitHoMy J0CTIIKEHHI TPOAHATI30BaHO HASBHI PIIIICHHS Ta METOIU
IPOEKTYBAHHS CUCTEM MOHITOPUHTY CTaHy MOTEHIIIHO HeOe3MeYHUX 00’ €KTIB:

—apxiTeKkTypa Ha ocHOB1 TexHomorii [0T;

—METO/IU BUSBIICHHS Ta KOPEKIii MHOXKMHHUX TIOMUJIOK TIepeaBaHHs JaHUX;

—alNropUTMivHE 3a0e3MeueHHs] TPOrHO3YBaHHS CTaHy 00’€KTa;

—IporpamMHe 3a0e3MeUeHHs] [1arHOCTUYHOTO MOJEIIOBAHHSL.

VYXBajieHHS pillIeHb TOJIATae y BHOOpP1 BapiaHTa IPOEKTHOTO PIMICHHS
3 MHOXHWHM anbTepHaTtvB. CKIAIHICTh IIi€l 3a7a4yi 3yMOBHUJIA HEOOXITHICTH
KOMILUIEKCHOTO JTOCTIHKEHHS TTPoOIeMm:

—pO3MOLIY PECYpCIB;

—BUOOpPY MPOEKTHUX BaplaHTIB;

— Y3TO/IP)KEHHS KpPUTEPIiB ONTUMI3ALIil.

Po3B’s13aHHs 3a1a4 Takoro Kjiacy norpedye BpaxyBaHHS:

—(axoBOro J0CBIY €KCIEPTIB;

— pe3yJIbTaTiB KOJIEKTUBHOI €KCTIEPTHU3H;

—dopmari3oBaHUX METOAIB ONTUMI3AIli.

JIOLIIBHICT 3aCTOCYBaHHSI KOJIEKTMBHOI €KCIIEPTH3U 3YMOBIICHA TaKUMU
nepeBaraMu:

1. KomriiekcHICTh aHali3y — 00’ € JHaHHS Ta 31CTaBJICHHS €KCIIEPTHUX BUCHOBKIB
3a0e3neuye BceOlUHE OCTIIKEHHSI 00’ €KTa €KCIEPTU3H.

2.KpuTtuuHe OLIHIOBaHHS — MOPIBHAHHS PI3HUX MOIVISIAIB CHpPHSIE BUSBICHHIO
HEIOLIIbHUX aJbTEPHATHB.

3. ®axoBa mMOWHA — 3aJIy4€HHS BY3bKOMPOGMUIbHUX CIIEIIaiCTIB 3a0e3neuye
OOTIPYHTOBAHICTH PIIIEHb, HABITH SKIIO IXHI BUCHOBKH BIJPi3HSAIOTHCA BiJl 3arajibHOI
TTYMKH.

4.IligBuieHHsT 00’ €KTHMBHOCTI — CTPYKTYpOBaHE OOTOBOPEHHSI EKCIEPTHUX
BHUCHOBKIB 4epe3 (opmanizoBaHi MpOIEAypHd 3MEHIIYE BIUIMB CYO €KTUBHHMX
¢dakTopis.

5. HaniiiHicTh pe3ysbTaTiB — KOJIEKTUBHI €KCTIEPTHI BUCHOBKH XapaKTEPU3YIOThCS:
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— BUBaXKEHICTIO OI[IHOK;
— CTIHKICTIO 0 HOBOi 1H(MOpMaIIii;
—OOrpyHTOBAHICTIO PEKOMEH IAITIH.

Y  aucepraiiiHOMY —JOCHTI/DKEHHI BpaxOBaHO OCHOBHI  BJIAaCTHUBOCTI
KOJIEKTUBHUX EKCIIEPTHUX OIIHOK IpH ONpPAILIOBAaHHI PpE3yJbTaTiB EKCIepTU3U
Ta (OpMyBaHHI BHCHOBKIB II[0JI0 ONTHMAaJbLHOTO BapiaHTa IMPOEKTHOIO PIIICHHS
CUCTEMU:

1. HezanexxHiCTh — MiICYMKOBa KOJIGKTHBHA OIIHKA HE 3MIHIOETHCS TIPH J0JJaBaHHI
Y1 BIJIYYEHH1 OKPEMUX aJIbTEPHATUBHUX Bap1aHTIB 3 MHOKUHU PO3IIIIHYTUX PIIICHb.

2. HeynepemkeHicTh — y MJACYMKOBIH OIIHII MOKYTh peaTi3yBaTHCs BC1 MOXKJIHB1
KOMO1HAI[l1 TOPIBHSJIBHUX TIEpEeBar BapiaHTIB PIlICHb.

3. MOHOTOHHICTB — 3MiHa MO3HUIII] OKPEMOTO EKCIEPTa B HAMPSMKY KOJICKTUBHOI
IYMKH HE BIUIMBA€ Ha MiJICYMKOBY OILIIHKY.

4. BapiaTUBHICTh — ICHY€ MOXJIMBICTh OTPUMAaHHSI PI3HUX MOPIBHSJIBHUX OLIHOK
aJbTEPHATUBHUX BapilaHTIB 3aJIEKHO BiJ] YMOB OI[IHIOBAHHS.

5.BiacyTHICTh AMKTATy — JKOJIHA 1HAMBIAyajbHA €KCIEPTHA OI[IHKA HE MOXKeE
OyTH MpUIHSATA SK MiJACYMKOBA 0€3 ypaxyBaHHS OI[IHOK 1HIITUX €KCIEPTIB.

VY HaykoBiil JliTepaTypil HaBeJeHI BIACTUBOCTI, (h)opMasIi3oBaHl MaTEMaTUYHO,
BU3HAYAIOThCS sIK YMOBU Eppoy. Bonnouac icaye mapagokc Eppoy, sikuii J0BOAUTH
HEMOXJIMBICTh OJJHOYACHOTO 3a0e3MeueHHs] BCIX 3a3HaYeHUX BIACTUBOCTEH mpu
dbopMyBaHHI MiJACYMKOBO1 KOJIEKTUBHOI OLIIHKH.

Oco0aMUBICTh, OIIHIOBAHHS KOMIUIEKCHOTO IIOKa3HHUKa SKOCTI CHCTEMU
MoHIiTopuHry ctany I[THO mnossirae y HEMOXJIMBOCTI KUIBKICHOTO BUMIPIOBaHHS
OKpeMHX KpuTepiiB. Lle 3yMOBHIIO 3aCTOCYBaHHS! METOY €KCIIEPTHOTO OI[IHIOBAHHS,
SKAW TPYyHTYyeThca Ha dopmamizaiii npodeciiHux CcymkeHb (axiBIiB Ta
BUKOPUCTAHHI CIEliaJbHUX METOIUK OMPAIIOBAHHS €KCIEPTHUX JTaHUX.

MeTtoro 3acTocyBaHHSI METOAY EKCIEPTHOTO OI[IHIOBAHHS € PO3pOOJICHHS
MEXaHI3My BH3HAUEHHS BaroBUX KOE(DIII€HTIB A OOYMCIEHHS KOMILJIEKCHOTO
MOKa3HUKA SIKOCTI TPOrpaMHOi cucTeMHu. JloCHDKeHHS 3IHCHEHO Yy Takii
MOC1I0BHOCTI:

—O0OIpYyHTYBaHHS KpUTEPIiB J00OpPY E€KCIEPTiB;

—PpO3pOOSICHHS METOANKN €KCIIEPTHOTO OIIHIOBAHHS;
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—QopMyBaHHS €KCHEPTHOI IPyIU BIAMOBIAHO JO BCTAHOBJICHUX BHUMOT;
—CTBOPEHHSI 1IHCTPYMEHTAPi0 KITbKICHOTO OI[IHFOBAaHHS;

—POBE/ICHHS €KCIIEPTHOTO OMMUTYBAHHS;

—CTAaTUCTUYHE OMPAIIOBAHHS PE3YJIbTaTiB;

— (opMyIIIOBaHHS BUCHOBKIB Ta PEKOMEHIAIIIM.

Y  nmmcepTamiiHOMy JOCHIKEHHI PO3MISHYTO MHUTAaHHS palllOHAIBHOTO

BUOODY:
— apXITeKTYpH;
— QJITOPUTMIYHOTO 3a0€3MEeUCHHS;
—TIPOTrpaMHOTO 3a0e3MeUSHHS
JUTSL TIPOEKTYBAHHSI CUCTEM MOHiTopuHry crany [THO.

BpaxoByrouu, 110 pyidHyBaHHS TIAPOTEXHIYHUX CHOPYHA, 30KpeMa 3eMIISTHUX
rpe0enb, CIpUIrHSIE HalO1TbII €EKOHOMIYHI 30UTKH, Y AUCEPTALITHOMY JOCIIII>KEHH1
3MIIMCHEHO €KCIIEPTHE OLIIHIOBAHHS TPHhOX BaplaHTIB MPOEKTHUX PIIIEHb CHUCTEMHU
MOHITOPUHTY CTaHy MOTEHUIHHO HEOEe3MeYyHOro o00’€kTa — 3eMIISTHOI rpedil

BOJIOCXOBHIIA T1POEIEKTPOCTAHIIII.

4.4 Opraxizamnisi npoBeleHHSI €KCIIEPTHOTO OIiHIOBAHHS

[IpoextHe pimeHHs cuctemMu MoHiTopuHTy cTtany I[IHO po3pobieno
BIJINOBIIHO JI0 TAKUX BHUMOT: APXITEKTypa CUCTEMH BIANOBIJA€ HOPMATUBHUM
BuMoram [21] Ta cxemi, HaBeneHi Ha puc.l.1.

[lepenik KOHTPOJILOBAHMX MapaMeTPiB BU3HA4YEHO 3TimHO 3 Tadm. 4.1. Tumnm
CIOBILIYBauiB BCTAHOBJIOIOTHCS Ha €Tarll NpoekTyBaHHsA. OCHOBHI (DYHKI[IOHATIbHI
MOKJIMBOCTI CUCTEMHU Tepe10adaroTh:

—aBTOMATH30BaHE Ta aBTOMATUYHE OMOBIIIEHHS aBAPIHHO-PATYBAIBHUX CIYXKO
13 mepeaaBaHHsIM (HOpMalli30BaHUX CIIEHAPIiB PO3BUTKY HAA3BUYAWHUX CHUTYAIIli;

—pe3epByBaHHS Ta IyOnMrOBaHHS KaHAJIB MEpelaBaHHs JaHUX;

—OINOBIIICHHS TEPCOHANly Ta HACEJNeHHS MpU BUHUKHEHHI HaJA3BUYAWHUX
CUTYyalllll perioHaJIbHOTO ab0 JAEepKAaBHOTO PIBHS;

—1HTEerpaIio 3 CYMDKHUMUA CHCTEMaMH Ta CTPYKTypaMHy BHIIOTO PIBHS,

—B3a€EMOJII0 3 TEXHIYHUMHM 3ac00aMu 3a0e3neueHHs 0e3NeKH;

—KOHTPOJIb I Oomeparopa IIoA0 OMpPAIFOBAHHS CUTHAIB 1 TIOBiJOMJICHb,
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—MOHITOPUHT MPAIE3aTHOCTI KOMIIOHEHTIB CUCTEMHU Ta KaHAJIB 3B’ A3KY;

—paHHE BUSABJCHHS 3arp03 BUHUKHEHHS HAJ3BUYAMHUX CUTYaIlii;

—OLIIHIOBaHHS TIOTOYHOIO CTaHy 00’€KTa Ha OCHOBI JAaHUX BIJl MEPCOHAITY Ta
ABTOMATHYHUX CHCTEM;

—IMPOTHO3YBaHHS 3MiH CTaHy 00’ €KTa;

— M1arHOCTUYHE MOJICTIOBAHHS /IS 3all00ITaHHs aBapiiHUM CHUTYaIlIsIM.

VY naucepramiiiHoMy JOCHIPKEHHI IMPOAHAI30BaHO BapiaHTH MNPOEKTHUX

pimeHs cuctemu MoHiTopuHry ctany [THO — 3emusiHOi rpe0iti BoJoCXOBHINA Maiol

TAPOENEKTPOCTAHLIII.

4.4.1 KopoTkuii onuc nepuioro BapiaHra perioHajbHOI CHCTEeMH MOHITOPHHTY

CTAHy NMOTEHUINHO He0e3MeYHUuX 00’ €KTIB

[lepmmii  BapianT cucremMu  MOHITopuHry crtany [IHO  (mamoi
TAPOETEKTPOCTAHIIIT 3 HAMIPHOIO 3€MJISTHOIO CIIOPYAOI0) PO3po0IeHO BIAMOBIAHO
10 YMHHUX OyaiBenbHUX HOpM [21]. Cuctema 3abe3neuye:

—aBTOMATHU30BaHE BUSBIICHHA TNepenymMoB BuHUKHEHHs HC;

—MOHITOPUHT TEXHOTEHHUX 3arpo3 4epe3 30MpaHHs, OMNpallOBaHHSI Ta
nepeJaBaHHs JaHUX PO CTaH 00’€KTa;

— OTOBIIIICHHS nepCoHay Ta HACEJICHHSI qyepes
1H(OpMaLIHHO-TEIEKOMYHIKALIHHY MEPEKY;

—B3a€EMO/III0 3 aBAPIHHO-PATYBAIBHUMH CITY>KOaMH.

OyHKIIOHYBaHHS cuCTeMH MoHITopuHry ctany I[IHO 1pyHTyeThcsi Ha
aNropuTMIiYHOMY 3a0e3rneueHHi BUsIBIeHHS 3arpo3 BuHukHeHHs HC. 3a
pe3yJibTaTaMu aHai3y cuctema (hopMye PIIIeHHS MI0I0 aKTUBI3aIlli 30HAILHOT a00
3arajbHO00’ €KTOBOT CUCTEMH OMOBIIICHHS.

Cucrema 3a0e3rneuye paHHe BHSABICHHS 3arpo3 BuUHUKHeHHS HC uepe3
aBTOMATHYHUN KOHTPOJIb TapaMeTpiB HeOe3nmeuHuX (akTopiB Ta pPEeECTparlito
NEPEBUILECHb IPAHUYHUX 3HAYEHB (JIOKPUTUYHUX 1 KPUTHUHUX PIBHIB).

AnroputMmiuHe 3a0€3IMEUYEeHHS] CUCTEMHU TIPYHTYETHCS Ha aHali3l BIIXWUIIEHb
NOTOYHUX 3HAY€Hb MapaMeTpiB BiJ T'PaHUYHUX, A€ JIOKPUTUUYHHUM BBAXKAETHCS

BiaxuieHHs: Ha 10%, a kputnunum — Ha 20%.
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BusiBnenns 3arpo3 BunHukHeHHs HC Ta nporHosyBaHHsA cCLEHapiiB ix
PO3BUTKY 3IIWCHIOETHCS HA OCHOBI JaHMX BIJ JKeped IMEepBUHHOI 1H(opMarii,
PYUYHHX CHOBIILIYBauiB Ta 3aC001B MPOMMCIIOBOI aBTOMATH3AIlli.

BiamoBigHo 10 HOpMaTUBHUX BUMOT [21], I Majoi riZpoeneKTpoCTaHIli
3 HaIIpHOIO 3E€MJISTHOIO TpeOsiel0 BHU3HAUEHO MEpesiK MapaMeTpiB MOHITOPHUHTY,

HaBeaeHu y Taom. 4.1.

Tabmumsa 4.1 — Ilepenik KOHTPOJIbOBAHMX CHUTHAJIB Ha TIAPOTEXHIYHUX CIIOPYAax

(y TOMY YHUCIi Ha T1APOENEKTPOCTAHIIINAX)

Ne n/m KontponboBaHni napamerpu
1 Hedopmarnii e1eMeHTIB Ciopyau
2 Yactotu obepranns Banmy(iB) rigpoarperary(is)
3 OcigaHHs Ta TOPU30HTANbHI 3MIIICHHS €IEMEHTIB CIIOPYAH
4 PiBHI BoiM y BEpXHbOMY Ta HUKHbOMY O’edax

[TosiBa Ta piBHI BOAU y MPUMILICHHSIX OINISIIOBOI rajepet,

TypOIHHOMY MPUMIIIEHH], TPUMIIIEHHSAX TOJIOBHUX BUBO/IIB T€HEPATOPIB

HasiBHICTBH peXMMYy MPOITYCKY MOBEHEBHUX Ta MABOAKOBHUX BOJ

@D13UKO-XIMIYHI MTapaMeTpu BOAU

VY mporieci MPOEKTYBaHHS JOMYCKAEThCSA 3aMiHA aBTOMATUYHUX JlaBaviB Ha
pyuHi cnoBinryBayi. Take pillleHHs HaW4acTile 3aCTOCOBYETHCS AJISI KOHTPOIIO
napaMmeTpiB, HaBeJEHUX y myHKTax 1, 3, 4 ta 7 tabnuii.

ApXiTeKTypa perioHalbHOI cucTeMu MoHiTOpuHTY cTany [THO po3pobneHo
BIJIMOBIJTHO J0 THIOBOI CXeMH, HaBeaeHoi Ha puc.l.1.

VY nmepuioMy BapiaHTI apXITEKTypu HE nepeadadeHo:

—3aco01B 3axUcTy 1H(OpMaIIii;
—METO/IIB BUSBJICHHS Ta KOPEKI[ll IOMUJIOK MepeaaBaHHs JaHUX;
— QJITOPUTMIYHOTO 3a0€3MeUeHHs] IPOrHO3yBaHHs CTaHy 00’ €KTa;

—MpOrpaMHOro 3a0e3MeueHHs J1arHOCTUYHOTO MOJICTIOBaHHS.
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4.4.2 Koporkuii onuc Apyroro BapiaHTy perioHaJbHOI CHCTEMH MOHITOPMHIY

CTaHy NOTEeHUIHO He0e3nmeYHnX 00’ €KTIB

Jpyruii BapianT cuctremu MoHiTopuHry crany ITHO, npencraBnenuii Ha puc.
2.4, 6a3yeTbCs Ha aJbTEpHATUBHIN apxiTekTypi [15].

Y npyromy Bapianti cucreMu MoHiTOpuHry ctany I[IHO mnepenbaueno
3acTOCyBaHHS TexHonorii nepudepiiinux ooOuucieHs (anmi. Edge Computing)
JUTsL peanizallii JIOKaJIbHOTO piBHS cucTeMu MoHiTopuHry crany I[THO. 3a3nauena
TEXHOJIOT1sl 3a0e3reuye MIABUIIEHHSA €()EKTUBHOCTI XMapHUX OOYHMCIEHb Yepes
PO3MOIT OOUYHCIIOBAIBHOTO HABAHTAXKEHHS Ha rnepudepiiiHi By3mu. ApXITEKTypa
nependayae CHHEPreTUIHY B3a€MOJI110 epru(epiitHMX Ta XMapHUX 00YUCTIOBAIBHIX
pecypciB y ¢noci0 iX KOMIUIEMEHTapHOTO BUKOPHUCTAHHS.

Jlist 3a0e3nedeHHs] HaJAliHOTO 30MpaHHs JaHUX BlJ JaBadiB OOIPYHTOBAHO
3actocyBaHHs TexHoJorii LoORaWAN, 1m0 xapakrepu3yeTbcsi TAKUMH IepeBaramMu:

—MOXIJIMBICTh arperamii JaHWX BiJ 3HAYHOI KIJIBKOCTI MPHUCTPOIB HA BEIMKHUX
TEPUTOPIAX;

— TpUBAJIMI TEPMIH eKCIUTyarallli KiIHueBuX npuctpois (10 10 pokiB aBTOHOMHO1
poboTn);

—e(EeKTUBHICTh PO3TOPTAaHHS Ta MacITaOyBaHHS 1HPPACTPYKTYpH MEPEXKI.

Texnomnoriss LORaWAN 6a3yetbcst Ha mmpokocMyroBiit monynsaiii LoRa, 1o
3abe3neuye pajiyc aii 10 15 KiroMeTpiB, BACOKY MPOHUKHY 3/1aTHICTh PaAl0CUTHATTY
Ta CTIMKICTh JIO €JIEKTPOMArHiTHUX 3aBa/l.

Y npyromy BapiaHti cuctemMu MoHiTOpuHry crany I[IHO mnepenbaueno
3aCTOCYBaHHSI TE€XHOJOTiM 1HTepHeTy peueid (anmi. Internet of Things, 10T) ans
PO3POOJIEHHS PET1I0HATBHOI CUCTEMU MOHITOPUHTY CTaHy MOTEHLIHHO HEOe3MeUHnX
o0’exTiB [15]. Ha puc.2.3 npeacraBiieHO apXITEKTypy B3a€MOI1i JIOKaJIbHUX CEPBEPIB
Ta cucteM 30epiraHHs maHux B loT-iHGpacTpykTypi Ha OCHOBI MIKPOXMapHOi
apXITEKTYypH.

B mexax n-i Mikpoxmapw 3O1HCHIOEThCS 30MpaHHS JaHMX BiJ J1aBadyiB,
ix ompamoBaHHs Ha cepBepl V), Ta 30epexkeHHa y cxoBuiui X,. Pe3synbratu
MOHITOPUHTY KOKHOT MIKpOXMapH MICJIsl OMpAIFOBaHHS Ha cepBepi V,, mepenarThes
710 IIEHTPAJILHOTO XMapHOTO cepBepa V. Ta cxoBuina X .. Arperailis Ta OrnpaioBaHHs

JaHUX MOHITOPHHTY BIJ yCiX MIKpOXMap Ha XMapHHX cepBepax 3abe3mneuye
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(opMyBaHHS KOMITJIEKCHOT OLIIHKU CTaHY KOHTPOJIbOBAHUX MApaMeTPiB y MaciTadax
periony [15].

Ha Biaminy B1J NepuIoro BapiaHTa apXITEKTypH, APYTHM BapiaHT CUCTEMU
MoHiTOpuHry ctany I[IHO xapakrepusyeTbcsi HasBHICTIO CHEIiadi30BaHOTO
IPOrpaMHOTO 3a0€3IMeUeHHs I BUSBICHHS Ta KOPEKIlli 6ararobiTOBUX MOMMIIOK
nepeJaBaHHs JaHUX.

ApXITeKTypa Ipyroro BapiaHTa CHCTEMHU JOAATKOBO BKIIIOYAE TIJACHCTEMY
POrHO3YBaHHS JUHAMIKH MOKA3HHKIB, 10 XapaKTEPU3YIOTh CTaH JKEpe Hebe3neKu

B mexax [THO.

4.4.3 KopoTkmuii onyc TPeTHOro BApiaHTAa PerioHAJbHOI CHCTEeMH MOHITOPHUHTY

CTAHy NMOTEHUINHO He0e3MeYHUuX 00’ €KTIB

Tpertiii BapiaHT apXiTeKTypH pErioOHaJbHOI CHCTEMH MOHITOPUHTY CTaHy
ITHO po3pobneno Ha ocHOB1 Moaudikaiii gpyroro Bapianta. 30epirarouu 0azoBy
apxiTektypy (puc. 2.4), cucrema JOMOBHEHA CHEIIAI30BaHUM IPOTPAMHUM
3a0e3mneyeHHsIM JJIs JIarHOCTUYHOTO MOJIETIOBAaHHS CTaHy 00’€KTa, 30Kpema Jyis
MOJICTIOBAHHS TPOIeciB PUIBTpaIlil yepes TIJI0 3eMJITHOT Tpedii.

Y  aucepramiiHOMy JOCHIKEHHI PO3POOJICHO METOAMKY EKCIEPTHOTO
OI[IHIOBaHHSI 3aIPOIOHOBAHOI APXITEKTYpPH, AJITOPUTMIYHOTO Ta MPOrPaMHOTO
3a0e3neueHHsl cucteMu MOHITOpUHTY ctany [THO.

JIOCTOBIPHICTh ~ pe3yJbTaTiB  E€KCHEPTHOTO  OLIHIOBAaHHS  BHU3HAYAETHCS
piBHEM TpoeciiHOi KOMIETEHTHOCTI 3ajdydeHux (axiBIiB. Y IaucepTariiHOMY
JOCHIPKEHHI OOTpYHTOBAHO KpHUTEpil J000py eKcnepTiB, Lo 3a0e3MeuyroTh
dbopMyBaHHSI €KCHEPTHOI Tpyld 3 BHUCOKUM piBHEM KBaiiikalii y mpenMeTHin
rajysi.

VY aucepramiitHoMy JOCHIIKEHHI 3aCTOCOBAHO METOJ aHANI3y 1€papxid s
arperaitlii pi3HOPITHUX KPUTEPIiB AKOCTI PEriOHANIBHOI CHCTEMU MOHITOPUHTY CTaHY
I[THO Ta ¢gopmyBaHHS IHTErpajlbHOTO MOKAa3HMKA HA OCHOB1 yHI()IKOBAHOI IIKaIH
OLIIHIOBAHHS.

Merton anamizy iepapXiii TIPYHTYETHCS Ha JIEKOMITO3HUIlI KOMILIEKCHO1

poOIeMH Ha MPOCTIII CKJIaA0BI, 110 (GOPMYIOTH 1I€EpapXidHy CTPYKTYpY. BianosigHo



170

70 TPUHLUIY 1€papXidyHOi Oe3MepepBHOCTI, €IEMEHTH KOXKHOTO pIBHS iepapxii
MJIATal0Th TOMAPHOMY TOPIBHSHHIO BITHOCHO €JIEMEHTIB BHUIIOTO PIBHS.

[Iporiec oOIiHIOBaHHS 3MIMCHIOETHCS 3 BUKOPUCTAHHSIM IIKIA BiJIHOCHOI
BAXJIMBOCTI, [0 3abe3rneuye KITbKICHE BHUPAKEHHS pPE3yJbTaTiB IMOMapHUX
NOpIBHSIHBb. Y JUCEPTAIITHOMY JOCHIDKEHHI KpUTepii OLIHIOBaHHS BaplaHTIB
MPOEKTHUX PINICHb PETIOHAIBHOI cucTeMU MOHITOpUHTY cTtany ITHO arperoBano B
IpyNoBI MOKAa3HUKU SKOCTI Ha OCHOBI AU(PEPEHIIHNHOTO Ta KOMILJIEKCHOTO METO/IIB.
[lonanpiie momapHe MOPIBHSHHS BUKOHAHO 3 BUKOPUCTAHHSAM C(HOPMOBAHUX
IpyHOBHUX KPUTEPIiB.

CyyacHi cTaHAapTH OLIHIOBaHHA 1HGOPMAIIMHUX CHCTEM BH3HAYAIOTh
CYKYITHICTh BJIACTUBOCTEH, IO XapaKTEePHU3YIOTh 3JaTHICTh CUCTEMH BHKOHYBATU
BCTaHOBJICH1 (DyHKIIIT BiMOBIAHO 70 ii mpu3HaueHHs. KigbKiCHI XapaKTepUCTUKU
[IUX BJIACTUBOCTEH (POPMYIOTh CUCTEMY MOKA3HUKIB SIKOCTI.

JIJist OIIHIOBAHHS AKOCTI MPOTPAMHOTO 3a0€3MEUeHHs] Yy JAMCEpTALiiHOMY
JOCIIKEHH]I 3aCTOCOBAHO 0OaraTOpIBHEBY MOjIEJIb, PEMIAMEHTOBAHY CTAaHAAPTOM
ISO 9126. Monenb BU3Ha4a€ MIiCTh OCHOBHUX XapaKTEPUCTHUK SIKOCTI MPOTPaAMHOTO
3a0e3nedyeHHsT Ta iX arpuOyTH 3 BIJAMNOBIIHMMH METPUKAMH ISl KOMIUIEKCHOTO
OL[IHIOBaHHS 1H(OPMAIIHHOI CUCTEMH.

OCHOBHUMM KpUTEPISIMU OLIHIOBaHHS $KOCTI 1H(OpMALIWHOI CUCTEMU
BU3HAYEHO OE3IeKY, TOCTOBIPHICTh Ta HAAIMHICTh (PYHKIIIOHYBaHHSI.

Kputepiii 0Oe3neku XapakTepus3ye 3MaTHICTH 1HGOPMAIIMHOI CHCTEMH
3a0e3neuyBaTd KOH(PIACHIIWHICTh Ta IIUTICHICTh JaHUX Yepe3 MEXaHI3MHU 3aXUCTY
B1JI HECAHKIIIOHOBAHOro AocTymny. CucteMa O€3MeKU peajizye€ KOMIUIEKC 3aXOiB
00 3axHUCTy 1HGOPMALIWHUX pECypciB BIAMOBIIHO 0 BCTAHOBJICHUX PIBHIB
JIOCTYIY.

