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Anenko A.B. 1linBuileHHs e(EKTHUBHOCTI  eKCIUTyaTalii  CyJHOBHUX
TPAHCIOPTHUX 3aCO0IB 3 BUKOPUCTAHHSM METOJAY J1arHOCTHKHU 1 MPOTHO3YBAHHS
ctany aetaneil. — KpamiikaiiiiHa HaykoBa mpallsl Ha MpaBax PyKOMUCY

HNuceptanis Ha 3700yTTS HAyKOBOTO CTymleHs JokTtopa dutocodii 3a
cnemianbHIicTIO 275 - TpaHCHOpPTHI TexHojorii. Jlucepraniro BUKOHAHO Y
XepcoHChKiIN JepkaBHIM MOpChKid akanemii, XepcoH. Ilogano Ha 3axucT y
XepCOHChKY JIep>KaBHY MOPCBKY akajieMito, XepcoH, 2025

HucepTariiina po6oTa NpuUcBsiYEHa BUPIINICHHIO HAYKOBO-TEXHIYHOI 3aj1aui,
gKa TOJSTaEe y MiABUIIEH! €(EeKTHMBHOCTI €KCIUTyaTallli CyJOBHUX TPAaHCIOPTHHUX
3ac00iB NIJISAXOM BIPOBAJKEHHS METOJY JIarHOCTUKHM 1 MPOTHO3YBaHHS CTaHY
neTane, SKUN J03BOJIsi€ 30UIBIIUTH OOCAT JilarHOCTHYHOI 1HGopmali 6e3
J0JIaTKOBOTO  BTPYyYaHHS B iX KOHCTpyKIifo. CTBOpeHI HOBI METOAM
JIarHOCTYBaHHSI TEXHIYHOTO CTaHy Ta MOHITOPUHTY CYIHOBUX TPAaHCIOPTHUX
3aco0iB 0e3 10JaTKOBOT'O BTPYYaHHS B 1X KOHCTPYKIIIO JTO3BOJWIN 30UTBITATH
obOcsr nmiarHocTHYHOI 1H(opMamii Ta MIABMIIUTH €(GEeKTUBHICTh eKCIuTyaTarii
oOJ1aTHaHHS.

AKTYyalIBHICTh  JIOCTI/UKEHHS OOyMOBJIEHAa THM, 10 1HTEHCHBHICTb
BUKOPHUCTAHHS OOJIaIHAHHSA TPAHCIOPTHUX 3ac00iB, TOPYIICHHS TIPaBHUII
eKCIUTyaTalii, IMKIIYHI  3HAKO3MIHHI  HaBaHTaXEHHS  MPU3BOAATH IO
HEBU3HAYCHOCTI XapakTepy HaBaHTaXeHb. BuxXoasum 3 IOr0, BaXITUBUM
MUTAaHHSAM EKCIUTyaTallii Ta 0o0CIyroByBaHHS TPAaHCIOPTHHUX 3aCO0IB € CTBOPCHHSI
MoOjieNiel, METOJIB Ta 3aco0iB JIarHOCTUKM HA OCHOBI HOBHX 1H(OpMAIiHUX
napameTpiB, i1eHTru(diKallii Ta MPOrHO3yBaHHA CTaHy 00’ €KTiB I1arHOCTYBaHHS.

CBoeyacHe BUSBIICHHS HECIPABHOCTEHW JO3BOJISIE KOPUTYBATH TMPOTPAMU
TEXHIYHOTO 00CITyTOBYBaHHS T4 PEMOHTY.

Memoto pobomu € mninBuiieHHS €(EKTUBHOCTI eKCIUTyaTallii CYJIHOBUX

TPAHCTIOPTHUX 3aCO0IB  INIISXOM  BIPOBAPKCHHS METOAY JIarHOCTUKHA 1
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MIPOTHO3YBAHHS CTaHy JeTaliel, KKKl T03BOJISIE 30UIBIIUTH OOCST J11arHOCTUYHOT
iH(popmariii 6e3 J0JaTKOBOTO BTPYUYaHHS B X KOHCTPYKIIIIO.

3ae0anns, K1 3aIUIAHOBAHO BUPIIIUTH JIs1 JOCSITHEHHS. METH POOOTH:

1. BusHauut Ha TEOPETUYHO-NPAKTUYHOMY pIBHI HOBI MapaMeTpu
JIarHOCTUKH, $IKI HEOOXIJHO BpaxyBaTH IJs MIABUIICHHS SKOCTI OIIIHKHA Ta
MIPOTHO3YBAaHHS CTaHy TEXHIYHOTO OOJIaIHAHHS y peaIbHOMY MaciTadi yacy.

2. PozpoOutu Mojnens WMOBIPHICHOI JIMHAMIKK TMPOIECIB JI1arHOCTUKHU
BIIMOB €JIEMEHTIB CyIHOBUX TPAHCIOPTHUX 3aCO0IB MpHU iX EKCILTyaTallii.

3. CTBOpUTH CHCTEMY IHTEJICKTyaJlbHOTO 3a0e3MEeUYeHHS J1arHOCTHUKH
TEXHIYHOI eKCIUTyaTallii Ta 00CIyroByBaHHs TPAHCIOPTHUX 3acO01B.

4. Po3pobutu meron OaraTOKpHUTEpiadbHOI ONTHUMI3alll AIarHOCTUYHUX
XapaKTepHUCTUK nporHo3yBanHs netaneid CEY mpw ix ekcruryararii.

5. Po3poOuTH eKCIOHEHIiaTbHy MOJIETIhb Ta TEXHOJIOTII0 IMPOTHO3YBAaHHS
3anuimkoBoro pecypcey aeraineii CEY B ymoBax CKJIaJHOTO HAaBAaHTAKECHHS B
peaJbHOMY Yaci.

Ob'ekm  Oocnidxcenus: TIPONECH TEXHIUYHOI JIarHOCTHUKH €JIEMEHTIB
IPUCTPOIB  CYJHOBUX  TPAHCIOPTHUX  3ac00iB. [lpeomem  docniddcenms:
iBUIICHHS €(DEKTUBHOCTI €KCIUTyaTallii CyJOBUX TPAHCTIOPTHUX 3aCO01B MIJISTXOM
BITPOBA/PKEHHS JIIarHOCTUKY 1 IPOTHO3YBAaHHS CTaHY JIeTalei.

Haykoea nosuszna odepaoicanux pesyiomamis

1. Bnepire 3anponoHOBaHO HOBi JA1arHOCTHUYHI IapaMeTpPH CTaHy CYIHOBUX
MITUITHAKIB KOYEHHS, SIKI MICTSATH MEPIIy TOJIOBHY KOMIIOHEHTY XapaKTEPHUCTHK
BiOpaIlifHOTO CUTHATy B YacOBiM 00JacTi Ta CHEKTPAIbHUN E€KCIeC B YaCTOTHIN
obacTi, Ta I CYJHOBUX IIAIIMITHUKIB KOB3aHHS, SKUH BpaxoBYye IiK-(pakTop,
IO [J03BOJIAE€ MIJBUIIMTU SIKICTh MPOTHO3YBAaHHS 3aJMUIIKOBOTO pPecypcy
YCTaTKyBaHHSI.

2. Po3poOiieHO Mojenp HWMOBIPHICHOT JWHAMIKH IPOIECIB J1arHOCTUKH
BI/IMOB €JIEMEHTIB CYJHOBUX TPAHCIOPTHHX 3ac00IB TpH iX eKcIUTyatamii Ha
OCHOBI JIAaHITIOTiB MapkoBa, sika BKIIo4ae GopMyBaHHS anpiopHoi iH(opMarlii mpo

eKCHCpI/IMCHTaJ'IBHi BIUIMBHA 30BHIIIHHOTO cepaoBmilld, BCTAHOBJICHHA IIPOCTOPY
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CTaHIB, BHUBYEHHS TMPUYMH 1 HMOBIPHOCTEH BIAMOB, IO BIAPI3HAETHCS BIJT
ICHYIOUMX 3aMiHOI0 JUCKPETHUX YaCOBUX IHTEPBAIIB MPOLECY IIarHOCTYBaHHS
MOCJIIJIOBHICTIO CTaHIB TEXHIYHMX OO0 €KTIB 1 J03BOJISIE€ JOCIIIKYBATH JAHUHAMIKY
HAKOIMWYCHHS TOIIKOKEHB y Yaci.

3. CTBOpEHO CHCTEMY IHTEJIEKTYaJIbHOTO 3a0e3MeUYeHHSI J1arHOCTUKU
TEXHIYHOI eKCIulyaTalii Ta OOCIyroByBaHHsS TpPAHCIOPTHUX 3aco0iB, sKa
IPYHTYETHCS Ha KOMIUICKCHOMY BUKOPUCTaHHI €KCIIEPUMEHTAIBHOI 1 CTATHCTUYHOT
CKJIAJIOBUX I1HTEpBaJIB J1arHOCTUKH, MPUYUH BIAMOB, KIIOUOBHX OCOOJIHUBOCTEH
00’€KTIB J1arHOCTYBaHHS Ta HAsABHICTIO I1HTEJEKTyaJdbHOI CKJIaJ0BOI 3
BU3HAYCHUMH QJITOPUTMAMHU W MPOTPAMHUMHU MPOAYKTAMH, IO BiIPI3HAETHCS Bij
ICHYIOUMX MiHIMI3alli€10 Cy0’ €KTUBI3MY NMPUUHSTTS PIlICHb.

4. Po3pobiieHo Meron OaraToKpuTepiaibHOI ONTHUMI3AIil J1arHOCTUYHUX
XapakTepucTuk mnporHosyBanHs jetaneit CEY mnpu ix ekcrutyaranii, sKui
BIAPI3HAETHCA B ICHYIOUMX  HAsBHICTIO  OOYHMCIIOBAJBHOTO  AJITOPUTMY
BU3HAYCHHS XapaKTEPUCTUK BIOpaAlIMHUX CUTHAJIIB 3 YpaxyBaHHSIM iX CTPYKTYpPH 1
PI3HOMAHITTA YaCTOTHUX XapaKTepUCTHUK M 3abe3nedye aHami3 30iriB 3HAYCHb
CTaTUCTHUYHUX KpPUTEPIiB EKCIepUMEHTaIbHOI 1H(oOpMaIi Ta iX 3ropTok, IO
JI03BOJISIE MM1JIBUILIMTH TOYHICTh MPOTHO3YBAHHS 3aJIUIIIKOBOTO PECypCy JeTanei.

5. 3anmporoHOBaHO  €KCIOHEHIIAJIbHY  MOJENb  jJerpajgamii s
IIPOTHO3YBAaHHS CTaHy CYJHOBHX ITiJIIIAITHUKIB KOB3aHHSA, sSKa BIIPI3HAETHCS BiJ
ICHYIOUUX MaTeMaTUYHOI0 OOpPOOKOI0 XapaKTepHUCTHK BIOpAIliiHUX CHTHAIIB, ¢
BXIJHY 1H(OpMAIliI0 BHKOPHCTOBYIOTh JUISI HaBYaHHS MOJEi, 00'€eTHaHHS
CTATUCTUYHUX O3HAK 1 MOJAJBIINX aHaTI3iB, a MPOIeC MOJSIIOBAHHS Jerpajarii
Ta TPOTHO3YBAHHS TEPMiHYy pPOOOTH IPYHTYEThCS Ha aHami3l MOPITOBOTO PiBHSA
BIJICTE)KYBaHOT'O CUTHAIY.

Y BcTymi omMcaHO OCHOBHY TpOOJeMy  JIarHOCTUKA  CTOCOBHO
HEBM3HAYCHOCTI i (ikcamii 1 TPUBAIOCTI EKCTPEeMAIbHUX HABAaHTAKEHb Ta
BHUKJTIOUEHHS 3aJICKHOCTI PpEe3yJIbTATiB JIIarHOCTUKU BiJ JIOJACHKOrO (HaKkTopy
BHACTIJIOK 3aMiHU omepariiii 30opy Ta o0poOku iH(opmallli mpo cTaH BY3TIB H

MEXaHi3MIB OIEpallisIMU IITYYHOTO 1HTEIEKTY.
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Po3nin 1. HaBegeHo xapakTepucTUKM 1H(OpMALIdHUX MaTepialiB 3
TEXHIYHOI JA1arHOCTUKU TPAaHCHOPTHOro oOnagHaHHsS. HaBeneHo CTpyKTypu3alliio
OTPUMAaHHs J1IarHOCTUYHOI 1H(OpMalii, MoB'13aHy 31 cnoco0aMu BHU3HAYEHHS Ta
MPOTHO3YBaHHS 3aJMIIKOBOTO PECYpPCY, BHUAUIEHO CYTHICTh, METOAOJOTIIO,
nepeBarn Ta HENOJIKM. Bu3HaueHi OCHOBHI HamNpsSIMKUA YJOCKOHAJICHHS
JTIarHOCTUKH TEXHIYHOTO CTaHy CYJHOBOI'O YCTaTKyBaHHSI.

Po3nin II. HaBeneno teopeTnyHi OCHOBM Ta OOIPYHTOBAaHO HEOOXIIHICThH
iH(popMaIiitHOT MIATPUMKM MOHITOPUHTY B YMOBax HEBU3HAUEHOCTI XapakTepy
HaBaHTaXeHb. HaBeleHI METONMKW IMITAIIHHOTO MOJICIIOBaHHS, 3a SKUMHU
NPOBOAMIIA JOCTI/DKCHHS. 3 TO3WIIH JIMHAMIKA YacoBOTO psy, Taiay3l 3HaHb,
croco0iB peamizalli Ta paliOHAIBHOIO 3aCTOCYBAaHHA [JIsi TPAHCIOPTHOTO
MOHITOPUHTY. 3MIHCHEHO CHHTE3 MaTEeMaTHYHUX MOJIEJICH Oe3nepepBHUX MPOIICCIB
1 BHKOHaHO iXx kjacu@ikaimito s KOHKpeTHuX BumiB T/, mo mgo3BoJse
BCTAHOBJTFOBATH MEXKi 3aCTOCYBaHHS CTATUCTUYHUX, TMHAMIYHUX, JICTCPMIHOBAHUX
Ta CTOXaCTUYHHUX MOJEJIeH 3 TUCKPETHUM Ta O0e3MepepBHUM YaCOM.

OOGrpyHTOBaHO, IO BIAMIHHOK OCOOJMBICTIO 3aXOJIB MO0 ITiBUIICHHS
edexktuBHOCTI miarHocTuku eneMeHtiB CEY y mporeci ekcrutyaTarii €
B3a€MO3B'SI30K 1H(OPMAIIHUX Ta KOMYHIKAI[IMHUX KOMIIOHEHT 3 BUKOPHUCTAHHAM
IU(POBUX TPEHIIB JIarHOCTUYHUX TapaMeTpiB Ta CKJIaJaHHSA IU(DPOBUX ITaHUX.
[TokazaHo, 1110 BUKOPUCTAHHS MU(PPOBUX TPEHIIB € OCHOBOIO 3am001KHUX 3aXO0/IiB.
Pi3HOMaHITHICTH Ta Pi3HI PO3MIPHOCTI IarHOCTUYHUX CHUTHAJIIB MPU3BOIATH J0
HEOOXITHOCTI 3JIMUTTA iX XapaKTePUCTUK Y €IMHUN y3araJIbHIOIOUUH TOKa3HUK 0e3
BTpaTH BX1HOI iH(oOpMaIlii, 1o y poOoTi TOCATHYTO 3a JOTIOMOT'OI0 BUKOPUCTAHHS
METOMy TOJIOBHUX  KOMIIOHEHT. PO3BHHEHa  METONOJIOTIS  YIpaBIiHHS
J1arHOCTUYHOIO iH(popMaIIi€ro.

3anmpornoHOBaHa Ta OOIPYHTOBAaHA MOJIENTh WMOBIPHICHOI TMHAMIKHU TPOIIECY
JIarHOCTUKHA BIIMOB CYJHOBHX TPAHCIIOPTHUX 3acO0IB Ha OCHOBI JIAHIIIOTiB
MapkoBa. BinMiHHICTIO Mojeli € 3aMiHa JHCKPETHHUX YacOBHX IHTEPBAIIB
MPOIIeCy AIarHOCTYBaHHS TOCHIIOBHICTIO CTaHIB TeXHIYHMX 00’ekTiB. HaBemeHo

EKCHEPUMEHTAIbHI  JIOCHI/UKEHHS  II0JI0 BUKOPUCTAHHS  WMOBIPHICHUX 1
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CTaTUCTUYHUX XapaKTEpPUCTUK BIOpaI[iiHUX CHUTHAJIB MpPU J1arHOCTHLI Ta
MPOTHO3yBaHHI CTaHy CYJAHOBHX IIiIIIMITHUKIB KO4YeHHS. HaBemneHo pe3ynbraTu
oOuucieHb 1 ONU(PPOBYBAHHS EKCIEPUMCHTAILHUX JIaHUX, PO3PaXyHKH
MepexiHuX MaTpullb Ta nMoOyaoBU oprpada, 10 J03BOJSE TOCTIAUTH KIHETHUKY
HMOBIPHICHOT AMHAMIKM B peaJibHOMY 4aci. BHUKOHaHO OLIHKY €(EeKTUBHOCTI
J1arHOCTUKH B TEPMIHAX YMOBHUX UMOBIPHOCTEH.

Po3gin IIl. Hameneno pe3ynbratu eKCINEPUMEHTAIBHUX JOCIHIIKEHB
AMOBIPHICHUX Ta CTaTUCTUYHUX BIJMOB JIeTajeii CyJAHOBHX TPAHCIOPTHUX
3aco0iB. Poskputo npuumHu BigmoB enemeHTiB CEY BHacnmimok nperpanarii
napaMmeTpiB 1 XapaKTePUCTUK MaTepiajiB, sika COPUYMHEHA MOPYIICHHSM MPOIIECiB
eKCIUTyarTamii Ta npuxoBaHMMH Jedektamu Marepiany. HaBeneHo pesynbratu
TEXHIYHOT JIarHOCTUKHU Ta CTATUCTUYHOTO PO3MOJILITY BIIMOB IiJICUCTEM JIBUTYHIB
BHYTPIIIHBOTO 3rOPaHHs Ta TypOOHArHITaviB.

Ha ocHoBI reHe3ncy ynkokeHb BU3HAYEHI MPUYUHU BiJIMOB ITiIIIUITHUKIB
KOYEHHSI, PO3TJISTHYTO Ta KJIACH()iKOBAHO BUH IMOIIKOKEHB, 1X MPOSIBY Ta METOIU
BUSIBIICHHS. 3pOOJICHO BHCHOBOK, IO 32 XapaKTepOM TOLIKOHKEHb MOXHA
BU3HAUWUTU TPUYMHY X TOSBU. 3 TO3MUIINA JIarHOCTUKH MiAIIUIHUKIB KOYCHHS
PO3BHHYTI OCHOBHI TOJIOXKEHHSI Teopli BIOPOIarHOCTUKH: €HEPreTUYHI CIIEKTPH,
PIBHSIHHS CYLIJIBHOTO CEPEIOBUINA, 3B'I3KH MK TPAHCIIAIMHUMU Ta pOTAIlIHHUMUA
BJIACTUBOCTSAMHU 3 OCIHIJISTOPHUMH XapaKTePUCTHKAMH BIOpAIiMHUX CHUTHAIIB.
BungineHo okxpeMo MOJEKYJspHI B3a€MOJIl Ta KiHEMaTH4YHI 3aCTOCYBaHHS [0
MOHITOPUHTY MIAIMIUIHUKIB KOYEHHS. BW3HA4eHO [1arHOCTUYHI MapameTpH
CrieKTpalibHOi BiOpomiarHocTuku. [lokazaHo, IO MOJEIIOBAHHS JdiarHOCTHKH
TEXHIYHOI eKCIUTyaTallii Ta 00CIyroByBaHHS CyJHOBUX TPAHCIIOPTHUX 3aC001B Mae
BUKOHYBAaTHUCS IUISIXOM CTBOPCHHSI 1HTEPAKTUBHUX MOJECINICH, SIKI mepeadoadaroTh
Jaor i3 KOPUCTYBA4YEM.

HaBeneno pesynbratu cTaTUCTUYHOI OOpPOOKH OIMGPOBYBAHHS CIEKTPY
BiOpalifHUX CUTHAIIB, IO OTPUMAaHI NPH EKCILIyaTallii MiAIMIMITHAKIB KOYCHHS.
3anporoHOBaHO HOBUW J1arHOCTUYHUN MapaMeTp, 3aCHOBAHWII Ha aHali3l 3MIH

MepuIoi TOJOBHOI KOMIIOHEHTH BIOPAIIMHOIO CUTHANY Ta CIEKTPAIbHOIO €KCLECY
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BiOpocurHainy. OOIpyHTOBaHO BUKOPUCTAHHS HOBHUX J1arHOCTUYHUX NapameTpiB
IUIS IPOTHO3YBAHHS 3aJIUIIKOBOTO PECYPCY MiAMIUITHUKIB KOUYSHHS TPAHCTIOPTHUX
3aco01B. BukoHaHa iX mpakTuyHa peasizaris.

Po3nin IV. HaBeneHo pe3ynbTaTi NPaKTUUHOTO BUKOPUCTAHHS PE3YJIbTATIB
JOCIIKEHb. Po3pobineno METO/]T OaraToKkpuTepiaabHOl ONTHUMI3aIli
JIarHOCTUYHUX XapaKTEPUCTUK CYIHOBOTO oOnagHaHHSA. B sKocTi mapamerpi
onTUMIi3aIli BUKOPUCTAHO OCOOJMBOCTI TPAEKTOPIi JIarHOCTUYHUX CHUTHAJIIIB:
MOHOTOHHICTh, IIBHJKICTh 3MiH, YYTJIUBICTh 1O BH3HAYCHHS 3aJIUIIKOBOTO
pecypcy, BIIXWJICHHS BiJ aJIWTUBHOCTI, €HEPTis, II0 BUTPAYAETHCS HA PO3BHTOK
nedexry. CxinaneHa MaTpuils epeKTUBHOCTI A1arHOCTHKHU.

Po3pobiieH0 MoOzenp TMPOrHO3YBaHHS 3MIHM TEXHIYHOTO CTaHy Ta
3JIMIIIKOBOTO PECYpPCY 3a apaMeTpaMu FeHepOBaHOi BiOpaIlii Ha OCHOBI anpPiOpPHOT
iHdopMallii Mmpo yMOBU €KCIUTyaTalii Ta JAWUHAMIKA 3MIHM XapaKTEPUCTHUK
BIOpOCHTHANIB 3a JOMOMOTOI0 MaTeMaTH4HOI OOpOoOKM mapaMTepiB BiOpaliiHUX
curHaiiB. [Toka3zaHo, 110 miBUIIEHHS ePEKTUBHOCTI BIOPOMOHITOPUHTY TOJISITAE Y
MOXJIMBOCTI  1HTErparfii TEXHOJIOTIA MITy4YHOTO0 IHTEJEKTY 3 OIlepalisiMu
MaIIMHHOTO HaBYaHHA. HaBuaHHS MPOBOJATH 3a JIONOMOIoK HAaOOpYy AaHHMX
eKcriepuMeHTanbHoi BUOipku. [ligkpecieno, o BIpoBaIKeHHs €KCITOHEHIIaTbHOT
MOJZIeNll TPOTHO3YBaHHs Jerpanamii marepiany aeraneir CEY y mpomeci ix
eKCIuTyaTallii Hajgae MOXKJIUBICTh HE TUIBKM BU3HAYUTH MOYATKOBY CTAJIiI0 3MIHH
CTPYKTYpH Marepiaqy, a TaKoX JOJAaTKOBO IpoaHaJi3yBaTH CTYIIiHb
Mpare3 aTHOCTI MaTepialiB Ta 3AIMIIKOBOTO PECypCy.

Knwouoei cnosea: e¢heKTUBHICTb, TPAHCIOPT, TPAHCIOPTHI 3aco0w,
eKCILTyaTallisi, 1iarHOCTUKA, TPOTHO3yBaHHsI, HEBU3HAYECHICTh, CYTHOBOI T'OJIOBHOT

JIBUTYH, TypOOHArHiTa4, MOJICIIOBAHHS, 3aJIUIIIKOBUN pecypc, HAAIHNHICTh pOOOTH.



ABSTRACT

Yanenko A.V. — Increasing the efficiency of the operation of court vehicles
using the method of diagnostics and forecasting the condition of parts. —
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Dissertation for obtaining the scientific degree of Doctor of Philosophy in
specialty 275 — transport technologies. The dissertation was completed at the
Kherson State Maritime Academy, Kherson. Submitted for defense at the Kherson
State Maritime Academy, Kherson, 2025

The dissertation work is devoted to solving the scientific and technical
problem, which consists in increasing the efficiency of the operation of ship
vehicles using the method of diagnostics and forecasting the condition of parts.
The solution of the scientific and technical problem consists in establishing the
patterns of the relationship between the processes of degradation of the operational
properties of ship vehicles with diagnostic parameters, which allows to increase the
period of operation between overhauls and increase the reliability of the
equipment.

The relevance of the study is due to the fact that the intensity of use of
vehicle equipment, violation of operating rules, cyclic alternating loads lead to
uncertainty in the nature of the loads. Based on this, an important issue of the
operation and maintenance of vehicles is the creation of models, methods and
diagnostic tools based on new information parameters, identification and
forecasting of the volumes of diagnostics.

Earlier detection of malfunctions allows you to adjust maintenance and
repair programs.

The purpose of the work is to increase the efficiency of the operation of ship
vehicles by implementing the method of diagnostics and forecasting the condition
of parts, which allows to increase the volume of diagnostic information without
additional intervention in their design.

The tasks planned to be solved to achieve the goal of the work:
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1. To determine at the theoretical and practical level new diagnostic
parameters that must be taken into account to improve the quality of assessment
and forecasting of the condition of technical equipment in real time.

2. To develop a model of probabilistic dynamics of the processes of
diagnosing failures of ship elements during their operation.

3. To create a system of intelligent support for diagnostics of technical
operation and maintenance of vehicles.

4. To develop a method of multi-criteria optimization of diagnostic
characteristics of forecasting SPP parts during their operation.

5. To develop an exponential model and technology for forecasting the
residual resource of SPP parts under complex load conditions in real time.

The object of the study is the processes of improving operations, TD of ship
elements. The subject of the study is diagnostics and forecasting the condition of
parts during the operation of ship vehicles.

Scientific novelty of the obtained results

1. For the first time, new diagnostic parameters of the state of ship rolling
bearings have been proposed, which contain the first principal component of the
characteristics of the vibration signal in the time domain and the spectral excess in
the frequency domain, and for ship sliding bearings, which takes into account the
peak factor, which allows to improve the quality of forecasting the residual
resource of the equipment.

2. A model of probabilistic dynamics of the processes of diagnosing failures
of ship vehicle elements during their operation has been developed based on
Markov chains, which includes the formation of a priori information about the
experimental effects of the external environment, establishing the state space,
studying the causes and probabilities of failures, which differs from the existing
ones by replacing discrete time intervals of the diagnostic process with a sequence
of states of technical objects and allows to study the dynamics of damage

accumulation over time.
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3. A system of intelligent support for diagnostics of technical operation and
maintenance of vehicles has been created, which is based on the complex use of
experimental and statistical components of diagnostic intervals, causes of failures,
key features of diagnostic objects and the presence of an intellectual component
with defined algorithms and software products, which differs from existing ones by
minimizing the subjectivity of decision-making.

4. A method of multi-criteria optimization of diagnostic characteristics of
forecasting of SPP parts during their operation has been developed, which differs
from existing ones by the presence of a computational algorithm for determining
the characteristics of vibration signals, taking into account their structure and
variety of frequency characteristics, and provides analysis of coincidences of
values of statistical criteria of experimental information and their convolutions,
which allows to increase the accuracy of forecasting the residual resource of parts.

5. An exponential degradation model is proposed for predicting the
condition of ship sliding bearings, which differs from existing ones by
mathematical processing of vibration signal characteristics, where input
information is used to train the model, combine statistical features and further
analyzes, and the process of modeling degradation and predicting the service life is
based on the analysis of the threshold level of the monitored signal.

The introduction presents the main problem of diagnostics, regarding the
uncertainty in the fixation and duration of extreme loads and the exclusion of the
dependence of diagnostic results on the human factor and with the replacement of
operations for collecting and processing information about the condition of nodes
and mechanisms with operations of artificial intelligence.

Section |. The characteristics of information materials on technical
diagnostics of transport equipment are given. The structuring of diagnostic
information acquisition is presented, related to the methods of determining and
predicting the residual resource, the essence, methodology, advantages and
disadvantages are highlighted. The main directions of improving the diagnostics of

the technical condition of ship equipment are determined.
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Section Il. The theoretical basis is given and the need for information
support for monitoring in conditions of uncertainty in the nature of loads is
substantiated. Simulation modeling techniques are presented, according to which
research was carried out from the standpoint of time series dynamics, field of
knowledge, methods of implementation and rational application for transport
monitoring. A synthesis of mathematical models of continuous processes is carried
out and their classification is performed for specific types of TD, which allows
setting the limits of application of statistical, dynamic, deterministic and stochastic
models with discrete and continuous time.

It is substantiated that a distinctive feature of measures to improve the
efficiency of diagnostics of SPP elements during operation is the interconnection
of information and communication components using digital trends of diagnostic
parameters and compilation of digital data. It is shown that the use of digital trends
Is the basis of preventive measures. The diversity and different dimensions of
diagnostic signals lead to the need to merge their characteristics into a single
generalizing indicator without loss of input information, which is achieved in the
work using the principal components method. A methodology for managing
diagnostic information has been developed.

A model of probabilistic dynamics of the process of diagnosing failures of
ship vehicles based on Markov chains has been proposed and substantiated. The
difference of the model is the replacement of discrete time intervals of the
diagnostic process with a sequence of states of technical objects. Experimental
studies on the use of probabilistic and statistical characteristics of vibration signals
In diagnostics and condition prediction of ship rolling bearings are presented. The
results of calculations of digitalization of experimental data, calculations of
transition matrices and construction of a digraph are presented, which allows
studying the kinetics of probabilistic dynamics in real time. The effectiveness of
diagnostics in terms of conditional probabilities has been assessed.

Section 1ll. The results of experimental studies of probabilistic and

statistical failures of ship vehicles are presented. The causes of failures of SPP
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elements are revealed, the main of which is the degradation of parameters and
characteristics of materials, which is caused by violations of operation processes
and hidden defects of the material. The results of technical diagnostics and
statistical distribution of failures of subsystems of internal combustion engines and
turbochargers are presented.

Based on the genesis of damage, the causes of failures of rolling bearings are
determined, the types of damage of their manifestation and methods of detection
are considered and classified. It is concluded that the cause of their appearance can
be determined by the nature of the damage. From the standpoint of rolling bearing
diagnostics, the main provisions of the theory of vibrodiagnostics are developed:
energy spectra, equations of a continuous medium, connections between
translational and rotational properties with oscillatory characteristics of vibration
signals. Molecular interactions and kinematic applications to monitoring rolling
bearings are highlighted separately. Diagnostic parameters of spectral
vibrodiagnostics are determined. It is shown that the modeling of diagnostics of
technical operation and maintenance of ship vehicles should be carried out by
creating interactive models that provide for a dialogue with the user.

The results of statistical processing of the digitization of the spectrum of
vibration signals obtained during the operation of rolling bearings are presented. A
new diagnostic parameter is proposed, based on the analysis of changes in the first
principal component of the vibration signal and the spectral excess of the vibration
signal. The use of new diagnostic parameters for predicting the residual resource of
rolling bearings of vehicles is justified. Their practical implementation is carried
out.

Section IV. The results of the practical use of the research results are
presented. A method for multi-criteria optimization of the diagnostic
characteristics of ship equipment is developed. The features of the trajectory of
diagnostic signals are used as optimization parameters: monotonicity, rate of
change, sensitivity to determining the final resource, deviation from additivity,

energy spent on defect development. A diagnostic efficiency matrix is compiled.
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A predictive model of changes in the technical condition and prediction of
the residual resource by the parameters of the generated vibration is developed
based on a priori information about operating conditions and recent changes in the
characteristics of vibration signals using mathematical processing of the
characteristics of vibration signals. It is shown that increasing the efficiency of
vibration monitoring lies in the possibility of integrating artificial intelligence
technologies with machine learning operations. Training is carried out using a data
set of the experimental sample. It is emphasized that the implementation of a
predictive exponential model of material degradation of SPP parts during their
operation makes it possible not only to determine the initial stage of material
structure changes, but also to determine the degree of material performance and
residual resource.

Keywords: efficiency, transport, vehicles, operation, diagnostics, forecasting,
uncertainty, marine lead engine, turbocharger, modeling, remaining life,

operational reliability.
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BCTYII

[TinBuIeHHsT e(PEKTUBHOCTI €KCIUTyaTalii TPaHCIIOPTHUX 3acO0IB MOB'A3aHE
HE JMIIE 3 OIIHKOK SKOCTI TpPAaHCHOPTHUX IE€PEBE3CHb, IO TMOJSArae y
CBOEYACHOCTI JOCTAaBKM BaHTaXIB, 0e3mepeOiiHOCTI Ta PUTMIYHOCTI MPOLECIB
TPaHCHIOPTYBaHHS, aje ¥ 3 Oe3MeKor eKcIulyaTallii TPaHCHOPTHUX 3aco0iB 1
OezaBapiiiHOCTI TmporeciB  ekciutyatarii. Ile 3a0e3medyeTbcsi OJHOYACHUM
BUKOPUCTaHHSAM OpraHi3aliiHOl yIpaBIIHCHKOI CKJIa/J0BOi €(QEKTUBHOCTI Ta
TEXHIYHOI TIATPUMKOK HAIIMHOCTI W OE3BIIMOBHOCTI KOHCTPYKIIH, IO
EKCILTYyaTyIOThCS.

3a0e3neUeHHs IMiIBHINCHHS €()EKTUBHOCTI TPAHCIOPTHUX IEPEBE3CHb 3
OOKYy YIpPaBIIHCHKOI CKJIAJOBOI JIOCSATAETHCS IIIAXOM YIOCKOHAJICHHS CHCTEMH
peryJIIOBaHHs TMPOIECaMH CBOEYACHOCTI JIOCTABKH Ta 30EpPEKCHHS BaHTAXIB 3
ypaxyBaHHSIM CICHU(PIYHUX YMOB TICPEBE3CHb. 3a0€3MCUYCHHS IiABUIICHHS
e(hEeKTUBHOCTI TPAHCIIOPTHUX 3acO00IB 3a PaxyHOK TEXHOJIOTIYHOI CKJIaJ0BO1
JIOCSITAEThCS ILIIXOM PO3POOKM HOBHX OUIBII JTOCKOHAIMX METOJIB JA1arHOCTUKH
Ta POrHO3YBAaHHS CTaHy JeTalel y mpoleci eKcIuryaTaliii.

AKTyaJbHicTh podoTH. CrpaTeris pPO3BUTKY TEXHIYHOI M1arHOCTUKHU
BUMAara€e BUKIIOYCHHS 3aJICKHOCTI JIOJACHKOro (akropy Ta CyO'€KTHBHOTO
CIIPUHHATTS AIMCHOCTI NUISIXOM X 3aMiHM Ha ormeparlii iHpopMamiiHuX TEXHOJIOT1H
Ta IMTYYHOT'O 1HTEJIEKTY MPU HAKOTMYCHHI Ta 00poOiri iHdopmallii mpo cTaH By3I1iB
i MexaHI3MiB. BuHHKae HEOOX1AHICTh BIOCKOHAJIEHHS OOJIagHAHHS, ONTHMI3allll
MPOIECIB  Ta  TEXHOJIOTiH, 3a0e3MeYeHHS CBOEYACHOCTI  JIarHOCTHKH 1
JIOCTOBIPHOCTI TMPOTHO3YBaHHSA CTaHy oOjagHaHHd. YuM Oinblma KiUIbKICTh
TEXHIYHUX T[apaMeTpiB JIOCTYMHA /I aHalidy, THM OUIBII BHUCOKAa TOYHICTH
JTIarHOCTUKA Ta MOXJIMBOCTI MOHITOPHUHTY ¥ mporHo3dyBanHs 3P. B ymoBax
poOOTH 3 BEIMYE3HWMH MMOTOKAMHU JAHHUX AYXKE BEIMKA HMOBIPHICTH MOMUJIOK Y
KOMITJIEKCHUX BHCHOBKax MPO pe3yJdbTaTH JiarHOCTyBaHHA. Tomy mopsnm i3
CTAaTUCTUYHUMH METOJIaMH OOPOOKH JIarHOCTHYHOI i1H(oOpMAarii Ciija BijmgaBaTh

MPIOPUTET 1 IMOBIPHICHUM METOJaM, JaHioram Mapkosa Touio.
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TeopetnuHo0 0a3010 ISl PO3BUTKY 3aBJaHb TEXHIUYHOI €KCIUTyaTallii Ta
00CIIyroByBaHHS TPAHCIOPTHHUX 3aC001B CTaIu poOOTH BITUM3HIHUX 1 3apyO1KHUX
BueHux O. AkimoBa, A. bykeroBa, A.[I'matoBa, P.Bap6auus, C. 3xanra,
10. Jlebenenka, 3. Hazapyka, B. Ilepenepis, O. Canponosa, O. [llapko, JI. XyaHnra,
X. Sura. [Ipo6iemu MOJIETIOBaHHS YIIPaBIiHHS MIPOLIECAMH JA1arHOCTUKHA B YMOBAX
HEBHU3HAYEHOCTI 1 pU3MKY BiJoOpaxeHi B poborax M. XKenroBa, A. 3050TOBa,
B. JIutBunenka, A. Henoceku, I'. PygakoBoi B. Ckanbsckoro, B. IllocTtaka.

3a3HaYCHUMHU BUIINEC HAYKOBISIMH JIOBEJCHO, IO BHPINICHHS THUTaHb
JIarHOCTUKK Ta TMPOTHO3YBAaHHS EKCIUTyaTalliiHUX BJIACTUBOCTEH CYJHOBOTO
oOnagHaHHs HaOyBae OCOOJMBOI aKTyaJbHOCTI 4Yepe3 Te, o cTaH (ioTy
BU3HAYAETHCSA (PI3MYHUM Ta MOPAJTBLHUM 3HOCOM.

BuBYeHHS AWMHAMIKM MOPCHKHMX TPAHCIOPTHUX IIEPEBE3CHb Yy CY4YacCHUX
yMOBax MPOSIBY HEBU3HAYCHOCTI BIUIMBY JOBKULISA, alpiOpHOI Ta amocTepiopHOT
iHdopMarllii BUSBISE PpI3HI TEMIH PO3BUTKY MOpPChKOro ¢uoty. Po3Butok
TPAHCIIOPTHHUX IMPOIIECIB Y CBITI BiAOYBAETHCS HEPIBHOMIPHO Ta CTPUOKOIO10HO.
3a manumu United Nation Organization Overview y 2021 porii Big3Hayanocs aAesike
MO’KBABJICHHS MOPCHKUX TPAHCIIOPTHUX IepeBe3eHb. OnHak, y 2022 poii yMOBU
nepeBe3eHb YCKIAIHWINCS Y 3B’S3KY 13 HEBU3HAYCHICTIO 30BHINIHIX BIUIMBIB. Y
3B’SI3KY 3 IIUM CIIOCTEPITa€ThCs CTapiHHSA MOPChKOTo (uroty. Haitbinbm Momoaumu
€ Oankepu 13 cepenHiM BikoMm 11,1 pokiB, naini WayTh KOHTEHHEPOBO3H 13 CEpeAHIM
BikoMm 13,1 pokiB, moTiM — HadTOBI TaHKEpH 13 cepeaHiM BikoM 19,7 pokis.
[TosicHIOETBCA 11€ THM, IO JOCUTH BA)KKO BHU3HAYUTH Ta CIPOTHO3YBATH IUISIXH,
SAKUMU MOKE BiIOYyBaTUCh TEXHOJOTIYHUN PO3BUTOK, sIKI BUAW TanuBa OyayTb
HaWO1IbII e(hEKTUBHUMU, SIK 3MIHSTHCS HOPMATHMBH Ha BYTJICIEBI BUKHUIU. Tomy
CIIOCTEPIraeThCsl TEHACHIS JO EKCIUTyaTallii crapux cyjaeH. BpaxoByrouu Iie,
JMIarHOCTUKA  TEXHIYHOIO CTaHy €JIEMEHTIB  CYJHOBOTO  TPAHCIIOPTHOTO
YCTaTKyBaHHS 1 BWU3HAYCHHS 3QJIUITKOBOTO PECYpCy € MpOOJIEMOI0 CY4acHOTO
MOPCBKOTO (JIOTY.

3B’130Kk Ppo0OTH 3 HAYKOBHMH MNporpamMamMu, IUIAaHAMH, TeMaMU.

OCHOBHI HayKOBI1 pe3yJibTaTH JUCEPTALIMHOTO JAOCII)KEHHS] OTpUMaH1 B mpoleci
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BUKOHAHHS JIEPKOI0KETHOT HAyKOBO-A0CHiAHOI TemMu: «Po3poOka 3HOCOCTIMKHUX
MOAM(DIKOBAHUX EMOKCUIUIACTIB JJs PEMOHTY 1 MIABUIICHHS HAJIHHOCTI
MOPCBKOT'O TPAHCIIOPTY Ta TEXHIKHM BIICHKOBOTO MPU3HAYCHHS» (HOMEp Iep>KaBHOI
peectpanii 0123U102016, 2023-2025 pp.). ABTOp AucepTaliii 6paB 0e3mocepeIHIo
y4acTh y BUKOHAHHI TEMU SIK BUKOHABCIIb.

Mera i 3aBaaHHsi JocCHilKeHH. Mema pobomu — TIABULIUTH
e(EeKTUBHICTh  eKCIUTyaTallii CyJIHOBMX TPaHCHOPTHUX 3aco0iB  ILISAXOM
BIIPOBA/DKCHHS METOJY JIarHOCTHKW 1 TPOTHO3YBAaHHS CTaHy JETalCH, SKHM
J03BOJIIE  30UIBIIMTH OOCAT AlarHOCTUYHOI 1H(opmanii 06e3 10AaTKOBOTO
BTPYYaHHS B iX KOHCTPYKIIifO.

3aBaaHHs, SKi 3aIUTAHOBAHO BUPIIIMTH JIJIs1 JOCSTHEHHS METH pOOOTH:

1. BusHauut Ha TEOPETUYHO-NPAKTUYHOMY pIBHI HOBI MapaMeTpu
JIarHOCTUKH, $IKI HEOOXITHO BpaxyBaTH JUIsl MIABUIIEHHS SKOCTI OILIHKUA Ta
NPOTHO3YBaHHS CTaHy TEXHIYHOT0 00JIaIHAHHS Yy pealbHOMY MacmTadi Jacy.

2. Po3pobutu Mojaenp WMOBIPHICHOT JWHAMIKM TIPOIECIB JAI1arHOCTHKU
BIJIMOB €JICMEHTIB CYJTHOBUX TPAHCIIOPTHHUX 3aC0O01B MPH iX eKCIUTyaTallii.

3. CTBOpUTH CHCTEMY IHTEJICKTyaJlbHOTO 3a0e3MeYeHHS J1arHOCTHKH
TEXHIYHOT €KCIUTyaTallii Ta 00CIyroByBaHHS TPAHCIIOPTHUX 3aCO0IB.

4, Po3pobutu MeTojJ OaraTOKpUTEpiaabHOI ONTHMI3aIlii J1iarHOCTUYHUX
XapaKTepuCTUK NMporuo3yBanHs Aetaneir CEY npwu iX ekcruryararii.

5. Po3poOutn ekcrnoHeHIiadTbHy MOJEdb Ta TEXHOJOTII IMPOTHO3YBaHHS
3anuikoBoro pecypey aetaieir CEY B yMmoBax CKJIaJHOTO HaBaHTAKECHHS B
peanbHOMY Yaci.

Ob'exm  OocniddcenHs. TIPOIECH TEXHIYHOI JIIaTHOCTUKU  E€JIEMEHTIB
MIPUCTPOIB CyTHOBUX TPAHCIIOPTHHUX 3aCO0IB.

Ilpeomem  Oocniodicennsa:  TNBHUINEHHA €(EKTHBHOCTI  EKCIUTyaTarlii
CYyTHOBUX TPAHCIOPTHUX 3aCO0IB MIJISXOM BIPOBAKCHHS JIaTHOCTUKH 1
MPOTHO3YBAHHS CTaHy JIeTaJeH.

Memoou Oocnidxcennss. TeopeTHdHi 1 EKCIIEPUMEHTATBHI JTOCTITKEHHS

IPYHTYIOThCS Ha Ipoliecax MOHITOPUHTY 1 TEXHIYHOI A1arHOCTHKU TPAHCIIOPTHUX
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3aco00iB B YMOBax iX eKCIUIyatauli B yMOBaX HEpPYHHIBHOTO KOHTPOJIIO.
JocnipkeHHs, K1 OB’ A3aH1 3 BUPILIEHHAM 3aBAaHb 11eHTU(diKalli KMOBIPHICHUX
JUHAMIYHUX CHUCTEM OIIHKM 3aJHUIIKOBOTO pecypcy y IMpoLeci eKcIulyaTarii
TPAHCIIOPTHUX OO ’€KTIB, BHUKOHYBaJW 3 BHUKOPHUCTAHHSIM MAaTEMaTHYHOTO
MOJICTIIOBAaHHS, CTPYKTYpHOTO, MaTeMaTHYHOTO 1 TEH30pHOro anamizy. llpu
BUBYECHI B3a€MO3B’A3KIB HABAHTAXKEHb 1 PO3MOBCIOKEHHSM KOJIMBaHb B
ne(OPMOBaHUX CEPEIOBUIIAX BUKOPUCTaHI METOAM TEOpii MPYKHOCTI 1 MEXaHIKU
pyWiHyBaHb. Jlns BuUpilIEHHS 3a1ad  MOJENIOBaHHS TPOIECIB EKCIUTyaTallil
yCTaTKyBaHHS B CKJIQJHUX yMOBaX BIUIMBY 30BHINIHBOTO CEPEIOBHIIA,
OPOrHO3yBaHHS 1 00pOoOKM HasgBHOI 1H(OpMalli BUKOPUCTaH] CleliaibHI METOIH
Teopli IITYYHOTO IHTENEKTy, Teopii MMOBIpHOCTEH, NpOrpaMHi MaKeTH
MaTEMATUYHOTO 1 IMITAIIHHOTO MOJIEJTFOBAHHS.

HaykoBa HOBHM3HA Oiep:KaHMX pe3yJIbTATIB:

1. Brepiie 3amporoHOBaHO HOBI JIarHOCTHYHI TTapaMeTpU CTaHy CYJTHOBUX
MIAIIUITHAKIB KOYEHHS, K1 MICTSATH MEPIIYy TOJIOBHY KOMIIOHEHTY XapaKTEePHUCTHUK
BIOpaIlIfHOTO CUTHAJIy B YacOBii 00JIacTi Ta CIEKTPAIBHUN €KCIleC B YaCTOTHIN
obyacTi, Ta JJIs CYJHOBUX MIAIIMITHUKIB KOB3aHHS, SKUH BpaxoBYye TMiK-(pakTop,
IO JIO3BOJISI€ MIJIBUIIMTH SIKICThb TPOTHO3YBAHHS 3aJMIIKOBOIO PECYpCy
yCTaTKyBaHHSI.

2. Po3pobiieHO Mojenb HWMOBIpHICHOT JIWHAMIKM TIPOIIECIB J1arHOCTHKU
BI/IMOB €JICMEHTIB CYJHOBHUX TPAHCHOPTHUX 3ac00iB TpH iX eKcIuTyaTallii Ha
OCHOBI JIAaHITIOTiB MapkoBa, sika BKJII04ae GopMyBaHHS anpiopHoi iH(opmarrii mpo
€KCIIEpUMEHTATbHI BIUIUBH 30BHINIHBOTO CEPEIOBHUINA, BCTAHOBJICHHS MPOCTOPY
CTaHiB, BWBYEHHS MPUYUH 1 HMOBIPHOCTEH BIAMOB, IO BiAPI3HAETHCS BIJ
ICHYIOUMX 3aMiHOIO0 JUCKPETHUX YaCOBUX IHTEPBAIIB MPOIECY IAIarHOCTYBAHHS
MOCJTITOBHICTIO CTaHIB TEXHIYHHX OO0 €KTIB 1 JO3BOJISE€ JOCHIIKYBATH JTHHAMIKY
HAKOMWYCHHS MOIIKO/KEHB y Yaci.

3. CTBOpEHO CHCTEMYy IHTEIICKTYaJIbHOTO 3a0e3MCeUYCHHS J1arHOCTUKH
TEXHIYHOI eKCIuTyaTarii Ta OOCIyroByBaHHsS TPAHCIIOPTHHX 3aco0iB, sKa

IPYHTY€ETHCSI HA KOMIUIEKCHOMY BUKOPHCTaHHI €KCIIEPUMEHTAJIBHOL 1 CTATUCTUYHOT
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CKJIQJIOBUX I1HTEPBAIIB [1arHOCTUKU, MPUYMH BIAMOB, KIIOYOBUX OCOOIMBOCTEU
00’€KTIB J1arHOCTYBaHHS Ta HAsBHICTIO 1HTEJEKTyaJdbHOI CKJIaJ0BOI 3
BU3HAYCHUMH QJITOPUTMAMH W TPOTPAMHUMHM TPOAYKTAMH, 11O BiJIPi3HIETHCS BiJl
ICHYIOUMX MiHIMI3alli€l0 Cy0’ €KTUBI3MY NPUUHSTTS PIILIEHb.

4. Po3pobiieHo MeTon OaraToKpuTepiaibHOI ONTUMI3ALil J1arHOCTUYHUX
XapakTepucTuk mnporHosyBaHHa jetanedt CEY mnpu ix ekcrutyaranii, sKui
BIAPI3HAETHCA B ICHYIOUMX  HAsBHICTIO OOYHMCIIOBAJBHOTO  AJITOPUTMY
BU3HAUEHHS XapaKTEPUCTUK BIOpAI[ifHUX CUTHAIIB 3 YpaXyBaHHIM iX CTPYKTYpH 1
PI3HOMAHITTA YaCTOTHUX XapaKTEepUCTHK U 3abe3neuye aHaji3 30iriB 3Ha4Y€Hb
CTAaTUCTUYHHUX KPUTEPiiB EKCIEpUMEHTaNbHOI iH(opMallii Ta iX 3ropToK, IO
JI03BOJISIE T IBUIITUTH TOYHICTh MMPOTHO3YBAaHHS 3QJIUIIIKOBOTO PECYPCY ACTalei.

5. 3ampomoHOBaHO  E€KCIIOHEHIIANbHY  MOJENb  Jerpajamii  Jis
IIPOTHO3YBAaHHS CTaHy CYJHOBHX IiJIIIAITHUKIB KOB3aHHS, KA BIIPIZHAETHCS BiJ
ICHYIOUMX MaTeMaTHYHOI0 OOpOOKOI0 XapaKTepUCTUK BIOpalliiHUX CHUTHAMTIB, €
BXIHY 1H(OpMAaIlit0 BUKOPUCTOBYIOTh JJIi HaBYaHHA MOJeINi, O0'€HAHHS
CTAaTUCTHUYHUX O3HAK 1 MOJAJBIINX aHai31B, a MPOILEC MOJEIIOBAHHS Jerpajarii
Ta TMPOTHO3YBaHHSA TEPMiHY pPOOOTH IPYHTYETHCS Ha aHaji3l IMOPITOBOrO PiBHSA
BIJICTEKYBAJILHOT'O CUTHAIY.

IIpakTuyHe 3HAYEeHHS OTPUMAHMX pe3yJabTaTiB. Ha ocHOBI mpoBeneHux
eKCTIICPUMEHTAIBHUX JOCIHIDKeHh pO3pO0JICHI HOBI JIIarHOCTUYHI IapaMeTpu
TEXHOJIOT1i JIIarHOCTUKK Ta TIPOTHO3YBAHHS EKCIUTyaTaIlliHUX BIJIACTHBOCTEH
CYTHOBUX MIJIIUITHUKIB KOYCHHsI, KOMIIPECOPiB, TypOOHATHITAYiB 1 M IIUITHUKIB
KOB3aHHS TypOiH rOJIOBHOTO JBUTYHA, 110 3a0e3Meuye MiIBUIIEHHS €QEKTUBHOCTI
eKCIUTyaTallii Cy/THOBUX TPAaHCIIOPTHUX 3ac00iB, HAMIMHICTh M1arHOCTUYHHUX POOIT
Ta 301IBIIY€E TEPMIHH X MDKPEMOHTHOI eKkcruryaTarii B 1,5...2 pa3u.

Hocnigno-npomuciioBy mepeBipky [C/] ekcrmmyaTamiiiHux BIacTHBOCTEH
CYJHOBOTO €HepreTHYHOro obsajgHanHs BukoHaHo Ha cynaHi « UHL FRONTIERY,
0 MiATBEPPKEHO aKTOM BHpoBa/KeHHS (Bim 27.06.2024 p.).. BopoBamkeHHs
HOBOTO METOAY JIarHOCTYBaHHS CYJIHOBUX TPAHCIOPTHUX 3aco0iB TMiJ dac iX

eKCIUTyaTallli 103BOJIs€: 30UIBIIUTH 00CAT JlarHOCTMYHOI 1H(opMalii 6e3
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J0JIaTKOBOI'O BTPYYaHHS B iX KOHCTPYKUI{, MIJABULIUTH HAAIAHICTh MPOBEICHHS
ngiarHoctuyHux  pobit y 1,3..1,5 pasi. [lomarkoBo MaTepianu aAucepTauii
BIIPOBA/PKEHO B HaBYAJIBHOMY MpOLECI XEpPCOHCHKOI JEep:KaBHOI MOPCHKOT
akajgeMii JJig acmipaHTiB cneuiaabHocTl 275  «TpaHCHOpTHI TEXHOJOrIi» MpHU
BUKJIQJaHHl JAUCHUIUIIHU  «MeToau  IarHOCTUKH, KOHTPOIIO  HAJIIAHOCTI
TPAHCIIOPTHUX CUCTEM Ta 3aC001BY», 110 MIATBEPAKEHO aKTOM BIPOBAKEHHS (B1JT
12.09.2024 p.). Metononorito miaBuiieHHs: ehekTuBHOCTI exciutyaTalii CEY Ha
NiJICTaBl HAKONMMYEHHsI, 30epiraHHsl Ta 0OpOOKM BEIMKUX OOCSTIB J1arHOCTUYHOI
iH(popMmarlii, TpOrHo3yBaHHS PO3BUTKY AE(EKTIB AOCATHEHHS TPAaHUYHOTO CTAHY
JeTaliel y peajbHOMY Yacl BHUKOPHUCTAHO MPH MIATOTOBII JIEKIIHHOrO Kypcy
IUCIUILIIHHA.

Ocobuctnii BHecok 3100yBauya. 3700yBay CaMOCTIHHO BHKOHYBaB
eKCTIEpUMEHTAIbHI JTOCTIIPKCHHS, HAKOMWYCHHS 1 aHaji3 ampiopHOi BXIJIHOI
iH(dopMmariii, BAKOHaB PO3PaxXyHKH CTATUCTUYHUX JIarHOCTUYHUX XapaKTEPUCTHK 3
ypaxyBaHHSIM BHMOT JO TMpPOBEACHHS eKkcrepuMeHTy. OcoOUCTO BHUKOHYBaB
00poOKy 1 y3arajJlbHeHHS Pe3yJIbTaTIB €KCIEPUMEHTATbHUX TOCHiKeHb. CHIiIbHO
13 HayKOBUM KepiBHHUKOM I.T.H., npod. [llapko O.B. po3pobieHo anroput™u i
TEXHOJIOT1i MOHITOPUHTY IIJIIUAITHAKIB KOMIIPECOpPIB Ta TypOIH CYJAHOBHUX
JBUTYHIB, TypOOHArHiTayiB.

Amnpodauisi pesyabrartiB aucepramii. OOTOBOpEeHHsI pe3yJbTaTiB PoOOTH
3M1MCHEHO HAa HACTYNMHUX HayKoBuX KoH(pepeHuisx: III MixH. HayK-TIpakT.KOHQ.
«QuinpoBceki gutanHsg-2022» (Kuis, 2022 p.), 14-ii MixHapoaHOI HayKOBO-
npakTudHoi KoHbepeHIii «Cy4yacHi €HEepPreTMyHl YCTAaHOBKM Ha TPaHCIOPTI,
TEXHOJIOTIi Ta oOmajHaHHA I iX oOciyroByBaHHsS» (M. XepcoH, 2023 p.),
Proceedings of the 8th International Conference on Computational Linguistics and
Intelligent Systems (Lviv, 2024), XI International scientific-practical conference
«Information Control Systems and Technologies» (Odessa, 2023 p.), XV
MixHapogHoi  HayKoOBO-TIpakTW4YHOI  KoH(pepeHmii «CydacHi  eHepreTuyHi
YCTAaHOBKM Ha TPAHCTIOPTI, TEXHOJOTIl Ta oOmagHaHHS JIA iX 00CITyroBYBaHHS»

(M. Xepcon, 2024 p.).
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Iyoaikanii. OCHOBHI pe3ynbTaTH AHMCEpPTaliiHOI POOOTH BHCBITIEHI B
13 HaykoBuX mparnsgx: 2 mpaii, sIKI BXOASTh 10 HAYKOMETPUYHHMX 0a3 JaHUX
«SCOPUS», 6 crateil y paxoBux BUAAHHIX, O MaTepianiB KOHPEpPEHIIH.

Crtpykrypa Ta o0csar aucepramii. {ucepraiiiina pobota MICTUTh: BCTYTI,
YOTUPU PO3AUIH, OCHOBHI BUCHOBKH, BUKOPUCTAHY JIITEpaTypy, Aonarku. Pobota
BUKJIaJeHa Ha 136 cTOpiHKaxX MAaIIMHOMHUCHOIO TEKCTy, MICTUTh 41 pHUCYHOK,
13 tabnunup, 124 nitepaTypHHUX JHKEpell, 5 TOAaTKIB. 3aradbHUNA 00CsT aucepTaii

ckiazgae 186 cTopiHOK.
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PO3JILT 1
AHAJII3 CYYACHUX METO/IIB TEXHIYHOI JIATHOCTUKH TA
OIIHKH 3AJIMIIIKOBOIO PECYPCY TPAHCIIOPTHUX 3ACOFBIB

1.1. AnajgiTH4HMi orysja cydyacHHuX iHGopManiiHUX MaTepialiB cTaHy

TEXHIYHOI iarHOCTHKH eKCIIyaTalii TPaHCIOPTHUX 3ac00iB

Texnuiune miarnoctyBanHs (TJI) 3riqHO 3 HOPMATUBHUMH JOKYMEHTAMH €
BU3HAUEHHSM TEXHIYHOro craHy o0'ekta. lle Bumuii piBeHb OIIIHKM Ta
nporHo3yBanHs  3anuiikoBoro pecypcy ([I3P) mopiBHsHO 3  MeTomamu
HEpYHHIBHOIO KOHTpomo Ta nedexrockomieto. Tepmin «TJ» o3nauyae obiactb
3HaHb IIIOJI0 BCTAHOBJIICHHA TEXHIYHOTO CTaHy o0'ekta. BoHa peamizyeThcs
METOJaMH  HEpYHHIBHOIO  KOHTPOJIO, aHalli3iB, MPOTHO3yBaHHIM Ta
BCTAHOBJICHHSIM 3aKOHOMIPHOCTEH 3MiH eKCIUTyaTaliiHux xapakrtepuctuk [1,2].
Jlo 1 3aBmaHb BXOASATh TOIIYK MICIb Ta TMPUYMH HECHPaBHOCTEH Ta
NPOrHO3YBaHHS TMOTOYHOTO CTaHy. 3anuimkoBuii pecypc (3P) — me cymaphe
HaIpalroBaHHA 00'€KTa Bl KOHTPOJIO HOTO TEXHIYHOTO CTaHy JI0 TPaAaHUYHOIO
CTaHy. Y 1[bOMY I1iJl TPAHUYHUM CTAaHOM MPOTHO3YBAaHHS YCTaTKYBaHHS PO3YMIIOTh
CTaH y AKOMY TOJaJIbIIa eKCIUTyaTallisl yCTaTKyBaHHS HEJAOLLIbHA.

S0 TeXHIYHWM  perjaMeHTOM He BCTaHOBJEHI (OPMHU  OIIHKHU
BiJIMOBITHOCTI BUMOTaM JIO TIPUCTPOIO, BOHO MIJIJISATAE €KCIIEPTHOMY OIIHIOBAaHHIO
IIPU TIEPEBUINCHH] KUIBKOCTI IUKIIIB HaBaHTa)xeHHs. [IpoBeneHHs po3paxyHKy 3P
oOnagHaHHS BXOJWTH JO TPOTHO3YBAHHS Ta EKCHEPTHU3W BUPOOHUYOT Oe3MeKu
[3,4]. Slkmo TeXHIYHOIO JIOKYMCHTAIIEF0 Ha OOJIaJHAHHS BCTAaHOBJICHO
HOPMATUBHHUI TEepMiH OE€3BIAMOBHOI €KCIUTyaTallli, WOro MOXKHa TPOJIOBKHUTH,
MIPOBIBIIN PO3PAXyHOK 3aIUIIKOBOTO pecypcy. 3P BCTaHOBIIOETHCS HA TiACTaBi
TEXHIYHOTO JIarHOCTYyBaHHS, IO BKJIIOYA€ OOCTEKECHHS TEXHIYHOTO CTaHy
TPAHCTIOPTHUX 3aC001B, TOCHTIKEHHSI MEXaHIYHIX BIIACTUBOCTEH, MIKPOCTPYKTYPH
Ta XIMIYHOTO CKJady, MPOTHO3YBAaHHS Ta OIIHKY €JIEMEHTIB KOHCTPYKIIIHA, aHai3

pe3yJIbTaTiB, BUIa4y BUCHOBKIB.
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OuiHkM cTaHy, NPOTHO3YBAaHHS Ta BU3HaueHHs 3P B ymMoBax BIICYTHOCTI
iH(popMarlii Ipo MIKOBI Ta €KCTPEMaJibHI HABaHTAXKEHHs Ha OOJaJiHAHHS B MEPIOA
MDKPEMOHTHHMX LUKJIIB Y TPOLECI eKCIuTyaTalii BUpoOiB BIAYyBalOTh MPU CBOEMY
BUKOPUCTAHHI Psifi 0OMEXEHb 1 HETOYHOCTEH OIIIHOK, BUKJIUKAHUX JUHAMIYHUMU
3MiHAMHU JIOBKULIS Ta CTOXAaCTUYHICTIO NPOLECIB, a caMme, Ma€ MiCIe CHUTyalls
pU3KMKy. €IWMHOTO BU3HAYCHHS TOHATH PHW3WK Ta HEBU3HAUCHICTh HE iCHye. €
3arajbHa TEPMIHOJIOTISI, KA TPAKTYEThCS 3aJICKHO BiJi KOHKPETHOI CHUTYyaIlii Ha
npakTuili. CI0BO PU3HK, 3TiAHO 3 TEPMIHOJIOTIEI0, TTO3HAYAE TaKe TIYMAYCHHS 5K
i Ha ynady», «Hajis Ha IIACIUBUN BUMAIOK», «MOXJIMBA HeOe3meKay,
«HenepeadauyBaHIiCTh pe3yibTariBy. o cTocyeThes TpaHCHIOPTHUX TEXHOJOT1M
il PU3UKOM PO3YMIETbCS WMOBIPHICTH 3arpO3M BTPATH PECYPCIB, HEAOOTPUMAHI
JIOXOJTIB Y IOSIBA JJOJIATKOBUX BHTpPAT.

3 ypaxXyBaHHSM pO3IJITHYTHX IIOHATh Ta BH3HAYCHb PH3UK MOJXKHA
TPAKTyBaTH SK HasBHY HEBH3HAYCHICTh, KA MOXXEC YMHUTH SK HETaTUBHUH, Tak i
NO3UTUBHUN BIUIMB. bBynb-Kull pU3MK XapaKTEepU3YEThCS albTEPHATHBHICTIO
noaiii. OCHOBHA BIIMIHHICTh MK PU3UKOM Ta HEBU3HAYCHICTIO TOJIATAIOTh B TOMY
BIJIOMUMH KIJTbKICHI KIMOBIPHOCTI HACTAHHSI TIEBHUX TOAIN 4M Hi.

TakuM 4MHOM, TTOHSTTS PU3HK MOB'SI3aHE 3 OLIIHKOK MMOBIPHOCTI HACTaHHS
MOJii, a TMOHATTS HEBHU3HAYCHICTH TaKOi OI[IHKM HWMOBIPHOCTI HE Ma€. ICHYIOTH
BIIMIHHOCT1 Y IPUYMHHO-HACIIIKOBUX BIIHOCHHAX 000X IMOHATH. HeBU3HaUEHICTh
MOPOJIKYETHCS  HEMOBHOTOI 1H(GOpPMAaIlii, BHUMAIKOBICTIO IPOSBY 30BHIIIHIX
HECTIHKMX 3B'A3KIB, PE3yJbTaTOM TMEPETUHY HE3aJCKHUX TMPOIECIB Ta MOIiH.
Pusuk  Oe3mocepeaHbO TOB'SI3aHWA 13  TPUUHATTAM  pimieHb.  [loHATTS
HEBU3HAYCHOCTI HEOJHO3HAYHE, TOI SIK pU3UK Ma€ KiIbKiCHUA BuMip. [Ipu nmpomy
CJIiJT CTIOYATKy BHUSIBUTH PU3HKH, a MOTIM BXXUTH HU3KY 3aMMO01KHUX 3aXO0/IiB 1100
iX 3MEHIIIeHHs a00 YCyHEHHS.

3 mormsgy Teopii WMOBIPHOCTEH MPaBWIBHICTH BHOOpPY CTpaTerii
MEePEBE3CHh 32 YMOB HEBHU3HAUEHOCTI Ta PU3HWKY, BUHUKHEHHS HeErependadueHux
CUTYaIli 1 MOAIN BU3HAYAETHCS TAKUMH IMapaMeTpamMu sSK BHOIp cTparterii peaxiii

Ha MOJJIMBI TIOA1i, HACTIJAKUA SKUX MPHU3BOAATH J0 KOHKPETHUX PE3YJbTATIB, i
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yac cTparerii, B SKIM pe3ylnbTar peainizaiii MoAiiil, Mae MEeBHY HMOBIPHICTh iX
MPOsIBY, BUOIp CTpaTerii, 1110 MaloTh 0€3J1i4 YaCTKOBHUX PE3yJIbTaTIB 3 HEBIIOMUMU
HMOBIPHOCTSIMH.

Metonu OLIHKM pU3MKY Ta Horo ieHTudikaiis MoB'si3aHi 3 WMOBIPHICTIO
HeOe3neku. 3 1HIIOro OOKy, PU3HMK 1€ MOTEHI[IHHA MOXJIUBICTH OTPUMAaHHS
npuOyTKOBOCTI. Pu3uku € HeoOXigHUM aTpuOyTOM TpPAHCIOPTHUX TEXHOJOTIMH.
CkJaiHICTh Y MOJIETIOBaHHI PU3UKOBHUX CHUTYyalld Mojsrae y nodynoBi Mojesei,
aJIeKBaTHUX peaJIbHIN 00CTaHOBIII.

BrnuB Quyktyanii JOBKULIS Ha TPAHCHOPTHI MEPEBE3E€HHS TOPTi1BEIHHOTO
MOPCBHKOTO (hJIOTY MPOCTEKYETHCA B OIlIHKAX, sIKI BiJOOpa)KeH1 y CTaTUCTHYHHUX
36ipkax [5, 6]. [IpencraBiieHO OIIHKY CTaHy TPAHCIIOPTHUX MOPCHKHX MEPEBE3CHb
y CBITI, JIarHOCTUKH Ta NPOTHO3YBaHHSA N0 0a30BUX HANpPSMIB PO3BUTKY
TpaHCTOpTHOT Tany3i. CToXacTW4yHI 3MIHU JOBKUUIA YCKJIQAHIOKOTH OYIb-sKi
EKCTpamnoysilii Ta TPEeHAM, 3aMIHIOIYHM iX MOHATTSAM MPO UUILOBY (YHKIIIIO.
[linboBa (yHKIIS TPaHCHOPTHUX IIEpPEBE3€Hb MOXE OyTH BHUpPaKE€HA uepe3
HMOBIpHI  ySBJICHHS JWHAMIKH (QYHKIIIOHYBaHHS TPAHCIIOPTHUX ITOTOKIB.

JluHaMika 0OCSTiB MiKHAPOIHHX MOPCHKHX IIepeBe3eHb mpeacTasicHa puc.1.1 [6].
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Puc.1.1 — JIluramika 06CsTIB MI>KHAPOAHIX MOPCHKUX TIEPEBE3EHD

OYHKIIIOHATBHUA aHali3 OMEPAifHUX BUTPAT Ta TPOIEAYpP YNPaBIiHHSA
TPAaHCTIOPTHUMHU TEPEBE3CHHSIMH B yMOBAaX HEBU3HAYEHOCTI Jla€ 3MOTY

aKIICHTYBaTH yBary Ha OCHOBHHUX Mpo0OyieMax raiysi.
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Y 2020 pomi o00cArd MOPCHKMX TI€PEBE3€Hb BMAJIM BUKIUKAIOYU
TpaHcpopMallilo TI00ATbHUX BUPOOHMYMX MOOYTOBHX BimHOCHH. Y 2021 pomi
o0csr MOPCHKUX TepeBe3eHb 30ubIIuBCS Ha 3,2% T00TO M0 11 Mupa T BHACHiIOK
3pOCTaHHS TOHHA)XY Ha KOHTCWHEPHI MEPEBE3CHHS. 3POCTU TMEPEBE3CHHS CYXUX
MacCOBHUX BaHTaXI1B, IpOTE 00CST MepeBe3eHb CUPOT HA(TH 3MEHILIKUBCS.

Po3paxynku Cekperapiaty United Nations Conference on Trade and
Development (FOMKTA/I) BukoHani Ha ocHOBI gaHux kommanii Clarksons
Research nokazanu HacTynHy nauHamiky 3pocTaHHs: B 2023 poli B MOPIBHSAHHI 3
2022 poxy HadToBi TaHkepu 2.96%, koHTeitHepoBo3u 2,48% cyaHa mocTavyaHHS
Mopcekux taropm 2,19%, TaHkepu s XiMiuHuX npoaykrtiB [6]. Cramocs
NaJiHHSA  TPAHCIOPTHUX IEPEBE3CHb, IO 3IIMCHIOIOTBCS IMOPOMaMH  Ta
nacaxxupcbkumu cyaHamu Ha 0,36%, cymamu Uisi TeHEepajJbHUX BaHTAXIB Ha
0,18%.

Haitbinpmr  mpobGiiemMHUMH  Bif3HaueHi mnoptd  Kutaro  BHaACHIOK
HEBU3HAUYEHOCTI MaKpPOEKOHOMIYHOI KOH'IOHKTYypU. HeBH3HaYeHICTh MOKIMKaHa
IPUCKOPEHOI0 1H(JIAIIECI0 Ta IMJABUINCHHSAM BapTOCTI KUTTSA y KpaiHaxX 3axigHOl
€Bpomnu.

3 2011 poky crmocrtepiraeTbcss HeOe3nmeuHa TEeHJEHIlIsl cTapiHHs QuoTy.
Cepenniit Bik cyneH y 2022 pomi ctaHoBUTH 21,9 poky. ChorogHi J10BOII BaKKO
BU3HAUWTHU Ta MPOTHO3YBATH IUISIXU, AKUMHU W€ TEXHIYHUN PO3BUTOK 1 TEXHIUHE
JIarHOCTYBaHHS EKCILTyaTallli TpaHCHOpPTHUX 3aco0iB. Tomy cmocTepiraerbcs
TEHJCHI[ISI BUKOPUCTAHHS B YMOBaX BHUCOKHMX HUHINIHIX Tapu}iB Ta GHpaxToBUX
CITOK 3 KPEHOM Ha €KCILTyaTallifo CTapuX CyAeH. SIKI0 HUHINIHA CUTYAIlisl B TaIy3i
MDKHApOJHUX MOPCHKUX TIEPEBE3CHb 30epekerecs, To B 2025 polli COXUBYI IIHA
MOXXYTb 30UThIIUTHCS Ha 15 %.

3a HaABHOCTI y peaNbHOI MJIHCHOCTI KUIBKOX CTaHIB 30BHINTHBOTO
cepenoBuIa Ta crnenu(iYHUX BHYTPINIHIX YMOB TPAHCIIOPTHHUX TEPEBE3CHb IM
BIJIMOBIAIOTh pi3HI 1iMboBI (QyHKIIi. [le B cBoe depry 3yMOBIIOE pi3HI
albTEPHATUBU YIpPaBIiHHA. SIKIIO KOJHA 3 albTEPHATHUB HE JOMIHYE 3 IHIIUX,

BUHMKA€  3aBJaHHd  OaraTtokputepianpHoi  ontumizamii.  Cunre3  iaeu
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OaraToKkpuTepiabHOI oONTHUMI3alii, Mae OyTH 3aCHOBAHMM Ha HMOBIPHICHUX
OLIIHKaX pe3yJbTaTiB Ta MONIYKY pIlI€Hb, 332 SKUX 3HAYCHHS I[UIbOBUX (DYHKIIIH
OJIHAKOBO MPUUHATHI K JJI1 TOCTa4albHHMKIB, TaK 1 JJII MOPCHKHUX

nepeBi3HUKIB [7].

1.2. Crpykrypu3amisi OCHOBHHUX HamnpsiMiB JOCJHi/XKeHb 11010
NIarHOCTMKM Ta BHU3HAYEHHS 3aJMIIKOBOI0 pecypcy TPaHCHOPTHHX

KOHCTPYKUIIH Ta CIOPY

[Ipo6nema 3abe3neuenns HagiHoCcTI CT3 HaOyBae 0cOOMMBOI aKTyaIbHOCTI
y 3B'I3Ky 3 MOro CTapiHHAM, M0 3HAYHO IIEPEBUIIYE TEMIIH TEXHIYHOTO
NIEPEOCHAIICHHS, PO3POOKY Ta BIPOBAPKCHHS HOBHX CYYaCHMX TEXHOJIOTIH 1
KOHCTPYKIil. BiICyTHICTh HAyKOBO-OOIPYHTOBAaHOI  KOHIEMII TEXHIYHOT
JarHOCTUKKA BU3HaueHHs 3P oOnajgHaHHS moTpedye HEOOX1THOCTI aHAJITUYHOTO
orjisily HasBHOI iH(opMaIlii 3 ypaxyBaHHSM 3arajbHOi TEHJCHIII Ta HaNpSIMKIB.
Heocnabuuii iHTepec 1m0 mpobOIeMH M1arHOCTUKHU ta [I3P oOnaguanus
BUSIBIISIETHCS Y HAIBHOCTI MyOJIiKaIlii Ta OTJIs/IB 3 PI3HOI raidy3eBoi TeMaTHukH [ 8-
10]. Taki ornsiau B OCHOBHOMY CIIPSMOBaHI Ha aHai3 BITYM3HSIHOTO JOCBITY Ta
OMHUCYIOTh MOAPOOHIIl X BUKOPUCTAHHS B MPAKTHIl MPOTHO3YBAHHS Ta KOHTPOJIIO
cTapirouoro oOJjiaJHaHHs, TEPMIHHM EKCIUTyaTallii SKoro abo aBHO 3aKIHYMIIHCS
a00 HaOJIMKAIOTHCS 10 KPUTUYHUX MMO3HAYOK. HaBeneHuit orusin cripssMOBaHUH Ha
OIIIHKY JOCSTHEHb MiarHOCTHKU 1 3P oOmagHaHHS y 10 KpUTUYHOMY CTaHi
JAJIEKOMY JI0 TPAaHUYHOTO OXOIUTIOE PE3yJbTaTH 1 OCTaHHI JIOCATHEHHS
BITYM3HSIHOTO Ta 3apyO1>KHOTO JIOCBIY Y IbOMY HAIPSIMKY.

[IporrHo3yBaHHS HaIIMHOCTI OOJIAJIHAHHS BU3HAYAETHCS IIIIXOM BHMIPIB
gyepe3 TMEeBHI MPOMINKKHA 9acy MaKCUMaJIbHUX BEJIMYWH YIIKOJKEHb. 3HOITYBaHHS,
Kopo3ii, gedopmariii 3 MOJATBIIOT EKCTPANOJIAIii 3aJeKHOCTEH 10 TPaHWYHO
JOIyCTUMHUX BeMWYWH ymkomkeHb [11, 12]. Takuit cnoci® mA03BOJISE OTPUMATH
JIOCUTH TOYHI 3HAYCHHS MOKA3HHUKIB HAaIIHHOCTI, SIKII[O BIAOMHI BUJ 3aJIEXKHOCTEH

YUIKO/DKEHb BiJ 4acy. OJIHaK, He3BakalouuW Ha Te, 1[0 ICHYE JTOCUTh Oaratro
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3aJIEKHOCTEW JJI1 PI3HUX BU/IB HaBAaHTa)XEHb 1 MaTepiajiB Ha MPaKTULI BIUIUB
eKCTpeMaIbHUX 1 MIKOBUX HABAaHTa)K€Hb Ha J1I04OMY OOJagHAHHI B MeXax HOro
eKCIUTyaTallii, BpaxyBaTh sIKI HEMOXXJWBO, CTPUMYIOTh a 1HOA1 1 BUKJIIOYAIOTh
3aCTOCYBaHHS IIUX METO/IiB POTHO3YBAHHSI.

3amexHO Bl  HEOOXIOHOI JIOCTOBIPHOCTI MPOTHO3IB  MOXe OyTu
BUKOPUCTAaHUN CHPOIMICHUM MIAXiA, [0 TPYHTYEThCA Ha JETEPMIHICTHUHUX
OIlIHKaX HasiBHOI iH(opMaillii Ta OUIbII CKIAHUN — UMOBIpHICHUH, 3aCHOBAaHUM Ha
TEOpii BIMOB.

[npopmamiitnumu napamerpamu aig [13P MoxyTe OyTHM TakoX 3HauHI
TIOITKO/KEHHS, IO TPOSBISIOTBECA y BUIIISANI KOpO3ii, 3HOCY, nedopmamiitHol
MOB3y4OCTI, TaK 1 MapaMeTpu CYIYyTHIX MpOIECiB TakuxX SK piBHI BiOpai,
BEJIMYMHU BUTOKIB, TEMIIEpATypa BY3JIiB TEPTS, BUTPATA MPOIYKTIB Ta iX 3MIIIICHHS
II0JI0 cepenHiX 3Ha4yeHb [13-16].

Jlist OimbIl HAOYHOTO CHPUMHATTS HasiBHOI iHGopMalii, ii cyTHOCTel Ta
MOKJIUBOCTEN ajamnTaiii A0 OI[IHKK 3aJUIIKOBOTO pPecypcy Ta MpPOrHO3yBaHHS
npaine3fgaTHOro CTaHy MarepiaidiB BUpoOy B YMOBax CKIAQIHUX JTUHAMIYHUX
HABAaHTAXKEHb Ta HEBU3HAYCHOCTI BIUIMBY JOBKLUIS HasBHY I1HQOpMAIli0 Mpo
npoOsieMy JIarHOCTUKKA Ta TMPOTHO3YBAaHHA TEXHIYHOIO CTaHy OOJaJHAaHHS
TPAHCIIOPTHUX KOHCTPYKIIIH 1 CIOPYJ, MOXXHa YMOBHO PO3JIUINTH Ha TPYyIHU
METOAMK X peanizariii:

— METOJHMKH PO3PAaXyHKy, IO TPYHTYIOTbCSI HA YHCEIbHHX METOJaxX
MEXaHIKU PyWHYBaHb,

— METOJMKH, 3aCHOBaHI Ha pe3yibTaTaX HEPYWHIBHOTO KOHTPOJIIO Ta
ne(EeKTOCKOITI;

— METOJIMKH, IO BUKOPHUCTOBYIOTH HOPMATHBHI JOKYMEHTH Ta pi3Hi
CTaHJAPTH;

— METOIMKH, IO 0a3yIOThCs Ha MOJICTIOBaHHI Ta iHGOpMAIIHIN mATPpUMITI
MPUIAHATTS PIlICHb.

CrpykTypu3sariisi 1iarHOCTHYHO1 1H(POpMaIlii TEXHIYHOTO CTaHy 00JIaJHAHHS

mpeIcTaBlieHo Ha puc. 1.2.
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YucnenHi
METOIHU
MEXaHIKH
pyiHYBaHb

MopnentoBaHHs
Ta
iHpOpMaTUBHUI
CYIIPOBiJ

HepytiniBHuit Hopmarushi
KOHTPOJIb Ta | +| JOKYMEHTH Ta
CTaH/IapPTH

NeEKTOCKOIIsS

[aTenexryanpHe 3a0e3MeYeHHs JIarHOCTUYHOI 1HpOopMarii

Puc. 1.2 — CtpykTypu3allist 11arHOCTUYHOI 1HPOpMaIlli TEXHIYHOT'O CTaHy

o0raiHaHHS

Taka cTpykTypu3allisi HasBHOI anpiopHOi BX1JIHOT iH(OopMaIlii, sska BUKOHAaHA
Ha OCHOBI 3a3HaYCHMX KJacU(iKaIiHUX O3HAK, TIO3BOJUTH OUIBII YITKO BUIIIUTH
BJIACTHBI PO3TJSHYTHUM METOJaM, MOJEISM Ta aJrOpUTMaM ix peanizailii, raiysi
pallioHaJTLHOTO BUKOPUCTAHHS, HENOJIKM Ta IEPCIeKTUBU BHUKOpPUCTaHHA. Lls
iHopMalliss € 0coO0JMMBO KOPUCHOIO IPU BUPINICHHI 3aBIaHb JIarHOCTHKH Ta
NPOTHO3YBaHHS CTaHy €JEMEHTIB E€HEPreTUYHOro OOJIaJIHaHHA, U0 MpaIloe Y

CKJIaJIHUX YMOBax ekcruiyarari [17].

1.2.1. JliarHocTHKa 3aJJUIIKOBOI0 pecypcy 3a pe3yjabTaTaMi YHCEeJIbHUX
MeToaiB MexaHiku pyiiHyBanb. Y [10] HaBeneHo pesynbTaTl qiarHoctuku 3P Ta
Horo BHW3HAYCHHS JUII HACOCHUX arperaTiB. Bukopucrani TpUBHUMIpHE
MOJICJTFOBaHHS Ta METOJ KIHIIEBUX eneMeHTiB. [lo0y1oBaHO T€OMETpUUHY MOJIEIb
eKCIUTyaTailii, 1Mo J03BOJISIE OI[IHUTH MIIHICTh KOPIYCy Hacoca Ta OCHOBHUX
6onToBHX 3'€enHaHb. 3poOseHo BucHOBKY mpo [13P Ha 15 pokis.

Y [18] 3ampomonoBaHo wMeTod JaiarHocTuku Ta II3P  migmmmHUKIB
MEXaHI3MiB, MO0 00epTalThCs. BHUKOPUCTOBYETHCS METOA UIyMONPHUAYIIECHHS
BEUBIET-IAKEeTIB Ta 00'emHanHs iHQopMmamii y BHUTISAI  KOMIUIEKCHUX
XapaKTepUCTUK TEpMiHy ciy)kOu migmmmaukiB. Y [19] Bmamo BuKOpucTaHi
CTaTHUCTHYHI MeTtoau aiarHocTuku Ta [I3P Ha ocHOBI TMOOKOTO HaBYaHHS Ta

cratuctuuHoi iH(popmaiii. Becranosneno, mo [I3P He nae koHkpeTHOI 1HPOpMAaIIii
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IOJI0 3HWKEHHS TPOAYKTUBHOCTI oOnmagHaHHA. J[JI1 1OTO TIPOMOHYETHCS
OailecOBCbKa  TEXHOJIOTIS  IHTErpyBaHHd  1HQopMalii  MpO  3HMKEHHS
MPOTYKTUBHOCTI OOJIagHAHHS 3 JUCKPETHUMHU BUITAIKOBHMH ITONTKOIKCHHIMH B
0araTOBUMIpPHUX CUTHAJIaX 4acOBOIO PSY.

Ha mingcraBi crekTpiB HaBaHTaXXE€Hb Ta KIHIIEBO-CJIEMEHTHOTO aHaTi3y
OCBOBOTO BaJly KOJIICHOTO HaBaHTakyBada B po0Ooti [20] ckiiaieHO mepesnik yMOB
eKCILTyaTalii Ta MPOrHO3yBaHHS HOr0 BTOMHOI JIOBTOBIYHOCTI 3 BHKOPHCTAHHSM
KpuTepito MaifHepa. 3 ypaxXyBaHHSM BIUIMBY HEBHU3HAUECHOCTI Ha BTOMHY
JIOBTOBIYHICTh MPOBEACHO aHaji3 YyTJIMBOCTI OLIHOK BTOMHOI JOBIOBIYHOCTI.
BcranomneHo, 1mo BTOMHA JOBTOBIYHICTH 30UIbIIYETHCS B 3,7 pas3iB, KoOJU
MOBEPXHEBA 3aJMIIKOBA CTHCKatoua Hanpyra nocsrae 100 MIla i1 3MeHIyroThCs Ha
80% mpu 30UTBbIICHH] aMIUTITyau HaBaHTaxxeHHS Ha 10%. Ilomanmit migxin €
OpIEHTUPOM JJISl TIPOTHO3YBAHHS BTOMHOI JIOBMOBIYHOCTI Ta BJOCKOHAJICHHS HOTO
KOHCTPYKTHBHOTO BUKOHAHHSI.

[Toganemuit po3BUTOK MeTony piarHocTuku Ta [I3P 3a pesynpraTtamu
YUCEIbHUX METOMIB MEXaHIKM pyHHYBaHb IIOKJIQJIeHO B poboti [21], ne
PO3IIISTHYTO 3aBJIaHHS BTOMHOT'O PYWHYBaHHS JI€TaJIel TiIpaBiiuyHOl TypOiHH TiCs
TPUBAJIOTO TepMiHy CiayxOu. HapemeHo aHami3 cTaHy €JIEMEHTIB OCHOBHUX
YCTaHOBOK JIE30 MEXaHI3My OOCpTaHHS JIOMATKX TypOOMAIllUH Ta JiarHOCTHKU 3P
JeTanel mpu po3TpickyBaHHI. OOTOBOPIOETHCS MpoOiIeMa OIIHKK HAIIHHOCTI Ta
IIPOJIOBXKECHHS TEpPMiHY CaykOum oOnamHaHHs. B [22] mocinipkeHO BHHUKHCHHS
BI/IMOB 3a 4YaCc J>XUTTEBOTO IIUKIy OOJaJHAHHS Ta MOJCIIOBAHHA iX YaCTOTH.
AmnanizyeTncsi popma KprUBOi IHTEHCUBHOCTI BIIMOB BiJ] HIMOBIPHICHOI BIIACTUBOCTI
B3a€MO/Iii HaBaHTaXXEHHS Ta MIIIHOCTI. Ha 0OCHOBI Hampy)XeHO-MIIHICHOT B3a€MOJIii
pO3po0JICHO MOJIeNIb 1HTCHCHUBHOCTI BIIMOB BiJl CTOXaCTHUYHUX HaBaHTaKCHb
MPOTSTOM YChOTO TEPMiHY CIY)KOH. 3 TOUKH 30py HEBH3HAUCHOCTI HaBaHTAKCHHS
Ta HEBU3HAYCHOCTI MIITHOCTI 3alPOTIOHOBAHO MEXaHi3M BHJIIJIEHHS! CTATUCTUYHOTO
PU3UKY HaBaHTAKCHHSA Ta JIETpajallii MillHOCTI HA YacTOTY BiJMOB.

VY [23] moka3aHO, mO BIIMOBH MAaIlIMH Ta OOJIaJHAHHS BUKJIMKAaHI B

OCHOBHOMY TIEPETMHOM KPUTHYHHUX CTaHIB, $KI BHU3HAYE€HI TpPaHUYHUMU
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3HAUEHHSMM HaNpyXeHb Ta AePopMaliil y MICHSIX KPUTHYHOIO HaBaHTAKEHHS.
HageneHno pe3ynbratd po3poOKM METOJIB OLIHKMU IMOdIB AedopMalli, HanpyXeHb
ta 3P 3 BUKOPUCTaHHSIM EKCHEPUMEHTATBHUX Ta YHCEIbHUX METOIIB MEXaHIKH
pyliHyBaHb. YMCIEHHI METOIM MEXaHIKU pyHHYBaHb JeTalled Ta BY3JIB
TPAHCIOPTHUX TEXHOJIOTIM BHUKOPUCTAHI MPU OLIHLI TEXHIYHOTO CTaHy
TETUIOTEXHIYHUX YCTAaHOBOK Yy PEXHUMI peaJbHOr0 dYacy 3 YypaxyBaHHSIM
excrryaramiiaux  ¢akropiB [24]. Busnaueno Benuuuny 3P (QyrepyBaHHs
cTasiepo3nuBHOro koBma micias 30 1maBok. 3iCTaBIEHHS PO3PAaXyHKOBHX
pe3yNbTaTIiB i3 X MPaKTUYHUM BUKOPHCTAHHSM JIO3BOJIAE aaanTyBaTd OIiHKK 3P
Ha CTaJePO3TMBHUM KiBII ITUPOKOTO KJIacy BUCOKOTEMIIEPATYPHHX arperaris.

JIOCBiT BHUKOPUCTaHHS YHCEIBbHHUX METOJIB MEXaHIKM PYWHYBaHHS IIPH
niarHoctuii 3P oOmagHaHHS, IO TPHUBAJIO TPAIIOE, OMHCAHWN NPHU TUIAHYBaHHI
MIKpOMEPEIK 3 ypaxyBaHHSIM HeBH3HaueHOCTI y [25]. TlmanyBaHHS MiKpOMEPEK,
IO IHTErpyIOTh BIJHOBIIOBaHI JpKepesa eHeprii, MPeacTaBlIeHO CTPYKTYpPOIO
3MIIIAHOTO IUIICHOTO TiporpaMmyBaHHs. LlimboBoro (QyHKINIEO € MiHIMI3aIls
BapTOCTI KUTTEBOrO LHMKIY HANpPUKIHII I[JIaHOBOro Tepiony. BpaxoByerbes
HEBU3HAYEHICTh HABAHTAXKCHHS, I[IHM Ha €JIEKTPOCHEPTit0, IIBUIKICTH BITPY Ta
coHsTyHOTO BUMIpY. [y iX 1HTerpallli BUKOPHUCTOBYEThCS KOMOIHOBaHa MOJENb 3
TEXHIKOIO KiacTepu3amii. UucenbHe MOICTIOBAHHS JJII TECTOBUX MIKpOMEPEK
MOoKa3ano epeKTUBHICTH 3aIIPOTIOHOBAHOT MOIETI.

Jlo 3axoiB, MO0 3HUKEHHS PU3UKIB MPH JI1IarHOCTHUII BU3HA4YeHHS 3P, ciin
3apaxyBaTh pe3yiabTaTd poOoTH [26]. 3a3HayaroThCs NMPUYMHU HEBU3HAYCHOCTI,
AK1 TIOB's13aH1 13 3ac00aMu KOHTPOJTIO Ta SKOCTI BUX1HOI iH(opmarrii. Ha mpukmasi
aHaMi3y KOCPIUMTUBHOI CHJIM YIIKOJKEHHS BHYTPINTHBOT OBEPXHI TPyOOIPOBO/IIB
MOKa3aHO HEOOIPYHTOBaHE 30UTBIICHHS PO3PaXyHKOBOTO 3AJHIIKOBOTO TEPMiHY
CITy)0u Ta HeOOXiTHI KOPUTYBaHHS.

Meton orinku 3P kabemto mpu TepMidYHOMY cTapiHHI onmcaHuii B [27]. B
OCHOBI METOAY JIKUTh KIHETHYHA MOJENb JPYroro MOPSAKY Ta BJOCKOHAJICHE

PIBHSHHS TEPMIYHOTO CTapiHHsA AppeHiyca. Mojenb BUKOPHUCTOBYETHCS SIK
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TEOpETUYHA MIATPUMKA CBOEYACHOI'O BHUSBJIEHHS PU3MKIB MiJ] 4ac MPOTrHO3yBaHHS
TEpMiHIB cy>k0u Ta 3P 1151 yCyHEeHHs MOTEHUINHUX aBapiil.

Hns ominku Ta II3P 3a pe3ynbTaTaMud YHUCEIBHUX METOJIB MEXaHIKU
pyiiHyBaHb HEOOX1/IHO:

— 1arHOCTYBATH €KCIUTyaTalliHUN cTaH 00'eKTa HA MOTOYHUM MOMEHT;

— BU3HAUUTU HABAaHTAXEHHS Ta HACIIAKUA BIUIMBY HABKOJHUIIHBOTO
cepelioBuIIa Ha O0JaIHAHHS,

—oJlep)KaTh  JaHl TpO  eJIEeMEHTH OOJIaJHAaHHSA 3a  pe3yJbTaTaMu
1ab0paTOPHUX BUIIPOOYBaHb 3pa3KiB;

— IIPOBECTHU PO3PAXyHKHU Ta MIPOTHO3MU 3aJMIIKOBOTO PECYPCY.

1.2.2. JliarHocTMKAa 3aJIMIIKOBOIO pecypcy 3a  pe3yjbTaTaMu
HEPYHHIBHOI0 KOHTPOJII Ta JAedexTockomii. PO3BUTOK METOJIB HEPYHHIBHOTO
KOHTPOJIIO Ta TEXHIYHOT JIarHOCTUKH CTaHy OOJIaJHAHHS, IO MPAITIOE ITi/T THCKOM,
ornrcaHo B [28]. BcTtanoBieHo Kopesiiro Mk Oe3rnexoro ob0jaaHanHs Ta oro 3P,
BU3HAUEHUM 3a PE3yJibTaTaMU paialliiHUX, YIBTPA3BYKOBHUX, €IEKTPOMArHITHUX
Ta PEHTTe€HIBCHKUX MeTOiB. OKpECIeHO OCHOBHI Pe3yJbTaTh JOCHIHKEHb Y LIbOMY
HaIPSIMKY Ta KJIIOYOBI 3aBJIaHHS OC3MEeKH eKCIuTyaTailii 00aHaHHS.

VY [29] 3anpomoHOBaHO aKyCTHKO-€MICIHHUN METOJ| M1arHOCTYBaHHS Ta
IPOTHO3YBAaHHS  OIIIHKK  CTYINeHS Jerpajailii MeXaHIYHHX BJIACTHBOCTEH
METAJIOKOHCTPYKIIII TpH CKIagHux nedopmamiitnux Hampyrax. I[lokazano, 1o
3MiHa YMOB €KCIUTyaTallii, MKOBI HaBaHTA)XCHHsI, TEPMiUHI 3MIHU MPU3BOJATH 10
HE3BOPOTHHX CTPYKTYPHHX 3MiH y Marepiaii. [IponoHyeThcs crmoci®6 BU3HAYCHHS
3P, 3acHOBaHMII Ha TOJIHOMHIM ampoKCHUMaIlli pe3yJabTaTiB aKyCTUYHHX
BUMIPIOBaHb Ta TMOOYJOBI TIpaHUYHUX KPHUBHUX, BIIIUIAIOYUX  00JacTh
mpare3 aTHOCTI  Bim obOnacti  pyliHyBaHHA. [IpuBaOMMBICTE BUKOPUCTAHHS
3alpPOTIOHOBAHOTO METOJy TMOJSITaE Yy BHKJIIOYCHHI HEOOXITHOCTI 3YNMHUHKHU
YCTaTKyBaHHS ISl BAKOHAHHS BUMiPIOBaHb.

Hocein Bukopuctanass HK 3 wmeroro omiaku 3P TpaHCmOpTHOTO

HapTOXIMIYHOTO ycTaTKyBaHHS BukiIajgeHo B [30]. HMmoBipHICTH BigMOBH
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€JIEMCHTIB YCTAaTKyBaHHS OIIIHIOEThCS 3 YpaxXyBaHHSM HAsSBHHUX CTAaTHCTHYHUX
JaHuX, sKI 3apeecTpoBaHi y ramysi. IlokazaHo, 1110 WMOBIPHICTh BUXOIY 3 Jady
KOHKPETHOI YCTAHOBKH, IO EKCIUTyaTY€ThCS MPOTATOM TPUBAJIOTO HYacy, MOXKE
ICTOTHO 3MIHIOBaTHCh Yepe3 PI3HOMAHITHICTh BUXIAHUX BIACTHUBOCTEW MaTepialiB,
BIJIMIHHOCTI B TE€XHOJIOTTYHUX PEXKUMAX 1 Mpoieaypax oO0CIyroByBaHHS.

ExoHOMiyHMM 3aco00M  3HM)KEHHS  HEBM3HAYEHOCTI, IOB'S3aHOI 3
HMOBIPHICTIO, € CHUCTEMAaTUYHUN MOHITOPUHI MIKpOCTpyKTypHu. Cepen MeToAaiB
HEPYHHIBHOTO KOHTPOJ0 3P Ta HOro mpakTHYHUX 3aCTOCYBaHb IIIKABHTH OITHC
pobotu [31], y skiif chopMyJIbOBaHO MiAXiA 10 BU3HAUCHHS KIHETUKHU 3POCTaHHS
TPIIIMH Yy MaHEBPOBOMY pexuMi poOOTH ycrarkyBaHHs. OIIHEHO BIUIMB
arpeCMBHUX TIiJAPYIOUYHX CEPEJOBHIN HA 3IMINKOBHA TEPMIiH CITy)KOM €JICMCHTIB
KOHCTPYKIIili. 3alpormoHOBaHO PO3PaXyHKOBI MOJEII 10 KPUTHYHOTO 3POCTaHHS
MOB3y4YHX TPIIIKH.

AHanoriyHa po0oTa, HI0 MHIAKPECIIOE MPaBUIBHICTE OOPaHOTrO HAMpsMY,
onucano y [32]. Po6oTa nmpucssiuena ominii 3P nucka poropa mapoBoi TypOiHH 3
ypaxyBaHHSIM KUIBKOCTI MYCKIB Ta 3ynuHOK oOnagHanHs. [IpencraBneno
METOJIUKY OOYMCIICHHSI MaJIOIIMKIOBOI BTOMHU Ta PeeCTpallli peKUMy eKCIUTyaTarlii
noB3yuux TpimuH. OTpumana iH}opMmaliss Moxe OyTH 3acoO00M J11arHOCTYBaHHS
CTaHy €JIEMEHTIB 00JIaHaHHS BIAMOBIIAILHOTO MPU3HAYCHHS.

V [33] mokazaHo, 1110 Ha OCHOBI MEPIOMYHOTO TEXHIYHOTO 00CIYyrOBYBaHHS,
IiIBUIICHHS HAIIHHOCTI BU3HAUYeHHS 3P oOnamHaHHS HOCATAE€ThCS 3a PaxyHOK
JTUHAMIYHOTO PETYJIIOBAHHS YaCOBOTO IHTEPBATy MIXK MPOIIECAMH J1arHOCTyBaHHS.
Pospaxynok cepenaboro 3P 3miHCHIOETBCS NUISXOM IMIIATPUMKH MOJIYJISAIIT B
JaHI031 3ami3HuyHoi kojii. Y [34] mpencrtaBicHa HOBa TEXHOJOTIS OILIHKH
TEXHIYHOTO CTaHy €JEKTpOOOIaJHaHHS, fKa 3acHOBaHAa Ha  peeCTparii
€JICKTPOMArHITHOTO BUTIPOMIHIOBAHHS, 110 CYyIPOBOIKYE poboTy
BUCOKOBOJILTHOTO  oOsiamHanHs. Ilpm upomy 3P Ta TexHIYHUH CTaH
€JIEKTPOCHEPT € TUYHO1 CUCTEMU BU3HAYAETHCSA [IUISIXOM aHam3zy
€JI€KTPOMArHITHOTO MOJIS.

HK norounoro crany ta 3P MeTamokOHCTPYKIli HA OCHOBI pe3yJIbTaTiB
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BHUMIPIOBaHb KOEPLUTUBHOI cHiM HaBeneHO B [35]. KoepuutuBHa cuiia BU3HaHA
OJIHIEI0 3 CTPYKTYPHO-UYTJIMBUX XapaKTEPUCTUK MArHITHOI Je(eKToCKOoImii.
KOHTpOI0I0TECS  MEXaHI4HI BJIACTHBOCTI Ta JUHAMIKa iX 3MIH Yy [poleci
ekcruryaraiii. BctaHOBIIEHO, 1110 KOEpLMTHBHA CHiia O€3MocepeHbO MOB'SI3aHa 3
JIIOYUMHU  eKCIUTyaTalliHUMHM HampyramMd Ta HaKOMMYEHHSM MOIIKOJXEHb Y
MeTai, sIKi BU3HAYUTh 3P KOHCTpyKIIii.

BaxxnuBuM cymyTHIM 3aBAaHHIM II0JI0 YMHHHKIB, SIK1 BIUIMBAIOTh OLIIHKY Ta
[13P € BuaieHHS! KOHKPETHUX CUTHAIIB, 1110 BKa3yIOTh Ha JIOKaJi3allio npodiemu,

10 IMPU3BOAATH 1O 3HOCY YCTATKYBAHHA.

1.2.3. MeToau OUIHKH 3AJUIIKOBOIO pecypcy, siKi BUKOPHCTOBYIOTH
HOPMATHBHi JOKyMeHTH Ta cTraHaaptu. [Ipu BusHaueHi 3P ycrarkyBaHHS
HEMAJIOBKHY POJIb Tpa€ OIliHKAa HasBHOI iH(opmarlii. ¥ [36] HaBeaeHO TOCBIN
BUKOpPUCTaHHS 1HQOpMalli Npo TEPMIHM CIYXKOW JUIsl TOJIMIIEHHS TMOCTYT.
[loka3zaHo, 110 TeXHIYHE OOCIYTOBYBAHHS € KIIOYOBOIO Taiy33l0 BIOCKOHAJICHHS
Ta cepTudikalii mpoueciB AlarHOCTUKUA Ta BU3HA4YCHHS 3P mpoMucioBoro cepsicy.

Y [37] HaBemeHo aHami3 JaHMX 3 EKCIUTyaTamil TEIIOMEXaHIYHOTO
oOJlaTHaHHS PEAKTOPHOI YCTAaHOBKM Ta 1ii BIAMOBIAHOCTI 3 ICHYHOYHMU
CTaHJIapTaMHd Ta HOPMATHBHOIO 0a3010. BcTaHOBIEHO HEOOXiTHICTH PO3POOKH
€IMHUX TPaBWI BiAOOPY (QI3MYHMX IMapaMeTpiB, IO XapaKTEPU3YIOTh CTaH
oOnagHaHHS 3 ypaxyBaHHsAM Horo pnerpanamii. CTpykTypHe (GOpPMYITIOBaHHS
KiIacu(ikaiiHuX KPUTEPIiB HOPMATHBHO-TIPABOBOTO 3a0€3MEUCHHS J103BOJISIE
YAOCKOHAJIUTH OIIHKY 3aJMIIIKOBOTO PECypcy.

CucremMHe BHUBYCHHS TMPUYMH, YMOB Ta MEXaHI3MIB KOpPO3IMHHX Ta
MEXaHIYHHUX TMOIIKO/KEHb TPYOHUX BUPOOIB TPUBAJIOi €KCIUTyaTallii BUKIAACHO Y
[38]. Bxazano mnpoTHpiu4si Ta HEBH3HAYCHOCTI B HOPMATHBHO-TEXHIUHIH
JOKYMEHTaIli CcIyX0 Harismy 3a CTaHOM TpPyOOINpPOBOJIB, IO MPAIIOIOTh B
arpecMBHUX CEpPeOBUIIAX Ta HEOOXITHICTh CTBOPEHHS 0a3u JJisi TOPIBHSIIBHOTO
aHai3y mapaMeTpiB TPIIIMHOCTIAKOCTI.

VYrhpaBniHHS ~ JKATTEBUM  I[MKIOM  YCTaTKyBaHHS 3 MPHUKIALY
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€JIEKTPOMEPEIKHUX KOJMBaHb BUKJIafeHO B [39]. Big3nauaerncs, 110 BUTpaTH Ha
pEeMOHT oOOJagHaHHS Yy MaillOyTHPOMY NIE€pPEeBHUINATH IOBHY 3aMiHy Ha HOBE
oONasHaHHS 3 AHAJIOTIYHUMH TNapaMmerpamu. Po3pobieHo mporpamMHuil TPOAYKT
JUI KepyBaHHS JKUTTEBUM IUKIOM €IIEKTpOMEpexeBoro odnamHaHHsi. OTpumMaHO
OLIIHOYHI (DYHKIII 3 ypaxyBaHHAM KOE(QILIE€HTIB AUCKOHTYBAHHS Ta 3aJUIIKOBOT
0aJlaHCOBOT BapTOCTI.

Po3BUTOK HampsiMKy aHasli3y BTOMHOI JOBrOBIYHOCTI HaBenaeHo B [40] mus
BHCOKOTEMIIEPATypPHOTO pEakTopa B HOPMAIbHUX YMOBax eKCIUTyaTamii 3
OOYHCIICHHSIM TIOPOTOBUX 3HA4YCHb Ta JomyckiB. Y [41] HaBeieHO pe3ynbTaTh
poOOTH 3 ONTUMAJIBLHOTO PO3MIILIEHHSI Ta BU3HAYEHHS PO3MIPIB BIJHOBIIOBAHHUX
JDKEpesl eHEeprii Ha OCHOBI BapTOCTI iX JKUTTEBOrO IUKIY 3 YypaxyBaHHSIM
HEBU3HAUEHOCTI.  3ampornoHOBaHO  OaraTocleHapHy  MOJENb  ONTHUMI3allii
IHBECTHIlIM, sKa CHOpsSAMOBaHA Ha OOJIK IIUIBHOCTI HMOBIPHOCTEH CTaHIB 3a
JIOTIOMOT'OF0 TECTOBOI CUCTEMH.

VY [42] BUKOHAHO OI[IHKY XHUTTEBOTO ITUKIY I€OTEPMAaJIbHOT €JIeKTPOCTAHIIIT
B Icmannii. ['eoTepmalibHI €IEKTPOCTaHINT KpaiHu 3a0e3neuyroTh OJn3bko 25%
CJIEKTpOEHEeprii Ta MaiKe BCe TeIUIONOCTauyaHHd. bylo TpoBEeleHO OILIHKY
KUTTEBOTO ITUKITY BIAMOBIIHO A0 MIKHAPOAHUX CTaHAApTiB. Byrienesuit map OyB
BUKOPHUCTAHUH K 1HIUKATOP CTaHY MaTepialy IS MPOJIOBXKEHHS TEPMIHY CITyKOH
€JICKTPOCTAHIII].

Y [43] wHaBemeHo pe3yibTaTH BUPIMICHHS MPOOJEMHU  JIarHOCTUKH
MPU3HAYCHHS PeCcypcy Ha Oe3IeuHy eKCIUTyaTaIil0 €MHICHHUX IPUCTPOIB ITiCII
MPOBEJICHHS TEXHIYHOTO JIarHOCTyBaHHA 3a JOMYCTUMUMHU TEXHIYHUMHU
napaMmeTrpaMu HadTorepepoOHOr0 BHUPOOHUIITBA. 3alpOIIOHOBAHO MaTeMaTHYHY
MOJIeNIb Ta aJTOPUTM OIIHKH 3aJUIIKOBOTO PECypCy, pO3paxoBaHi T1arHOCTUYHI

Koe(imieHTH, BU3HAYCH1 3aX0/11 1HPOPMATUBHOCTI.
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1.2.4. JliarHocTHKA Ta MNPOrHO3yBaHHS 3aJMIIKOBOr0 pecypcy 3a
pe3yJbTaTaMHl MOJeJIBaHHS Ta iHdopmaniiiHoro cymposoay. CyuacHi
iH(popMarliitHl TexHonorii glarHoctuku Ta [I3P rpyHTYIOTBCS Ha BUKOPHCTAHHI
TEJIEKOMYHIKAIHHUX 3ac001B, MOKJIMBOCTEN Cy4acHUX CMApT(OHIB Ta IUIAHILIETIB
13 1OCTYIIOM y Mepexi [HTepHer.

[lomanpmuii pO3BUTOK J1arHOCTUKH, MPOTHO3YBaHHA Ta BHU3HAueHHS 3P
OTPUMAHO 3a JIOIOMOIOI0 iH(GOpMAIiHHO-aHATITHYHUX MeToMiB. Y poOoTi [44]
PO3TJISTHYTO MOTEHIiadl BUKOPUCTAHHS MATEMAaTHYHOTO MiAXOAY 3 METOI0 OIliHKH
piBHIB  3a0pyJHEHHS TBEpAMMU YaCTMHKaMU MacTuia. BiagzHayarorbcs
HEBU3HAUEHOCTI Ta TPYJHOIIl Yy NPOrHO3YBaHHI BIAMOB HAa OCHOBI MOMEPEIHIX
300iB cucTeMH JAerpajailii KOMIOHEHT Ta IBHUAKOCTI aedopmarii. HaBeneno
METOAMKY BHUIUICHHS JIarHOCTUYHHMX CHUTHAIIB Ta iX 0OpoOKy 3a JO0MOMOTOI0
CHUCTEMH HEYITKOTO BUBEICHHS Ta HEUPOHHHX Mepex. SIK HalOumpIn 3HAWyIIi
MOJIENIbHI ~ YSIBICHHS OOpaHi KOHIIEHTpalllsi YacTMHOK 3aii3a 1 Ccaxi Yy
BifnpanboBaHoMy Macii. OTpumano iHGOpMaII0 TPO CTaH SK MAaCTHIBHHUX
MarepiajiB, TaK 1 MEXaHIYHUX CUCTEM 13 BUCHOBKOM IPO JETPaallito MEXaHIqYHOTO
o0JlaTHaHHS Ta OILIHKY HOT0 3aJMIIIKOBOTO TEPMIHY CITYKOH.

Busnauennss miarHoctuku 3P ycTaTKyBaHHA Ta MOro NPOTHO3YBAHHS 3
ypaxyBaHHSIM 1HGOpMaIiMHUX pecypciB omucano y [45]. Merogom 1udpoBux
JBIMHUKIB BUPOOJIAETHCS 1HTETpaIlisl Pi3HUX YMHHUKIB (OPMYBaHHsS CTaHIAPTIB
TEXHIYHOTO OOCIYroBYBaHHS. 3a paxyHOK IbOTO 30LIBIIYETHCA  0OCST
niarHOCTUYHOT iHGopMaIii 6€3 J0JaTKOBOTO BTOPTHEHHS Y KOHCTPYKIIiIO IBUTYHA,
0 3HAXOJUTHCS y CKIAJl €HEePreTUYHO! YCTaHOBKW. BUKOHaHWI iMiTamiiHUIMA
EKCIIEPUMEHT Ta MOJICIIOBAHHA TEXHOJOTIA MHU(PPOBOrO NBIMHUKA JTO3BOJIUIH
BU3HAYUTH HU3KY 3aXOJiB MIOJI0 IJIAHOBO-TIOMEPEIKYBAILHUX POOIT Ta OIIHKU
pecypcy o0iaHaHHS.

VY [46] nns po3B'si3aHHS 33724l MOJETIOBAHHS TEXHIYHOTO OOCITYTOBYBaHHS
CKJIaIHOTO €JIEKTPOMEXAHIYHOro O0OJaHaHHS 3ampornoHoBaHo wmojenb [I13P B
yAOCKOHalieHOMY BiHepoBchbKOMY Tipolieci 3 BUNAAKOBUMHU KoedillieHTaMHu Ha

OCHOBI JIaHUX aroCTEPIOPHOTO PO3MOALTY TMPOIECciB aerpanamii. Mojenb, o
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peanizyeTbcsi 3 BUKOPUCTAHHSIM TeopeMu balleca 1 I[IIbOBUX TTOKa3HUKIB
HAJIMHOCTI, J103BOJISE BUKOHATH OIIIHKY 3P oOnamHaHHS, IO 3HAXOJMUTHCS B
eKCILTyaTalii 3 OIbII BUCOKOIO TOUHICTIO 301)KHOCT1 aJITOPUTMY PIILICHHS.

OOiiK HEBU3HAYEHOCTI MpPH JAIarHOCTUI TPHUBAJIOIO  MPAIIOIYOro
ycTaTKyBaHHs omnucaHuii B [47]. Po3risiHyTUd CTIMKUHA 70 BIAMOBHU PEXKUM
KOB3aHHS CHUCTEMH AaBTOMAaTHUYHOTO KEPMOBOIO yIpaBiiHHA B  o0xacTi
IHTEJIEKTYallbHOI TEXHIKM 3 Oe3MiJIOTHUM KepyBaHHsAM. OmucaHO 3aXOAu 00
KOMIIEHCAIlii HEBU3HAYCHOCTI JIUTS MOCUJICHHS e(DeKTY KEpYBaHHS KyTOM KOB3aHHS.
3anpornoOHOBaHUN AJaNTUBHUNM METOJ KEPYBaHHSIM pEXKUMOM KOB3aHHS Ta
BU3HAUCHHS KyTa HaXWJIy MEPEIHIX KOJIiC 3 BUKOpUCTaHHAM (inbTpa Kamvana ta
1HTepdepeHIlii HeBU3HAYEHOCTI.

B [48] maBenmeni po3poOKu MpOrpamMHOro 3a0e3MeyeHHs IS YIpaBIiHHS
Mpane3IaTHICTI0O MEpPeKeBUX 1HGOpPMAIlIMHUX CHCTEM Ha OCHOBI 00HOBOT
TOTOBHOCTI Ha PiBHI 1H(QOpPMAIIIHHUX pecypciB. 3amporoHOBAHO 3aXOJU
IHTEJIEKTYallbHOI TUHAMIKM HecrpaBHOCTeH, 3P Ta 3aco0iB MiATPUMKH MPUHHATTS
pillIeHb 00 TEXHIYHOTO 00CIYyTrOBYBaHHS.

Meron  BH3HAYEHHS PO3TAIlyBaHHS Ta PO3MIPIB s  AKTHUBHUX
pO3MONUTPYMX  MEpeX, 3aCHOBAaHMW HA CTOXAaCTMYHOMY IpOrpamMyBaHHI,
npencrapieHuit y [49]. 3anponoHOBaHO MOJENb MPOrPaMyBaHHS 3 OOMEKEHHSIMHU
32 CTOXAaCTMYHOMY IapaMeTpy, LI0 BpPaxOBY€ CHUCTEMHY HEBU3HAYEHICTh, Ta
HEOOX1HI OOMEXEHHsS IIOJ0 IOTY)XHOCTi, KOH(irypamii Ta HaJIHHOCTI
mparotouoro obnagHanHsa. Y [50] HaBegeHo pe3ynapTaTH  MaTEMaTUYHOTO
MozentoBaHHs 3P arperaTiB eneKTpOCTaHIIA Ha OCHOBI METOJIB KIHIICBHUX
€JIEMEHTIB Ta TPUBUMIPHOTO MOJIEIIOBAaHHS. BpaxoByrOThCS po3Mipu 00JIaIHAHHS
Ta YMOBH ekciutyartamii. Y [51] onmcama wmeroamka Bu3HadeHHS 3P
BHCOKOTEMITEPATYpPHUX arperaTiB MpaIfolouoro OO0JaJHaHHS 3 BHUKOPHUCTAHHSIM
iMiTamiitHoro MojentoBaHHsd. Y [52] maerbes aHamiz HagidHOCTI Ta 3P cymauH min
TUCKOM, II[0 MICTATHh TpimuHU. [loka3zaHo, 10 HEBU3HAYEHICTh EKCIUTyaTaIliiHUX
HABAaHTAXEHb TPHU3BOAUTH 10 3apOUKEHHS TpimuH. ONUCAaHO METOI0JIOTI0

3aBYacHOTO 1HPOPMYBaHHS PO MIMOBIPHOCTI BIJIMOB.
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BusiBineHHss Ta JiarHOCTHKa HECHPAaBHOCTEH y BHYTPIMIHIX HaBIraliiHUX
Mepekax, MPU3HAYCHUX JIJIST TPAHCIIOPTHHUX TEPEeBE3eHb, METOIaMHU KOMIT FOTEPHOT
JAIarHOCTHKM  mpenacTaBieHo B [53].  BHyTpimHi  HaBiramiiiHi — Mepexi
BUKOPHUCTOBYIOTHCS IS TIEPEBE3CHD 3 €KOHOMIYHOIO Ta €KOJOTIYHOI0 BUTO/1010. B
yMOBaxX 3MIHM KJIiMaTy Ta TEXHOTCHHUMH BTPYYaHHSIMH, IIOB'S3aHUMHU 3
BIICBKOBUMHU [IISIMM Ta €KCTPEMaJbHUM BHCHAKEHHSIM BOJHHUX pECYpPCIB
BUPIIIAJIBHOTO 3HAYEHHS Ha0yBa€ KOHTPOJIb PIBHS CYJHOIUIABCTBA Ta HAIJISAJ 3a
HUM. 3alporoOHOBAHO METOJI MOJICTIOBAaHHSA Ta JMHAMIYHOI Kiacudikari
HECIIPABHOCTEH CYHOIJIABHUX KaHAJIIB.

[TinOuBaroun MiACYMKH BHKOHAHOTO OTJISYy CY4YaCHOTO CTaHy METOMIB
JTIarHOCTUKK Ta TMPOTHO3YBaHHS BH3HadueHHS 3P, MOXHa KOHCTaTyBaTH IO
YHUCEJIbHI METOAM MEXaHIKU pyHHYBaHb CTPUMYIOTHCS HU3bKOIO C€(EKTHBHICTIO Ta
HU3BKOI JIOCTOBIPHICTIO 3aCO0IB KOHTPOJIO HaIpyXeHO-1e(hOPMOBAHOTO CTaHYy
0COOJIMBO B rajy3i miaacTuyHoi aedopmairii. [HImMMuU X HeOMIKaMH € JIOKAJIBHICTh
KOHTPOJIIO, HEBM3HAYEHICTh BIUIMBY CTPYKTYpPHHX HEOJHOPITHOCTEH, aHami3
iHopMallii Jmire Nnpo TOBEPXHEBI IMIApyW Marepiainy, CKIAAHICTh IMPOBEICHHSI
PO3paxyHKIB.