Jlo 1OCTOBIPHOCTI (PYHKIIOHYBaHHSA CHIiJ 3apaxyBaTM Takud HaOip
BIACTUBOCTEH, SKUM BH3HAuae OE3MOMUJIKOBICTh MEPETBOPEHb 1H(OpMAIIii.
JlocToBIpHICT,  (YHKIIIOHYBAaHHS  BHM3HAYA€THCS  JIOCTOBIPHICTIO  BUXIJIHOI
1H(popMmarrii.

Kpurepiii 10CTOBIpHOCTI  (PYHKIIOHYBAaHHSA XapaKTepU3y€ CYKYIHICTb
BJIACTHBOCTEH CHUCTEMHU, IO 3a0e3MeUyl0Th KOPEKTHICTh MEPETBOPEHHS NaHUX Ta

TOYHICTh PE3y/bTaTiB ompaitoBaHHs iHQopmarllii. JlocToBIpHICTh (HYHKIIOHYBAHHS
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CUCTEMH BU3HAYAETHCA K CTYIIHb BIAMOBIAHOCTI PE3YAbTATIB OMPAIFOBAHHS JaHUX
iX ICTUHHUM 3HAYEHHSIM.

Kpurepiii HagiiHOCTI XapaKTepu3ye 37aTHICTh CUCTEMU 30€piraT BCTAaHOBJIEH1
3HAYEHHs MapaMeTpiB (YHKIIOHYBaHHS MPOTATOM BU3HAYEHOTO Yacy 3a 3aJaHuX
YMOB €KCILTyaTalli Ta peKuMiB poOOTH.

Kputepiii eheKTHBHOCTI perioHaIbHOI CHCTeMH MOHITOpUHTY ctany ITHO
XapaKTepU3y€e CYKYIHICTh BJIACTUBOCTEH, IO BHU3HAYAIOTh 3JaTHICTh CHCTEMH
J0CSITaTH BCTAHOBJICHUX LIJEH 13 3aJaHUMH MOKAa3HUKAMU SIKOCTI 32 BU3HAYEHUX
yMOB (yHKIIOHYBaHHS. EQEKTHBHICTb CHCTEMHU OIIIHIOETHCS HYepe3 CTYIIHb
BIAMOBITHOCTI 11 (PYHKIIOHAIPHUX MOXJIHUBOCTEH BHMOTAM PO3B’S3yBaHHS
MOCTABJICHUX 3a]]a4 MOHITOPHHTY.

JlJis IpOBEIEHHS €KCIEPTHOTO aHalizy Oyno cOpMOBAHO €KCIEPTHY IPyITy
3 ATy ¢axiBuiB. J{oOip eKcrepTiB 3A1HCHEHO 3a TAKUMU KPUTEPISIMHU:

—MDKAUCIUIUIIHAPHA KOMIIETEHTHICTb, 1110 BU3HAYAETHCA HAYKOBO-IIPAKTUYHUM
JIOCBIJIOM;

—3/IaTHICTh JI0 HAYKOBOTO MPOTHO3YBaHHS;

—(axoBuil piBeHb y MPEAMETHIN Taly31 H0CITIIKEHHS.

BuzHayaibHUMU KpUTEPIIMU J1000pPY €KCHEPTIB BCTAHOBIIEHO:

—HasSBHICTh BHUIIOT TEXHIYHOI OCBITH 3a BIJNOBIAHUM HAMPSIMOM;
—npodeciiHui JOCBi y Tany3l He MeHIue HiX 10 pokis;
—3JaTHICTh 0 (OPMYBaHHS HEYNEPEHKEHUX EKCIEPTHUX OIIHOK.

JJist OLlIHIOBAaHHSI IOCTOBIPHOCTI €KCIIEPTHUX CYIKE€Hb Ta BU3HAUYCHHS PIBHS
Y3TOJIPKEHOCT1 €KCIEPTHUX OI[IHOK Yy AUCEPTALIHOMY JOCHIKEHHI 3aCTOCOBAHO
METOJ] paHKYBaHHSI KpPUTEPIiB.

VY nucepramiitnoMy J0CTIKEHH1 IS TOPIBHSUTBHOTO aHaJl13y aJIbTepHAaTHBHUX
BapiaHTIB PEr1OHAIIbHOI cCTEMU MOHITOpUHTY cTany [ITHO Bu3HaueHo Taki kpurepii
SIKOCTI:

—Oe3rexa;

— IOCTOBIPHICTB;
—HaJIHHICTB;
—e(eKTUBHICTb;

—3pY4YHICTh BUKOPHUCTAHHS;
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—BapTICTh peaizallii.

Y aucepramiiHOMY JOCHIDKEHHI PO3pPOOJEHO METOAUKY EKCIEePTHOTO
oriHtoBaHHs. Ilicisi BU3HAUEHHS! KPUTEPIIB SIKOCTI CUCTEMU 3/1MCHEHO €KCIepTHE
paH)XyBaHHA 3 YPaXyBaHHSIM TaKUX IOJIOKEHb:

1. Ilpoueaypa BU3HAYEHHSI BaroBUX KOE(QIII€HTIB BKIIOYAE:

—BCTAHOBJICHHS PIBHS 3HAYYIIOCTI IMapaMeTPiB Yepe3 MPHUCBOECHHS PaHTIB;

—BepudiKaIlito JTOCTOBIPHOCTI €KCIIEPTHUX OIIHOK;

—BHU3HAUYCHHS MPIOPUTETHOCTI MapaMeTpiB HA OCHOBI MOMAPHUX MOPIBHSHbD;

— OMpallOBaHHs Pe3y/IbTaTiB Ta OOUHUCICHHS BaroBUX KOE(DILI€HTIB.

2.BaroBuii Koe(]ii€EHT ¢-T0 KPUTEPIIO SKOCTI CHUCTEMHU MOHITOPUHTY CTaHY
NOTEHI[IHHO HEOE3MEeYHUX OO0’€KTIB OOUYUCITIOETHCS METOJOM  PO3CTAHOBKHU
npioputeTiB. [IplOpUTETHICT MOKA3HHUKIB SKOCTI BHU3HAYAETHCS EKCIIEPTHOIO
KOMICI€I0 y CKJami m'sATH (haxiBIIB 3a MIKaJIOW Big 1 10 m, A€ M - KUIBKICTH
OI[IHIOBAaHUX KPHUTEPIIB.

VY mporieci eKCIIEPTHOTO OLIHIOBAHHS JIOMYCKAETHCS MPUCBOEHHS OHAKOBUX

paHriB pizHUM KpuTepisMm. CyMapHUN paHT KPUTEPil0 BU3HAYEHO 3a (OPMYJIOH0
4.1:

N
Ri =) i (4.1)

7=1
ne
Ti; — PaHT 1-Ir0 KPUTEPIIO, BU3HAYECHUN j-THM CKCIIEPTOM;
N — KITBKICTb €KCIIEPTIB.

Cepennto cymy panriB (1) pozpaxoBaHo 3a (opmysioro 4.2:

Rij
n

T = (4.2)

JI€ M — KUIBKICTh OIL[IHIOBAaHUX IapaMeTpiB.

3a pe3ynbraTaMu O0YUCIICHb 3TiIHO 3 (hopMyioro (4.2) cepeqHs cyma paHTiB
cranoButh: T = 105/6 = 17, 5.

BigxuneHHs cyMapHOTO paHry KOXKHOTO Kputepilo [; BiJ cepemHboro

3HaYeHHS paHTiB 1’ BU3HA4aeThes 3a Ghopmynoro 4.3:
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Aj=R —T (4.3)

CymapHe 3Ha4€HHS KBaJpaTiB BiIXWieHb S 3a KOKHMM mapameTpom A?

obunciero 3a gopmymnoro 4.4:

S:iﬂ? (4.4)
i=0

JIOCTOBIPHICTh PE3yAbTaTiB paHXyBaHHS KpUTEPIiB JJIsI MOJAIBIIOTO
omnpairoBaHHsi (4.4) BCTAHOBJICHO uepe3 OOYHCIEHHsS Koe(illieHTa KOHKOopAalli
Kenpanna, mo xapaktepusye y3TroIKEHICTh €KCIEPTHUX OI[IHOK.

Koediuient xonkopaanii Kenaanna obuucneno 3a ¢popmynoro 4.5:

125
W = m 4.5)
ne
N — KIJIBKICTb €KCIIEPTIB;
N — KUIbKICTh KPUTEPIiB SIKOCTI MIPOTrHO3YBaHHS.

VY nucepramiiHOMY JIOCHIPKCHHI IHTEPHOpETallil0 3HaueHb KoedilieHTa
KOHKOpJAIi 3{IHCHEHO 32 TAKUMU KPUTEPIIMHU:

—3Ha4eHHsS Koe(iIlieHTa, 0 HAOIMKAETHCS A0 HYJSI, CBITYUTH MPO BIICYTHICTD
Y3TOJIPKEHOCT1 €KCIIEPTHUX OIIHOK;

—3Ha4eHHs Koe(ilieHTa, M0 HAOMMKAEThCA 0 OJWHUIN, BKa3y€ Ha BHUCOKHUU
PIBEHb y3TOIKEHOCTI E€KCIEPTHUX OIIHOK;

— IOCTOBIPHICTh PE3yJbTaTiB EKCIEPTHOTO OLIHIOBaHHS 3a0e3MeuyeThes 3a
YMOBH, KOJM KOe(ili€eHT KOHKOpJalli nepepuiye 3HadeHHs 0, 4.

Ha ocHOBI MmiATBEPIKEHOI Y3TOMKEHOCTI EKCHEPTHUX OI[IHOK 3/1MCHEHO
MOMapHE MOPIBHSAHHSA KPUTEPIiB SKOCTI CUCTEMH 3 ypaxyBaHHSM pe3yJbTaTiB iX
paHXyBaHHS.

OmnpariroBaHHsl pe3yJbTaTiB MOMAPHUX TMOPIBHSAHb HA MiJCTaBl €KCIEPTHUX
aHKeT 3/1MCHEHO y Takuil crnocio:

1. Bu3HayeHO KUIBKICTh pe3yJAbTaTiB MONApHUX MOPIBHAHb JUIsI KOXKHOTO 3

BIIHOIIICHB: «MEHIIIEY, «JIOPIBHIOE», «OLIBIISY.
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2.006uucneno n00yTOK KITBKOCTI pe3yibTaTiB 1 31 3HAYEHHSM «MEHILE» Ha
KOe(IIIeHT «—1».

3. O0uuciaeHo 00yTOK KUIBKOCTI PE3YJIBTATIB Mo 31 3HAYEHHSIM «JIOPIBHIOE» Ha
KoedirieHT «0».

4.006uucneno no0yTOK KUIBKOCTI pe3yJbTaTiB 1mg 31 3HAUEHHAM «OUIbIIEe» Ha
KoeirieHT «1».

5. Bu3HaueHo CyMy OTpUMaHUX JTOOYTKIB.

6. BcTaHOBIEHO MiICYMKOBE BIAHOIICHHS 32 TAKUMU KPUTEPISIMU:

— «MEHIIEe» — 3a BiJ’€MHOTO 3HAYEHHS CYMU;

— «JJOPIBHIOE» — 3a HYJIbOBOTO 3HAYEHHS CYyMU;

— «OlbIIe» — 3a JOAATHOTO 3HAYEHHS CYMHU.

7.KoedimienTn nepeBar BU3HAYCHO 3a (OPMYJIIOO:

(
1,5 3aymoBHu r; > 1,

a;j = 41,0 3aymoBu x; = x;, (4.6)

\0, 5 3a ymoBH 1; < Tj.

Pe3ynbTaTi momapHOro MoOpiBHSAHHS KPUTEPIiB MogaHo y Tadm. 4.4.

8.Ha ocHOBI unciioBux naHux a;; (Tadim. 4.4) copMoOBaHO KBaJPaTHy MaTPHULIO:

apy - Qi
A= 4.7)
S N
Marpuiito koedilieHTiB nepeBar nojaHo y taoiu. 4.5.
9.HactynmHuM erarnoM OOUYMCICHO TMPIOPUTETHICTh BAaroBUX KOe(DIlIEHTIB
KPUTEPIiB AKOCTI MPOEKTHOIO pIIIEHHS CcUCTeMU MoOHITopuHry crany I[IHO.

Po3paxyHoK 3111iICHEHO ITepalliiHUM METOIOM:

N
bz‘ = Z Qjj, (48)

j=1
ne
b; — BaromicTh ¢-ro KpHUTEPII0 3a pe3ylbTaTaMu OI[IHOK YCIX EKCIEepTiB
(BU3HAYAETBhCA K CyMa 3HAa4€Hb KOC(DILIEHTIB a;;, BUSHAYCHUX CKCIEPTaMH JUIs
1-TO KPUTEPIIO);

N — KITBKICTb €KCIIEPTIB.
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3HaueHHs KoedimienTiB Baromocti K| Ta K| (mepiia ta apyra itepaiii) 00uucIeHO

3a hOpPMYJI0IO:

b;
i=1Y
bi (S
b; = a;1b1 + a;by + - - - + a;nb,,. (4.10)
3a yMOBU BUKOHAHHSI CIIBBIIHOIIICHbD:
2int (4.11)
i K =1

10.Ha 3aBepmranmpHOMYy eTami AOCHIIHKEHHS OOYMCICHO 3HA4YeHHS IIJIbOBUX
GYHKIINA 171 KOXKHOTO BapiaHTa apXIiTEKTypH CUCTEMU MOHITOpUHTY crany [THO.

Pesynbratu obumciienp mogano y tabm. 4.7.
VY Tabn. 4.7 mogaHo 3HAYCHHs MUTBOBUX (YHKIIN Sq, Sy, S3 ST KOXXHOTO

BapiaHTa apXiTEKTypH CHUCTEMH, sIKi obuncieHo 3a ¢opmynamu (4.12) — (4.14):

6
S1=> K;- By, (4.12)
j=1
6
Sy =Y K- By, (4.13)
j=1
6
Sy =Y K;- Bs;. (4.14)
j=1

PanionanbHOI0 apXiTEKTypOIO CUCTEMU MOHITOPUHTY BU3HAUEHO BapiaHT, 110

XapaKTePU3y€EThCSI MAaKCUMATbHUM 3HAYCHHSIM IIThOBOI (PYHKINI 3 MHOXHHH 57,

Sa, S3.

4.5 Pe3syabrarM NOPIBHSVIBHOIO AaHAJNI3y MOMJIMBHX BapiaHTIiB
peaJiizanii perioHaJIbHOI CHCTEMHU MOHITOPHUHIY CTaHY NOTEHUIiHHO

HeOe3MmeYHuX 00’ €KTIB

Y  nmmcepramiiHOMY JOCHIIKEHHI Ha OCHOBI EKCIEPTHOTO aHami3y
aJbTEpPHATUBHUX BapIaHTIB apXITEKTYph CUCTEMHU MOHITOpUHTY crtany I[IHO

BU3HAYEHO KPUTEPIii SIKOCTi, HaBeAeH] B Tabm. 4.2.
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Tabmuus 4.2 — BuOip kputepiiB sIKOCTi cucteMu MoHiTOpuHTY ctany [THO

Ne | HaszBa kputepis [To3HaueHHs
1 | be3mneka T
2 | locTtoBipHICTB To
3 | HaxiiHicTh x3
4 | EdbexTuBHICTD x4
5 | 3py4HICTh BUKOPUCTAHHS x5
6 | BapricTtps peanizarii T

Ha ocHOBI pe3ynbTaTiB €KCHEPTHOIO OMUTYBaHHS 3[1HCHEHO paHXyBaHHS

BU3HAUCHHUX KPUTEPIIB SKOCTI cHUCTeMU.Pe3ylnbTaTu paHKyBaHHSA KPUTEPIiB SKOCTI

CHUCTEMHU TI0JaHO B Ta0iI. 4.3.

Tabmuus 4.3 — Pe3ynbratu paHXKyBaHHS KpUTEPIiB Ha MiJCTaBl aHKET €KCIIEPTIB

Panr kputepiro
Tij

Kpurepii omiHioBaHHS 3a OLIHKOIO

n; | KOMIUIEKCHOTO IOKA3HUKA €KCIIEPTIB Ri=>ryy | T=>"A=R—-T A2
SIKOCTI (N =5)
Excnept, Ne
1123145
1 | Be3sneka 212121213 11 17,50 -6,50 42,25
2 | HocroBipHicTh 4 14 13|32 16 17,50 -1,50 2,25
3 | HamiiiHicTh 111 1]1 5 17,50 -12,5 156,25
4 | EdbexTuBHICTD 31314144 18 17,50 0,5 0,25
5 | 3pyuHicTh BUKOpUCTaHHA | 6 | 6 | 5 | 6 | § 28 17,50 10,50 110,25
6 | Baprictp peanizamii 515|656 27 17,50 9,50 90,25
n; n==6 2121 {21 2121 105 T A S = 401,50
OmnpairoBaHHsi  pe3yJbTaTiB  €KCHEPTHOTO  OI[IHIOBAaHHS  3M1MCHEHO 3

BUKOPUCTAHHAM MAaTEMaTHYHOTO armapary, npeicTaBieHoro ¢opmynamu (4.1)
— (4.4).
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4.6 Bu3HaYeHHH Y3TOJKEHOCTI TYMOK eKCIEepTiB

Ha ocHoBi pe3ynbrariB pamkyBaHHs (Tabn. 4.3) oOuuciaeHo KoedilieHT
xoHkopamii Kengamna 3a dopmynoro (4.5). 3HaueHHs koediiieHTa KOHKOpAAIli
JIa€ 3MOTy OIIIHUTH JIOCTOBIPHICTh €KCHEPTHUX CYIKEHb Ta PIBEHb Y3rOJKEHOCTI
€KCIIEPTHUX OIIHOK.

OO6uncnene 3HaueHHs KoedimienTta koHkopmamii W = 0,918 3rigHO 3
dbopmysoro (4.5) CyTTEBO mepeBulllye TpaHudHe 3HaueHHs 0,4, M0 MIATBEPIKYE
BHUCOKHUI PIBEHb Y3TOMKEHOCTI Ta JOCTOBIPHOCTI €KCIEPTHUX OLIHOK. [{e mano 3mory
MPOJOBKHUTH JTOCTIIHPKCHHS 3 BU3HAUCHOIO EKCIIEPTHOI0 TPYIO0 0€3 J0JaTKOBOTO
KOpPETyBaHHS 11 CKJIamy.

[Ticnst 0OpoOKM aHKET EKCIEepTiB, BUKOPUCTOBYIOUH (popmyny (4.6), Oyio
BUKOHAHE TOTIapHE MOPIBHIHHS BCIiX mapameTpiB. [Ipu mboMy BUKOPHCTOBYBAJIMCH
pe3yNIbTaT! paH)KyBaHHS KpUTEpiiB. Pe3ynpratu monapHOro mMoOpiBHSIHHS KPUTEPIiB

HaBeneHo y Tabmn. 4.4
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Tabmuus 4.4 — Pe3ynbTaru monapHOro MOPiBHAHHS KPUTEPIiB

ITommapue
MOPIBHAHHS )
ITapu ITincymku
KpUTEPIiB
KpUTEPIiB
Excnepr, Neo
Kimekicts | Kinmpkicts | KutbkicTh )
11213415 ITincymoxK | a;;
< = >
1-2 <[> |>>|< 2 0 3 > 0,5
1-3 <|<|<|<|< 5 0 0 < 1,5
1-4 <|<|<|<|< 5 0 0 < 1,5
1-5 <|<|<|<|< 5 0 0 < 1,5
1-6 <|<|<|<|< 5 0 0 < 1,5
2-3 << < |<|< 5 0 0 < 1,5
2-4 <|<|<|<|< 5 0 0 < 1,5
2-5 << |<|<|< 5 0 0 < 1,5
2-6 <|<|<|<|< 5 0 0 < 1,5
3-4 > > < |<|> 2 0 3 > 0,5
3-5 < < < |I<|< 5 0 0 < 1,5
3-6 <|<|<|<|< 5 0 0 < 1,5
4-5 <|<|<|<|< 5 0 0 < 1,5
4-6 <|<|<|<|< 5 0 0 < 1,5
5-6 > > <[> < 2 0 3 > 0,5

Ha ocHOBI oTpumaHuX pe3yibrariB CHOPMOBAHO MATPHUIIO KOE(DIIIEHTIB

nepenar 3riiHo 3 dopmynoro (4.7), Ky nojgaHo y Taoiu. 4.5.
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Tabmuus 4.5 — Marpuus koedilieHTIB epeBar

Kpurepii, z;
Kpurepii, x;
X1 | xo | 3 | Ty | x5 | X
besneka xp | 1,00 (0,50 | 1,50 | 1,50 | 1,50 | 1,50
JIOCTOBIpHICTh ro | 1,501 1,00 | 1,50 | 1,50 | 1,50 | 1,50
HamiitaicTh x3 10,50 (0,50 | 1,00 0,50 1,50 | 1,50
EdexTuBHICTH x4 0,501 0,50 1,50 (1,00 | 1,50 | 1,50
3pyuHicTh Bukopuctanus | rs | 0,50 | 0,50 | 0,50 | 0,50 | 1,00 | 0,50
Bapricts peamnizartii xg | 0,50 | 0,50 | 0,50 | 0,50 | 1,50 | 1,00

CdopmoBana Marpuisl KoeQILIEHTIB TMepeBar CTAaHOBUTb OCHOBY st
BU3HAYEHHS BAaroBUX KOE(QILIEHTIB KPUTEPIiB SKOCTI MPOEKTHUX PIIICHb
perioHanbHOi cucteMu MoHITOpuHry ctany [THO.

Ha nacTynHoMy eTarii 10CIiJIKEHHS 00U CIIEHO BaroBi KOe(illieHTH KPUTEPIiB
AKOCT1 MPOEKTHUX PIIIEHb CUCTEMHU MOHITOPUHTY CTaHy MOTEHUIMHO HEOE3MEUHUX
00’ekTiB 3 BUKOpUCTaHHAM ¢dopmyn (4.9), (4.10) ta Bepudikarieto ymoB (4.11).

PesynpraTtn obuncieHp mojgaHo y taoi. 4.6.

Tabmuus 4.6 — Po3paxyHOK Koe(ill€HTIB BAarOMOCTEN KPUTEPIiB SAKOCTI

MPOEKTHUX PIlLIEHb CUCTEM MOHITOPUHTY CTaHy MOTEHLIHHO HeOe3neuHux 00’ €KTIB

Hepumit epura HApyra . _
Kpurepi, . ] ) ] ITincymMKoBi
PO3paxyHOK iTeparis iTeparis
v b | K, | b | K |AK%| o | K/ |AK%| K|

besneka x| 7,500,208 | 41,75 | 0,21 | 0,952 | 227,13 | 0,209 | 0,476 0,209
JlOCTOBIpHICTB x| 6,5 | 0,181 | 34,750,175 | 3,315 | 188,88 | 0,174 | 0,571 0,174
Hapniitnicts x3 | 8,5 10,236 | 49,75 0,251 | 5,976 | 272,88 | 0,251 | 0,000 0,251
EdexrusHicTh xq4| 5,510,153 | 28,750,145 | 5,229 | 157,13 | 0,145 | 0,000 0,145
3pyuHicTh Bukopuctanus | rs | 3,5 | 0,097 | 19,75 ] 0,099 | 2,020 | 109,13 | 0,100 | 1,000 0,100
Bapricts peanizarnii x¢ | 4,5 | 0,125 | 23,75 | 0,120 | 4,000 | 130,88 | 0,121 | 0,826 0,121
[Tincymok: 36 | 1,000 | 198,5 | 1,000 | 5,976 | 1086 | 1,000 | 1,000 1,000

Pesynbratu obuuciens, nmonani y tadmn. 4.6, 1eMOHCTPYIOTbh, 1[0 MPUNHHATHY
301KHICTh BaroBUX KOe(IIIEHTIB KPUTEPIiB SIKOCTI MMPOEKTHHUX PINIEHb PEeT10HATBHOT

cucteMu MoHiTOpuHTy ctany [THO nocsirHyTo Ha Apyriil iTepailii, KOJu BiTHOCHA
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PI3HHUIYT MK TOCTIJIOBHUMH 3HAYCHHSMH KOE(DIIIEHTIB CTajla HEXTOBHO MO0
(e < 2%). g moaanpIIoro aHanizy BUKOPUCTAHO 3HAUYEHHS BarOBUX KOE(DIIIEHTIB,

OTpUMAHI MICJs APYToi 1Teparlii.

4.7 IlopiBHsIbHMI aHAJI3 BapiaHTIB peaJiizanii perioHaJIbLHOI CHCTEMHU

MOHITOPMHIY CTaHy NOTEHUIHO HeOe3nmeYyHuX 00’ €KTIB

Ha 3aBepmanbHOMYy eTami JIOCIIPKEHHS OOYMCIICHO 3HAYEHHS IUIBOBUX
(GYHKIIA 171 KOXKHOTO BapiaHTa apXiTEKTypH CUCTEMU MOHITOpUHTY crany I[THO.
Pesynbratu obumciienp nogaHo y tabm. 4.7.

Buxinaumu qaHuMu 1 0O4HMCIICHb CIIYTyBald €KCIIEPTHI OLIIHKY, OTPUMaH1
B TpOIECl aHKETyBaHHS 3a CTOOAJbHOIO IIKanor. EKcmepTHe OIiHIOBaHHS
OXOILTIOBAJIO BCl KpHUTEPli SKOCTI CHUCTEMHU MOHITOPUHTY CTaHy MOTEHLIINHO
HeOe3MmeyHnx 00’ €KTIB 3 TMOMANBIINM BU3HAYEHHSM CEpPEIHIX 3HAYEHBb OI[IHOK Ta
3M1ACHEHHSIM MOMApHOro MOPIBHSAHHS BapiaHTIB peasi3allii perioHadbHOi CUCTEMHU
MoHiTopuHry crany [THO.

Ha nactynHoMy erami 0oO4MCIE€HO BaroBl KO€(IiUIEHTU b; IUIsI KOXKHOTO 2-TO
KPUTEPIIO K CyMy KOE(ILIEHTIB ¢;j, BU3HAYEHUX 3a PE3yJbTaTaMH €KCIIEPTHOIO
OLIIHIOBAHHSI.

KoedinienTn B;; BU3HA4€HO SK BIJHOIIEHHA 3Ha4eHb b; JO iX CymH, a

koedirientn K, oGumcieno 3a ¢dopmyaamu (4.9), (4.10) 3 ypaxyBaHHSIM yMOB
(4.11).