AHamni3 BHKOPHUCTAHHS METOJIB JIarHOCTHKU 3a pesyiapTaTamu HK Ta
nedeKToCcKoIii ToKa3aB OOMEXKEHICTh IIMX METOJIB BH3HAueHHS Je(eKTiB Ha
paHHIX CTaigX iX PO3BUTKY, KOJM Ha PIBHI CTPYKTYpPH BIIOYJIHCS HE3BOPOTHI
3MiHH, 10 BUKJIMKAIOTH MornepeaaedeKTHUM cTaH 4yepe3 BToMy. PiBeHb 4y TIIMBOCTI
[IUX METOJIB HE JO3BOJISIE€ BUSBISTHU Il CTAaHU Ta 1eHTU(IKYBaTH 30HU MalOyTHIX
pyiinyBanb. CminbHe BuUKopucTaHHi MeToAiB HK Tta BumpoOyBaHb TBEpmOCTI
MePEHOCHUMH TIpUJIaaMy J03BOJISE IMABUIUTH HAAIHHICTh OIIHOK JIIarHOCTHKHU
ta [13P.

[cHytO04I HOpPMATHBHI JOKYMEHTH Ta CTAaHJAPTH BH3HAYCHHS 3aJUIIKOBOTO
pecypcy, SK ToOKa3aja NpPaKTUKAa IXHHOTO BUKOPHUCTAHHS, MalOTh OOMEKEHE
3aCTOCYBaHHS JUIsl YCTAaTKyBaHHS, IO 3HAXOJUTHCS B eKciutyartamii. [Ipuannamu
OOMEXEHb € OKaJIWHA, KOPO3is 30BHINIHBOTO IMapy MeETalry, HEOOXiTHICTh

ypaxyBaHHSl cCHEeUU(PIKM KOHTpPOJO Ta QopM BHUPOOIB, II0 3YMOBIIOIOTH
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HEBU3HAYEHICTh Ta PU3HK Y MPUHUHATTI OCTATOYHUX BUCHOBKIB.

HaiiGinpima KUTBKICTh aHalli30BaHMX poOIT 3 jgiarHoctuku T1a  [I3P
TPAHCIOPTHUX KOHCTPYKLIM 1 CHOPYJ, SIK MOKa3aB JOCBIJ HampsMiB iX PO3BUTKY,
HaJeXUTh MaTeMaTUYHOMY MOJICIIOBAHHIO Ta WMOBIPHICHUM METOAAaM, a TaKOX
iH(dopMaIliiiHii TIATPUMII BHCHOBKIB MPO NPOAOBKEHHS, MPOTHO3YBAaHHA Ta
ouinky 3P obGnannanHs B mpoueci ekcruryatanii. Hax po3BUTKOM LbOTO HampsiMy
HUHI TPAIIOIOTh YCl JIIarHOCTHYHI LIEHTPU CBITY. B OCHOBI 1€l rpynu MeTo/iB
ominku 3P nexuTh rimoTe3a Mpo JWHAMIYHE CHIBBIAHOLIEHHS  €HEeprii
B3a€EMOJIIOYMX MOMIB Ta (Pi3UyHUX €QeKTiB, L0 CYNPOBOIKYIOTh MEXaHI3MHU
pyiiHyBaHb Matepiany. I[loenHyrounm CcyO'€eKTHBHI €KCIEpTHI Ta OO0'€KTHBHI
€JIEeMEHTH TEXHIYHOTO JIarHOCTyBaHHSA eKCIUTyaTallifHUX MapaMeTpiB  3i
cnocobamMu  oOpoOkM  HagBHOI  1H(QoOpMamii  MeToJaMu  MaTEeMaTUYHOIO
MOJICTIIOBAHHS Ta WMOBIPHICHOI JMHAMIKA MOXKHa OTpUMAaTH HaAldHUN crocio

MOHITOPUHTY 00J1a/IHaHHs, 1110 TPUBAJIO MPALIOE B MPOLIECI HOro eKCILTyaTallii.

1.3. CucreMa TeXHiYHOI TiArHOCTMKH MOTOYHOr0 CTAHY TPAHCIOPTHHX

NMPUCTPOIB

TexHiuyHe JiarHOCTYBaHHS OXOIUIIOE 00JIACTh 3HaHb, IO BKJIIOYAIOTh
TEOpito, MeToau Ta 3acobm igeHTudikamii craHy 00'exTiB. TexHIuHE
JTIarHOCTYBaHHS IPOBOJUTHLCS IIijl Yac TUIAHOBHUX 3yIHHOK TEXHIUYHUX IPHCTPOIB
CyaHOBOro obJiaHaHHs. BoHa BKIIIOYa€e HACTYITHI OIepalii:

— BHUBYCHHS TEXHIYHOI JOKYMEHTaIlii, YMOB eKCIUTyaTallii, BHKOHAHUX
PEMOHTIB, BUSBIICHUX BiIMOB 1 1X NIPUYHH,;

— 30BHIMIHIN OTJISAL;

— BUMIPH TBEPJIOCTI METAIy Ta BUOIPKOBO 3BapHUX IIIBIB,;

— TOBIITUHOMETPIIO;

— 1e(hEeKTOCKOIIIO;

— TiApaBIYHI BUTPOOYBAHHS HA MIITHICTD;,
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— BUMIPIOBaHHS T€PMETUYHOCT] CAIbHUKOBUX YUIUIBHIOBAUIB, PECUBEPIB Ta
1H. 32 IOTIOMOT010 TEYEIIyKayiB.

MeTtoau AiarHOCTYBaHHS Ta MPOTHO3YBAHHSA JIO3BOJISIIOTH  BUSABIATU
MOCTYIOBI BIJIMOBH TE€XHOJIOTIYHOTO OOJaJHAHHS 3 BUKOPUCTAHHAM HEPYHHIBHHX
BUNIPOOYBaHb:  KAMUIAPHUMH,  MAarHITONOPOIIKOBUMH,  BHXPOCTPYMOBHUMH,
yIbTPa3ByKOBUMH  METOJAaMH, BUSBIATH Je(EKTH THUIY HECIUIOMIHOCTEH
MaTepialliB, TPIIIMH, BOJIOCMH, PAKOBUH, HENMpPOBapiB, BHU3HAYAIOTh 3HOC 1
3aJTUIIKOBHIA Pecypc, MO3BOJISIOTH MPOBOJAUTH MOHITOPHHT 3MiH BIAaCTHBOCTEH. Y
TOW caMHid Yac CHUCTEeMH JJIarHOCTYBaHHS [IO3BOJIAIOTH BW3HAYATH JIMIIE
iH(popMaIlito, siKka 3HIMAETbCA 3 JATYMKIB, BUKOHABUUX MPHUCTPOIB, KOHTPOJEPIB.
[ToOymoBa cHCTeM iarHOCTUKH, IO JO3BOJISIOTH 3IIMCHIOBATH KOMILUIEKCHY
IICHTU(IKAII0 CTaHy MiJ dYac TEXHIYHOI eKCIUTyartalii Ta o0O0CIyroByBaHHS
CYIHOBHX TpPAaHCIIOPTHUX 3ac00iB, [JalOTh 3MOTy OTPHUMATH OIEPATHBHY,
MaKCHUMaJIbHO O00'€eKTMBHY 1HGOpMaIil0 Tpo O00'€KT [A1arHOCTYBaHHS Ta
NporHo3yBaHH:. Lle € BaKJIMBUM HayKOBO-TEXHIYHUM 3aBJIaHHSAM JMCEPTALIHHOTO
JIOCIIIKEHHS.

VY mporieci giarHOCTYBaHHS MOYKHA BUIUIMTH TaKi €Taru:

— BUSIBJIICHHSI aHOMaJI{ Ta HECIIPaBHOCTEHN B €KCILTyaTallil;

— JIOKaJTi3allis HeCIPaBHOCTEH;

— JllarHO3 BUSIBJIEHHSI IPUYUH HECTIPABHOCTEH;

— TMPOTHO3YBAHHS PO3BUTKY HECTIPAaBHOCTEH;

— ominka 3P ycraTkyBaHHS.

CyyacHi CHCTEMHM TEXHIYHOI JIarHOCTUKH BITHOCATBCS 10 CKJIATHUX
00'€KTiB, IO BOJIOIIOTH MPHU X BUKOPUCTAHHI BUCOKUMHU TTOKA3HUKAMU PU3HKY Ta
HEBU3HAYEHOCT], BHACJIIJIOK CHJIBHOTO BIUTUBY HaBKOJHUIIHBOIO CEPEIOBUILA, TOMY
JUIS TIABUIICHHS HAIIMHOCTI 1 JOCTOBIPHOCTI BHCHOBKIB JiarHOCTYBaHHS Ta

MIPOTHO31B BUKOPHUCTOBYIOTH LM KOMITJIEKC BUMIpiB (puc. 1.3).
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OuiHKa 3aJIMIIKOBOTO Pecypcy

Puc. 1.3 — CucreMa TeXHIYHOI A1arHOCTUKU MIOTOYHOTO CTaHY TPAHCIIOPTHUX

IIPUCTPOIB

3aragpHa  CUCTEMa  KOMIUIEKCHOTO  KOHTPOJIO  TMPU  TEXHIYHOMY
JIarHOCTYBaHHI  CKJIAJIA€TbCS 3 TPAAMIIIHHUX  METOMIB  Je(eKTOCKOIIi,
HEPYWHIBHOTO KOHTPOJIIO Ta METOIIB IHCTPYMEHTAIBHOTO KOHTPOITIO [54].

OcHoBoto a1 orinku ctany oonaaHanss Ta [13P € Taka indopmarris:

— iH(OopMaIIis PO AIarHOCTUKY BUXITHOTO CTaHy 00'€KTa;

— iH(popMaIIis PO AIarHOCTUKY TOTOYHOTO CTaHy 00'€KTa;

— JaHl PO HABAHTAXKCHHSI Ta YMOBH BIUTMBY HaBKOJIMIITHBOTO CEPEOBHINA
Ha eKCIUTyaTaIiiHi mapameTpu o0'e€KTa;

— €KCHEPUMEHTAIbHI ~ BIJOMOCTI PO  €JIEeMEHTH KOHCTPYKIIHA, 110
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BH3HAYAIOTh PECypc BUPOOY 3arajioM;

— BUSBIICHHS 30H PYWHYBaHHS,

— OITIHKA PECYpPCy M0 TOCATHEHHS TPAaHUYHUX CTaHIB.

He3Bakatounm Ha pi3HOMAHITTS HasBHUX 3ac001B 1IeHTU(]IKALII TEXHIYHOTO
CTaHy €JIEMEHTIB TPAaHCHOPTHUX 3aco0iB, sIKI € K Ha OOpPTy CyJHa, TaKk 1 B
CTaI[lOHAPHUX J1a0OPATOPHUX YMOBAX y MEPIOJ MIKPEMOHTHUX LIUKIIB KOMILJIEKCH
MarOTh PsijI ICTOTHUX HEIOJIKIB:

— CTAaTUYHICTD,

— HEOOXIAHICTh 00Ky BEIMKOT KITBKOCTI PI3HOMAHITHUX NTOKA3HUKIB,;

— HETMOBHOTA 1 HEQIEKBATHICTh 1H(POpMAIIii;

— HU3bKa SKICTh MPOTHO3HMUX OIIHOK;

— HEOJTHO3HAYHICTH OI[IHOK;

— HEOJIHO3HAYHICTh IPUYMHHO-HACIIKOBUX 3B’ S3KIB,;

— HU3bKa MPOAYKTUBHICT JIarHOCTHKH,

— HEOOX1IHICTh CKaHYBaHHS 1 IMATOTOBKY MTOBEPXOHb JIJII KOHTPOJTIO.

[loBHa mgiarHOCTMYHA CHCTeMa IIJMIUAIHWKIB TPUBOJHUX arperartisB
penykTopiB, My(]T, TaIMBHOI amapaTypu BKJIIOYa€ IMapaMeTpHU4Hi, BiOpalliiiHi,
TEPMOETEKTPUYHI Ta 1HIII METOAU KOHTPOJIIO, ONTUYHUN KOHTPOJb 32 JOTTOMOTOI0
€HJIOCKOIIIB, BI3yaJbHUM KOHTPOJIb BUMIPIOBAHHS YJIApHUX IMITYJIbCIB.

Pa3zom 3 THM JKOpPCTKI yMOBH €KCIUTyaTarlii XapaKTepH3yIOThCS PI3KHUMHU
nepenagaMu TeMIepaTyp 1 THCKIB, 3HAKO3MIHHUMH HaBaHTa)XEHHSIMHU Ha pobOoui
OpraHy MalivH 1 MEXaHi3MiB y TIEpiOJy MTOPMIB Ta EKCTPEMAJbHUX HaBAaHTAKEHB
3MIHIOIOTH BIACTUBOCTI MaTepiaiaiB BUPOOIB Ta Pi3KO 3HMKYIOTh TXHIO MIIHICTh Ta
IHII  eKCIUTyaTalliiiHi XapakTEepUCTHKUW Ta mapamerpu. OCKUTBKM BpaxyBaTH
3a37aJeTiab 111 30BHINIHI YMHHUKN HEMOXJIMBO BHACIIIOK HemepeadadyBaHOCTI Ta
HEBU3HAYECHOCTI PO3BUTKY CHUTYyaIllii, HEOOXiHa PO3pOOKa HOBUX JIarHOCTUYHHX
3aco0iB 1 mapamerpiB II3P, ski 3a0e3medyroTh JOCATHEHHS KIHIIEBOI METH —
i ABUIICHHS €()eKTUBHOCTI BUKOPHUCTAHHS CyIHOBUX TPAHCIIOPTHUX 3ac0o0iB [55].

Busnauenns 3P mMetaneBux KOHCTPYKIIiH B MPOIIECI eKCIUTyaTallii MoB’ 13aH0

3 CIIOCTEPEHKEHHSAMHU MPHU HAKOMUYEHI MOMIKOXKeHb. OnHie0 3 mpoOsieMm, 1o
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00OMEXYyI0Th €()eKTUBHICTh TEXHIYHOI J1arHOCTUKHU, IPOTrHO3YBaHHSA Ta OLIHKU 3P
B IIpolleci eKcIulyartaiii B yMOBaxX CKJIQJHUX JWHAMIYHUX HaBaHTaXXEHb €
BIJICYTHICTh KUIBKICHOTO 3B’SI3Ky pe3yJibTatTiB aiarHocTUkH 3 3P. Tomy po3poOka
Ta CTBOPEHHS HOBHMX METOJIB Ta 3aco0iB amapaTHOro, KOMIM'FOTEPHOTO
MOJICJIIOBaHHS ~ JIIarHOCTUKM Ta MPOTHO3YBAaHHS 3MIH  €KCIUTyaTalliiHuX

BrnactuBoctet CT3 Mae HayKoBUH Ta MPaKTUYHUM 1HTEpEC.

Bucnosku 10 I po3ainy

1. Ha mixcraBi 3aBiaHb 3 aHami3zy 1HQOpMAaLIHUX MaTepialliB 3 TEXHIYHOI
JIarHOCTUKM ~ TIPOIIECH  EKCIUTyaTallii TpaHCMOPTHUX 3aco0iB B yMOBax
HEBU3HAYEHOCTI XapakTepy Ta BEJIMYMHI HABAHTAXKECHb 3IMCHEHUN MIAXi] MO0
PO3yMiHHS OCOOJMBOCTCH KaTeropiaJlbHUX IOHATh PU3MKY Ta HEBH3HAYCHOCTI.
HarosomieHo, 1o MmijJcTaBoOlO JUIsl TNPUHHATTSA PIlIEHb MO0 IOJAJIBIIOT
eKcIuTyaTalii BUpoOiB MpH HAKOIMMYCHHI IMOIIKOKeHb BUPOOIB € oriHka 3P Ta
HOro rpaHWYHOrO CTaHy. BCTaHOBIIEHO, 1O OCHOBHI MPOOJIEMH YIOCKOHAJICHHS
JIarHOCTUKH Ta MPOTHO3YBAHHS TEXHIYHOI €KCIUTyaTarlii TPaHCIOPTHUX 3acO0iB 1
imenTudikamii X cTaHy IMOB’s3aHI HE TUIBKHM 3 BUKOPUCTAaHHSM HOBHUX 3pa3KiB
BUMIPIOBAJIBHOI TE€XHIKH, aJie 3 PO3POOKOI HOBHX IH(POPMATHBHUX MapaMmeTpiB 1
npuitomiB 00poOku iH(OpMaIIii TPo 3MIHH CTPYKTYPHOTO CTaHY CEpPEIOBHUIIIA.

2. [IlpoanamizoBaHO CydYacHHMH CTaH pO3pOOOK IIOJ0 JIIarHOCTHKH,
MPOTHO3yBaHHS 1 BU3HA4YeHHS 3P TpaHCTOPTHUX KOHCTPYKIIH Ta CHOpPYH, IO
EKCIUTyaTylOThCSl B yMOBaX CKIAMHUX JUHAMIYHMX HaBaHTaXXeHb. BukoHaHO
CTPYKTYpH3aIlil0 OCHOBHUX HANpSMIB JOCIIKCHb 3a Pe3yJIbTaTaMH YHUCEIIBHUX
METO/IB MEXaHIKM pyHHyBaHb, 3a pe3yapraramu HK Tta gedexrockomii, 3
BUKOPUCTAaHHSM HOPMATHUBHUX JOKYMEHTIB Ta CTaHIApTIB, MOJEITIOBaHHS Ta
iH(bopMmariiitHoro cympoBosy. Lle 703BOMMIIO0 BUIUTATH OCHOBHI OOMEKEHHS 1010
3aCTOCYBaHHSl ICHYIOYMX METOJWK OIlIHKH YIIKOJUKEHb KOHCTPYKIH mpm ix
eKCIUTyaTamii Ta BHW3HAYWTH MUISIXH 1X BAOCKOHaneHHs. [ligkpecneno, o

MEPCIEeKTUBHICTh METOAIB IarHOCTUKH,  MPOTHO3yBaHHA Ta 3P HajnexuTh
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MAaTEMAaTHYHOMY MOJIEITIOBAaHHIO 1 WMOBIpHICHUM CHIBBI1IHOIIECHHM,
iH(popMaIIfHOMY CYNpOBOAY CTPYKTYpHUX €(EeKTiB, 110 YyTBOPIOIOTh 3
EKCIIEPTHUMHU BHCHOBKAMU HEPO3PUBHUN KOMIUIEKC MOHITOPUHTY CYIHOBOTO
oOnagHaHHS.

3. Po3rasiHyTO Cy4yacHi CUCTEMHU TEXHIYHOTO J1arHOCTYBaHHS TPAHCIOPTHUX
3ac001B CHJIOBUX KOMIUIEKCIB CYJHOBOI'O YCTaTKyBaHHs. BH3HaueHi iX OCHOBHI
HEJIOJIIKH, IO CKJIaJly SKUX CJiJ BIIHECTH HEOOXITHICTh OOJIIKY BEIUKOI KIJIBKOCTI
MOKa3HUKIB, CTAaTUYHICTh OOMEXKEHHS Yy 4Yaci 1 MpOCTOpi, HEOJHO3HAYHICTh
NPUYMHHO-HACTIIKOBUX 3B’s13KiB. OCHOBHUM 3aBJaHHSM 1JeHTU]IKAIl CTaHy
NIPOTHO3YBaHHS Ta BU3HAUeHHs 3P TpaHCTOpTHUX 3ac00iB B MpoIleCi eKCIuTyaTarlii
€ CIOCTEpPEeXKEHHsI 3a 3MIHOI MEXaHIYHUX BIIACTMBOCTEW MarepiaiiB MpH
HAKONTUYYBaHHI IMONIKOIKCHb, & TaKOXX BH3HAYCHHS IMapaMeTpiB TEpPEJIBICHHUKIB
BUHUKHEHHS 1H(QOpMAIIMHUX CUTHAJIB TIiJI Yac pyHHyBaHHS 0OJiaJHaHHS.
CkirazieHo OJIOK-CXeMa 3aXOo/iB I[0J0 AlarHOCTHKHU Ta II13P, OCHOBHUMHU 3 AKUX €
npuabaHHs  BXigHOI  iHGopmarli, BUOIp KOHTPOJbOBAHUX  IapaMETPIB,
BUKOPHUCTOBYBaHI METOIH, EKCIUTyaTalliiiHi GpakTopH, 3aco0u Bi3yaJabHOIO OTJISY,
Ne(EeKTOCKOIISI, PO3pPaxyHKH Ha TOB3YYICTh Ta BTOMHY MIIHICTh. Bu3HaueHi
OCHOBHI HalpsIMKUA YJOCKOHAJICHHSI 1arHOCTYBAaHHSA TEXHIYHOTO CTaHY CYJTHOBOTO
oOyaHaHHs, SKI BKJIIOYAIOTh aHaT3 1H(OpMAIIHUX MaTepiajiB, BCTAHOBJICHHSI
HOPM  (YHKI[IOHJIBHOTO  TPU3HAYECHHS  YCTaTKyBaHHS, TMONIYK  HOBHUX
iH(opMaIITHUX MapaMeTpiB MPOIIECY CIIOCTEPEKEHHS y EKCIUTyaTallii, po3poOKy
IPOIIeAYyp AIarHOCTHKY 1 JIOKaJi3aIlii JyKepes MOIMKOKECHb.

4. BcTaHOBIICHI OCOOIMBOCTI BUMOT JI0 A1arHOCTHKH TEXHIYHOI eKCILTyaTarii
CT3. Tloka3zano, 1m0 MPOTATOM TEPMIHY CIy>)KOM 3HIHCHIOIOTH Oe3nepepBHE
TEXHIYHE OOCITYroBYBaHHS 1 MEpiOAMYHUNA peMOHT. PazoM 3 TuMm y mporeci
eKCIUTyaTaiii B yMOBaX HEBH3HAYEHOCTI XapaKTepy HAaBAaHTAXXCHb BiJI0OyBAETHCS
BIJIXWJICHHS BJIACTHBOCTEW MaTepiaay BiJf HOPMAaTHBHHX 3HAYCHb, IO BUMArae
BUMYIICHUX 3yNMUHOK 0OnamgHanHs. KpiM Toro, 3a3Bu4aii KOHTPOIIOIOTH OJMH BH]I
nedopmariiii 'y TOM dYac, KOJNM TPU eKCIUTyaTallii maTepiayl MmiaJaeThes

KOMILJICKCHOMY BIINIMBY HABAHTAKCHb.
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PO3/LT 2
IHOOPMALIMHA NIATPUMKA JIATHOCTUKHA TEXHIYHOI
EKCILTYATAIII TA OBCJOYTOBYBAHHSI EJJEMEHTIB
TPAHCIIOPTHOI'O OBJIATHAHHS

2.1. CuHTe3 MaTeMaTHYHMX MoOJeJell MiarHOCTUKH TEXHIYHOI0 CTaHy

TPAHCIMOPTHMX 32CO0IB i Yac iX ekcnayaraumii

CHHTE3 MaTeMaTHYHUX MOJIEJICH IarHOCTUKU TEXHIYHOTO CTaHY €JICMEHTIB
TPAHCIIOPTHOTO OOJIAIHAHHS ITiJT Yac iX eKCIUTyaTaiii 3ajeKHTh BiJ IMOBHOTH Ta
AKOCTI HasiBHOI ampiopHoi iH(popmarii. OgHak HEBU3HAYEHICTh XapakTepy Ta
BEJIMYMHM HABaHTAXKEHb NpH ekcruryaramii  getanedd CT3, ycCKIaJHSIOTH
BUKOPUCTAHHS ICHYI04O1 iHdopmarrii 1 BUMAararoTh MOAAJIBIINX
EKCIIEPUMEHTATBHUX JOCIIKEHbh Ta PO3pPOOKM Ha iX OCHOBI MaTEMaTUYHHUX
MOJIEJIEN TEXHIYHOI J1arHOCTUKHU.

[IporHo3yBaHHs Ta BUJa4a BHUCHOBKIB MPO pPe3yJbTaTH TEXHIYHOTO CTaHY
TpaHCTIOPTHUX 3aco0iB Ha miacTtaBi TJ] Tak camo sk 1 ominka 3P € HaibOuIbII
yPa3JIMBOIO JIAHKOIO TEXHOJIOTIYHOI €KCILTyaTallii aeTajeil MexaHi3MiB CyJHOBOTO
oOJ1aTHaHHS.

B ocHOBI MareMaTHYHMX MOENEH OMIHKA TEXHIYHOTO CTaHy KOHCTPYKIIIN
miJ] HABAaHTAXCHHSM JICKUTh 3arajbHUN TMPUHIUI TEPETBOPEHHS JAerpaaarlii
CTPYKTYypH Ha (pikcOBaHWN CHUTHAN PI3HOI MPUPOIU MOXokeHHs. Lle Moxe OyTH
Jokami3zaiis AedeKTy, M0 BUIBISETHCS Y BUTIISL IMITYJIbCY KiHIIEBOI JOBXHHH Ta
PO3BHUTKY Ae(hEKTy IIiJi HABaHTAKCHHSAM, IO MPOSBISETHCS y BUIISIAI HU3KH
Oe3nepepBHUX IMO/TIH.

MartemaTu4di MoOjeNi AIarHOCTUKH TEXHIYHOTO CTaHy OO0'€KTiB, MOBWHHI
JIETATBHO OTMHMCYBATH BHYTPIITHI Ta 30BHINIHI XapaKTEPUCTUKU MPOIIECIB B3AEMOII1
3 HABKOJIMIIIHIM cepefoBuieM iX (GyHKiioHnyBaHHs. Lleit kmac Moaenel BiTHOCSTH
no imitamiitanx [56]. Knacudikamis mMaTeMaTHUHUX IMITAIlIHHUX Mojaened i1 ix

pPI3HOBUIIB 3  MOMJISAY  MEXaHI3My  JIIaTHOCTUKM  Ta  MPOTHO3yBaHHS
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eKCIUTyaTallliHUX BJIACTUBOCTEN TPAHCHOPTHOTO OOJaJHAHHS NpEICTaBlIeHAa Ha

puc. 2.1.

Maremaruusi MOAEN TPAHCIIOPTHOIO MOHITODUHTY

CratucTuuni
Mojeni
JlnHamiuHi
Mojenl
JleTrepMiHOBaH1
MoJenl
CroxacTuuHi
Mozei
HuckpetHi
Mozei
BbesnepepsHi
mojel

Puc. 2.1 — Pi3HOBUAM MaTEMaTUUYHUX MOJIEJIEH 1HTEIEKTYaIbHOTO 3a0e3MeYeHHS
J1arHOCTUKU Ta MPOTHO3YBaHHS €KCIUTyaTal[liHUX BJIACTUBOCTEH TPAHCTIOPTHUX

IIPUCTPOIB

[lomana wa puc. 2.1 cTpyKTypu3aiis MaTeMaTUYHUX  MoOjelel
po3rsiAacThCs K 1H(QOpMaIiiHa MATPUMKA IHTEJICKTYyaIbHOTO 3a0e3MeueHHS
JIarHOCTUKHA 3MIHU BIIACTUBOCTEH TPaHCIOPTHUX OO'€KTIB, KOXKHA 3 SKHX Mae
IIEBHY METY.

Craructuydi Mojelni OyAyrThCS Ha MiACTaBl €KCIEPUMEHTAIBHUX JaHUX
B3a€EMOJII1 BXIJTHUX 1 BUXIJIHMX 3MIHHHMX Ta BIJOOPaKarOTh MAaKETHU PO3TAIlyBaHHS
€JIEMEHTIB Yy peanpbHux KoHCTpykmisx. IIlo cTocyeTbes — AiarHOCTHKH
eKCIUTyaTallliHUX BJIACTUBOCTEH, TO BOHM MOXYTh OyTH BHUKOPHUCTaHI IpHU
CTAaTUYHUX BUIIPOOYBAHHSIX HA BUTHH, PO3TATYBaHHS, KPYUEHHS.

KonuBaHHs aTOMIB HE 1HIIIIOIOTH MOMIMPEHHS XBWIb. J{JI 1IbOro HEOOXiaH1
30BHINIHI OOYpEHHs, IO BUKIWKAHI 3MIHAMHU CTPYKTYpH TIpH HaBaHTaXEHI.
IlepeTBOpeHHS] AUCKPETHHX CHUTHANIIB, BUKJIMKAHUX HAIPYXCHHSIMH B CTPYKTYpi
MaTepianpiliB B 0e3nepepBHy aHAMITUYHY (QYHKIIIIO MOKIIMBO 32 JOIIOMOTOIO PSIiB
dyp’e.

Jlns moOyaoBM MaTeMaTHYHOI MOJENI TMpoIecy iaeHTHdiKaiii craHy
KOHCTPYKIIIf MOKJIMBO BUKOPHCTOBYBAaTH CHHTE3 MAaTEMAaTUIHUX MOJICTICH 3aKOHY

30epeKeHHS IMITYJIBCY 1 3aKOHY 30€peKEeHHSI MOMEHTY iMITyJbey [53].
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do
JE:\',[pdeJFJG"dS

j%(rxu)dv =Irxpfdu+jr><ands
\ \' S
ne  p —TryCcTUHA Martepiany,

V — MIBHJIKICTH MOITUPEHHS KOJIMBAHb,

S — mJoIia MOBEPXHI;

V — 00'eM eneMEHTapHOTO OCEPEIKY;

I' — BIZICTaHb BiJl MOYaTKYy KOOPJAUHAT;

f — onuHUYHE 3yCHUILISL.

JuHamiyHi Mojesnl BiIOOPa)KalOTh B3a€EMOJII0 €JIEMEHTIB TPAHCIIOPTHUX
NPUCTPOIB Yy 3MEHIIEHOMY BMIVIAAI. IX OCOONMBICTIO € 30BHIIIHA Ta
(GyHKIIOHAIBHA CXOXKICTh. PI3HOBUIOM 1X € aHAJIOTOBI MOJIENI, ¥ SIKMX BJIACTHUBOCTI
peanpHOTO 00'€eKTa € 1HIIOK 1MeHTUYHOK BiacTuBicTio. Illomo miarHOCTHKH
eKCIUTyaTallliHUX BJIIACTUBOCTEH TPAHCIIOPTHUX OO0'€KTIB, TO I BIACTUBICTIO
MOKYTh OyTH IIBHJKICTH MOIIMPEHHS YJIbTPAa3BYKOBUX KOJUBaHb, KOEPIUTHBHA
CWJIa, TOBIIMHOMETPIS.

JleTepMiHOBaH1 MOJIENI IPYHTYIOThCS Ha B3a€EMOJII1 YIPABITIHCHKUX BILJIUBIB
Ta MAIIMHHUX OOYHCIIOBATLHUX KOMIIOHEHT 1H(GOpMaIlii peecTpyIOUnX MPUCTPOIB.
[Ilo cTOCy€eThbCSI MOHITOPUHTY €KCIUTyaTaIlliHUX BJIACTUBOCTEH TPAHCIIOPTHUX
00'ekTiB, TO Taki MoOACI MOXYTb OyTH BHKOPHCTaHI IIPH BCTAaHOBJICHHI
B3a€MO3B'SI3KYy BUMIPIOBAIBHUX 1 00YHMCIIIOBAIbBHUX 3HAYCHB. TaKi MOJEN MOXYTh
OyTM BHUKOpPHCTaHI SK 3aMiHa AaHANITHYHUX YSBICHb IUQPOBI3aIi€l0 Ta
riOpUIHUMH MOJICTIAIMH, M0 € HAWOUIBII CyYacHUMH Ta TEPCIEKTUBHUMH
MOJICIISIMH 1IarHOCTUKHU Ta IPOTHO3YBaHHSI.

CroxactuuHi Momeni OyIyrOThCS Ha OCHOBI WMOBIPHICHHX YSIBJICHD.
Busnavarotecss QyHKINT po3moAiTy WMOBIPHOCTEH 3MIHHHX, IO JIEKAaTh B OCHOBI
JOCITIDKYBAaHOTO SIBUINA Ta BHITAJKOBOTO 30y KeHHS. CTOXAaCTHYHE IMiTarliiiHe
MOJIEIIOBaHHS 30epirae JIOr1YHY CTPYKTYpY Ta MOCIHIJOBHICTh YEPryBaHHS CTAHIB

SBUIA. Y TaKWX MOJEJSAX HeMae HeOOX1THOCTI 31CTaBICHHS aHAJITUYHUX BUPa3iB
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mykaHux BenuyuH. Lle oco0nmBo mpuBa®IMBO ISl OLIHKM TPAHUYHOIO CTaHy
oOnaHaHHs, IPOrHO3YBaHHI Ta oLiHKM 3P npu Horo excryaraiii.

JIuckpeTHl MaTeMaTU4HI MOJENl I'PYHTYIOTbCA HAa BUBYEHHI NOBEIIHKU Ta
(YHKIIOHAIBHUX MOXJIMBOCTEN cuctemMu y uyaci. [Ipy 1mpomy cTaH cuUcTeMHU
3MIHIOETHCS JIUIIEC B MOMCHTH 3A1MCHCHHS MOAIH, a MK IIMMU CTaHAMHU CUCTEMAa HE
3MmiHeHa. DyHKIIIOHYBaHHS JHUCKPETHOI IMITAalIiHOI MoAenl BiAOyBaeTbCsS B
JUCKPETHI MPOMIXKKM 4Yacy, OpraHi3O0ByIOUM TOIIYK HACTyHmHOI  MOAii.
[lepcieKTUBHICTh TAaKOTO BHJY MOJEJel s BU3HAYEHHS JI1arHOCTUKH CTaHy
TPaHCIIOPTHOTO OOJIaIHAHHS Yy TIpoIleci Horo ekcrutyatanii mojsirae y Qikcarii
eKCTpeMaIbHUX HaBAHTAXKEHb, SIK1 IEPEBULIYIOTh HOPMATUBHI.

besnepepBHi iMmiTaliliHI MOJENl BUKOPUCTOBYIOTHCS JUIsl CHUCTEM, IO
Oe3nepepBHO 3MIHIOIOTHCS Yy 4aci, 3[1ACHIOIYM ONEpyBaHHS 3 Oe3nepepBHUM
gacoMm. Peasizarisi Mojeneil NMpOBOAWTHCS B TEPMIHAX MOXITHUX 3MIHHHX 3a
nornomororo audepeHmianbHuX piBHAHb. [llo10 AlarHOCTHKM eKCITyaTaIliiHuX
BIIACTUBOCTEH, TO BOHU MOXKYThb OyTHM BHKOPUCTAaHI IPH OIHUCY IIBHJIKOCTI
KOPO31MHUX TMOIIKOKEHb. MeTa Takoro BUIY MOJEIIOBAHHS BU3HAUUTH PEAKLIO
3MIHHOI, SIKOIO € CTaH CUCTEMH B 3aJIeKHOCTI Bijl O€3MepepBHOTO yacy.

Buxonsumn 3 cunHresy marematnyHux mojenei 1 T/l Ta mporHozyBaHHS
TEXHIYHOTO CTaHy TpPaHCIOPTHUX 3aco0iB IijJ dYac eKCIUTyaTallii Moxe OyTu
KOPUCHOIO OJHOMIpHA MOJIEIb JUCKPETHOT MIKPOCTPYKTYPH Y BHUTJISII TOYKOBUX
Mac, 3'€THaHUX MPYKHUMH 3B's13Kamu [57].

[ToTeHmiitHa eHepris TaKOi CHCTEMHU Ma€ BHUTJISI:
1.2
®=2 D u?(n,t)
n

ne U — eHepris y piBHOBaXHOMY CTaHi;
N, N' — HOMEpPHU B3aEMO/IIFOUNX YaCTUHOK.

KineTnyna eHeprist Takoro JaHITIOKKA

T:gZuz(n,t)
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Pi3HuLsl KIHETUYHOI Ta MOTEHIIIWHOI €HEprii BUpaXaeTbcs uepe3 (PyHKI[i0

Jlarpanxka L.
L= %Zuz(n,t) —%Z@(n, n'u(n,tiu(n’,t))+ > a(n,tiu(n,t)

ae  Ynq(n,t) ta (n,t) onepaTop npyxkHOI €HEprii.
V 3aranpHOMY BHUIJISIAI PiBHSAHHS JlarpaHka Ma€ BUTIIS:

doL_aL_,

dtou ou
3 ypaxyBaHHsAM ¢yHKLII Jlarpanxka piBHSHHS KOJIUBAJIBHOTO PyXy NMpuiiMae

BUTJIS.

mui(n,t)+ > ®(n,n")u(n,t) =g(n,t)

[nentudikaris TEXHIYHOTO polLecy J1arHOCTYBaHHS CTaHy
KOHTPOJIbOBAaHUX TPAHCIIOPTHUX 3aCO0IB TPAKTYEThCS SK pO3poOKa Mojei
JUHAMIYHOTO TIPOIIECY MEPETBOPEHHS BUXITHUX JAHUX CUCTEMHU J1arHOCTYBAHHS B
iH(opMalliro cTaHy MaTepialy B MOMEHT pyHHyBaHHsA. [Ipu mpomy peanizyeTbes
MOKJIUBICTh BU3HAUEHHS CTAaHy MaTepiaiy y JpKepesl MOIMKOHKEHHS KOHCTPYKIIii.

Axmo migcraButy piBHAHHA Kom y dopmyny Octporpaackkoro-I'ayca

OTPHUMAEMO:
do
—dV =| f pdV + | ondS
Jog @ ot ]e

ae N — OJMHWYHA HOPMATb.
KoMmonenTu TeH30pa Hampyrda MOXKYTh OyTH TpEACTaBlieHI B JEKapTOBI

CUCTEM1 KOOpJIUHAT

Oy z-xy Ty

o=, o, T,

o

T zy z

Komnionentu oy, oy, 6; € HOPMAJIBHUMU HAIpyraMHu, KOMIIOHEHTH Tx, Ty, Tz —

JOTUYHI HATIPYTH.



PiBHsHHA

HaBaHTAXXCHHAMMU Ha6yBa€ BUTIIANY

30ypeHb BUKIMKAHUX EKCTPEMaJIbHUMHU  a0o
oo, 01, 0Or, do,
+ + +pf. =p
ox oy 0z dt
0T, s do, s ot,, ot =pﬂ
ox oy 0z dt
or, 07, 0o, do,
+ +pf,=p
ox oy oz dt
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MIKOBUMH

[HTerpyroun aHaliTU4YHI 3aJIEKHOCTI y 4Yaci, MOKHAa BH3HAUUTH PEAKI[IIO

CUCTCMH Ha ynpaBnﬂ}oqi BIIJIMBU. U_IOI[O I[iaFHOCTI/IKI/I Ta TIPOTHO3YBAHHA

excrutyaramniiaux BiaactuBoctet CT3, To 11e MOoXke OyTH peakilisi Ha eKCTpeMallbHi

HaBaHTaXeHHs. 3BeneHa iHdopmamiiiHa migTpumka TJ[ cyaHOBHX TpaHCIOPTHHX

3aco0iB npescTaBicHa B Tabumi 2.1 [58].

Tabmug 2.1 — [HdopmariiiiHa mMATPUMKA IaTHOCTUKH €KCILTyaTallliHUX

BJIACTHUBOCTEH CYJTHOBUX TPAHCIIOPTHUX MPHUCTPOIB

Cratucruyne | /lunamiune Hderepmino- | CroxactuuHe | JluckperHe be3nepepBHe
imiTaniiine imiTaniine BaHe  imirTa- imiTauiiine imiTaniiine imiTaniiine
MO/IeJIIOBAHHSI MO/Ie/TIOBaHHs LiiiHe Moje- MoJeJI0BAaHHS] MOJEJTIOBAHHS MO/IeTIOBAHHS
JIIOBAHHS
Harypsi Kontpoib cy- | Bcranonenns| Kineruka Ha- | @ikcariis ekc- | dyHKIioHa-
BUIIPOOYBaHH| MyTHIX iJIcH- | B3a€EMO3B'A3KY | KOIMYCHHS TpeMaJbHHUX | JIbHA JIlarHOC-
BumnpoOyBaHHS| THYHUX BJIac- | BUMIPIOBaIb- | YIIKO/DKCHb, | HABAaHTAXKEHbB, | THKA, PEAKIIis
Ha PO3TSIT, TUBOCTEH, TOB-| HUX Ta 004HcC- | MOOYy/10Ba Opr- | BUKOPUCTAHHS | HA HABaHTa-
BHTHH, IIUHOMETPIs, | JHOBAIBHHUX padiB y peanb-| IHTEpBAIBHUX | KEHHS Ta MO-
KPYUYCHHS KOCPIUTHBHA | 3HAUYCHb. HOMY Yaci OIIIHOK IIKOJDKEHHS,
cuila, IMBHJ- 3amiHa aHai- nudepeHtItiro-

KICTh YJbTpas3-
BYKY, aHaJIo-

rOB1 MOJ€eN

TUYHUX MOJIe-
aei nudposi-
3ali€ro Ta rio-
PUIHUMH MO-

JACTAMUA

BaHHS CyIyT-

HiX (hakTOpiB
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[Ipy MopentoBaHHI CKJIAJHHUX CHCTEM iX JIarHOCTUKH Ta MPOTHO3YBaHHA,
AKUMU € €JIEMEHTU TPAaHCHOPTHUX MPUCTPOIB, CIIIJI BUKOPUCTOBYBATH CYKYMHICTh
JIEKUIBKOX BUJIIB MOJIENEH, 110 BIIPI3HAIOTHCSA JeTali3aliero ix 3MiHd. BianoBigHo
70 CUeHapito, MojentoBaHHs 3P TpaHCHOPTHUX MPHUCTPOIB MOKE OYTH BHUKOHAHE
IUIIXOM CTBOPEHHSI 1HTEPAaKTUBHUX MojJeNed, fAKi nepeadayaroTh Jianor 3
KopucTyBaueM. [IuTaHHs, SKi MEXaHI3MU MOJENIOBAHHS CJIiJ] BUKOPUCTOBYBATH,
BUPIUIYETHCA LUISIXOM aHajli3y IMepeBar 1 HEIOJIKIB CTOCOBHO KOHKPETHOI
MOJIeNI.

Taka iH}opmamis JO3BOJUTH 3MIHUTH PEXKHUM €KCIUTyaTalli oOJjiaHaHHS,
3HM3UTH 3aBAHTAKEHHS Ha HOro poOoyl opraHd Ta 3arajioM 3a0e3MeyuTH

IiBUILICHHS Ha1iHOCTI Ta epexktuBHOCTI CT3,

2.2. llm¢pposizauisi 1iarHOCTUKHN CYTHOBUX TPAHCHOPTHHX 3ac00iB

Jlo icHyroumx HemojdikiB ormiHku mnpane3gatHocti CT3 y mpomeci ix
eKCIuTyaTallii ciiJi BIIHECTH BIJCYTHICTh JIOCTOBIPHOI Ta akTyaiabHOI 1H(MOpMaIIii
HEOOX1THOI JIT KOMIIETCHTHUX PIIIeHb W00 OIlIHKK PU3HKIB Ta €()EKTUBHOTO
yOpaBIiHHA (QYHKIIOHYBaHHSIM OOJIaiHaHHSA. BIpoBa/pKeHHS HAMIOCKOHATIIINX
amapaTHUX 3aco0iB oTpeOye 00OB'SI3KOBOI'0 BUKOPHUCTAHHS TEICKOMYHIKAIIIMHIX
€JICMEHTIB 13 3aCTOCYBaHHAM ITU(GPOBI3AILii.

udposizaris sBisie co60r0 Mpolec NEPETBOPSHHS aHAJIOTOBHUX JIaHUX PO
poOoui TpollecH eKCIuTyaTtallii TpaHCIOPTHHX 3aco0iB Ta peE3yJNbTaTiB iX
JIarHOCTUKH Ta MPOTHO3YBaHHA y Iu(poBiit ¢popmi. BukopucroByroun mudposi
TEXHOJIOTIi B OIIHI[l TPAHUYHOTO CTAaHY EJIEMEHTIB TPAaHCIOPTHOIO OOIaJHAHHS
MOXHa PI3KO TIIBUIIUTH TOYHICTh OIIIHOK 1 BHU3HAYMTH HOBI J1arHOCTHUYHI
napamMeTpu 1 CTPYKTYpPHI 3aKOHOMIPHOCTI, IO JO3BOJISIE TIABUIIUTH HAIiHHICTH
o0'ektiB miarHocThku. Kmacudikamiss mnepeBar nudposizaiii  AiarHOCTUKH

EKCIUTyaTalifHIX BIACTUBOCTEH TPAHCIOPTHUX OO'€KTIB HaBEAEHO HAa puc. 2.2

[58].
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Bizyamnizais inopmartii

A

v

CrnoctepexeHHs1 y peabHOMY Yaci

v

CKOpOYCHHS Yacy MPOCTOI0 Ha JIarHOCTHKY

OLiHKA ITOKa3HUKIB JUHAMIKA

v

A

TPAHCIIOPTHHX 3aC00iB

[Momryk Micub Ta IPUYHMH BiIMOB

Hudposizallis MOHITOPUHTY

A 4

[IporHo3yBaHHsI aBapiiHUX CUTYaIlli

Puc. 2.2 — Knacudikauis nepesar uudposizailii JIarHOCTUKHA €KCIUTyaTalliHUX

BJIACTUBOCTEH TPAHCIIOPTHUX O0'€KTIB

Oco0nuBO BellMKe 3HA4Y€HHS Ha0yBa€ BIUIMB IU(POBUX TEXHOJOTIH Ha
pPE3yNbTaTH OIIHOK CKCIEPUMCHTAIBHHUX JOCHIDKEHbh HAa OCHOBI CTaTHCTHYHUX
BUMIPIOBaHb CHCTEMHOTO aHaJi3y Ta WITYYHOTO 1HTEJEKTY, TIOB'I3aHOTO 3
BeIMKUMU JaHuMU. [IpocyBaHHS 1MGPOBUX TEXHOJOTIM TIPYHTYETbCA Ha
napajgurMi HEpO3pPUBHOTO 3B'SI3KY JOCATHEHb CYYaCHUX 1HCTPYMEHTIB J1arHOCTUKH
CTaHy TEXHIYHUX OO'€KTIB y Tpoleci iX eKcIulyaramii 3 TeHEpYyBaHHSM,
aKyMYJIIOBAaHHSIM, arperyBaHHsAM Ta (opmamizaiieo iHGopMaliifHUX MOTOKIB Ta
3HaHb, IPEACTABICHUX Y IU(PPOBOMY BUTIISII.

CrBopenHs 1udpoBux 1watdopm 3adesnedye 30upaHHs Ta 00pOOKy JaHUX,
aHAJITUKY OIIHKA CcTaHy o0'ekTa jiarHocTyBaHHsA. IlutaHHs Oe3aBapiiiHOl
eKCIUTyaTalii TpaHCIOPTHUX 3aco0iB Ta TIABHUIIECHHS SKOCTI TEXHIYHOTO
oOCITyroByBaHHsI TIOB'Si3aHI 3 JIarHOCTUKOID Ta PEMOHTOM, TOMY TEXHOJIOTIS
nudpoBizaiii Hacammepes BIPOBAIKYETHCS caMe€ y IbOMY HampsiMi. Y CBOiH
MPaKTHYHIM OCHOBI IM(dpoBi3alis JIarHOCTHUKH 0a3yeTbcsl Ha  CKIAIHHUX
B32€MO3B'A3Kax 1HGOPMAIITHUX Ta KOMYHIKAI[IHHUX €JIEMEHTIB, 1[0 IPYHTYIOTHCS
Ha JIarHOCTYBaHHI Ta OOpOOIl BEIMKOTO MacHBY EKCIEPUMEHTATBHUX JTaHUX
1M (POBOTO MPOCTOPY Ta MOTO MPOTHO3YBAHHI.

VY 3acTocyBaHHI /10 PO3pPOOKH METOJWYHHUX OCHOB TEXHIYHOI JIarHOCTHKH

TPAHCIIOPTHUX 3aC001B OCHOBHI KaTeropiajbHI MOHSATTS, 1[0 BUKOPUCTOBYIOTHCS Y



58

nM(pPOBUX TEXHOJOTISIX, HaOyBalOThb CBOiX OCOOJMBOCTEH (QOpPMyINIOBaHb Ta
aKTyaJIbHOCTI BUKOpUCTaHHA. OuudpyBaHHA — 1€ MEPEBEICHHS MpPOLECy
niarHoctuku y uudposy digital dopmy. Hudposizauis — ne Bukopuctanus digital
dopmary nns onrtumizauii onepaiii. [{udposa Tpanchopmanis — e CTBOPEHHS
HOBUX KaHAJIIB Ta PIlI€Hb LI0J0 OLIHKK PEe3ydbTAaTIB TEXHIYHOi JAIarHOCTUKH 3
BUKOPHUCTAHHSIM MEPETBOPCHUX ITUPPOBUX TaHUX.

Buxopucranus uM@poBUX ABIMHUKIB 3aMICTh HATypHHUX BUIPOOYBaHb
J03BOJISIE TOCIIKYBATH MPOIIECH HABAHTAXCHHS TPAHCTIOPTHUX KOHCTPYKIIN MPH
ix excrutyaTtauii y BUrIsial nudpoBux Komi. Bukopuctanus nudpoBux ABIHHUKIB
J03BOJISIE  3HAYHO 3MEHIIUTH KUTBKICTh HATYpPHHX BHIPOOYBaHb Ta dYac
TIarHOCTHKY TPUYHH, 110 BUKIWKAIOTh BIAXWICHHS CKCIUTyaTaIlIHHUX MapaMeTpiB,
TaKUX SIK TeMmIeparypa, THUCK B MacTwii, aedopmarii BiI 3HA4YE€Hb, IO
BU3HAYAIOTHCSI HOPMATHBHUMH JJOKYMEHTaMHU.

Hns  Toro, mo6 BuOpaTH ONTUMAJbHY CTpaTerito  onudpyBaHHS
TpaHchopmMaliii Ta iX TPOrHO3yBaHHS HEOOXITHO BIACTEXKYyBaTH IU(POBI TPEHIU
Ta TEXHOJIOT1YHI PIIICHHS MO0 MOIIYKY HOBUX 1H(OpPMAaIIMHUX M1arHOCTUYHUX
Ta MPOrHO3HUX mapameTpiB. [ludpoBi TexHONOTIi B METPOJOTIYHUX BHUMIpax
BKJIFOYAIOTh 3MiHM JedopMaliiii Ta TOBIIMHU O00'€KTa B MpOIleci BI3yaJIbHOTO
KOHTPOJIIO, METO/IIB MIOCTOOPOOKH JTaHUX HEPYHHIBHOTO KOHTPOJIIO, OIU(pyBaHHS
eKCIUTyaTalllfHUX XapaKTePUCTUK Y MEePioJl MIKPEMOHTHUX ITUKIIB, MOJICITIOBAHHS
omiHok 3P mpu HaOMMKEHHI 0 TPaHUYHOTO CTaHy eKCIulyaTallli O0'€KTiB.
[luppoBa TExXHOMOTIA MpallOe 3 AUCKPETHUMH CHUTHAJaMu  3aiiMaroduch
30upaHHsAM, 30epiraHHsIM, OOpPOOKOI0 JaHUX B €JIEKTPOHHOMY BHUTIsml. [lpm ix
BUKOPHUCTaHHI CIPOIIYETHCS TMPOIEC IOCTYMy A0 (haKTOpiB, IO BiOOpaKaroTh
3MiHY eKCIUTyaTallliHUX TapaMeTpiB y MpoIeci HAKOMUYECHHs TOIIKOKEHb Ta
30UTBITY€THCS MBUIKICTh HAIXOKEHHS 1HPOpMAITii.

Jlo mepeBar nmdpoBizamii TIarHOCTUKH TPAHCIOPTHHX 3ac00iB  CIIiJ
BilHECTH TOW (akT, MO B MPOIECi OIIHOK TEXHIYHOTO CTaHy OO0'€KTiB, IO
EKCIUTYyaTyIOThCsl, ITUGPOBI TPEHIU TIarHOCTUYHUX TapaMeTpiB IOBIO HE MOXYTh

OyTH KPUTUYHHUMHU, & B IEBHUH MOMEHT MMOYMHAIOTH PO3BUBATUCS JIABUHOMO110HO.
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BuBuenns mudpoBux TpeHAIB Ta iX BUKOPUCTAHHS B JIIaTHOCTHUIN 3MIHU
eKCIUTyaTallfHUX BJIACTUBOCTEN € OCHOBOIO 3aMO01KHUX 3aXO/IB Ta MOBIIOMJICHb
npo HeOe3meky, 10 HacyBaeTbcsa. OCHOBHI MpHU3HA4YeHHS LuU(poBi3aLil
nmiarHoctukun CT3, ckmageHi Ha OCHOBI OMeEpaliiHOi JisUIBHOCTI  €TamiB
JIarHOCTYBaHHS Ta 1X MOXJIMBOTO 3aCTOCYBaHHsS 3a JOMOMOIro IU(pOBHUX

TpPEH/IiB, IpeCcTaBIeHO Ha puc. 2.3 [59].

Hudposizalis J1arHOCTUKN TEXHIYHUX TPAHCHOPTHHUX 3aCO0IB
[ [ [ [ [ [

KOHTpOJIb TEXHIYHOTO CTaHy
oOJlagHaHHs

3HaXO0KCHHS HOBUX
JIarHOCTHYHUX MMapaMeTpiB
Po3pobka nuppoBux TpeH/IIB
PO3BUTKY J1€(PEKTIB
CTBOpEHHSI HOBUX CIIOCO0IB
MoTepeIHbOI 00pPOOKH
Po3pobxka 3amo6iKHUX 3aX0/1iB
BuBuenns mporiecis
HAKOMWYEHHS YIIKOIKCHb
KoHcomigamis 30epiranss ta
BioOpakeHHs 1HpopMarii
HamamryBanus ta
ITOIIOBHEHHS 0a3H JTaHUX
dopmarizaiis 3HaHb Y
nugpoBOMy BUTIISAI

Puc. 2.3 — Eranu ,HiaFHOCTYBaHH}I Ta 1X MOKJIMBOI'O 3aCTOCYBAHHA 3a JOIIOMOTI'OXO

1M(ppoBUX TPEH/IIB

JUIs KOHTPOJIO TEXHIYHOTO CTaHy OOJaJHaHHS, IO 3HAXOJHWTHCS B
CKJIQIHUX yMOBax eKCIUTyaTailii, 3aCTOCOBYIOThCSA pI3HI 3acCO0M TEXHIYHOTO
JIarHOCTYBaHHS, OCHAIICHOTO PI3HUMHU JaT4dKaMHd 1 KOHTpOJIEpaMH, SKi
3a0e3neuyloTh BUMIPIOBaHHS BiOpaillii, TeMrepaTypu, TUCKY 1 T.1. Y pa3i BUXOIY
KOHTPOJLOBAHOTO  JIarHOCTUYHOTO  MMapaMeTpy 3a TpaHWUYHI  3HAYEHHS
nudposizaiis o0poOse MIAarHOCTUYHHM CHUTHAl 1 CHUTHANI3Y€ MPO BHSIBICHI

HecnpaBHOCTI [58].

2.3. MeTopaoJorisi ynpapjiHHS JiarHOCTHYHOI iHpopMamiei

Pi3HOMAaHITHICTB Ta Pi3HI PO3MIPHOCTI IarHOCTUYHUX CUTHAIIIB IPU3BOASTH

JI0 HEOOX1AHOCTI iX 3JUTTS B €IMHUN y3araibHEHUU MOKA3HUK 0€3 BTpaTH BX1AHOT
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iH(popmarii. 711 1bOro Mo>KHa BUKOPUCTOBYBAaTH METO/ TOJIOBHUX KOMITOHEHT.

MeTon TONOBHUX KOMIIOHEHT J03BOJISIE 3MEHIIUTH PO3MIPHOCTI JaHUX,
BTPATUBIIM HaMEHINYy KUIbKICTh 1HQOpMaLii. OOYUCIEHHS OCHOBHUX KOMIIOHEHT
MOKe OyTH 3BEI€HO 10 OOYMCIIEHHS CHHTYJISIPHOTO PO3KJIaJaHHS MaTpHUIl JaHUX
ab0 OOuYMCIIEHHd BJacHUX BEKTOpPIB KoBapiamiiiHoi Marpuii. CTOCOBHO
BIOpaliiHoi J1arHOCTUKHM (dopmMaiizalis BUKOPUCTAHHS METOJY T'OJIOBHUX
KOMIIOHEHT BUTJISJA€ SK TMOOYI0Ba OPTOTOHAIBHOTO TMEPETBOPEHHS KOOPAUHAT
3amaHoi 0araToBMMIpHOT BHIAJKOBOI BEIMYWHHU, B PE3yJIbTATI SIKOTO KOPEJAIil
MK OKPEMHUMH KOOPJIUHATAMH 3BEPHYTHCS B HYJIb.

3a J0MOMOrO METOAY TOJIOBHUX KOMIIOHEHT MOJXKHA TPUOpATH IIyM
BIOpAIIITHOrO CUTHANy MPUITYCKAIOYH, 1110 JUCHEPCis UIyMy Maja B MOPIBHSIHHI 3
JTUCTIEPCIEI0 KOPUCHOTO curHaiy. Ilicms mepeTBOpeHHs BXiAHOI 1arHOCTUYHOT
iH(opMallii aHaTi30BaHUM METOJIOM 3HAYECHHS MIyMIB OyayTh Ayke mam. Jlms
BUOOpPY OCHOBHHUX KOMIIOHEHT BCTAaHOBJIIOETHCS TMOPIT JUCIEpCii, 1 BUOUPAIOTH
KUTBKICTh KOMIIOHEHT , SIKI T€HEPYIOTh CYKYNHY CyMy AMCIEpCii, po3TalioBaHUX
aKoMora OJIK4ue 10 LbOro mopora. AHalli3 TOJIOBHUX KOMIIOHEHT IMOJsTrae y
OOYHMCIIEHHI OCHOBHHUX KOMIIOHEHT Ta iX BHKOPHUCTAaHHSA MJisi 3MIHU CTPYKTYpH
BX171HOT 1H(OpMaIlli, 3aCTOCOBYIOUH KIJIbKa OCHOBHHUX KOMITIOHEHT 3 ITHOPYBaHHSIM
iHmux itepamiii. [lpu npoMy BiiOyBaeThCsl TEPETBOPEHHS BUXITHUX 3MIHHUX Ha
HaOlp HOBHUX HEKOPEJIbOBAHUX 3MIHHUX, SKI HA3UBAIOThCS TOJIOBHHUMU
KOMIIOHEHTaMHU. Y CTaTUCTHUIIl aHalli3 TOJIOBHUX KOMIIOHEHT € CTaTUCTUYHOIO
MPOIICAYPOIO TIICYMOBYBaHHS 1H(QOPMAIIHHOTO 3MICTy Yy BEIWKI TaOIHWIN JaHHUX
3a IOMOMOTOI0 MEHIIIOTO HaOOPy HOBHX 3MIHHUX 3BEJICHUX MapaMeTpiB, K1 JIETIIe
Bi3yanmizyBaTh Ta aHamizyBaTu. CHUrHaIM Ha BUXOMI CHCTEM J1aTHOCTHKHU
XapaKTepU3YIOThCS PI3HUMH aMIUTITYJaMHi, 4aCTOTaMH, MEpioJJaMd BHHUKHEHHS,
eHepricio, IIiTBHICTIO, IHTEHCHBHICTIO AHMCIepcico, To6To. € muppoBuMu. Ix
XapakTepuzye Benmukud o6csar iHdopmarii. [udposi curnamu BUXOAATH 3
ypaxyBaHHSIM YUCEITHHUX METOMAIB 1 MU(DPOBUX KOMI'TOTEPHUX TEXHOJIOT1H.

3aBISKH PO3BUTKY METOAY TOJOBHHUX KOMIIOHEHT 3'SIBISIFOTBCS HOBI

MOYKJIMBOCTI BUJIUICHHS CIA0KMX KOPMCHUX CUTHAJIIB HaBITh KOJIM IXHS aMILUTITy/a
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3HAYHO HIDKYA 32 PIBEHb IITyMY.
Meton rosioBHuX KommoHeHT [60] ampokcuMye n-MipHOTO XMapHOIO
Harjgay 10 M-MIPHOIO ENINCoiqy, MiBBICI AKOro OynyTh OCHOBHUMU
KOMITOHEHTaMU. MeToa TOJOBHUX KOMIIOHEHT 3aCTOCOBYETBCS JO JIaHMX,
3anmMcaHuX y BUTAAl marpuil X uyucen. [{ns mArOTOBKM JaHUX BHOIPKY
LHEHTPYIOTh, 3MICTUB iI Tak 00 CepeJHE 3HAUCHHS O3HAK JOPIBHIOBAJIO HYNIIO. Y
IIbOMY BHITQJIKy MATPHIl BXUIHMX JaHUX X TIEPETBOPIOIOCS Ha MAaTPHIIIO
HOpPMAaJIi30BaHUX IICHTPOBAHUX BEIMYMH Y. [IpakTHYHO METOJ MOYMHAETHCS 3
BUpIIIEHHS 3a7a4l HaOJKEHHS KIHIIEBOI MHOXHHU TOUYOK TMPSIMUMHU Ta
riomuHaMu. JJis KIHIIEBOrO HA0Opy MHOKMHHM BEKTOPIB X1, X2, . Xm € R" e R" —
JMHIAHI PI3HOMAHITTS, NOTPIOHO 3HAWTHM Take 3HadeHHs Sy C R" mo6 cyma
KBaJPaTiB BIAXWIIEHD X; Bi Sk Oyia miHiManbHO1O [60]
m
> dist?(x;,S,) — min,
i=1

ae  k=0,1,2,...n—1 giuiiine pizHomaniTTs R" |

dist?(xi, Sk) — eBKJIi10Ba BiACTaHb BiJ TOUKM 1O JIiHii.

JliHifiHI pI3HOMAHITTS BHU3HAYAIOTHCSI HAOOPOM OCHOBHUX KOMIIOHEHT
BekTOpiB {a1 ... ak-1} Ta BEKTOPY o, KUK BHU3HAYAETHCS MiHIMI3aIi€w Sp, IO
BUPAXXAIOTh HACTYITHUM PiBHSIHHSIM

m m
a, =arg| > dist?(x;,S,) | =argmin| > |x —a,|
i=1 aeR"  \ izl
BapiamiifHi BU3Ha4Ye€HHsSI CEpPEIHBOTO 3HAUCHHS SK TOYKH, SIKa MIHIMI3Yy€E

CyMy KBaJIpaTiB, BUPAXKalOTh HACTYITHUM PiBHSIHHIM

a, = 1Zm:x2
0~ i
m 4

Omneparii  3HaXO/DKEHHS KOMIIOHEHT TOJIATAIOTh Y  TOCIHIJOBHOMY
BUKOPUCTAaHHI HACTYITHUX MOJIOXKEHb!
— HEHTPYBAHHS TaHUX 32 JOMOMOTOI0 OOUHCIICHHS CEPEAHBOTO 3HAUCHHS Xi

Xi =Xi—X

€ CHMBOJI := O3HA4a€ PiBHICTh 32 BU3BHAYCHHSIM



62

— BU3HAYEHHS NEPLIOI TOJIOBHOT KOMIIOHEHTH

a, =arg min(i]xi —~ al(xi)|2j

Jay =1
— BiJIHIMaHHS 3 NPOrHO3HUX JAHUX MEPIIOi TOJOBHOI KOMIIOHEHTH

Xj ==X _3-1(3-1’ Xi)

— BU3HAYEHHS JPYroi TOJIOBHOI KOMIIOHEHTH

a, =arg min(i|xi —a, (azi Xi)|2j
i=1

|2z =1
— BiJIHIMAaHHS 3 MPOTHO3HUX AaHKUX K — 1 KOMIIOHEHTH

X; =X =84 (81, %)
OtpumaHi BEKTOpH @i ... k-1 OPTOHOpMOBaHi. Ha K0XHOMY MiIrOTOBYOMY
Kporiri 2K — 1 BigHIMA€eThCs MPOEKIIisS HA TONEPEIHIO FOJIOBHY KOMIIOHEHTY

— BU3HA4YeHHA K-TOT rOJI0BHOI KOMIIOHEHTH

a, =arg min(i]xi -a,(a,, xi)|2J
i=1

la =1
VYrpaBniHHS ~J1aTHOCTHYHOIO 1H(oOpMaIli€ero ToB'sI3aHe HE TUIBKA 13
BUJIYYEHHSIM KOPUCHHUX BIJIOMOCTEH MPO CTaH MaTepially 00'ekTa 1arHOCTYBaHHS,
a ¥ 13 BUKOpUCTaHHAM (hopMaTyBaHHS Ta 0OpoOKH iHGOpMaIlii I BCTAHOBJICHHS
MITLOBUX  (PYHKIIM BH3HAYEHHS YYTJIHMBOCTI 10 CTPYKTYPHHUX 3MiH, IO

BiIOYBAIOTKCS IT1]1 Yac CKJIAJHUX YMOB ekciuryaTali ta [13P obmannanss.

2.4. Mojaeab iiMOBipHiCHOI TMHAMIKH MpoueciB TiarHOCTUKH eJ1eMeHTIiB

CEY Ha ocHoBi 1annoriB Mapkosa

besnepebiitna poOoTa €IEMEHTIB €HEePreTUYHOrO OOJIaJIHAHHSA MOPCHKUX
CylleH 3aJeXHThb BIiJ SKOCTI JIarHOCTUKH 1X TEXHIYHOTO cTaHy. HaiOimsmm
e(EeKTUBHUM METOJOM 3HW)KCHHS CKCIUTyaTal[iiHUX BUTpPAT 1 IiJBUIICHHS
HQIIMHOCTI 00JIaTHAHHS € TPOBEACHHS TEXHIYHOTO OOCIYTrOBYBAaHHS, BHSBIICHHS

HECIPABHOCTE 1 MPOrHO3yBaHHS IMapaMETPIB €HEepPreTUYHOro obnaaHaHHA. lle
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poOUTh 3ajadl  KOHTPOJIIO, JIarHOCTUKM Ta NPOrHO3YBaHHS MapameTpiB
€HEPreTUYHOro 00JIaTHaHHA 0COOJIUBO aKTyalbHUMH.

Jlanmtorn MapkoBa € I1HCTPYMEHTOM CTOXACTHUYHOTO MOJIETIOBAHHS, W10
peani3ye MOCHIIOBHICTh MOJIM 3 KIHIIEBUM YKCIIOM MPOTHO30BAHUX PE3YJIbTATIB.
OcoOnuBicTIO JaHUOriB MapkoBa € Te, 110 HMOBIPHICTH OTPUMaHHS KOXHOTO
MO>KJIMBOT'O MPOTHO30BAHOTO CTAHY HE BU3HAYAETHCS MUHYJIMMH 3MIHAMH 1 cyma
BXIZIHUX yYMOBHUX WMOBIpHOCTE y TpadiuHid I1HTeprpeTamii mpoiecy

MPOTHO3YBaHHS BIJIMOB JIOPIBHIOE CyMi BXigHUX aAyr (puc. 2.4) [61].

(-\O,S

IIporuos

0,3

(@
IloToynuii cran

Puc. 2.4 — Jlanutorn MapkoBa 3 1BOMa CTaHaMH 00'€KTiB

Posnonin fiMoBipHOCTEH TEPEXO/iB MOMAIOTHCA Y BUTIISAI MaTPHIll, PAIKH
Ta CTOBIII, SIKOi B CyMi JIaf0Th OJWHUIIIO. J[JI1 BU3HAUEHHS HMOBIPHOCTI TIepexXimay
3 OJIHOT'O CTaHy B IHIIMM 3a KiJIbKa KPOKIB HEOOX1THO 3BEJICHHS MaTPHIIl IIepeXiaiB
B II0 CTylneHb. Jlanutorn MapkoBa XapaKT€pHU3YIOTh CTOXAaCTHYHHM MpPOLEC, B
SIKOMY YMOBHHUI PO3IOi HMOBIpHOCTEH MalOYyTHIX CTaHIB 3aJCKHUTh TIIbLKH BiJl
MOTOYHOTO CcTaHy mnporecy. Jlanmrorn MapkoBa J03BOJISIOTH YAOCKOHATUTH
MEXaHI3M MPUUHATTS PIllIeHb, IIaTHOCTUKU Ta IPOTHO3YBAHHS CHUTYAIlli HA PI3HUX
piBHAx mporieciB [59]. Buxopuctanus iHQOpMaIiiHUX TEXHOJOTIH I OI[IHKA
MPUIATHOCTI TIANPUEMCTB 1O I1HHOBAIIMHUX TMEPETBOPEHb 3 BUKOPHUCTAHHIM
naHIoriB. MapkoBa mpejcTaBieHo B pobOoti [61]. [ndopmamiitHa miaTpumka
VOPaBIIHHS CKJIAJHAMH OpTaHi3aliiHO-TEXHIYHUMH OO0'€KTaMHM Ha OCHOBI

JaHIOTiB MapkoBa mpejacTtaBieHa B [62]. Mopgeni MapKoOBCBKUX IPOIICCIB
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JOTIYHUX TIEPEXOMdIB 3 ypaxyBaHHSIM WMOBIPHICHUX OIIIHOK HaBeneHi B [63].
3B'SI30K MDK YIpPaBIIHHAM 1 JIIOJCBKMM (AKTOpOM B MAaT€MAaTHYHUX MOJENSX
CKJIaJIHAX CHUCTEM Ha OCHOBI JIaHIIOTiB MapkoBa HaBeneHo B [64]. B [65]
JOCIIKEHO MOKJIUBICTh NEPEBIPKM ACUMITOTHUYHOTO PO3MOALTY WMOBIPHOCTEMN
nepexoay MapKoBChKOI MOCIIJOBHOCTI MapaMeTpu4yHoOro cimeiicrsa. B [66, 67]
OMKMCAHO CTOXaCTHUYHE TNEPEXOIUIEHHS 3 BHUKOPUCTAHHAM (iuibTpamii Ta
3rIaJKyBaHHsA, B [68] ommcaHo crToxacTHYHE OIIHIOBAHHS €(QEKTUBHOCTI
TPaHCMIOPTYBaHHs MatepiaiiB. Mojiellb CTOXaCTUYHOI ONTHUMI3allii Ha OCHOBI
ciueHapiiB omucana B [69]. I[ndopmaiiitHO-eHTpOMiiiHY MOIENb NPUHHSATTS
yIPaBIIHCHKUX PIllIEHh B YMOBax HEBU3HA4YEHOCTI mpenacrasieHo B [7/0], anami3
3aTpUMKHA TpH TOOYJOBiI iepapxii OaileCiBCbKUX Mepek omucano B [71].
BuxopucranHa 1HGOpMamiMHUX TEXHOJOTIM nJs  iAeHTU(IKaIli napameTpiB
HEBU3HAYCHOCTI B CTAaTHCTUYHHUX OIlIHKAaX TpeAcTaBieHo B [72]. MartemaruuHe
3a0e3MeyYeHHs] Il BUKIIOYEHHS BIUIMBY JIIOJCBKOTO (aKTOPy Ha CHCTEMH
HaBITaI[iiHOTO O0JIaIHAHHS B YMOBAaX HEBU3HAYEHOCTI Ta PU3UKY IPEICTABICHO B
po6otax [73]. KimbkicHa oIliHKa MPOrHO31B HEBU3HAYEHOCTI IpeacTaBieHa B [74],
B [7/5] HaBeIeHO OTJsJ XapaKTepUCTUK MEXaHIYHMX BHUIpOOyBaHb. MaTpuils
NyHKTIB BUIMPABJICHHS Ta TPH3HAYEHHS Ha OCHOBI JaHIIOTiB MapkoBa
npejacTaBicHa B [/6]. IHTeNnekTyanbHa 3apsiKa eJIeKTpoMOOLTiB, MO 3'€THYIOThCS,
B YMOBaX HEBHM3HAYCHOCTI ITOBEIIHKM BOMIS IMOKa3zaHa B [/7]. 3acTocyBaHHS
merony Monte-Kapio mpu moOynoBi naniroriB Mapkosa onmcano B [ 78, 79]. Lei
OIJISIT MOKa3ye, IO MPAaKTHUYHE 3aCTOCYBaHHS JIAHLIOTIB MapkoBa € HIMPOKUM 1
pizHoMaHiTHUM. OKpemi (pparMeHTH MpeACTaBICHOTO MOCBiAY Oyiu BUKOPUCTaH1
TUTSE pO3POOKH METOJIOJIOT1T TOCIIIKEHHS.

Sk 6auMMO 3 HaBEIECHOTO OTJISAMY, JAHIIOrH MapkoBa MaroTh crienudidHi
3aCTOCYBaHHS, 1[0 XapaKTEPU3YIOThCS 3arajJbHOI0 METOOJIOTIEI0 3MIHU JMHAMIKH
WMOBIpHOCTEH y BIAMOBITHUX 00sacTsax. OqHaK XapaKTepHI 0COOIMBOCTI TIPOIECY
JIarHOCTUYHOTO Ta MPOTHO3HOTO MojemoBaHHs eneMeHTiB CT3 He 103BOJISIOTH
MOBHOIO MIpOI0 BUKOPHCTOBYBATH 1 MepeiaBaTl HAKOMUYCHUN TOCBIA PO3B'SA3aHHS

c1abKo CTPpyKTypoBaHuUX 3anad. lle moB's3aHO 3 HEOOXITHICTIO TMEPEXOay Bij
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JUCKPETHOTO 4Yacy (YHKIIIOHYBaHHS TPaHCHOPTHUX 3aco0iB A0 Oe3nepepBHOI
MOCJIIJIOBHOCTI ~ CTaHIB, WLI0 XapaKTEpPU3YIOTbCA IHTEpBajlaMd B  MpPOIEC]
JIarHOCTYBaHHsA. Y 1IbOMY KOHTEKCTI Ba)KJIMBa MOOYJ0Ba MaTpHUllb HMOBIpHOCTEH
NepexoAiB Ta BIANOBIIHUX OPIEHTOBAHUX rpadiB, CIPIMOBAHUX HAa PaH)KyBaHHS
eneMenTiB CT3 3 TOukH 30py 1X BiAMOB i yac excruryaTtarii [80].

VY pocnipkeHHI BUKOPUCTOBYBAJIMCS JI1IaTHOCTHUYHI MapaMeTpu €JIEMEHTIB
TypOOKOMIIpecopa, TaKuX K KOpIyc, KommIpecop, TypOiHa, YUIUIBHEHHS, pOTOp,
M1ITUITHAKY, MACJISTHI HACOCH, a TaKOXK WMOBIPHICHI OIIHKH X BiMOB. Lli oriHku
Oynu OTpHMaHi Ha OCHOBI BEJIMKOTO CTATUCTHYHOTO MACHBY JIaHUX TIPO
eKCIUTyaTallllo CyJHa B yMOBaxX HEBU3HAUYEHUX 30BHINIHIX BIUIMBIB. B sKocTi
METOJy JTOCIiKEHHsI OyJii BUKOprcTaHi MapKoBChKi JiaHIroru [61].

VY KOHTEKCTi JIarHOCTYBAaHHS Ta MPOTHO3YBaHHS B yMOBaxX HEBU3HAUCHUX
30BHIIIHIX BIUIMBIB, [0 XapaKTEPHU3YIOTHCS €IEMEHTAMH BUIAJKOBOCTI, METOIO
MapKOBCHKHMX JIAHIIOTIB € TMOIIYK KOMOIHAIlll XapaKTepUCTUK 1 MapaMmeTpiB, AKi
MOKPAIIYIOTh MEXaHI3MH J1arHOCTYBaHHS Ta MPUUHATTS PIIlIEHb Y HA0YHINA (opmi.
SIkuo cuctemMa NepexoauTh 3 OJTHOTO CTaHy B 1HIIUN Yepe3 3a/1aHi MPOMIXKKH 4acy
3 HAKOINWYEHHSIM BUIMOBIIHUX 1H(OpMAIIHHUX pEecypciB, TO BOHA SIBJISE COOOIO
JUCKPETHUM TOCTioBHUNA MapkoBchkuil mporec. BxigHa iHdopmaliis mpo
BI/IMOBH €JIEMEHTIB TypOOKOMIIpecopa B TEpPMiHaX YMOBHHUX HMOBIPHOCTEH

npeacTaBieHa B Tabmumi 2.2 [61].

Taomung 2.2 — [ToTouHMIT CTaH CUCTEMH JIIarHOCTHKU €JIEMEHTIB

TypOOKOMIIpecopa
No KonTponboBanuit Barose criBBiTHOIIICHHS ITo3HaueHHs
napameTp
1 Kopnyc 0,090 Vi
2 Kommpecop 0,005 Vo
3 Typbina 0,048 V3
4 VuisHEHHS 0,167 Va
3 Potop 0,152 Vs
6 W EDi0000700050%08 0,438 Ve
7 MaciistH1 HacocHu 0,1 V7
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Jlanitorn MapkoBa J103BOJISIIOTH reHepyBaTH nojii. TexHiuH1 pileHHs s
OLIIHKM TOCJIJOBHOCTI 3aCTOCYBaHHsI [IarHOCTHUYHUX MPOLEAYp KOHKPETHUX
eneMmeHTiB TypookommnpecopiB CEY B pamkax Teopii MapkoBa NocTyno0Th BUOID
HalKpauioi anbTepHATUBH, BUOIp AKOi MOKe OyTH MOJErmeHUid 3a JOMOMOTOH0
anapary Teopii HMOBIPHOCTE.

HaniitaicTs oOnagHaHHs - 116 KOMIUIEKCHA BJIACTUBICTH, sIKa XapaKTepU3ye
HOro 31aTHICTh BUKOHYBATHU 3aaH1 QyHKIIT 31 30epexKEeHHSIM CBOiX XapaKTEPUCTUK
B KOHKPETHMX YMOBax €KCIUlyaTallli y BCTaHOBJIEHHX MeXax a0o MNpOoTArom
3a/laHoro nepioay yacy. Jlanioru MapkoBa BUKOPHCTOBYIOThCS SIK MaTEMaTHYHA
MOJIE€Nb JJIsl TOCHII)KEHHS MMOBEIIHKHU MEBHUX CTOXAaCTUYHUX CHUCTEM.

[Ipu monentoBaHHI CKIQAHUX TEXHIYHUX OO'€KTIB BaXKJIUBHM AacCIEKTOM €
IpeACTaBICHHS CTPYKTYPH B3aeMOid 1 mepexojiB. HesanexHi BUIIpoOyBaHHS €
OKpEeMHM BUTIAJKOM JaHIoriB Mapkosa. [loaii po3risaatoTecs K CTAHH CUCTEMH,
a cami BUNIPOOYBaHHS MPEACTABISIOTh 3MIHU CTaHy CUCTEMHU.

MMogipHOCTi mepexoxiB Pji He 3alexaTh BiJl MOMEHTY 4yacy, a 3aJexaTh

nuie Bif j Ta i [64]

P11 Pip.. Py
P =|Py; Ppy... Pyyl,
Pnl Pn2 Pnn

n
e 0<Pi<1 ) Ay=1
i=1

N — KUIBKICTh KOMITOHEHT CHCTEMH.

Jlaniror MapkoBa Ha3MBA€ETHCS OJHOPITHUM, SKIIO HMOBIPHICTH TIEPEXOTy
Pji cucremMu 3i cTaHy | B CTaH | HE 3aJeXKHUThb BiJl HOMEpa BHIIPOOYBaHHS.
VMoBipHicTh Pji Ha3MBa€THCS MEPEXiTHOIO HMOBIPHICTIO.

mMoBipHicTs TOTO, IO P;i(n) moxua 3HaiiTu 3a Jgomomoror (opmyny,
BiJIOMOT sIK piBHICTE MapkoBa:

Pi(n) = $P(m)P(n —m),
7€ M — KUIBKICTh KPOKIiB, 3@ SIKi CHCTEMa JIIarHOCTUKH MOXKE MEPEUTH 31

CTaHy 1 70 CTaHy j.
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Bynb-sikuii cTaH §; MOKHA JOCATTH 3 OyIb-SKOrO IHIIOrO CTaHy 3a
CKiHUEHHY KilIbKiCTh IepeXoiiB. FIMOBIpHIiCTb mepexoy 3 OJHOTO CTAaHy B iHIIMi
OJIHAKOBAa HE3aJIe)KHO BIJ KUIBKOCTI NMPOMIDXHHUX CTaHIB, 4epe3 SKI MOTPIOHO
MPOUTH, 00 JOCITTA HAMIYEHOI METH.

XapakTepHOI0 OCOOJIMBICTIO MOJEIIOBAHHS 1HTENEKTYaJbHOI MIATPUMKHU

niarsoctuku enementiB CEY e Te, mo ymoBHa iimoBipHicTE Pj;(S) He 3amexuts

BiJl IOTOYHOT'O CTaHy, TOOTO
P;(S) = Py ,

e | - HoMep TOIePeIHLOr0 CTaHy;

] - HOMep HACTYIHOTO CTaHy.

VIMOBIpHOCTI mepexoiB MOKYTb OyTH HPEICTABICHI HACTYITHUM PiBHIHHIM

P(xg = 5) = qo(S)Vseg,
ne V — yHiBepcalbHUH KBaHTOP;

S — IHWCKpETHI CTaHu;

qo — UMOBIPHICTh 3HaXO/PKEHHSI CUCTEMHU CTaHy B MOMEHT dacy t, = 0;

X — TOYKa BIJIIKY.

3miHHa E nipecTaBiisie CKIHUEHHY KUIBKICTh CTaHIB

E={ee,..e,}

VIMOBIpHICTD Hepexoqy CHCTEMH MK CTAHAMH BHPAXAE€ThCS UEPe3 CTAIlH

J1arHOCTYBaHHS
P(xpt1 = Spt1lxn = ) = P(Sp, Sns1)V(Snt1, Sn)

Bukopucranns  maHirorie  MapkoBa i1 BHU3HAYCHHS  MPOIIECIB
JIarHOCTYBaHHSI  €JIEMEHTIB TypOOKOMIIpecopiB 0a3yeTbcs Ha HACTyIMHHUX
npuHiunax. Cucrema niarHOCTyBaHHS (YHKIIOHYE B cTaHax S1,5...Sh. Ilepexonu
MOXJIMBI JIMIIIE B MOMEHTH dYacy, IO BIJMOBIIAIOTH €TaraM JTIarHOCTHKH, SKi
PO3TIIAIAIOTHCS SIK KPOKU. APTYMEHTOM JIaHIIora MapkoBa € HOMep KpPOKY.

VY Oynp-sikuii MOMEHT 4Yacy JIAaHIIOT MapkoBa MOKHa OXapaKTepU3yBaTh
pSAaKaMH MaTpUIlli WMOBIpHOCTEH mepexosiB. [[OMHOXHBIIM BEKTOP-PAMIOK, IO

OMHUCY€ PO3MOMIIT HMOBIPHOCTEH Ha IMEBHOMY €Taml J1arHOCTUKH, HAa MAaTPHUIIIO
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HMOBIpHOCTEH MeEpexo/ly, OTPUMAEMO DPO3MOJLI HWMOBIPHOCTEM Ha HACTYIHOMY
eTarli Ha Pi3HUX PIBHSX JIarHOCTHKH Ta MPOTHO3yBaHHs [61].

3anponoOHOBAHO KOHLENTYalbHY MOJENb IHTENEKTYyaJbHOI JIarHOCTHKHU 3
BUKOPUCTaHHSAM MapKOBCHKHX JIAaHLIOTIB, IKa B1IOOpa)k€HA Yy BUIJISL OKPEMUX

CTPYKTYpHHUX OJIOKIB (pHcC. 2.5).

Buznauenns
napaMmeTpiB 1 30H
J1arHOCTUKHA .
BuzHaueHHs1 yMOBHHX
3 HMoOBIpHOCTEN [Momryxk i
Bub; IIOTOYHOT'O CTaHy aHaji3 pilIeHb
HOIp METOLy CHCTEMU
JIarHOCTHUKHU
[To6ynoBa marpuiti MozenroBanHs
e MepeXiTHNX BUITAIKOBHX
‘DOPMYBaHH’I HMoBipHOCTEH BEJIMYMH
anpiopHoi \
Hbopmarii po p ‘ .
CKCTPCMaIIbHI1 JlocnimKeHHsT TPAYUH 1 . .
M . oL Bizyanizauis
BILTUBY Ta WMOBIPHOCTEHN BIIMOB 3B’ SI3KIB
JMOBKILIIA enementis CEY
o V.
Bcranosnenus ( [ IneHTH- |
N - [oGynosa | A
Bcranosnenss HMOBipHOCTEH . Gikartis
. OpPIEHTOBAHUX
MPOCTPOPY CTAHIB riepeOyBaHHS CUCTEMH B rpadhis pe3yib-
TEKYUYOMY CTaHi P ) TaTiB

Puc. 2.5 — Mopens HMOBiIpHICHOT TMHAMIKH TIPOIIECIB J1arHOCTUKU €JIEMECHTIB

dopmairizartis

CEY Ha ocHOBI JaHItoriB Mapkosa

OCHOBHHX  3aXOIIB

pO3po0OKHU

IHTEJIEKTYalTbHOTO

MIPOrPaMHOTO 3a0€3MEeUeHHS ISl 1IarHOCTHKU €JIEMEHTIB Cy/THOBUX €HEPreTHYHUX
YCTaHOBOK, $Ka TpEJICTaBlieHa Ha puc. 2.5, M03BOJWIA BCTAaHOBUTH CTYIiHB
JIOCTOBIPHOCTI B3a€MO3B'SI3KIB MDK OKPEMHUMH XapaKTEpUCTUKAMU CHUCTEMU
niarHocTyBaHHS. Lle ciiyrye OCHOBOIO ISl TPOTHO3YBAaHHS BiJIMOB €JIEMEHTIB
CYJTHOBOT €HEPTeTUYHOI YCTAHOBKH [0 1 MICJIS MPOIIECY M1arHOCTYBaHHS.

KitouoBo10 0coOMMBICTIO MpECTaBICHOI MOJIEII € BpaXyBaHHS MOXKIIMBHX

BIJIXWJIEHD B1Jl HOpMaJIbHOTO ()YHKI[IOHYBaHHS eJeMeHTiB TypOokommpecopiB CEY
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Ta y3rOJDKEHOrO PIBHS PU3UKY MPH NPUUHSATTI YHNPaBIIHCBKHUX PIIIEHb IIOAO iX
MOJAJIBIIOT €KCIUTyaTalli B CKJIaIHUX YMOBaXx.

BuOpaBmu HanidHICTh 1 NPUAATHICTH [0 €KCIUTyaTalli, $SK OCHOBHI
napamMeTpu i J1arHOCTYBaHHS €JIEMEHTIB TYypOOKOMIPECOPIB  CyJAHOBHX
€HEPreTUYHUX YCTAaHOBOK, 3 TOYKM 30py, HMOBIPHOCTI iX BIAMOB, MO>KHa

noOyIyBaTH MAaTPHINO TIEPEXiTHUX iMOBipHOCTEH (TadI. 2.3).

Tabnuusg 2.3 — YMOBHI IMOBIPHOCTI MPOILIECY JIIarHOCTUKH €JIEMEHTIB

TypOOKOMIIpECOpy
Kop- VYurine- [Tigmun- | Macnsni
Enement Kommpecop | Typbina Porop

myc HEHHS HUK HAcocH
Kopmyc 0,09 0,005 0,048 0,167 0,152 0,438 0,1
Kommpecop 0,09 0,008 0,051 0,15 0,18 0,431 0,09
TypGina 0,08 0,006 0,068 0,169 0,151 0,446 0,08
ViinsHeHHs 0,08 0,007 0,054 0,152 0,163 0,474 0,07
Potop 0,07 0,005 0,062 0,141 0,172 0,44 0,11
[Tiqmunank 0,09 0,007 0,056 0,15 0,166 0,421 0,11
Macnsui

0,08 0,006 0,064 0,159 0,161 0,43 0,1
Hacocu

3rigHo 3 Tabu. 2.2 1 2.3, cucteMa JIIarHOCTUKH MOXKe TiepeOyBaTH B OJHOMY
3 cemu craHiB. Skmo enementu CEY mpaioioTe B yMOBaxX €KCTpPEMalbHUX
HaBaHTa)XCHb, TO WMOBIPHICTh BIAMOBU KOPITyCy TypOOKOMIIpecopa, 3TigHO 3
Tabmunero 2,3, craHosutMe 0,09. MIMOBipHICTH BiIMOBH KOMIIPECOPY CKIIajae
0,005, Typ6ian — 0,048, ymineaerHs — 0,167, poropy — 0,152, migmumauka —
0,438, macisuoro Hacocy — 0,101.

Sxmo B mpoleci eKcruryartaiii BHHUKAIOTh aBapiiiHi 3MIHM B PpoOOTI
oOnaHaHHS, TO CTaH CUCTEMH JIIarHOCTYBaHHS Oy/le XapaKTepU3yBaTHCS IPYTUM
PSAIKOM MaTpuili nepexoiB. ToMmy HMOBIPHICTh BIIMOB KOPITYCY 3JIMINAETHCSA Ha
tomy >k piBHI 0,09. OgHak WMOBIpHICTH BiAMOBH Kommpecopy 3poctae mo 0,008,

TypOiHu - 1o 0,051, yminsHenss - g0 0,18, migmunauka - go 0,431. ﬁMOBipHiCTL
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B1JIMOBH MacCJsIHOT0 Hacocy 3MeHInyeThes 110 0,09.

AHanoriyHi nepeTBOPEHH YMOBHUX MMOBIPHOCTEW MOXYTh BIJJOYBAaTHCS B
MPOLIEC] A1arHOCTUKU Yepe3 1HII PSAKMA MAaTPULl EPEXO/1iB Ha HACTYITHUX €Tanax
MPIOPUTETHOTO BUKOPUCTAHHS A1arHOCTUYHUX MapaMeTpiB.

SIKI10 TOMHOKUTHU BEKTOP PO3MOALTY HMOBIPHOCTEN MOYATKOBOI'O CTaHy Ha
MaTpPUIIO NEePeXiTHUX UMOBIPHOCTEM, TO OTPUMAEMO PO3MOIINT WUMOBIPHOCTEHN ISt
HACTYIIHOTO eTamy JiarHocTyBaHHA. VMoaipuicte P(1) mepexomy cucreMu

J1arHOCTYBaHHS 31 CTaHy Sg B CTaH S1 HA MepuIoMy Kpolli Oy/ie JOpIBHIOBATH

0,09 0,005 0,048 0,167 0,152 0438 01
0,09 0,008 0,051 0,15 0,18 0,431 0,09
0,08 0,006 0,068 0,169 0,151 0,446 0,08
P(1)=(0,09 0,005 0,048 0,167 0,152 0,438 0,1) x | 0,08 0,007 0,054 0,152 0,163 0,474 0,07 | =
0,07 0,005 0,062 0,141 0,172 0,44 0,11
0,09 0,007 0,05 0,15 0,166 0,421 0,11
0,08 0,006 0,064 0159 0,161 043 01
= (0,076115 0,005932 0,0530915 0,138106 0,150879 0,3990015 0,091375)

Wmogipuicte P(2) Toro, mo Ha ApyroMy KpoIli CHCTeMa JiarHOCTYyBaHHS
nepeiie B CTaH S IiJ] BIUIMBOM TMOCTIMHUX 3MiH YyMOB €KCIUTyaTallil Ta BIUIUBY

30BHIIITHBOTO CEepeIOBUIIA Oy/I€ TOPIBHIOBATH

0,09 0,005 0,048 0,167 0,152 0438 01
0,09 0,008 0051 015 018 0431 0,09
0,08 0,006 0,068 0,169 0,151 0,446 0,08

P(2)=(0,076 0,0059 0,0531 0,138 0,151 0,399 0,091) x | 0,08 0,007 0,054 0,152 0,163 0,474 0,07

0,07 0,005 0,062 0,141 0,172 044 0,11
0,09 0,007 0,05 015 0,166 0,421 0,11
0,08 0,006 0,064 0,159 0,161 043 01

= (0,07646161 0,005808971 0,052570518 0,13921821 0,150061988 0,398693323 0,09168438)

B ymoBax nectabimpHOI poboTu TypObokommpecopiB CEY, excrpemanpbHUX
BIUIMBIB HAaBKOJIMIIIHBOTO CEPEIOBHINA Ta 3MIHHHX HaBaHTaXKEHb WMOBIpHICTH P(3)

Mepexo/ly CUCTEMHU J1arHOCTYBAaHHS 31 CTaHy Sz B CTaH S3 JIOPIBHIOE



0,09
0,09
P(3)=(0,076 0,0058 0,0525 0,139 0,1501 0,398 0,0916) x | 0,08
0,08
0,07
0,09
0,08

0,005
0,008
0,006
0,007
0,005
0,007
0,006

0,048 0,167
0,051 0,15
0,068 0,169
0,054 0,152
0,062 0,141
0,056 0,15
0,064 0,159

0,152
0,18
0,151
0,163
0,172
0,166
0,161

0,438
0,431
0,446
0,474
0,44

0,421
0,43

= (0,07646861 0,005809975 0,052557234 0,13922596 0,15005277 0,398729431 0,09165102)

0,1
0,09
0,08
0,07
0,11
0,11

0,1
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WmogipHicTh P(4) nepexoay cucTeMH IIarHOCTYBaHHS 31 CTaHy S3 y CTaH S4

JOPIBHIOE

P(4)=(0,0765 0,0058 0,0525 0,1392 0,15005 0,3987 0,0916)x

0,09
0,09
0,08
0,08
0,07
0,09
0,08

0,005
0,008
0,006
0,007
0,005
0,007
0,006

0,048 0,167 0,152 0,438 0,1
0,051 0,15 0,18 0,431 0,09
0,068 0,169 0,151 0,446 0,08
0,054 0,152 0,163 0,474 0,07
0,062 0,141 0,172 0,44 0,11
0,056 0,15 0,166 0,421 0,11
0,064 0,159 0,161 0,43 01

= (0,07646882 0,005809998 0,052556461 0,13922503 0,150052307 0,398727454 0,09165093)

Wmogipuicts P(5) mepexomy cucTeMu AiarHOCTyBaHHS 31 CTaHy S, 3asABUTH

Ss nopiBHIOE

P(5)=(0,0765 0,00581 0,0525 0,1392 0,15005 0,3987 0,0916)x

0,09 0,005
0,09 0,008

0,08 0,006 0,068 0,169
0,08 0,007 0,054 0,152
0,07 0,005 0,062 0,141
0,09 0,007 0,056 0,15
0,08 0,006 0,064 0,159
= (0.07646857 0.00580998 0.052556268 0.139224552 0.150051843 0.398726167 0.09165062)

0,151
0,163
0,172
0,166
0,161

0,446
0,474
0,44
0,421
043

0,048 0,167 0,152 0,438 0,1
0,051 0,15 0,18 0,431

0,09
0,08
0,07
0,11
0,11
0,1

WmogipHicTe P(6) mepexomy cucTemMu AiarHOCTyBaHHS 31 cTaHy Ss y cTaH Sg

JIOPIBHIOE

P(6)=(0,0765 0,0058 0,0525 0,1392 0,15005 0,3987 0,0916)x

0,09 0,005

0,09 0,008 0,051 0,15

0,08 0,006
0,08 0,007
0,07 0,005

0,09 0,007 0,056 0,15

0,08 0,006

0,048 0,167

0,068 0,169
0,054 0,152
0,062 0,141

0,152 0,438 0,1
0,18 0,431 0,09
0,151 0,446 0,08
0,163 0,474 0,07
0,172 0,44 0,11
0,166 0,421 0,11
0,064 0,159 0,161 0,43 0,1

= (0,07646824 0,005809953 0,052556045 0,139223959 0,150051162 0,398724401 0,09165024)
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WmogipHicte P(7) mepexomy CUCTeMH JTIarHOCTYBaHHS 31 CTaHy Sg Y CTaHy

S, nopiBHIOE

0,09 005 0,048 0,167 0,152 0,438 0,1
0,05 0,008 0,051 0,15 0,18 0,431 0,09
0,08 0,006 0,068 0,0169 0,161 0,436 0,08
P(7)=(0,076 0,0058 0,0525 0,1392 0,15005 0,3987 0,0916)x | 0,08 0,007 0,054 0,0152 0,152 0,421 0,07| =
0,07 0,005 0,062 0,141 0,17z 0,44 0,11
0,09 0,007 0,052 0,15 0,16€ 0,421 0,11
0,08 0,006 0,064 0,159 0,161 0,43 0,1
= (0,07646798 0,005809932 0,052555879 0,139223507 0,150050667 0,398723085 0,09164995)

3aragpHa WMOBIPHICTh CHCTEMH JIarHOCTHKA Ta  MPOTHO3yBaHHS
typookomnpecopiB CEY wmoxe OyTu mpeicTaBieHa Yy BUIJIAAI CUCTEMHU
HEPIBHOCTEMH, 3 SKOT BHUIHO, 110 WMOBIPHICTh BUHMKHECHHS BIIMOB 1 HE3JaTHOCTI
CUCTEMHU 1X BUSBUTH 3MCHIIYETHCS HA KOXXHOMY KPOIIi:

P(1) > P(2) > P(3) > P(4) > P(5) > P(6) > P(7).

[Ipy  npUHAHATTI  yNpPaBIiHCBKUX  PIlICHb  IMIOAO  BIPOBAKCHHS
IHTEJIEKTYaJIbHOTO ~ MPOrpaMHOro  3abe3neyeHHs  JJig  JIIarHOCTHKH  Ta
nporHo3yBaHHsi eneMmeHTiB CEY ennHoi0 0e3MOMUIIKOBOIO OIIHKOIO € OIlIHKa
NOTOYHOI CHUTyallii II0JA0 CTaHy e€JEeMEHTIB TypOoKoMIpecopa CyJIHOBOI
eHepretuyHoi ycranoBku. Ha pesynpratu T/l BImBaroTh 4HCIEHHI (DakTopw,
JIesK1 3 IKUX BaKKO BpaxyBaTH 1 sIKi MOKHA MPEJICTABUTH y BUTJIS/I aCOLIaTUBHUX
HMOBIpHOCTEH.

MoBipHicTs 06paHOr0 CTaHy B HACTYIIHOMY YacOBOMY iHTEpBali,
no3HaueHa sk Pj, Oyne Bu3Hayatucs Ha OCHOBI ICHYIO4oi cuTyauii 6e3 ix
onHovacHocTi. O0'eqHABIIM BC1 MMOBIPHOCTI MEPEXiay 3 IMHUX CTaHIB, OTPUMAEMO
MaTpHII0 WMOBIPHOCTEH, Bi3yamizaiis sSKoi Moxke OyTu BigoOpakeHa y BUTIISIL
opieHToBaHOTrO0 rpada abo MepexeBoi giarpamu [61].

Koxen mepexig 31 craHy | B CTaH | XapaKTepU3YEThCS WMOBIPHICTIO
Nepexoy, sika MoKa3ye, sSIK 4acTo CUcTeMa OyJie NMEepexXOIUTH 3i CTaHy | B CTaH |.
SIKo0 BUMIpATH 9acTOTH TEPEXOJiB 3a JOCUTh TPUBAIHMNA TEPioa Yacy, TO BOHU
OymyTh 30iraTrcs 3 IMOBIPHOCTSIMH TIEPEXO/IiB.

Jlns peanizanii 3anponoHOBaHOI KOHUIENTYAJIbHOI MOJEIN1 IHTEJIEKTYyaIbHOTO
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MPOrpaMHOTo 3a0e3neueHHs s aiarHocTuku eneMeHTiB CEY 3 BuKopucTaHHSIM
naHioriB Mapkosa Oyna cTBopeHa IMiTalliiHa MOJIENb Yy BUIJISIAI OPIEHTOBAHOTO
rpada abo MepeKeBOi JlarpamH.

B opientoBaHOMy rpadi BEpIIMHUA MPEACTABIAIOTh CTAHU IPOLIeCy, a pedpa
- mepexoAdM MK HUMHU. ['HydkiCTh IMITalIHOI MOAENI, peayi30BaHoi 3a
JIOTIOMOTOI0 OpPIEHTOBAHOTrO Tpada, mojsrae B ii aJalTUBHOCTI O 30BHIIIHHOTO
Cepe/IoBUINa, B SKOMY EKCIUTyaTylOThCS dlarHOCTHYHI 00’ekTH. KirouoBumu
dakTOopaMu IMITAIITHUX MOJIEJeH € BXIJHI 3MiHHI, SIKI BU3HAYAIOThCS PEaAKI[ISIMU
Ha 30BHIIIHI 30ypeHHs. OCKUIbKU Tpad € OpiEHTOBaHMM, TO 3 KOXHOTO CTaHy
HEMOJKITUBO TIEPEUTH B 1HIIIMH, KOJIM KOKEH CTaH Ma€ CBOIO WMOBIipHICTh. [lepexin
BiJl OJTHOTO BYy3JIa JIO 1HIIIOTO MOKE BiJIOYBAaTUCS Yepe3 BUIIAIKOBUM IHTEPBAJI Yacy.
[TporoHy€eThCsl PO3TIAIATH HOMEDP KPOKY SIK apryMEHT, 1[0 BU3HAYA€E MPOILeC, a He
gac. Y 1[bOMYy BHITQJIKy BHUIAIKOBUH TIporec OyAe XapaKTepu3yBaTHCS
ITIOCJIITOBHICTIO CTaHIB.

Komnu BimomMuii mo4aTKOBUM PO3MOALT HMOBIPHOCTEH 1 MaTPUIlS MEPEXiTHUX
HMOBIpHOCTEH, 3arajJpHa MMOBIpHICHA JUHAMIKa MPOIECYy MOXKe OYTH BU3HAYEHA 1
pO3paxoBaHa IUKIIYHO.

Ax npuxnang noOyaoBU JaHIIOTOBOTO oprpada MapkoBa, 1o BigoOpaxkae
MOJICTIIOBAHHS 1HTENEKTyanbHUX cucteM pgiarHoctuku CEY 3 BuKoOpHCcTaHHIM
JaHIriB MapkoBa, Oyiau 0OpaHi CTaHH, BUXOJISYN 3 TMPIOPUTETHOCTI PO3MIIIICHHS
nmapamMeTpiB, IO XapaKTEePU3YIOThCA HAWOUIBIIT 3HAYYIIUMH HMOBIPHOCTSMH
BimMOB. Jl0 TakuMx mapaMmeTpiB HajeXaTh MIAIIUIHUKYA, YIIIJIBHEHHS, POTOD,
MaclIsTHI HacocH, Kopmyc, TypOiHa Ta kommpecop. Ilepexoan Mixk HUMHU CTaHAMH
MIPEICTaBIICHI Y BUTIIAL pebep abo 1yr KOMIOHEHTIB oprpada.

Baru pebep, sxi BupaxkeHi B TepMiHAX EMIIPUYHO BH3HAYCHHUX
WMOBIpHOCTEH, 0a3ylOThCsd Ha Yy3arajlbHEHHI i1H(opmalii, omyOIiKoBaHOI B
CTaTHCTHYHUX 30ipHUKax. Ha OCHOBI mpoBeneHWX pO3paxyHKIB BH3HAYAETHCS
MPIOPUTETHICTh, OCHOBHUW 3MICT, METOJOJOTIS Ta pIBEHb JIarHOCTUYHOTO
mporiecy. Po3poOmisieThcss TOKpOKOBUHM — TIaH, (OPMYIOThCS  CTpaterii  Ta

MOOUTI3YIOTHCS HEOOX1THI peCypcCH.
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MeToro BHKOPHUCTaHHS JaHIIOriB MapkoBa € TOIIYK Takoi KOMOiHaIli
XapaKTEPUCTHUK 1 TapaMeTPIB CUCTEMHU J[IaTHOCTUKH, KA JI03BOJIAE y KIJIBKICHOT Ta
BI3yaJIbHIA (pOpMaxX yAOCKOHAJIUTH MEXaHI13M J1arHOCTHKU Ta MPOLEC MPUUHATTA
pimenb. Jlanitornu MapkoBa y cBoeMy (opMaii3oBaHOMY OIHUCI € JIAHIFOKKOM
B3a€MOIIOB'A3aHUX O€3MepepBHUX 1 MLUIICHUX NOMAIA 3'€IHAHMX MDK €000
IMOBIpHICHUMHU TmiepexogaMu. CTaH mepexoAiB, fAKI Mae 3ailMaTH CcuUCTEMa,
B3aEMOBUKIIOYHI. Y Hamomy Bumnajaky e enemeHtTd CEY, ne Haifuacrimie
CIIOCTEPITatOTHCS BIIMOBH.

Bizyamizanis nanioriB MapkoBa B CKIHYEHO BUMIPHOMY MPOCTOpI CTaHIB
LTSt MO/ICJIIOBaHHS 1HTEJIEKTYaJIbHOTO J1arHOCTYBaHHS €JIEMEHTIB
typookomnpecopa CEY 3 BUKOpUCTaHHSAM JaHIIOrB MapkoBa IpejicTaBiIeHa Ha

puc. 2.6 [61].

0,101

Macisiai
0,42 Porop HAaCcOCH V7

0,152 01
C 0,153
Vi 9,101
[JIGHEHHS Kopryc
V4 "
o 0.43 048
0,421 6 .
JUEPANI105 0005070078 ¥/00' TypGina
y )
0,05 0,06
0,068
0,007 0,051
Kommnpecop

V2

0,08 U

Puc. 2.6 — OpienroBanuii rpad nmaniroriB MapkoBa Jij1s1 JIarHOCTUKH €JIEMEHTIB

TypOOKOMITpecopa
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[lepeBaroro KOHIENTYaJlbHOI MOJENl IHTEIEKTYyaJIbHOTO 3a0e3MeueHHSs
niarHoctuku enemeHTiB CEY Ha ocHOB1I JjaHUiooriB MapkoBa € MOKJIMBICTb
HaJalllTyBaHHA CcUCTeMU A Oyab-sIKy iHpopMaliiiHy cuTyamiro. MoxHa
3MIHIOBaTH MPIOPUTET MEPIIOTO0 KOHTPOJIHOBAHOTO €JIEMEHTA, SKUM B HAIllli cXeMi
€ MIJUMOHUK, 1 MOCHIOBHICTh HACTYNMHHUX KpoOKiB. lle Hamae MOXIHMBICTH

YIOCKOHAJIEHHS! MEXaHI3My J1arHOCTUKH.

Bucnosku 1o II po3ainy

1. HeoOxiHICTh 1HTENEKTYaIbHOTO 3a0€3MEUCHHS IIarHOCTUKU TEXHIYHOTO
crany CT3 mig 4ac ekcrulyaramii TOB's3aHa 3 THM, 10 HEBU3HAYCHICTh
XapaKTepU3YEThCS BEIMYMHOK HABAaHTaXXCHb IMPH  EKCIUTyaTarlii  CKJIaJHUX
KOHCTPYKIIM, 10 YCKJIAJHIOIOTh BHUKOPUCTAHHA ICHYIO4Oi iHdopmarlii.
[Iporno3yBaHHsS Ta BHJiIadya BHCHOBKIB PO PE3yJIbTAaTH TEXHIYHOI J[IarHOCTHKH,
Tak caMoO sK ormiHka 3P, € HaWOLIBII ypa3aWBOI JIAHKOK TEXHIYHOTO
oOcnyroByBaHHs. BUKOHAaHO CHMHTE3 MaTeMaTHMYHUX MOJENed TEXHIYHOrO CTaHy
enemenTiB CEY, B OCHOBI SIKOTO MOKJIAQJ€HO 3arajibHUi MPUHIIMI MEPETBOPEHHS
nerpajamii CTpyKTypu y (IKCOBaHMI CHUTHAjd pPi3HOI MPUPOAHM TOXOJKEHHS.
BuBueHno ix 3acTocyBaHHsS JUIsl BUPINIEHHS 3aBJlaHb MOHITOPHHTY B PEAJbHOMY
gaci. BcraHoBimeHo, mo Ui MOHITOpUHTY TexHiyHOoro crany CT3 cmia
BUKOPHUCTOBYBAaTH CYKYIHICTh KUIBKOX BHIIB MOJEIEH, IO BiIPIZHAIOTHCS
netanmizami€ero ix 3miH. Bubip MexaHi3MiB MOJENIOBaHHS 3IIMCHIOETHCS IUISIXOM
aHami3y TIepeBar Ta HEAOJIKIB  BJIACTHMBOCTEH  PO3TISHYTHM  MOJEISIM.
MopnemtoBanass 3P TpaHCHOPTHUX TPHUCTPOIB MOXKE OYTH BHUKOHAHE MUIIXOM
CTBOPEHHS IHTEPAKTHBHUX MOJIENEH, 110 mepe10adaroTh 11ajJor 3 KOPUCTYyBaYeM.

2. Haymano moTeHI1iiHI MOXJIMBOCTI OTPUMAaHHS JOCTOBIPHOT Ta aKTyalbHOT
iH(bopMmarii mpo poboui npomnecu excruryartamii CT3 y mudposiii popwmi. [Tokazano,
mo nudposizaris Tl 6a3yeTbes Ha CKIIaTHUX B3a€EMO3B'SI3KaxX 1H(GOPMAIIMHUX Ta
KOMYHIKaIlITHIX €JIeMEHTIB, SKi 3aCHOBaHI Ha MOHITOPUHTY Ta 0OpOOIll BETUKOTO

MAacHBY €KCIEPUMEHTAIbHUX JIaHUX LHUPPOBOr0 MNPOCTOPY 3 BUKOPUCTAHHSIM
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nuPpoBUX JBIMHUKIB, HI0 JO3BOJISIE 3HAYHO 3MEHIIUTH KUIBKICTh HATYPHUX
BUNIPOOYBaHb, BUOpATH ONTUMAJbHY CTparerito 1udpoBoi TpaHchopmallii,
BIJICTeXKYBaTH LHU(PPOBI TPEHAM Ta 3HAXOJIUTU TEXHOJOTIYHI PIMIEHHA 1100
MOIIYyKY HOBHX 1H(popMatiitnux napametpiB T/l. BuBueHnHs nuppoBUX TpEeHIB Ta
iX BUKOPUCTAHHA B JIarHOCTHKM 3MIHM eKcIUTyarauiiiHux BnactuBoctet CT3 €
OCHOBOIO 3aIOOIKHUX 3aXO0/I1B Ta MOBIIOMIIEHb PO HEOE3MEKY, 1110 HACYBAETHCA.

3. Ilpu3HaueHHs yNpaBiiHHA A1arHOCTUYHOI 1H(OpMalii y TOMYy, IO
PI3HOMAHITTA PI3HUX PO3MIPHOCTEH J1arHOCTUYHMX O3HAK MPU3BOIUTH 10
HEOOX1THOCTI 1X 3JIUTTSA B €IMHUHN y3arajJbHCHHMN MOKa3HUK 0€3 BTPAaTH BX1THOI
iHpopmarii. s uporo B poOOTI BUKOPUCTAHO METOJ TOJIOBHUX KOMIIOHEHT.
OOuuCIIeHHsT TOJIOBHUX KOMIIOHEHT 3BOJHUTHCS 1O OOYMCIICHHS CHHTYJSIPHOTO
PO3KJIaIaHHST MAaTPUIll JaHWUX 1 OOUYMCIICHHS BJIACHUX BEKTOPIB KOBapialliiHOI
MaTpuIli. 3a JOMOMOIOK TOJIOBHMX KOMIIOHGHT MOXKHa NpHOpaTH WIyM
BIOpaIliifHOrO CHUTHaJly, OCKIUIbKM JAHCHEpCis IIyMy Maja B TMOpPIBHSHHI 3
JUCTIEPCIEI0 KOpUCHOTO curHaiy. Ilicis mepeTBOpeHHs BXIIHUNA J1arHOCTUYHOT
iH(dopMallii 3HadYeHHS IyMiB OyayTh Ayke Maji. Ha mpukiani MeToy ToJIOBHHX
KOMITOHEHT PO3BMHEHA METOJIOJIOTISI YIPaBIiHHS J1arHOCTUYHOIO 1H(OpMaIIi€o,
AKa MpeACTaBIsie COO0I0 CTATUCTUYHY MPOLEAYPY BUKOPUCTAHHS 1HGOPMAIIIHOTO
3MICTY JJaHUX 3a JOTIOMOT'O0 MEHIIIOT0 HaOOpy HOBUX 3MIHHUX.

4. Po3po0JieHO 1HTEIEKTyalIbHy MOJEIh WMOBIPHICHOI JTUHAMIKHA B IMPOIEC]
niarnoctuku eneMeHTiB CEY Ha ocHoBi maHItoriB MapkoBa. HoBusHoro Mojerni €
3aMiHa JUCKPETHUX YaCOBUX IHTEPBANIB MPOIECY IarHOCTHKHU MOCIiTOBHICTIO
CTaHIB TEXHIYHMX O0O0'ekTiB. Y Takii NOCTaHOBII MapKOBCHKI JIAHITIOTH €
IHCTPYMEHTOM Teopii BHITAJIKOBUX IPOIECIB, Kl CKIAAAIOTHCSA 3 IOCTITOBHOCTI
CTaHiB, MPUYOMY 3B'SI3KM MIX ii By3JlaMU TOCIIIOBHOCTI CTBOPIOIOTHCS JIUIIE 32
YMOBH, IO Ii CTaHU 3HAXOASATHCS MOPYY CTPOrO OJWH 3 OJHUM, L0 aKyMYJIO€
pizHOpimHI pakTopu. HaBeneHo pe3ynbTaTu po3paxyHKiB MEPEXiTHUX MATPHIlh Ta
nmoOymoBu oprpada JO3BOJISIFOTh  JIOCHIPKYBaTH KIHETHUKY HWMOBIPHICHOT
JTUHaAMIKA. BiZIMiHHOIO OCOOJIMBICTIO TIpecTaBiIeHOro oprpada € i aganTUBHICTD

710 BIUTMBIB 30BHINTHBOTO CEPEIOBHIIIA.
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PO3/ILI 3

EKCIIEPUMEHTAJIBLHI TOCIIUKEHHS MIMOBIPHICHUX TA

CTATUCTUYHUX XAPAKTEPUCTHUK JIATHOCTUKY BIIIMOB
CYJHOBUX TPAHCITOPTHUX 3ACOBIB

3.1. IHTeneKkTya/lbHa cHCTEMA NIarHOCTHKH  eKCINTyaTauiiHuX

BJIACTMBOCTEH CYTHOBOI'0 €EHEPreTUYHOr0 O00JIaJHAHHS

CyyacHl cCHCTEMHM TEXHIYHOI J1arHOCTHKH, $IKI BUKOPHCTOBYIOTh  Ha
NPAKTHUI[l TPAHCIIOPTHUX TIEPEBE3CHb, BIHOCATHCA A0 CKIAAHUX OO'€KTIB, IO
XapaKTePU3YIOThCS TMPHU iX MOOJUHOKOMY BUKOPHUCTAaHHI BUCOKUMH IOKa3HUKAMHM
PU3MKY Ta HEBU3HAYCHOCTI, BHACNIIJIOK CHJIBHOTO BIUIMBY HAaBKOJHUITHBOTO
Cepe/IoBUINa, TOMY JUIS MIJABUINCHHS HAIIMHOCTI Ta JOCTOBIPHOCTI BHCHOBKIB
BUKOPUCTOBYIOTh IIIJTUH KOMILIEKC BUMIpPIOBaHb PI3HUMH METOJaMU. MeToau
JIarHOCTYBaHHS JO3BOJISIIOTh BHUSABJISTH TOCTYNOBI BIAMOBU TEXHOJIOTTYHOTO
oOnajHaHHs, BU3HAYATH 3HOIIYBaHHS Ta 3P, MpOBOIUTH MOHITOPUHT 3MIH CTaHIB
KOHTPOJIbOBAaHUX 00'€EKTIB y MEPio ] MDKPEMOHTHUX HUKJIIB. Pasom 3 TuM cucremu
JIarHOCTYBaHHs JO3BOJISIIOTh BU3HAUATH JIMINE 1H(POpPMAIliI0, IO 3HIMAETHCA 3
JATYMKIB, BHUKOHABYMX IIPUCTPOIB, KOHTpOJIepiB. MaremaTudHi MoOemi, IIIo
OMKCYIOTh JIIaTHOCTHUKK TEXHIYHOTO CTaHy, JO3BOJIAIOTH JETANbHO OIMHCYBATH
BHYTPIIITHI Ta 30BHIIITHI XapaKTEPUCTUKH IMIPOIIECIB B3aEMOJIIT EKCITyaTalliiHUX Ta
iH(bopMaIiitHuX QakTopiB.

[ToOymoBa IHTENEKTyalbHUX CHUCTEM JI1arHOCTHUKH, TMOBHUHHO 3IiHCHIOBATH
KOMIUIEKCHY TEXHOJIOT1I0 JIarHOCTUKH BIAMOB IIiJ] 9ac TEXHIYHOI €KCIUTyaTarii Ta
00CITyrOBYBaHHS CYJHOBUX TPAHCIIOPTHUX 3ac00iB, IO JalOTh OIIEPATHBHY,
MaKCHUMaJIbHO 00'€KTUBHY i1H(OpMAIliI0 TIPO 00'€EKT M1arHOCTYBaHHS, € BaKIIMBUM
HAyKOBO-TEXHIYHUM 3aBJIaHHSIM.