Tabmuus 4.7 — Po3paxyHOK 3HaYeHHS LIUIOBUX (PYHKIIIH SIKOCTI PI3HUX

MPOEKTHUX PIIIEHb CHCTEM MOHITOPUHTY CTaHy MOTEHIIHHO HEOE3MeUHuX
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00’ €KTIB.
[Tomapne
Ominku ekcrieptiB | Cepen. i
KpHTepn BapiaHT t P p A H0p11-3H$IH-H$I bl‘ BU Kl/ KiBlj K,‘ng KIBJJ
OIliHKa BapiaHTiB
1121345 By | By | B
15(25135/20(30| 250 |By| 0 |0,5]05|1/0,167| 0,209 | 0,035 J 1
Besmneka it 2 351454040 (45| 41,0 | By |15 0 |0,5]|2 0,333 | 0,209 J 0,070 J
3 40 |55 |45(85]93| 63,6 |By|1,5/1,5/ 0 [31]0,500] 0,209 J J 0,104
[incyMKoBi 3Ha4YeHHS : 61,000 ... 1 1 1
1 15120 25|15{35| 220 |By| 0 |05/0,5| 110,167 0,174 | 0,029 I 1
JIOCTOBIpHICTS | o 2 2012513513045 310 |By|15) 0 [0,5]|2]0,333]0,174 1 0,058 1
3 25135145120 |55| 36,0 |B3|1,5{1,5| 0 |31]0,500]| 0,174 J J 0,087
IMizcyMKoBi 3HA4YEHHS : 61,000 ... J J J
1 35145|35/40 (42| 394 | By| 0 |0,5]0,5|10,167| 0,251 | 0,042 J J
Haniitaicts T3 2 35/45|35/40 (43| 396 | By |1,5| 0 |0,5|20,333| 0,251 4 0,084 J
35145|35|75(43| 46,6 | B3| 1,5|1,5| 0 | 30,500 0,251 J 4 0,126
[lincyMKoOBi 3HaYEHHS : 6| 1,000 ... J J J
1 701 65|75(80 77| 73,4 |By| 0 |1,5/0,5|2]0,333| 0,145 | 0,048 J I
EdexrusHicts | 14 2 60|60|55|(70|57| 60,4 | B, |05 0 |0,5| 110,167 0,145 J 0,024 J
7517580 |85(87| 80,4 | B3|1,5/15| 0 |3 0,500 0,145 J J 0,072
[MizcyMKoBi 3Ha4YEHHS : 61,000 ... J J J
. 6517075162 75| 694 | By| 0 |1,5|1,5|3 0,500 0,100 | 0,050 J J
3py4HiCTh
x5 2 55145|50|60|54| 528 | B |05 0 |{0,5|110,167]| 0,100 J 0,016 J
BHUKOPHCTaHHS
60|65|65|55]63| 616 |B3|05]1,5| 0 |210,333| 0,100 J J 0,033
[lincymKkoBi 3HaUEHHS : 6| 1,000 ... J J 4
. 85|185|80(80 (87| 834 |By| 0 |1,5/05]2/0,333]0,121 | 0,040 J J
Bapricts
L g 2 8075|7070 75| 74,0 | By|05| 0 |0,5|10,167| 0,121 J 0,020 J
peanizarii
90 195|197 (7093 | 89,0 |Bs|1,5/1,5| 0 | 310,500 0,121 J J 0,061
[MincyMKoBi 3Ha4YEHHS : 6 | 1,000 | Cyma: | 0,244 | 0,272 | 0,483
3HaYCHHS [IJIbOBUX (QYHKILIH: S| So S3

VY Tabn. 4.7 mogaHo 3HAYCHHs IMUTBOBUX (DYyHKIIN S,

So, S3 IS KOXKHOTO

BapiaHTa apXiTEeKTYpH CUCTEMH, 5Kl oOuucieHo 3a ¢popmynamu (4.12) — (4.14):

6

S1 =Y (Kj-Byj) = 0,244,

j=1
6

Sy = (Kj-By;) = 0,272,

J=1
6

Sy = (K;-Byj) =0,483.

j=1

(4.15)

(4.16)

(4.17)
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3a pe3yapraraMy €KCIepTHOTO OI[IHIOBAHHS BCTAHOBJICHO, 110 TPETiN BapiaHT
peatizaiii perioHajgbHOi cucTeMu MoHITOpUHTY cTany [IHO nemoHcTpye HalBUIIY
e(PEeKTUBHICTD.
3a3HaueHUi BapiaHT Oa3yeThCs Ha apXiTEKTypi, 300paxkeHiil Ha puc. 2.4,
Ta mepeadayae opraHizalliio B3a€MOJIli JOKAJIbHUX CEpBEPIB 1 cUCTeM 30epiraHHs
JaHUX Y MeKax MIKpOXMapHOi apXiTEKTypH.
AnropuTMiuHe 3a0e3Me4eHHs] 00paHOro BapiaHTa CUCTEMU MICTHUTD:
—MIJICHCTEMY BUSBIICHHS Ta BHUIpPaBIeHHS 0araroOiTOBUX MOMUJIOK TMij 4ac
nepenaBaHHs JaHUuX;
—TIJCUCTEMY TIPOTHO3YBAHHS 3MIH CTaHy MOTEHIIIMHO HEOE3MEeUYHUX 00’ €KTIB;
—IMICUCTEMY J1IarHOCTUYHOTO MOJCIIIOBAHHS CTaHy 00’€KTa MOHITOPHHTY.
Bukonane  gocnipkeHHs — €(EKTUBHOCTI  albTEpPHATUBHUX  BapiaHTIB
apXITEKTypu Ta aJIrOPUTMIYHOTO 3a0€3MEUEHHS CHUCTEMU MOHITOPUHIY CTaHy
MOTEHIIHHO HEOe3MeYHUX 00’€KTIB PETriOHANIBHOIO PIBHS MIATBEPIUIO OCHOBHY

rinoTe3y AUCEePTaLiitHOrO JTOCHKEHHS.

4.8 BucHoBKH 10 po3ainy 4

1. Po3po0ieHHsl apXiTEKTypH, ajJrOPUTMIYHOTO Ta MPOTPAMHOTO 3a0e3MeUeHHS
perioHanbHUX cucteM MoHiTopuHry I[IHO HeoOXxinHO peani3oByBaTu y cCHoOCiO
HEMEPEPBHOTO KOHTPOJIO KOPEKTHOCTI MPOEKTHUX PIIIEHb Ta Bepuikaii
OTPUMAHUX PE3YJbTATIB.

2.Bepudikaiiito MPOEKTHUX pIlIEHb Ta pPe3ylbTaTiB PO3POOJICHHS CHCTEM
MOHITOPUHTY TIOTEHIIMHO HeOe3MeYyHUX 00 €KTIB JOIIJIBHO peani3oByBaTu i3
3aCTOCYBAHHIM METOJI0JIOT11 €KCTIEPTHOTO OLIIHIOBAHHS, siKa 3a0e3mnedye popMyBaHHS
AK SIKICHUX, TaK 1 KUIbKICHUX MOKa3HUKIB €()EKTUBHOCTI.

3. ExciepTHe OIliHIOBaHHS, MPOBEJICHE B MEXKaX JUCEPTAIIMHOTO JOCTI1IKEHHSI,
HIATBEPAWIO OOIPYHTOBAHICTh 3alPONOHOBAHMX METOAIB Ta aJITrOpPUTMIB st
TUTIOBUX apXITEKTYp PEriOHATLHUX CUCTEM MOHITOPUHTY MOTEHIIHHO HeOe3MeuHuX
00’exTiB. BU3Hau€HO JOILIIBHICTh TAKUX MPOEKTHUX PILIICHb:

—peaizallis perioHajJbHUX CHCTEM MOHITOPHHTY Y CIIOCIO 3acTOCyBaHHS

IoT-mepex;
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—BIPOBAHKEHHS MIPOTPAMOBAHUX JaBaviB SIK 0a30BUX BY3JIB 300py MEPBUHHOI
1H(opMarii 1010 mapaMeTpiB CTaHy JKepea HeOe3MeKH;

—3a0e3MeyeHHs] 3aBajoCTIiKoi mnepemadl ganux B loT-mepexi 3a ymoB
IHIYCTpiaIbHUX 3aBaj] yepe3 IMIUIEMEHTAI[I0 MOAN(IKOBAHOTO METOY BHSIBICHHS
Ta BUIIPABJICHHS 0araro0iTOBUX MOMUIIOK;

—1HTerpalis aHaTITHYHOT TPEAUKTUBHOI IT1ICUCTEMHU Ha BC1X PIBHSAX MOHITOPHHTY
JUISL TIPOTHO3YBAaHHS JIMHAMIKH IapaMeTpiB CTaHy JpKepea HeOe3nekn Ta
MOJICTIIOBaHHS TMPOIECIB JAerpajaiii craHy OO0’€KTIB 3 METOK JIOKai3allii
MOTEHIIHHUX Je(EKTIB.

4.Po3pobneHa MeToAMKa EKCIIEPTHOTO OIIIHIOBAHHS SIKOCTI aJTOPHUTMIYHOTO
3a0e3meyeHHsT Ta TPOrPAaMHOTO 3a0e3MEUYEHHS] XapaKTePU3YEThCS BHCOKHM
piBHeM (Qopmaiizamii Ta MOXJIUBICTIO peanizaiii 3aco0aMu JTOBIIBHOI MOBH
nmporpamMyBaHHsA. 3aCTOCYBaHHS METOIWKH 3a0e3reuye mepexis BiJl OI[IHIOBaHHS

SAKICHUX XapaKTePUCTHUK J0 KUIbKICHUX MOKA3HUKIB.
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BUCHOBKHA

VY nuceprariiiHiii poOOTiI BUPIIIEHO aKTyajlbHE HAYKOBO-TEXHIYHE 3aBIaHHS
HiABUIICHHS €(PEKTUBHOCTI IPOLIECY MOHITOPUHTY CTaHy MOTEHIINHO HEOe3MeUHNX
00’€KTIB Ha OCHOBI IMILJIEMEHTAIIll B CKJIaJl PET1OHAJIbHOI CHUCTEMH MOHITOPUHTY
CTaHy MOTEHIIIHHO HEeOE3MEeUHUX 00’ €KTIB aHAITUYHUX MPEAUKTUBHUX IM1JCUCTEM
Ha BCIX PIBHAX, a came: 00’€KTOBOMY, MICIICBOMY Ta PETIOHAIBHOMY Yy CIIOCIO
pO3pO0JIEHHS CIEIiali30BaHOTO AJTOPUTMIYHOTO Ta MPOTrPaMHOTO 3a0e3MEUeHHS,
0 peajizy€e 3aBaJIo3axuIeHUi OOMIH JaHMMH B MEXKaX CHUCTEMH MOHITOPHHTY,
3a0e3neuye MPOTHO3YBAHHS 3MIH KIIFOYOBHX IMOKa3HHKIB JKEpen HeOe3nmeKku Ta
JI03BOJISIE€ JIOKATI3yBaTh PO3TAIyBaHHS MOXIMBHUX Je(PEeKTIB B Mexkax 00’ €KTa
MiBUIIEHOT HeOe3MeKku. 3a pesyiabTaTaMu JOCHIIKeHHS cHOpMyIbOBaH1 HACTYIIHI
BHUCHOBKH:

l.CyvyacHuii ctaH po3poOJ€HHST Ta BIPOBAKEHHS CUCTEM MOHITOPUHTY
crany [IHO xapakrepu3yerbcs CyTTEBUMHU HEAONIKAMHU: BIACYTHICTIO €IMHOI
JepKaBHOI CHCTEMH MOHITOPUHTY Ta ()parMEHTAPHICTIO HAasSBHUX PET1OHAIBHUX,
MICLIEBUX Ta 00’€KTOBUX cucTeM. HasiBHI cucteMu OOMEXYIOThCS (QYyHKIISIMU
napaMeTpUYHOTO KOHTPOJIO JKEpesl HeOe3MeKH, M0 YHEMOXKJIHMBIIOE CBOEYACHE
yXBaJIEHHSI YNPaBIIHCHKUX PillIeHb 040 3anobiranus MoxiauBocti HC.

2. JlominbHO peai3oByBaTH PETIOHANIBHI CHCTEeMH MOHITOpuHTY ctany ITHO
y cnocid iMmieMeHTanli MOoAU(IKOBAHOTO AJTOPUTMIYHOTO Ta MPOrPaMHOTO
3abe3neueHHs Ta apxiTekTypu [oT-mepex 13 TOmoNoriero «3ipKay, e PyHKIIIT 300py
NepBUHHOI 1H(OpMaIlil BUKOHYIOTbCS MPOTrPAMOBAHUMHU JJaBauaMHU.

3. O0rpyHTOBaHO HEOOXITHICTH 3a0€3TMEUCHHS 3aBaJOCTIMKOI Tepeaadl JTaHuX B
[oT-Mepexi 3a yMOB 1HAYCTPIAJIbHUX 3aBaj] Uepe3 IMIUIEMEHTALIII0 MO (DIKOBAHOTO
METOAy BUSBJICHHS Ta BUIPABICHHA 0araTo0ITOBUX MOMUJIOK, IPOrpaMHa
peanizalig sKoro 3abe3neuye BUSBICHHS Ta BHUIPABIEHHS [0 &8 MOMUJIOK
M Yac TMepelaBaHHsS OKpeMOoro OalTy B MeXaxX IOBIJOMJICHHS PO3MIipOM
24 Oaiitu. ExcnepuMmeHTalibHa Bepu@ikalis B yMOBaxX pPEriOHAJIbHOI CUCTEMU
MOHITOPUHTY TIOTEHIIIMHO HEOE3MEeYHUX 00’ €KTIB, PO3MOMIJICHUX Ha 3HAYHIN
TEPUTOPIi 32 HASIBHOCTI IHAYCTPlaIbHUX €JIEKTPOMArHITHUX 3aBa/l, MiITBEPANUIIA, IO
BIIPOBAKEHHSI PO3POOJIEHOTI0 AJITOPUTMIYHOTO 3a0€3MEUCHHS 3MEHIIY€E KUIbKICTh

NOMWIOK TepejaBaHHs Ha 38 BIJCOTKIB BiJ iX 3arajibHOi KUIBKOCTI.
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4.BripoBa/yKeHHSI AHAJITUYHOI MPEAUKTHBHOI MiJICUCTEMU Ha 00 €KTOBOMY
pIBHI perioHajJbHOI CHCTEMH MOHITOPHMHTY IIOTEHIIMHO HeOe3NmeYHuX 00’ E€KTIB
3a0e3neuye TPOTHO3YBAaHHS 3MiH TapaMeTpiB CTaHy JDKepesl HeOe3leKu Ha
nepiog 3-4 wyacoBux BUWIIKIB (3a TpuBasocti Bimmiky 10, 20, 30 abo 60
XBWIMH), II0 YMOXJIMBIIIOE 3aBUAaCHE BUSBIICHHS HAOJIMKEHHS KOHTPOJbOBAHUX
mapaMeTpiB 10 JOKPUTHYHHUX a00 KPUTUYHUX PIBHIB. 3a yMOB MOBLIBHOI
JUHAMIKM 3MIH TIapaMeTpiB CTaHy JDKEpesla HeOe3NeKW MpH MPOrHO3yBaHHI
pallioHaJIbHUM € 3aCTOCYBAaHHS JIHIHHOI MOJIeNl perpecii, 1m0 3abe3neuye TOYHICTb
nporHo3yBaHHsa a0 1 Bigcorka mpu BuOopui 3 10 BuUMIpIOBaHb, TOHAl SIK y pasl
3HAYHOI TMHAMIKW 3MIH MapaMeTPiB BUKOPUCTAHHS MOJIHOMIAIbHOI almpOKCHUMaIIii
MiBUIIY€E TOYHICTH KOPOTKOCTPOKOBOTO MporHo3yBaHHs g0 0,7 BimcoTka mpu
Bubopii 3 15 BumiproBanb. ExcnepuMeHTanbHa Bepudikaiis MiATBEpaUIIa,
IO 1HTErpamis aHaIITHYHOI MPEJUKTUBHOI MIJACUCTEMH Ha OO’€KTOBOMY pIBHI
3a0e3neuye 3MEHIICHHS IMPOCTOIB OCHOBHOTO TEXHOJOTIYHOTO OOJagHAaHHS Ha
23 BIJCOTKM 4Yepe3 CBOEYACHE IJIaHYBaHHS PEMOHTHHX pPOOIT 3a pe3yiabraraMu
MOHITOPUHTY TaKUX ITapaMeTPiB: piBeHb BIOpallii NiAMIMIIHUKIB TeHepaTopa, TypOiHU
Ta peayKTOopa.

5. Ha MicuieBoMY Ta perioHadIbHOMY PIBHSIX MiJCUCTEMA MPEANKTUBHOT aHATITUKH,
OKpIM MPOTHO3YyBaHHsI, 3a0e3neuye mozenoBanHs crany [THO, 30kpema 3eMIIstHIX
HaMIpPHUX TIAPOCIOPYH, y CHOCIO 3acTOCYBaHHS MOIM(IKOBAHOTO METOJY CITOK.
Po3pobnene anroputMmiuHe 3a0€3MeUeHHs Ta MPOrpaMHe 3a0€3TMEUCHHS Peai3yloTh
Ha O00’€KTOBOMY PpIBHI KOPOTKOCTPOKOBE IIPOTHO3YBaHHS MapaMeTpiB CTaHy
JpKepen HeOe3MeKH, a Ha MICIEBOMY Ta PErioHaJbHOMY DPIBHSX — MOJEITIOBAHHS
JIECTPYKTUBHHUX TMpPOLECIB 13 (OPMYBAHHIM KITbKICHMX Ta SIKICHUX IMOKa3HHKIB
OITIHIOBaHHS MOXJIHBOCTI BUHUKHEeHHS HC Ta jokamizaliii MOKIUBUX Ie(hEKTIB.

6. Po3polbiieHa MeToMKa €KCIEPTHOTO OI[IHIOBAHHS SKOCT1 aJlrOPUTMIYHOTO Ta
IPOrpaMHOTO 3a0€3MeUeHHs pPErioHaIbHUX CHUCTEeM MOHITOpuHry ctany I[THO
XapaKTepU3y€eThCsl BACOKUM piBHEM (opMadizallii, 3ade3neuye nepexia Bii SKiCHUX
70 KUIbKICHMX TOKa3HHUKIB OIIIHIOBAHHS Ta YMOXJIMBIIIOE peai3aiiio 3aco0aMu
JOBUJIbHOT MOBHM IIpOrpamMyBaHHs JUIsl BepuQiKallli MPOEKTHUX PIIIEHb.

Po3po0iieHi TeopeTuyH1 MOJOXKEHHS, METO/IU, AITOPUTMIYHE Ta MPOTpamMHE

3a0e3MneyeHHs] BUKOPUCTaH1 IIPU:
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—POEKTYBaHHI PyCJIOBOI Maa riipoenexkTpocraniii y ¢. Jlosre J[poro6uiiskoro
pationy JIbBiBChKOI 00jacTi, IO MIATBEPMKEHO «JloBijKa TpO BIPOBAKECHHS
pesynbTaTiB AucepraniiiHoro gociimkenHs, sugana TOB «BAJIDOP YKPATHA»
Ne(02-11-24 Bin. 05.11.2024p.»;

—PpO3poO0IIl TPOEKTY NEepHUBAIHOI Maioi TiApoeneKTpocTaHiii y c. PubHuUK
Hporobuiibkoro paitony JIbBiBCbKOI 00yacTi, M0 MmATBEpMKeHO «JloBiaKa
PO BIPOBAKCHHSI PE3yJbTATIB JIUCEPTALIMHOTO IOCHiKeHHs, Buaana TOB
I'YTAPLOB TA ITAPTHEPU YKPATHA» Ne49-11-24 Bix. 06.11.2024p.»;

—BHUKOHAHHI HayKOBO-AOCHIAHOI pobotu «TeopeTuuHi Ta MpPaKTUYHI ACTIEKTH
texnonorii Internet of Everything» (mepxaBHuMii peecTpaliiHUN HOMED
0123U104930), mo mATBEPIKEHO AaKTOM NP0 BHUKOPUCTAHHS PE3yJIbTaTIB

JTUCEPTAIIAHOTO JOCIIIKSHHS.
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JOJATOK A BrnpoBaaxeHHsI pe3yJIbTaTiB JUCEPTALIHHOIO JOCTIAKEHHS Y
TOB «BAJI®OP] YKPATHA»

TOB «BAJDOPJI YKPATHA»

Ykpaina, 82195, JIbBiscbka 0641, cenno Jlosre, CxigHnLbKa L, Lesi Ukrainki Str.82195 Lviv Region, Dovge Village,
Tr, Byn.Jleci Ykpainku, Gyaunok 1 Skhidnytsia Territorial Community,
E-mail: info@balford.com.ua E-mail: info@balford.com.ua
www.balford.com.ua www.balford.com.ua
Sttt

05 nucronana 2024
No 02-11-24
Jlosinka

PO BIIPOBA/DKEHHS Pe3yNbTaTiB IucepTalliiiHol po6oTH
Cokosnoseskoro Biragucnasa BonoauMuposuya , noganol Ha 3100y TTs HAYKOBOTO
CTyleHs JoKTopa (inocodii, Ha TeMy «AJNTOpUTMIiYHE Ta MporpaMHe 3a0e3neueHHs
perioHanbHOT CHCTeMH MOHITOPHHTY CTaHY MOTEHIIHO HeOe3NeuHHX 00’ €KTIB
y npouecax nisuibHocTi mianpuemctsa TOB «BAJIOOP] VYKPAIHA»

M. [lporobuu 05 nucronana 2024 poky

Pesynbraty  aucepraunifinoi pobotu  Coxomoscebkoro B. B. 'y Burusai
crielliali3opaHoro IMporpaMHoOro 3abeslieueHHs! Ui BHKOPUCTAHHS Yy CKIali CHCTEM
MOHITOPMHIY CTaHy IOTeHLiHHO Hebe3neunoro ob’ekty (a came- MI'EC) BukopucTami
NpH MPOEKTYBAaHHI aBTOMATH30BaHO! CHCTEMH pAHHBOIO BHSBICHHS MOMIIMBOCTI
BUHUKHEHHS Hal3BHYaiHOT cUTyallil Ta OTIOBILIEHHS HAacesIeHHs Ha 06’ eKTi « By IiBHHIITBO
rizpoesiexrpocrannii Ha p. Crpuit y c. [osre-I'ipceke J[poroGuubkoro paiony
JIsBiBcbKol oOnacTin.

1. ¥V ckiazii 3a1ponoHOBaHOTO [POrpaMHOro 3a0e3IIeUEHIS € IPOrpamMHi MOy, AKi
peajli3yloTh METOIOM BHSBJCHHS Ta BHIpaBlieHHs OaraTOKPaTHUX MOMMJIOK TMepejaui
nanux. Tax sk MI'EC, s1ki € 06’€KTaMi MOHITOPHHTY, 3a3BHYai pO3MNOIUIEH] HA 3HAUHIH
MJI011i Ta MPAIOIOTh B YMOBaX HAassBHOCTI IHJLyCTpiajibHUX €JIEKTPOMArHiTHUX 3aBall, TO
BIPOBAJKCHHSL MCTOJIB BHSIBJICHHS Ta BUIIPABJIeHHsS I[IOMHJIOK IMepejiadi [03BOJIsIE
3MEHIIMTH KiNbKICTh TTOMHIOK mepeadi na 38% Bin 3aranbHol KUIBKOCTI MOMHIIOK
rnepeayi.

2. 3anponoHoBaHe nporpamue 3ade3neyeHHs, 3a paXyHoK TOT0, 1[0 Ma€ MiJICHCTEMY
IIPOrHO3yBaHHs 3MIHM CTaHy 00’€KTa MOHITOPHHTY JIO3BOJISIE, HA BIAMIHY BiJl cHCTEM
MOHITOPHHTY CTaiy 00’ eKTy, sSKi peaizoByIOTh JIMILIE [TapaMETPHUHHH KOHTPOJIb BXIAHUX
CHTHAJIIB, HA TPU — YOTUPH Bimika (3a3Buuail oqun itk - e 10,20,30 abo 60 XBuiun)
panile BUABIATH MOJMKIIMBE IEPEBHIIECHHS JOKPHTHYHOIO PIBHS KOHTPOJIbOBAHMX
curnanis. lle no3Bonse onepaTMBHOMY MEPCOHANY 3aBYACHO PO3IIOYATH BHKOHAHHS
3aX0J1iB 110 3a1100iraHHIO0 BUHUKHEHHIO aBapill Ta HaA3BUYaMHHUX CHUTYaILil.

3. BUKOpHCTaHHS MiJICUCTEMH MPOTHO3YBAHHS JIO3BOJAE TiJl Yac MOHITOpPHHIY
crany MI'EC 3niiicHioBaT KOpOTKOYACHHH NPOrHO3 11100 MEPEBULICHHS JJOKPUTHUHOTO
3HAYCHHS CHIHAJIIB SIKI XapaKTepU3yIOTh TaKi MapaMeTpH:

- piBeHb BOM Yy BEpXHBOMY 6’ edi;

- piBels BOM y HIKHBOMY 0 edhi;
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- piBeHb BibpaLil NiqUIMIHUKIB reHepaTopa;
- piBenb BiOpauil niAmMUNHUKIB TYpOiHu;
- piBeHb BiOpallil NiANMUITHUKIB peLYKTOpA.

4. Brpopa/ukenHs I1ICHCTEMU MOJENIOBAHHS MpoueciB (inbTpailii B TpyHTOBHX
rpedisx, sAKi € HaMMOIIMPEHHM THIIOM HAMIPHUX TiApocnopyl B YkpaiHi, m03Bose
3aBY4ACHO BHSBJISTH MOXKIIMBICTh BUHUKHEHHs! 3HAUHUX QUIbTpaLlifHuUX Teuill, IKi MOXKYTh
NPU3BECTH JIO BHHUKHEHHS cyo3ili Ta npopaHis B Tini rpebii.

5. BnpopaJukeHHS 3anpoINOHOBAHOTO IPOTPAMHOTO 3abe3MeUCHHs J03BOJIHIO0
IIiIBUIHTH MPOYKTHBHICTE POOOTH OCHOBHOTO TEXHOJIOT {YHOTO 00JIa/HaHHS 38 paXyHOK
3MCHINEHHS Yyacy [POCTOK OCHOBHOrO obnannanus Ha 23%.

3 nosaroio, )
Jupexrop TOB «BAJI®OP][ YKPAIHA»

J1.O. Hikynin

202



203

JOJATOK b BnpoBagkeHHs1 pe3yJbTaTiB JUCEPTALIMHOIO NOCTIAKEHHSA Y
TOB «(I'YTAPHOB TA NAPTHEPU YKPATHA»

LIMITED LIABILITY COMPANY
«DR.HUTAREW AND PARTNERS UKRAINE»
TOB «I'YTAPLOB TA ITAPTHEPU YKPAIHA»

02098 m. Kuis, gyn. IOpia llymcorozo 14
Howmosa adpeca: 02002 m.Kuig a/c 83
+38-050-442-17-50

hutarew. ukraine(@email.com

https://hutarew-ukraine.com

06 mucromana 2024
Ne 49-11-24
JoBinka

IIPO BIIPOBA/IKEHHS Pe3yJbTaTiB JUcepTaliiinol poboTu
Cokonoscbkoro Bnagucnasa BomomuMuposuda , moaHoi Ha 37100y TTs HAYKOBOTO
cTyneHst JIoktopa disocodil, Ha TeMy «AJITOpUTMIYHE Ta IIpOrpamHe
3abe3reyeHHs perioHabHOI CHCTEMH MOHITOPUHIY CTAaHY NOTEHLIHHO
HeGe3neyHuX 06’ eKTiBY y poIecax MisIbHOCTI
nignpuemersa TOB «'YTAPLOB TA ITIAPTHEPH YKPATHA»

[Mignpuemctso TOB «TOB «[YTAPLOB TA TIAPTHEPU VKPAIHA»
MiATBEPAKYE, 110 MPOrpaMHe 3a0e3rmedeH s JUisi BAKOPUCTAHHS Y CKJIadl CHCTEM
MOHITOPUHIY CTaHy IOTeHLiiHO Hebe3neunoro 00’ ekty — MI'EC, sike po3pobiero
CoxonoscekuMm B.B. mpu mnpoBeneni aucepraniiHOro DOCHIIKCHHS Ha TEMY:
«ANrOpUTMIiYHE Ta porpamMHe 3a0e3MevyeHHs PerioHanbHOT CHCTEMH MOHITOPHHTY
CTaHy noTeHIiiiHO Hebe3neunux 00’ekTiB», OyJl0 BUKOpUCTAHE NPH BHKOHAHHI
npoekTy: «byliBHUITBO riapoeneKTpocTanIii AepuBalliiinoro tumny Ha p. Ctpuii y
c. Pubnnk [porodunekoro paiiony JIbBiBCcbKOT 00J1acTiy.

ABTOMAaTH30BaHa CHCTEMa MOHITOPUHTY CTaHy I'iJIpOTeXHIYHOro 00’ eKra, sKa
BUKOPHCTOBY€ IporpamHe 3adesneuenus, pozpodnere Cokonoscbkum B.B., mae
Taxki OCHOBHI (DYHKIIT:

1. 3abesnedye mapaMeTpUUHMNA KOHTpPOJb HACTYIIHHX MapaMeTpiB, sKi
MOKYTh HECTH O3HAKy BUHHKHEHHS aBapiifHOT cuTyalrii:

- nedopmallii Ta BHHHKHEHHs TPII[MH Yy eJeMEHTax cropyad (LilTicHicTS
IIPOBIAHUX LUTeH(iB);

- 4acTOTH oOepTaHHs Balry TypOiHH (JaT4UK TAXOMETPUUHOIO THUILY);

- 4acTOTH 00epTaHHs Bally reHeparopa (1aTUiK TaXOMETPUYHOTO THITY);

- ociJlaib Ta TOPU3OHTAIBHHUX 3MillleHb esieMeHTiB criopyau (GPS nasay);
- (i3MKO-XIMIYHMX MapaMeTpiB BOH (pyUHHUIT OMOBIlyBay);

- PIBHIB BEepXHBOr0 Ta HHXKHBOro 0'e(iB (yJIbTpa3ByKOBi 1aBadi);

- NOSABM Ta PiBHS BOAM Yy TPHUMILICHHSX OMNISAOBOI rajepei, TypOiHHOMY
IpUMILLEeHH], TPUMIIIEHHAX TOJIOBHHUX BHBOIIB TeHepaTopis (maTyuku
eJICKTPOJIHOTO THITY);

- PEKUMIB IIPONYCKY MOBEHEBHX Ta MABOIKOBUX BOJI (PYYHHH CIOBIIYBaY).
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2. BusBnse npo MOXJIMBICTH HepeBUILEHHS a0o AOCSATHEHHS TOKPHUTHUHHUX
3Ha4YeHb MapaMeTpiB JKepea TeXHOTeHHOT Ta (abo) npupoaHol Hebe3neku, ki y
pasi cTiiiKol TeHIeHLiT 10 1X 3MiHU y HANPSIMKY KPUTUYHUX 3HaYeHb TTOTPeOYIOTh
BHKOHAHHS TIEBHUX /I 111010 HEJIOMYIIEHHS JIOCSTHEHHs] KPUTHYHUX 3HA4YCHb

3. 3mificHIOE MOBeNeHHs CUTHAJIB i MOBITOMJIEHb TIPO MOKIHBICTh JTOCSTHEHHS
a0  MOCSATHeHHsS  JOKPUTHYHHX  (KPUTUYHHX)  3HA4YCHb  I1apaMeTpiB
TEXHOJIOTIYHOTO TMPOIECY /10 MPAIFOIOYOro MepcoHany BUPOOHUYOT MITBHHIII Ta
[10CaJ0BUX 0Ci0, BIAMOBIAANLHUX 3a CTaH TEXHOr¢HHOT Oe31cKu 00'eKTa.