[HCTpyMEHTapiil IHTENEKTYaIbHOI CUCTEMHU eKCIUTyaTaI[ifHUX BIACTUBOCTEH
enemenTiB CEY moknmkaHuii 3a0€3MeYUTH KOMIUIEKC B3aEMOIINA 1HGOpMAIITHIX

TEXHOJIOT1A BiJ PO3pOOHUKIB A0 KopucTtyBaua Ta 0a3 nanux. lle mo3Bolsie
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3a0€3MeUYnT PO3yMIHHS NMPUYMH 3apOJKEHHA NE€(EKTIB MiJ Yac eKCIUlyaTtalii,
3HM)KEHHS PU3MKIB, SIKI MOKYTh BUHUKATH 4yepe3 3001 HOpMalbHOI €KCILTyaTalii,
oHnaH-atopM Ta noaarkiB. Kpim mporo 3a0esneuyerbcs A1arHOCTHKA 3a
paxyHOK oONTHUMI3alli XapaKTepUCTHUK OaraTOKOMIIOHEHTHUX  BiOpaliiHHUX
CUTHAJIIB, 3HWKCHHS PIBHA TMOMHJIOK [UISIXOM  BIOPOBA/DKCHHS  HOBUX
TIarHOCTUYHUX MapaMeTpiB Ta MPOTHO3YBaHHS PO3BUTKY HECTPABHOCTEH MpH
ominmi 3P [81].

[lincTaBol0 MPUUHATTA PillIeHb NPO MOXJIMBICTH MOJAJBIIOI €KCIUTyaTalli
yCTaTKyBaHHs € pe3yibTaT oiinku 3P [82-84]. 3P — me cymapHe HampalroBaHHs
00'exTa BiJi KOHTPOJIO MOTO TEXHIYHOTO CTaHy A0 TPAaHHYHOTO CTaHy. Y IBOMY
CEHCI MiJ] TPAaHUYHUM CTAaHOM yCTaTKyBaHHS PO3yMIIOTh CTaH, Y SIKOMY TOJabIla
eKCIUTyaTallisl yCTaTKyBaHHS HejaouuibHa [62, 85, 86]. Skmo TexHIYHUM
periaMeHTOM HE BCTAHOBJIEHI HOPMHU OIlIHKH BIJIMOBIJIHOCTI BUMOTaM JI0
KOHTPOJBOBAHOTO O00’€KTYy, BIH TMIUISITa€ EKCIEPTHOMY OLiHIOBaHHIO. [Ipu
NEPEeBUIIEHH] KUIBKOCTI IMKJIIB HaBaHTaXXEHb NPOBEIEHHA po3paxyHKy 3P Ta
IIPOTHO3HOTO CTaHy OO0JIaJIHAaHHS BXOIUTh B €KCIEPTU3y BUPOOHWYOI Oe3mexu |7,
54]. Konu TexHIYHOIO JOKyMEHTalli€lo oOJagHaHHS BCTAHOBJIEHO HOPMATHBHHMA
TepMiH O€3BIAMOBHOI eKCIUTyaTallii, HOro MOXHa TPOJOBKUTH TIPOBIBIIU
pospaxynok 3P [70, 87].

OIIHKKM HEBU3HAYEHOCTI y CHUCTEMax JiarHOCTHKH BigoOpakeHo y [63,79,
88-91]. Enementu moOymoOBH IHTENEKTyaldbHUX cucTeM TJI 3 BHUKOpHUCTaHHSIM
naHIoriB MapkoBa Ta WMOBIPHICHOI JUHAMIKH BIIMOB BiloOpa)keHi y poOoTax
[66, 74]. HacToTHO-4acoBa BiZIMOBA TEPMiHY CITyKOH MiAMIUITHUKIB TPECTaBIICHA
B [90]. ¥V [91] posrmsHyTOo BiOpariiiHi XapakTepUCTHKA Ta HaBEJCHO
kinacudikaiio AedeKTiB, Ha OCHOBI SKOi OOTPYHTOBAHO BUKOPHUCTAHHS
KOHKPETHHX METOJIB BiOpoaHamizy. Ha oOCHOBI y3arajapbHEHHS JOCBiIY
eKCIUTyaTalii eIeMEeHTIB CYJHOBHX TPAaHCIOPTHHUX 3ac00iB, pO3pOOJIECHO CHCTEMY
TEXHIYHOI eKCIUTyaTallii CyJHOBHX TPaHCIOPTHHUX 3aco0iB [92]. Orisn muroBaHMX
JUKEpeNl BKa3ye Ha HeOocHaOHUW 1HTepec 10 NpoOJeMH I1HTeNeKTyami3amil

JIarHOCTUKUA Ta MPOTHO3YBaHHS E€KCIUTyaTallliHUX BJIACTUBOCTEU KOHCTPYKUINA y
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mpoleci ixX ekcIulyartalii, o BHUKIYae abo NpHUHAWMHI 3HUXKYE CyO'€KTHBI3M
OI[IHOK TEXHIYHOT'O CTaHY.

B skocTi Mmatepially JOCHIIKEHHS BHKOPHUCTOBYBAJIHUCS MapameTpu
JIarHOCTUKM TYpOOHArHiTadiB: KOpIyCy, KOMIIpecopa, TypOiHH, YUIIJIbHEHb,
poTOpa, MiIMUITHUKIB, MACISTHUX HACOCIB, @ TAKOXK MMOBIPHICHI OLIIHKHU 1X BIJMOB,
OTpUMaHI Ha OCHOBI BEJMKOTO CTaTUCTUYHOIO Marepiany. B skocTi MeroaiB
JOCIIKEHHS! BUKOPUCTOBYBAJIMCA JIaHIord MapKkoBa Ta eJIeMEHTH WMOBIPHICHOT
IUHAMIKM, OOYMCIIEHHS 3a WMOBIPHICHUMHM MOJEIsIMHU, OaraToKpuTepiaabHOT
ONTHUMI3allli JIarHOCTUYHMX [apaMeTpiB, CHUMYJSLII Ta TeHepauli CleHapiiB.
Ouinku ta [13P B ymMoBax BiACYTHOCTI iH(OpMaIlli Npo MIKOBI Ta €KCTpEeMallbHi
HABAHTAXKCHHS Ha OOJIAJIHAHHS B TEPiOJ] MDKPEMOHTHUX IMKIIB Yy Mpoleci
eKCIUTyartailii BUpoOiB BiUyBalOTh MPU CBOEMY BUKOPUCTAHHI Psii OOMEXEHb 1 HE
TOYHOCTEH  OIHOK, BUKJIMKAHUX JWHAMIYHUMU 3MiHaMH JIOBKUJUIS  Ta
CTOXACTHUYHICTIO MPOILIECiB, TOOTO MA€ MICII€ CUTYAIlisl PU3UKY.

3anponionoBana ICJl Ta mporHo3yBaHHsS EKCIUTyaTallliHUX BIACTUBOCTEH
CYIHOBOTO €HEpPreTUYHOro oOJagHaHHS y BUIUISA/I OKPEMHUX CTPYKTYPHUX OJIOKIB
(puc. 3.1) [93].

BukonaHHsI 11arHOCTUYHUX POOIT HA TPAHCTIOPTI BUBHAYAETHCSA TEXHIYHUMU
yMOBaMH Ta HopMmaTuBaMu.  llouaTkoBuii ONOK HagaHOT IHTEIEKTYyalbHOI
cucrtemu (puc. 3.1) moB's3aHuii 13 aHadi3oM BXigHOI iH(MOpMaIi, TEXHIYHOI Ta
KOHCTPYKTOPCHKOI JIOKYMEHTaIlli, BH3HAYCHHSIM I1HTEPBAJIB JIarHOCTHKUA 34
peraamMeHToM.

Hactynmaum 06a3oBuM OJIOKOM MPEACTABICHOI 1HTEIEKTYalbHOI CHCTEMH
niarHoctuku [CJ] Ta mporHo3yBaHHS ekciutyaramiitHux BiuactuBoctedt CT3, ski
NpPaLoTh y CKIAJHUX YMOBax 3MIHHUX HaBaHTa)K€Hb, TEMIIEPATyp, BOJIOTOCTI,
THUCKIB y KOPOTKOCTPOKOBOMY TEpMiHI iX BHMHHUKHEHHS, BpaxyBaTH sKI He
MOXJIMBO, HEOOXITHOIO JIAHKOK TPOTHO3YBAaHHS € TIONIYK BiAMOBITAIBHOT
anpiopHoi iH(opmarlii MOa0 CTATUCTUKHA BiIMOB TOJOBHOTO Ta JOMOMIXKHOTO
JIBUTYHIB 1 TypOOHAarHitauiB, TypOiHHW, YIIUTbHEHB, POTOpPA, MIAINIMITHUKIB Ta

MacJIIHUX HACOCIB B MPOIECI iX eKCIuTyaTarii.
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Puc. 3.1 — [HTenekTyanbpHa cucTeMa I1arHOCTUKU Ta IPOTHO3yBaHHS

eKCIUTyaTalliifHIX BIACTUBOCTEN CyTHOBHX TPAHCIOPTHUX 3aC001B

JIOKJTaTHO PO3TIISTHYTO 3MICT KOKHOTO 13 OJIOKIB ITi€T CXeMHU.
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Sk mokasye JOCBiJl eKCILTyaTallli MOPCHKHX CYACH, OCHOBHHUM 3aBJIaHHSIM

TEXHIYHOI JIIaTHOCTUKU € BU3HAYEHHS TEXHIYHOTO CTaHy TOJIOBHUX JBUTYHIB Ta

MAN B&W L32/40

enementiB  CEY.  Ilonepeunnii

po3pi3

JIBUT'YHA
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npeacTaBieHuid Ha puc. 3.2 [93].
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Puc. 3.2 — Ilonepeunnii po3pi3z neuryna MAN B&W 1L32/40 (no3nau. nuB. y

TEKCTI)

Jlo ckiamy TOJIOBHOTO JBUTYHAa  CYAHOBOI EHEPreTUYHOI YCTaHOBKH
BXOJIITh: OCTOB T'OJIOBHOTO JBUTYHA — |, KOJMIHYaTHH Baj — 2, MaTyH — 3, MOPIIECHb
— 4, Ta30pO3NMOAUTBHUN MeXaHIi3M — 5, BUIYCKHUM KOJEKTOp — 6, cOpouka
OXOJIO/KCHHSI — 7, BTYyJIKa IMIIIHIpa — 8, Ta30pO3MOAUIBHAN Bal — 9, BUITyCKHUHN
KojekTop — 10, maJMBHHUI HAcCOC BHUCOKOTO THUCKY — 11, mMammBOpO3MOMITBHUN
Basr — 12 (puc. 3.2). Kpim mporo, 10 Ckiaay €HEPreTHYHOI YCTAHOBKH BXOASTH
TypOOHArHiTaui, BAJIONPOBOJH, TU3EIb-TEHEPATOPH, YTUJI3AIiHI Ta JOMOMIKHI

KOTJIM, MEXaH13MU Ta MPUCTPOI.
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VY 1abmuii 3.1 HaBeAeHO AaHl IIOJ0 BIIHOCHOI YAaCTOTH BIAMOB E€JIEMEHTIB

cynnosux JIB3 [93].

Tabmuusg 3.1 — CratucTuka BiIHOCHOT YaCTOTH BIIMOB €JI€MEHTIB cyaHoBuX /B3

No 1/ Bysox JIBC Bi}IHOC.Ha 4acTrora
BiIMOB
1 Brynka muniaapa 0,042
2 Kpunika nuninapa 0,017
3 Knananuuii MexaH13M 0,072
4 [TpuBing MexaHi3My ra3opo3noiiay 0,032
5 [ManmuBHUI Hacoc 0,090
6 dopcyHka 0,105
7 Typ6okommpecop 0,054
8 TpyOomnpoBig BUCOKOTO TUCKY 0,096
9 KpuBommumHo-1maTyHHUN MeXaHi3M 0,096
10 [ligmmmmauKn 0,021
11 [ToBiTpstHUI PO3MOAUTEHUK 0,014
12 HasicHi MexaHi3Mu 0,121
13 [amm 0,240

VY Bcix yotupuTakTHUX JIB3 CTUCHEHHS MOBITPS AOCITAETHCS 32 JIOTTOMOTOFO
KOMIIpecopa, SKHH TPUBOIUTHCS B Jil0 Ta3oBo TypbOiHoto. IloemnanHs
KOMIIpecopa 1 Ta30Boi TypOiHM Ha3MBAEThCsA TypOoxommpecopoM. ['azoBa cekiis
TypOOKOMIIpecopa CKIIATAEThCS 3 PagialbHO-OCKOBOTO KOJIECa, PO3TAIIOBAHOTO B
KOpmyci. YIIUTbHEHHS B3/I0BXK Ia30BO1 CEKIIii Ma€ Ha METi 3aN00IrTH BUTOKY Tazy 3
pobGouoi kamepu TazoBoi cekiii. CTPyKTypHI BIACTUBOCTI KOMIIOHEHT
TypOOKOMIIpecopa MOTIPIIYIOTECS HE TUTBKHU 31 30UTBIIICHHSIM 4Yacy €KCILTyaTarlii,
aye 1 3 TOCUJICHHSIM CUJIOBMX HaBAHTA)KEHb.

HaBenmeni paHi miATBEpKYIOTh HEOOXITHICTh YHPOBAKCHHS HOBHUX
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TEXHIYHHUX 3aC001B JIarHOCTUKH Ta MPOTHO3YBAHHS pecypcy 00Ja HaHHS.
TypOokomnpecop € HailOUIbII HABAHTAXXEHUM arperaroM JBUTYHA, SKUN
Mpaloe B yMOBaX BHCOKHMX NEpenajiB TeMIEpaTyp 1 IMHAMIYHUX HABaHTa)XCHb,
TOMY OynIb-fKi BIJXWICHHS XapaKTepUCTUK JIBUTYHA BIUIMBAIOTH Ha pPOOOTY
TypOIHU 1 MOXKYTh NMPHU3BECTH 10 BiIMOBU. TypOOKOMIIpecop — IHIUKATOP CTaHy
nBuryHa. OCHOBHMM 3aBJIaHHSM 3aCTOCYBaHHS TypOOKOMIIPECOPIB Ha JABUTYHAX
BHYTPIIIHBOIO 3TOPSIHHS € IMIJIBUIIEHHS MOTYXXHOCTI NPU 3HMKEHHI MHTOMOI

BUTpATHU IMaJIMBA, 4 TaKO>K 3HMWKXCHHA TOKCHYHOCTI BHUXJIOITHUX Ta3iB (pI/IC 33)

[93].
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Puc. 3.3 — Komnpecop typbonarnitaua NR34/S102 (rmo3Hay. 1uB. y TEKCT1)

Jlo ckmagy cynHoOBUX TypOoHarHitadiB (puc. 3.3) BXOIATH: KOPILYC
TypOokommpecopa - 1, moBiTpsHUN GiABTP - 2, TUIONIA BCMOKTYBAaHHSI MOBITPS - 3,
TIIYIIHYK - 4, KOJIECO KoMmpecopa - 5, 1udy30p - 6, 1aTYUK 4acTOTH 00EpTiB BaLy
TypOOKOMIIpecopa - 7, MacIsIHUN THEBMOAKyMYJSATOp - 8, MPUCTpid mis
OuuIIeHHsT TypOoKoMIIpecopa - 9, CIoiydYyHa YacTWHA TIYIIHUKA 3 KOPITYCOM
Typooxommpecopa — 10.

Kommpecop TypOoHarniTaya siBjisie cOOOK0 OJHOCTYNEHEBUHN BiAIICHTPOBUI

KOMIIpecop 13 jomateBuM Judy3opoM. BuUXJomHI ra3u Bij TOJIOBHOTO JBUT'YHA
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HAJXOMSITh Ha poOoue Kojeco TypOiHM uepe3 corioBui amapat. PoOoui jomaTtku
3aKpy4deHi, MalOTh OaHAaX Ta SUTMHKOBE KpIiIUIeHHs Ha Kojeci. KojiHyacTuit Ban
3aXMUIAETHCS BIJl rapsyMX rasziB KOXKyXoM, a podoye KOoJeco KOMIIpecopa — IapoM
1301l Ta giagpparmoro. HaiiGinbeim 4yacTo  BUSIBJICHHI BIAMOBU BY3JIB

TypOOKOMIIpecopiB HaBeaeHo y Tabdur. 3.2 [93].

Tabnuig 3.2 — CTaTUCTHKA BIJIMOB BY3JIiB TYpPOOKOMIIPECOPIB

Ne ni/m Heranab TypOoKoMIIpecopa BigcoTok BigmoB, %
1 Kopnyc 9,0
2 Kommnpecop 0,5
3 Typ6ina 4,8
4 ViuisHeHHS 16,7
5 Potop 15,2
6 [ligmmmnmauKn 43,8
7 Macisgi Hacocu 10,0

3rinHo 3 puc, 3.1 IHmMHUM CTpyKTypoyTBOprorounM Osiokom ICJ]
eKCIUTyaTaIllfHAX BIACTUBOCTEH CYJHOBOTO €HEPTreTHYHOTO OOJIATHAHHS € aHalli3
OpyudrH  BiAMOB. HalOUIbIl MOMMPEHOX MNPUYMHOK  BIIMOB  CYJHOBHX
TypOOKOMIIPECOPIB € TOTPAIUITHHS CTOPOHHIX YacTHHOK B OJIMBY 1 Jajli B
TypOiHHE ab0 KOMIIPECOpHE KOJIeCO, IO TPHU3BOJAUTH 1O IOPYIICHHS
OamaHcyBaHHA poropa. llel BuI BiIMOB TPHU3BOIUTH JIO BUXOAY 3 Jady
[T IIIATHAKIB.

[TpyarHamMu BIIMOB MOXKYTh OyTH TOPYIICHHS TEXHOJOTIYHHMX IPOIIECIB
BUTOTOBJICHHSI Ta TPUXOBaHI JAePeKkTH martepiady. MOXKIMBE TaKOXX HETOYHE
KOHCTPYKTHBHE BHMKOHAHHS Ta TOpPYIIEHHS eKcrulyaTarii. BiamoBu 3a
napamMeTpaMu MIIIHOCTI BUSBISIOTBCS y 3MUHAHHI TOBEpXHI BUPOOIB abo y
BUTJISI/II 371aMiB TIPU 3TUHAHHI Ta KPYy4YeHHI. Y 3araJlbHOMYy BHUIAJKy MPUYHHOIO
BIJIMOB € JeTpajallisi mapaMeTpiB Ta XapaKTEPUCTUK MaTepialliB, IO BiJOYBAEThCS
BHACTIZIOK (hI3MYHMX Ta XIMIYHHUX MPOIIECIB.

3rifHO CTAaTUCTUKHA HAWOIIBIIE YHUCIO BIAMOB JOBOAWTHCI HA UYUHHUK

3HOCY (Tab:. 3.3) [93].
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Tabmuis 3.3 — CtaTuCcTKA IPUYKH BIIMOB BY3JIiB TYpOOKOMIIPECOPiB

Ne i/ Bua nomkomKeHHs % BiJ 3araJIbHOTO KiJIbKOCTI
BiZMoOB

1 3HOC 44,7
2 ITonoMmka eneMeHTIB 11

3 3a0pyHEeHHS QUIBTPIB 1 CUCTEM 8,5
4 Epos3is, kopo3is, kaBiTalis 6,6
3) HerepmeTtnuHicTh By3IiB 5,7
6 CrapinHs Marepiany 3,7
7 3akJIMHIOBAHHS €JIEMEHTIB 3,7
8 [HUI11 TprYrHU 16,1

Y cTpykTypi BCiX BIAMOB TypOOKOMIIPECOpIB OUIBIIICTh NpHIAJae Ha
ralbMyBaHHS 1 3aKIMHIOBaHHS BaJly pOTOpa dYepe3 IeperpiBaHHS KOPIyCY,
O3HaKaMHU SKOrO0 € Tedi MacTwia 3 00Ky TypOinu. Ilopsin 13 muMm BigOyBaeThcs
CWJIBHUH TeperpiB MacTuja , IIBUAKE WOTO CTapiHHS Ta YTBOPCHHS BiJKJIaIeHb Ha
JIeTaax TypOokommpecopa. 3aBISKd MPOBEACHHIO [IarHOCTUKH —arperartiB
HAJIyBYy MO’KHA TIOTIEPEUTH TepeavyacHe 3HOIIYBAHHS JeTajeil 1 MPOJOBKHUTH

TEpMiH CITyk0u TypOokommpecopa (puc. 3.4) [93].

Puc. 3.4 — Typ6okomnpecop roioBraoro asuryra AN B&W L32/40
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Hactymaum CTPYKTYPHUM 0JT0KOM IHTEIIEKTYaabHOI ~ CHUCTEMU
MOHITOPUHTY Ta TporHo3yBaHHs (puc. 3.1) € Bu3HaueHHS WMOBIpHOCTEH
XapaKTEepUCTUK MOTOYHOrO CTaHy oOjagHaHHs. TeXHIYHMHA CTaH  MaTepialiB
€JIEMEHTIB CYJHOBUX TPAHCHOPTHUX 3aco0iB MoOxke TMepedyBaTh B KIHIEBiH
MHOXHWHI CTaHIB, SIKa CKJIAJa€ThCAd 3 MIAMHOXHUHU TIpale3laTHUX CTaHIB Ta
MIIMHOKWHUA ~Hempalne3natHux craniB. [login MHOXUHUM Ha MIJAMHOXHHU
BU3HAYAE€THCS YMOBAMH TpaIe3qaTHOCTI. YMOBH TMpare3fgaTHOCTI 3aJalTh y
OpOCTOpl JIarHOCTUYHUX TOKAa3HUKIB 00JAacTl Mpaue3laTHOCTI, Y Mexax sKOi
BUPOOU BUKOHYIOTh CBO€ (DYHKIIIOHAJTbHE TPU3HAYCHHS.

B ymoBax excrutyarauii enementiB CEY ming niero HemependadyBaHHX
EeKCTPeMAJIbHUX HaBaHTAXEHb 1JCHTHdIKAIS X TEXHIYHOTO CTaHy HOCHTh
NMOBIpPHICHUI XapakTep 1 MpoleC I1arHOCTYBAaHHSA TMOYMHAETHCS 0€3 BHECEHHS
Oy/Ib-SKHX TIONPABOK JO CHUTYyaIlil, 3T{IHO 3 periaMeHTy. Y pa3i OTpUMaHHS HOBOI
iH(popMarlii npo BUABICHHS JIe(EKTIB yCepeauHi IHTEepBaly perjaMeHTHUX PoOIT
BiIOYBAIOTLCS MOPYIICHHS IUKIY JiarHOCTYBaHHS, TOOTO 3MIHM TOYKH TOYATKy
JTIarHOCTUKHU. TakuM YMHOM, 3MiHA TIOJIOXKEHHS TOYKM BIIJIIKY HOCHTH
BUTIAJIKOBUI XapakTep, IO XapaKTEePU3YETbCS AUCKPETHUM THUMYACOBUM 1
KIHIIEBUM YHCJIOM MOJIMBUX CTaHIB. Takuii mpouec Oyne MapKOBCHKUM,
OCKLJIbKM HACTYIHI CTaHU IPOIIECY JIIarHOCTYBAHHS HE 3ajIeXkKaTh BiJ MOIMEPEIHIX.
Jlanirorn MapkoBa XapaKTEpHU3YHOTh CTOXACTUYHHUU MPOLEC, Y SAKOMY YMOBHHUM
PO3IOAIT HMOBIPHOCTEH MalOYTHIX CTaHIB 3QJICKUTH JIMIIE Bl MOTOYHOTO CTaHY
IIUX TIPOIIECIB.

Okpemum ctpykrypauM OsokoMm ICJ[ Ta mporHosyBaHHs € moOyaoBa
MaTpHIll TepeXiHuX HWMOBIpHOCTeW nuHamiku inentudikamnii emementie CEY y
mpolieci HaBaHTaXeHHs. [Ipu MojenoBaHHI CKIAQAHUX TEXHIYHUX OO0'€KTHB
KIIFOUOBUM MOMEHTOM € BiJOOpaX€HHS CTPYKTYpH B3a€EMOJIA Ta TEPEXO/IiB.
3riIHO 31 CTPYKTYPOIO BiIMOB, HaBeACHUX B TabOJ. 3.2 cHCTeMa JiarHOCTYBAaHHS

MoXe nepebyBath B ofHOMY i3 cemum craniB. Ilepexinni ¥imomipHocti P;; He

3aJie)xaTh BiJl 9acy, a 3aJIe’KaTh TUIBKHU BiX j 1 i. BuOpaBmm sk OCHOBHHI TapaMeTp

J1arHOCTUKHA TPHUAATHICTh JI0 €KCIUTyaTarlli 3 MOIJIsAAy BiAMOB IIUX €JIEMEHTIB Y
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TepMiHAX  YMOBHMX  WMOBIpHOCTEH  (POPMYyEMO  MATPULIO  MEPEXITHUX
HMOBIPHOCTEH.

brox po3paxyHKy eneMeHTIB WMOBIPHICHOI [JIarHOCTUKHM Iependavae
OOYHUCIIEHHS  YMOBHUX  MMOBIPHOCTE Ha  KOXHOMY  KpOLI  CHCTEMH.
TpancdopmariiiHi yMOBU WMOBIPHOCTEH y HPOLECI MEPEXOY MOXKYTh BIIOYTHUCS
K IOMHOXEHHS PSAAKIB EPEXiAHOI MaTPULIl HA caMy MaTpPHULIO.

Hacrynuumu 6mnokom ICI (puc. 3.1) € TNOpIBHSAHHSA Ta paHKyBaHHS
IHTEpBAJIBHUX OIlIHOK. PaH)XyBaHHsS, BUKOHAHO 3 BHUKOPHCTAHHSIM aIpiopHOT
iHpopmanii (tabn. 3.2) i MaTpuili NepexiHuX WMOBipHOCTEeH. T0OTO, SKIIO
P(1) > P(2) > P(3) > P(4) > P(5) > P(6) > P(7), iiMOBIpHICTb MpOMycKy Jc(eKTiB
IHTENIEKTyJIbHOIO CUCTEMOIO MOHITOPHHTY 3MEHIITYEThCS.

Jns Bi3yaJsizaiii 3alpONOHOBAHOL KOHILIENTYJIbHOL MojIel
iHTenekTyanpHoro 3abesneueHns TJ[ enementiB CEY 3a 10momMorow JaHIIOTIB
MapkoBa Moke OyTH pEKOMEHJOBaHA IMiTallifHa MOJENIb Yy  BHIJISII
opieHtoBaHoro rpada. IIpu mobynosi oprpada ix crnenudivyHa YacTUHA, 3aMKHYTa
SK KOMIIOHEHTH BIJMOBIAHUX IapaMeTpiB, TOOTO €JIEMEHTIB TypOOHarHiTadiB
(tabmn. 3.2). I 3B'a3ku nepeOyBaM K AYTd 3 ypaxyBaHHSIM TOTO, IO CyMapHi
BX1JIHI Ta BUX1JIHI HMOBIPHOCTI MatOTh OyTH PIBHUMH.

Oprpad, xapakTepu3ye CKIaj Ta CTPYKTYPY CTaTUCTHKHU BiJIMOB, Ha TIiJICTaBi
SKAX MOXYTh OYTH BHJIUJICHI HalHEOE3MEeUHINI eJIeMEHTH KOHCTPYKTHBHOIO
BUKOHAHHS, 1110 CTAHOBJIATh HAMOUIBITY 3arpo3y P eKCIUTyaTallii.

Oxkpemum crpykrypHuM OsiokoMm ICJ] Ta mporHo3yBaHHS €KCIUTyaTarliiHUX
BrnactuBocteit enementiB CEY e cumynsmis Ta redeparis mogid. Cumynsmis Ta
TreHEpPYBaHHS TIOJIM y Tpolleci HEBHU3HAYCHOCTI EKCTPEMAJIbHMX HaBaHTAKCHB
JI03BOJIIE 3a0€3MEYUTH MOMKIIMBICTh HAJIAIITOBYBAaHHS CHUCTEMU Ha Oyab-sKy
iHbopmartiitHy cutyarito. [Iporec mepeTBOpEeHHS aHAJIOTOBUX JaHUX MPO pobOodi
MPOIIECH  eKCIUTyaTallii MOBHHEH OyTH BigoOpakeHWid y 1udpoBiid dopmi.
Buxopucranus 1mudpoBUX TEXHOJOTIN IJIsl OLIHKK TPAHWYHOTO CTaHY €JIEMCHTIB
CEY n03B0oUTH Pi3KO MiABUIIUTH TOYHICTH OIIHOK CTAHY yCTaTKyBaHHSI.

OkpemuM OJOKOM y TpPEACTABICHIA CXeMi IHTEJIEKTyaJlbHOI CHUCTEMU
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excruryaramiiiaux BiactuBoctel eneMeHTiB CEY (puc. 3.1) € momyk 4yTauBHX
JI1arHOCTUYHUX NapameTpiB. byap-sike oOnagHaHHs, 0 00epTaeThCs, BIOpye Mif
yac cBO€l ekcruryaTanii. Jljis Ko)KHOro MexaHi3My ICHye MeBHHI HaOip BiOparlii,
SKUWA J103BOJIsIE 3a0€3MEUUTH JIIarHOCTUKY MEXaHI3MIB B IIJIOMY TaK 1 OKpEeMHX
Moro yactuH. llepioguyna BiOpOAIarHOCTUKA MOJIATa€ B PETYJISAPHOMY BHUMIpI
BiOpallli HUIIXOM BCTAaHOBJIEHHSI JATYMKIB, MICJS YOIO0 BUKOHYIOTH BHUMIPIOBAHHS
Ha meBHUX yacToTax. OpHaK, MPH [BOMY BiACYTHS MOXIIMBICTH OIIHKH CTaHY
MexaHi3My MK BuMmiptoBaHHsMu. HK  nunamiunoro o6Gmamgnanns CEY,
3aCHOBAHMI Ha aHalli31 CIEKTPaJbHUX XapaKTePUCTUK BiOpallIiHUX CUTHAIIB,
BCTAaHOBJICHMX TPEHIB Ta MOPOTOBMX 3HAUEHb, BHUMAarae Npu CBOIK peaizaiii,
KpIM BUMIpPIOBaHHs MapameTpiB BiOpaillii 000B'a43Kk0B0Oi 00pOOKH, BENTUKOI KITBKOCT1
XapaKTepHUX O3HaK. Jlo TakuxX O3HAK y 4YacoBiii 00JacTi BIJHOCSTBCS CEpeIHE
3HAYCHHsI, CTAHIAPTHE BIIXUJICHHS, aCUMETPisl, eKCIIeC, TOBHHIA po3MaxX KOJIHBAaHb,
CEpeIHbOKBAIpAaTUYHE 3HAYEHHS, XpecT-GakTop, (opMm-pakTop, IMITyIbCHUN
dakTop, rpaHuyHUN (QakTop, eHepris. Y 4YacTOTHIM 00jacTi BU3HAYAKOTHCS Taki
CTaTHUCTHYHI XapaKTEePUCTUKU BIOPOCUTHAIIB, SIK CEPEJIHE CIIEKTPAIbHE 3HAUYCHHS,
CTaHJApTHE CHEKTpaJbHE BIAXWJICHHS, CIEKTpalibHa acCUMETpIisi, CHEeKTPaJbHUN
excuec. [lepeniueHi crieKTpaibHI XapaKTEPUCTUKUA HE BUXOASATH 0€3MOcepeaHbo 3
BUMIpIB 3MiH BIiOpamiii Ta peanmi3yrTbcsl OOYHCIECHHSAMH 3a CHEIlaJbHUMHU
nporpamamu. Lli iHpopmarifiHi mapaMeTpH, 3aCHOBaHI Ha BHKOPHCTaHHI METOIY
TOJIOBHUX KOMIIOHEHT IIPH CKOPOYEHHI1 pO3MipHOCTEH 1 00'€THaHHI TNMPHU3HAKIB
CHEKTPaJIbHUX XapaKTEPUCTHK Ta MPHUAYIICHHS [IyMiB.

Hactynaum 610kom IC/] Ta mporHo3yBaHHS €KCILTyaTalliiHUX BIAaCTUBOCTEN
enemenTiB CEY € GaratokputepianbHa ONTUMI3AIlis JIarHOCTUYHUX MapaMeTpiB.
[TapameTpu onTuMmizailii IPYHTYIOThCS HA 3MiHI OCHOBHOI J1arHOCTUYHOI O3HAKH
npu ii HaOMMWKEHHI 70 cTaHy jaerpaznaiiii. baratokpurepiaabHa ONTHMI3AIlis
MOKAa3HUKIB €(PEKTUBHOCTI JIarHOCTHKU BKIJIIOYAE CTATUCTUYHI XapaKTEPUCTHKU
BiOpocurHamiB, Kputepii craTucTHuHMX pimeHb Jlammaca, Banpma, ['ypsina,
afanTUBHOI Ta MYJBTHIUIIKATABHOI 3TOPTOK Ta TPAKTHUYHI  peaizarlii

B1OpO/IIarHOCTHKH.
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3.2 AHaJIi3 NPUYNHHO-HACTIAKOBHX 3B'A3KiB BAHNKHEHHS MOIIKO/KeHb

MPH eKCILTyaTaAlil NiAIIUIMHUKIB KOYEeHHS

Hopmanbna po6ora CEVY 3anexuTh BiJ NPaBUIBLHOTO (DYHKIIIOHYBaHHS
iXHIX OCHOBONOJIO)KHMX €JEMEHTIB, UWIIHAPO-TIOPIIHEBOT TIPYyNH, MNaJIUBHOI
amapaTypu, ra3oTypOOHarHiTauiB, MiAIIMIHUKIB Tomio. Cepea BIAMOB €JIEMEHTIB
CEY naiinomupeHimuMu € BIIMOBYU MIAMIUITHUKIB KOUYEHHS.

[ligmMnHKY € OJHUM 13 BIANMOBIJAJBHUX BY3JB, III0 BH3HAYAIOTh
npaie3gaTHICTh Ta JOBFOBIYHICTh O0'€KTIB JA1arHOCTUKU JABUTYHIB BHYTPIIIHHOTO
3rOpsiHHS, TypOOHArHiTauiB Ta TypOiH.

[TpamioroTh MANIMITHAKK KOYEHHS B JyK€ CKIATHUX yMOBaX 3MIHHOTO
HABAHTAXKEHHA. IXHS TNPHUIATHICTH 3aJ€XKUTh BiJ LIBUIKOCTI OOEpTaHHS Bana,
UTOMOTO THUCKY, TEMIEpaTypu BiOpalifHMX HaBaHTa)XEHb, XapaKTCPUCTHUK
mactuna. [lpaBunamu excrryaranii CEY mepenbaudeHo, 1mo micisi TpoOBEACHHS
MOHTQXY MAIIUITHUAKIB HEOOX1THO TPOBOJIUTH iX MIJATOHKY 1 MPUTHPAHHS MUITXOM
oOkaTku nBuryHa. KOHTpoJIb CTaHy MIAIIUITHUKIB KOYEHHs 31MCHIOIOTH ITiJI 4ac
NOTOYHOTO a00 KaIiTaJbHOTO PEMOHTY.

BusnayeHHsT MOMIKOMKEHb MIANIMIHUKIB KOYEHHS MPOBOIAUTHCS MNUISTXOM
BUMIpIOBaHHS BiOpalliif. 3HOC BUKJIMKA€E 3MIHY TPAEKTOPIi 3MIlIaHHS LEHTPY Mac 1
MOSIBY yIapPHHUX IMITYJIBCIB.

OyHKIIOHAIbBHE  TPU3HAYCHHS  IMIMIMITHUKIB ~ KOYCHHS  TMOJIArae B
3a0e3nedyeHHl OOEpTaHHA BaJliB 3  MIHIMATbHUM  KOe(DIIiEHTOM  TepTs.
3aKOHOMIPHOCTI PYXy MACTHJIBHHUX MaTepialiB MalTh 1HIWBIIYaTbHICTh, IO
BUPAXKAETHCS B PI3HUX PEKUMaX 3MAIlyBaHHS 1 JOBrOBIYHOCTI MiAMMMHKUKIB. Ha
IMiJICTaBl T€HE3UCYy TMOIMKO/KEHb ITINIAITHAKIB KOYCHHS BHU3HAYCHO IPUYUHU
MOTIIKOJIKEHHS T ITUITHUKIB KOUCHHS .

— HeCTadya MacTUJIy B MIAIMIUITHAKOBHUX BY3JIax;

— HAKOMMYEHHSI MPOAYKTIB 3HOCY JI€TajeH MiAINUITHAKIB;

— HAKOMTMYCHHSI POIYKTIB OKMUCICHHS Y BIKHAX CENapaTopiB i IINITHAKA

— HEpIBHOMIpPHE 3MalllyBaHHSI JOPI’KOK IM1IIIUITHUKIB.



90

XapakTepucTuku 00'ekTa iAeHTU(IKalIl, Kl € TiJIIUITHAKAMUA KOYECHHS,
MaroTh O3HaKHU JUHAMIYHOCTI, TaK SIK MOBEAIHKA BUXITHOT'O CUTHATY 3aJIEKUThH BiJl
MoNepeHIX 3HAUYCHb HAKOMMYEHHS MOIIKOKEHb. 3 IHIIOr0 OOKYy camM 00’€KT €
Herepen0auyyBaHUM JIKEPEJIOM BUMAJIKOBUX 30y/IKeHb TOMY HOMY NpUTaMaHHI
BJIACTUBOCTI CTOXaCTUYHOCTI, HEJIHIMHOCTI 1 JUCKPETHOCTI.

OpHi€lo 3 HAUMOLIMPEHIIMX NPUYMH BIJIMOB € 3HOLIYBaHHS EJIEMEHTIB
MexaHi3MiB. CTaTUCTUYHI JaHi CBi4YaTh, IO Yy Pl BUMAIKIB BIJIMOBH 13-3a
3HOIIYBaHHS MOBEPXOHb focsiratoTh 50...80% BCiX BUIIB BIAMOB, 1110 BUHHUKAIOTh
B mporieci ekcruryaraiii. Cepen BiamoB enemeHTiB CEY wHalnmommupeHimmMu €
BI/IMOBM MIAIIMIHUKIB KOYECHHS. YMHHHKU TPOSIBU 3HOCY MOXYTh OyTH
METaTyprifHOr0 1 eKCIUTyaTaliifHoro xapakrepy. Jlo MeramypriiHuX BiTHOCSATHCS
[IUTAKOB1 BKJIIOYEHHS, TMOPH, TPIIIMHU Ta PAKOBUHH, IO EKCIUTyaTallliHUX —
KOpo3is, 3aaupu poOOYMX TMOBEPXOHb, BM'STMHM Ta BHUOOIHM, pyHHYBaHHS
noBepxoHb (puc. 3.5). Ilo xapakTepHUX TMOUIKOKEHHIX MOXHA BU3HAYUTHU

IpUYUHH 1X TostBH (puc. 3.6) [93].

Puc. 3.5 — Metanypriiiti 1eeKTH MiAMUITHAKIB KOYSCHHS:

a) neext BHYTPIITHBOT 000iMu; 0) nedexT 30BHITHKOT 000MH;

B) KOPO3iliHE YIIKOKEHHS; T') KOHTAKTHO BTOMHE YIIKOJ>KEHHS; /1) TPIIIUHA
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Puc. 3.6 — Excrunyarariiiini neextu miamumHuKiB KOYSHHS
a) MiCIIeB€ BUKOILIYBaHHS BHYTPIIIHBOTO KiJIbIISA 32 00€pTOBOI pajiiadbHOI CHIIH 1
HEPYXOMOT'O 30BHIIIHBOTO KUTBILS; 0) 3MIIIIEHHS CJIiJ/11B 3HOIIYBAaHHS Ha

BHYTPIIIHbOMY KIJIBII 1] A1€E0 OCbOBOI CHUITU

OcHoBHUMU JepeKTaMU IMAMIMITHAKIB KOYCHHS € 3HOIIYBaHHS, BTOMA,
KOpPO3isl, pUCKH, TIOAPSAINHY, €pO3is, KaBiTaiis, GepTUHT-KOPO3is, MITHHT.

[Ipu pyitHyBaHH1 MacisSHOI IUTIBKH, SIKa 3aXHUIIA€ TOBEPXHIO, IO TPEThCH,
BIJl TIPSIMOTO KOHTaKTy, Ma€ MICLIE MOJIEKYJIIpHO-MeXaHiuHe 3HomryBaHHs. [l
JIEI0 TMYJbCYIOUOTO HABAHTAXKEHHSA, CIPSMOBAHOIO B3JOBX IMOBEPXHI KOYEHHS,
CIIOCTEPITAEThCS BTOMHE BHUKPHUIIYBaHHS, IO CYIPOBOKYETHCS 3POCTAHHAM
mymy 1 BiOpamiii. TpimuHu, M 4Yac TEepPeKOYyBaHHS 110 HHUX TUI KOYECHHS,
BHUKJIMKAIOTh OKPEM1 YaCTHHH y MaTepialy 1 Haialll MPU3BOAATE 10 pyHHYBaHHS.

KonraktHa ab60 ¢ppeTuHr-Kkopo3is - 11e MOUIKOKEHHS, IKi BUHUKAIOTh Yepe3
BIJIHOCHHM pyX JETaJIed IMAIMMUITHUKA B MICHSIX KOHTAKTY KUIBIS 3 IOCAIKOBUM
MICIIEeM Ha Bally. 3a aKTHBHOTO 11 pO3BUTKY BOHA MOXE JYXK€E TTIMOOKO MPOHUKHYTH
BIUIMO KUTBIIS 1 CIPUYUHUTH HOTO pyHHYBaHHS.

[TiTHHT-KOPO3is - 116 TOYKOBI YIIKOKEHHS, 110 BEAYTh /10 TOSIBU BUPA3OK,
MOPOKHUH Y METaJjl, TOYNHAIOYH 3 TIOBEPXHI.

VY miamuMnmHUKIB KOYSHHS, [0 TPAIIOIOTH 1111 HAaBAaHTAKEHHSIM, Ha TOPKKaAX
MPUCYTHI MAaTOBI CIiIX 3HOCY. BoHM 3amexaTh Biff YMOB poOOTH 1 HANpPSMKIB

HaBaHTAXCHH:I.
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HaiiG11b1oro po3BUTKY i Yac A1arHOCTUKU MIAIIMITHUKIB KOYEHHS HaOyB
METOJI AIarHOCTUKHU, 110 IPYHTYETHCA HAa BHUMIPIOBAaHHI Ta aHali3l KOMIUIEKCY
napaMeTpiB BiOpaiii. [Ipukiag mpoMHUCIOBOro BOPOBAIKEHHSI BIOPOAIarHOCTUKU

HIIXATHUAKIB KOYSHHS HaBeaeHo Ha puc. 3.7 [95].

._: [ 4 : . ’.i"..' '

Puc. 3.7 — BiGpoaiarHocTuka MiIIUITHUKIB KOUCHHS

Ha miacraBi Takux BUMIpIOBaHb MOXXHA OTpUMAaTd iHGOpPMAIlI0 MPO CTaH
mpairoroyoro  obnagHands.  BiOpojiarHocThka  sIBAsSi€  COOOK0  TEXHIYHY
JIarHOCTUKY 00'eMy J1arHOCTYBaHHS B SIKIM JOCIIKYEThCS YacOBUM cUTHal abo
criekTp  BiOparii.  AHaNI3yHOThCA  BIOPOIIBUIKOCTI,  BiOpomepeMilieHHs,
BIOpOIIPUCKOPEeHHs. SIK M1arHOCTUYHI MapaMeTpu BUKOPUCTOBYIOTh MaKCHMallbHE
3HAYEHHS CUTHAly B JIOCJH/DKYBaHOMY  1HTepBalli qacy, roro
CepeaHBOKBAIPATUUHE 3HAUYCHHsI, iXHI BIAHONIICHHS 1 po3Max, TOOTO PI3HUIIIO Yy
BUTJISIII PI3HUII MAaKCUMAJIBHOTO 1 MiHIMAJIBHOTO 3HAYEHb.

Jlo mepeBar MeTo/ly MOXHA BIJIHECTH MOKJIMBICTh BUSHAYCHHS MMPUXOBAHUX
nedexTiB 6e3 po30upaHHsS MEXaHI3MIB JJISI IIarHOCTUKH Ta MOYKJIUBICTh BUSBIISITH
neeKTH Ha erami iX 3apOJUKEHHS, a JIO HEIONIKIB - CKJIQJIHICTh BHUIAUICHHS
BiOpaIliiHUX CHUTHaJiB TMPO HECHPaBHOCTI yCTaTKyBaHHS. Ha ToOYHICTH
J1arHOCTYBaHHS BIUTMBAE KUIBKICTh 3TJ1a/KyBaJbHUX MMapaMeTpiB.

JIist  BCTAHOBJIGHHS TPUYMHHO-HACTIIKOBUX 3B A3KIB  MEPETBOPEHHS
HAKOMMWYCHUX TOIIKO/KECHb B JIIATHOCTHYHUX MAapaMeTPiB HEOOXITHO PO3TISHYTH
(dhopMU 3HaHB B CTPYKTYPHHUX MOJICIISAX CYLIILHOTO CEPEIOBHINA IPH 3a0e3IeUeHHI

00epTOBOTO PyXYy ii CTPYKTYPHUX CKJIAIOBUX.
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3.3. Hosi iH(popManiiHO-IIarHOCTUYHI NMapaMeTpH BiOPOAIAarHOCTHMKH

NiJIIUIHUKIB KOYEHHSA

@dyHIaMeHTaJ bHl SIBUIIA 1 KOHIEMIl, SKI MOXYTh OyTH BHUKOPUCTaHI B
MOJIeJIl 1arHOCTUKU CTaHy MIJIIMIHUKIB KOYEHHS, MOXKYTh OyTH MpeacTaBieH1
ab0 B MOJielll 3 OIHUM CTYIIEHEM CBOOOM, a00 B MOJIEN 3 JEKUIbKOMA CTYNEHSIMHU
cB000/1M, 200 B MOJI€JI1 HETIPYKHOT CTPYHH.

3rifHo 3 MOJEIUII0 JAMCKPETHOI OAHOPIAHOI CTPYKTypu [57] KepyBaHHs
PYXOM YaCTUHKH B MOJIEJIl 3 OJHUM CTYIIEHEM CBOOOM OMUCYETHCS PIBHSIHHAM

mi(n,t) + > @(n,n")u(n’,t) = q(n,t)

ae N,N' HOMEPH YaCTUHOK, 110 B3aEMOIIFOTh;

®(n,n") — cKUIIOBI KOHCTAHTH;

u(n,t) — 3smimeHHs;

g(n,t) — 3mMiHHI CHJIH, [0 IiFOTh HA YACTHHKY.

OCKUJIbKHM BC1 aTOMU KOJMBAIOTHCS OJJHAKOBO, IOCTATHHO PO3TJISIHYTH JIUIIE
OJIVH JIAHITIOKOK OJHAKOBUX 1 PIBHOBIIAJICHUX aTOMIB. Y Takiii Mojeni, SKIIO
BUXIJTHUN CUTHAJI MAa€ CKIHUYEHHY IIUPUHY, TO 3a OUIBIIOI YaCTOTH JUCKpPETH3aIlil
MOXHa BiA(GUIBTPYBAaTH OCIIIIIOBAJIbHI CHUTHAIW 1 BHOpaTH 3 HUX HaWOLIBII
iH(opMaTHBHI.

3a BEIWKOI YacTOTH JUCKPETHU3aIlil B Takik Mojel MOXKHa Bil(inbTpyBaTH
OCITMITFOBJIBHI CUTHAJIM 1 BUOpaATH cepejl HUX HahuO1IbIn iHhOpMaTHBHI.

JluckpeTHa CTpyKTypa HAaHOPO3MIPHUX 00'€KTIB 3 OJJHUM CTyIEHEM CBOOOIU
XapPaKTEePU3YIOThCS OJIM3BKOMIEI0 B3a€EMOJII CKJIQJOBHX €JIEMEHTIB, TOMI 5K
OesmepepBHE cepeloBHIe — Janeko giero [57]. dopmMa BHXIIHOTO CHUTHAIY
3aJIeKUTh SK BN 4acy, Tak 1 Bim 4actoTu. Tomy cmig posrasgata ixHi Dyp'e

obpasu
u(@) = [u®e™“dt = —u(w)e do
27

ae  U(t) - pyHKIis 3MIlIEHHS B Yaci;

U(w) - GhyHKIIIS 3MIMIEHHS BiJl YaCTOTH .
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BiamiHHICTE MOZENi 3 JEKUIbKOMa CTYHEHSMU BIJ OJHOBUMIPHOI MOJEI
MOJIATa€ B TOMY, IO B il By3/aX PO3TAlllOBaHI MaTepialibHI 00'€KTH CKIHYEHHUX

pO3MipiB: ToMeHH, QyIepeHH, HAHOTPYOKH, MOJIEKYJISIpHi Kiaactepu (puc. 3.8).

Puc. 3.8 — Mojenb BIOPO1arHOCTUKH IBOXaTOMHOI CTPYKTYpHU

KimemMatTnyuuMHu 3MIHHUMH B Takiii MOJENl € HE TUIBKMA II0340BXKHI Ta
NOTEepeyHi 3MIIIEHHS Mac, a i KyT MOBOPOTY B Tid camiil tutonuHi. Takuii cTaH 3a
[IUX 3MIHHHUX OJU3bKHI 10 o0epTanbHoro [82].

[HBapiaHTHICTH €HEprii BIAHOCHO TpPaHCHALIl Ja€ 3MOTY 3aMIHUTH PyX

aTOMIB KOMIPKH pyXxoM IIeHTpy mac u(n).

u(n) = %[mlwnl) +my(an,)]

ae  u(n) - pyx meHTpy mac;
M1 Ta My Macu YaCTUHOK y KOMIpIIl, M =My + My, , m = My + mp, 3MIilICHAS
YJACTUHOK Y CepeIMHI KOMIpKU

m,gao(n,) + m,&,(n,)
|

n(n) =

ae 7(n) - 3MIMICHHAS] YaCTHHOK Y CEPEANHI KOMIPKH;
| — MoMeHT iHepuii KoMipku, | = m1é&1? + malo?;
¢1 1a & KOOpAMHATH YaCTUHOK BITHOCHO IIEHTPY Mac.
[To3naumBmu yepe3 (N) ta u(n) y3aradbHEHHS CHJIM OTPUMAEMO PiBHSHHS
PYXy BCI€T KOMipKH

mti(n) + ZCI)°°(n —nu(n') + Z@Ol(n —n")n(n') =q(n)
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177(n) + ZCDN(H —n)u(n’) + ZCI)“(H —n)n(n') = u(n)

Martpuns ®55(n)(SS' = 0,1) BupakaeTbes Yepe3 CUI0BI KOHCTAHTH.

Po3p's3aHHS 1MX PIBHSAHL Jla€ 3MOTY 3HAWTH PIBHSHHS CHEPTETHYHOTO
CIIEKTpa CKJIQJTHOTO CEPE/IOBHINA, 110 3a0e3Medye 3B'SI30K MDK TPAHCIALINHUMHU 1
pPOTaLIMHUMH CTYNEHSIMHU CBOOOIM, BUPAXKEHI Yepe3 OCIMIATOPHI BIACTUBOCTI
aiarHoctoBaHoro curHainy. Cuiam B3aemonli MDK aTOMaMH NEPECTaloTb OyTH
IIEHTPATLHUMHU ¥ Y HUX TOPSJ 13 TI0310BKHBOIO 3'SBIISETHCS TIONIEPEYHA CKIIa0Ba,
fAKa BHUKJIMKaHA MPOBICHUKAMM JAe(eKkTy. PO3risHyTI TEOpeTHYHI MOJOKEHHS 1
peACTaBICHI MOJAENI BITHOCSATHCS JI0 CYIIBHUX CEPEIOBHII 3 MIKPOCTPYKTYPOIO
[57, 82]. Illo cTocyeTbcs BIOPOMIAaTHOCTHKH, TO TYT HEOOXIAHO PO3MIISAIATH
MOMEHTH 3ITKHEHHS JBOX CEpPEIOBHII, PIBHAHHSA pPyXy B SKHX IACHTHYHI H
BIJIPI3HSAIOTHCS TUTBKHU 1HJEKCaAMHU.

CHiuibHUM € yIapHUi IMIyJibC 0OepTaHHs, 110 1HILII0E BiIOpaiiHUNA CUTHAI
B 000X cepenoBumiax. Came 1ieil BIOpaIliiHU CHUTHAJI € THM J[1arHOCTUYHUM
napaMeTpoMm, SIKMH aHaji3yeTbesl SIK 3acid iHdopmaTu3ali Ta 1HTEIEKTyaJTbHOTO
3a0e31eueHHs] MOHITOPUHTY PYXOMHUX 00'€KTIB ITi/1 Yac IXHbOI eKCIUTyaTallii.

[HmME TUm Teopit BUHUKHEHHS JIarHOCTUYHUX CHUTHAIB I 4Yac
eKCIuTyaTallii MmiAMUITHIKIB KOYSHHS HAJICKUTh 10 MOJICKYJISIPHOI TE€Opil KOUCHHS,
B OCHOBI SIKOT JIGKUTh EHEPreTHMYHa B3a€EMOJIS JIOTHYHHUX TOBEPXOHb.
MonexkynspHi B3aeEMOJIT CHJI TSDKIHHS 1 BIIIITOBXYBaHHS 3ajiekaTh BiJl BiJICTaH1
MDK MOJIeKyJamMH. Y pa3l Jdii CTUCKalYMX 30BHIIIHIX CHJ ILEHTP KOJIWBaHb
3MINIYETBCS 1 Jisi 30BHIIIHIX CHUJ KOMIICHCYETHCS BHYTPINIHIMUA CHJIAMH
BIJIIITOBXYBaHHS. Y pa3i HenmpyxHoi aedopmaiiii B3aEMOMIIOYUX TiJl, 0 MAa€
Miclle B CTaHi, KM Tepeaye pyHHYBaHHIO, BPaXOBYIOTHCS JOJATKOBI BUTPATH
eHeprii Ha 3MiHy Qopmu Tina abo CTPYKTypH PEYOBHHH.

[Tepexonsan 10 OUTBIIMX MacIITA0iB B3a€MOMIIIOUMX TUI ITiJT Yac KOYCHHS,
CIiJ 3a3HAYMTH, IO CHJIA TEPTA KOYCHHS 3aJICKHUTHh BiJ IUIOMI (Pi3MIHOTO
KOHTAKTy, SBISIOYH CO000 (DYyHKITIIO THUCKY, IMBUIKOCTI KOB3aHHS, TEMIIEPATYypH

Ta IHIIUX YUHHUKIB. MOJIeTtOBaHHS TEPTS KOUCHHS IPYHTYETHCS HA TEOMETPUYHUX
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VSBJIEHHSAX MIKPOHEPIBHOCTEH B3aEMOJIIOYMX TUI Yy BHUINIAAL cdep, KOHYCIB
HUJIHPIB Ta 1HIIUX NPOCTUX HOPM.

Y po3paxyHKOBHX CXE€Max TepTs KOUYEHHS BPaxXOBYETHCS SK Aedopmarlis
B3a€EMOJIIIOUMX T, @ TAKOXK SK CWJIM ajresli, KOJM HOpMajlbHa peakuis ONopHu
3MIILYETHCS BiJ LEHTPY TAXKIHHA B Olk KoueHHs. [Ipu 1ipoMy BUHUKae mapa cui,
10 CTBOPIOE MOMEHT, CIPSIMOBAHUN y 01K, IPOTUIIC)KHUIM KOUEHHIO.

BibpoaiarncoTuka MIAUIMIIHUKIB ~KOYEHHS MM 4Yac JUHAMIYHUX 1
CTAaTUCTUYHHUX HABAaHTAKEHb, [0 BHHHUKAIOTh HAa TMPAIIOYOMY OO0JaTHAHHI,
3MIACHIOETBCS METOAAMH aHaii3y MPSMOTO CIEKTpa, METOJAaMH OTHHAI0UYOTO
CIEKTpa, METOJIaMH MiK-(PakTopa, METOAaMH YJIapPHUX IMITYJIbCIB.

Meron mik-(hakTopa mojsrae B MEPIOAUYHIN 3MiHI CPACHEKBAIPATUUYHOTO
3HaueHHsA 1 NIKOBUX aMIuliTyd BiOpaimii. Ha BceomMy uacoBomy iHTEepBai
OOYHCITIOETHCS BiAHOIICHHS IMX BEIMYWH. Touka eKCTpeMyMy € iHIUKATOPOM
CTaHy MiIMUIHUKA. MeTtoa aae goOpl pe3yJbTaTh JJIsi MEXaHi3MIB 13 MPOCTOIO
KIHEMATHKOIO.

Meton mpsIMOTrO CIEKTpa MOJIArae y BU3HAYEHHI MEPIOJAMYHOCTI TOSIBU
cTpuOKiB BiOparlii. YacTOTHUI Jiara30H po30MBAETHCS HAa HU3KY BY3bKOCMYTOBUX
criekTpiB. KoxkeH nedekT BHABIAEThCS Ha TEBHIM yacToTi. ['uOuHY 3anmsraHHs
ne(deKTiB BU3HAYAIOTh 3a aMIUTTYJI0K CIUIeCKy. MeToq Mae  BEIuKy
1H(OPMATHUBHICTb.

MeTos OrHHAI0YOTO CHEKTPa MOJIATa€ B TOMY, III0 BUCOKOYACTOTHHUM CUTHAI
MOIYJIOETHCS HU3bKOYACTOTHUM Y fiana3odi 6...10 k['n. MogynsoBaHuii curHan y
dbopMi OTMHAIOYOTO CHEKTpa € IHAUKATOpOM JAedeKTy MiANIUIHUKA, 10
3apOJIKY€ETHCS.

Meton ymapHUX IMIYJbCIB MOJSATA€ Y BUMIPIOBaHHI aMIUTITYU KOJHMBAHb
iMmynbeiB Ha vactoTi 28..32 kl'm, sKi BUHUKAIOTH y pe3yJbTaTi yTBOPCHHS
nedeKTiB MiAMUIMHNKIB. BUCHOBOK TIpo XapakTep 1 TMOWHY 3asTaHHs 1eEeKTiB
pOOMATH HA MIACTaBl aHAI3Y aMIUTITYU IMITyJbCiB. Hemomku MeToy monsraroTh
Yy HEMOXJIMBOCTI BH3HAuaTH JAePeKTH B TMiAMIMITHAKAX, M0 O0epTaloThCs 31

mBuAKicTIO MeHIe 100 00/xs.
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JUIs TOYHOrO BU3HAYEHHSA XapaKTepHUX TapMOHIK POOOTH MiAIIUITHUKA
KOYEHHS JIOCTaTHBOTO YOTHPU TNEPBUHHI MapamMeTpu, TpHU 3 SAKUX €
KOHCTPYKTUBHUMH, @ YETBEPTUA BU3HAYAETHCS POOOUOI0 YACTOTOK OOEpTaHHS
poropa.