4. 3abesrnedye OMOBIIICHHS MOpal[iBHUKIB 00'eKTa Ta HACENiCHHS Yy pa3si
suHukHenHs HC perionansnoro abo nepxuaBHOro piHS. 3 1i€I0 METOIO CUCTEMa
MOHITOPMHTY TEXHIUYHO CIIONlydeHa 3 TepUTOpPIalbHOIO aBTOMAaTH30BaHOIO
CHCTEMOIO [[EHTPaII30BaHOr0 OMOBIIICHHS HACEICHHSI.

OcHoBHI BIIMIHHOCTI 3alIPpOEKTOBAHOT CHCTEMHU:

1. Cucrema mnobynoBana na ocHoBi Bukopucranusi loT (inTepHer peueit)
TEeXHOJIOTII.

2. 3 Meroro 3axucTy iHpopMalii, M0 NepefacTbcss B YMOBAX IHJYCTpiasbHHX
eNIeKTPOMArHiTHUX 3aBajl, BUKOPHCTAHO METOJ BHUSIBIEHHS Ta BUIPABIEHHS
OaraToxpaTHUX IOMUIOK Iepenadi indopmauii. Lle nozBonse 3menmuTu Ha 38
BIZICOTKIB KUIBKICTh MOMHJIOK BiJl 3arajibHOi KUIBKOCTI BHSBICHUX MOMHIIOK
nepeaadi NOBiAOMIIEHL.

3. BnpoBa/pkeHHS TIJICMCTEMH KOPOTKOYACHOTO MMPOrHO3yBaHHS B CKJIAj
nporpaMHoro 3a0esnevyeHHs J103BOJSE paHille A0 JIBOX FOJAHMH 4Yacy BHABIATH
MOXKJIMBICTh BHHMKHCHHS aBapiiiHOl cuTyanii, uio 3alesnedye cBOedacHe
BUKOHAHHS 3aljlaHOBAaHUX 3aXO0JIB IO 3al00IraHHIO BUHMKHEHHIO apapiii Ta
Ha/3BUYANHUX CHUTYAIlIH.

4. BripoBajyKeHHS MICHCTEMX MOJICIIOBAHHS MPOLECiB (GiibTpallii B IpYHTOBHX
rpedisx J103BOJISE, 3 NIarHOCTHYHOIO METOIO, 3aBYACHO BUSBIATH MOIMKIJIUBICTH
BUHUKHEHHS KPUTHUYHO 3HAYHUX JJIS CTIHKOCTI criopynu (inbTpanifnux teuiid B
Tii Tpedii.

5. OuikyeTbcs, 110 BIPOBAKEHHS  3allPONOHOBAHOI'O0  MPOrPaMHOr0
3abe3neveHist JO3BOMUTL TMIABUIIATH TIPOAYKTHBHICTE pPOOOTH OCHOBHOI'O
TeXHOJOriYHOro obiagHanns 3a paxXyHoK 3MeHIIeHHsI Yacy MPOCTOI OCHOBHOTO
obnanmanus na 27 BIICOTKIB.

B uinomy notpiGHo BimMituTe raphy skicts podotn Cokojoscbkoro B.B. mo
po3podIli MpOTpaMHOro 3abe3MeUCHHs, a TaKoXK BHKOPHCTAHHS TPH IBOMY
CY4acHHUX aJFOPUTMIB Ta MCTO/IB NpOrpamMmyBaHHsI.

Hupexrop TOB «'YTAPDH
ITAPTHEPU YKPATHA»
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JOJATOK B BnpoBaakeHHs1 pe3yJbTaTiB JUCEPTALIMHOIO AOCTIIKEHHA Y
H/P «TeopeTu4Hi Ta NPAaKTH4YHI ACIIEKTH TEXHOJIOTII

Internet of Everything»

3ATBEPJIXKVYIO
[Tpopekrop 3 HaykoBOT podOTH

HauioHaabHOro TEXHIUHOTO YHIBEPCHTETY

2025p

[Ipo  BMKOpHCTAHHA pE3yJLTaTiB  AMCEPTALLIHIT TocnijuKeH s acripanta  Kadepu
inopmaruky Ta nporpamuo’ inakenepit (I11) gaxynpreTy indopmatiki Ta 004HCIIOBANBHOT TCXHIKH
HauioHaneHoro TexuiuHoro yuieepcurery Ykpainn «KuiBCbKMH nonitexdiuuuii [HCTUTYT iMeHi
Irops Cixopebkoro» CokonoBebkoro Bnaancnasa Bosoaumuposnya na Temy: «AJIrOpUTMiuHE Ta
nporpamue 3adeznedeHHs perioHalbHOT CHCTEMH MOHITOPHHIY CTaHy MoTeHliino Hebesneunnx
00 €eKTiBY Ha 3100y T OCBITHLO-HAYKOBOIO CTYINCHs J0KTOpa (inocoii.

Kowmicis y cknaji: rosioea - jiekan akyiasrety inopmMaTHkh Ta 004MCcIoBaIBLHOT TeXHIKH,
A.T.H., npoecop Koprara f. 1.; unenn komicii — sasinysau kadeapu ingopmaruiu ta nporpaMHot
itakeHepii, a.1.1., npodecop XKapikos E.B., nouent kadeapn indopmaTHku Ta mporpamMmHol ilkenepii,
k.T.H. Tonepewnsk C.B., uum akrom 3acBijuye, 1O pesylbTaTH AMCEPTALIHHOTO JOCIIKEHIs
Coxkonosebkaro Baaancnasa BosoguMuposuda oTpuMani HIM 0COOHCTO Ta BAKOPUCTaHI B:

- HJIP «TeopeTnuni Ta mpaktuuni acnektu texsonoril Internet of Everything» (nomep
Jepakasnof pecctpauii 0123U104930), ska Bukonysanacs y 2023-2024 p.p. na kadeapi indopmariiu
Ta nporpamHoi iHxeHepii Qakyabrery iHpopMaruKu Ta oGurcIoBanbHOT TexHikn HationansHoro
TexHiuHoro yHigepeurery Ykpaiuu «KuiBcskuit noairexuiunmit lneruryt imeni [ropst CikopehKkoroy
Ta OAHMM i3 BUKOHABLIB kol Oys acnipant kadeapu indopMaTHKH Ta NporpaMHoi inkenepit
CokonoBcbknii B. B.

Y HJIP sukopuerani nactynui pesynstati jucepraiiiiol podorn Cokonopeskoro B. B.:

- MoaudikoBannii MeTo] BUsBJICHHS Ta Bunpanenis 6aratrob6iTOBUX MOMMIOK HA OCHOBI
KoaiB XemMminry, axuil 3ade3neuye BUCOKY 3aBafaoCTiHKICTh, 3MCHLICHHs TOMMJIOK Tiepeaayi Ta
HaHHICTL OOMiIHY JaHHMMU.

["osioBa KOMIcIT:

JLT.H., Ipodecop A7 dpocnas KOPHAT A

Unenu xomicii:

JLT.H. Ipodecop _ /%;77‘/ Enyapn 2KAPIKOB
\/L/’Qg/// Caitiana [TOIIEPEIHSIK

%

K.T.H. JIOIEHT
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HOJATOK I' Buxignuii kox noagarky «hamming-codec»

CTpyKTypa KaTaJioris

hamming-codec

| SIC

bin
L guiLrs
lib

codec.rs

matrix2d.rs

mod.rs

| tests

codec.rs

comprehensive.rs

matrix2d.rs

mod.rs

IIporpamumii kox daitn: ./src/bin/gui.rs
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use eframe::egui:: {self, Color32, RichText, Stroke};

use hammingcodec::codec:: {EncodingStep, HammingCodec, Stats, StepType};

use rand::Rng;

const AUTHOR: &str = “Vladyslav Sokolovskyi”;

const

”National Technical University of Ukraine \”Igor Sikorsky Kyiv Polytechnic Institute\”;

AFFILIATION: &str =

const REQUIRED BYTES: usize = 16;

// Cool Unicode icons for different states
ICON_SUCCESS: &str = ”[1”; // Sparkles for success
ICON_ERROR: &str = ”[17”; // Warning for errors

const
const
const
const
const
const
const
const
const
const
const
const

const

ICON_CORRUPTED: &str = ”[1”; // Explosion for corruption

ICON _FIXED: &str = ”[1”; // Wrench for fixes

ICON_ORIGINAL: &str
ICON_ENCODED: &str

= ”0[07; // Document for original
= 700", // Lock for encoded

ICON _DECODED: &str = "[1”; // Unlock for decoded
ICON _BITS: &str = ”[1”; // Numbers for bits
ICON_BYTES: &str = ”[17; // Chart for bytes
ICON_STEP: &str = “[17; // Magnifyving glass for steps
ICON_PREP: &str = ”[17; // Clipboard for preparation
ICON_PARITY: &str = ”[1”; // Numbers for parity

ICON_SHIFT: &str = 775 // Arrows for shift
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const ICON_CHECK: &str = ”[1”; // Check for final result

#[ derive(Default)]

struct TranscodeStages {
original: Vec<u8>,
encoded: Vec<u8>,
corrupted: Option<Vec<u8>>,
decoded: Option<Vec<u8>>,
stats: Option<Stats>,

#[ derive(Default)]

struct ByteModification {
position_input: String,
binary input: String,
position_error: Option<String>,
binary error: Option<String>,

current_position: Option<usize>,

impl ByteModification {
fn new() -> Self {
Self {
position_input: String::from(”’0”),
binary input: String::from(”000000007),
position_error: None,
binary error: None,

current_position: None,

fn update binary for position(&mut self, corrupted: &[u8]) {
if let Ok(pos) = self.position_input.parse::<usize>() {
if pos < corrupted.len() {
// Convert to binary string with LSB first to match codec
let mut bits = String::with capacity(8);

for i in 0..8 {
bits.push(if (corrupted[pos] >> i) & 1 == 1 {
"
} else {
0
1)
H

self.binary_input = bits;
self.current_position = Some(pos);
self.position_error = None;
} else {
self.position_error = Some(format!(’Invalid position (0-{})”

, corrupted.len() - 1));
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103

104
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106
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} else {
self.position_error = Some(”’Invalid position number”.to_string());

struct HammingCodecApp {
codec: HammingCodec,
input_text: String,
error_text: String,
stages: TranscodeStages,
show_steps: bool,
byte modification: ByteModification,

impl Default for HammingCodecApp {
fn default() > Self {
Self {
codec: HammingCodec::new(),
input_text: String::from(”11111111111111117),
error_text: String::new(),
stages: TranscodeStages::default(),
show_steps: true,
byte modification: ByteModification::new(),

impl HammingCodecApp {
// Helper function to get theme-aware colors
fn get theme colors(&self, ui: &egui::Ui) -> ThemeColors {
let is_dark = ui.visuals().dark mode;
ThemeColors {
success: if is_dark {
Color32::from_rgb(100, 255, 100)
} else {
Color32::from_rgb(0, 160, 0)
}s
error: if is_dark {
Color32::from_rgb(255, 100, 100)
} else {
Color32::from_rgb(200, 0, 0)
35
warning: if is_dark {
Color32::from_rgb(255, 180, 100)
} else {
Color32::from_rgb(200, 120, 0)
}s
highlight bg: if is dark {
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Color32::from _rgba premultiplied(255, 100, 100, 25)

} else {

Color32::from_rgba premultiplied(255, 200, 200, 50)

2

muted text: ui.visuals().weak text color(),
text: ui.visuals().text_color(),
strong_text: ui.visuals().strong_text color(),

}

}

fn format byte bits(
&self,
byte: u8,

highlight indices: Option<&[usize]>,
error_color: Option<Color32>,
) > RichText {

let mut result = String::with _capacity(24);
// Display bits LSB first to match codec
for i in 0..8 {

let bit = (byte >> i) & [;

let should highlight = highlight indices

.map(|indices| indices.contains(&i))

.unwrap_or(false);

if should highlight {
result.push_str(&format!(” 1{}[1”, bit));
} else {
result.push_str(&bit.to_string());

}

if let Some(color) = error_color {
RichText::new(result).color(color)
} else {
RichText::new(result)

fn get bit differences(&self, original: &[u8], modified: &[u8]) -> Vec<(usize, Vec<usize>)> {

let mut differences = Vec::new();

for (byte idx, (orig, modi)) in original.iter().zip(modified.iter()).enumerate() {

let mut bit diffs = Vec::new();
for bit_idx in 0..8 {

if (orig >> bit_idx) & 1 != (modi >> bit idx) & 1 {

bit_diffs.push(bit_idx);

}
if !bit diffs.is empty() {
differences.push((byte_idx, bit_diffs));
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}

differences

fn display stage(

) A

&self,

ui: &mut egui::Ui,

label: &str,

data: &[u8],

show_text: bool,

is_corrupted: bool,
compare_with: Option<&[u8]>,

let colors = self.get theme colors(ui);

ui.horizontal(|ui| {

ui.with_layout(

egui::Layout::left to right(egui::Align::TOP).with main_wrap(true),

uif {
let label color = if is corrupted {
colors.error
} else {

colors.strong_text

be

let stage icon = match label {
”Original Data” => ICON_ORIGINAL,
”Encoded Data” => ICON_ENCODED,
”Corrupted Data” => ICON_CORRUPTED,
”Decoded Data” => ICON_DECODED,
=

>

)

let differences =

compare_with.map(|other| self.get bit_differences(other, data));

let grid id = format!(”{} grid”, label.to lowercase().replace(’ ', ” 7));

ui.push_id(label, |ui| {
egui::Frame::none()
fill(ui.visuals().faint_bg color)
.rounding(8.0)
.inner_margin(8.0)
.show(ui, |ui| {
ui.horizontal(|ui| {
ui.label(
RichText::new(format!(”{} {
.color(label_color)
.strong()
.size(16.0),

2
}9

stage icon, label))
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266

268

);
if let Some(ref diffs) = differences {
if !diffs.is_empty() {
ui.label(
RichText::new(format!(’({} changes)”, diffs.len()))

.color(colors.error),

I3R

egui::Grid::new(grid_id)
.striped(true)
.spacing([10.0, 4.0])
.min_col width(100.0)
.show(ui, |ui| {
// Column headers with consistent styling
for (icon, label) in [
(ICON_BYTES, ”Offset”),
(ICON_BYTES, “Hex”),
(ICON_BITS, ”Binary”),

]
.iter()
{
ui.label(
RichText::new(format!(”{} {}”, icon, label))
.strong()
.color(colors.strong_text),
);
H
if show text {
ui.label(
RichText:mew(”[] Text”)
.strong()
.color(colors.strong_text),
)i
H

ui.end_row();

for (row_idx, chunk) in data.chunks(4).enumerate() {
// Offset column
ui.label(
RichText::new(format!(”{:02X}”, row_idx * 4))
.color(colors.muted_text),

)

// Hex display
ui.horizontal(|ui| {
for (i, &byte) in chunk.iter().enumerate() {

211



269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

s

let byte idx = row_idx * 4 + i;
let is_different = differences.as_ref().map_or(

false,
|diffs| {
diffs
.iter()
any(|(idx, )| *idx == byte idx)
}s

);
let hex text = if is_different {
format!(”1{:02X} 1", byte)
} else {
format!(” {:02X}”, byte)
15
ui.monospace(RichText::new(hex text).color(
if is_different {
colors.error
} else {
colors.text
35
)
ui.add_space(4.0);

// Binary display

ui.horizontal(|ui| {

s

for (i, &byte) in chunk.iter().enumerate() {

let byte idx = row_idx * 4 + i;
let bit diffs =
differences.as_ref().and then(|diffs| {
diffs
.iter()
find(J(idx, )| *idx == byte idx)
.map(|(_, bits)| bits.as_slice())
1)s

let error color =
bit_diffs.map(|_| colors.error);

ui.monospace(self.format_byte bits(
byte,
bit_diffs,
error_color,

)

ui.add_space(4.0);
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339

340

341
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343

344
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// Text display
if show text {
if let Ok(text) = String::from_utf8(chunk.to vec())

{
let text color = if differences.as_ref().map_or(
false,
|diffs| {
diffs.iter().any(|(idx, )| {
let chunk start = row_idx * 4;
let chunk end = chunk start + 4;
*idx >= chunk_start
&& *idx < chunk end
1)
2
) 4
colors.error
} else {
colors.strong_text
15
ui.label(RichText::new(text).color(text color));
} else {
ui.label(
RichText::new(”-”).color(colors.muted_text),
);
H

}

ui.end_row();

s

// Show detailed changes with fancy formatting
if let Some(differences) = differences {
if !differences.is_empty() {
ui.add_space(8.0);
ui.separator();
ui.vertical([ui| {
ui.label(
RichText::new(format!(
”{} Changes Detected”,
ICON_ERROR
)
.strong()
.color(colors.error)
.size(14.0),
)i
for (byte idx, bit indices) in differences {
ui.horizontal(jui| {
ui.label(
RichText::new(format!(
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393
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414
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”{} Byte {:02X}: bits {} modified”,
ICON_BITS,
byte idx,
bit_indices
.iter()
.map(|&b| format!("[1{} 1", b))
.collect::<Vec<_>>()
join(”, )
)

.color(colors.warning),

s

;s

Hs

fn display stats(&self, ui: &mut egui::Ui, stats: &Stats) {
let colors = self.get theme colors(ui);

egui::Frame::none()
fill(ui.visuals().faint_bg_color)
.inner_margin(8.0)
.rounding(4.0)
.show(ui, |ui| {
ui.label(
RichText::new(format!(”{} Decoding Statistics”, ICON_DECODED))
.strong()
.size(16.0)
.color(colors.strong_text),
);
ui.add_space(4.0);

let stat color = if stats.corrected informational bits > 0 {
colors.success

} else if stats.multiple errors > 0 {
colors.error

} else {
colors.text

e

ui.label(
RichText::new(format!(
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”{} Corrected Information Bits: {}”,

if stats.corrected informational bits > 0 {
ICON_SUCCESS

} else {
ICON_FIXED

3

stats.corrected informational bits
)

.color(stat_color),

);

if stats.multiple errors > 0 {
ui.label(
RichText::new(format!(
”{} Multiple Errors: {}”,
ICON_ERROR, stats.multiple errors
)

.color(colors.error),

if stats.parity bits errors > 0 {
ui.label(
RichText::new(format!(
”{} Parity Bit Errors: {}”,
ICON_CORRUPTED, stats.parity bits errors
)

.color(colors.warning),

;s

fn validate input(&self, text: &str) -> Result<(), String> {
let bytes = text.as_bytes();
match bytes.len() {
0 => Err("Please enter exactly 16 bytes of text”.to_string()),
n if n < REQUIRED BYTES => {
Err(format!("Text too short: {} of {} bytes”, n, REQUIRED BYTES))

n if n > REQUIRED BYTES => {
Err(format!("Text too long: {} of {} bytes”, n, REQUIRED BYTES))

= Ok(()),

fn get step icon(&self, step type: &StepType) -> &'static str {
match step type {
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StepType::DataPreparation => ICON_PREP,

StepType::ParityCalculation => ICON_PARITY,
StepType::HorizontalShift | StepType::VerticalShift => ICON_SHIFT,
StepType::ErrorDetection | StepType::ErrorCorrection => ICON_ERROR,
StepType::FinalResult => ICON_CHECK,

fn display steps(&self, ui: &mut egui::Ui) {
if !self.show_steps {
return;

let colors = self.get theme colors(ui);

ui.separator();
ui.heading(RichText::new(format!(”{} Algorithm Steps”, ICON_STEP)).strong());

egui::ScrollArea::vertical().show(ui, [ui| {
for (step idx, step) in self.codec.steps.iter().enumerate() {
ui.push_id(step_idx, [ui| {
egui::Frame::none()
fill(ui.visuals().faint_bg_color)
.rounding(8.0)
.inner_margin(8.0)
.show(ui, |ui| {
ui.horizontal(|ui| {
let icon = self.get step_icon(&step.step_type);
ui.label(
RichText::new(format!(
"{} Step {}: {}”,
icon,
step_idx + 1,
step.description
)
.strong()
.color(colors.strong_text)
.size(14.0),
)i
1

// Create a grid for transposed byte display
egui::Grid::new(format!(’step_{} grid”, step_idx))
.spacing([8.0, 2.0])
.show(ui, [ui| {
// Headers row
ui.label(RichText::new(’”’).strong()); // Empty cell for alignment
ui.label(
RichText::new(format!(”{} Index”, ICON BYTES)).strong(),
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1)
1)
ui.add_space(4.0);

3R

);
ui.label(RichText::new(format!(”’{} Hex”, ICON_BYTES)).strong());

ui.end_row();

// Bit rows (7 down to 0)
for bit_pos in (0..8).rev() {
ui.label(
RichText::new(format!(”Bit {}”, bit pos)).strong(),

);

// Create a horizontal row of bits for this position
ui.horizontal(|ui| {
for (byte idx, &byte) in step.data.iter().enumerate() {
let bit = (byte >> bit pos) & 1;
let bit text = if bit == [ {
RichText::new(”1”").color(colors.strong_text)
} else {
RichText::new(”0”").color(colors.muted text)
35
ui.monospace(bit_text);
ui.add_space(4.0);

;s

ui.end_row();

// Index row
ui.label(RichText::new(”Index’).strong());
ui.horizontal(ui| {
for byte idx in 0..step.data.len() {
ui.monospace(RichText::new(format!(”{:02}”, byte idx)));
ui.add_space(4.0);

s

ui.end_row();

// Hex row
ui.label(RichText::new(’Hex”).strong());
ui.horizontal(Jui| {
for &byte in step.data.iter() {
ui.monospace(RichText::new(format!(”{:02X}”, byte)));
ui.add_space(4.0);

}s

ui.end _row();
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s

fn handle byte modification(&mut self, corrupted: Vec<u8>) -> Option<Vec<u8>> {
let mut result = corrupted.clone();
let max len = corrupted.len();

// Validate position
self.byte_modification.position_error = None;
let position = match self.byte modification.position_input.parse::<usize>() {
Ok(pos) if pos < max_len => pos,
_ =
self.byte_modification.position_error =
Some(format!(”Invalid position (0-{})”, max len - 1));
return None;

b

// Validate binary input
self.byte_modification.binary error = None;
if self.byte modification.binary input.len() != 8
|| !self

.byte modification

.binary input

.chars()

all(lel e ="0"|| c = '"1")

{
self.byte_modification.binary error =
Some(”Invalid binary (8 bits required)”.to_string());
return None;
}

// Parse binary value (LSB first to match codec)
let mut value = Ou8;
for (i, c¢) in self.byte_modification.binary input.chars().enumerate() {
if c ="1"{
value = 1 << i

}

result[position] = value;
Some(result)

fn update ui(&mut self, ctx: &egui::Context, frame: &mut eframe::Frame) {
egui::SidePanel::right(”steps_panel”)
.resizable(true)
.default_width(400.0)
.width_range(300.0..=800.0)
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.show(ctx, [ui| {
ui.vertical centered(|ui| {
ui.heading(RichText::new(format!(”{} Algorithm Steps”, ICON_STEP)).strong());
1)s
if self.show_steps {
self.display_steps(ui);

}s

egui::CentralPanel::default().show(ctx, |ui| {
ui.vertical centered([ui| {
ui.add_space(10.0);
ui.heading(
RichText::new(”Hamming Code Transcoder™)

.strong()
.size(24.0)
.color(ui.visuals().strong_text color()),

)

ui.add_space(4.0);
egui::Frame::none()
fill(ui.visuals().faint_bg_color)
.inner_margin(8.0)
.rounding(4.0)
.show(ui, [ui| {
ui.vertical(jui| {
ui.label("Enter text to encode:”);
let response = ui.add(
egui::TextEdit::multiline(&mut self.input_text)
.desired_width(f32::INFINITY)
.desired_rows(3)
font(egui:: TextStyle::Monospace),
)i

if response.changed() {
match self.validate input(&self.input text) {

Ok(() == {
self.stages.original = self.input_text.as_bytes().to_vec();
self.stages.encoded =

self.codec.encode(&self.stages.original);

self.stages.corrupted = None;
self.stages.decoded = None;
self.stages.stats = None;
self.error_text.clear();

}

Err(msg) => {
self.error_text = msg;
self.stages = TranscodeStages::default();
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if !self.error text.is empty() {
ui.colored label(ui.visuals().error fg color, &self.error text);

135
s

if !self.stages.original.is_empty() {
ui.add_space(20.0);

self.display stage(
ui,
”Original Data”,
&self.stages.original,
true,
false,

None,

);

if !self.stages.encoded.is_empty() {
ui.add_space(10.0);
self.display_stage(
ui,
”Encoded Data”,
&self.stages.encoded,
false,
false,
None,

);

ui.add_space(10.0);

if ui.button(”Introduce Random Error”).clicked() {
let corrupted = self.stages.encoded.clone();
let mut rng = rand::thread rng();
let pos = rng.gen range(0..corrupted.len());
let bit = rng.gen range(0..8);
let mut corrupted data = corrupted.clone();
corrupted data[pos] "= 1 << bit;
self.stages.corrupted = Some(corrupted data.clone());
let (decoded, stats) = self.codec.decode(&corrupted data);
self.stages.decoded = Some(decoded);
self.stages.stats = Some(stats);

if let Some(ref corrupted) = self.stages.corrupted.clone() {
ui.add_space(10.0);

220



710

711

712

713

714

715

716

717

718

719

720

721

722

723

724

725

726

727

728

729

730

731

732

733

734

735

736

737

738

739

740

741

742

743

744

745

746

747

748

749

750

751

752

753

754

755

756

757

758

self.display_stage(
ui,
”Corrupted Data”,
corrupted,
false,
true,
Some(&self.stages.encoded),

);

// Add byte modification Ul
ui.add_space(5.0);

ui.horizontal(|ui| {
ui.label(
RichText::new(format!(”{} Modify byte:”, ICON_BYTES)).strong(),

);

// Position input
ui.label(”Position:”);
if ui
.text_edit_singleline(
&mut self.byte modification.position_input,

)

.changed()
{

self.byte_modification.update binary for position(corrupted);
}

// Binary value input
ui.label(”Binary value:”);
ui.text edit singleline(&mut self.byte modification.binary input);

/] Add modify button
if ui.button(format!(”{} Modify”, ICON_FIXED)).clicked() {
if let Some(new_corrupted) =
self.handle _byte modification(corrupted.clone())

{
self.stages.corrupted = Some(new_corrupted.clone());
let (decoded, stats) = self.codec.decode(&new_corrupted);
self.stages.decoded = Some(decoded);
self.stages.stats = Some(stats);
}

;s

// Display errors if any
if let Some(ref error) = self.byte modification.position_error {
ui.colored label(ui.visuals().error fg color, error);
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if let Some(ref error) = self.byte modification.binary error {
ui.colored label(ui.visuals().error _fg color, error);

if ui.button("Decode”).clicked() {
let (decoded, stats) = self.codec.decode(corrupted);
self.stages.decoded = Some(decoded);
self.stages.stats = Some(stats);

if let Some(ref decoded) = self.stages.decoded {
ui.add_space(10.0);
self.display_stage(
ui,
”Decoded Data”,
decoded,
true,
false,

Some(&self.stages.original),

);

if let Some(ref stats) = seclf.stages.stats {
ui.add_space(10.0);
self.display_stats(ui, stats);

}s

// Add steps toggle at the bottom of the central panel
ui.with_layout(egui::Layout::bottom_up(egui::Align::LEFT), [ui| {
ui.checkbox(
&mut self.show_steps,
format!(”{} Show Algorithm Steps”, ICON_STEP),

135
s

fn process_input(&mut self) {
if self.input text.len() > REQUIRED BYTES ¢{
self.error_text = format!(”Input text is too long (max {} bytes)”, REQUIRED BYTES);

return;

self.error_text.clear();
self.stages.original = self.input_text.as_bytes().to_vec();
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self.stages.encoded = self.codec.encode(&self.stages.original);
self.stages.corrupted = None;

self.stages.decoded = None;

self.stages.stats = None;

fn corrupt data(&mut self) {
let corrupted = self.stages.encoded.clone();
let mut mg = rand::thread rng();
let pos = rng.gen_range(0..corrupted.len());
let bit = rng.gen_range(0..8);
let mut corrupted data = corrupted.clone();
corrupted_data[pos] "= | << bit;
self.stages.corrupted = Some(corrupted data.clone());
let (decoded, stats) = self.codec.decode(&corrupted data);
self.stages.decoded = Some(decoded);
self.stages.stats = Some(stats);

impl eframe::App for HammingCodecApp {
fn update(&mut self, ctx: &egui::Context, frame: &mut eframe::Frame)

self.update ui(ctx, _frame);

// Add this struct at the top of the file
struct ThemeColors {

success: Color32,

error: Color32,

warning: Color32,

highlight bg: Color32,

muted_text: Color32,

text: Color32,

strong_text: Color32,

fn main() {
let options = eframe::NativeOptions {
default_theme: eframe::Theme::Dark,
follow_system theme: true,
..Default::default()

Be

eframe::run_native(
”Hamming Code Transcoder”,
options,
Box::new(|_cc| Ok(Box::new(HammingCodecApp::default()))),
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857 unwrap();
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®daiin: ./src/lib/codec.rs

1 /I Hamming code implementation with step-by-step encoding and decoding tracking.
2 /!