YacTtora oOKkaTyBaHHS TUJI KOUSHHS IO 30BHIINIHIN 000HMI MiAMIUITHUKA

_ ND, cosy
~2F,(1-Dy)
ne N — KUIBKICTB TUT 00epTaHHs B OJJHOMY DSy MiIIIUITHUKA
F1 —yacTtora obepranHs poropa
Dk — niameTp Tina KOUEHHS
D¢ — niameTtp cemaparopa
Y — KyT KOHTAKTY TiJla KOYEHHS 3 000MMOI0

Yacrora 00KOUyBaHHS TiJ1 KOUEHHS 110 BHYTPIIIHIA 000WMI MiIITUITHUKA

~ ND, cosy
® 2R(1-Dy)
Yacrora poboTu cenaparopa
_ Dccosy
° 2R (1-Dy)

YacTora oOepTaHHs TUJI KOUCHHS

E o D.’ cos’ y
o 2F1DKDC(1_DK)

Sk niarHOCTUYHI MMapaMeTpu y BiOpOAIarHOCTHINI BUKOPHUCTOBYIOTh:

- MaKCUMaJIbHE 3HAYCHHS CUTHAITY Ha PO3IJISTHYTOMY 1HTEpBaJli 4acy,

- CepeIHBOKBAPATHYHE 3HAUCHHS B PO3TIISIHYTIN MMOJ0CI YaCTOT;

- BigHOIICHHS 000X IapameTpiB;

- po3max abo PI3HUIIS MK €KCTPEMaJIbHUMU 3HAYEHHSIMHU B PO3TIISIHYTOMY
mlarna3oHl 4acToT,

- aHaJI3 CIIEKTPAIHLHOTO CKIAAy Ta aTOPUTMY OOPOOKHM y/IapHUX IMITYJIbCIB;

- aHaJi3 mK-(paKkTopa Ha PE30HAHCHIN YaCTOTI aKCEIePOMETPA;

- KOHTPOJIb CTYIIEHS KOHAMIIT MacTHIIA.
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VY nponmeci pobOTH NIJMIMIHUKKA KOYEHHS TEHEpPYHOTh BiOparii, sKi
3YMOBIICHI BIUIMBOM OJIpa3y JEKUIbKOX €JIEMEHTIB, SIKi 3[1HCHIOIOTh CKJIQJHI pyXu
3 PI3HUMHU KyTOBUMHU HIBUJKOCTSAMH 3 HEJOCKOHAJIOCTSMU MIJUIUIHUKIB KOUEHHS
MIJIIUITHUKIB KOYEHHS, PO3KUIOM AiaMeTpiB KyiboK. JledeKTH, 1110 BUHUKAIOTH
MiJl 4Yac eKCIuTyaTallli BHACIIIOK: 3HOCY, 3a0pyIHEHHS MacTWia, 30UIbIICHHS
paaianbHOro 3a3zopy. Ll mpUYuMHU NPU3BOJATH 10 CKIAJHOTO XapaKTepy pyxy
LIEHTPY Baja IMiJ BIUIMBOM CHJIM B3a€EMOJIi JeTanei, 110 KOHTAKTYIOTh. Take
PI3BHOMAHITTA [1arHOCTUYHUX TapaMeTpiB IO3HAYAEThCS Ha e(QEeKTHBHOCTI iX
3aCTOCYBaHHS, TOMY IO BHACIIOK IX TMOCHIAOBHOIO a00 OJIHOYACHOIO

BUKOpPHUCTAaHHA He)IOJIiKI/I, 1o XapaKTepHi JJI X napaMeTpiB, Hi)ICYMOByI-OTBCSI.

3.4. ExcnepuMeHTAJIbHE 00J1aJHAHHS TA TEXHOJIOTis BiOpOAiarHOCTHKM

CYTHOBHX MiIIIUINTHUKIB

ExcniepumenTtansHe o0sialHaHHS BIOPOJIarHOCTUKKM BKJIIOYAE TOCIITOBHO
3'€lHaHl BUMIPIOBaJIbHI O0'€KTH, JaTYWKH BiOpailii, BIOpOMETp, aHaII3aTop

CIIEKTpY, KoMm'totep (puc. 3.9).

==
=

Wi

Puc. 3.9 — biok cxema eKCiepuMeHTaTbHOT YCTAHOBKH :

1) BumiproBanbHUI 00'€KT; 2) maTuuk BiOpariii; 3) BiOpomeTp; 4) aHamizaTop

CIIEKTPY; 5) KOMI'IOTEP
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Curnanu BIJ JaT4YMKIB MOKHa ouudpyBaTH 1 3amnucatd s aHajizy
TeHAeHUid. Jlns peectpauii piBHIB BiOpalli BHUKOPUCTOBYIOTH aKCEIEPOMETP.
BiOpauiiiHuii CUTrHajJ TPUBAIICTIO 6 C OTpUMYyBaIM HOAHA mHpotsarom 10 1HIB
nocniab. BUHMKIIA HECMPaBHICTh MIANIUIIHUKA, KA MPU3BETIa J0 BUXOAY HOro 3
aany.

Bizyamnizanis curnanis BiOpailii B 4acoBiil o0xacTi noka3ana Ha puc. 3.10.

0.8

=
I

amplitude, p.u.
=]

1 2 3 4 5 6 7 8 9 10

measurement number (day)

Puc. 3.10 — Bisyamizaris BiOpocurHajiB y 4acoBiii 06yacti

KonmbopoBa iHmgukariiss 3acTtocoBaHa, MO0 YITKO pPO3PI3HATH BiOpaliiHi
CUTHAJIM, OTPUMaHI B KO)KHOMY OKpeMOMYy BUMipi. BiOpariitHi curHanm B 4acoBiid
00J1aCTl IGMOHCTPYIOTh TEHJICHIIIIO A0 301IbIIICHHS IMITYJIbCUBHOCTI CUTHAITY.

Bynp-sike obGepranpHe oOmamHaHHa BiOpye min dYac ekcruryatarii. Jlms
KOXXHOTO MEXaHI3My iCHye TeBHUM HaOip BiOpallii, asKuil 103BOJsE 3a0€3MEYUTH
JIarHOCTUKY MEXaHI3MIB B IJIOMy, TaKk 1 OKpeMHX HOro 4YacThH. B ymoBax
TEXHIYHOI €KCITyaTarlii BiOpOIiarHOCTUKA TIOJIATAE B PETYISIPHOMY BUMIpi 00'eMy
BiOpallii IUITXOM BCTAaHOBJIICHHS JATYWKIB, IMCIS YOr0 BHUMIPIOIOTH HAa TICBHHUX
gactorax. OTpUMaHHS TaHUX TIOPIBHIOIOTHCS 3 MOTIEPETHIMHA BUMIpaMH.

CrnodaTky CTaH TIJMIMIHAKA KOHTPOJIOIOTH 3a JIOMIOMOTOI0  MOJIENI
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HOPMAJILHOTO 3HONIYBaHHS, KOJIM B HbOMY BIACYTHI Jedextu. Ilpu BusBiIeHH]
nedexTy mepexoisiTh M0 aHaizy po3BUTKY nedexty. Ilicias BUSBIEHHS mepuinx
o3HaK Je(deKTy, W0 3apOKYEThCA, IHTEpBaJ Yacy MIXK JBOMa BUMIpaMH
CKOPOYYIOTh. 3aJIeKHO BiJI JIOKai3alli 1eQeKTy, IHTepBal 4yacy MIHIMAJIbHUN TpH
nedeKTax, Kl MOKyTh PO3BUBATHUCS YK€ HIBUIKO.

[lepionuyHICTh MPOBEACHHS A1arHOCTUYHUX BUMIPIOBaHb BIOpalliil 3aJI€KUTh
B1JI MAaKCUMAaJIbHOT IIBUJKOCTI PO3BUTKY J€(EKTIB MiAMIUITHUKA 3 IHTEPBAJIOM Yacy
BiJl JEKUIBKOX TOAMH J0 OAHOro poky. [lpm HopmanbHiM ekcrutyaTamii
BHUMIPIOBaHHS MTPOBOJIATH Yyepe3 6 MICSIIIB.

VY mpoueci ekcmnyaranii CEY  KOHTpOJIO€TbCS 3HUKEHHST 00OpOTIB
rOJIOBHOTO JIBUTYHA, TeMIIEpaTypa MacTUiia Ha BXOJIl Ta BUXOJ1, HOpMaJbHUHN Ta
aBapiiHMII THCK Ha TypOOHAarHiTadi Ta TOJIOBHOMY JBUTYHI, BMICT 3aji3a B
mactwii. Cepen BigMoB CEY HalimompeHimuMu € BiIMOBH TTiIITATTHUKIB.

JllarHOCTUKY TIIIIUIIHUKIB KOYEHHS B TMPOIECl iXHbOI eKCIuTyartarii
MPOBOJISITh B AaBTOMATHYHOMY PEKHMMI 1HCTPYMEHTATbHUMHU METOAaMH 33 3MIHOIO

TEMIIEPATyPH 1 TUCKY B MIAIIMITHAUKOBUX By3iax (puc. 3.11-3.13).

Puc. 3.11 — Excrutyarartisi Cy THOBUX TiIIMITHUKIB JIBUTYHA:

a) TOMOMDXHOTO; 0) TOJIOBHOTO
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Puc. 3.12 — BusiBieHHs IOMIKO/KEHB Y MAMUITHUKIB KOYEHHS:

a) 3a 3MIHOIO TUCKY; 0) 3a 3MIHOIO TeMIepaTypu

Puc. 3.13 — [ledexTr moBepxHi BHYTPINTHBO1 CTOPOHH I AMIUATTHUKA

[IpencraBnennii neekT OTpUMAHO BHACTIAOK pealibHOI CUTyallii aBapii Ha
cymai «UHL FRONTIER» 30.12.2021p. (auB. nogarox B). MoHiTOpHHT aBapiiiHOT
cUTyallil TOB'I3aHWH C pyWHyBaHHSIM migmunauka koderns VTR304P11/021
typookommnpecopa NR34/S102 romoBHoro ngsuryHa MAN B&W 32/40 cynna
«UHL FRONTIER» mpum #oro pyci Big mopty ['enys mo mopty bapcenona,

XPOHOMETPaX il eKilaxxy Ta BUSABICHUHN AePEKT, TAKOXK MOIaHO y T0AaTKy [ .
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BumiproBaHHA NpPOBOJSATH Ha KOPIYCl MIAIIMITHUKOBOTO BY3/a, a came B
HWKHIA  HWOro 4YacTWHI, TOMY [0 TyT HABaHTAXEHHS Ha  BY30]

MakcuMaJbHi (puc. 3.14).

Puc. 3.14 — Excrutyaraiiist i JIIMITHAKOBOTO By3Jia

Kontpons nuHamiunoro o6mnamgnanas CEY 3 BiOpamii  BkiItouae
BIODOMOHITOpUHT 1  BiOpoaiarHOCTUKY.  BiOpOMOHITOpHMHT  ToJIITae  y
CIIOCTEPEXKEHH1 MMiJ Yac 3MiH, 0 BiI0YBaOThCSA, KOHTPOJILOBAHUX IapaMEeTpiB,
moOy/IoB1 TPEHJIB, BCTAHOBJIICHHI OCHOBHHMX TEHJICHIIIH Ta iX TMOpPIBHSIHHI 3
MOPOTOBHMH 3HAYEHHSIMH HUISXOM TpadidHOro aHaji3y pe3yJbTaTiB BUMIPIOBaHb.
BibpoaiarHocTuka mossirae y BUSIBICHHI Ta iAeHTU(IKAIll AedEeKTiB IUIIXOM
BUSBIICHHS XapaKTepHUX O3HaK BiOpallii, BCTAHOBIEHHS BHIY Ta TJIUOUHU
nedeKTiB, MPOTHO3YBAHHS X PO3BUTKY.

Bibpomiarnoctuka BusiBiisge AedeKTH, K € JJaHKAMHU 117101 HU3KU NEe(PEKTIB.
[i BupoGNsIOTH uepes HeBenMKi MpoMikKHM yacy. Ha mpakTumi BiGpomiarHOCTHKA
CIIYUTh 3aXHCHUM 3aX0JI0OM, IO BIAKJIIOYAE Nif0 OOJagHAHHS MPHU NEPEBUIICHHI
piBHA BiOparliii Buile 3a MOporoBe 3Ha4YeHHs. BibpomiarHoCcTHKa mosTae y BUMIpi
BiOparlii B jJiama3oHi HU3bKUX Ta CEPENHIX YacTOT y TOYKaX Ha KOPMYyCi SKi
BiJIJTaJICHI BijJ BIOPOAKTUBHUX BY3JIiB.

[Tin wac MiarHOCTHKK POTOPHHUX BY3JIB KOHTPOJNIOIOTH BHCOKOYACTOTHY

ckinanoBy BiOpamii. Tomy BumiproBaHHS BiOpamii TpPOBOASITH MEPIOJIUYHO.
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KopuchHy niarHocTuyHy 1HQOpMaLil0 OTPUMYIOTh HUIIXOM BUKOPUCTAHHS METOIY
yAapHUX IMITYJIBCIB, METONIY €KCIIECY, METOy MiK-(haKTopa, BEUBIET aHami3y, 1100
3aikcyBaTd HaBiTh clabKi 3MIHM y crHekrpax BiOpamii. Ilpu upomy
JIarHOCTYIOThCSA JIePeKTH Ha paHHIA CcTaall CBOTO PO3BUTKY, WLIO JI03BOJISIE
31MCHIOBATH X IPOTHO3H.

BiOpopiarHoCTMKa MIAIIMIHUKIB KOYEHHS EHEPreTMYHUX YCTaHOBOK
31MCHIOETHCS METOJIOM aHalli3y BEJIUKOi KUIBKOCTI JIarHOCTUYHUX MapaMeTpiB. Y
poboti o0o0poOka jgaHux Oyina BHUKOHAHAa 3a JIOMIOMOTOK)  KOMIM'FOTEPHOI
matemaTuuHoi cuctemu Matlab 2018. CrBopeHHsT MeTOIIB BIOPOIIarHOCTUKH
nepeadavae mo4aTKoBy MoOyAoBy (Hi3UYHOT MOJIEII Ta 1arHOCTUYHUX MOJIeNIeH, y
AKUX BHUKOPUCTOBYIOTHCA JIE€TEPMIHICTUYHI 1 HMOBIpHICHI MeToAu. Y (i3UYHHX
MOJIEJISIX KOJIMBaHHS, SIKi CTBOPIOBAHI MiIIMITHUKAMUA KOYEHHS 3a 11 eKCIUTyaTaIii
CTaBIAATBCSA JO PO3pSAAYy KiHEMaTHYHUX, KOJM BUXIIHUMU € HaBaHTa)XCHHA, a
BX1JIHUMH € TEPEMIIIEHHS 30BHIIIHBOTO 1 BHYTPIIIHBOTO KUTBI TigmumnHuKa. [Tpu
PO3BHUTKY HECHpaBHOCTEH BIOpalliiHI XapaKTePUCTUKU KIHEMAaTHIHUX 30YKEHb
3MIHIOIOTBCSI, 110 JO3BOJISIE BUSIBIATH HECHPABHOCTI MIAIIUIIHUKIB 100 3MIHU
BiOpartii.

VY [1arHOCTUYHHMX aHATITUYHUX MOJENSIX IMpoleaypa KOHTPOIIIO CTaHy
IiITUITHAKIB CTa€ MOKIIMBOIO, KOJIM € 0a3a JIaHWX Ta Cy4YacHI €KCTIIEPTHI CUCTEMH
JIarHOCTUKH, 110 BUKOPHUCTOBYIOTH CKJAJHI alrOpUTMH OOpoOKu Ta (imbrparii
curHamiB. [lpu mMoHiTOpHHTY mJs 3a0e3medYeHHsT TOYHOCTI PO3PaxXyHKIB pecypcy
T1arHOCTUYHUX O0'€KTIB Ta BCTAHOBJICHHS JIaTH MPOBEJECHHS PEMOHTY 32 CTAaHOM
00'ekTa HEOOX1THE 3aCTOCYBAaHHS MaTEMAaTHUYHUX MOJIEIICH.

HaykoBi po3poOku JiarHOCTUYHMX MapaMeTpiB Ta TexHouoriii TJ|
€JIEMEHTIB CYJHOBOTO E€HEPreTUYHOTO oOnajHaHHSA II0AO0 3a0e3NeyYeHHs
MiABUIIEHHS e(QEeKTUBHOCTI iX eKCIuTyaramii 3 BHKOPUCTAHHSIM  METOMY
JIarHOCTUKH 1 POTHO3YBAaHHSI CTaHy JeTaJIel BIPOBAKEHO Y HAaBYAIBHUI MPOIEC

XepCoHCHKOT JIep>KaBHOT MOPCHKOT akazemii (JiuB. 1onatok b).
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3.5. Komm’rorepHa [giarHOCTHKAa CTaHY CYJIHOBUX HiJIIUIIHHUKIB

KOYCHHS NPH IX eKCIuryaTaunii

[aTenexTyanpHe 3a0e3medyeHHs JAIarHOCTHKM —TEXHIYHOI  eKCIuTyartarlii
CYJIHOBOTO OOJIaJIHaHHS TOJIATA€E B OLIIHKAX MEPEeTBOpPEHb AedopMallii CTPYKTypH
Marepiany y (DIKCOBAaHMM CHUTHAJd pi3HOI MNPUPOIM TOXOMKEHHS. 3 METOI0
MiABUIICHHS €(QEKTUBHOCTI JIarHOCTUKM Ta TPOTHO3YBaHHS BUKOPUCTOBYIOTH
CYKYNMHICTh CTATUCTUYHUX, JUHAMIYHHMX, JIETCPMIHOBAHUX 1 CTOXaCTUYHHUX
MoJIeliel 3 TUCKPETHUM 1 Oe3nepepBHUM vacoM. Lle gae 3Mory 37iHCHUTH 3aMiHy
aHAMITUYHUX YABIEHb HUQPOBI3aLi€l0 3 (IKCOBAHUMHU HABAHTAXKEHHSIMU, IO
NEPEBUINYIOTh HOpMaTHBHI. BoHa perymoerscs metomamu HK Ta anamizom i
BCTAHOBJICHHSIM 3aKOHOMIPDHOCTEH 3MiH €KCILTyaTaliiHUX XapakTepucTHk. Jlo ii
3aBJIaHb BXOJUThH IOIIYK MICI[b i NMPUYHUH HECIPABHOCTEH 13 MPOTHO3YBaHHSIM
NOTOYHOTO CTaHy. MOHITOPUHI TOJISATAE y CIOCTEPEKEHHI Ta MEPEeBIPI SKOCTI
oOJytaTHaHHs 3 00OB'I3KOBUM ITOJaHHSAM OITOBIIIICHHS.

3P - me cymapHe HampairoBaHHs 00'€KTa BiJl MOMEHTY KOHTPOJIIO HOTro
TEXHIYHOTO CTaHy [0 TpaHUYHOro crany. llpu 1pomMy miJl TPaHUYHUM CTAaHOM
oOnaHaHHS pO3yMIIOTh CTaH, 3a SKOrO MOJaibllla EKCIUTyaTaiis 00JiaJHaHHS
HepouutebHa. Orinka Ta [I3P B ymoBax BiacyTHocTi iH(opmaliii mpo MHiKOBiI Ta
eKCTpEeMaJIbHI HaBaHTKCHHS Ha OOJagHAHHS B TEPioJ MIKPEMOHTHHX ITHKJIIB
3a3HaE€ I1iJ1 YaCc CBOTr0 BUKOPUCTAHHS HU3KA OOMEKEHB 1 HETOUHOCTEH, BUKIIMKAHUX
JUHAMIYHAMH 3MIHaMH 30BHIIIHBOTO CEPEJOBHINA, TOOTO Mae MiCIle CHUTYaIlis
pu3uKy. Pi3HOMaHITTS  CTaTUCTUYHHMX  XapaKTEPUCTUK  BIOpOCHUTHAMIB 1
HEOJHO3HAYHICTh 1X TPEHAIB YCKJIAJHIOIOTH iX TPaKTUYHE BUKOPUCTAHHS.
[lepcieKTHBHUM JIJIS1 ITHOTO € BUKOPUCTAHHS METOJTY TOJIOBHUX KOMITOHEHT.

[apopmamiitnumu  mapamerpamu  ans  [I3P  moxyts OyTu sk 3Ha4HI
MOIIIKO/KEHHS, 10 TPOSBISIOTHCS Y BUTISAI KOpO3ii, 3HOCY, nedopmariiiHoi
MOB3YyYOCTi, TaK 1 TMapaMeTpu CYIyTHIX TMpoIeciB, PiBHI BiOpaiii, BeTu4YmHA
BUTOKIB, TEMIIepaTypa BY3JIiB TEpTS, BUTpaTa NPOAYKTIB BIJHOCHO CEPEIHIX

3HA4YCHb.
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[loennytoun cyO'ekTuBHI ekcrepTHI Ta o0O0'ekTuBHI eneMentn TJ[ 31
cnoco0aMu OMpalioBaHHS HasBHOI 1HOpMalii MeToAaMu MaTeMaTH4YHOI'O
MOJICJIIOBaHHS Ta MMOBIPHICHOI JWHAMIKH, MOXKHA OJiepKaTH HaJIlWHUN crociod
MOHITOPUHTY YCTaTKyBaHHs, K€ JOBrO MPaloe, y IpoLeci HOro eKCITyaTailii.

[IpaBunamu ekcrutyaranii CEY mnepenbadeno, mo micias MNPOBEISHHS
MOHTaXXy MIJIIUIHUKIB HEOOXITHO MPOBOJUTH IXHIO MIATOHKY 1 IPUTUPAHHS
HUIIXOM OOKaTku nBUryHa. KOHTpOJb CTaHy MIAIIMIHUKIB KOYEHHS MPOBOJSATH
MiJ 4Yac MOTOYHOro abo KamiTadlbHOrO PEeMOHTY. SK OO0'€KTH JOCIIIKEHHS
BUKOPUCTOBYBaIM MigmunHuku kodeHHss VTR304P11/021 typbokomrmpecopa

NR34/5102 ronosnoro nsuryna MAN B&W 1.32/40 puc. 3.15 [94].

Puc. 3.15 — KoHCTpyKTHBHI 0COOJMBOCTI MiAIMTUITHUKA KOYEHHS TypOOHAarHiTa4a

VTR304P11/021

[TapameTpu migmunHuKa KoueHHs TypOoHardiTaua VITR304P11/021 nonano
B Ta0auin 3.4.
Tabmuus 3.4 - [lapameTpu miAIMIMIHIKA KOYEHHS TypOOHarHiTaya
VTR304P11/021 1 xapakTepucTryHa 9acTOTa BiOpaIiii TOUKOBOTO AehEeKTy

30BHIIIHBOIO KB

Db, MM D¢, MM NB O, pan fr, T'nx f, T'n

14 90,9 12 0 485 2461,9

TexHosoriuve po3TanryBaHHs: 12 KyJboK 1Mo 4 MM y JBa psaau 3 OOKy
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KoMmIipecopa 1 12 ponuki o 14 MM B oJiuH psif 3 00Ky TypOiHU.

Sk maTepiaiiv AOCHIPKEHb BUKOPUCTOBYBAJIM CTATUCTUYHI XaPAKTEPUCTUKH
BIOpal[liHUX CUTHAJIIB MiJ Yac eKCIUlyaTalli LUMX MIJIUOHUKIB. Sk meTonu
JOCIIKEHHS! BUKOPUCTOBYBAJIM METOJ, TOJOBHUX KOMIIOHEHT, IO TMOJSTae B
o0'eqHAaHHI CTaTUCTMYHHUX O3HAK pI3HOI PO3MIPHOCTI Ta OTPUMAaHHI HOBHUX
3akoHOMipHOCTEH [94].

HecnpaBnicTh mpu3BoaAuTh 10 BIOpaiii KpPyTHOrO MOMEHTY Bally
TypOOHAarHiTaya 3 XapakTepUCTUYHOIO YaCTOTOIO, 0 BU3HAYAETHCS 32 (HOPMYJIIOH0

Dy cos 6
f=05Ny - (1-=2—)
c
ae Dy — niametp KyJbKH,

D, — aiameTp KoJja, MpOBEAEHOTO Yepe3 HEHTPH KYJIbOK,

0 — KyT KOHTaKTy KYJbKH,

fr — yactoTa oOepTaHHS MiAMIUITHHKA,

Ng — KUIBKICTh KYJIBOK y MIAIIHITHUKY.

Kondirypairiss miammnHauKa KOYEHHS 3 Je(PEeKTOM, IO PO3BUBAETHCS,

nokaszaHo Ha puc. 3.16 [94].

Puc. 3.16 — [linmumHuK KOYeHHs 13 1e(PEKTOM 30BHIIITHBOTO KiTBIIS

BuxonaHi po3paxyHKH CTATUCTHYHHUX XapaKTEPUCTHUK BIOpAIiiiHUX CUTHAIIIB
y THMYAcoBii o0Omacti, Taki sK craHaaptHe BigxwieHHs (Std), acumerpis
(Skewness), excnec (Kurtosis), moBHHMEI po3max komuBaHb (Peak2Peak),
cepennbokBaapatnyHe 3HaueHHs (RMS), xpect-dakrop (CrestFactor), dopm-

daktop (ShapeFactor), imnynscHuii daktop (ImpulseFactor), rpanuunuii gakrop
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(MarginFactor), enepris (Energy) mokas3anau 3poCTaHHs iXHIX 3Ha4y€Hb MiJ 4ac

HAKOMMYEHHS MOMIKOKeHb (puc. 3.17, Tadm. 3.5).

Std CrestFactor
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Puc. 3.17 — EBoumrorrist 6€3p03MipHUX CTATUCTUIHUX XaPAKTEPUCTHK

BiOpaIliiHUX CUTHAJIIB Y MPOILIECi eKCITyaTallii MiAIMUITHAKA KOYCHHS
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Tabmuug 3.5 — CTaTUCTUYHI XapaKTEPUCTUKU BIOPOCUTHAIB MIIIUITHUKA 32

HasIBHOCT1 TOYKOBOIO JIe(heKTy

E - b S S

= 2 K% E g | 8] ¢ 5 -

] @ %) D wn Q : © © o)

z 2 £ = £ N = LL 5 3 c )

s @ > S < 0 7 s =2 'S c

= X % @ © 3 — L

= wn QL S c o o]

= o @) N e

2 = =
1 0,0572 | -0,0089| 1,8192 | 0,1999 | 0,0572 | 1,7476 | 1,155 | 2,019 | 40,777 9,816
2 0,0578 | 0,0061 | 1,7982 | 0,2165 | 0,0578 | 1,8889 | 1,153 | 2,177 | 43,398 | 10,019
3 0,0603 | 0,0874 | 2,2855 | 0,3484 | 0,0603 | 3,2386 | 1,161 | 3,785 | 71,136 | 10,934
4 0,0690 | 0,1468 | 3,8063 | 0,6145 | 0,0689 | 4,5265 | 1,178 | 5,416 | 86,692 | 14,967
5 0,0801 | 0,2644 | 4,4138 | 0,7800 | 0,0801 | 5,1182 | 1,185 | 6,153 | 87,080 | 21,325
6 0,0930 | 0,2547 | 5,3490 | 1,0849 | 0,0930 | 5,7282 | 1,193 | 6,932 | 86,681 | 30,193
7 0,1198 | 0,4314 | 16,8085 | 2,1631 | 0,1198 | 7,991 | 1,251 | 10,430 | 106,292 | 52,310
8 0,1508 | 0,8135 | 29,2221 | 3,1804 | 0,1508 | 9,995 | 1,329 | 13,826 | 123,682 | 80,421
9 0,1958 | 0,7147 | 39,4535 | 4,3363 | 0,1958 | 10,885 | 1,456 | 16,309 | 123,719 | 134,515
10 0,2640 | 0,7340 | 47,5874 | 5,4602 | 0,2460 | 11,247 | 1,596 | 18,239 | 120,580 | 208,424

Pazom mpo Te cmig 3a3HaumTH, 10 rpadivyHa IHTEpHpeTarmis 3MiH I[HUX
CTaTUCTUYHUX XapaKTePUCTHK BIOpaIliiHUX CUTHAJIIB HE OJIHO3Ha4yHa. €
3pOoCTaloyl Ta CHaJHl TPEHAM 3 HECTIMKUM XapaKTepoM 3MIHM CTaTUCTHYHUX
XapaKTePUCTUK Ta BEIUKUM  PO3KUAOM 13  (IyKTamissMu  aHajai30BaHHX
3aJI€KHOCTEN.

OpnHak, He3BaXalOyM Ha 3a3HAYCHI HEJOJIKU Ta TPYIHOII BUKOPUCTAHHS
amapary po3KJIaJiaHHs BiOpalliifHUX CUTHAJIIB Ha iX CTATHCTUYHI XapaKTEPUCTUKH,
SBUIIA 1X 3aJICKHOCTEH BiJl CTaHIB Jerpajarii MaTepiandy IiJIIIAITHUKIB KOYCHHS
icHyroTh. lle cBiguuTh PO TE, IO BOHU MOXYTh OyTH MOTEHIIMHUMHU
1HAMKATOpaMH Jerpajiallii CTaHy MiAMIAITHAKIB KOYSHHS.

Pi3HOMaHITTS CTAaTUCTUYHUX XapPaKTEPUCTHUK BIOPOCHUTHANIB CTBOPIOE
npobiemMy BUOOpY HaWOLIbII HaAiHOI Ta 1H(POPMATHUBHOT XapaKTEPUCTUKHU JIJIS
JIarHOCTYBaHHS Ta TPOTHO3YBaHHA CTaHy migmunHuka. KoxkHa okpema

XapaKkTEepUCTUKa MOXe OyTH OUIbII YYyTIMBOKO 32 OJHUX THUIMIB JAE(EKTIB 1 MEHII
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YyTJIMBOIO 3a IHIIMX. KOMIUIEKCHUII MOHITOPUMHI MEXaHI3My JA1arHOCTYBaHHS 3
NOTJISIy  MOKJIMBOCTI  BUSIBICHHS  PI3HUX THUMOIB  JIe(eKTiB, Mae OyTH
yHiBepcanbHUM. ToMmy nnsi HaaldHOT JIarHOCTUKHM CIiJ BPaxoBYyBaTH U
aHali3yBaTH BCIO CYKYNHICTb JOCTYNHMX [UJIsl aHali3y XapaKTepUCTHUK
BiOpocurHamiiB. Lle B cBo€ro yepry NpU3BOAUTH 10 YCKIAAHEHHS IHTEpOpeTalii
OTpUMAaHOI TakuM 4uHOM iHGopmarii. [Ipononyerbcs 00'eqHAaTH BCl aHANI30BaH1
CTaTUCTUYHI XapaKTEPUCTUKHU B OJHY y3arajlbHEHY, BUKOPHUCTOBYIOUHU IS I[HOTO
METOJ] TOJIOBHUX KOMIIOHEHT.

Meron romosuux kommnonent (PCA - Principal Component Analysis)
BUKOPHUCTOBYETHCS JUIsI 3MEHIICHHS PO3MIPHOCTI Ta 00'€IHaHHS CTATUCTHYHUX
XapaKTepUCTUK BIOpaI[IfHMX CHUTHAJIB Yy 4YacoBid 00yacTi, SKi HaBeJIEHI B
tabn. 3.6. IlpoBeneHi po3paxyHKH TOJOBHMX KOMIIOHCHT BiOpaIliiHUX CHUTHAIIIB
NOKa3aJId IXHIO TPHWHATHICTH JIJIS OI[IHIOBAHHS CTaHy WiAMIMITHUKIB KOUYCHHS
TypOOHArHITa4yiB, MPUYOMY 3aJIEKHICTh 3MIHU TMEPIIOrO T'OJOBHOTO KOMIIOHEHTA
BiJ] HAKOTIMYEHHS MOILIKO/JKEHb BUSBWJIACS MOHOTOHHO 3pOCTAar040l0, Ha BIIMIHY
BiJ] 1HIIUX T'OJOBHUX KOMIIOHEHT, 3aJI€KHICTh SKMX Ma€ HECTIMKUI KOJIMBaJIbHUM
xapakrep. TakuM YMHOM, IIeplla TOJOBHa KOMIIOHEHTAa € MOTEHLUIMHUM
KOMOIHOBaHUM IPOTHO3HUM ITOKa3HMKOM CTaHy IIiJIIIAIHAKA TypOOHarHiraua.
I'padix nHa puc. 3.18 mokasye, 1m0 TEpIIHi TOJOBHUH KOMIIOHEHT MOHOTOHHO

3pOcCTae, KOJIU MiIIUITHUK KOYEHHS HaOJIMKAEThCS 10 BIIMOBH.

60
50t
40} &
30¢ /

20} e

PCALI

10 -

1 2 3 4 5 6 17 8 9 10
measurement number (day)

Puc. 3.18 — Ilepmra rosioBHa KOMIIOHEHTA K 1HAUKATOP CTaHY ITiITUITHAKA

TypOOHarHitaua
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CriekTpaJIbHUH €KCIIeC BBAKAETHCS MOTY)XHUM 1HCTPYMEHTOM TPOTHO3Y
CTaHy MIAIIMIHUKIB Yy 4YacTOTHIN obsacti. CnekTpanbHHUM eKclec SBJs€ coOOr0
CTaTUCTUYHY BEJIMYUHY, SIKa 3aCTOCOBYETHCS B YAaCTOTHIA 00dacTi 1 JO3BOJISIE
BU3HAUYUTH IMIYJIbCHY XapakTEPUCTHKYy CUTHalIy. BiH € 0e3po3mMipHOI0
BEJIMYMHOIO 1 MOPIBHIOE PO3MOLT JaHux 3 po3nojaiaom [Mayca. IIlo6 BizyanizyBaTu
3MIHU CIIEKTPAJIBHOTO €KCIleCy B 4aci, HaHeceMo Ha rpadik (puc. 3.19) 3HaueHHs

CIIEKTPAJIBHOTO €KCIIEeCY AK (DYHKIIIIO YacTOTH 1 THS (HOMEpPa) BUMIPIOBAHHS.

2
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Puc. 3.19 — 3anexHICTh CIIEKTPAIBHOTO €KCIIECY Bl YaCTOTH Ta HOMEpa
BUMIPIOBaHHS BIOPOCUTHAIIB NP MOCTYIIOBOMY 3pOCTaHH1 po30ajiaHCyBaHHS

Hi,Z[IHI/IHHI/IKa KOYCHHA

Hebe3neka HecmipaBHOCTI, BKa3aHa Ha KOJIbOPOBiH 1mkaii. Bona € HoMepom
BUMIPIOBaHHS HOpMOBaHOi 3a mmkanoro Big 0 mo 1. Ha mowaTky mporecy, KoJIH
MIIIIUITHAK TepedyBae y CIpPaBHOMY CTaHi, CIIOCTEPIraeThbcs BIACYTHICTH TIKiB.
[TosiBa TOukOBOTO Je(hEKTYy TPOSBISETHCS B TMOSBI KOJUBAJIBHOI CKIIAIOBOT
CHEKTPAIBHOTO €KCIECY, BEJIMYMHA SKOi HApOCTa€ 3 HAOIMKEHHSM pPyHHYBaHHS
MIJMAMHAKA.  YIiTKO BHAHO, IO 3HAYCHHS CIEKTPAIBHOTO €KcIecy Ol
XapakTepucTuyHoi  yactotu  aedexry 2,46 kI'm  (tabm. 3.5) mOCTymoBO
30UTBIITY€THCA B Mipy TIOTIPIICHHS CTaHy IiIITUITHUKA.

CrexTpanbHuil eKkciiec HaOyBae OUMBIIMX 3HAYEHb y CMY3l YacToT, [
CUTHAJI HECIPABHOCTI € JIOMIHYIOYHM 1 JIOPIBHIOE HYJIO B CMy31 4acToT, /i€ B

CIEKTpl TMepeBakaroTh BiOpalii B IITaTHOMY pexumi. TakuM YUHOM,
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CTHEKTpaJbHUI eKCIIeC Ja€ 3MOTy HE TUTBKU CYIUTH MPO CTYMiHb MOIIKOKEHHS
MIJIIUITHIKA KOYEHHs, a W CHOoCTepiraTu JUHAMIKY PO3BUTKY Je(eKTy 1 poOuTH
BIJIHOCHUI MPOTrHO3 poOOYOro pecypcy MiAIIUITHUKA KOUEHHS.

TakuM YMHOM, Ha OCHOBI E€KCIIEPUMEHTAJbHUX JAaHUX BIOPOMOHITOPUHTY
eKCIUTyaTallliHMX BJIACTUBOCTEM MIJIIMIHUKIB KOYEHHS TypOOHArHiTayiB 1
BEJIMKOI KUIBKOCT1 IM(PPOBOI 1HPOpMaIii 1100 NapaMeTpiB BIOpALIMHUX CUTHATIB,
AK1 TIepelyI0Th pyHHYBaHHIO, AOCIIIHPKEHO CTPYKTYpy BiOpauiiiHoro crnekrpa. Jis
aHaJi3y CTPYKTypU BiOpaliifHOro crektpa Oyjo BUKOPUCTAHO METOJ| TOJIOBHUX
KOMIIOHEHT.

BusiBieHo Ta eKCHEpUMEHTAJbHO MIATBEPIXKEHO HOBUM 1H(MOpMaIiiHUN
napaMmeTp BIOPOIIarHOCTUKM TOYKOBUX Je(EKTIB, 10 TIPYHTYETHCS Ha aHami3i
BEJIMYMHU 3MIHM B 4Yaci MEpIIOrO TOJIOBHOTO KOMIIOHEHTA IIiJi Yac HOTo
HaOMVOKEHHS 710 CTaHy PyHHYBaHHS.

3anponoHoBaHO 1HGOPMALIMHUI MapaMeTp MPOTHO3Y CTaHy MiAIIMITHUKIB,
o 0a3yeTbCs Ha aHATI31 YACTOTHHMX 3MIH CHEKTPAIBLHOTO €KCIleCcy BiOpalliifHOTO
CUTHATY MiJ 4yac HaOJMWKEeHHS 10 CTaHy BiAMOBU. BukoHaHa Bi3yamizamis 3MiH
[[bOIO0 TapaMeTpa MiATBEpAWIa MOXIMBICTh CIIOCTEPEKEHHS 3a JUHAMIKOO
PO3BHUTKY TOYKOBUX JC(DEKTIB.

Hocniguno-npomuciioBy mepeBipky [CJ exkcrmyaramiifHUX BIIaCTUBOCTEH
CYJHOBOTO e€HepreTuyHoro obsiajgHanHs BukoHaHo Ha cynHi « UHL FRONTIERy.
BrpoBakeHHS HOBOTO METO/y JiarHOCTYBaHHS CyTHOBHUX TPAHCIIOPTHUX 3aC001B
i yac iX eKcCIuIyararii J03BOJIsIE 30UTBIIUTA OOCAT J1arHOCTHYHOI iH(opMarii
0e3 [0IaTKOBOTO BTPYYaHHS B 1X KOHCTPYKIIi, MJABUIIUTA HAAIHHICTH

MPOBECHHS IiarHOCTUYHHX podiT y 1.3...1.5 pasiB (quB. momgatok A).

BucnoBku o 111 po3ainy

1. 3ampomoHOBaHO  IHTEJIEKTyaJbHYy  CHCTEMY  JIarHOCTUKH  Ta

MIPOTHO3YBaHHS €KCILTyaTalliIMHUX BIACTUBOCTEH JeTaneil Cy JHOBOTO 00IaTHAHHS,

110 0a3yeThCsl HAa BIJOKPEMJIEHHI Ta aHaNi31 €KCIIEPUMEHTAIBHUX 1 CTATUCTUYHUX
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JaHuxX y pexumi peanpbHoro uyacy. [CJ] excrulyatauiiHUX —BJIACTUBOCTEN
enemenTiB CEY BHOKpemIltoe KJIIOYOBI OCOOJMBOCTI OO0'€KTIB 1 BHSBISI€E HOBI
MOXJIMBOCTI Ta CETMEHTH PO3BUTKY HAKOMHWYEHHS TIOMKOHKCHL Yy TIpoIeci
eKcIUTyaraiii. [HTeneKkTyanpHa CKIIaqoBa CUCTEMHU JIarHOCTUKU CKCIUTyaTalliifHIX
BrnactuBocTeil eneMenTtiB CEY nossirae y BUKOpUCTaHH1 aJITOPUTMIB 1 IPOTPaMHHUX
MPOJYKTIB, $SKI MIHIMI3yIOTh CYO0'€KTUBI3M Yy TMPUHHATTI BHUCHOBKY PO
NPOJIOBKCHHS BUKOPUCTAHHS PeCypCy 00JIaTHaHHS.

ITouatkoBuii Onox ICJ] enmementiB CEY pglarHOCTUKHM MHOB'S3aHHUN 3
BUKOPUCTaHHSAM BXIAHOI 1H(oOpMallii, TEXHIYHOi JOKyMEHTalli, I1HTepBaJiB
niarHoctuku. Jlam ciigye anpiopHa iHpopMalis CTaTUCTUKUA 1 MNPUYUH BIAMOB
BY3JIiB TypOOKOMIIpecopa 1 TOJIOBHOTO JIBUT'YHA, BHM3HAYCHHS HWMOBIPHOCTCH
JUHAMIKM YNPaBIiHHA J1arHOCTUYHOI 1H(OpMaIi, paHXyBaHHS IHTETPAIbHHUX
OIIHOK, moOyaoBa oprpadiB, cumynsmis 1 TeHeparis noxi. Ilmardopma
BrpoBaypkeHHs  ICJ[  Ta  mporHo3yBaHHS — mepeadadae  BUKOPHCTAHHS
CTpYKTypoBaHoi iHdopmMallii iHTerpamii BIOpaliiHUX XapaKTePUCTHUK B HOBI
niarHocTuyHl mnapamerpu. CucreMa [03BOJISIE CIOCTEpIraTH, BUMIPIOBAaTH Ta
aHaJII3yBaTH Pe3yJIbTaTH 3 BUAAYOK HEOOX1THUX PEKOMEHIAITIN.

2. Ha migcraBi reHe3ucy TOMIKOMKEHh BHU3HAYEHO TMPUYMHU BiJMOB.
ITokazaHo, MmO eKCIUTyaTallis TWIIIIUIHAKIB KOYEHHS Hece B cOo0l O3HAKH
JUHAMIYHOCTI, JI¢ aHAJTI30BaHWN CUTHAJI 3aJICKUTh BiJl HaKomW4eHHs 1H(opMmarii
noTepeHIX 3HaueHb. HamaHo, 1110 OCHOBHUM HampsMKOM yaockoHalieHHs T]1 € He
TIIBKM ©KCIUTyaTallid a BHW3HAYCHHS JIarHOCTUYHUX CHUTHAIB YYTJIWBHX JO
JOKANbHUX MiKpoHanpyr. HaiOimpmmii po3BUTOK MpU A1arHOCTHUIN MiAMIAITHUAKIB
KOYeHHS  OTpuMaB MeToJ  BiOpomiarHocTuku. Po3pobiiena  Ormok-cxema
€KCIIEPUMEHTATBHOI YCTAHOBKH BIOPOIarHOCTUKH CYTHOBUX 3aC001B.

Ha mizmcraBi BUBYEHHS PE3yNbTATIB MPAKTUYHUX Ta EKCIEPUMEHTATBHHUX
JOCTIKEHb TIPO CTaH TMPAIIOI0YOTO OOJIaJIHAHHS Ta JOKAIBHHUX YIIKOIKCHb
BCTAHOBJICHO, IO cepea BiamoB enemeHTiB CEY HalnommpeHImMUMH € BiAMOBHU
MITUITHUKIB KOYCHHS, BU3HAYEHI BUMOTH 0 YMOB ekcruryaTtariii. [lokazano, 1o

3HOC BUKIHKA€ 3MIHM 3MIIICHHS LEHTPY Mac Ta TMOSIBY YyJApHHUX IMITYJIbCIB.
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BcTaHoBIEHO 11IarHOCTUYHI TapaMeTpH BIOPOAIarHOCTUKH.

3. BuBYEHO Ta pO3BUHYTO TEOPETHUYHI OCHOBH BIOpPOMIATHOCTHKU 3
MO3ULI€I0 MOHITOPUHTY TEXHIYHOI €KCIUTyaTalli Ta 00CIyroByBaHHS iJIIMITHUKIB
KO4YeHHs. BuokpeMieHo Ta 1oAaHO Taki i PO3AUIM, K €HEpreTUYHl CHEeKTpPH,
PIBHSIHHS CYLIJIBHOTO CEPEIOBUIIA, 3B'I3KU MK TPAHCIISALIMHUMU Ta pOTAllIHHUMU
BJIACTUBOCTSIMU 3 OCUWISTOPHUMHU XapaKTepUCTUKAMHM BiOpaliiHUX CHUTHANIB.
OkpeMo PO3TIIIHYTO MUTaHHS 3aCTOCOBHOCTI TEOpil BiOpaIliiiHOT 11arHOCTUKHU 10
MOHITOPUHTY TEXHIYHOTO CTaHy IMiJIIUIHUKIB KOUEHHS: MOJIEKYJIIPHOI B3a€MOIII,
KIHEMAaTUKU Teopili KOYEHHs, XapaKTEepUCTHK BiOpaiiiiHux curHaiiB. IlokazaHno,
IO PI3HOMAHITTS 1 Pi3HI PO3MIPHOCTI J1arHOCTUYHUX CHUTHAJIB MPU3BOJASTH [0
HEOOXIHOCTI 3JMUTTS TOKA3HUKIB PI3HOI PO3MIPHOCTI 0€3 BTpaTH HAABHOI
1H(pOopMaIlii B €AMHUNA y3araJbHIOBaHUN NOKA3HHUK.

4. BcTaHOBIIGHO, IO KOKHA 3 CTATUCTHYHUX XapaKTEPUCTHK BiOpaIliiHUX
CUTHAJIB MpHUJATHA JIJIS CIIOCTEPEIKEHHS 32 PO3BUTKOM OJHHUX THUIIIB JNe(EKTiB Ta
MEHII 4YyTiuBa J0 1HmMX. KOMIUIEKCHE BHUKOPUCTAHHA PI3HUX  THUIIIB
CTATUCTHUYHUX XapaKTePUCTUK MOKe 3a0€3MeYUTH HaJIiiHEe BUSBJICHHS PI3HUX
TUMIB  JedekTiB. YHIBEpCAIbHUM  METOJOM, IO TIOEIHYE pe3yJbTaTh
CTATUCTHUYHUX TOKA3HUKIB BIOpallIfHUX CUTHATIB € METOJ TOJOBHMX KOMITOHEHT.
3anporioHOBaHO HOBI J1arHOCTHYHI MapaMeTpy MIIIIUITHUKIB KOUYCHHS, B OCHOBI
SKUX TIOKJIAJEHO CITOCI0 OOpOOKHM CTaTUCTUYHUX XapaKTEPUCTHUK BIOpaIiiiHUX
CUTHAIIB, KWW BIAPI3HIETHCS Bl ICHYIOUMX, BUKOPUCTAHHSM TMEPIIOi TOJOBHOT
KOMITOHEHTH B 4acOBii 00JIaCTi Ta CHEKTPAIHLHOTO €KCIIeCy B YAaCTOTHIN 00JacTi.
Ile mo3Bomsie migBumuTH skictb [I3P ycrtarkyBanHs. Y poOOTI pO3TIASHYTO
peaNbHy TPAKTUYHY CHUTyarit0o  BiOpOMIaTHOCTHKKM  TOYKOBOTO  Je(EKTy
30BHIITHBOTO KUIBI IiIIIUITHAKA. BUBYEHHS 3aCTOCOBHOCTI METOJY TOJOBHHUX
KOMITOHEHT JO IHIMUX THWIB AePEKTIB TOKa3ajo iXHIO MEePCIEeKTHUBHICTH IS
BiOpOMIIarHOCTHKY ~ JE€(EKTiB, PO3TAMIOBAHUX HA  BHYTPIIIHBOMY  KiJIbIII

I IITATTHAKA, 1 1111 9ac BUITAIaHHS KYJIbKH 3 000MMHU.
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PO3/L1 4
JIATHOCTHUKA TA IPOTHO3YBAHHS 3AJIMILIKOBOI'O PECYPCY
JETAJIEI IPU HAKOIMMYEHHI NOIIKOIKEHD IMIJT YAC
EKCILTYATALII CYITHOBOI'O OBJIA/ITHAHHS

4.1. Po3pooka iHpopManiiHO-AIATHOCTUHYHHX napamerpis

BiOpOAIarHOCTHKY MiJIIUNTHUKIB KOB3aAHHA

Po3pobka  iHdopmamiiiHux — mapaMeTpiB  TEXHIYHOiI  J1arHOCTHKHU
npaie3gaTHOCTI €JEMEHTIB CYJHOBOrO oOJiaJHaHHS MOTpelye 1HAMBIAYaIbHOTO
miaxody, SIKi BpaxoBye crenudiky (GyHKIIOHYBaHHS BY3JiB, HAsBHOCTI 0a3u
JaHUX Ta EKCIEPTHUX CHUCTEeM. TpyAHOIII y BH3HAYEHHI TAaKUX MapaMeTpiB
NOB'SI3aHI 3 PI3HOMAHITTAM CTATUCTUYHUX XapaKTEPUCTUK BIOPOCUTHAIIB, IX
aHaII30M Ta MPUIATHICTIO ISl OLIHKH CTPYKTYPHHUX 3MiH, 110 BiJOYBArOThCS MPH
eKkcruryatamii oOJiaJHaHHSA, a TakKoXk iX 1HGOPMATUBHOCTI Ta 3PYYHOCTI
BUKopUcTaHHSA. OCOOIMBICTh BU3ZHAUEHHS MapaMeTpiB BIOPOAIarHOCTUKH JIeTaJICH
CEY mnonsrae B TOMy, IO KpiM (pI3UMYHUX BHMIPIOBaHb BiOpaIiiHUX CUTHAIIB
NoTpiOHE BUKOPUCTAaHHS MaTeMaTHYHUX MOJENed Ta BCTAHOBIEHHS iX
a7IeKBaTHOCT1 peaIbHOMY CTaHY 00'€KTIB J1arHOCTHKHU.

[TiZMUTHAKYA ~ KOB3aHHS € BAXKIMBUM TPUOOJIOTIYHUM KOMIIOHEHTOM
YCTaTKyBaHHS, IO 00EPTAEThCA. IXHE OCHOBHE TIPU3HAUYEHHS € 3a00iraHHs 3HOCY
y mporieci excruryarailii. Bouu sBnsitoTh c06010 omopu abo HaMpsIMKH MEXaHi3MYy,
B SIKOMY TepTS BiAOyBaeThCs MPH KOB3aHHI MOBEPXOHb, IO CTUKAIOTHCA. 3a
KOHCTPYKTHBHUM BHKOHAHHSM IMiJIIUITHUKA KOB3aHHS CKJIQJAIOTHCSA 3 KOPILYCY,
aHTU(PUKIIMHOTO BKJIAJHINA, YAaCTUHU MOBEPXHI Bay — MiAMUITHAKOBOI ITUHKU
Ta MIapy MAacTHJIA MK HUMH (puc. 4.1).

[ligmMOHUKA  KOB3aHHA € HEBIA'€MHOI YaCTHHOIO  BIAMOBIIAIbHUX
arperatiB. CyJHOBI TIJIIMITHAKYA KOB3aHHS 3 aHTU(QPUKIIHHUM IIAPOM 13 CIIIaBYy

0JIOBA Ta CBUHIII0 BUKOPUCTOBYIOTHCSI HA CYJJHOBHUX MaJIO- Ta CEPEIHbO-00E€PTOBUX
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au3ensix, TypOiHax, BaJONpoOBOAAaX, a TakoXk Yy  TypOOKoMIpecopax

BHCOKO0OOpOTHHUX Ju3eniB [99].

Bxuajka
3 aHTH(PUKIIHHOTO Marepiairy

/

3a30

Koprnyc mimmnHuka

Puc. 4.1 — KoHCTpyKIIisl MiAMIKITHAKA KOB3aHHS

[TpuHIMN 1ii MAMIAITHAKIB KOB3aHHS TOJIATae€ y HacTynmHomy. [loToune
CepeZIoBUINE, 3a3BUYall MACTHIIO, 13 30BHIIIHIM THCKOM HAarHiTA€THCSI MDK JBOMA
eJIEMCHTAaMH, SIKi 3HaXOAATHCS B BIIHOCHOMY pyci. MacTHIIO MijJl THCKOM YTBOPIOE
KJIMH MK 9YaCTHHAMHU, IO pyXarThes, 1 po3auite ix. [llapu mactuna MoxyTh OyTu
Iy’ke TOHKMMH, ajie TIOKM HEMa€e MpsIMOro KOHTAaKTy, 3HOCY He Oyxae. Pyx muitku
3MYIIy€ MacTHJIO IEPEMIIIATUCS MK BaJIOM Ta KOPITyCOM, CTBOPIOIOYM TOCTIHHUIA
KJIMH.

[IpaBunpHa 00pOOKa 1 CKJIAJaHHS BKJIAJUIIIB TMIIIIUITHUKIB KOB3aHHS
MMOBHHHA 3a0€31euyBaTH CTBOPEHHS MACIISTHOI TUTIBKM MK TTOBEPXHSMH TEPTS, 110
TPYThCs. BHYTpilmHIN miaMeTp BKJIQJMINA IiMIAITHAKIB KOB3aHHS MOBUHEH OyTH
OUTBIIMM 3a MUKy Baly Ha BEIWYUHY MACISTHOTO 3a30pYy, SKUW 3MIHIOETHCS B
3aJIe)KHOCTI BiJ JliaMeTpa IMUHAKH Bajdy, Moro macu ta umcia obopotiB. Koxen
MIIIIUITHAK € 3aKpUTHN, 310paHuil By30J, 1[0 MOHTYEThCA Ha IIUKKY Baly (puc.
4.2) [102].

[Ipuctpoi 3  TakUMU  WAMIAMHAKAMA €  HAWJOPOXKUYMMHU 1
HAWBIAIIOBIJAIBHIIIINMHA eJIEMEHTaMU 001aJHAHHSIM, TOMy  HEOOXiJTHO

3a0€3MeunTH JIarHOCTUKY 1X TEXHIYHOTO CTaHy.
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Puc. 4.2 — ExcrutyaTtanis CyJHOBHUX MIJUIMITHUKIB KOB3aAHHS

JledbexTu, 1m0 BUHUKAIOTH MPU BUTOTOBJICHHI, MOHTa)X1 Ta €KCIUTyartarii

MIIITAITHAKIB KOB3aHHS BIUIMBAIOTh Ha BC1 CKJIAJ0BI1 BIOpaIlii 3 pi3HO MPUPOIOI0

30ymxeHHs. Buau nedektiB miAIIMIHUKIB KOB3aHHS Ta iX BIUIMB Ha BiOpairito

MexaHi3My HajaHo y Tabu. 4.1 [84].

Tabmuis 4.1 — Buau nedexTtiB miIIMIHAKIB KOB3aHHS Ta iX BIUIMB Ha BiOpalliiini

TepTs

CUT'HaJIN
Tunu ®opmu npo- 3oBHilIHI iH- Metoaun
Ipuyunn Hacainku
nedexTiB SIBY AUKATOPH peecTpauii
3MiHH B ABtokonu- | Husbkowacto-
) ITepexocu Bka- ] ]
Binxunenns MOBEPXHIX ] ) BAHHS THa BiOpaiis
) ) JUII1B, MTOT1p- ]
Texnomnori- Big TepTH, MIJIIUITHUKA, BCHOI'O
) LICHHS YMOB ] )
YHI1 MIPOEKTHUX nucbananc, ) HecTab1Ib- I~
3MalleHHsI, Oil
TEXHOJIOT1i pO3LIEHTPY- HICTh Tpa- ITHUKOBOT'O
Bajia ]
BAaHHS €KTOPIl Baja BY3JIa
301IbIIEHHS 3a-
IToBHuit a00 INapoaunami
. 30py, )
) YaCTKOBUM ) YHi Ta
Bruus 3min- MOB'A3aHOTO 31 o )
pO3pHUB Mac- MEeXaHIyHl | AHaji3 OruHa-
HUX HaBaHTa- ) 3HOCOM, BHOpa-
Exkcmutyara- ) JISTHOI IUTIBKY, yaapu, I0UOl CIIEKTpa
. YKEHb Ha MiJI- . KOBYBaHHS ]
L1HL . CyXui ) ) JIOKaJIbHI1 BHCOKOYacTOT
LIUITHUKOBUI BKJIQ/IUIIIB, TP1- ) ]
KOHTAKT [IPOsIBH Hoi BiOpauii
BY30II IIMHU Ha
IIOBEPXOHb THUCKY B
MOBEPXHAX ]
TEepTA MacTHUJIl




117

Ockis1bKM Ha BIOpaIlito MiIIIMITHUKOBOIO By3J1a BIUIMBAIOTh K Je(EKTH, TaK
1 yMoBU #oro poOOTH, MpU AIarHOCTUIIl HEOOXITHO BU3HAYUTU OCOOJIHMBOCTI
poOOTH MIAIIMIHUKA KOB3aHHS, a MOTIM HaJaBaTH PIIICHHS MPO Mpale3gaTHOCTI
yChOTO By3Jla 3 YypaxyBaHHAM BUIy 1 TiauOuHi nedekrtiB. O3HaKaMHu MOSBU
nedeKTiB y MIJIIMIHUKAX € IIyM Ta BiOpauii npu poGoti. [ns BUSBIEHHS Ta
imeHTudikamii  AeQeKTiB  MiAMMIHUKIB KOB3aHHA HEOOXiJHI BUMIPIOBAHHS
CHEKTPIB BHUCOKOYACTOTHOI BiOpalii, 110 OruMHae, 1 crHekTpa BiOpalii BChOTO
M1ITUITHAKOBOTO BY3JIa HA HU3BKUX 1 CEPEHIX YacTOTaXx.

OckiTbKH, SIK MOKa3y€ CTAaTUCTUKA, MOAIl BIIMOB SIBJISIFOTH COOOIO 3MIHH B
XapaKTepUCTUKaX BIOpAIIMHUX CUTHAIIB, B SKOCTI METOJIB JIOCTIIKEHb
BUKOPHUCTOBYBAJIUCSA Pe3yJlbTaTH IMHUQPPOBI3aIlii Ta CHEKTPaTIbHOTO aHaJi3y
BIOpalifHUX  XapaKTepUCTUK, 10 TEHEPYIThCA TMpuU PoOOTI  CYAHOBHX
niamunmHuKiB. [ peanizaiii 3axo/iB 0 BUOOpPY ONTUMAIbHUX 1H(OpMAIIHHUX
napamMeTpiB JIIarHOCTUKU CYJAHOBOTO OOJIaJIHAHHS BUKOPUCTOBYBaBCS HaOIp
CTATUCTUYHUX XapaKTEPUCTUK BIOpAIIMHUX CUTHAIIB Y YacCTOTHIH Ta YacoBii
o0macTi.

Crpyktypa BIOpaIliiHMX CHUTHAJIIB BKJIIOYA€ CYKYIHICTh J1arHOCTHYHUX
O3HaK pIi3HOT BEIWYMHU Ta PO3MIPHOCTI. Y MHUX YyMOBax HPIOPUTETHICTh
BUKOPHUCTAHHS KOHKPETHHUX O3HAK BIOpaIliiHUX CHUTHAJIB TIOB'A3YETHCA 3
PE3YIABTATUBHICTIO [IIaTHOCTUKU Ta BHUBYEHHS TPEHIIB JUIS IPOTHO3YBAHHS
npaie3gaTHOro CTaHy OOJaJHAaHHS TPH HOro eKcIUTyartaiii B CKJIAJHUX yMOBax
30BHINIHBOTO OTOYCHHS.