3 //I This module implements the (24,16) Hamming code variant with additional
4 //! features for tracking the encoding/decoding process.

s use crate::matrix2d::Matrix2D;

6

7 /// Records a single step in the encoding or decoding process.

s #[/derive(Debug, Clone)]

9 pub struct EncodingStep {

10 // Description of the current operation

1 pub description: String,

12 /// Current state of the data

13 pub data: Vec<u8>,

14 /1) Type of operation being performed

15 pub step type: StepType,

18 /// Categorizes different operations in the encoding/decoding process.
#[/derive(Debug, Clone)]
20 pub enum StepType {

©

21 /// Initial data preparation and padding

2 DataPreparation,

23 /// Calculation of Hamming code parity bits
2% ParityCalculation,

25 /// Horizontal bit shifting for error protection
26 HorizontalShift,

27 /1] Vertical bit shifting for error protection

28 VerticalShift,
29 /1 Error detection phase during decoding

30 ErrorDetection,
31 /// Error correction phase during decoding
32 ErrorCorrection,

33 /// Final result of the decoding process

34 FinalResult,

35}

36

37 /// Implements the (24,16) Hamming code encoder/decoder with step tracking.
38 ///

30 /// This codec:

40 /// - Encodes 16 bytes of data into 24 bytes with error correction
a1 /1 - Tracks each step of encoding/decoding process

& /// - Can detect and correct single-bit errors

4 /// - Can detect (but not correct) multiple-bit errors

4 pub struct HammingCodec {

45 /1 Total size of encoded buffer (24 bytes)

46 buffer size: usize,

47 /1] Size of the original data (16 bytes)
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data_size: usize,
/// Records of encoding/decoding steps for analysis
pub steps: Vec<EncodingStep>,

/11 Statistics collected during the decoding process.
#[ derive(Default, Debug)]
pub struct Stats {
/// Number of successfully corrected information bits
pub corrected informational bits: usize,
/// Number of detected multiple-bit errors
pub multiple errors: usize,
/// Number of parity bit errors detected
pub parity bits errors: usize,

impl Default for HammingCodec {
fn default() -> Self {
Self::new()

impl HammingCodec {
/1 Creates a new HammingCodec instance with 24-byte buffer and 16-byte data size.
pub fn new() -> Self {
Self {
buffer size: 24,
data_size: 16,
steps: Vec:new(),

/1 Clears the recorded encoding/decoding steps.
pub fn clear steps(&mut self) {
self.steps.clear();

/// Records a new step in the encoding/decoding process.
/4
/1 # Arguments
/) * “description” - Human-readable description of the step
/) * “data® - Current state of the data
/% step type’ - Category of operation being performed
fn add step(&mut self, description: String, data: Vec<u8>, step type: StepType) {
self.steps.push(EncodingStep {
description,
data: data.clone(),
step_type,
1
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/1 Converts a slice of bits back into a byte (LSB first).

Vi
/1 # Arguments
/¥ Chits® - Slice of 8 bits to convert
V4
/1 # Returns
/// Resulting byte value
pub fn bits to u8(&self, bits: &[u8]) -> u8 {
let mut result = Ou8;
for (i, &bit) in bits.iter().enumerate() {
if bit =— 1 {

result |[= 1 << i

}

result

/// Converts a byte into its individual bits (LSB first).
/4
/ # Arguments
/% “value® - Byte to convert
V4
/1l # Returns
/1 Vector of 8 bits (0s and 1s)
pub fn u8 to bits(&self, value: u8) -> Vec<u8> {
let mut bits = vec![0u8; 8];
for i in 0..8 {
bits[i] = ((value >> i) & 1) as u8;

bits

// Calculates control (parity) bits for error detection.

"

/) Uses Hamming code algorithm to generate parity bits from data bytes.
/) Each control byte is calculated using specific bits from data bytes

/// according to the Hamming code matrix.
V4
/// # Arguments

/) * “data_bytes” - Input data bytes to calculate parity for

V4
/// # Returns
/1] Vector of control bytes (8 bytes for 16 data bytes)

pub fn calculate control bits(&self, data bytes: &[u8]) -> Vec<u8> {
let mut control bytes = vec![Ou8; self.buffer size - self.data_size];

for i1 in 0..(self.data size / 8) {
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// Calculate first control bit (positions 1,2,4,5,7)
control bytes[i * 4] = data bytes[i * &]

~ data_bytes[i * 8 + 1]

A data_bytes[i * 8 + 3]

" data bytes[i * 8 + 4]

~ data_bytes[i * 8 + 6];

// Calculate second control bit (positions 1,3,4,6,7)

control bytes[i * 4 + 1] = data bytes[i * §]
~ data_bytes[i * 8§ + 2]
~ data_bytes[i * 8 + 3]
~ data_bytes[i * 8 + 5]
~ data_bytes[i * 8 + 6];
// Calculate third control bit (positions 2,3,4,8)
control bytes[i * 4 + 2] = data bytes[i * 8§ + 1]
~ data_bytes[i * 8 + 2]
~ data bytes[i * 8 + 3]
A data_bytes[i * 8 + 7];
// Calculate fourth control bit (positions 5,6,7,8)
control bytes[i * 4 + 3] = data bytes[i * 8 + 4]
~ data_bytes[i * 8 + 5]
~ data_bytes[i * 8 + 6]
A data_bytes[i * 8 + 7];

control bytes

/// Converts bytes into a 2D matrix representation.

V4

/] Creates an 8xbuffer size matrix where each column represents

/) a byte's bits in MSB-first order.

V4

/) # Arguments

/) * “buffer” - Bytes to convert to matrix form

V4

/// # Returns
/// Matrix2D containing the bits of input bytes

fn bytes to matrix(&self, buffer: &[u8]) -> Matrix2D<u8> {
let mut matrix = Matrix2D::new(8, self.buffer size);
for (byte idx, &byte) in buffer.iter().enumerate() {

let bits = self.u8 to bits(byte);
for (bit idx, &bit) in bits.iter().enumerate() {
matrix.set(7 - bit_idx, byte idx, bit);

matrix

/) Converts a matrix back into a byte array.

V4
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/// Reads the matrix column by column, converting each column's bits
/" back into a byte (MSB first order).
V4
/) # Arguments
/¥ “matrix” - Source matrix containing bits
/) * size® - Number of bytes to extract
V4
/// # Returns
/1] Vector of bytes reconstructed from matrix columns
fn matrix_to_bytes(&self, matrix: &Matrix2D<u8>, size: usize) -> Vec<u8> {
let mut result = vec![Ou8; size];
for j in 0..size {
let mut bits = vec![0u8; 8];
for i in 0..8 {
bits[7 - i] = *matrix.get(i, j).unwrap_or(&0);

H

result[j] = self.bits to u8(&bits);
}
result

/// Performs horizontal bit shifting on the encoded data.

V4

/// Shifts each row of bits in the matrix by a different amount

/// to improve error detection capabilities.

/4

/1 # Arguments

/1 * “buffer” - Data to be shifted

/) * dirvection” - Positive for right shift, negative for left shift

/4

/// # Returns

/1] Vector of bytes after shifting

fn horizontal shift(&self, buffer: &[u8], direction: i32) -> Vec<u8> {
let mut matrix = self.bytes to_matrix(buffer);

for i in 0..8 {
let shift = i * direction.abs() as usize;
if direction > 0 {
matrix.rotate_row_right(i, 7 - shift);
} else {
matrix.rotate_row_left(i, 7 - shift);

self.matrix_to bytes(&matrix, self.buffer size)

/" Performs vertical bit shifting on the encoded data.
V4
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/// Shifts each column of bits in the matrix by a different amount

/1 to further improve error detection capabilities.

V4

/) # Arguments

/1) * “buffer” - Data to be shifted

/) * direction” - Positive for upward shifi, negative for downward shift

V4

/1 # Returns

/1] Vector of bytes after shifting

fn vertical shift(&self, buffer: &[u8], direction: i32) -> Vec<u8> {
let mut matrix = self.bytes to_matrix(buffer);

for i in 0..self.buffer size {
let shift = i * direction.abs() as usize;
if direction > 0 {
matrix.rotate_column_up(i, shift % 8);
} else {
matrix.rotate_column_down(i, shift % 8);

self.matrix_to_bytes(&matrix, self.buffer size)

/1 Splits received data buffer into information and control bits.
V4

/1 # Arguments

/) * receive_buffer” - Complete received data buffer

V4

/)] # Returns

/1) Tuple containing:

/- Information bits (first 16 bytes)

/// - Received control bits (last 8§ bytes)

/- Newly calculated control bits from information bits

fn split_receive buffer(&self, receive buffer: &[u8]) -> (Vec<u8>, Vec<u8>, Vec<u8>) {

let mut received info bits = vec![Ou8; self.data size];

let mut received control bits = vec![0u8; self.buffer size - self.data_size];

received info bits.copy_from_slice(&receive buffer|[..self.data_size]);
received_control bits.copy_from_slice(&receive buffer[self.data_size..]);

let calculated control bits = self.calculate control bits(&received info bits);

(
received _info_bits,
received control bits,
calculated control bits,
)
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/// Inverts a single bit value (0->1 or 1->0).
/4
/) # Arguments
/% "bit” - Bit value to invert (0 or 1)
V4
/) # Returns
/1) Inverted bit value
fn invert bit(&self, bit: u8) -> u8 {
if bit == 1 {
0
} else {
1

/" Extracts syndrome bits for error detection from control bytes.

"

/1) A syndrome is a pattern that indicates the presence and location of errors.

/// This method extracts syndrome bits for a specific bit position across
/11 all bytes.
Vi
/1 # Arguments
/) * “syndromes” - Vector of syndrome bytes
/)% “bit_index” - Which bit position to extract (0-7)
V4
/// # Returns
/1] Vector of 8 syndrome bits for the specified position
fn get syndrome(&self, syndromes: &[u8], index: usize) -> Vec<u8> {
let mut syndrome bits = vec![0u8; 8];
for i in 0..8 {
let bits = self.u8 to bits(syndromes][i]);
syndrome_bits[i] = bits[index];
}

syndrome_bits

/) Converts a syndrome pattern into an error position index.
/4

/) Maps syndrome patterns to specific bit positions where errors occurred.
/// Returns -1 for invalid or multiple error patterns.

V4

/W # Arguments

/1) * “syndrome” - Byte containing the syndrome pattern

/% Cstats® - Statistics object to update with error information
V4

/)] # Returns

/¥ -1 for invalid/multiple errors

/¥ °0-7" indicating the bit position of a single error
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fn syndrome to index(&self, syndrome: u8, stats: &mut Stats) -> i32

/// Encodes data using Hamming code with additional bit shifting.

V4

match syndrome {

0 = -1, // No error

1]2]14]8={
stats.parity bits errors += [;
-1

H

3= {
stats.corrected informational bits
0

H

5= {
stats.corrected informational bits
1

}

6 = {
stats.corrected _informational bits
2

}

7= {
stats.corrected _informational bits
3

}

9 = {
stats.corrected informational bits
4

}

10 = {
stats.corrected informational bits
5

}

11 = {
stats.corrected informational bits
6

}

12 => {
stats.corrected informational bits
7

}

_=>{
stats.multiple errors += 1;
-1

}

/1) The encoding process:
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/1. Prepares input data by padding if necessary

/) 2. Calculates parity (control) bits

/7 3. Combines data and parity bits

/1 4. Applies horizontal and vertical shifts for better error protection

V4

/) # Arguments

/% “data® - Input data to encode (up to 16 bytes)

/4

/// # Returns

/// 24-byte vector containing the encoded data

pub fn encode(&mut self, data: &[u8]) -> Vec<u8> {
self.clear_steps();
//" Prepare data
let mut data bytes = data.to vec();
data_bytes.resize(self.data_size, 0);

self.add_step(

”Initial data preparation”.to_string(),

data_bytes.clone(),

StepType::DataPreparation,
);
// Calculate and add control bits
let control bytes = self.calculate control bits(&data bytes);
let mut transmit buffer = Vec::with capacity(self.buffer_size);
transmit_buffer.extend from_slice(&data bytes);
transmit_buffer.extend from_slice(&control bytes);

self.add_step(
”Calculated parity bits”.to_string(),
transmit_buffer.clone(),
StepType::ParityCalculation,

);

/] Apply shifts for error protection
let transmit buffer = self.horizontal shift(&transmit buffer, 1);
self.add _step(
”Applied horizontal shift”.to_string(),
transmit_buffer.clone(),
StepType::HorizontalShift,

);

let transmit buffer = self.vertical shift(&transmit buffer, 1);
self.add_step(
”Applied vertical shift”.to_string(),
transmit_buffer.clone(),
StepType:: VerticalShift,
);

transmit_buffer
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/// Decodes data and performs error correction if possible.
/4
/) The decoding process:
/// 1. Reverses vertical and horizontal shifts
/2. Separates data and control bits
/3. Calculates syndromes to detect errors
/1] 4. Attempts to correct single-bit errors
/5. Detects multiple-bit errors
/4
/ # Arguments
/) * received _data® - 24-byte encoded data to decode
V4
/] # Returns
/) Tuple containing:
/- Decoded data (16 bytes)
/// - Statistics about errors found and corrections made
pub fn decode(&mut self, received data: &[u8]) -> (Vec<u8>, Stats) {
self.clear steps();
let mut stats = Stats::default();
let mut receive buffer = received data.to_vec();

self.add_step(
“Received data”.to_string(),
receive_buffer.clone(),
StepType::DataPreparation,

);

// Reverse the shifts
receive buffer = self.vertical shift(&receive buffer, -1);
self.add_step(
”Reversed vertical shift”.to_string(),
receive buffer.clone(),
StepType:: VerticalShift,
);

receive_buffer = self.horizontal shift(&receive buffer, -1);
self.add_step(

”Reversed horizontal shift”.to_string(),

receive buffer.clone(),

StepType::HorizontalShift,
);

// Split and check for errors

let (received info bits, received control bits, calculated control bits) =
self.split receive buffer(&receive buffer);

self.add _step(
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”Split buffer and calculated syndromes(Received Info bits)”.to_string(),
received_info_bits.clone(),
StepType::ErrorDetection,

);

self.add_step(
”Split buffer and calculated syndromes(Received Control bits)”.to_string(),
received control_bits.clone(),
StepType::ErrorDetection,

);

self.add_step(
”Split buffer and calculated syndromes(Calculated Control bits)”.to_string(),
calculated control bits.clone(),

StepType::ErrorDetection,
);

let syndromes: Vec<u8> = received_control_bits
.iter()
.zip(calculated control_bits.iter())
.map(|(&a, &b)| a * b)
.collect();

self.add_step(
”Calculated syndromes”.to_string(),
syndromes.clone(),
StepType::ErrorDetection,

);

let mut matrix = Matrix2D::new(8, self.data_size);
let mut error found = false;

// Process each bit position

for i in 0..8 {
let syndrome bits = self.get syndrome(&syndromes, 1);
let left syndrome = self.bits to u8(&syndrome bits|..4]);
let right syndrome = self.bits to u8(&syndrome bits[4..]);

if left syndrome != 0 || right syndrome != 0 {

error_found = true;

let left error index = sclf.syndrome to index(left syndrome, &mut stats);
let right error_index = self.syndrome to_index(right syndrome, &mut stats);

for j in 0O..self.data size {
let bits = self.u8 to bits(received info bits[j]);
let error_index = if j >= 8 {

right_error index
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} else {
left_error index

he

let should invert = error index >= 0 && j % 8 == error_index as usize;
if should invert {
self.add_step(
format!("Found error at position ({}, {})”, i, j),
received_info_bits.clone(),
StepType::ErrorCorrection,

let bit to set = if should invert {
self.invert_bit(bits[i])

} else {
bits[i]

¥

matrix.set(7 - i, j, bit_to_set);

if lerror found {
stats = Stats::default();

let decoded data = self.matrix_to bytes(&matrix, self.data size);
self.add_step(

”Final decoded data”.to_string(),

decoded_data.clone(),

StepType::FinalResult,

);

(decoded data, stats)

236




237

®daitn: ./src/lib/matrix2d.rs

1 //I' Two-dimensional matrix implementation with efficient rotation operations.

2 /!

3 //I This module provides a matrix structure that uses a flat vector for storage
4 //! and maintains rotation offsets to perform efficient row and column rotations
s //I without actually moving data in memory.

6

7 /// A 2D matrix implementation with efficient rotation capabilities.

8 /I

9 /// Uses a flat vector for storage and maintains separate offset vectors

10 /// for rows and columns to enable efficient rotations.

u #/derive(Debug, Clone)]

12 pub struct Matrix2D<T> {

13 /// Flat storage of matrix elements in row-major order
14 pub(crate) data: Vec<T>,

15 /// Number of rows in the matrix

16 pub(crate) rows: usize,

17 /// Number of columns in the matrix

18 pub(crate) cols: usize,

19 /// Starting offset for each row after rotations

20 pub(crate) row_starts: Vec<usize>,

21 /// Starting offset for each column after rotations
2 pub(crate) col starts: Vec<usize>,

23}

24
25 impl<T: Clone + Default> Default for Matrix2D<T> {
2 fn default() > Self {

27 Self::new(0, 0)

28 }

29 }

30

31 impl<T: Clone + Default> Matrix2D<T> {

32 /// Creates a new matrix from a vector of vectors.

33 V4

34 /) Converts a 2D vector into a flat matrix representation.
35 /" Shorter rows are padded with default values.

36 V4

37 /- Time: O(r¥*c) - needs to copy all elements

38 /1 Space: O(r*c) - stores all elements in flat array

39 /4

40 / # Arguments

41 /% data” - Vector of vectors containing matrix data
@ V4

43 /] # Returns

44 /// New Matrix2D instance with the provided data
45 pub fn from vec(data: Vec<Vec<T>>) -> Self {
46 let rows = data.len();

4 if rows == 0 {
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return Self::new(0, 0);

// Find the longest row length
let cols = data.iter().map(jrow| row.len()).max().unwrap or(0);
if cols == 0 {

return Self::new(rows, 0);

// Flatten the 2D vector into 1D storage with padding
let mut flat data = Vec::with_capacity(rows * cols);
for mut row in data {
// Pad shorter rows with default values
while row.len() < cols {
row.push(T::default());

H
flat_data.extend(row);
}
Matrix2D {
data: flat_data,
Tows,
cols,
row_starts: vec![0; rows],
col starts: vec![0; cols],
¥

/] Creates an empty matrix with specified dimensions.
/4
/// Initializes all elements to their default value.
V4
/) Time: O(r*c) - initializes default values
/7 Space: O(r*c) - flat array storage
/4
/1 # Arguments
/¥ rows® - Number of rows
/% “cols® - Number of columns
pub fn new(rows: usize, cols: usize) -> Self
where
T: Default,

let data = vec![T::default(); rows * cols];
Matrix2D {

data,

rows,

cols,

row_starts: vec![0; rows],

col_starts: vec![0; cols],
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// Get dimensions
pub fn dimensions(&self) -> (usize, usize) {
(self.rows, self.cols)

/1) Gets a reference to the element at specified position.
/4
/1] Takes into account row and column rotations when accessing elements.
V4
/// Time: O(l) - constant time index calculation
/1 Space: O(1) - no additional storage
V4
/ # Arguments
/% row’ - Row index
/) * Ccol” - Column index
V4
/1] # Returns
/// Option containing reference to element if indices are valid
pub fn get(&self, row: usize, col: usize) -> Option<&T> {
if row >= self.rows || col >= self.cols {
return None;

let row_after col rotation = (row + self.rows - self.col starts[col]) % self.rows;
let col after row_rotation = (col + self.row_starts[row_after col rotation]) % self.cols;

let index = row_after col rotation * self.cols + col after row rotation;
Some(&self.data[index])

/1 Sets the value at specified position.

/4

/1) Takes into account row and column rotations when setting elements.

V4

/7 Time: O(1) - constant time index calculation

/ Space: O(1) - no additional storage

/4

/// # Arguments

/) * “row” - Row index

/% “col” - Column index

/% “value® - New value to set

pub fn set(&mut self, row: usize, col: usize, value: T) -> bool {
if row >= self.rows || col >= self.cols {

return false;
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let row_after col rotation = (row + self.rows - self.col starts[col]) % self.rows;
let col after row rotation = (col + self.row_starts[row_after col rotation]) % self.cols;

let index = row_after col rotation * self.cols + col after row_rotation;
self.data[index] = value;
true

/// Rotates a row right by specified amount.
V4
/) Updates row offset without moving data in memory.
/4
/" Time: O(1) - only updates offset
/1 Space: O(1) - modifies existing offset array
V4
/ # Arguments
/)% row’ - Row index to rotate
/% Cshift” - Number of positions to rotate right
pub fn rotate row right(&mut self, row: usize, k: usize) {
if row >= self.rows || self.cols == 0 {
return;
}
let k = k % self.cols;
self.row_starts[row] = (self.row_starts[row] + self.cols - k) % self.cols;

/// Rotates a row left by specified amount.
/4
/) Updates row offset without moving data in memory.
V4
/) Time: O(1) - only updates offset
/// Space: O(1) - modifies existing offset array
V4
/ # Arguments
/)% row’ - Row index to rotate
/% Cshift’ - Number of positions to rotate left
pub fn rotate row left(&mut self, row: usize, k: usize) {
if row >= self.rows || self.cols == 0 {
return;
}
let k = k % self.cols;
self.row_starts[row] = (self.row_starts[row] + k) % self.cols;

/// Rotates a column down by specified amount.

/4

/) Updates column offset without moving data in memory.
V4

/) Time: O(1) - only updates offset
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/1 Space: O(1) - modifies existing offset array
/4
/ # Arguments
/% “col” - Column index to rotate
/¥ shiftt - Number of positions to rotate down
pub fn rotate column down(&mut self, col: usize, k: usize) {
if col >= self.cols || self.rows == 0 {
return;
}
let k = k % self.rows;
self.col_starts[col] = (self.col starts[col] + k) % self.rows;

/// Rotates a column up by specified amount.
V4
/) Updates column offset without moving data in memory.
/4
/) Time: O(1) - only updates offset
/1 Space: O(1) - modifies existing offset array
/4
/I # Arguments
/% col” - Column index to rotate
/¥ shift’ - Number of positions to rotate up
pub fn rotate column up(&mut self, col: usize, k: usize) {
if col >= self.cols || self.rows == 0 {
return;
}
let k = k % sclf.rows;
self.col_starts[col] = (self.col starts[col] + self.rows - k) % self.rows;

// Convert to Vec<Vec<T>>
// Time: O(r*c) - must copy all elements
// Space: O(r*c) - creates new 2D vector
pub fn to vec(&self) -> Vec<Vec<T>>
where

T: Clone,

let mut result = Vec::with_capacity(self.rows);
for row in 0O..self.rows {
let mut row vec = Vec::with_ capacity(self.cols);
for col in O..self.cols {
row_vec.push(self.get(row, col).unwrap().clone());

}
result.push(row_vec);
}
result
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244 // Display the matrix

245 // Time: O(r*c) - prints all elements
246 // Space: O(1) - no additional storage
247 pub fn display(&self)

248 where

249 T: std::fmt::Display,

250 {

251 for row in 0..self.rows {
252 for col in 0..self.cols {
253 print!({} 7, self.get(row, col).unwrap());
254 }

255 println!();

256 }

257 println!();

258 }

259 }




®daiin: ./src/lib/mod.rs
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1 //I' Hamming Code implementation for error detection and correction in data transmission.

2 /!