Bi6poMOHITOPUHT MiINTUITHUKIB TOJISTAE Y 0€3MocepeTHhOMY BUMIpI YaCTOT
BIOpOCHUTHAIIB Ta aHami3l iX CTATUCTUYHUX XAPAKTEPUCTHUK IICIIA MAaTeMAaTHYHOI
00poOKH.

Ha puc. 4.3 B oaHomy MacmrTabi MOKa3aHO BeCh HaOIp OTPUMAaHUX
BiOpaIlifHUX CUTHAIIB Y TOPSAJKY IXHHOTO BUHUKHEHHS Ta (pikcarii B mpomeci 50-
JICHHOTO TEPMIHY eKCIUTyaTallii MmiIITUITHAKA KOB3aHHS, IO Ja€ HA0YHE YSBICHHS

PO 3MiHY MIKOBUX aMILTITYI.
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Puc. 4.3 — TlocnigoBHICTh OTPUMAHUX BIOpAIIHHUX CUTHAIIB Yy TIOPSIAKY 1X

Acceleration
()

BUHHUKHCHH: B npoueci eKcnnyaTaui'l' I'Ii,Z[IJ_II/Il'[HI/IKa KOB3aHHJ

ITlinm vac mocToOpoOku miarHOCTHYHOI 1H(GOpMalii Oyl0 BH3HAYEHO
CTATUCTUYHI XapaKTEPUCTUKHU BIOPOCUTHAJIIB y TUMYACOBIHM 1 YaCTOTHIN 001acTsX.
VY TuMuacoBifl NiNsSHII BU3HAYainu 11 CTaTUCTMYHUX XapaKTEPUCTHUK: CEpPEeIaHE
3HaueHHs (Mean), crannaptHe BiaxuieHHs (Std), acumerpis (Skewness), exciec
(Kurtosis), moBuuit po3max konuBanb (Peak2Peak), cepennbokBanpaTuyne
snaueHHs (RMS), xpect-dakrop (CrestFactor), dopm-dakrop (ShapeFactor),
immynbeanit ¢paktop (ImpulseFactor), rpannunuii haxtop (MarginFactor), enepris
(Energy). Y wactotHiii o6nacti Bu3Havyaid 4 CTATUCTUYHI XapaKTEPUCTUKHU:
cepenne cuekTpanbHe 3HaueHHs (SKMean), cTanmapTHe CrieKTpaabHEe BIAXHICHHS
(SKStd), cmexTtpansna acumerpis (SKSkewness) 1 cmekTpadbHUN eKCIleC
(SKKurtosis). Yci mepepaxoBaHl CTaTUCTUYHI XapaKTEPUCTHKW BiOPOCHUTHATIB
MOXYTh CIyT'yBaTH MOTCHIIMHUMH 1HJAMKATOpaAMHU Jerpajallii cTaHy ITiIITAITHAKA

(puc. 4.4).
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Puc. 4.4 — EBomiontis 6e3p03MipHUX CTATHCTHYHUX XaPAKTEPUCTUK BiOpaIiiftHIX

3aCTOCOBAHO MpOTeAypy (PimbTpartii Ta 3riaKyBaHHS.

CUTHAJIIB y TIPOIIeCi eKCILTyaTallii M ImMITHIKA KOB3aHHS

Jist 3a6e3medenHss TouyHocTi [I3P 10 mux CTaTHCTUYHUX XapaKTEPUCTHUK
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AHani3 3aJexHOCTel HaBeqeHuX Ha puc. 4.4 He M03BOJISIE OJHO3HAYHO
BIJaTH TepeBary OyJb-KUM CTAaTUCTHYHUM XapaKTepUCTUKaM BiOpaliiHUX
CUTHAJIIB 1 SIKI MOXXHa BUKOPHCTOBYBATH SIK IHJUKATOp CTaHy MiAMIAITHAKA
KOB3aHHS IIPH €KCIUTyaTalli y CKJIaJHUX YMOBaX.

Y psal BUDAAKIB MOpU  TPOBEACHHI JOCHIIKEHb, KOJM O00'€KTH, IO
J1arHOCTYIOThCS, ab0 TMpoIeCH 1X eKCIUTyaTallli HaJMIpHO CKJIaJiHi, a PO3YMIiHHS
MEXaHI3My TIPOILIECIB HEJOCTAaTHbO, HEMOXJIMBO IMOOYyAyBaTH aHaJTITUYHI
JIETEpMIHOBaH1 3aJIe’KHOCTI, 3aCHOBaHI Ha sIBUIAX IEpEeHECeHHs1 abo OanaHcy
pi3HUX BeMUyuH. Taki 3aBIaHHS MOXKYTh OyTH BUPILIEH] JUIIE HUIIXOM MOOYI0BU

O6aratoakTopHOi MaTEMAaTUYHOT MOJIEIII.

4.2. Metoan OararokpurepiajbHoi onTUMI3amii  AiarHOCTMYHHX

XapPaKTEePUCTHK MOHITOPUHIY CyJHOBHX MiINNITHUKIB KOB3aHHS

OcHoBHuM 3aBaaHHsAM iaeHTu(ikamii Tta [I3P TpancmopTtHux 3acob6iB y
npoleci eKCIuTyaTallii € CIIOCTePeKEHHs 3a 3MIHOI MEXaHIYHHUX BJIACTHBOCTEH
MaTepialliB IpU HAKONMUYEHHI MOIIKO/KEHb, a TAaKOX BHU3HAYECHHS IapameTpiB
IPOBICHUKIB BUHHKHEHHS 1H(OpPMAIlIMHUX CHUTHAJIB IIiJI 4Yac pyHHyBaHHS
oOJ1aTHaHHS.

Bibpoaiarnoctuka € HaleeKTUBHIIIMM METOJOM BHU3HAYCHHS TEXHIYHOTO
CTaHy pI3HMX MEXaHI3MIB POTOPHOTO TUMY. Y OLIBIIOCTI MPaKTUYHUX BHUIAIKIB
BiIMOBaM TIEpeNyBajl 3MIHM B XapaKTepUCTHUKAX BIOpamiifHOTO CHUTHAITY.
[ligmumHIKOBUKA By301 OaraTo YoMy BH3HA4Ya€ EKCIUTyaTalliifHl TMOKa3HUKH
pPOTOpPHMX MeXaHi3MiB. PiBeHb BiOpamii CIyXKUTh 1HIUKATOPOM TOAIM TIPO
HeOe3neky. ToMy MOHITOPHHT CTaHy MIIIIMITHUKIB € OCHOBOKO JIIarHOCTHKH
POTOPHOTO 00IaTHAHHS.

BiOpamiiini curHaam € 0araTOKOMIIOHCHTHHUMH, TOOTO SIBIISSIOTH COOOFO
KIHIIEBHM aIUTUBHHK Ha0ip pi3HOMAcTAaOHUX KOMIIOHEHT, JIOKQIi30BaHHUX
YaCTOTHUX CMYT PI3HUX THUIIIB BiOpamiid. YacToTHa CTPYKTypa XapakTEepU3Y€eThCs

HEPEryJIApHICTIO  JIOKAJIBHUX  OCOONMBOCTEM pi3HOI mpupoau. Po3maitts
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CTAaTUCTHUYHUX  XapaKTEPUCTHK  BIOpallHMX  CHUTHAJIiB  MPU3BOAUTH 1O
HEOOXIJTHOCTI iX PaH)KyBaHHS Ta MPIOPUTETHOIO BUKOPUCTAHHSA, L0 MOXE OyTH
JOCSITHYTO 3a JIONMOMOTOK0 OaraToOKpUTepiaibHOT ONTUMI3alli.

Meronu OLHIOBaHHS THapaMeTpiB 0araTOKOMIIOHEHTHUX BiOpaliiHUX
CUTHAJTIB 3 BUKOPUCTAHHAM MepeTBOpeHHS Dyp'e MHUPOKO BUKOPUCTOBYIOTHCS Ha
MPaKTULI ISl KOHTPOIIO MIJIIMIHUKIB POTOPHOTO OOJaHAHHS, X04Ya MAOTh P
HEJIOJIIKIB, TMOB'SI3aHUX 3 THM, IO OI[IHIOETHCA 1 aHANI3YEThCS JIMIE HE3HAYHA
YacTHHA NTapaMeTpIB CUTHAJIB Y TUMYACOBINA 001acTi 1 HEe OLIHIOIOTHCS MapaMeTpu
B YacCTOTHIA 00JsacTi. 3a HAasIBHOCTI PO3MOAUICHUX JOKAIbHUX OCOOJIMBOCTEH He
3a0e3MneuyeThCsl AKICTh OILIHOK IMapaMeTpiB CUTHANY, Y pa3l PO3BUTKY HELITATHOI
CUTYyallii, KOJW BIAXWJIEHHS y poOOTI 00'€eKTa JHIE MOYUHAIOTH MPOSBISTHUCS.
EdexTuBHICT METOY TOCUTH HU3bKA.

Mogeni BiOpamiiiHOro CUrHajay BIJIMOBIAHO 10 3MIHU PEXKUMIB POOOTH
TUHAMIYHOTO o0'exra npeCTaBIICHI B [86, 87]. PosrisimaeTecs
0araTOKOMIOHEHTHA CTPYKTypa BIOpaIliiHUX CUTHATIB, sika 0OyMOBJIEHa PI3HUMU
TUNIaMH ~ BiOpamiii 1 HartoMicTh myMiB. Omnucanuii  cmocid6  oOpoOku
0araTOKOMIOHEHTHUX B1OpaIlifHUX CUTHAJIIB y YacOBiH 001acTi 3 ypaxyBaHHIM iX
cTpykTypu Ta akrtopiB. B [95-97] mpeacraBieHi OOYHCIIIOBAIbHI aJTOPUTMH
napamMeTpiB BiOpaIifHOTO CHUTHAy, IO OIIHIOIOTHCS B YAaCTOTHIM 00JacTi, sKi
XapaKTepU3YIOTh MOTEHIIIHHO HeOe3MNeuHi sIBUIla Ha OCHOBI mepeTBopeHb Dyp'e.
3a3HavaeTbes, 10 BIOpalliiHI CUTHAIM yCTaTKyBaHHS, IO EKCIUTyaTyeTbCS Y
CKIAJAHUX 1 3MIHHUX YMOBaX pOOOTH 1 MOXYTh OYTH OIlIHEHI 3 ypaxXyBaHHIM
4acTOTHO-49acoBoro anamizy. B [98] mpeacraBneHO MeTOs HENIHIMHOTO aHAi3y
YacOBHX PAMAIB JJIs8  MOHITOPHHTY CTaHy MIJIIUMHUKIB. J[MHAMIYHUM
IHCTPYMEHTOM TIPOBICHUKIB BHHHUKHEHHS CHUTHAJIB TPOTOHYETHCS BBAXKATH
SHTPOIIII0, SIKAa HABEJIEHA Y BUTJISI CTATHCTHYHOT MIpH XapaKTEPUCTHK CUTHAIY.
XapakTepuCTUKN 3HOCY TPH KOHTAKTI KOB3aHHS Ta KOYCHHS 3 BHUKOPHUCTAHHAM
ocobiuBocTel BiOparllii, BUKIMKaHOT TepTsaM, mpenacrariedi B [99]. JlocmimkeHo
MexaHi3M (QpUKITiHOT BiOpaIlii Ta MPOTHO3YBAaHHS CHJIM OTIOPY HABAHTAXXEHHS Ha

OCHOBI MoJieTFoBaHHS MopdoJtorii qopixkok koueHHs. Y [100, 101] npeacrapnenuit
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MexaHi3M  0araroxofoBuMX  BUOIpOK  BiOpaumidHux  curHamiB. HasgBHICTB
HECIIPaBHOCTEN y pOOOTI YCTaTKyBaHHS MOKHA PO3IVIIHYTU K HECTAl[lOHAPHUU
cUrHaji, nomupeHHs skoro y [102] posrisigaerbess 3 I0MOMOrord MapKOBCHKOi
Mozeni. Haromomryerbes, 10 NpeIcTaBiIeH] METOI0JI0TIi TO3BOJISIOTh 3a3/1aJIeT1/b
3HAXOJMTH TOYKH MOYATKOBOI JIerpaanii crany obaaaHaHHsA. BuimydeHHs o3HaK Ta
XapaKTEPUCTUK CUTHAJIIB BIOpallli MiAMMUITHUKIB KOUSHHS HA OCHOB1 00'€/THaHHS Ta
eKpaHyBaHHs Oarato mapamerpuuHoi iHdopmaiii omucano B [103]. V wmertomi
BUKOPUCTOBY€ETHCS BEHBJIET-NIAKETHE PO3KIIaJIaHHs CUTHAY BIOpalil MiIINITHUKIB
KOYCHHS IS TIOEJHAHHS 3HAYCHb aCHUMETPii, CEKCIeCy Ta TEPECTAHOBKHU IS
igeHTrdikaiii iHpopmaii npo xapakrep HecnpaBHOCTI. [1og16H1 poOOTH 31 3AUTTS
JaHUX KoHTpacTHOro HaByaHHs [104], craTUCTMYHMX Ta HENIHIMHUX METOJIB
00poOku curnainis [105] Ta mporHo3yBaHHs CTaHy MiIIUITHUKIB 3 BAKOPUCTAHHIM
METO/Iy TOJIOBHHX KOMIIOHEHT [89] BHKOPHCTOBYIOTH KOPEJSIIIO CHTHAIIB BiJ
JEKUIBKOX JIKEpe IS 31MCHEHHS JIIarHOCTUKU MEXaHIYHOTO 00J1aTHaHHS.

KinemMatnuHi 4acToTH yCTaTKyBaHHs, IO OOEpPTAEThCA, 1ICHTH(IKOBAHI 3a
JIOTIOMOTOI0  PO3PSKEHOT0 KoxyBaHHs 3Haiineni B [106]. Ilokaszano, 110
MIBUIKICTh aKTUBAIlli BIOpaIlifHMX CHUTHAJIB IIiJ] Yac MAalIMHHOTO HABYaHHS €
OJIHUM 13 1HJIUKATOPIB CTaHy MIAMMITHUKIB, 1[0 MOXXe OyTH BHKOpHCTaHE IS
ABTOMATHUYHOTO BUSIBICHHS HECTIPABHOCTEH.

Oxkpemy Tpyny poOiT i3 BCTAHOBJCHHS XapaKTEPUCTHUK CTaHy OOEPTOBOIO
poTopHOro oOJIaJlHAaHHS CKJIQJAal0Th TIpalll 13 3acTOCYBaHHSIM JHCIEPCIHHOT
earpomi  [107, 108], enrpomii mepecranoBok [109], mBoBUMIpHOI
OararomacmrtabHoi  eHtpomii  npoOoBoi  mucmepcii  [110], mnpomuciaoBoro
BupoOHunTa [70]. [Ipu BUKOpHUCTaHHI ITUX METOAIB BEJIMKA KUTHKICTH 1H(MOpMAIIii
(GIIBTPYETHCS B MMPOCTOPOBUX OAraTOMipHUX JTUHAMIYHUX XapPAKTEPUCTHK OOCATIB
J1arHOCTYBaHHS.

HoBi Meroamkm OIliHKM TJ00albHUX pPIiBHIB BiOpamii B MiAIMIAITHAKAX
KoueHHs MamwuH, onucani B [111, 112]. OOroBoprorOTHCS MOMKIUBOCTI
TIarHOCTUKH 3 ypaxyBaHHSIM XapaKTEPUCTHK BIOPAIIfHIX CUTHATIB: CIIEKTPaIbHOT

HIIJTBHOCTI TTOTYKHOCTI, €KCIIECY, 3aJIMIIIKOBOI €HEPTi.
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V¥ GararokpurtepialbHOMY HIAXO/1 A0 BUOOPY ONTUMANIBHUX J1aTHOCTUYHUX
XapaKTepUCTUK MOHITOPUHTY MIJIIMIHUKIB BUKOPHCTOBYIOTHCSl albTEPHATUBHI
pillIEeHHS B KUIBKICHOMY BHUP&XEHHI €(QEKTHUBHOCTI IX BKJIaAy B 3arajibHy
€(hEeKTUBHICTb JI1arHOCTUKH.

OcHoBHUMHM mnpuiioMaMu B OaraTOKpUTEpIaJbHOMY MIAXOAl € 3ropTaHHsS
KpUTEpIiB, OMNTHUMI3allisl 3a OCHOBHUMHU KPHUTEPISIMH Ta METOJA IMOCHIJOBHUX
noctynok. ['oJJOBHUM HEBHpIIIEHUM 3aBJAaHHSAM OaraTOKpPUTEPIaJbHOTO MIIXO0AY
710 BUOOpPY ONTUMAIbHUX JIarHOCTUYHUX XapAKTEPUCTUK JIIarHOCTUKU CTaHy
oOnaHaHHS € eKBIBAICHTHICTh 3aMIHM BHUXIJIHUX KpUTEPIiB 3arajJlbHUMHU
arperoBaHUMU KPUTEPISIMHU.

EdexkTuBHICTD A1arHOCTUKU 3aJIEKUThH BiJ] IMIBHAKOCTI PO3BUTKY AC(EKTY i
MO’K€ BH3HAYaTHCS MapaMeTpaMu ONTUMI3allli, 3aCHOBAaHUMHU HA 3MIiHI TPAEKTOPIi
OCHOBHOTO JI1IarHOCTUYHOTO napamerpa. Lli mapameTpu MOXyTh OyTH BUKOPHUCTaHI
AK PAOKH MaTpulll e(QEeKTUBHOCTI JIarHOCTUKH. Martpuis eQpeKTUBHOCTI
miarHocTuku R mae Bursn [124]:

IT, I, .. Hj
0 5}/11 5y12 5y1j
R=|0, 8)’21 5}'22 5/21'

0 o Vo - éyij
ne  Q1...0i — XapaKTepUCTUKHU BiOpalIfHOTO CUTHAY,

I1;...I1j — mapameTpu onTumizarii,

| — HOMeD psjKa,

] — HOMep CTOBIIIIS.

J1Jist BU3HAUEHHS €JIEMEHTIB MATPHIll BUKOPUCTOBYETHCS OIIHKA CKAISPHOTO
BEKTOpa Ta HOro paHXyBaHHS METOJOM TMpIOpUTETHUX Tmepear. llepexin Bix
BEKTOpa JO CKalsApu3aiii O00'€KTiB 3MIMCHIOETBCS dYepe3 (YHKIT 3rOpTKH
BEKTOPHOTO apryMeHTy Yi= Vii... Vij... Yin B IX CKalsipHE BimoOpaxeHHs oyij = fyi,
110 3MEHIIY€ KUIbKICTh KPUTEPIiB.

JIns koMmneHcalii MaauxX 3HauyeHb KPUTEPIiB OUTBIIMMH 3HAYCHHSIMU 1HIIHUX

3aCTOCOBY€TbCSI HOpMaii3ailisi. 3ropTKa KpUTEPIiB €  CepelHbO3BAKEHUM
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3HAYEHHSAM BHXIJHUX KpHUTEpIiB 1 MPOBOAMUTHCS 32 JOIMOMOIOI0 3aBJAHHS
KOe(DILIEHTIB BUXIAHUX KpPUTEPIiB 1 MOJAJBIIOI EKCTpUMM3aLli Ha MHOXHUHI
JOMYCTUMUX ajbTepHaTuB. Hopmaimizamis € yMOBOIO MNPHUBEIAEHHS [0 €IUHOT
IIKaJIH.

BigHocHe BimxwieHHs JYij J-rO O3HAaKa BiJl ONTHMAJIbHOTO 3HAYCHHS

BU3HAYAETHhCA TaKUM YrMHOM [124]:

‘yij—cj‘ .
Vo —g, 170
,max
¥y = J : ’
ys=c
———  y;<C
Cj_yj,min

B sxocTi €; HEoOXinHO BUOMpATH HAMKpalli 3 MOMIAAY PO3B'A3yBaHOI 3a1a4l

3HAUEHHS aHami3o0BaHUX mapameTpiB. lLle MoxyTp OyTH MakcumanbHi a0o
MIHIMaJIbHl 3HAYEHHA 3 EKCIEPUMEHTATbHOI BUOIPKM. 3a TaKOro MiIXOMy U
dbopmysia mepeBenie po3MipHiI BEJIMUUHM y BiTHOCHI B Mexkax mikanu (0.1). OnHaxk,
3a Takoro BHOOpY MapaMeTpiB Cj OOOB'SI3KOBO CIOCTEPIraTUMYTh iX 30ir 3
BIJIMOBITHUMU €JIEMEHTAaMU MaTPHIll €(EeKTUBHOCTI JIarHOCTUKH, sIKi 301ratloThCs 3
BEJIMYUHOIO Cj, 110 mpu3Bene A0 oY= 0. Y pa3i BUKOPUCTAHHS aIUTUBHOI 3rOPTKH
1€ TPU3BOUTH 10 BUTIAJAHHS BIAMOBIIHOT O3HAKH 13 3arajibHOI OI[IHKK 00'€KTa, a
B pa3i BUKOPHUCTAHHS MYJIbTUIUTIKATUBHOI 3TOPTKH - 710 11 OOHYJIEHHS.

OnHuM 31 criocoOIB BHKJTIOUCHHS TaKUX CUTYAIlld € PO3IIMPEHHS BEPXHBOL
(11 MakcumMymy) abo HIDKHBOI (AJ11 MIHIMyMy) MeX1 KOXKHOI O3HaKu Cj B
OJIHAKOBOMY TPOIICHTHOMY CITiBBITHOIICHHI. ¥ p0o0OTI MaKCUMalbHI (MiHIMAIbHI)
3HAYEHHsI KOXKHOTO 3 aHaJI30BaHMX MapaMeTpiB Cj Oysio 30UIBIIEHO (3MEHILIEHO)
Ha 1%.

Sk croBmii Matpuili €hEeKTHBHOCTI MOXYTh OyTH BHKOpPHCTaHI KpuTepii
TEOpii CTATUCTUYHHX pileHb (Tadi. 4.2) [94].

VY mpeacraBnennx ¢opmymnax Ttadmauii 4.2 p— IHACKC MECUMI3My, SKHH Yy
3BUYAHUX PO3paxyHKax MpuiiMaeTscs piBHUM 0,5, @j — BaroBuii KOeQilieHT j-ro

napaMeTpa OnTUMI3allii.



Tabnuusa 4.2 — Kputepii Teopii CTATUCTUYHUX PILLIEHb
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Ha3Ba kpurepiro IIpuHIUNIH . Crpareris
S e Po3paxynkosi ¢popmysiu .
onTumizauii oprasizauii NOBeAiHKH
Jlamnaca OpienTanis Ha L HacrynanbHa,
; - = maxXmaxoy; i
ONTUMICTHYHMH 15iom 1% [on ;) ITHOpyBaHHS
PO3BUTOK CUTYaIll PHU3UKY
Banpna OpienTanis Ha W . Crpareris
; - = Mmax min oy i
MECUMICTHYHHH 1Kidm 15 j<n %, HEMUHYYOCT] Ta
PO3BUTOK CUTYall] datanizmy
I'ypBins [ecumizmy- H . [lepectpaxyBaHHs
; = maxjo min oy:. + Mo
ONTUMI3MY 2 acizm € 1<j<n ¥y y Hauripmux
yMoOBax

+(1_p)maX5yij}

1<o<m

AJIUTUBHHI 3rOopTKa

CykyriHe 3HAaYeHHS

MiHimizaiiisi cyMu

OKpEMHX n BIIXUJICHB
XapaKTEPUCTHK 3 Yo =0 = Z ;0
ypaxyBaHHSIM IXHBOT =
Ba)KJIMBOCTI
MynbTHILTIKATHBHA V3romKkeHi OIHKA MiHimizaris
3ropTKa BCIX XapaKTEPUCTHK n " TBOPIB BiAXUJIEHB
yms = §.)/i ::l_‘|:(6‘>/ij)(J
j=1
JlonatkoBa BunsTok Hy1HOBHX MiHimizaris
MYJIbTUILTIKATUBHA 3HAYEHb 1 n (1 ) BIIXHUJIEHD
3ropTKa Ymg =i = _H — @;0y;;
j=1
HaiiBaxxnmuBimyMu ~ miepeBaraMu  OaraToKpuTepiaJbHOI  ONTHUMI3aIii
IIarHOCTHYHUX XapaKTepUCTUK Ta B IJIOMY JIarHOCTUKH CYJHOBHUX

MM IIIATHAKIB KOYEHHS €:

— Oe3MepepBHICTH 1 CTA0LIBLHICTh MOKA3HUKIB Ta 1HIUKATOPIB,;

— TEPIOIUYHICTh OTPUMAaHHS iH(pOpMaIrii;

— 00poOKa Ta arperyBaHHs 310paHoi iHhopMaIlii;

— iHTerpamis GyHKIIIT MOHITOPUHTY B cHucTeMy Oe3aBapiiiHOi poOoTH

oOJ1aTHaAHHS.

OCHOBHUMH

cTarlaMu

0araToKpUTEPiaIbHOTO

MiIXoay  J0

BUOODPY

ONTUMAJIBHUX JTIaTHOCTUYHUX XaPAKTEPUCTUK CYTHOBUX MiIITUITHUKIB € poOoTa 3

KUTBKICHOIO  €KCIIEPUMEHTATLHOIO

iH(dopmarlliero, MaTeMaTU4HI

30epiranHs Ta oOMiH iH(pOpMalli€l0, IHTEpIpETAaLlisi PE3yIbTaTIB.

PO3paxyHKH,
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B sxocti anpiopHoi iH(poOpMaliio CcaiJl BHUKOPUCTOBYBAaTH PEKHUMH,
HAaBAaHTAXXEHHS, XPOHOJIOTII0 JIarHOCTMYHUX 3MiH, YMOBHU ekcrutyarauii. Ilpu
(opMyBaHHI KUIBKOCTI €KCHEpUMEHTAJIbHOI 1H(OpMaIli ciiJ BpaxoByBaTu
O3HAKOBUM MPOCTIp Ta MOCTOOPOOKY CTATUCTUYHMX XapaKTepUCTUK. ['0I0BHOIO
LIJUTI0 CUHTE3Y MaTeMaTUYHUX MOJEIIeN € MepeTBOPEHHs BX1IHOI 1HGOopMaLii s
po6oTHU B niajioroBomy pexkumi. JJist iiboro HeoOXiHO noAgaHHs iHGopMaIllii 3TiIHO
HAaKOMWYEHHSI TMOLIKOJKEHb. AJroput™M OaraTOKpHUTEpladbHOI  ONTHUMI3AI]

HaBezieHo Ha puc. 4.5 [113].

Pexxumun — AmnpiopHi XPOHOJIOTS 11arHOCTUYHUX 3MIH
BigoMoOCTi
HapantaxxeHHS — YMOBU ekcIuTyaTarii
dopmyBaHHS Kinpkictsb
. [TocToOpoOKa cTaTUCTHYHUX
O3HAaKOBOI'O [P EKCIEpPUMEHTAIbHOI |4
: XapaKTePUCTHK
MPOCTOPY 1H(popMarrii
v
30epekeHHs Ta OOMIH [Tomanus 1HGOpMAarii 3riHO
P . CuHTEe3 MaTeMaTHYHUX A (bopman o
iH(popmarriero B Rg - i 3 HAKONMYEHHAM
JI1aJIOTOBOMY PEKHMI [IOILIKOKEHD
< < o] < .
z = g ‘% gé [To6ynoBa MaTpHIi 2 =
= . g gl 5| B e(eKTHBHOCTI 9 E«'; 25| 258 o
< = < . Q M ] =
‘EE_M_L‘_m-I::; IarHOCTUKHA 45_‘5_'g><_§m-mo
=5 a g i) = ’=t o} = ISES o A E' =
=S|l || 2| B E ¥ SI|lE||E&||SE| g8
=~ 5} o . e = = 5 =
= 5| £l 2|l g E MaremaTHyHi § S 2E| & sdln=
B o=
:I Q Q (@} ';‘ m
§ 2 &l = S o0uunciIeHHS
v
Kpurepii BceranoBnenns L
CTaTUCTUYHHUX pimeHb J1arHOCTUYHUX TlapameTpu onTumisaii
i XapaKTEPUCTHK < ) .
Posmmpenns mex v [Tepexin po3MipHUX
J1arHOCTHYHUX . . BEJIMYMH y BIIHOCHI
OuinouHi
03HaK .
IHIUKATOPH
v
301r y3arajabHIOIOUUX
byHKIIH
v
InenTudikamis " Inrepnperaris
CTaHIB pe3yJbTaTiB

Puc. 4.5 — Anroputm GaraTokpuTepiaibHOI ONITUMI3AITIT



127

[Ipy moOynoBI aJrOpUTMy BpPAXOBYBAIUCS MOKIUBOCTI JI€KJIapaTUBHOTO
OMHUCY CTaHy, BUPOOHMIITBA OOYHCICHb Yy [1aJIOTOBOMY pEXKHUMIi, CHHTE3Y
MaTeMaTUYHUX MoJeNed po3B'A3aHHSA  CIA0OCTPYKTypOBAaHMX Ta  IIOTaHO
dbopmaizoBaHUX 3aBJaHb.

Peamizamis ~ po3poOsieHOro  aJropuTMy  BHKOHaHa  Ha  OCHOBI
BIOpOAIarHOCTUKUA CYJHOBUX NIIIIUIHUKIB KoB3aHHs TPL-88. BuwmiptoBanus
MPOBOJIMIM HAa KOPIYCI IMiIIIUITHUKOBOTO BY3Ja, a CaM€ B HIDKHIM HOTro YacTHHI,
OCKIIbKM TyT HaBaHTaXCHHS Ha BY30J MakcuMaibHi. CHUTHamM Bil JaTYUKIB
MOKHa ouu@pyBaTH 1 3amMcaT JJIs aHaiizy TeHaeHuid. [[ns peectpauii piBHIB
BIOpallii BUKOPUCTOBYIOTh akceliepoMmeTp. BiOpaiiiiHuii curian TpuBaiicTio 6 ¢
OTPUMYBalU MIOAHA TpoTsaroM 50 1HIB TmoCHiIb. BWHUKIA HECHpaBHICTH
MiIIMITHAKA, 1110 TPU3BENa A0 BUXOY HOro 3 Jaiy.

{00 BW3HAYMTH HAWOUIBII ONTHMAIBHY XapaKTEPUCTUKY ISl TTPOBEICHHS
MOHITOPUHTY CTaHy MIJIIMITHUKA KOB3aHHS, OYJI0 MPOBEJEHO OaraToKpUTepiaabHy
ONTHUMI3AIlII0 3a M'IThMa MapaMeTpamMu TPAEKTOPIi JA1arHOCTUYHOIO CUTHAITY 3
pI3HUMHU BaroBUMH Koe(illieHTaMH @, B SKOCTI SIKMX OOpaHi IMapaMeTpu, IO
BITHOCATHCS 10 (DI3UYHOTO CEHCY BIOPOJIarHOCTUKM Ta BKa3aHI iX EKCHIEepPTHI
OLIIHKU:

— MOHOTOHHICTH (o = 0,25);

— qyTauBicTh (o = 0,25);

HMIBUKICTH JiHiiHOT 3MiHH (0 = 0,20);

— BIAXHJICHHS BiJx aquTUBHOCTI (0 = 0,15);

— ruroma mija kpuBorw (o = 0,15).

Jlnst BU3HAYEHHS IHIIUX TApPaMETPIB ONTUMI3AIil KOXHY JUCKPETHY
CTaTHCTUYHY XapaKTePUCTUKY BiIOpOCUTHAIY OyiI0 alipOKCUMOBAHO 0e3MepepBHOIO
HeMHiiHOW (yHKIiero f1 y BUMIAMI KyOidHOTO CIuTaiiHa, JiHiIHHOKW (yHKIiEo fo,
OTPYMAHOI METOJIOM HAWMMEHINUX KBaApaTiB 1 JiHIHHOWO ¢yHKIiewo f; Ha
binanpHOMY mTpoMiKKY TmiepeapyiiHyBanHs 40...50 1HIB, OTpUMaHOI TaKOX
METO/JIOM HaiimMeHmmX KBajpaTiB. Ha puc. 4.6 mokazaHo mNpuKIa] TaKuX

anpoKcHMalliii mis ekcuecy. BuOip mimiiiHoro tpenma mis ¢yskmiii f; ta fs
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MOSICHIOETHCSA MOT0 HAHOUIBLIO ONTHUMAJIBHICTIO JJI MPOBEACHHS MOHITOPHHIY

MIIIIAITHAKIB KOB3aHHS.

4.4

Jh

el

4.0

Kurtosis

40 50

Time, days

Puc. 4.6 — Anpokcumariiisi CTaTUCTUYHOT XapaKTEPUCTUKH BIOPOCUTHAITY:
f1 — OesnepepBHa HemiHIMHA QYHKIIISA Y BUTIIAI KyOIYHOTO CIUTaliHa,
f, — OesnepepBHa niHiiiHa QyHKIs, f3 — Oe3nepepBHa iHiliHA (QYHKIIIS B 30Hi
nepeapyiHyBaHHs, TOUKaMU MTOKa3aH1 €KCIIEPUMEHTaIbHI IUCKPETHI 3HAUECHHS

CTaTUCTUYHOIL XApPaKTCPUCTHUKHU

[Ticns mpoBeneHUX ampOKCHMAIlA BIATOBIAHI TMapaMeTpu ONTHUMI3aIii

BU3Ha4dYaJIUCA TaKMUM YHHOM:

Yy TIUBICTh
_ df,
dt
MIBUAKICTH JIHIHHOT 3MIHH
_ df,
dt

BIIXHWJIEHHS BiJ aJUTHBHOCTI

AL -t f

i=1 i=1

(S |rde ()

E =
i=1

TLJTOIIIA T11]T KPUBOIO



s = [ fdt
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Pe3ynbTaTil 00UMCIIEHHS MTapaMeTpiB ONTUMI3allil ISl KOKHOI CTAaTUCTUYHOT

XapaKTepUCTUKH BIOpOCUTHAIIIB HaBeAeHO B Tad. 4.3.

Tabmuus 4.3 — 3HayeHHS NapaMeTpiB ONTUMI3ALIl A CTATUCTUYHHX

XapaKTEPUCTUK BIOPOCUTHAITIB

M IIBuakicTs | Binxuaenns | IL1oma
IToka3HuKH 01.{0 YyrauBicTs | giniliHOT Bin mix
TOHHICTH . .
3MiHN aJUTUBHOCTi | KPUBOIO
Cepenne 3HayeHHS
0,1600 0,0159 0,0015 0,4103 46,6570
(Mean)
CrannmapTHe BIIXWJICHHS
0,3600 0,0416 0,0319 0,9250 243,3900
(Std)
Acumerpist (Skewness) 0,2600 0,0001 0,0002 0,2798 0,0219
Excriec (Kurtosis) 0,5800 0,0567 0,0286 0,9152 167,6600
[ToBHUIA po3Max KOJIMBAHb
0,4650 0,9143 0,8115 0,9431 2788,100
(Peak2Peak)
CepenHbOKBaIPATUYHE
0,1600 0,0387 0,0313 0,9220 246,5500
3HaueHHs (RMS)
Xpect-dakrop
0,3600 0,0289 0,0392 0,9389 280,7100
(CrestFactor)
dopm-pakTop
0,5800 0,0020 0,0009 0,8700 62,1400
(ShapeFactor)
IMmynibcHHM  hakTOp
0,3600 0,0503 0,0558 0,9408 356,5100
(ImpulseFactor)
I'pannunmii paxTop
) 0,2600 0,0023 0,0042 0,6639 90,0130
(MarginFactor)
Enepris (Energy) 0,1600 0,0282 0,0190 0,9132 73,6190
Cepenne crekTpanbHe
0,1600 0,0064 0,0023 0,9255 1,8038
3HaueHHs (SKMean)
CranpmapTHe cHeKTpaibHE
. 0,3600 0,0157 0,0059 0,9239 5,5387
BimxuiaeHHs (SKStd)
CriekTpanbHa acuMeTpis
0,2600 0,0099 0,0840 0,9197 97,7310
(SKSkewness)
CrnexkTpanbHu €Kclec
0,0450 0,0986 0,1847 0,8270 531,9900

(SKKurtosis)




Po3paxoBani

BIJHOCHI

BIAXUICHHS  OYjj

napameTpiB
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CTaTUCTUYHHUX

XapaKTEPUCTUK BIOPOCUTHAIIB BiJ ONTUMAJIBHOTO 3HAYEHHS, a TaKOX 3HAYCHHS

3rOpTOK 1 KpUTEPIiB MoAaHo B Tad. 4.4,

Tabmuusa 4.4 — Matpuus 0e3po3MiIpHMX 3HAYEHb MapaMeTpiB ONTHMIi3alii

CTaTUCTHUYHUX XapaKTEPUCTUK BIOPOCUTHAIIB, 3HAYEHHS 3TOPTOK 1 KPUTEPIiB

© w i =
= S| g | g
< =
2 = | g | < | & |E
- AN 53
5y 2 < & g8 3 g =
» 5 - = = | 8 = | = = E
= = 2 S = | = a| = | EH
] = o = = o <) ) = 7
= = S = < | 2 c > E | = oo B
< 3 nn = S| 8| » | E g 28
s = = = = | K S £ s | & > 5 E
S S = = 2 | E = | Z 2z o
= = = 2 = | o 2 | = =)
> S > = = = | = S =
= = -3 2 = | § = | E &
g = B E 2§ | g
= = s | = 2|2 =
z 5| 8 = | 5
. S
@) =] = N
Mean 0,787 0,982 | 0,998 | 0,806 | 0,983 | 0,787 | 0,998 | 0,910 | 0,905 | 0,636
Std 0,417 | 0,955 | 0,961 | 0,040 | 0,913 | 0,040 | 0,961 | 0,678 | 0,481 | 0,527
Skewness 0,602 | 1,000 | 1,000 | 1,000 | 1,000 | 0,602 | 1,000 | 0,900 | 0,881 | 0,631
Kurtosis 0,010 | 0,938 | 0,965 | 0,055 | 0,940 | 0,010 | 0,965 | 0,579 | 0,201 | 0,475
Peak2Peak 0,223 | 0,009 | 0,009 | 0,014 | 0,009 | 0,009 | 0,223 | 0,063 | 0,022 | 0,063
RMS 0,787 | 0,958 | 0,962 | 0,045 | 0,912 | 0,045 | 0,962 | 0,772 | 0,573 | 0,577
CrestFactor 0,417 | 0,968 | 0,952 | 0,020 | 0,900 | 0,020 | 0,968 | 0,675 | 0,433 | 0,526
ShapeFactor | 0,010 | 0,997 | 0,999 | 0,122 | 0,977 | 0,010 | 0,999 | 0,617 | 0,233 | 0,498
ImpulseFactor | 0,417 | 0,945 | 0,932 | 0,017 | 0,873 | 0,017 | 0,945 | 0,660 | 0,417 | 0,517
MarginFactor | 0,602 | 0,997 | 0,995 | 0,429 | 0,968 | 0,429 | 0,997 | 0,808 | 0,770 | 0,591
Energy 0,787 0,969 | 0,977 | 0,058 | 0,973 | 0,058 | 0,977 | 0,789 | 0,605 | 0,585
SKMean 0,787 | 0,993 | 0,997 | 0,040 | 0,999 | 0,040 | 0,999 | 0,800 | 0,580 | 0,591
SKStd 0,417 | 0,983 | 0,993 | 0,042 | 0,998 | 0,042 | 0,998 | 0,704 | 0,497 | 0,542
SKSkewness | 0,602 | 0,989 | 0,897 | 0,048 | 0,965 | 0,048 | 0,989 | 0,729 | 0,543 | 0,554
SKKaurtosis 1,000 | 0,893 | 0,774 | 0,186 | 0,811 | 0,186 | 1,000 | 0,777 | 0,695 | 0,579
Vald | Laplas | Bayes
0,223 | 0,009 | 0,504
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OOuncneHHsT TPOBOIWIUCS 3a JIOMOMOTOK0 CHCTEMH KOMITHOTEPHOI
marematuku Maple.

BupimenHsM 3aBmaHHs OaraTOKpUTEpialbHOrO MIAXOAY 10 BHOOpY
ONTUMAJIBHUX  JIarHOCTMYHUX  XapaKTEPUCTUK  MOHITOPUHTY  CyJHOBHX
MIITAITHAKIB KOB3aHHS BBAXKAETHCS E€JIEMEHT, SIKUH MaKCUMI3ye a0o MiHIMi3ye
oiHHy (yHKIi10. JIj1s1 6araToKpuTepiaabHOI BEKTOPHOT ONTHUMI3allli MaKkcUMIi3allis
OJIHOTO KpHUTEpil0 BiIOyBa€ThCs 3a MiHIMI3aMil 1HIKWX. BukopucTtoByroun paHi
Tabnuii 4.3 3HaXOJUMO €KCTpEeMalibHI 3HA4YeHHS BIIXWICHb B 3aJaHOTO
eKCIIepTaMu IPIOPUTETHOTO PO3TAITyBaHHS ITIICH.

JIIs  OCTaTOYHOTO BHWICHOBKY IIOJO ONTUMAJIBHOI JUIS JIarHOCTUKH
IiIIMITHAKIB KOYEHHS CTaTUCTHYHOI XapaKTePUCTUKH HEOOXiJTHO BpPaxOBYBAaTH
30irM 3a PpI3HUMHU Yy3arajibHIOBAJILHUMM (YHKIISIMH Ta CTYMiHb aJeKBAaTHOCTI
KOKHOI  y3arajpHIOBaJIbHOI  (YHKILII PO3B'SI3yBaHOMY  3aBAaHHIO. AHaI3
pe3ynbTaTiB  HaBeJACHMX Yy Tabn. 4.3 mokasye, M0 aJUTHBHA 3TOPTKA,
MYJIbTUIUTIKATUBHA 3TOPTKA, JOJATKOBAa MYJBTUIUIIKATUBHA 3TOPTKA, KpHUTEpii
Jlanimaca 1 Banbma opHo3HauHO BKa3ykooTh Ha Tik-paktop (Peak2Peak) sk
HAaHONTUMAJIBHINY ~ JUIS ~ MOHITOPUHTY  CTaHy  MIJUIMIHUKA  KOB3aHHS
XapaKTePUCTHUKY.

Bibpomonitopunr miamunaukiB koB3anusa CEY nae 3Mory B K0O)kKeH MOMEHT
yacy 3HAWTH iXHIM CTaH 1 3aBYaCHO BHU3HAYaTH MOXKJIMBI MPOOJIEMHU TOMATBIIOT
eKcIuTyaTallii, moB’s3aHl 31 3MIHOI HaBaHTa)XEHb, YAaCOM iX BUKOPUCTAaHHS Ha
MaKCUMAaJIbHUX YW MIHIMQJIbHUX 3HAYCHHSX, 3MIHOKO IIBUIKOCTI OOCpPTaHHS Ta
IHIIMX pexuMiB GYHKIIOHYBaHHS oOnanHanHsa. KpiMm TOro, aHami3 4acTOTH TOSIBU
HECIIPaBHOCTEW y poOOTI MIAIIMITHUKIB J03BOJISIE KPUTUYHO PO3IIISIHYTH TMEPIOA
MDKPEMOHTHOTO IIUKITY Ta MPOBEJEHHS J1arHOCTUYHUX POOIT.

CximamHa CTpyKTypa BiOpamiifHMX CHTHAJdiB 1 PI3HOMAHITTS iXHIX
CTOXaCTUYHHUX XapaKTEPUCTHK 3YMOBIIOE€ HEOOXITHICTh IXHBOTO PAaH)KyBaHHS Ta
MPIOPUTETHOCTI iXHBOTO BUKOPHUCTAHHS. Bibparritini CUTHAIN €
0araTOKOMIOHCHTHUMH, TOOTO SIBJISIOTH COOOI0 CKIHUCHHHH aJIWTHBHUN HaOIp

pi3HOMacITAOHMX KOMIIOHEHT, JIOKaJi30BaHUX 3a YAaCTOTHUMHM CMYyraMu pPi3HHUX
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TUIIB BIOpamiii. 3anpoOnOHOBAHO HOBHMM J1arHOCTUYHHUI HapameTp MOHITOPUHIY
CTaHy CYJHOBHUX MIiJIIMIHUKIB, 3aCHOBaHW Ha aHami3l OaraTOKpUTeplalbHUX
OLIIHOK XapaKTepUCTHUK BiOpaliiHUX cHUTHadIB. Sk mapaMeTpu onTuUMizalii
CTOXaCTUYHHUX XapaKTEPUCTUK BIOpAI[IHHUX CUTHAJIB BUKOPUCTAHO OCOOIMBOCTI
YyTIUBICTh A0 BuU3HaueHHA 3P; BIIXWJICHHSI BIJl aJUTUBHOCTI; €HEPrIIO,
BUTPAYEHY Ha PO3BUTOK JE€(PEKTY.

Hosuznoto OaraTokpuTepiaIbHOT onTUMizarii JI1arHOCTUYHUX
XapaKTepUCTUK € CKIAJaHHS MaTpulll €(PEeKTUBHOCTI, PSIAKU KO MPECTaBICHO
CTaTUCTUYHHUMM XapaKTEPUCTUKAMHU BIOPOCUTHAIIB, CTOBIYUKU - KPUTEPISIMU
CTaTHUCTUYHUX pilieHs Jlamnaca, Bansaa, ['ypBina, aiuTHBHOI, MyJIbTUILTIKATUBHOT
Ta aJUTUBHOI MYJIbTUIUIIKATUBHOI 3TrOPTKH, a 11 €JIEMEHTH - MPaKTUIYHUMU
pe3yabTaTamMu  BIOpOJIarHOCTUKHM  MIJIIUITHUKIB ~ KOB3aHHSA.  Pesynbpratu
PO3paxyHKIB IMOKa3aJik, 110 JUHAMIYHMMU TMPOBICHUKAMU Jerpajallii marepiary
i 4Yac HaBaHTaXXEHHS € OCOOJMBOCTI TiK-pakTopa BIOpAIIHHOTO CHUTHAIY.
XapakTep 3MiH MiK-(aKkTopy y pi3HUX 30HAX Jerpajallii MatepialiB MiAMIUITHUKIB

KOB3aHHS MPHU iX eKCIUTyaTallii HaBeJeHo Ha puc. 4.7.

Peak2Peak
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Puc. 4.7 — HoBwii 1iarHOCTHYHUHN TTapaMeTp OIIHKH CTaHYy MiAIIAITHAKA

KOB3aHH$ Y MPOIIECI eKCIuTyaTalii
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BrpoBamkeHHsI 1IbOT0 1iarHOCTUYHOTO MapaMmeTrpa Aa€ 3MOTy 3IiHCHUTH
MOHITOpUHT cTany Aetaineid CEY 0e3 3ynuHku oOgagHaHHS.

[Ipouec [1arHOCTUKM CTaHy MIAIIWIHMUKIB KOB3aHHS HPOTALOM  iX
eKcIUTyartalii e Hablp eKClepuMEeHTaIbHOl 1H(pOpMalli y BUTIAAl CTATUCTUYHUX
XapaKTepUCTUK BIOPOCHUTHANIB, MPOIHJEKCOBAHUX O€3J1Y4i0 BHUMIPIOBaHb Yy
YacTOTHIN Ta 4acoBiil o0nacTi.

3aBasiku aHanmizaM BiOpauii KOpHUCTyBadu oOTpuMye 1H(DOpMaIio mpo
TEXHIYHMA CTaH 1 HaOmMXKeHHS [0 Jerpajaumii  marepiany. IHrerparis
BIOPOMOHITOPUHTY B JIOKaJIbHY MepexKy Oe3MeKH Ta HaJiitHOCTI 00IaHAHHS AaCTh
3MOry 30Wpatd W aHami3yBaTH JdaHl 3 Bujayoro iHopmalii B OyJb-KOMY
3py4HOMY MicCIli @00 HaJalITyBaTH Ha aBTOHOMHY poOOTY.

inpoBoto  (yHKII€IO OaraToKpuTepialibHOrO aHalizy Mpu  BUOOPI
ONTUMANBHUX JIarHOCTUYHUX XapaKTePUCTHK CYJAHOBUX MIiJIIAIHUKIB €
IHTEJIEKTyaji3allis MpoIeciB, IO CYNPOBOMKYIOTh E€BOJIOIII0 IMOIIKOKEHb
Marepiaay B CKJIQJHUX yMOBax ekcruryartarii. CrpsMoBaHICTh TaKoi ONTHUMi3aIlii
BU3HAUYAETHCS MACIITAOOBAHICTIO Ta aJEKBATHICTIO J0 POOOYMX HABAHTAXKEHb.
CkrnagHa CTpYKTypa BiOpamiiHUX CUTHaJIIiB Ta 0araTOKOMIIOHEHTHICTh 1X
CTAaTUCTUYHUX XapaKTEPUCTHUK, JIOKATI30BAHHUX IO YaCTOTHUX CMYTraX pi3HUX THUIIIB
BiOparllii, BUMarae 3ajJydeHHS €KCIepHMMEHTaabHOi iHdopmallli Ta WMOBIpHICHOT
JUHAMIKA HacTaHHA BiAMOB. JIs IhOro BHKOPHICTaHI JIaHIIOTH MapkoBa. 3
JIOTIOMOT OO JIQHITIOT1B MapxkoBa BUPIITYIOTHCS SIKICHI CTOPOHH
C1abOCTPYKTYpPOBAaHUX 3aBJlaHb, PO3B'SI3aHHS AKUX MPEACTABICHO B TEPMIHAX
YMOBHUX WMOBIPHOCTEH.

BuxopucranHs KpuTepiaIbHUX METOJIB JAa€ KUIbKICHY OIIHKY, a KiHIIEBUU
pE3yNbTaT HAWKpAIEe MOETHYETHCS 3 PE3yIbTaTaMi 000X HAMPSIMKIB 1 € OCHOBOIO
3aCTOCYBaHHS IUThOBUX (YHKIN [JI TIABUINEHHS JOCTOBIPHOCTI BHOOPY
ONTUMANBHUX MIarHOCTUYHUX MOKA3HUKIB Ta MPOTrHO3yBaHHs cTaHy neraneit CEY
y mporieci excruryataiii. [lepcreKTuBHUM HampsMOK MOJAAJbIIUX AOCTIIKEHb €
CTaH TiOpUIHUX MOJEICH KITbKICHUX Ta SKICHUX METOJIB 0OpOOKH AiarHOCTUIHOT

1H(popMaiii.
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CrnocrepexeHHs 3a CTaHOM OO0'€KTa JIarHOCTUKHM 3a JOMOMOrOI0 aHami3y
nmik-pakTopa € HaJgiiHUM 3aco0oM (ikcaiii moAid 3MiH, MO0 BiAOYBAIOThCS MPHU
ekcrutyatanii jgeraied. Po3paxyHOK eQEeKTUBHOCTI AIarHOCTHKU TMIUIUITHUAKA
koueHHs  VTR304P11/021  typOokommpecopa  NR34/S102  romoBHOro
neuryna MAN B&W 32/40 naBeneno y Honatky I

Pazom 3 TuM, 4iTKO BH3HAUUTH BenuuuHy 3P o0'ekra niarHOCTyBaHHS 3a
JIOTIOMOTOI0 ~ OaraToKpUTEpiasibHOI ONTHUMI3allli J1IarHOCTUYHUX XapaKTEPUCTHK
MOHITOPUHTY CYyJHOBHUX MIJIIUITHUKIB KOB3aHHS JyXe BaXKO. J{J1s1 BUpIIIEHHS 1IUX
3aB/llaHb TPOIMOHYETHCA MPOrHO3HA EKCIOHEHIIHHA MOJIeJb CTaHy CYyJIHOBHX

MIAIIUITHAKIB KOB3aHHS.

4.3. ExcrioHeHIiliHA MOJeJIb NMPOTrHO3Y CTaHY CYAHOBHX HiIIIUMHHUKIB

KOB3aHHHA

Opranizaiiss MOHITOPUHTY Ta TMPOTHO3YBaHHS IIJISXOM CIIOCTEPEKEHb 3a
CTAaHOM TMPAIFOIOYOro O0JIAIHAHHSA € 3acOo00M MIiJABUINEHHS HOro HaJIHHOCTI Ta
0e3BigMOBHOCTI. JlOCBiZ CTBOpEHHsI MoJefied TPOTHO3YBaHHS Ta Jerpajamii
TEXHIYHOTO CTaHy JAWHAMIYHOTO OO0JaJHaHHA Ha OCHOBI aHaNI3y MEXaHIYHHX
KoinuBaHb ommcanuit y [114]. YV [91] nmoxmamHO pO3MISHYTO pe3yabTaTh
BiOpaIlifHUX XapaKTEePUCTHUK, HaBeJAeHO Kiacu@ikaiiro aedeKTiB, Ha OCHOBI SKOI
O0OTpyHTOBAHO BUKOPHMCTaHHS KOHKPETHUX METOJIIB BiOpoaHalizy.

VY [115] onMcanuii CTAaTUCTHYHHM aHaJIi3 BIJIMOB Ta MPHUYMH X BUHUKHCHHS.
OcoOMMBOCTSIM MOHITOPUHTY €JIEMEHTIB TPAHCIIOPTHUX TEXHOJIOTIN MPUCBSIYEHI
po6otu [116-118]. [TokazaHo, 0 cBO€YacCHE BHUSIBICHHS 3apO/KCHHS Ta PO3BUTKY
nedeKTiB  y MIANIMIHUKAX, KOMIIpecopax, TypOiHax BHCOKOIIBHIKICHOTO
TEXHOJOTIYHOTO OOJIAIHAHHA € OCHOBOIO OE3MEeKH TPAHCIOPTHUX TMPUCTPOIB.
YacToTHO-4acOBUW  aHaNi3  KOPHCHOTO  TEPMIHY  CIyXOM  MiAIIWITHUKIB
npeactasiaennii B [90]. Ilomimmena womens Jaerpagariii  MIITHOCTI IS
MIPOTHO3YBaHHS BTOMHOT JOBIOBIYHOCTI 3 YpaxXyBaHHSIM XapaKTEPUCTHK MaTepiary

npeacraBieHo B [119]. Mogenpr Mae BHCOKY TOYHICTH MPOTHO3Y, MPOTe Ti



135

peamizalis NOB'SI3aHa 3 BEJIUKOIO KUIBKICTIO TPYIHOUIIB YpaxyBaHHs BIUIUBY
cynyTHix ¢akTopiB. [IporHo3 TepMmiHy Cly>kOM BHCOKOYACTOTHOTO MIAIIMITHUKA
KkoB3aHHs mpenctraBieHud B [120]. Bognowac cmig 3a3HauuTH, 10 IpoliemMa
OLIIHKM aHOMAaJd y TpeHAaX 3alUIIa€Thcsl Mo3a yBarow. lIporno3 tepminy
CIIY>K0U cpepruyHUX MiANIMITHUKIB KOB3aHHS Ha OCHOBI Mojeli (Pi3UKK BIAMOB Ta
MPUCKOPEHUX BUNPOOYyBaHb HA Jerpanauilo npeacraBieHuil y [121]. Tounictb
MIPOTHO3Y BU3HAYAETHCS KUIBKICTIO JIIATHOCTUYHUX BUMIPIB, 110 CTPUMYE IIHPOKE
3aCTOCYBaHHS METOJTY.

PosrnstHyTo  feski  aclieKTH  MaTEeMaTHYHOTO,  aJlfOPUTMIYHOTO  Ta
NPOrpPaMHOTO  amapary  MOJCIIOBAaHHS  MOHITOPHHTY  CTaHy  CYJHOBOTO
€HEpPreTHYHOro oONagHaHHS Ta HAAaHO PO3pOOKY MPOrHO3HOI MOAENl 3MiHH
TEXHIYHOTO CTaHy 3a MapaMeTpaMd T'eHepoBaHOi BiOpamii. s 3MeHIIeHHS
PO3MIpHOCTI BXiJHOI 1H(OpMAIi BUKOPUCTAHO METOJ[ TOJIOBHMX KOMIIOHEHT.
Hageneno pesynbTaTé muQpoBizallli Ta CIEKTPAIbHOIO aHai3y BIOPOAKYCTUYHUX
XapaKTepUCTUK, 10 TEHEePYIThCS NpU poOOTI AUHAMIYHOTO O0OJIaHAHHS
CYJHOBUX TIiJIIUITHUKIB KOB3aHHsA. BCTaHOBIIEHO pi3ke 30UIBIICHHS IMEPIIOTro
rOJIOBHOTO KOMIIOHEHTa B MOPIBHSHHI 3 PEIITOI Ta MOHOTOHHE MOro HapOCTaHHS
npu Jerpajaiii BiaacTUBocTe MarepiamiB. [lokazano, 1m0 po3poOka MPOrHO3HUX
MOJIeJIeN 3MiHM TEXHIYHOT'O CTaHy 3a IapaMeTpaMH BiOpallii € KpOKOM TepexXoay
Ha SKICHO HOBI ()OpPMHU TMPOBEJIEHHS TEXHIYHOTO OOCIyrOBYBaHHS Ta PEMOHTY,
He0oOX1THOTO Ui 3a0e3neueHHs Oe3neKku 00IaJHaHHSA.

@®i3uyH1 TpoIecH, SKi € y MIJNIUITHUKAX KOB3aHHS TMPHU iX EKCIUTyaTarii
3QJIeKaTh BiJl OCOONMBOCTEH KOHCTPYKIIT MITIIUIHUKIB 1 BiJl CIIBBIIHOIICHHS
0aratboX 30BHINIHIX 1 BHYTPIIIHIX YMHHUKIB, SKI BU3HAYAaIOTh YMOBU POOOTH
M IIITATTHAKA.

CyaHOBI MiIIMMUITHUKA KOB3aHHS 3 aHTHU(DPUKIIIHHUM IIIapoM 13 CIJIaBiB Ha
OCHOBI 0JIOBa Ta CBWHIII0O BUKOPHUCTOBYIOTH Ha CYAHOBHX Majio- Ta CEPEIHBO-
o0epToBUX JAM3eNsIX, TypOiHAX, BaJoOMpPOBOAAX. 3a CBOIM KOHCTPYKTHBHHUM
BUKOHAHHSM 1 IPSIMUM NPU3HAYEHHSAM BOHU SIBJIAIOTH COOOIO OMOpHU JeTajel, 1o

o0epTaloThCs, 1 € HalOUIbIl BIANOBIAAIBHUMHU BY3JIaMH €HEPreTHYHOIO
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oOnagHaHHS.