3 //I This crate provides:

4 //I - Hamming code encoding and decoding
s /I - Error detection and correction capabilities

6 /! - Matrix operations for data manipulation

7 /! -
8

9 pub
10 pub

GUI interface for visualization

mod codec;
mod matrix2d;
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1 use hammingcodec::codec:: {HammingCodec, Stats, StepType};

2

3 #[test]

4 fn test encode decode no_errors() {

5 let mut codec = HammingCodec::new();
6 let original = b”Hello, World!”.to_vec();
7 let encoded = codec.encode(&original);

8 let (decoded, stats) = codec.decode(&encoded);
9 assert_eq!(&original[..], &decoded[..original.len()]);

10 assert_eq!(stats.corrected informational bits, 0);
1 assert_eq!(stats.multiple_errors, 0);

12 assert_eq!(stats.parity_bits_errors, 0);

13}

15 #[test]

16 fn test error correction() {

17 let mut codec = HammingCodec::new();

18 let original = b”Hello, World!”.to vec();

19 let mut encoded = codec.encode(&original);
20

21 // Introduce a single bit error

2 encoded[0] "= 1;

23

24 let (decoded, stats) = codec.decode(&encoded);
25 assert_eq!(&original[..], &decoded]..original.len()]);

26 assert!(stats.corrected_informational bits > 0 || stats.parity bits_errors > 0);
27 assert_eq!(stats.multiple_errors, 0);

28}

29

30 #[test]

31 fn test multiple errors() {

2 let mut codec = HammingCodec::new();

33 let original = b”Hello, World!”.to_vec();

34 let mut encoded = codec.encode(&original);
35

36 // Introduce multiple bit errors

37 encoded[0] "= 3; // Sets two bits

38

39 let (decoded, stats) = codec.decode(&encoded);

40 assert!(

41

44 );
45}

46

41 #[test]

stats.corrected informational bits > 0
|| stats.parity bits errors > 0
|| stats.multiple errors > 0
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fn test bit conversion() {

let codec = HammingCodec::new();
let value = 0b10110001us8;

let bits = codec.u8 to bits(value);
let result = codec.bits to u8(&bits);
assert_eq!(value, result);

#[ test]
fn test control bits() {

let codec = HammingCodec::new();

let mut data = vec![0u8; 16]; // Use full data size

data[0] = 0b10110001u8;
data[1] = 0b11001100u8;

let control = codec.calculate control bits(&data);
assert_eq!(control.len(), 8); // Should have § control bytes
assert!(!control.iter().all(|&x| x == 0)); // At least some bits should be set

#[ test]
fn test default codec() {

let mut codec = HammingCodec::default();
let data = vec![l, 2, 3];

let encoded = codec.encode(&data);
assert_eq!(encoded.len(), 24); // buffer size
let (_decoded, ) = codec.decode(&encoded);
assert_eq!(_decoded.len(), 16); / data size

#[ test]
fn test _clear steps() {

let mut codec = HammingCodec::new();
let data = vec![1, 2, 3];
codec.encode(&data);
assert!(!codec.steps.is_empty());
codec.clear_steps();
assert!(codec.steps.is_empty());

#[ test]

fn test bits conversion() {

let codec = HammingCodec::new();

// Test u8 to bits

let bits = codec.u8 to bits(0b10101010);
assert_eq!(bits, vec![0, 1, 0, 1, 0, 1, 0, 1]);

// Test bits to u8

let value = codec.bits_to u8(&[0, 1, 0, 1, 0, 1, O,

1]
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assert_eq!(value, 0b10101010);

#[ test]
fn test step tracking() {

let mut codec = HammingCodec::new();
let data = vec![1, 2, 3];
let encoded = codec.encode(&data);

// Check step descriptions
assert!(codec

.steps

.iter()

.any(|s| s.description == “Initial data preparation”));
assert!(codec

.steps

.iter()

.any(|s| s.description == “Calculated parity bits”));
assert!(codec

.steps

.iter()

.any(|s| s.description == “Applied horizontal shift”));
assert!(codec

.steps

.ter()

.any(|s| s.description == “Applied vertical shift”));

#[ test]
fn test stats tracking() {

let mut codec = HammingCodec::new();
let data = vec![l, 2, 3];
let encoded = codec.encode(&data);

// Test with no errors

let (_, stats) = codec.decode(&encoded);
assert_eq!(stats.corrected informational bits, 0);
assert_eq!(stats.multiple errors, 0);
assert_eq!(stats.parity_bits_errors, 0);

// Test with single error

let mut corrupted = encoded.clone();
corrupted[0] "= 1; // Flip one bit

let (_, stats) = codec.decode(&corrupted);
assert_eq!(stats.corrected informational bits, 1);

assert_eq!(stats.multiple errors, 0);

// Test with multiple errors
let mut multi_corrupted = encoded.clone();
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// Create an invalid syndrome pattern by corrupting specific bits
multi_corrupted[16] "= 0bl111; // Corrupt parity bits

let (_, stats) = codec.decode(&multi_corrupted);
assert!(stats.multiple errors > 0 || stats.parity bits errors > 0);

#[ test]
fn test empty input() {

let mut codec = HammingCodec::new();
let encoded = codec.encode(&[]);
assert_eq!(encoded.len(), 24); // buffer size

let (decoded, stats) = codec.decode(&encoded);
assert_eq!(decoded.len(), 16); // data size
assert_eq!(stats.corrected informational bits, 0);

#[ test]
fn test parity bit _errors() {

let mut codec = HammingCodec::new();
let data = vec![l, 2, 3];
let encoded = codec.encode(&data);

// Test parity bit errors (syndromes 1, 2, 4, 8)
let mut corrupted = encoded.clone();
corrupted[16] ~= Obl; // Create a parity bit error
let (_, stats) = codec.decode(&corrupted);
assert_eq!(stats.parity_bits_errors, 1);
assert_eq!(stats.corrected informational bits, 0);
assert_eq!(stats.multiple_errors, 0);

#[ test]
fn test no errors_found() {

let mut codec = HammingCodec::new();
let data = vec![l, 2, 3];
let encoded = codec.encode(&data);

// Test case where error_found remains false
let (decoded, stats) = codec.decode(&encoded);
assert_eq!(stats.corrected informational bits, 0);
assert_eq!(stats.multiple errors, 0);
assert_eq!(stats.parity bits_errors, 0);
assert_eq!(&decoded]..data.len()], &data[..]);

#[ test]
fn test all syndrome patterns() {

let mut codec = HammingCodec::new();
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let data = vec![1, 2, 3];

let encoded = codec.encode(&data);
// Test with no errors
let (_, stats) = codec.decode(&encoded);
assert_eq!(stats.corrected informational bits, 0);
assert_eq!(stats.multiple errors, 0);
assert_eq!(stats.parity_bits_errors, 0);
// Test parity bit errors
let mut corrupted = encoded.clone();
corrupted[16] *= 1; // Set first parity bit error
let (_, stats) = codec.decode(&corrupted);
assert_eq!(stats.parity_bits_errors, 1);
assert_eq!(stats.corrected informational bits, 0);
assert_eq!(stats.multiple errors, 0);
// Test single correctable error
let mut corrupted = encoded.clone();
corrupted[0] *= 1; // Single bit error
let (_, stats) = codec.decode(&corrupted);
assert_eq!(stats.corrected informational bits, 1);
assert_eq!(stats.multiple errors, 0);
assert_eq!(stats.parity_bits_errors, 0);
// Test multiple errors by creating errors in the same bit position in different bytes
let mut corrupted = encoded.clone();
println!("\nOriginal encoded data: {:?}”, encoded);
corrupted[2] = 0b0000 _0100; // First error in bit 0 of first byte
corrupted[4] = 0b0001 0000;
println!("Corrupted data: {:?}”, corrupted);
let (decoded, stats) = codec.decode(&corrupted);
println!("Decoded data: {:?}”, decoded);
println!(
”Stats: {{ corrected bits: {}, multiple errors: {}, parity errors: {} }}”,
stats.corrected informational bits, stats.multiple errors, stats.parity bits_errors
)i
assert!(
stats.multiple errors > 0,
”Expected multiple errors to be detected”
)i
assert_eq!(stats.corrected informational bits, 0);
assert_eq!(stats.parity bits_errors, 0);
}
#[test]

fn test error position tracking() {
let mut codec = HammingCodec::new();
let data = vec![l, 2, 3];
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249

244 let encoded = codec.encode(&data);

245

246 // Create an error that should be detected and corrected
247 let mut corrupted = encoded.clone();

248 corrupted[0] "= 1; // Flip one bit
249
250 let (|, ) = codec.decode(&corrupted);

251

252 // Check if error position was logged in steps
253 let error_steps: Vec< > = codec

254 .steps

255 Jter()

256 filter(|step| step.description.starts with("Found error at position”))
257 .collect();

258

259 assert!(

260 lerror_steps.is_empty(),

261 ”Error position should be logged in steps”
262 );

263 }
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use hammingcodec::codec::HammingCodec;

use std::collections::HashMap;

#[ derive(Default)]
struct ErrorStats {

corrected_informational bits: usize,

multiple errors: usize,

parity bits_errors: usize,

count_experiments: usize,

#[ test]

fn test comprehensive error correction() {

let mut codec = HammingCodec::new();
let original = b”Hello, World!”.to_vec();
let encoded = codec.encode(&original);

// Initialize global statistics

let mut global stats: HashMap<usize, ErrorStats> = HashMap::new();
for i in 1..=8 {

global_stats.insert(i, ErrorStats::default());

// Test each position in the encoded data

for pos in 0..encoded.len() {

// Test each possible error pattern (I to 255)
for error pattern in 1.=255 {

// Create a copy of the encoded data
let mut test data = encoded.clone();

// Apply the error pattern to the current position
test data[pos] "= error pattern;

// Count the number of bits set in the error pattern

let error count = error_pattern.count_ones() as usize;

// Decode and collect statistics
let (decoded, stats) = codec.decode(&test data);

// Update global statistics

let global stat = global stats.get mut(&error count).unwrap();

global stat.corrected informational bits += stats.corrected informational bits;
global stat.multiple errors += stats.multiple errors;

global stat.parity bits_errors += stats.parity bits_errors;

global stat.count experiments += 1;

// Print current test details
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println!(

2

< Position:{:02}| Error Vector:{:08b}| {} | Corrected Info Bits:{} | Parity Bits Errors:{} | Multiple Er

2
>

pos,

error_pattern,

if stats.multiple errors == 0 { “Passed” } else { “Failed” },
stats.corrected _informational bits,

stats.parity bits_errors,

stats.multiple errors

);

// Verify correction was successful if no multiple errors
if stats.multiple errors == 0 {
assert_eq!(&original[..], &decoded]..original.len()]);

// Print results
println!(’\n\n\n\nTest Results:\n\n");
println!(
”Index | CountExperiments | CorrectedInformationalBits | MultipleErrors | ParityBitsErrors”
)i
for i in 1..=8 {
let stats = global stats.get(&i).unwrap();
println!(
ISR IR G IR S U € S U
1,
stats.count_experiments,
stats.corrected informational bits,
stats.multiple errors,
stats.parity bits_errors

);

// Add some basic assertions to verify expected behavior
if i =1 {
// Single bit errors should always be correctable
assert_eq!(stats.multiple_errors, 0);
assert!(stats.corrected_informational bits > 0 || stats.parity bits_errors > 0);
} else {
// Multiple bit errors should be either corrected or detected
assert!(
stats.corrected _informational bits > 0
|| stats.parity bits errors > 0
|| stats.multiple errors > 0
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}

// Additional test to cover edge cases

#[ test]

fn test comprehensive edge cases() {
let mut codec = HammingCodec::new();
let original = b”Test”.to_vec();
let encoded = codec.encode(&original);

// Test with no errors

let (decoded, stats) = codec.decode(&encoded);
assert_eq!(&original[..], &decoded]..original.len()]);
assert_eq!(stats.corrected informational bits, 0);
assert_eq!(stats.multiple errors, 0);
assert_eq!(stats.parity_bits_errors, 0);

// Test with maximum error pattern

let mut test data = encoded.clone();
test_data[0] ~= OxFF; // All bits flipped

let (decoded, stats) = codec.decode(&test data);
assert!(stats.multiple_errors == 0);

// Test with error in last position

let mut test data = encoded.clone();

test_data[encoded.len() - 1] "= 1;

let (decoded, stats) = codec.decode(&test data);

assert!(stats.corrected informational bits > 0 || stats.parity bits errors > 0);

// Test to verify error statistics consistency

#[ test]

fn test error_ statistics consistency() {
let mut codec = HammingCodec::new();
let original = b”A”.to_vec(); // Single character to keep test duration reasonable
let encoded = codec.encode(&original);

let mut stats map: HashMap<(usize, u8), (usize, usize, usize)> = HashMap::new();

// Test each position with each single-bit error
for pos in 0..encoded.len() {
for bit in 0..8 {
let error pattern = | << bit;
let mut test data = encoded.clone();
test_data[pos] "= error_pattern;

let (_, stats) = codec.decode(&test data);

// Store statistics for this position and error pattern
stats map.insert(
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253

144 (pos, error_pattern),

145 (

146 stats.corrected informational bits,

147 stats.multiple_errors,

148 stats.parity bits_errors,

149 ),

150 );

151

152 // Verify same error pattern produces consistent results
153 let mut test data2 = encoded.clone();

154 test_data2[pos] "= error_ pattern;

155 let (_, stats2) = codec.decode(&test datal);

156

157 assert_eq!(

158 stats.corrected informational bits,

159 stats2.corrected informational bits

160 );

161 assert_eq!(stats.multiple _errors, stats2.multiple errors);
162 assert_eq!(stats.parity bits_errors, stats2.parity bits_errors);
163 }

164 }

165 }
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use hammingcodec::matrix2d::Matrix2D;

#[ test]

fn test matrix_creation() {
let data = vec![vec![l, 2, 3], vec![4, 5, 6]];
let matrix = Matrix2D::from_vec(data);

assert_eq!(matrix.dimensions(), (2, 3));

}

#[ test]
fn test matrix_set get() {
let mut matrix: Matrix2D<i32> = Matrix2D::new(2, 2);
matrix.set(0, 0, 1);
matrix.set(0, 1, 2);
matrix.set(1, 0, 3);
matrix.set(1, 1, 4);

assert_eq!(matrix.get(0, 0).unwrap(), &1);
assert_eq!(matrix.get(0, 1).unwrap(), &2);
assert_eq!(matrix.get(1, 0).unwrap(), &3);
assert_eq!(matrix.get(1, 1).unwrap(), &4);

#[ test]
fn test matrix_bounds() {

let matrix: Matrix2D<i32> = Matrix2D::new(2, 2);
assert!(matrix.get(2, 0).is_none());
assert!(matrix.get(0, 2).is_none());
assert!(matrix.get(2, 2).is_none());

}

#[ test]

fn test row rotation() {

let data = vec![vec![l, 2, 3], vec![4, 5, 6]];
let mut matrix = Matrix2D::from_vec(data);
matrix.rotate_row_right(0, 1);
let result = matrix.to_vec();
assert_eq!(result[0], vec![3, 1, 2]);
assert_eq!(result[1], vec![4, 5, 6]);

H

#[test]

fn test column_rotation() {
let data = vec![vec![l, 2, 3], vec![4, 5, 6], vec![7, 8, 9]];
let mut matrix = Matrix2D::from_vec(data);
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matrix.rotate_column_down(0, 1);
let result = matrix.to_vec();
assert_eq!(result[0][0], 7);
assert_eq!(result[1][0], 1);
assert_eq!(result[2][0], 4);

#[ test]

fn test combined rotations() {
let data = vec![vec![l, 2, 3], vec![4, 5, 6], vec![7, 8, 9]];
let mut matrix = Matrix2D::from_vec(data);

matrix.rotate_row_right(0, 1);

matrix.rotate_column_down(0, 1);

let result = matrix.to_vec();
assert_eq!(result[0][0], 7);
assert_eq!(result[0][1], 1);
assert_eq!(result[0][2], 2);

#[ test]

fn test empty matrix() {
let matrix: Matrix2D<i32> = Matrix2D::new(0, 0);
assert_eq!(matrix.dimensions(), (0, 0));

#[ test]
fn test large rotation values() {
let data = vec![vec![1, 2], vec![3, 4]];
let mut matrix = Matrix2D::from_vec(data);

// Rotating by size of matrix should give same result
matrix.rotate_row_right(0, 2);
let result = matrix.to_vec();
assert_eq!(result[0], vec![1, 2]);
}
#[ test]

fn test default matrix() {
let matrix: Matrix2D<i32> = Matrix2D::default();
assert _eq!(matrix.dimensions(), (0, 0));

#[ test]

fn test empty from vec() {
let data: Vec<Vec<i32>> = vec![];
let matrix = Matrix2D::from_vec(data);
assert_eq!(matrix.dimensions(), (0, 0));
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97 }

98

99 #/test]

100 fn test rotate empty matrix() {

101 let mut matrix: Matrix2D<i32> = Matrix2D::new(0, 0);
102 matrix.rotate_row_right(0, 1); // Should not panic

103 matrix.rotate_row_left(0, 1); // Should not panic

104 matrix.rotate_column_up(0, 1); // Should not panic

105 matrix.rotate_column_down(0, 1); // Should not panic
106 }

107
108 #[test]
100 fn test_invalid rotations() {

110 let mut matrix = Matrix2D::new(2, 2);

111 matrix.set(0, 0, 1);

112 matrix.set(0, 1, 2);

13 matrix.set(1, 0, 3);

114 matrix.set(1, 1, 4);

115

116 // Test invalid row rotations

17 matrix.rotate_row_right(5, 1); // Invalid row index

118 matrix.rotate_row_left(5, 1); // Invalid row index

119

120 // Test invalid column rotations

121 matrix.rotate_column_up(5, 1); // Invalid column index
122 matrix.rotate_column_down(5, 1); // Invalid column index
123

124 // Verify matrix wasn't changed

125 assert_eq!(matrix.get(0, 0), Some(&1));
126 assert_eq!(matrix.get(0, 1), Some(&2));

127 assert_eq!(matrix.get(1, 0), Some(&3));
128 assert_eq!(matrix.get(1, 1), Some(&4));
129 }

130

131 #[test]
2 fn test display output() {

1

w

133 let mut matrix = Matrix2D::new(2, 2);

134 matrix.set(0, 0, 1);

135 matrix.set(0, 1, 2);

136 matrix.set(1, 0, 3);

137 matrix.set(1, 1, 4);

138

139 // Just call display to ensure it doesn't panic
140 matrix.display();

141}

142

143 #[ test]

144 fn test large rotations() {

145 let mut matrix = Matrix2D::new(2, 2);

256



146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

1

N

1

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

1

)

3

184

185

186

187

188

189

190

191

192

193

194

matrix.set(0, 0, 1);
matrix.set(0, 1, 2);
matrix.set(1, 0, 3);
matrix.set(1, 1, 4);

// Test rotations larger than dimensions
matrix.rotate_row_right(0, 5); // Should be equivalent to rotating by 1
assert_eq!(matrix.get(0, 0), Some(&2));
assert_eq!(matrix.get(0, 1), Some(&1));

matrix.rotate_column_down(0, 6); // Should be equivalent to no rotation
assert_eq!(matrix.get(0, 0), Some(&2));
assert _eq!(matrix.get(1, 0), Some(&3));

#[ test]
fn test invalid get set() {

let mut matrix = Matrix2D::new(2, 2);

// Test invalid get

assert_eq!(matrix.get(2, 0), None);
assert _eq!(matrix.get(0, 2), None);
assert_eq!(matrix.get(2, 2), None);

// Test invalid set

assert_eq!(matrix.set(2, 0, 1), false);
assert_eq!(matrix.set(0, 2, 1), false);
assert_eq!(matrix.set(2, 2, 1), false);

#[ test]

fn test empty row from vec() {

let data: Vec<Vec<i32>> = vec![vec![]];
let matrix = Matrix2D::from_vec(data);
assert_eq!(matrix.dimensions(), (1, 0));

#[ test]
fn test uneven rows from vec() {

let data: Vec<Vec<i32>> = vec![vec![l, 2], vec![1]];
let matrix = Matrix2D::from_vec(data);

assert _eq!(matrix.dimensions(), (2, 2)); // Should use longest row length

#[ test]

fn test short rows from vec() {

let data: Vec<Vec<i32>> = vec![vec![1], vec![l, 2]];
let matrix = Matrix2D::from_vec(data);
assert_eq!(matrix.dimensions(), (2, 2)); // Should use longest row length
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258

195 assert_eq!(matrix.get(0, 0), Some(&1));

196 assert_eq!(matrix.get(0, 1), Some(&0)); // Default value for padded cell
197 assert_eq!(matrix.get(1, 0), Some(&1));

198 assert_eq!(matrix.get(1, 1), Some(&2));

199 }

200

201 #[test]

202 fn test uneven rows_data from vec() {

203 let data: Vec<Vec<i32>> = vec![vec![l, 2], vec![3]];
204 let matrix = Matrix2D::from_vec(data);

205 assert_eq!(matrix.get(0, 0), Some(&1));

206 assert_eq!(matrix.get(0, 1), Some(&2));

207 assert _eq!(matrix.get(1, 0), Some(&3));

208 }

209

210 #[test]

21 fn test short rows data from vec() {

212 let data: Vec<Vec<i32>> = vec![vec![1], vec![2, 3]];
213 let matrix = Matrix2D::from_vec(data);

214 assert_eq!(matrix.get(0, 0), Some(&1));

215 assert_eq!(matrix.get(1, 0), Some(&2));

216 }

217

218 #[test]

219 fn test uneven rows edge cases() {

220 // Test with first row longer than others

21 let data = vec![vec![l, 2, 3], vec![4], vec![7, 8]];
222 let matrix = Matrix2D::from_vec(data);

23 assert_eq!(matrix.dimensions(), (3, 3));

224 assert_eq!(matrix.get(0, 0), Some(&1));
225 assert_eq!(matrix.get(0, 1), Some(&2));
226 assert_eq!(matrix.get(0, 2), Some(&3));
227 assert_eq!(matrix.get(1, 0), Some(&4));
228 assert_eq!(matrix.get(2, 0), Some(&7));

229 assert _eq!(matrix.get(2, 1), Some(&8));

230

231 // Test with middle row longer than others

232 let data = vec![vec![l], vec![4, 5, 6], vec![7]];
233 let matrix = Matrix2D::from_vec(data);

234 assert_eq!(matrix.dimensions(), (3, 3));

235 assert_eq!(matrix.get(0, 0), Some(&1));
236 assert _eq!(matrix.get(1, 0), Some(&4));
237 assert_eq!(matrix.get(1, 1), Some(&5));
238 assert_eq!(matrix.get(1, 2), Some(&6));
239 assert_eq!(matrix.get(2, 0), Some(&7));
240 }

241

w2 #[test]

243 fn test_zero_dimension operations() {



244
245
246
247
248
249
250
251
252
253
254
255
256
257
258 }

259

// Test matrix with zero columns

let matrix: Matrix2D<i32> = Matrix2D::new(2,
assert_eq!(matrix.dimensions(), (2, 0));
matrix.display(); / Should not panic

// Test matrix with zero rows

let matrix: Matrix2D<i32> = Matrix2D::new(0,
assert_eq!(matrix.dimensions(), (0, 2));
matrix.display(); / Should not panic

// Test completely empty matrix

let matrix: Matrix2D<i32> = Matrix2D::new(0,
assert_eq!(matrix.dimensions(), (0, 0));
matrix.display(); / Should not panic

20 #[test]
261 fn test display empty matrix() {

262
263
264
265
266
267
268
269

270 }

let matrix: Matrix2D<i32> = Matrix2D::new(0,
matrix.display(); // Should just print newline

let matrix: Matrix2D<i32> = Matrix2D::new(1,
matrix.display(); / Should just print newline

let matrix: Matrix2D<i32> = Matrix2D::new(0,
matrix.display(); // Should just print newline

0);

D)):

0);

0);

0);

1);

259
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®daiin: ./tests/mod.rs

1 mod codec;
> mod comprehensive;
3 mod matrix2d;
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IIporpamumii kox daitn: ./src/bin/gui.rs

261

use

use
use

eframe::egui:: {self, Color32, RichText, Vec2};
use egui_plot::{Line, Plot, PlotPoints, Points};

prediction::Is:: {StepType, LS};

rand::prelude::*;

const ICON DATA: &str = 717
const ICON POLY: &str = 717
const ICON_CALC: &str = 7”17
const ICON_RESULT: &str = 7117
const ICON_PREDICT: &str = 77;

struct ThemeColors {

strong_text: Color32,

struct PredictionApp {

Is: LS,

n_input: String,

m_input: String,

x_predict: String,

error_text: String,
prediction_result: Option<f64>,
plot_points: Vec<[f64; 2]>,
predicted points: Vec<[f64; 2]>,
function_points: Vec<[f64; 2]>,
critical level input: String,
critical level: Option<f64>,
intersection_point: Option<[f64; 2]>,
plot_bounds: PlotBounds,



30
31
3
33
34
35
36
37
38
39
40
41
0
03
4}

45

show all orders: bool,

all order points: Vec<(usize, Vec<[f64; 2]>)>, // (order, points)
cached coefficients: Vec<(usize, Vec<t64>)>, // (order, coefficients)
needs_recalculation: bool,

// Simulation state

is_simulating: bool,

simulation_step: usize,

simulation_data: Vec<[f64; 2]>,

simulation_speed: 64, // seconds between steps

last_simulation_time: Option<std::time::Instant>,

simulation_progress: 32, // Progress indicator (0.0 to 1.0)
simulation_auto_order: bool, // Whether to automatically adjust model order
simulation_paused: bool, // Whether simulation is paused

simulation_events: Vec<(usize, String)>, // Time sample and description of significant events

46 struct PlotBounds {

47
48
49
50
51
52
53
54

55}

56

x_min: 64,
x_max: f64,
y_min: f64,
y_max: f64,
base x_min: f64,
base x max: f64,
base y min: f64,
base y max: f64,

s7 impl Default for PlotBounds {

58
59
60
61
62
63
64
65
66
67
68
69

70 }

71

fn default() -> Self {
Self {
x_min: 0.0,
x_max: 15.0,
y_min: 447.0, // Set reasonable defaults for water level
y_max: 450.0, // Set reasonable defaults for water level
base x_min: 0.0,
base x max: 15.0,
base y min: 447.0, // Set reasonable defaults for water level
base y max: 450.0, // Set reasonable defaults for water level

72 impl Default for PredictionApp {

74

75

76

78

fn default() -> Self {
let mut Is = LS::new(10, 3);
Is.initialize points();

Self {
Is,
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80
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95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

n_input: ’10”.to_string(),
m_input: ’3”.to_string(),
x_predict: 710.0”.to_string(),
error_text: String::new(),
prediction_result: None,
plot_points: Vec::new(),
predicted points: Vec::new(),
function_points: Vec::new(),
critical level input: "448.5”.to_string(),
critical level: Some(448.5),
intersection_point: None,

plot bounds: PlotBounds::default(),
show_all orders: false,

all order points: Vec::new(),
cached coefficients: Vec::new(),
needs_recalculation: true,

// Initialize simulation state
is_simulating: false,
simulation_step: 0,

simulation data: Vec::new(),
simulation_speed: 1.0,

last simulation time: None,
simulation_progress: 0.0,
simulation_auto_order: true,
simulation paused: false,

simulation_events: Vec::new(),

impl PredictionApp {
fn get theme colors(&self, ui: &egui::Ui) -> ThemeColors {
ThemeColors {

strong_text: wi.visuals().strong_text color(),

fn display main_panel(&mut self, ui: &mut egui::Ui) {
ui.vertical centered(|ui| {

// Title

ui.add_space(8.0);

ui.heading(”Water Level Prediction System”);
ui.add_space(8.0);

// Main content
ui.horizontal(|ui| {
// Left panel - Configuration and Data
ui.vertical(jui| {
let panel width = ui.available width().min(300.0);
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129

130
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144
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159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

// Model Configuration

ui.group(|ui| {
ui.set width(panel width);
ui.heading("Model Configuration”);
ui.add_space(4.0);

// Model parameters
ui.horizontal(ui| {
ui.label("Data Points:”);
ui.add_sized(
[60.0, 20.0],
egui:: TextEdit::singleline(&mut self.n_input),
)i
1
ui.horizontal(|ui| {
ui.label("Model Order:”);
ui.add_sized(
[60.0, 20.0],
egui::TextEdit::singleline(&mut self.m_input),
)i
$)s
ui.checkbox(&mut self.show_all orders, ”Show all orders™);
ui.horizontal(jui| {
ui.label(”Critical Level:”);
let response = ui.add_sized(
[60.0, 20.0],
egui::TextEdit::singleline(&mut self.critical level input),
)i
if response.changed() {
if let Ok(level) = self.critical level input.parse::<f64>() {
self.critical_level = Some(level);

self.needs_recalculation = true;

Hs
H;

ui.add_space(8.0);

// Historical Data

ui.group(|ui| {
ui.set_width(panel width);
ui.heading(”Historical Data”);
ui.add_space(4.0);

egui::ScrollArea::vertical()
.max_height(200.0)
.show(ui, [ui| {

264



177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205
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207
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210

211
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214
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265

egui::Grid::new(”data_grid”)

.striped(true)

.spacing([8.0, 4.0])

.show(ui, |ui| {
ui.strong("Time samples”);
ui.strong(”’Value™);
ui.strong(”Level”);

ui.end_row();

for i in 0..self.ls.x.len() {
ui.label(format!(”{}:”, i + 1));
let mut x = format!(”{:.2}”, self.ls.x[i]);
let mut y = format!(”{:.2}”, self.ls.y[i]);
let x _response = ui.add_sized(
[60.0, 20.0],
egui::TextEdit::singleline(&mut x),
)i
let y response = ui.add_sized(
[60.0, 20.0],
egui::TextEdit::singleline(&mut y),
)i

if x_response.changed() {
if let Ok(value) = x.parse::<f64>() {
self.ls.x[i] = value;
self.needs_recalculation = true;
self.update plot data();

if y response.changed() {
if let Ok(value) = y.parse::<f64>() {
self.ls.y[i] = value;
self.needs_recalculation = true;
self.update plot_data();

}

ui.end_row();

}s
Hs
I3K

ui.add_space(4.0);
ui.horizontal([ui| {
if ui.button(”Add”).clicked() {
self.add data_point();
}

if ui.button("Remove”).clicked() {
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229

230
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237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

self.remove_last point();

}

if ui.button(”Clear”).clicked() {
self.clear_all_data();

s
ui.add_space(8.0);

// Actions
ui.group(|ui| {
ui.set_width(panel width);
if ui.button(”Load Sample Data”).clicked() {
self.load _sample data();
}
if ui.button(”Calculate Model”).clicked() {
self.calculate_model();

// Prediction
ui.add_space(4.0);
ui.horizontal(|ui| {
ui.label("Predict at time sample:”);
ui.add_sized(
[60.0, 20.0],
egui:: TextEdit::singleline(&mut self.x_predict),
)i
if ui.button(”Calculate”).clicked() {
self.calculate prediction();

D

// Results display

if let Some(result) = self.prediction_result {
ui.label(format!(”Predicted: {:.2} m”, result));

}

if let Some([x, y]) = self.intersection_point {
ui.label(format!(”Critical at: {:.1} time samples ({:.2} m)”, X, y));

$)s
// Error display
if !self.error text.is_empty() {

ui.add_space(4.0);
ui.colored label(Color32::from rgb(255, 0, 0), &self.error_text);

s

ui.add_space(8.0);
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276
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280
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284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

/" Right panel - Plot
ui.vertical(|ui| {
let available width = ui.available width();
let available height = ui.available height();
let plot_size =
Vec2::new(available width.min(800.0), available height.min(500.0));

Plot::new(water level plot”)
.view_aspect(2.0)
.show_axes([true, true])
.show_grid(true)
.allow_zoom(false)
.allow_drag(false)
.min_size(plot_size)

.include x(self.plot_bounds.x_min)

.include_x(self.plot_bounds.x max)

.nclude y(self.plot bounds.y min)

.include_y(self.plot_bounds.y max)

.show(ui, |plot ui| {
self.plot_data(plot_ui);

1

// Simple legend

ui.horizontal(|ui| {
ui.label("—");
ui.label("Model”);
ui.add_space(8.0);
ui.colored label(Color32::from_rgb(255, 0, 0), - -7);
ui.label(”Critical”);
ui.add_space(8.0);
ui.colored label(Color32::from_rgb(66, 135, 245), 7e”);
ui.label(”Data”);

1);

1
1
1

fn display data panel(&mut self, ui: &mut egui::Ui, width: 32) {
egui::Frame::none()
fill(ui.visuals().extreme bg color)
.inner_margin(16.0)
.rounding(8.0)
.show(ui, [ui| {
ui.set_min_width(width);
ui.vertical(|ui| {
ui.heading(RichText::new(format!(”{} Historical Data”, ICON_DATA)).strong());
ui.add space(12.0);
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328

329

330

331

332

333

334

335

336

337

338

339

340

341
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343

344
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346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

// Data Points Table

egui::ScrollArea::vertical()
.max_height(400.0)

.show(ui, [ui] {

egui::Grid::new(”data_points_grid”)

.striped(true)
.spacing([12.0, 8.0])
.show(ui, [ui| {

s

// Headers

ui.strong(”Time samples”);
ui.strong(”Value”);
ui.strong(”Level”);

ui.end_row();

// Data points
for i in 0..selfls.x.len() {

ui.label(format!(”{}:”, i + 1));
let mut x = format!(”{:.4}”, self.ls.x[i]);
let mut y = format!(’{:.4}”, selfls.y[i]);

let x response = ui.add sized(

[80.0, 24.0],

egui:: TextEdit::singleline(&mut x),
);
let y response = ui.add_sized(

[80.0, 24.0],

egui:: TextEdit::singleline(&mut y),
);

if x_response.changed() {
if let Ok(value) = x.parse::<f64>() {
self.1s.x[i] = value;
self.needs_recalculation = true;
self.update plot_data();

if y response.changed() {
if let Ok(value) = y.parse::<f64>() {
self.ls.y[i] = value;
self.needs_recalculation = true;
self.update plot data();

ui.end_row();
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375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

1)
ui.add_space(12.0);

// Data Management Buttons
ui.horizontal(|ui| {
if ui.button(”Add Point”).clicked() {
self.add data_point();
}
if ui.button("Remove Last”).clicked() {
self.remove last point();
}
if ui.button(’Clear All”).clicked() {
self.clear_all_data();

s
Hs
}s

fn display plot and results panel(&mut self, ui: &mut egui::Ui, width: £32) {
egui::Frame::none()
fill(ui.visuals().extreme _bg_color)
.inner_margin(16.0)
.rounding(8.0)
.show(ui, |ui| {
ui.set min_ width(width);
ui.vertical(|ui| {
//" Plot Section
ui.heading(RichText::new(format!(”{} Water Level Trend”, ICON_POLY)).strong());
ui.add space(12.0);

// Plot Controls in a horizontal layout with proper spacing
ui.horizontal(|ui| {

let button_size = Vec2::new(80.0, 24.0);

if ui

.add_sized(button_size, egui::Button::new(”| Zoom In”))

.clicked()
{
self.zoom_in();
}
if ui
.add_sized(button_size, egui::Button::new(”[| Zoom Out”))
.clicked()
{
self.zoom_out();
}
if ui

.add_sized(button_size, egui::Button::new(”Reset View”))
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.clicked()

self.reset_zoom();

1
ui.add_space(8.0);

// Calculate available height for the plot
let available height = ui.available height();
let plot height = if width < 400.0 {

(available height * 0.4).min(300.0) // 40% of available height or 300px max
} else if width < 800.0 {

(available height * 0.5).min(400.0) // 50% of available height or 400px max
} else {

(available height * 0.6).min(500.0) // 60% of available height or 500px max

}s

// Create a container for the plot with fixed size

let plot width = width - 32.0; // Account for margins

egui::Frame::none()

fill(ui.visuals().extreme bg color)
.show(ui, [ui] {
// Main Plot with responsive sizing and proper constraints
let plot = Plot::new("water level plot™)

.height(plot height)
.width(plot_width)
.allow_zoom(false)
.allow_drag(false)
.show_axes([true, true])
.show_grid(true)
.min_size(Vec2::new(plot width.min(300.0), plot height.min(200.0)))
.data_aspect(1.0)
.auto_bounds_x()
.auto_bounds_y()
.nclude x(self.plot bounds.x min)
.include x(self.plot bounds.x max)
.include_y(self.plot bounds.y min)
.Anclude_y(self.plot_bounds.y max)
.x_axis_label("Time samples”)
.y_axis_label("Water Level (m)”);

plot.show(ui, |plot ui| {
self.plot_data(plot_ui);
1)
1)s

/) Add scrolling for the rest of the content if needed
egui::ScrollArea::vertical().show(ui, |ui| {



471

472

473

474

475

476

471

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

271

// Detached Legend with responsive layout
ui.add_space(16.0);
if width < 600.0 {
// Vertical legend for narrow screens
self.display legend vertical(ui);
} else {
// Horizontal legend for wider screens
self.display legend horizontal(ui);

ui.add_space(16.0);

// Results Section
ui.heading(RichText::new(format!(”{} Results”, ICON_RESULT)).strong());
ui.add_space(12.0);

// Prediction Controls with responsive layout
if width < 400.0 {
// Vertical layout for narrow screens
ui.vertical([ui| {
ui.label(Predict at time sample:”);
ui.add_sized(
[width - 32.0, 24.0],
egui::TextEdit::singleline(&mut self.x_predict),
)i
if ui.button(format!(”{} Calculate”, ICON_ PREDICT)).clicked() {
self.calculate prediction();

1)s
} else {
// Horizontal layout for wider screens
ui.horizontal(jui| {
ui.label(”Predict at time sample:”);
ui.add_sized(
[80.0, 24.0],
egui:: TextEdit::singleline(&mut self.x_predict),
)i
if ui.button(format!(”{} Calculate”, ICON_PREDICT)).clicked() {
self.calculate prediction();

1

// Prediction Results
if let Some(result) = self.prediction result {
ui.add_space(8.0);
ui.horizontal(|ui| {
ui.label(RichText::new(”Predicted level:”).strong());
ui.label(format!(”{:.2} m”, result));
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// Critical Level Crossing
if let Some([x, y]) = self.intersection point {
ui.add_space(8.0);
if width < 400.0 {
ui.vertical(jui| {

ui.label(RichText::new(”Critical level crossing:”).strong());

2

ui.label(format!(”at {:.2} time samples, {:.2} m
1)s
} else {
ui.horizontal(|ui| {

ui.label(RichText::new(”Critical level crossing:”).strong());
ui.label(format!(”at {:.2} time samples, {:.2} m”, X, y));

s

1s
135
1s

fn display legend horizontal(&self, ui: &mut egui::Ui) {
egui::Frame::none()
fill(ui.visuals().faint_bg color)
.rounding(4.0)
.inner_margin(8.0)
.show(ui, |ui| {
ui.heading("Legend”);
ui.add_space(8.0);

ui.horizontal wrapped(|ui| {
let item_spacing = 20.0;

// Historical Data

ui.horizontal(|ui| {
ui.colored label(Color32::from_rgb(66, 135, 245), 7e”);
ui.label("Historical Data”);

1s

ui.add_space(item_spacing);

// Model Lines
if self.show all orders {
for (order, ) in &self.all order points {
ui.horizontal(jui| {
ui.colored label(Self::get order color(*order), "—);
ui.label(format!(”Model Order {}”, order));

;s
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ui.add_space(item_spacing);
}
} else if !Iselflls.a.is_empty() {
ui.horizontal(|ui| {
ui.colored label(Self::get order color(self.ls.m), ”—7);
ui.label(format!("Model Order {}”, self.ls.m));
3

ui.add_space(item_spacing);

// Critical Level
if self.critical level.is_some() {
ui.horizontal(|ui| {
ui.colored label(Color32::from rgb(255, 0, 0), - -7);
ui.label(”Critical Level”);

Ps

ui.add_space(item_spacing);

// Predicted Points
if !self.predicted points.is_empty() {
ui.horizontal(|ui| {
ui.colored label(Color32::from rgb(255, 150, 50), 7e”);
ui.label(”Predicted Points™);

s

fn display legend vertical(&self, vi: &mut egui::Ui) {

egui::Frame::none()

fill(ui.visuals().faint_bg_color)

.rounding(4.0)

.inner_margin(8.0)

.show(ui, [ui| {

ui.heading(”Legend”);
ui.add_space(8.0);

egui::Grid::new(legend grid”)

.spacing([12.0, 8.0])

.show(ui, [ui| {
// Historical Data
ui.colored label(Color32::from rgb(66, 135, 245), ~e”);
ui.label("Historical Data”);

ui.end_row();

// Model Lines
if self.show_all orders {
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for (order, ) in &self.all order points {
ui.colored label(Self::get order color(*order), ”—7);
ui.label(format!(”"Model Order {}”, order));
ui.end_row();

H

} else if !selfls.a.is_empty() {

ui.colored label(Self::get order color(self.ls.m), "—7);

ui.label(format!(”"Model Order {}”, self.ls.m));

ui.end_row();

// Critical Level

if self.critical level.is_some() {
ui.colored label(Color32::from rgb(255, 0, 0), - -7);
ui.label(”Critical Level”);

ui.end_row();

// Predicted Points

if !self.predicted points.is_empty() {
ui.colored label(Color32::from_rgb(255, 150, 50), e”);
ui.label("Predicted Points™);

ui.end_row();

s
}s

fn update plot bounds(&mut self) {
if !self.plot points.is_empty() {
// Calculate bounds from all points
let all points = self
.plot_points
.ter()
.chain(self.predicted_points.iter())
.chain(self.function_points.iter())

.chain(self.intersection_point.iter());

let x values: Vec<f64> = all_ points.clone().map(|p| p[0]).collect();
let y values: Vec<f64>

all points.map(|p| p[1]).collect();

let x min = x_values.iter().copied().fold(f64::INFINITY, f64::min);
let x max = x_values.iter().copied().fold(f64::NEG_INFINITY, f64::max);
let y min = y_ values.iter().copied().fold(f64::INFINITY, f64::min);
let y max = y values.iter().copied().fold(f64::NEG INFINITY, f64::max);

/) Add margins (10% for x, 5% for y since water levels are more precise)
let x_margin = (x_max - X _min).abs() * 0.1;

let y margin = (y _max - y min).abs() * 0.05;
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// Update base bounds

self.plot bounds.base x min = X min - X_margin;
self.plot bounds.base x max = x_max + X_margin;
self.plot bounds.base y min = y min - y margin;
self.plot bounds.base y max = y max + y_margin;

// Reset current bounds to base bounds if they haven't been set
if self.plot bounds.x max == 15.0 && self.plot bounds.y max == 450.0 {

self.reset_zoom();

fn zoom_ in(&mut self) {
let zoom factor = 0.8; // 20% zoom in
self.apply _zoom(zoom_factor);

fn zoom out(&mut self) {
let zoom factor = 1.25; // 25% zoom out
self.apply _zoom(zoom_factor);

fn apply zoom(&mut self, factor: f64) {
let x_center = (self.plot bounds.x min + self.plot bounds.x max) / 2.0;
let y center = (self.plot bounds.y min + self.plot bounds.y max) / 2.0;

let x range = (self.plot bounds.x_max - self.plot bounds.x _min) * factor;
let y range = (self.plot bounds.y max - self.plot bounds.y min) * factor;

// Apply zoom while maintaining aspect ratio

self.plot bounds.x min = x_center - x_range / 2.0;
self.plot_ bounds.x_max = x_center + x_range / 2.0;
self.plot bounds.y min = y center - y range / 2.0;
self.plot bounds.y max = y center + y range / 2.0;

// Ensure we don't zoom out beyond base bounds

if factor > 1.0 {
self.plot_bounds.x min = self.plot bounds.x min.max(self.plot bounds.base x min);
self.plot bounds.x max = self.plot bounds.x _max.min(self.plot bounds.base x max);
self.plot bounds.y min = self.plot bounds.y min.max(self.plot bounds.base y min);
self.plot bounds.y max = self.plot bounds.y max.min(self.plot bounds.base y max);

fn reset zoom(&mut self) {
// Reset to base bounds
self.plot bounds.x min = self.plot bounds.base x min;
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self.plot_bounds.x_max = self.plot_bounds.base x max;
self.plot bounds.y min = self.plot bounds.base y min;
self.plot_bounds.y max = self.plot bounds.base y max;

fn update plot data(&mut self) {
// Store current data
let current points = self.plot _points.clone();
let current function = self.function points.clone();
let current predicted = self.predicted points.clone();

// Clear existing data
self.plot_points.clear();

self.function_points.clear();

// Add original points
self.plot_points
.extend(self.ls.x.iter().zip(&self.ls.y).map(|(&x, &y)| [X, ¥]));

// Generate function curve points if coefficients exist
if !selfls.a.is_empty() {
let x min = self.ls.x.iter().copied().fold(f64::INFINITY, f64::min);
let x max = self.ls.x.iter().copied().fold(f64::NEG_INFINITY, f64::max);
let range = X _max - X_min;
let step = range / 100.0;

// Pre-calculate coefficients to avoid borrow conflict

let coeffs = self.ls.a.clone();

// Generate points in a separate vector
let new points: Vec<[f64; 2]> = (0..=100)
-map(fi] {
let x = x_min + step * i as f64;
let mut result = 0.0;
let mut x power = 1.0;
for &coeff in &coeffs {

result += coeff * x_power;

K

X_power *= Xx;
¥
[x, result]

1)

.collect();

// Extend function points with the new points

self.function_points.extend(new_points);

// Restore predicted points
self.predicted points = current predicted;
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// Update plot bounds only if data changed

if self.plot points != current points || self.function points != current function {
self.update plot_bounds();
self.needs recalculation = true;

fn evaluate polynomial(&self, x: f64) -> f64 {
let mut result = 0.0;
let mut x power = 1.0;
for &coeff in &selflls.a
result += coeff * x_power;
X_power *= X;
}

result

fn find intersection(&mut self) {
if let Some(critical y) = self.critical level {
if !self.ls.a.is_empty() {
// Use wider range for intersection search
let x min = 0.0;
let x max = selflls.n as f64 * 2.0; // Search up to 2x the data range

let mut left = x_min;
let mut right = x_max;
let epsilon = le-6;

// Try to find intersection using binary search
for in 0.50 {
// Limit iterations to prevent infinite loops
let mid = (left + right) / 2.0;
let y = self.evaluate polynomial(mid);

if (y - critical y).abs() < epsilon {
self.intersection_point = Some([mid, y]);
break;

} else if y < critical y {
left = mid;

} else {
right = mid;

fn predict value(&mut self, x: f64) -> Result<f64, String> {
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if selfls.a.is_empty() {
return Err("Please calculate coefficients first”.to_string());

// Use evaluate_polynomial instead of Is.predict to avoid thread safety issues
let y = self.evaluate polynomial(x);

Ok(y)

fn update simulation(&mut self) {
if !self.is simulating || self.simulation paused {
return;

let now = std::time::Instant::now();

if let Some(last time) = self.last simulation time {
let elapsed = now.duration_since(last_time).as_secs_f64();
if elapsed < self.simulation_speed {

return;

// Update simulation state
if self.simulation step < self.simulation_data.len() {
// Update progress
self.simulation_progress =
self.simulation step as f32 / self.simulation data.len() as f32;

// Update data points up to current step
self.ls.x.clear();
self.ls.y.clear();
for i in 0..=self.simulation_step {
let [x, y] = self.simulation_data[i];
self.ls.x.push(x);
self.ls.y.push(y);

// Update plot data and recalculate model if we have enough points
self.update plot_data();
if selfls.x.len() > 2 {
let m = if self.simulation auto order {
// Automatically determine best order based on available points
let max_order = (selfls.x.len() - 1).min(5);
if let Some(optimal order) = self.find optimal order() {
optimal_order
} else {
max_order.min(3) // Default to 3 or less if can't determine optimal

}

} else if let Ok(m) = self.m_input.parse::<usize>() {
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m.min(self.Is.x.len() - 1)
} else {
2 // Default order

b

if m < selfis.x.len() {
self.ls.n = self.ls.x.len();
selfls.m = m;

self.m_input = m.to_string(); // Update input field

// Clear and resize vectors
self.ls.steps.clear();
self.ls.s.clear();
self.ls.q.clear();
self.ls.p.clear();
self.1s.c.clear();
self.ls.b.clear();
self.ls.a.clear();

self.ls.s.resize(m + 1, 0.0);
self.ls.q.resize(m + 1, 0.0);
self.ls.p.resize(m + 1, vec![0.0; self.ls.n]);
self.ls.c.resize(m + 1, vec![0.0; m + 1]);
self.ls.b.resize(m + 1, 0.0);
self.ls.a.resize(m + 1, 0.0);

// Calculate model
self.ls.calculate_orthogonal polynomials();
self.ls.calculate coefficients();

if self.show all orders {

self.calculate_all orders();

self.error_text.clear();
self.update plot data();

self.find_intersection();

self.simulation_step += 1;

self.last_simulation time = Some(now);
} else {

// Simulation complete

self.is_simulating = false;

self.simulation_step = 0;

self.simulation_progress = 1.0;
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fn find optimal order(&self) -> Option<usize> {
if selfls.x.len() < 4 {
// Need at least 4 points for meaningful analysis

return None;

let n = self.ls.x.len();

let max_order = (n - 1).min(5); // Limit max order to prevent overfitting
let mut best order = I;

let mut best score = f64:: INFINITY;

// Try different orders and evaluate them
for order in 1..=max order {
let mut temp ls = LS::new(n, order);
temp_ls.x = self.ls.x.clone();
temp_ls.y = self.ls.y.clone();

// Calculate coefficients for this order
temp_Is.calculate orthogonal polynomials();
temp_Is.calculate coefficients();

// Calculate fit error
let mut fit_error = 0.0;
for i in 0.n {
let mut predicted = 0.0;
let mut x power = 1.0;
for &coeff in &temp Is.a
predicted += coeff * x_power;
Xx_power *= temp ls.x[i];
H
let error = (predicted - temp Is.y[i]).abs();
fit_error += error * error;

}

fit error /= n as f64;

// Calculate complexity penalty (AIC-inspired)
let complexity penalty = order as f64 * (n as f64).In();

// Calculate smoothness penalty

let mut smoothness penalty = 0.0;

if order > 1 {

for iin 1.n - 1 {

let mut d1 = 0.0; // First derivative
let mut d2 = 0.0; // Second derivative
let mut x power = 1.0;
let mut power = 0;

for &coeff in &temp Is.a {
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if power > 0 {
dl += coeff * (power as f64) * x_power;
H
if power > 1 {
d2 += coeff * (power as f64) * ((power - 1) as f64) * x_power
/ temp_ls.x[i];
}
x_power *= temp_Is.x[i];
power += 1;

smoothness_penalty += d2.abs();

H
smoothness_penalty /= (n - 2) as f64;

// Combine scores with weights

let score = fit error + 0.1 * complexity penalty + 0.2 * smoothness penalty;

// Update best order if this score is better
if score < best score {
best_score = score;

best order = order;

Some(best_order)

fn update(&mut self, ctx: &egui::Context, frame: &mut eframe::Frame) {
if self.is_simulating {
self.update_simulation();
ctx.request_repaint();

egui::CentralPanel::default().show(ctx, |ui| {
self.display_main_panel(ui);
1);

fn load sample data(&mut self) {
self.ls = LS:mew(10, 3);
self.ls.initialize points();
self.n_input = 710”.to_string();
self.m_input = ”3”.to_string();
self.x_predict = 10.0”.to_string();
self.critical level input = 448.5”.to_string();
self.critical level = Some(448.5);

self.needs recalculation = true;
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self.error_text.clear();
self.update plot data();

fn calculate model(&mut self) {
if !selfls.x.is_empty() && selfls.x.len() == self.ls.y.len() {
if let Ok(m) = self.m_input.parse::<usize>() {
if m < selfls.x.len() {
self.ls.n = self.ls.x.len();

selfls.m = m;

// Clear previous results
self.ls.s.clear();
self.ls.q.clear();
self.ls.p.clear();
self.1s.c.clear();
self.ls.b.clear();
self.ls.a.clear();

// Resize vectors with proper sizes
self.ls.s.resize(m + 1, 0.0);
self.ls.q.resize(m + 1, 0.0);
self.ls.p.resize(m + 1, vec![0.0; self.ls.n]);
self.ls.c.resize(m + 1, vec![0.0; m + 1]);
self.ls.b.resize(m + 1, 0.0);
self.ls.a.resize(m + 1, 0.0);

// Calculate coefficients
self.ls.calculate_orthogonal polynomials();
self.ls.calculate_coefficients();

if self.show_all orders {
self.calculate_all orders();

self.error_text.clear();
self.update plot data();
self.find_intersection();
} else {
self.error_text =
”Model order must be less than number of data points”.to_string();
H
} else {
self.error_text = “Invalid model order”.to_string();
}
} else {
self.error_text = "Please load or enter data first”.to_string();
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1103
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fn add data point(&mut self) {

let next x = if let Some(last) = self.ls.x.last() {
last + 1.0

} else {
0.0

35

self.ls.x.push(next_x);

self.ls.y.push(0.0);

self.update plot_data();

fn remove last point(&mut self) {
if !self.ls.x.is_empty() {
self.1s.x.pop();

self.ls.y.pop();
self.update plot_data();

fn clear all data(&mut self) {
self.ls = LS::new(self.ls.n, self.ls.m);
self.ls.initialize points();
self.update plot data();

fn plot data(&self, plot ui: &mut egui_plot::PlotUi) {
// Historical data points
plot_ui.points(
Points::new(PlotPoints::new(self.plot_points.clone()))
.name(’Historical Data”)
.radius(5.0)
.color(Color32::from rgb(66, 135, 245)),

);

// Show all polynomial orders if enabled
if self.show all orders && !self.all order points.is_empty() {
for (order, points) in &self.all order points {
plot_ui.line(
Line::new(PlotPoints::new(points.clone()))
.name(format!(’Model Order {}”, order))
.color(Self::get order color(*order))
.width(2.0),
)i
}
} else if !selfls.a.is_empty() {
// Show only the selected order
plot_ui.line(
Line::new(PlotPoints::new(self.function_points.clone()))
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.name(format!("Prediction Model (Order {})”, self.ls.m))
.color(Self::get order color(self.ls.m))
.width(2.0),

// Critical water level
if let Some(y) = self.critical level {
plot_ui.line(
Line::new(PlotPoints::new(vec![
[self.plot_bounds.x _min, y],
[self.plot_bounds.x max, y],
1))
.name(”’Critical Water Level”)
.color(Color32::from_rgb(255, 0, 0))
.width(1.0)
style(egui_plot::LineStyle::Dashed { length: 5.0 }),

// Critical level intersection
if let Some(point) = self.intersection_point {
plot_ui.points(
Points::new(PlotPoints::new(vec![point]))
.name(”Critical Level Crossing”)
.radius(6.0)
.color(Color32::from_rgb(255, 0, 0)),

// Predicted points
if !self.predicted points.is_empty() {
plot_ui.points(
Points::new(PlotPoints::new(self.predicted points.clone()))
.name(”’Predicted Levels™)
.radius(6.0)
.color(Color32::from _rgb(255, 150, 50)),

fn calculate prediction(&mut self) {
match self.x_predict.parse::<f64>() {
Ok(x) => {
if x >= 0.0 {
match self.predict value(x) {
Ok(y) => {
self.prediction_result = Some(y);
let mut new points = self.predicted points.clone();
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new_points.push([x, y]);
self.predicted points = new_points;
self.error_text.clear();

self.update plot_bounds();

}
Err(err) => {
self.error_text = err;
}
}
} else {
self.error_text = “Time must be non-negative”.to_string();
H
}
Er() = {
self.error_text = “Invalid time value”.to_string();
}

fn get order color(order: usize) -> Color32 {
// Generate distinct colors for different orders
match order {
0 => Color32::from rgb(200, 0, 0), // Red
I => Color32::from_rgb(0, 200, 0), // Green
2 => Color32::from _rgb(0, 0, 200), // Blue
3 => Color32::from rgb(200, 200, 0), // Yellow
4 => Color32:from rgb(200, 0, 200), / Magenta
5 => Color32::from_rgb(0, 200, 200), // Cyan
_ =
// For higher orders, generate colors using HSV
let hue = (order as f32 * 30.0) % 360.0;
let (r, g, b) = Selfi:hsv_to_rgb(hue, 0.8, 0.9);
Color32::from_rgb(r, g, b)

fn calculate all orders(&mut self) {
if !self.needs recalculation && !self.all order points.is_empty() {

return;

self.all_order points.clear();
self.cached_coefficients.clear();

// Store original m value and state
let original m = self.ls.m;

let original a = self.ls.a.clone();
let n = self.ls.x.len();
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// Calculate for each order from 0 to n-2 (order must be less than n)

for m in 0.n {
// Clear previous results
self.ls.s.clear();
self.ls.q.clear();
self.ls.p.clear();
self.ls.c.clear();
self.ls.b.clear();

self.ls.a.clear();

// Set up for this order

selfls.m = m;

self.ls.s.resize(m + 1, 0.0);
self.ls.q.resize(m + 1, 0.0);
self.ls.p.resize(m + 1, vec![0.0; n]);
self.ls.c.resize(m + 1, vec![0.0; m + 1]);
self.ls.b.resize(m + 1, 0.0);

self.ls.a.resize(m + 1, 0.0);

self.ls.calculate_orthogonal polynomials();
self.ls.calculate coefficients();

// Cache coefficients
self.cached coefficients.push((m, self.ls.a.clone()));

// Generate curve points

let mut curve points = Vec::new();

let x min = self.ls.x.iter().copied().fold(f64::INFINITY, f64::min);
let x max = self.ls.x.iter().copied().fold(f64::NEG_INFINITY, f64
let range = x_max - X_min;

let step = range / 100.0;

for i in 0.=100 {
let x = x min + step * i as f64;

let y = self.evaluate polynomial(x);
curve_points.push([x, y]);

self.all_order points.push((m, curve points));

// Restore original state

self.ls.m = original m;

self.ls.a = original a;

self.ls.s.resize(original m + 1, 0.0);
self.ls.q.resize(original m + 1, 0.0);
self.ls.p.resize(original m + 1, vec![0.0; n]);
self.ls.c.resize(original m + 1, vec![0.0; original m + 1]);

1’max);
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self.ls.b.resize(original m + 1, 0.0);

self.needs_recalculation = false;
}
fn hsv_to rgb(h: 32, s: £32, v: £32) -> (u8, u8, u8) {
let h = h % 360.0,
let c =v *s;
let x = c * (1.0 - ((h / 60.0) % 2.0 - 1.0).abs());
let m = v - ¢
let (r, g, b) = match (h / 60.0) as i32 {
0 => (c, x, 0.0),
1 = (x, c, 0.0),
2 => (0.0, c, x),
3 => (0.0, x, ¢),
4 => (x, 0.0, ¢),
_ = (c, 0.0, x),
15
(
((r + m) * 255.0) as u8,
((g + m) * 255.0) as u8,
(b + m) * 255.0) as u8,
)
}
H

impl eframe::App for PredictionApp {

fn update(&mut self, ctx: &egui::Context, frame: &mut eframe::Frame) {
self.update(ctx, frame);
H
}
fn main() {
let options = eframe::NativeOptions {
default theme: eframe::Theme::Dark,
follow_system theme: true,
viewport: egui::ViewportBuilder::default()
.with_inner size([1200.0, 800.0])
.with_min_inner_size([600.0, 400.0]),
..Default::default()
15
eframe::run_native(
”Water Level Prediction System”,
options,
Box::new(|_cc| Ok(Box::new(PredictionApp::default()))),
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1304 unwrap();

1305 }
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1 #/derive(Debug, Clone)]
2 pub struct EncodingStep {

3

4

5

6

7

pub description: String,
pub data: Vec<f64>,
pub step type: StepType,

}

s #[/derive(Debug, Clone)]
9 pub enum StepType {

18

19

20

21

22

23

24

25

26

27

28

29

30

w

1

34

35

36

37

38

39

40

41

42

43

DataPreparation,
OrthogonalPolynomials,
CoefficientCalculation,
FinalResult,
Prediction,
}
17 pub struct LS {
pub n: usize, // number of points
pub m: usize, // polynomial order
pub x: Vec<f64>, // x values
pub y: Vec<f64>, /'y values
pub s: Vec<f64>, /] s coefficients
pub q: Vec<f64>, // q coefficients
pub p: Vec<Vec<f64>>, // orthogonal polynomials
pub c: Vec<Vec<f64>>, // ¢ coefficients
pub b: Vec<f64>, // b coefficients
pub a: Vec<f64>, // final coefficients
pub steps: Vec<EncodingStep>, // record of steps
}
impl LS {
pub fn new(n: usize, m: usize) -> Self {
LS {
n,
m’
x: vec![0.0; n],
y: vec![0.0; n],
s: vec![0.0; m + 1],
q: vec![0.0; m + 1],
p: vec![vec![0.0; n]; m + 1],
c: vec![vec![0.0; m + I]; m + 1],
b: vec![0.0; m + 1],
a: vec![0.0; m + 1],

44

45

46

47

steps: Vec::new(),
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fn add step(&mut self, description: String, data: Vec<f64>, step type: StepType) {

self.steps.push(EncodingStep {
description,
data: data.clone(),
step_type,

3%

pub fn clear steps(&mut self) {

self.steps.clear();

pub fn initialize points(&mut self) {

self.clear_steps();

// Ensure n is at least 1 to avoid empty vectors
if selfn == 0 {

selfn = 1;

// Resize vectors if needed
self.x.resize(selfn, 0.0);
self.y.resize(selfn, 0.0);

// Update x values safely
for i in O..selfn {
self.x[i] = i as f64;

// Update y values safely
for i in O..selfn {

self.y[i] = ((1.0 * self.x[i] + 2.0) * self.x[i] + 3.0) * self.x[i] + 4.0;

self.add_step(
”Initial data points”.to_string(),
self.y.clone(),
StepType::DataPreparation,

pub fn calculate orthogonal polynomials(&mut self) {

// Ensure vectors are properly sized
self.p.resize(self.m + 1, vec![0.0; selfn]);
self.s.resize(self.m + 1, 0.0);
self.q.resize(selfm + 1, 0.0);

for i in 0..=selfm {
if i ==0 {
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for j in O..selfn {
self.p[0][j] = 1.0;
H
}oelse if i == 1 {
// Check for division by zero
if selfis[i - 1].abs() > le-10 {
for j in O..selfn {
self.p[i][j] = self.x[j] - self.q[i - 1] / selfis[i - 1];

H
} else {

// Check for division by zero
if selfis[i - 1].abs() > le-10 && selfis[i - 2].abs() > le-10 {
for j in O..self.n {
self.p[i][j] = (self.x[j] - self.q[i - 1] / selfis[i - 1])
* selfip[i - 1][j]
- selfis[i - 1] / selfis[i - 2] * self.p[i - 2][j];

self.s[i] = self.p[i].iter().map(]x| x * x).sum();
self.q[i] = (0..self.n)
.map(|j| self.p[i][j] * self.p[i][j] * selfx[j])
.sum();

self.add_step(
format!(”Calculated orthogonal polynomial p{}”, i),
self.p[i].clone(),
StepType::OrthogonalPolynomials,

pub fn calculate coefficients(&mut self) {
// Ensure we have data to work with
if selfx.is_empty() || selfy.is_empty() {
return;

// Ensure all vectors are properly sized
self.s.resize(self.m + 1, 0.0);
self.q.resize(self.m + 1, 0.0);
self.p.resize(self.m + 1, vec![0.0; selfn]);
self.c.resize(self.m + 1, vec![0.0; self.m + 1]);
self.b.resize(self.m + 1, 0.0);
self.a.resize(self.m + 1, 0.0);

// First calculate orthogonal polynomials if not already calculated
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self.calculate_orthogonal polynomials();

// Calculate c coefficients
for k in 0..=selfm {
self.c[k][k] = 1.0;

for k in 1..=selfm {
for j in 0.k {
self.c[k][j] = (if j > 0 { selfic[k - 1][j - 1] } else { 0.0 })

- self.q[k - 1] / selfis[k - 1] * self.c[k - 1][j]

- k>1&&j<k-1¢{
self.s[k - 1] / selfis[k - 2] * self.c[k - 2][j]

} else {
0.0

s

}
self.add_step(

format!(”Calculated ¢ coefficients for k={}", k),
self.c[k].clone(),
StepType::CoefficientCalculation,

// Calculate b coefficients
for k in 0.=selfm {
// Check if s[k] is not zero to avoid division by zero
if self.s[k].abs() > le-10 {
self.b[k] = (0..self.n).map([i| self.y[i] * self.p[k][i]).sum::<f64>() / self.s[k];
} else {
self.b[k] = 0.0;
}
self.add_step(
format!(”Calculated b coefficient b{}”, k),
vec![self.b[k]],
StepType::CoefficientCalculation,

// Calculate final coefficients a
for j in 0..=selfm {
self.a[j] = (j..=self.m).map(k| self.b[k] * self.c[k][j]).sum();
self.add_step(
format!(”Calculated final coefficient a{}”, j),
vec![self.a[j]],
StepType::FinalResult,
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195

196 pub fn predict(&mut self, x: f64) -> {64 {

197 let mut result = 0.0;

198 let mut x power = 1.0;

199

200 // Calculate polynomial value using Horner's method
201 for i in 0..=selfm {

202 result += self.a[i] * x_power;

203 X_power *= X;

204 }

205

206 self.add_step(

207 format!(Predicted value at x={}”, x),
208 vec![result],

209 StepType::Prediction,

210 );

211

212 result

213 }

214}
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i pub mod Is;
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| use approx::assert relative eq;

2 use prediction::ls:: {StepType, LS};

3

4 #[cfg(test)]

s mod tests {

6
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use super::*;

#[ test]

fn test new Is() {
let 1s = LS::new(5, 3);
assert_eq!(Is.n, 5);
assert_eq!(Is.m, 3);
assert_eq!(Is.x.len(), 5);
assert_eq!(Is.y.len(), 5);
assert_eq!(Is.s.len(), 4);
assert_eq!(Is.q.len(), 4);
assert_eq!(Is.p.len(), 4);
assert_eq!(Is.c.len(), 4);
assert_eq!(Is.b.len(), 4);
assert_eq!(Is.a.len(), 4);
assert!(ls.steps.is_empty());

#[ test]

fn test initialize points() {
let mut Is = LS::new(3, 2);
Is.initialize points();

// Check x values
assert_eq!(Is.x, vec![0.0, 1.0, 2.0]);

// Check y values (y = x° + 2x? + 3x + 4)
assert_eq!(Is.y[0], 4.0); // when x = 0
assert_eq!(Is.y[1], 10.0); // when x = 1
assert_eq!(Is.y[2], 26.0); // when x = 2

// Check steps recording
assert_eq!(Is.steps.len(), 1);
assert!(matches!(Is.steps[0].step_type, StepType::DataPreparation));

#[ test]

fn test initialize points empty() {
let mut Is = LS::new(0, 2);
Is.initialize points();

assert_eq!(Is.n, 1);
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assert_eq!(Is.x.len(), 1);
assert_eq!(Is.y.len(), 1);

#[ test]
fn test clear steps() {

let mut Is = LS:mew(3, 2);
Is.initialize points();
assert!(!1s.steps.is_empty());

Is.clear_steps();
assert!(ls.steps.is_empty());

#[ test]
fn test_orthogonal polynomials() {

let mut Is = LS::new(3, 2);
Is.initialize points();

Is.calculate_orthogonal polynomials();

// Check if p0 is all ones
assert!(Is.p[0].iter().all(|&x| (x - 1.0).abs() < le-10));

// Check steps recording
assert!(ls
.steps
.ter()
.any(|step| matches!(step.step_type, StepType::OrthogonalPolynomials)));

#[ test]

fn test calculate coefficients() {

let mut 1s = LS::new(4, 2);
Is.initialize points();
Is.calculate coefficients();

// Check if coefficients were calculated
assert!(!Is.a.iter().all(|&x| x == 0.0));
assert!(!ls.b.iter().all(|&x| x == 0.0));

// Check steps recording
assert!(ls

.steps

.ter()

.any(|step| matches!(step.step_type, StepType::CoefficientCalculation)));
assert!(ls

.steps

.iter()

.any(|step| matches!(step.step type, StepType::FinalResult)));
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97 }

98

99 #[ test]

100 fn test prediction() {

101 let mut Is = LS:mew(5, 3);

102 Is.initialize points();

103 Is.calculate coefficients();

104

105 let prediction = Is.predict(1.5);

106

107 // The prediction should be close to the actual polynomial value
108 let expected = ((1.5 + 2.0) * 1.5 + 3.0) * 1.5 + 4.0;
109 assert_relative_eq!(prediction, expected, epsilon = 1e-10);
110

111 // Check steps recording

112 assert!(ls

113 .steps

114 .ter()

11s .any(|step| matches!(step.step_type, StepType::Prediction)));
116 }

117

18 #[ test]

19 fn test edge cases() {

120 let mut Is = LS:mmew(1, 1);

121 Is.initialize points();

122 Is.calculate_coefficients();

123

124 // Test prediction at extreme values

125 let prediction large = ls.predict(1000.0);

126 assert!(!prediction_large.is nan());

127

128 let prediction negative = Is.predict(-1000.0);

129 assert!(!prediction_negative.is_nan());

130 }

131

132 #[ test]

133 fn test calculate coefficients empty() {

134 let mut Is = LS:mew(0, 1);

135 Is.calculate coefficients();

136

137 // Verify that coefficients remain unchanged
138 assert_eq!(Is.a, vec![0.0, 0.0]);

139 assert_eq!(Is.b, vec![0.0, 0.0]);

140 assert!(ls.steps.is_empty());

141 }

142}
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use eframe::egui;

use egui_plot::{Line, Plot, PlotPoints, Points};
use filration::FiltrationMatrix;

use std::sync::{Arc, Mutex};

use std::thread;

struct FiltrationApp {
matrix: Arc<Mutex<FiltrationMatrix>>,
error_data: Option<(Vec<f64>, Vec<f64>)>,
depression_line: Option<(Vec<f64>, Vec<f64>)>,
control_matrix: Option<Vec<f64>>,
input_matrix: Option<Vec<f64>>,
data_matrix: Option<Vec<f64>>,
matrix_dims: (usize, usize),
status: String,
processing: bool,
current_iteration: usize,
max_iterations: usize,
result receiver: Option<

std::sync::mpsc::Receiver<(Vec<f64>, Vec<f64>, Vec<f64>, Vec<f64>, Vec<f64>, Vec<f64>)>,

impl FiltrationApp {
fn new(_cc: &eframe::CreationContext<' >) -> Self {
Self {
matrix: Arc::new(Mutex::new(FiltrationMatrix::new(16, 40))),
error_data: None,
depression_line: None,
control_matrix: None,
input matrix: None,

data matrix: None,
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matrix_dims: (16, 40),
status: “Ready”.to_string(),

processing: false,

current _iteration: 0,

max_iterations: 0,

result_receiver: None,

fn process_data(&mut self) {

if self.processing {

return;

self.processing = true;

self.status = ’Processing...”.to_string();

let matrix = Arc::clone(&self.matrix);

let (sender, receiver) = std::sync::mpsc::channel();

self.result _receiver = Some(receiver);

thread::spawn(move || {

let mut locked matrix = matrix.lock().unwrap();
if let Ok(()) = locked matrix.initialize() {
let errors = locked matrix.calculate();

// Convert error data to plot format

let x: Vec<f64> = errors.cycle.iter().map(|&x| x as f64).collect();

let y: Vec<f64> = errors.value;

// Get depression line

let (dx,

dy) = locked matrix.get depression_line();

// Get matrix data
let control data = locked matrix.get control data();

// Save results

let =

let =

locked matrix.save result();

sender.send((x, y, dx, dy, control data, Vec::new()));

— // Send empty Vec for unused result

1

fn check results(&mut self) {
if let Some(receiver) = &self.result receiver {

if let Ok((x, y, dx, dy, control, )) = receiver.try_recv() {

// Use _

to ignore unused result
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81 self.error_data = Some((X, Y));

82 self.depression_line = Some((dx, dy));

83 self.control_matrix = Some(control);

84

85 if let Ok(locked matrix) = self.matrix.lock() {

86 self.input_matrix = Some(locked matrix.get input data());
87 self.max_iterations = locked matrix.get iteration count();
88 self.current iteration = self.max _iterations.saturating_sub(1);
89 self.data matrix =

90 Some(locked matrix.get_iteration_data(self.current iteration));
91 }

92

93 self.processing = false;

94 self.status = “Complete”.to_string();

95 self.result_receiver = None;

9% }

97 }

08 }

99

100 fn update current iteration(&mut self) {

101 if let Ok(locked matrix) = self.matrix.lock() {

102 self.data matrix = Some(locked matrix.get iteration data(self.current iteration));
103 }

104 }

105

106 fn draw_matrix(&self, vi: &mut egui::Ui, data: &[f64], title: &str) {

107 ui.vertical centered(|ui| {

108 ui.heading(title);

109 Plot::new(title)

110 .height(400.0)

1 .width(1000.0)

12 .data_aspect(1.0)

113 .show_axes([true, true])

114 .show_grid([true, true])

11s .nclude x(-0.5)

116 .nclude x(self.matrix_dims.l as f64 - 0.5)

17 .include_y(-0.5)

118 .nclude_y(15.5)

119 .y_axis_label("Row”)

120 .x_axis_label("Column”)

121 Jlabel formatter(move |name, value| {

122 if 'name.is_empty() {

123 format!("{}: ({:.1}, {:.1})”, name, value.x, value.y)
124 } else {

125 let row = value.y.floor();

126 if row >= 0.0 && row < 16.0 {

127 format!(”{}”, (16.0 - row) as i32)

128 } else {

129 String::new()
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173
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1)
.show(ui, [plot ui| {
// Draw border points
let border points: Vec<[f64; 2]> = vec![
[-0.5, 15.5],
[self.matrix_dims.l as f64 - 0.5, 15.5],
[self.matrix_dims.l as f64 - 0.5, -0.5],
[-0.5, -0.5],
[-0.5, 15.5],
I;
plot_ui.line(
Line::new(border_points)
.color(egui::Color32::GRAY)
.width(2.0),

);

if title == “Control Matrix” {

// For control matrix, show only points where value is 1

let points: Vec<[f64; 2]> = data
.chunks_exact(self.matrix_dims.1)
.enumerate()
flat map(|(y, row)| {

row.iter().enumerate().filter map(move |(x, &value)| {

if value == 1.0 {

Some([x as f64, y as f64])
} else {

None

1)
1)

.collect();

if !points.is_empty() {
plot_ui.points(
Points::new(points)
.color(egui::Color32::RED)
.radius(2.0)
filled(true),

}
} else {
// For other matrices, use blue color visualization
let points with values: Vec<([f64; 2], f64)> = data
.chunks_exact(self.matrix_dims.1)
.enumerate()
flat_ map(|(y, row)| {

row.iter().enumerate().filter map(move |(x, &value)| {
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204
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if value > 0.0 {
// Ilponyckaem Hynesvie 3HA4eHUs
Some(([x as f64, y as f64], value))
} else {
None

})
b))

.collect();

// Haxooum maxcumanvhoe sHauenue Oisi HOPMAIU3Ayuu
let max_value = points with values
.iter()
-map(|(_, V)| *v)
.max_by(|a, b| a.partial cmp(b).unwrap_or(std::cmp::Ordering::Equal))
.unwrap_or(1.0);

// Omo6padicaem 6ce mMouku cpaszy ¢ cOOmMEEMCMEYIOWell UHMEHCUBHOCTbIO CUHE20
let points: Vec<([f64; 2], egui::Color32)> = points with values
.ter()

-map(|(p, V)| {
let intensity = (*v / max_value * 255.0) as u8;

(
*p’
egui::Color32::from_rgb(0, 0, intensity.saturating add(100)),
)
1)
.collect();

// Tpynnupyem mouku no yeemy Ois ONMUMUIAYUY
let mut color_groups: std::collections::HashMap<
egui::Color32,
Vec<[f64; 2]>,
> = std::collections::HashMap::new();

for (point, color) in points {
color_groups
.entry(color)
.or_insert with(Vec::new)
.push(point);

// Ompucogvieaem epynnvl mouex
for (color, points) in color_groups {
plot ui
.points(Points::new(points).color(color).radius(2.0).filled(true));
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impl eframe::App for FiltrationApp {

fn update(&mut self, ctx: &egui::Context, frame: &mut eframe::Frame) {

self.check results();

egui::CentralPanel::default().show(ctx, |ui| {

egui::ScrollArea::vertical().show(ui, [ui| {

ui.heading(”Filtration Analysis™);

ui.horizontal(|ui| {
if ui.button(”Process Data”).clicked() {

self.process_data();

ui.label(&self.status);

3R

if self.max iterations > 0 {
ui.add_space(10.0);
ui.horizontal(Jui| {

1

ui.label(Iteration:”);
if ui
.add(egui::Slider::new(
&mut self.current iteration,

0..=self.max_iterations.saturating_sub(1),

)

.changed()
{

self.update_current _iteration();
}

ui.separator();

if let Some(control data) = &self.control matrix {

ui.vertical centered(|ui| {

1

self.draw_matrix(ui, control data, ”Control Matrix”);

if let Some(input data) = &self.input matrix {

ui.vertical centered(|ui| {

s

self.draw_matrix(ui, input data, “Initial Data Matrix”);
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if let Some(data matrix) = &self.data_matrix {
ui.vertical centered(|ui| {
self.draw_matrix(ui, data_matrix, "Current Result Matrix”);

s

ui.separator();

if let Some((x, y)) = &self.error_data {
ui.vertical centered(|ui| {
ui.heading(”Error Plot”);
Plot::new(”error plot™)
.height(400.0)
.width(1000.0)
.show(ui, |plot ui| {
let points: PlotPoints =
x.iter().zip(y.iter()).map(|(&x, &y)| [x, y]).collect();
plot_ui.line(Line::new(points));
1)s
1);

if let Some((x, y)) = &self.depression_line {
ui.vertical centered(|ui| {
ui.heading(”Depression Line”);
Plot::new(”’depression_plot”)
.height(400.0)
.width(1000.0)
.show(ui, |plot ui| {
let points: PlotPoints =
x.iter().zip(y.iter()).map(|(&x, &y)| [x, y]).collect();
plot_ui.line(Line::new(points));
1)s
1

// JJobasnsaem KoMOUHUPOBAHHBIN 2paduK
if let (Some(control data), Some((x, y))) =
(&self.control _matrix, &self.depression line)

ui.vertical centered(|ui| {

ui.heading(”Combined View”);

Plot::new(”combined plot™)
.height(400.0)
.width(1000.0)
.data_aspect(1.0)
.show_axes([true, true])
.show_grid([true, true])
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.include_x(-0.5)
.nclude x(self.matrix_dims.l as f64 - 0.5)
.Anclude_y(-0.5)
.nclude y(15.5)
.y_axis_label("Row”)
x_axis_label(”Column™)
Jabel formatter(move |[name, value| {
if !name.is_empty() {
format!({}: ({:.1}, {:.1})”, name, value.x, value.y)
} else {
let row = value.y.floor();
if row >= 0.0 && row < 16.0 {
format!(”{}”, (16.0 - row) as i32)
} else {
String::new()

1)

.show(ui, |plot ui| {
// Pucyem pamxy
let border points: Vec<[f64; 2]> = vec![

[-0.5, 15.5],

[self.matrix_dims.l as f64 - 0.5, 15.5],

[self.matrix_dims.l as f64 - 0.5, -0.5],

[-0.5, -0.5],

[-0.5, 15.5],

I
plot_ui.line(

Line::new(border points)
.color(egui::Color32::GRAY)
.width(2.0),

);

// Pucyem KOHMpORbHYIO MAmMpuyy NOIYRAPO3PAYHbIM CEPbIM UBEHOM
let control points: Vec<[f64; 2]> = control data
.chunks_exact(self.matrix_dims.1)
.enumerate()
flat map(|(y, row)| {
row.iter().enumerate().filter map(move |(x, &value)| {
if value == 1.0 {
Some([x as f64, y as f64])
} else {
None

1)
1)

.collect();

plot_ui.points(
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375 Points::new(control points)

376 .color(egui::Color32::from_rgba unmultiplied(
377 128, 128, 128, 180,

378 )

379 .radius(2.0)

380 filled(true),

381 );

382

383 // Pucyem nunuro Oenpeccuu JHCUpHOU CUHeu JuHuell
384 let depression_points: PlotPoints =

385 x.iter().zip(y.iter()).map(|(&x, &y)| [x, y]).collect();
386 plot_ui.line(

387 Line::new(depression_points)

388 .color(egui::Color32::from rgb(0, 0, 255))
389 .width(3.0),

390 );

91 1)s

392 3

393 }

394 1)

395 3

396

397 ctx.request_repaint();

398 }

399 }

400

1 fn main() -> eframe::Result<()> {

402 let native options = eframe::NativeOptions::default();

4

=)

403 eframe::run_native(

404 “Filtration Analysis”,

405 native_options,

406 Box::new(|cc| Box::new(FiltrationApp::new(cc))),
407 )

408 }
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®daitn: ./src/lib/filtration.rs
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use csv::WriterBuilder;

use ndarray::Array2;

use serde::{Deserialize, Serialize};
use std::io;

#/derive(Debug, Clone, Default)]
pub struct FiltrationMatrix {
rows: usize,
columns: usize,
accuracy: f64,
control: Array2<f64>,
input: Array2<f64>,
data: Array2<f64>,
iterations: Vec<Array2<f64>>,

#[ derive(Debug, Serialize, Deserialize)]
pub struct ErrorData {

pub cycle: Vec<usize>,

pub value: Vec<f64>,

impl FiltrationMatrix {
pub fn new(rows: usize, columns: usize) -> Self {
Self {

rows,
columns,
accuracy: 0.005,
control: Array2::zeros((rows, columns)),
input: Array2::zeros((rows, columns)),
data: Array2::zeros((rows, columns)),

iterations: Vec::new(),

fn calc value(&self, filename: &str, row: usize, column: usize) -> {64 {
match filename {
”control.csv” => {
if row >= 1 && row <= selfrows - 2 {

if (column >= row + 5) && column <= self.columns / 2 {
return 0.0;

}

if (column <= self.columns - row - 5) && column >= self.columns / 2 {
return 0.0;
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82

83

84

85

86

87

88
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94

96

}
“input.csv” => {
if row >= 1 && row <= selfrows - 2 {
if (column <= row + 4) && column <= self.columns / 2 {
if row <= 12 {
return row as f64;
} else if row == 13 {
return 13.0;
} else if row == 14 {

return 14.0;

pub fn generate matrix(&mut self, filename: &str) -> io::Result<()> {

let mut writer = WriterBuilder::new().has_headers(true).from_path(filename)?;

let header: Vec<String> = (0..self.columns).map(|x| x.to_string()).collect();
writer.write_record(&header)?;

// Generate all rows first
let mut rows: Vec<Vec<String>> = (0..self.rows)
-map(ji| {
(0..self.columns)
.map(|j| self.calc_value(filename, i, j).to_string())
.collect()
1)

.collect();

// Write rows in reverse order
for row in rows.iter().rev() {

writer.write_record(row)?;

writer.flush()?;

Ok(())

pub fn read matrix(&mut self, filename: &str) -> io::Result<Array2<f64>> {

let mut matrix = Array2::zeros((self.rows, self.columns));
let mut rdr = csv::Reader::from_path(filename)?;

// First, collect all rows
let mut rows: Vec<Vec<f64>> = Vec::new();
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for result in rdr.records() {
let record = result?;
let row: Vec<f64> = record
.iter()
.map(|value| value.parse().unwrap or(0.0))
.collect();
rows.push(row);

// Take only the first 16 rows if we have more
let rows = if rows.len() > self.rows {
&rows|..self.rows]
} else {
&rows|..]

15

// Fill the matrix in reverse order

for (matrix_row, file row) in (0..self.rows).zip(rows.iter().rev()) {

for (col idx, &value) in file row.iter().enumerate() {
matrix[[matrix_row, col idx]] = value;

Ok(matrix)

pub fn initialize(&mut self) -> io::Result<()> {

println!(’Generating input...”);
self.generate matrix(”control.csv’’)?;
self.generate_matrix(”input.csv’)?;

println!("Input generated!”);

// First read the control matrix
self.control = self.read matrix(’control.csv”)?;

// Then read the input matrix and set it as initial data
self.input = self.read matrix(”input.csv’’)?;

self.data = self.input.clone();

// Clear any previous iterations

self.iterations.clear();

Ok(())

pub fn calculate(&mut self) -> ErrorData {

let mut errors = ErrorData {
cycle: vee![0],
value: vee![100.0],
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let mut k = 0;

let mut error = 100.0;

// Store initial state

self.iterations.clear();

self.iterations.push(self.data.clone());

while error > self.accuracy {

error = 0.0;

k += 1;

let mut new_data = Array2::zeros((self.rows, self.columns));

for i in 0..self.rows {

for j in O..self.columns {
if self.control[[i, j]] == 0.0 {

if i >0 && 1 < selfrows - | && j > 0 && j < self.columns - 1 {
new_datal[[i, j]] = (self.data[[i + 1, j]]

+ self.data[[i - 1, j]]
+ self.data[[i, j + 1]]
+ self.data[[i, j - 1]1])
/ 4.0

if new_data[[i, j]].abs() > 0.0 {

let temp_error = ((new_data[[i, j]] - self.data[[i, j]]).abs()

error = error.max(temp_error);

}

} else {
new_data[[i, j]] = self.data[[i, j]];

/ new_data[[i, j]].abs())
*100.0;

self.data = new_data.clone();

self.iterations.push(new_data);

errors.cycle.push(k);

errors.value.push(error);

€1Tors

pub fn get depression_line(&self) -> (Vec<f64>, Vec<f64>) {

let mut x = Vec::new();

let mut values

Vec::new();
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243

for i in 0..self.columns {
if i <= 37 {
let mut max val = 0.0;
for j in O..self.rows {
if self.data[[j, i]] > max_val {
max_val = self.data[[j, i]];

H
x.push(i as f64);
values.push(max_val);

(x, values)

pub fn get control data(&self) -> Vec<f64> {
self.control.iter().cloned().collect()

pub fn get input data(&self) -> Vec<t64> {
self.input.iter().cloned().collect()

pub fn get result data(&self) -> Vec<f64> {
self.data.iter().cloned().collect()

pub fn get iteration data(&self, iteration: usize) -> Vec<f64> {
if iteration < self.iterations.len() {
self.iterations[iteration].iter().cloned().collect()
} else {
self.data.iter().cloned().collect()

pub fn get iteration count(&self) -> usize {
self.iterations.len()

pub fn save result(&self) -> io::Result<()> {
let mut writer = WriterBuilder::new()
.has_headers(false)
from_path(calculated.csv”)?;

for i in O..self.rows {
let row: Vec<String> = (0..self.columns)
.map(|j| self.data[[i, j]].to_string())
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244 .collect();

245 writer.write_record(&row)?;
246 }

247

248 writer.flush()?;

249 Ok(())

250 }

51}

252

3 #[cfg(test)]

254 mod tests {

2

G

255 use super::*;

256

257 #[ test]

258 fn test matrix generation() {

259 let mut matrix = FiltrationMatrix::new(8, 20);
260 assert!(matrix.generate matrix(’test.csv”).is_ok());
261 }

262 }
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®daiin: ./src/lib/mod.rs

1 mod filtration;
> pub use filtration::FiltrationMatrix;
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[oT cucreM MOHITOPUHTY CTaHy TMOTEHUIMHO HeOe3neyHux o0’ekTiB. VI
MixHapoaHa HAyKOBO-IIPAKTHYHA KOH(EpEHIis MOJOJUX BYEHHUX Ta CTYIICHTIB
«IHxkeHepist mporpaMHOro 3a0e3nedyeHHs 1 nepeaoBi 1H(GOpPMaLiiHI TEXHOJOTI]
(SOFT TECH-2024)» 21-23 TpaBus 2024 poky, m.Kuis,c.128-135.
https://drive.google.com/file/d/18bZ9QBure7U08rbqiHmxWglTrK1C9D4L

7.Coxonosebkuit  B. B., JKapikoB E. B. IIporHo3yBanHs B cucremax
MOHITOPUHTY CTaHy O0O0’€KTIB MiJABUIIEHHOI HEOE3MEeKH pEerioHajJbHOrO pIBHS.
VII MixkxnaponHa HayKOBO-MpakTUYHA KOH(GEPEHIIIsI MOJIOANX BUCHHUX Ta CTYICHTIB
«IHXeHepis mporpamMHOro 3a0e3nedyeHHs 1 mepenoBi 1H(OpMaliliHI TEXHOIOTII
(SOFT TECH-2024)» 20-22 nuctonana 2024 poky, m.Kuis, c. 101-106.
https://drive.google.com/file/d/1070Y sxe-z3SS82UqEaBdEXR2VARW3NwG