Pob6oTta migmMNIHUKIB KOB3aHHS 3aCHOBAaHA HA MPUHLMIAX TEPTS KOB3aHHS,
JUTSL peattizaiii SKUX MOTPIOEH MOCTIMHUNA KOHTPOJIb MacTwia. BHYTpilIHE Kiable
BUTOTOBJISIIOTh 3 MaTepialy, MO0 Ma€ aHTUQPUKIINAHY [if0 JJs Toro, 100
3a0€e3MeunT HU3bKUI KOe(IlIEHT TepTs, 30BHIIIHE - 3 BUCOKOMILHOTO MaTepiaiy.
[lepeBaru MIAIMIMIHUKIB KOB3aHHSA TOJISITAIOTH Y CTIMKOCTI J10 pajlajibHUX
HABaHTAXKEHb Ta BIOpaIliif, po3'€éMHOCTI KOHCTPYKIIIM, IO CIPOIIYE MOHTaX Ta
TEXO0OCTYyroBYBaHHS, HI)KYUMH MMOKa3HUKaMU IIyMy Tpu pooOoti. Hemomikom €
BEJIMKE 3HOITYBaHHS JOTUYHUX MOBEPXOHb. [IpnunmHamMu nedeKTiB € MIHIUBICTh
MIBUAKOCTI 00€pTaHHs Bajly 3a 3MIHM PEXUMY pOOOTH, pi3HA CTYIIHb 3HOIIEHOCTI
€JIEMEHTIB TOIIO.

OCHOBHOIO NMPUYNHOK BUHUKHCHHS JEe(PEKTIB y IMiJNIUITHUKAX KOB3aHHS €
aOpa3WBHE 3HOIIYBaHHS CIIOJIYYCHHMX ITIOBEPXOHb I Bady 1 BKIAIUIIIB,
BHACJTIZIOK TIOTMAJaHHs Ha KOHTAKTHY IIOBEPXHIO PI3HMX YaCTUHOK, IO
3HAXOAAThCS B MACTWJIBHUX MaTepiajax 1 TepenajaiB HaBaHTaXEHb, IO
OPU3BOAATH JIO HAIMIBCYXOro TEPTS NpH 3alyCKy Ta 3yNUHKU MiIIIHITHUKA.
JledexTr BKIAIUIIIB MiIIIAITHAKA CBITYaTh PO poOaeMu poOoTu au3ens. Akiio
BKJIAJIKa MPOTpaloBaia TPUBAIUN Yac, Ha HOTO MOBEPXHAX OyIyTh BUABJICHI Pi3HI
nedexrtu. Ilig Baroro poropa Ta IHIIMX CTaTUYHUX HABAHTAXKECHBb Y IIJMIUITHUKY
KOB3aHHS MOXYTh BUHUKHYTH KOJIMBAJIbHI CHUJIM KIHEMATHYHOTO Ta IMITYJIHCHOTO
XapakTepy, fAKi COpHYMHEH1 Hi€r0 cui TepTsa. KpiM mux cuia y MmiammmHUKax
KOB3aHHS MOXYTh criocTepiratucs BiOpaiii 3 yactoroto 0,42...0,48 Bim wyactoTu
oOepTaHHs, MO0 30YIKYIOTbCS aBTOKOJMBAHHSMH POTOpa HA MACISHOMY KJIMHI.
Yaapu TiApoauHAMIYHOTO TIOXOPKCHHS 3YMOBJICHI KOPOTKOYACHOKO ITOSIBOIO
KaBITAIlIHHUX 30H.

B nmaHmii wac anig OIIHKM TEXHIYHOTO CTaHy MIAMIAIHAKIB KOB3aHHS
BUKOPUCTOBYIOTHCS METOAM OOpOOKM BIOPOCHTHANIB y YacCTOTHIM Ta YaCTOTHO-
gacoBiii oOmacti. Haiibinpmoro mnomupeHHss HaOyId CHOEKTpajdbHI METOAH
BiOpaIiiHo1 JIarHOCTUKU 3 YypaxyBaHHSIM TmepeTBopeHHs Dyp'e, ne KOKHOMY

nedeKTy yCTaTKyBaHHSI CTAaBUTHCS Y BIJAMOBIJIHICTh HAaOIp TUCKPETHUX YACTOT. Y
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3B'SI3KY 3 THM, W0 JAe(QEKTH MiAMUIHUKIB KOB3aHHS TE€HEPYIOTh 5K
HU3bKOYACTOTHY, TaK 1 BUCOKOYACTOTHY BIOpallito, iX J1arHOCTHKA MPOBOJUTHCS
CHOUIBHUM aHai30M CHEKTpa HU3bKOYACTOTHOI BIOpallii Ta COEKTPy BiOpaliitHOro
CUTHAJTy, 110 OrMHA€. MOHITOPUHI TEXHIYHOI'O CTaHy Ta J1IarHOCTHKA JE(EKTIB,
[0 BHHHUKAIOTh, € OCHOBOIO 3a0€3IE€YCHHS BHCOKOI HAJIMHOCTI €JICMEHTIB
o0naaHaHHs. Ilo CyKynmHOCTI I€(pEeKTHUX YacTOT, BUSBIECHUX Y JOCIIIKYBAaHOMY
YacTOTHOMY Jlana3oHi poOUTHCS BUCHOBOK MpO Ae(EKT 1 piBeHb HOTO PO3BUTKY.
HenonikoM  crnekTpadbHUX  METOJIB € HU3bKa €(QEeKTHBHICTH OOpOOKH
HECTalliOHAPHUX CUTHAJIIB Yepe3 PO3MUTTSI CIIEKTPIB.

[Tpomixkok Yacy 0 MOSBM MEPIIMX O3HAK BTOMH Marepially 3ajleXHTh Bif
4acTOTH OOEpTaHHsS IMiJIIMITHUKA Ta BEIMYWHU HaBaHTaxeHHs . dakThuHa
JOBTOBIYHICTh MiAMIMITHUKIB KOB3aHHS BHSIBISETHCS HIDKYOI 32 PO3PaXyHKOBY
BHACJIIJOK BHUCOKMX HaBaHTAKEHb 1 HEIOCTaTHROTO 3MAalllyBaHHS, a TaKOX
HETPaBUIBHOTO BHOOPY MACTHJIBHOTO Marepially Ta TOMHJIOK TPH MOHTaXi.
BuBueHHs MOXJIMBOCTEHl METONIB Ta MOJEJEH CHOCTEPEKEHHS 3a PO3BUTKOM
nepeKTiB y MIJUIMIIHAKY KOB3aHHS B pEajJbHOMY 4Yacl HpPEJCTaBiIsg€ HE JIMLIE
HAyKOBHM, a ¥ BEJTMKUM MPAaKTUYHUHN IHTEpEC.

Sk rinote3y B aHaji31 MOHITOPUHTY BiOpaIliifHUX CUTHAJIIB, OTPUMAHUX TIPU
eKCIuTyaTallii miAIMMITHUKIB KOB3aHHs, 00paHa €KCIIOHEHIIIIHA MOJIeNb Jerpaaarii
MaTepiaay IpH 30BHIMIHIX eKCTPeMalbHUX HaBaHTaXeHHsX [122].

Ax  wmarepiamm s aHaizy  BIOpPOMIarHOCTHUYHHX CUTHAJIIB
BUKOPHCTOBYBAIMCA CYJIHOBI MiJAIIMIHUKA KOB3aHHS Mapku TPL-88. Ixwmi

napameTpu HaBeJlleHl B Ta0. 4.5.

Ta6muns 4.5 - [Tapamerpu migmumanka TPL-88

MakcumanabHa | BHyTpimnHiii 3oBHimHii | Maca, kr | AHTH(pUKILiliHe
4yacrora aiameTp aiaMeTp NOKPHUTTH
00epTiB BaJly, | MiANIMNHUKA, | MiANIUNHUKA,
00/xB MM MM
12000 114,073 164,672 7,7 CuPb15Sn
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Po3MillleHHS NIAIWIIHUKIB KOB3aHHS T'OJOBHOMY JIBUTYHI HAaBEJCHO Ha
puc. 4.8 [93].
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Puc. 4.8 — Po3MilieHHs i IIMITHAKIB KOB3aHHS HA JIBUTYHI:

1 — migmUHUK KOB3aHHS; 2 — KoMIipecop; 3 — TypOiHa

VY paMkax mpOrHO3HOI MOJieJi IOBUHEH OYyTH BiJICYTHIM IPOIIECH CTapiHHS
Ta 3HOCY. Ll Mojmens MOBMHHA BHKOPWUCTOBYBATH JUIS alpOKCUMAIIl HEBiIOMOT
IHTEHCHUBHOCTI BIJIMOB Ha €Talli HOPMaJIbHOI eKcIuTyaTallii B MPUIYIICHHI, M0
IHTEHCHUBHICTD BIIMOB 3aJIMIIAECTHCS ITOCTIHHOIO.

Mogaens TpoOrHo3y  Jerpajamii  CyqHOBUX  MIAIIMIHUKIB  KOB3aHHS
EKCTpAIlOJII0E MUHYJIY TIOBEHIHKY, o0 mnependauntu ManOyTtHe. Ileli Tum
OOYHUCIICHh MIAXOAUTH MPU BU3HAYCHHI KOPUCHOTO TEPMIHY CIIYKOHM CKIIATHOTO
obnagHanHsa. Jlami cmig BUKOPUCTOBYBaTH Mpodinb Jaerpagarii TECTOBOTO
KOMITOHEHTA, JJIi TOrO MO0 CTAaTUCTUYHO OOYMCIUTH Yac, IO 3aJUIIUBCA MOKU
JIarHOCTUYHUHN TOKa3HUK HE JIOCATHE JESKOTO PIBHSA Jerpaiallii y3romKeHoro 3
HOPMAaTUBHUMHU JJOKYMEHTAMH Ha €KCIUTyaTallil0 MPUCTPOIO.

ExcrnioHeHIiiiHa MoJIeTh MPOTHO3Y Jerpanaiii [122] ma movyatkoBomy erari
il BUKOpHCTaHHS Tiependadae, mo (QyHKIS iHTCHCHBHOCTI BiaMoB A(t) mocTiifHa

I1J1 Yac eKCIuTyaTalli maIIMimHUuKa KOB3aHHS .
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A(t)= const >0
VMoBipHicTh iioro 6e3BiqMoBHOT poGOTH
P(t, 1) = exp(— At)
BianoBigHo MMOBIPHICTH BIIMOB MMiAIIUITHUKA
Q(t,A)=1-P(t,A)=1—exp(— At)
[HTEHCUBHICT, BIJIMOB TMPU HAKOMUYECHHI TOMIKOJKEHb OIHUCYEThCS

posmnozinom BeiiOymia
At,a)=a(A,t) " t>0,a>0,1>0

7€ O - MOKa3HUK IHTEHCUBHOCTI.

MMoBipHicTs Ge3BiqMOBHOI po6OTH 3a 4ac t piBHA

Q(t)=1—exp(~ (4t)’)

Sxmo o>1 ¢yHKUIA 1HTEHCUBHOCTI BIIMOB MOHOTOHHO 3pOCTa€, IO
BU3HAYAE MIPOIIECH 3HOCY Ta CTApPiHHS YCTaTKyBaHHSI.

[IpoBeneHHsI TEXHIYHOTO OOCIYTOBYBAaHHS CYJHOBHUX MiAIIUIHUKIB KOUEHHS
Ha OCHOBI IHTEPAKTHMBHOTO MOHITOPHHIY CTaHy, BHUSBJICHHS HECIpPaBHOCTEH Ta
NPOTHO3YBaHHS PECYpCy €HEepreTHYHOro oOJaJHaHHS MOTpedye mpu peamiszarii
ijoro Habopy I1H(POPMAIIHHUX XapaKTEPUCTUK: aMIUTITyAHUX, TUMYaCOBUX,
YaCTOTHUX TOIIO. 3MEHIIMTH IX PO3MIPHICTH 0€3 ICTOTHOI BTpaTH BXITHOT
iHopMmalrii 103BOJIsIE METOA TOJOBHUX KOMIOHEHT [123]. Meton ToJIOBHHX
KOMITOHEHT, 1110 MpaIfoe 3 0e3MepepBHUMHU MOTOKAMU JaHUX J03BOJII€E YHUKHYTH
0aratoMipHOCTI 1 BUAUISITH TUIBKM OCHOBHI XapaKTepUCTUKH 00'ekTiB. BiH
MOKJIMKAHUW PO3AIIUTH MATPHUII0 BUXITHUX JIAHUX HA JBI YACTHHU: 3MICTOBHY Ta
myM. MeTon TOJIOBHUX  KOMIIOHEHT anpoKCUMY€ N-pO3MIpHY XMapy
CIIOCTEpPEKEHb JO0 N-MIPHOTO eJincoiga, MiBBiCI SIKOTO OyIyTh TOJOBHUMH
KommoHeHTamMu. [IporHo3Ha ekcroHeHIliiHa Mojenb A03BoJisge 3aiiicautu [13P B
peasbHOMY Yaci Ha OCHOBI CTaTHCTHYHOI OOpoOKHM AaHWX Ta iX o0'eqHaHHSA. Y
peamizailii TpOrHO3HOI MOJEINI METOJ| TOJIOBHUX KOMIIOHEHT 3aCTOCOBYETHCS [0
JAHUX, 3alTUCAaHUX Y BHUTIISAI MATPHUIll YHUCENT po3MipHICTIO NxM. Ilpu miaroTomii

JAHUX BUOIPKY LIEHTPYIOTh, 1100 CEepe/lHE 3HAYEHHS O3HAK, 110 JIOPIBHIOE HYIIIO,
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3aMIHUBIIM KIHIEBY MHOXXHHY TOYOK MPSMUMH 1 IUIOIMHAMU. J[Jig KIHIIEBOrO
Habopy 0e3iiui BEKTOPIB X1,X2,.., Xn€R" , ne R" — niHiitHI pi3HOMAHITTS, OTPIOHO
3HAWTU Takl 3HAYEHHS MHOXHWHHU JiHIHHMX KoMmOiHamiin SkcR", mob0 cyma
KBaJIpaTiB BIAXUIEHB X; OT Sk OyJsia 6 MiHIMAIbHOIO.

JIiHiiiH1 pI3HOMAHITTA € HaOOpOM TOJIOBHUX KOMIOHEHT. Ilpu omuci
BUIAJKOBOi BEJIMYMHU BHUKOPUCTOBYETHCS MaTe€MaTU4YHE OYIKYBAaHHS, IO
BIIOOpa)Ka€ IEHTP TSKKOCTI I€]l BEJIMUMHM Ta AWCHEpPCis, 10 BigoOpaxae ii
po3Mipu AK po3kuj. Jns omucy OaraToBUMIpPHOi cHeliadbHOI BETUYMHHU y pasi
BUHHKHCHHS BiOpalliiHUX CUTHAJIB KpPIM MaTeMaTHYHOrO O4YiKyBaHHs E(x) Ta

eJIEMEHTaMHU SIKOT € KOopeJisllii 03HaK x;i Ta Xj [122]:
COV(X,,X,) = E[(xi —Ex|): (xj - E‘xj‘)]

VY koBapiatliiiHiii MaTpuIll BIACHI 3HAYE€HHS BUKOPUCTOBYIOTHCS JJIS OIL[IHKU
BKJIJTy TOJIOBHUX KOMITOHEHT Y 3arajbHy 4yTHICTb MPOILIECY AeTrpaallii CTpyKTypH
Ta (I3UKO-MEXaHIYHMX BJIACTUBOCTEH MarepiajiiB, M0 3MIHIOIOTECS TIPHU
eKCIUTyaTallii y CKJIaJJHUX YMOBaxX HaBaHTAKEHHSI.

Peanizariitna cTpyKTypa MPOTHO3HOI E€KCIIOHEHINMHOT Mojeni mepeabdadae
OOYHUCIICHHS] TOJIOBHUX KOMIIOHEHT, CTAaHJIApPTHU3allil0 JlaHUX, MPUBEIAEHHS iX
HYJIbOBOMY CEpEIHBOMY 1 OJWHWUYHOI aucmepcii. AITOPUTM METONIY TOJOBHUX
KOMIIOHCHT € OpTOTOHAJIbHE JIiHIWHE IEePEeTBOPEHHs, IO BigoOpakae maHi 3
BUXIJTHOTO TMPOCTOPY O3HAK B HOBHH WPOCTip JiHIHHOI po3mipHOCTL. I[lpm
MPOCKTYBaHHI OCHOBHUX KOMIIOHEHT (OpPMY€EThCSI HOBHMM 0aszuc, 3HIKYETHCS
PO3MIpHICTH 1 30epiraeTbcs HalOIbIIe iHGOpMarltii. Lleit MeTom BKIFOYAETHCS 10
AHAMITUYHUX TUIATGOPM 1 BUKOPHUCTOBYETHCS HA OCHOBI MepeoOpOOKH JTaHUX.
BinnentpyBaBim BUOIpKY BXITHHX JaHUX, HEOOXIHO 3pYIIyBaTH ii JIHIHHO TaK,
mo0 cepeaHi 3HAYCGHHS O3HAK JOpiBHIOBaHM Hymo. Jns omucy dopmu
BUIIAJKOBOTO BEKTOpa HEOOXiJHAa MaTpullsd KoBapiaiii, y sKoi I, | eJeMeHTH €
KOpEeJSIi€l0 O3HaK X U Xj. KoBapiamiiiHa MaTpuis € y3araabHEHHSM AHCIepcCii

0araToBUMIpHOT BUIIA/IKOBOT BETUYUHHU.
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OOuncneHHsT OCHOBHHUX KOMIIOHEHT 3BOJMTHCS 1O OOUYMCIEHHS BIIACHHUX
BEKTOpIB 1 3HAYEHb KOBaplalloHOI MaTpuIi. Y MaTpuul MO JlaroHail OyayTh
JaUcHepcii 03HaK, a B IHIIMX OCepe/iKax — MIACTYIU Nap LUX O3HaK.

MogentoBaHHs  pO3MOJITY EKCIOHEHIIMHOI WMOBIPHICHOI — JUHAMIKU
napameTpiB JIarHOCTUKM Ta MPOTHO3YyBaHHS Mg 30epekeHHs Maciutaly ciif
BUKOHYBATH 3a JOMOMOTIOI0 JorapupmiuyHoi cyorapMoHiuHoi (yHkuii. Bunaakosa
BEJIMYMHA MIANOPSAKOBYETHCS 10 JIOTApU(DMIYHOIO HOPMAJIBHOTO PO3MOJLTY,
AKIIO ii JorapupmM Mae HOpMaIbHUN PO3MOILI.

HIinpHICT  HOPMAJBHOTO  JIOTApU(MIUHOTO  PO3MOAUTY  BUIAIKOBOI

BEJIMYMHU OIUCYEThCS BUpa3oM [122]:

P(X)—Ll_l_ex _E(Mj
o271 X P 2 o

o,M — mapameTpu PO3MOoJiy.

JlorapuMigyHUH  HOPMaJIBHHMA  PO3MOJIA  BHITAJIKOBOI  BCIMYMHU
ACUMETPUYHUM, SKIIO TOpiBHIOBATH #oro 3 ['ayciBCbKUM  HOpPMAaJIbHUM
PO3IO1JIOM BUIIAIKOBOT BETUYUHU [3.

3 ypaxyBaHHSM ITUX TIOSICHEHb Ta MPHUIYIICHh MOXKHA 3alpOIOHYBaTH
aHAJITUYHE TIIOJJaHHS IIPOTHO3HOI EKCIIOHEHIIMHOT MOJeNll CTaHy CYyJIHOBHX
MMIIITAITHAKIB KOB3aHHS.

Toni excroHeHIianbHa MOICIb IPOTHO3Y Jerpajarii BU3HAYAEThCS K

h(t) = g0+9exp(,8t+g—%2)

ne h(t) — moka3HMK MOTOYHOrO CTaHy IMiAIIMITHUKA KOB3aHHS SK (DYHKIIis
qacy;

@ — KOHCTaHTa MEPETHUHY;

01 [ - mapameTpH, 1110 BU3HAYAIOTh HAXWJI MOJEII;

0 - norapupMIuYHUN HOPMATLHUMN PO3MOILI;

f - po3noin 3a ['aycom.

Ha xoxunomy kpoui yacy t po3nogin @1 [ OHOBIIOETHCS 10 allOCTEPIOPHOTO

Ha OCHOBI OCTaHHBOTO crioctepexxeHHs 3a N(t). [Tapamerp ¢ € NayciBcbkuM OiMM
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IIYyMOM, G 2 — IUCHEPCis.

Unen — 62/2 B eKCIIOHEHTi Mae 3MyCHTH od4ikyBaHHs h(t) 3am0BONBHATH

YMOBY
E[h(t) |0, ] = ¢+ Oexp(A)

VY  exknoHeHIianbHI MOJEeIl NPOrHO3Y CTaHy CYJHOBHUX MIJIIMITHUKIB
KOB3aHHS BUKOPUCTOBYETHCS TaKe MOHSATTS Teopli iHGopMalii K TayCIBCbKUN
Ooumii mym. [ayciBcekuii OuMi myM - 1e abCcTpakTHa MaTeMaTH4Ha MOJIEhb
CTAIllOHAPHOTO BHIMAJIKOBOTO TMpOIECYy 3 TMOCTIHOI Ha BCIX YacToTax
CHEKTPAJIbHOIO HIUIBHICTIO, IO € CYMILIIIIO 3BYKIB, II0 BIJTBOPIOIOTHCS
OJIHOYaCHO Ha Bcix yacTtoTax. [ayciBcbkuil Oinmii 1mym  abCOIIOTHO
HEKOpEIhOBaHNU, TOOTO Oy/b-sIKE MUTTEBE 3HAUCHHS ITyMY HisIK HE IMOB'S3aHE 3
MOTIEPETHIM.

[Ipu moctobpob1i nporHo3Hoi iHpopmarii OyjJ0 BHU3HAYEHO CTATUCTUYHI
XapaKTePUCTUKU BIOPOCUTHAIIB Yy 4YacOBIM Ta YacTOTHIN obnactsax. Y yacoBiit
obnacti Bu3Hauvanucs 11 CTaTUCTUYHUX XapaKTePUCTHK MPOTHO3HOI 1H(opMarii:
cepenne 3HaueHHs (Mean), ctangaptae BiaxwmieHHs (Std), acumerpis (Skewness),
excrec (Kurtosis), moBauit po3zmax konuBanb (Peak2Peak), cepequprokBaapatrune
snaueHHsa (RMS), xpect-dakrop (CrestFactor), dopm-dakrop (ShapeFactor),
immyiscHui daxktop (ImpulseFactor), rpannunuii ¢pakrop (MarginFactor), eHepris
(Energy). ¥V wyactoTHiii oOnacti Bu3Havyanucs 4 CTATUCTHYHI XapaKTEPUCTUKHU:
cepenHe cnekTpanbHe 3HaueHHs1 (SKMean), cTanmapTHe CrieKTpaabHE BIAXHUICHHS
(SKStd), cmekrpansna acumetpis (SKSkewness) Ta chekTtpaipbHUN eKcIiec
(SKKurtosis). Yci mepenideHi CTaTUCTAYHI XapaKTEPUCTUKH BIOPOCUTHAIIIB
MOXXYTb OyTH MOTEHIIHHUMH 1HAMKATOPAMHU JIETpajiallii Ta MPOTHO3YyBAaHHS CTaHy
M IIITATTHAKA.

EBomrorisi  6€3po3MipHUX CTATHCTHYHHUX XAPAKTEPUCTHK BiOpariiiHux
CUTHAJIIB y TpOIECi eKCIUTyaTtallii MiAMWITHAKA KOB3aHHS TMpeJCTaBiIeHa Ha

puc. 4.9.
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Puc. 4.9 — EBomtoniist 6€3p0o3MipHUX CTATUCTUYHUX XapaKTEPUCTUK

BiOpaIlifHUX CUTHAJIB y MPOIIECi EKCILTyaTallii i IUITHIKA KOB3aHHS (CHHSI JIiHIs

— BUXIJIHI 3HAUCHHS, YSPBOHA — 3TJIaPKCHI 3HAUCHHS)

CraTucTUYHI TTOKa3HUKU BIOPOCHUTHATIB Ha BIIMIHY METOJIIB MAaTEeMAaTHYHOT
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CTaTUCTHUKH 1 IMITAl[IiHOTO MOJENIOBAaHHSA BUKOPUCTOBYIOTh y peasi3allii METOAu
MAalIMHHOIO HAaBYAHHS TaKl SIK HEUPOHHI MEpPEeKi, METOAU IIMOOKOro HaBYaHHS,
METOM  HEMapaMeTpPUYHOI  CTaTUCTHMKH. Taki  meronu  goOpe  cele
3apEeKOMEH]IyBaJIl MpPU OLIHLI HECIPABHOCTEH arperariB, MPOTE€ BU3HAYUTH 3 iX
JIOTIOMOTOI0 CTYIIHb 3HOUTYBaHHS, OJU3bKICTh 10 CTaHy Jerpajalii Ta KUIbKICHUX
ouiHok 3P HemoxnuBo. i1 po3B'si3aHHS LBOTO 3aBAaHHS MOTPEOYIOTHCS BEIUKI
eKCTIEPUMEHTAIbHI JTOCIIKSHHS 010 €BOJIOIIT IIUX XapaKTePUCTHK B YMOBaX
eKCIuTyaTarii.

BuitydeHi cTaTUCTHYHI XapaKTEepPUCTUKU BIOPOCUTHATIB MOB'SI3aH] 13 ITyMOM.
Mym € mxigmeuM aist [13P. Oxna 3 HaviBaxnuBimux BaactuBocteit pyukiii [13P
— 11 MOHOTOHHICTh. BiOpariiinuii curHans oOOB'S3KOBO Ma€ OYTH HECTIMKUM 10
mymMy. ToMmy 10 BHIyYEHHUX CTATUCTHYHUX XapaKTEPUCTHUK 3aCTOCOBAaHA
npoueaypa  ¢uipTpamii  Ta  3raakyBaHHs.  [IOpiBHSHHA — BHXIJHHUX — Ta
BIA(UIBTPOBAHMX XapaKTEPUCTUK MPOTHO3yBaHHsS BiOpocurHamniB [I3P naBenmeno
Ha puc. 4.6. ['onOBHUM KpUTEpiEM TNPUHAIEKHOCTI OACP>KAHUX CTATUCTUUYHHUX
xapakTepucTuk BiOpocurHamiB II3P B wacToTHi#i Ta YacoBiii oOmacTi a0 ix
MOJIAJIBIIOTO aHAJ3Y € YUCeNbHE 3HAY€HHS MOHOTOHHOCTI.

MonoToHHICTh (PYHKIIIT O/THI€T 3MIHHOT, BU3HAYECHA HA JACAKOMY ITIIMHOKHUHI
JTIACHUX YHCEII, BBAYKAETHCS JTIMCHOIO y pa3i KoM 00JIaCTh BU3HAYCHHS HE 3MIHIOE
3Haka. JlocaimpkeHHs GyHKIIIT 3pOCTaHHs 1 3MEHIIICHHS MMOKa3ye, 110 MOHOTOHHICTh
e 30epekeHHsT MOPsAAKY. MOKIMBICTh MOHOTOHHOCTI 3a CITQJIaHHSAM TIOB'3aHa 3
TAM, IO Ha Oe3didyi 3Ha4YeHb 30epiraerbcs IyalbHUN TOPSAOK. bynb-sika
MOHOTOHHA TIOCHIJIOBHICTh OOMEXeHa TpHHAWMHI 3 omHoro Ooky. SIKiio
MOHOTOHHA TOCIIOBHICTh, TO II¢ O3HAYa€, IO BOHA 3aBXKIU 30UIBIIYEThCS ab0
3MEHIYEThCA. | pa3oM 3 THM, SIKIO MOCIIJIOBHICTh 1HOMI 3MEHIIYETHCS, a 1HOII
30UTBITYETHCS 1 HE Ma€ TOCTIMHOTO HAampsSMKy, TO TakKa IIOCTIIOBHICTh HE
MOHOTOHHa.

VY [123] ansa KiAbKICHOI OIIHKK HAJIEKHOCTI CTATUCTUYHHX XapPaKTEPUCTHK

710 TIOAATBIIIOTO aHATI3y 3aMPOIIOHOBAHO BUKOPHUCTOBYBATH (HOPMYITY
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m [number of positive diff (x/)—number of negative diff (x/
Monotonicity(x;) = %Z‘ P ( 3] . g ( )‘
i1 -

e N — KUTBKICTh TOYOK BUMIPIOBAaHHS, Y HAIIoMy BUmaaky N = 50;

M — KiIBKICTh KOHTPOILOBAHUX 00 €KTIB, y HAIIOMy BHIAAKy M =1, X i-a
XapaKTepUCTHUKa, BUMipsiHA Ha j-M 00’ exTy, diff(xd) = xi(t) — xi(t — 1).

PesynbTaT po3paxyHKy MOHOTOHHOCTI CTaTUCTUYHUX XapaKTEPUCTUK

BiOpocurHamniB [13P B yacToTHii Ta yacoBiii o0nacTi HaBeaeHO Ha puc. 4.10.

0.9

0.8

0.7

Monotonicity
© o© o o©
w B [8,} (=2}

o
N

0.1

Puc. 4.10 - MOHOTOHHICTh CTATUCTUYHHUX XaPaKTEPUCTUK BIOPOCUTHATIB,

[0 BUHUKAIOTh Y TIPOIIEC] eKCIUTyaTallii MiITUITHIKA KOB3aHHS

CraTtucTU4H1 MOKAa3HUKH MPOTHO3Y 3 OIIIHKOIO MOHOTOHHOCTI Oinmbiie 0,3
BUOMPAIOTHCS NS iX 00'€THAHHS y TOJATBIIIOMY aHaTi31 13 3aCTOCYBAaHHSIM METOIY
TOJIOBHUX KOMIIOHEHT. SIK MoKa3ain 004YHCICHHSI MOHOTOHHOCTI 3HAUYCHHS O1JIbIITe
0,3 wnabymu: crangaptae BinxwieHHs (Std), mToBHMII po3Max KOJWBaHb
(Peak2Peak), cepennbokBagpatnyne 3HaueHHS (RMS), enepris (Energy),

rpannuHuii paktop (MarginFactor), excriec (Kurtosis), dopm-daxtop (ShapeF
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CTaHAapTHE cnekTpanbHe BiaxuiaeHHsa (SKStd).

JUis  3MEHILEHHS PO3MIPHOCTI aHaNI30BaHMX BEJIIMYMH MPOTHO3HUX
CTaTUCTHUYHUX XAPAKTEPUCTUK Ta 00'€THAHHA O3HAK BIOPOCHUTHANIIB 3aCTOCOBAHO
Metoa roinoBaux komnoHeHT (PCA principal component analysis). Kopuctyrouncs
CUCTEMOIO KoMIT'toTepHO1 MaTemaTuku Matlab 2018b mpu o6poOiii cTaTuCTUYHUX
XapaKTepUCTUK BIOPOCUTHANIIB 3 MOHOTOHHICTIO Ouibiie 0,3 Oyno oOuyucieHo
nepmia ronosHa komnonenta PCA1. Ii posmoain 3anexHo Bix AHA BUMipIOBaHHS,
AKUN KOPENIOE 3 TMOCIIJJOBHUM HAOJMKEHHSM CTaHy HiJAIIMITHUKA KOB3aHHS 0

BIIMOBH, TIOKa3aHo Ha puc. 4.11.

30t

25}

207

151

PCA1

101

5 | _ CZ‘C; £

= 7 14 21 28 35 42 49
Time, days
Puc. 4.11 - [lepima rojoBHa KOMIIOHEHTA JJIs1 TTOCTIAOBHO 3a()iKCOBaHUX

BiOpOCHUTHAIB MPHU €KCILTyaTaIlil MiAMUITHAIKA KOB3aHHS Ta HAOIMKEHHS HOTOo 10

CTaHy BiIMOBH

I'padix Ha puc. 4.11 mokasye, 1m0 mepina rooBHA KOMIOHEHTY MPOTHO3Y
CUTHAITy BiOpOMIarHOCTHKU 30UTBIIYETHCS B Mipy HAONIMKEHHS MiAINIMITHUKA 0
BiIMOBM. TakuM dYWMHOM, TEpIIa TOJOBHA KOMIIOHEHTa MPOTHO3Y CHUTHATY
BiOpDOJIIaTHOCTUKK - 1€ TMEpPCIHEeKTHBHUNA KOMOIHOBAaHWW 1HIUKATOP CTaHy
T ITATTHAKA KOB3aHHS.

Ha mnpaktuii gaHux BChOTO JKHUTTEBOTO IIUKIY MIAIIAITHUKA KOB3aHHS
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BUSIBIISIETBCSI HEAOCTAaTHBO JJISI PO3POOKH ajIroOpuTMy TMPOTHO3Y, MPOTE BOHHU
MOXYTh OYTH PO3TJSHYTI SIK JaH1 JJI1 HABYaHHA CHCTEMHU MPOTHO3YBAHHS CTaHY
MIJIIMITHUKIB CYJHOBUX KOB3aHHS MNpH iX ekciutyatamii. Tomy naHi, 3i0paHi y
nepii 20 nHiB (40% >XKATTEBOTO LUKITY), PO3TIIANAIOTHCS SIK AaH1 A1 OTPUMAHHS
HACTYITHUX TPOTHO3IB. Y HACTYNMHHUX OMNEpPalisiX paHXyBaHHS Ta MOETHAHHSI
BYKJIMBOCTI (PYHKIIHA MPOTHO3YBAaHHS BUKOPUCTOBYIOTHCS JIMIIE TaH1 HABYAHHS.

Y pobGoti Bukopuctano amroputm Exponential Degradation Model,
peamizoBaHUN Yy cHCTEeMiI KOMIT'IOTepHOI Marematuku Matlab 2018b, nmns
MO/ICTFOBaHHS Ta TIPOTHO3YBaHHS MPOIIECY €KCIMOHEHIIHHOT Jerpaaaii Ta OIiHK!
TepMiHy KopucHoro BukopuctanHs (Remaining Useful Life (RUL)) nigmmnauka.
Mopeni nerpanamii  omiHooTh RUL, mnporHosyroum, KoOJW CHUTHAJ, IO
BIZICTe)KY€EThCS, IEPETHE 3a3/1aJIeTi[b TICBHE MIOPOTOBE 3HAYCHHSI.

Bubip moporoBoro 3Ha4deHHsS IHAWKATOpa CTaHy MiAIIAITHAKA KOB3aHHS
MOJKE TPYHTYBATHCS Ha XPOHOJIOTIYHUX 3alycax CTaHy IiIIIMITHUKA a00 MeSTKUX
npeIMEeTHUX 3HaHHSIX. OCKUIBKM B JIOCHIKYBAaHOMY Ha0Opi CTaTUCTUYHUX
XapaKTepUCTUK HEMAa€ XPOHOJOTIYHUX JaHUX, TO 3a T[OPOrOBE 3HAYEHHS
BUOMPAETHCSI OCTAHHE 3HAYEHHS IHAUWKaTopa mpanesgatHocti h(t). Bubip
MOPOTOBOTO 3HAYEHHS I[IOYATKy Jierpajaiii MpOBOJUTHCA 3 YypaxXyBaHHAM
XPOHOJIOT1YHHUX 3TJIAJPKEHUX JIaHUX.

Ax BuruBae 3 puc. 4.6 1 4.8 MOCHKEHHS CTATUCTUYHUX XapaKTEPUCTHK
BIOPOCUTHAIIB BUSBISE TEPEBAXKHO BUCXITHUNW TPEHJ Y pa3l 3pOCTaHHS dYacy
eKCIUTyarTamii  MIAIIMIHAKA KOB3aHHSA. AMNpPIOPHICTh MMapamMeTpiB  HAXUITY
BapitoeThca B Mexax (E(6) =1, Var(€) = 10°, E(B) = 1, Var(h) = 10°), ne 10° —
MacmTabuuii gakrop posnoainy Ilpu mboMy mMozens B OCHOBHOMY MOKJIAIa€ThCS
Ha JIaHi, o0 crocTepiraroThes. Buxomsun i3 cmiBBigHomenus E[h(0)] = ¢+ E(6),
MIEPETHH ¢ BCTAHOBIIOETHCSA PIBHUM -1 Tak, o0 Mozaenb nmounHanacs 3 0.

3B'SI30K MIX 3MIHOIO IOKAa3HWKA CTaHy Ta 3MIHOIO IIyMy MOXe OyTu

OTPUMAaHHMI HACTYTHUM YHHOM:

Ah(t) = (h(t) — 9)Ae(t)
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Tyt nepenbauvaeTscsi, MO0 CTaHAAPTHE BIAXWICHHS IIyMy Bukiukae 10%
BIJIXWJICHHSI 1HJIMKATOpa MPaLEe3IaTHOCTI, KOJIM BIH HAOJIMKAETHCSA A0 TPAHUYHOTO
3HAYEHHS.

Mopenb eKCHIOHEHIINWHOI  Jerpajauii  TakoX Hajgae (PYHKIIOHAJIbHI
MO>KJIMBOCTI OI[IHKM 3HAYMMOCTI Haxwily. SIK Tiibku OyJe BHUSBICHO 3HAUHHI
Haxujl IHAMKATOpa Mpane3gaTHOCTI, MOJieNb 3a0yie MONepe/IHI CIIOCTEPEKEHHS Ta

nepe3anyCTUTh OI[IHKY Ha OCHOBI BUXIJHUX allpiOPHUX 3HAYCHD.

Ha puc. 4.12 nokazano poOOTy €KCIOHEHIIHHOT MoJell Jerpaaarii cTaHy

MIIITAITHAKA KOB3aHHS Ha TIPUKJIA/1 PO3TJITHYTUX BUIIE BIOPOCUTHAIIB.
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Puc. 4.12 — OmuiHka 3aJUIIKOBOTO pecypCy MiAININITHIKA KOB3aHHS Ha

OCHOBI €KCTIOHCHITIITHOT MOJIeNl IeTpaaailii cTany (4epBOHA JIiHIS — TPAaHUYHE

3HAYCHHS 1HIUKATOpA CTaHy, CHHS JIiHISA — eKCTIOHCHITIHA MOJIeITh Jerpaarlii,

’KOBTA JIIHISI — MOTOYHE 3HAYEHHS 1HIUKATOpa CTaHy, MyHKTUPHA JIHIS — MEXI

JIOBIPYOTO 1HTEPBATY)



149

YiTKO BHJIHO, [K 3MIHIOETbCS MPOTHO3 3aJ€XKHO BIJ HAXWUIY KpHUBOI
inauKaropa crany. [Toporose 3HaYeHHS 1HAMKATOpa CTaHy BHOpaHO piBHMM h(t) =
36 Ha 20 neHb MOHITOPHUHIY, OCKUIBKH MEpUIl ABAALSTh JHIB BUKOPUCTOBYBAIHCS
JUT HaBYAHHSI MOJEIL.

Ak 6aunmo Ha puc. 4.12 gxu1o AJiss HABYAHHS MPOTHO3HOI €KCIOHEHINIHOT
MO/IeJIl CTaHy MiIIIMITHUKIB KOB3aHHS B MPOLECI eKCIUTyaTallli BAKOPUCTOBYIOThCS
JlaHl 3a Tepir IBaAlAaTh 10 poOOTH MiAIMIMITHUKA KOB3aHHS, TO €KCIIOHEHIIIITHA
MOJIENTb J1a€ TIEPEBUILEHHS MOPOTOBOTO 3HAYCHHSA HA M'ATASCATHH neHb. I[Ipore,
CJI1J1 3a3HAYUTH, 1110 MEXa JOBIPUYOro 1HTEpBaIly, IOKa3aHa MyHKTUPHOIO JIHIEIO HA
puc. 4.12, mepeTrHA€E MOPIT HA COPOKOBUI JIeHb €KCIUTyaTallii maAmunHuKa. Tomy
MOJKHA CTBEPJKYBAaTH Pe3yJIbTaT MPOTHO3YBaHHS, IIO MICJS COPOKa JHIB pOOOTH
NOJJaNTbIA SKCIUTyaTAaIlisl i IITUITHIKA € HeOe3MeIHOIO.

JIo XpOHOJIOTIYHMX JaHMX PO TEXHIYHMH CTaH MiIIMITHUKA KOB3aHHS
MOXXYTh OYTH BIJHECEHI CTPYKTYpHI Ta (YyHKIIOHAJIbHI CXEMH B3a€EMOJIi
MiJCUCTEM, aJTOPUTMH YIPABIIHHS, J1aHl PO PEKUMH, XaPAKTEPUCTUKH CUCTEM
KOHTPOJIIO, JIarHOCTYBaHHS Ta TMPOTHO3YBAaHHS, METOAM EKCIUTyaTaiii Ta
TeXHIYHOT MiATpUMKH. HemosikoM Takoi OIIHKK € BIJACYTHICTh HEBHU3HAYEHOCTI,
M0  XapakTEepU3YEThCS  peaJbHUMHU  pe3yJbTaTaMud  poOOTH  MPHUCTPOIO
JIarHOCTYBaHHS TPOTHO3YBaHHS, a TaKOX OIllHKa BIUIMBY  30BHINIHIX
BIUTMBIB.

Jlns  aHamizy MPOTHO3Y €(PEeKTHMBHOCTI BUKOPHUCTOBYETHCS O-A Tpadik,
TIoKa3aHuii Ha puc. 4.13, 1e Mexa BcraHOoBIIeHa Ha 0.=20%. FIMoBipHicTH TOTO, 10
omirae RUL 3nHaxomutbest mik mexeto ictunHOoro RUL, po3paxoByeThes sk
MOKA3HHUK TIPOTyKTUBHOCTI TPOTHO3HOT MOJIETII:

Pr(r*(t) —ar*(t) <r(t) <r*(t) + ar *(t) | ©(t))
e r(t) - ouminae RUL mix gac t,
r*(t) - cnpaexxue RUL mix gac t,

O(t) - ue oriHeHI MapaMeTpy MPOTrHO3HOT Mol i Jac t.
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Puc. 4.13 — o-A rpadik aHamizy mporosy epekTuBHOCTI pOOOTH i IIIUITHUKA

KOB3aHHJ

OckiTbKM BCTAHOBIICHI anpiopi 3HAYCHHS MapamMeTpiB MoJielli MPOTHO3Y He
BiJIOOPaKAIOTh CIIPABXKHBOTO AlPIOPHOTO 3HAYEHHS MOTPIOHO KiTbKa TUMYAaCOBHX
KpOKiB, 1100 MPUCTOCYBATHUCS JO TMPaBWIBHOrO posnonaury mapamerpiB. [lossa,
po3Mi3HaBaHHS Ta  PO3BUTOK €  CTAaTUCTHYHUMH  XapaKTECPUCTUKAMHU
MIPOTHO3YBAaHHS, IO MOTPEOYIOTh BEIMKOro obOcary BXimHOI iHMopMmarii. Y mmx
MIPOTHO30BaHUX CTaHAX MOYATKOBE CTAHOBHWIIE HEBH3HAYEHO 1 TOMY CTaTHCTHYHI
XapaKTepUCTUKH HEMOXJIMBO 3HAWTH TOYHO poO3paxoBaHi. Jlns miaBUIIECHHS
TOYHOCTI TIPOTHO3YBaHHSI HEOOXIHE MOCTIfHE MOMOBHEHHS MOTOYHOI iH(pOpMAaIlii
Ha KOXHOMY Kpoii mnporHo3dyBanHs RUL, 1o OIiHIOEThCS BIAMOBIIHAMU
nMoBipHOCTSIME. [IpOrHO3 CcTae GiIBIT TOYHUM Yy MIpy TOTO, SIK CTa€ JOCTYMHIIIAM
OibIIIe TOYOK JAHWX CTATHUCTUYHOIO aHAIII3Y.

TakuM YHHOM, MOXHa 3pOOMTH BHUCHOBOK, IO Ha IJCTaBl BUKOHAHUX
pPO3paxyHKIB MOHITOPHHTY MPOTHO3Y CTaHy MiANIAITHAKIB KOB3aHHS Ha OCHOBI

BUMIPIOBaHb BiOpaliifHUX CUTHAJIIB 3 BUKOPUCTAHHSIM METOJY TOJIOBHHUX
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KOMIIOHEHT BCTAaHOBJIEHO HOBUW MPOTHO3HUM 1H(POPMALIMHO-A1arHOCTUYHUN
napaMeTp y BUIVISIAI MEPIIOi FOJIOBHOI KOMIIOHEHTH, L0 J03BOJISIE O0'€HATH
Ha0lp CTAaTHUCTUYHUX XapaKTEPUCTUK BIOpaIliHUX CHUTHAJIB MpU 3MEHIICHHI
LIYMOBOI CKJIaJ{0BOI.

ExcrioneHuiina Moziesib MPOTrHO3y JAerpajalli 3 ypaxyBaHHIM HMOBIPHICHUX
OI[IHOK HEBM3HAYEHOCTI Ta JOBIpUOi OIIHKKA MPOTHO3IB TOKa3ana, IO s
BUMAJKIB, B SKHX BHUKOPUCTOBYETHCS HOPMAJIbHUNW PpO3MOALL, JIOCTATHHO
BUKOPUCTOBYBATH JOBIPUMN 1HTEpBAJI Y BUIJISIAL CMYTH, IIO PO3MOBCIOJIKYETHCS,
HABKOJIO MporHo3oBaHoi Touyku 1 omiHUTE RUL Ha ocHOBI 3a3nmaneriib
BCTAaHOBJICHOI'O MOPOTY BiIMOB. BcTaHOBIIEHO, IO MPOTHO3M, 3p00JIeH]1 Ha paHHIN
CTajii, MalOTh JOCTYI JO0 MEHIIOI KUIbKOCTI 1H(pOpMallii Npo JUHAMIKY PO3BUTKY
MOILIKO/KEHb 1 BUMArarOTh IMPOTHO3YBaHHA Ha OUIbII BiAjaleHl TOPU3OHTH 3
ypaxyBaHHSM anocTepiopHoi iHpopMmarii.

[TinBuieHHs: eEeKTUBHOCTI €KCILTyaTallii CyJHOBUX TPAHCIOPTHUX 3acO0iB
3 BUKOPUCTAHHSM METOJY J1arHOCTHKHU Ta MPOrHO3YBaHHS CTaHy JeTajled 3TiJHO 3
IPOTHO3HOK MOJEIUIIO JeTrpajaliii MaTepiany B IpoOIeci eKCIUTyaTallil MoJsirae y
pPaHHbOMY BHSIBJICHHI HECIIPABHOCTEH, 1110 103BOJISIE 3HU3UTH BUTPATH Ha PEMOHT
po0OTH, CKOPUTYBAaTH IHTEpPBAJIM Ta MPOTpaMU TEXHIYHOTO OOCIyrOBYBaHHs Ta
PEMOHTY, LUIIXOM BHSBJICHHS CIA0KUX MICLb Ta CIOCTEPEKEHHS HaJ PO3BUTKOM
nedeKTiB 10 6€3MOBOPOTHOTO 3HOCY AeTasiei. [Ipu boMy CKOPOUYYIOTHCS TEPMIHU

MDKPEMOHTHOI eKCIUTyaTaIlii Ta MiJBUINYEThCS HAAIHHICTh 00IaTHAHHS.

Bucnosku 10 1V po3ainy

1. BukoHaHO eKCIEpUMEHTAIbHE JOCIIHKEHHS CTOCOBHO PO3POOKHU
iH(hOpMAIIIITHO-TIarHOCTUYHOTO TMapaMeTpy CYAHOBHX IIAIIUITHUKIB KOB3aHHS.
[ToxazaHo HEOOXIMHICTh IHAMBIAYATBLHOTO MIAXOMy K O0’€KTY M1arHOCTYBAaHHS 3
ypaxyBaHHSAM crienuigvHrX yMOB ioro (yHKIioHyBaHHsS. BuszHaueHo TpymHOIII
BCTAHOBJICHHSI [IIaTHOCTHMYHUX TapaMeTpiB, $KI TOB’S3aHI 3 PI3HOMAHITTIM

CTATUCTUYHUX XaPAKTEPUCTHK BIOPOCHUTHAIIB Ta MOMJIMBICTIO iX BUKOPUCTAHHS
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JUISL CTIOCTEPEKEHHSI CTPYKTYPHUX 3MIH MaTtepiajiB JeTalied B CKIaJIHUX YMOBax
excruryaranii. HaBeneHo oco0gMBOCTI BIOPOJIarHOCTUKM POTOPHUX MEXaHI3MIB,
AKl TOJIATAIOTh Y TOMY, IO 30Kpema ()I3MYHUX BHUMIPIOBaHb MOTPEOYyeThCA iX
BUKOPHUCTAHHS y MaTeMaTHYHHUX MOJENSIX IiarHOCTHKH. BUKOHaHI pO3paxyHKH
CTaTUCTHUYHUX XapaKTEPUCTUK BIOPOCHTHAJIB B YacOBIM Ta 4acTOTHIA 0OJACTAX.
BigmiueHo 1iX NOpUHIMIIOBA MOXJIUBICTh BUKOPUCTAHHS SK MOTEHI[IAJbHUX
IHAMKATOpIB Jerpajaauii crany warepianiB getaned CEY. Jlnga npaktuyHoro
OOTpYHTYBaHHA  JIarHOCTUYHUX  MapaMeTpiB  MOTPeOyeThCS  ONTUMI3allis
PE3yNbTATIB PO3PAXYHKIB [0 PI3HUM KPUTEPISM.

2. 3anponoHOBAaHO METOJT OararokpuTepiaibHOI ornTuMizarii
JTIarHOCTUYHUX XapaKTCPUCTUK  CYJAHOBUX IIIIMITHUKIB KOB3aHHS Ha OCHOBI
aHai3y eBOJIIOLIT MOLIKOKEHb TypOOHArHiTauiB. Sk mapaMeTrpu ONTHUMI3AIli
BUKOPHUCTYIOTBCSI ~ OCOOJIMBOCTI ~ OCHOBHUX  XapaKTEPUCTHUK  TPAEKTOPil
JIarHOCTUYHUX CHUTHAJIIB. MOHOTOHHICTh, IIBUIKICTH 3MiH, YYyTJIHBICTH JI0
BU3HAauUeHHs 3P, BiIXWIEHHS BiJ aAMTUBHOCTI, €HEPTis, BUTpayeHa Ha PO3BUTOK
nedekry. KoxHa AMCKpeTHa XapaKTEpUCTHKA BIOPOCHUTHATY alpOKCUMYETHCS
HETIHIHHOW  (QYHKIIE y BUIIAAI  KyOIYHOTO  CIUIalHy HaA  JUISHIN
nepenpyuHyBaHHS.

JIJist 0CTaTOYHOTO BHCHOBKY Ta BCTAHOBJICHHS ONTUMAIBHOI JA1arHOCTUYHOI
XapaKTePUCTUKH HEOOXITHO BpaxoByBaTH 30irM 3a BciMa y3arajabHIOYHMU
dbyHKIisMU. BCTaHOBIICEHO, IO ONTHMANBHOI XapaKTEPHUCTHUKOK I1arHOCTHKH
CTaHy MIAIMIUITHAKA KOB3aHHS B TPOIECI MOro eKcruryartaiii € mik-(hakTop.
BukopucranHa 1IbOTO MapaMeTpa J03BOJISE€ 3INCHUTH MOHITOPUHT 0€3 3YMUHKH
obnagHanHsa. CkIazeHO MaTpUI0 e()EeKTUBHOCTI JIarHOCTHUKH, PSAKH SKOI
MPEICTaBIICHI CTATUCTUYHUMHU XapaKTePUCTUKAMH BIOpAIIfHUX CUTHAJIB, CTOBIIIII
KPUTEPISIMU CTAaTUCTUYHUX pIillleHb, a eJIEeMEHTI MNPaKTUYHUMU peari3ailissMu
BiOpOTIarHOCTHKH.

3. Po3pobiieHo mMonens MpOrHO3y 3MIHM TEXHIYHOTO CTaHy MiIITUITHUKIB
KOB3aHHS TypOiHI 3a mapameTpaMmu BiOpairii, 1m0 TEHEPUPYETHCS, B YMOBax

eKCIulyaTalli Ta JIarHOCTUYHUX 3MIH XapaKTepUCTUK BiOpalliiiHUX CUTHAIIB.
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BcranoBneHo pi3ke 30UIbIIEHHS MNEPIIOi T'OJOBHOI KOMIIOHEHTH BIOpPOCHUTHAILY
MOPIBHSHO 3 PpELITOI0 Ta MOHOTOHHE MOro 3pOCTaHHS Mpu JAerpagarii
BJIACTUBOCTEN MatepiamiB. KpiM MaTeMaTH4YHOro O4YiKyBaHHsS Ta Jucrnepcii ii
MPOEKIII Ha BICl, BAKOPUCTAHO MOHATTS KOBaplaliiHOT MaTpUlll, €IEMEHTH SIKO1 €
KOpeJLisiMU O3HaK. PeanizyeTbcsi HaBYaHHS MOJEINI Ta MPUHIUI CIIOCTEPEKEHHS
3a Oe3lepepBHUM 3HOCOM MaTepially Ha MpOTA31 TEepMIHY eKCIUTyartaiii B
aBTOMaTU4YHOMY pexuMi. [ligBuIeHHS e(QEeKTUBHOCTI MOHITOPUHTY  TIpH
BUKOPHUCTaHHI MPOTHO3HOI MOJENI MOJISATAE Y MOXKIIMBOCTI 1HTErpalli TeXHOJIOr1!
MITYYHOI'O 1HTEJIEKTY Ta MAIIMHHOTO HABYaHHSA 1 MPOBOAMUTHCS 3a JIOMOMOIOIO
HAOOpy MJaHMX EKCHEepUMEHTaIbHOI BUOIpKU. EKCHOHEHLialbHa MOJENb IS
BUIAJIKIB, KOJIU BUKOPHCTOBYETHCS HOPMAJIBHUNA PO3MOMALIL, MPEACTABIAETHCS Y
BUTJIA/II CMYTH, IO PO3MOBCIOJIKYETHCS, HABKOJIO MPOrHO30BAaHOI TOYKH, IO
n03BoJisie  omiHuTH 3P Ha OCHOBI 3a3jajeriib BCTAHOBJEHOT'O TOPIrOBOTO

3HAYCHHA.
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OCHOBHI BUCHOBKHU TA HAYKOBI PE3YJIbTATH

Y  nuceprauiiiHiii  poOOTI BUpIIEHa HAyKOBO-TEXHIYHA 3ajada —
M1JBULIEHHS €(DEeKTUBHOCTI €KCILTyaTallii CyJ0BUX TPAHCIOPTHUX 3aCO01B HUIIXOM
BIIPOBA/PKCHHSI METOAY JIarHOCTHUKM 1 TPOTHO3YBAaHHS CTaHy JETaleH, SKHM
J03BOJISIE  30UIBIIMTH  OOCAT JlarHOCTUYHOI 1HQopMauii 0e3 10AaTKOBOIO
BTPYYaHHS B iX KOHCTPYKIit0. CTBOpEH1 HOBI METOAM JA1arHOCTYBaHHS TEXHIYHOTO
CTaHy Ta MOHITOPUHTY CYAHOBUX TpPAaHCHOPTHUX 3aco0iB 0e3 10JaTKOBOTO
BTPYYaHHSI B iX KOHCTPYKIIIO JIO3BOJIUIM 30UIBIIUTH OOCAT J11arHOCTHYHOT
iH(opMalii Ta miABUIUTA €PEKTUBHICTh €KCIUTyaTallii 00aHaHHS.

VY pe3ynbTaTi BUKOHaHHS pOOOTH OTPUMAHO TaKi OCHOBHI pe3yJIbTaTH:

1. 3anponoHOBaHO HOBI MapaMeTPH J11arHOCTUKH, sIKI HEOOX1HO BpaxyBaTH
JUTS TIIBUIIICHHS SIKOCTI OILIIHKY Ta MPOTHO3YBAaHHS CTaHy TEXHIYHOTO OOJIaTHAHHS
y pealbHOMY MaciiTabi yacy. BCTaHOBIIGHO, IO IS CYJHOBUX IIiAIIMITHUKIB
KOYEHHsSI TaKUM I[apaMeTpOM € Ieplia TOJOBHAa KOMIIOHEHTa XapaKTEePUCTHUK
BIOpaIlIfHOTO CUTHAJIy B YacOBii 00JacTi Ta CIEKTPAIbLHOIO €KCIECYy B YaCTOTHIM
o0nacTi, Uil CYAHOBHX MIAIIMIIHAKIB KOB3aHHS OCHOBHUM TMapaMeTpoM
JIaTHOCTUKA € BUKOpUCTaHHS Tik-pakTopy. JloBemeHo, IO s MiIIIUITHUKIB
KOYCHHSI BUHMKHECHHS CUTHATIB CIOCTEpirajid mpu 4dactori 2,46 k[, mpudaomy
3pOCTal0Th IOKA3HUKHU IepIIoi TroyioBHOI kommoHeHTH Bixg 12,7 mo 20,81 (y
1,76 pa3iB) 1 cmekTpanbHOro ekciecy Bix 5,349 no 16,808 (y 3,12 pasis).
BusnadeHno, mo Ui CyAHOBUX IIIIIUITHUKIB KOB3aHHS TiK-(akKTOp B MOMEHT
3apoukeHHs AedekTy 3poctae Bix 50 10 77 BIIHOCHHUX OJHMHMILL, TOOTO Ha 54,2%
(y 1,54 pasiB). lle no3Bomnsie 30UIBIIUTH 00’€M JiarHOCTUYHOI iHGopMaii 1
MIIBUIIATH HaAIHHICTh MOHITOpUHTY B 1,3...1,5 pa3is.

2. Po3pobieHo Mojenb WMOBIPHICHOT JHHAMIKM TPOIECIB JT1arHOCTHKH
BI/IMOB €JIEMEHTIB CYJHOBUX TPAHCIOPTHHX 3acO0IB TpH iX eKcIuTyaTamii Ha
OCHOBI JIAaHITIOTiB MapkoBa, sika BKIIoUae GopMyBaHHs anpiopHoi iHGopmariii mpo
€KCIIEpUMEHTATbHI BIUIMBH 30BHINIHBOTO CEPEIOBHUINA, BCTAHOBJICHHS MPOCTOPY

CTaHIB, BHMBYEHHSA TMPUYMH 1 UMOBIPHOCTEH BiAMOB. MoJjielb BpaxoBYeE
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MOCJIIJIOBHICTh CTaHIB TEXHIYHUX 00’ €KTIB 1 J03BOJIIE€ aHANI3yBaTH WMOBIPHICHY
JUHAMIKYy HAKONHMYCHHS TIOMIKOKEHbh Yy dYaci. 3aBIsSKd BHKOPHUCTAHHIO
po3po0JieHOi  MojeNni  MiABUIIUIA  €(EKTUBHICTh JIIATHOCTUKU  €JIEMEHTIB
TypOOHArHiTa4yiB, BHACIIJOK YOr0 3MEHIIMJINCh KIMOBIPHOCTI BIJIMOB:

- st kopmycey: Bif 0,090 go 0,076;

- st komnpecopa: Big 0,0060 mo 0,0058;

- st Typ6iau: Big 0,068 1o 0,052;

- st yureHeHHs: Big 0,167 no 0,150;

- i mamunaukis: Big 0,438 no 0,398;

- nu1g Macisaux Hacocis: Big 0,101 go 0,091.

Ili mnoka3Huku 3a0e3MeuyroTh IMIJBHUINCHHS HAAIAHOCTI J11arHOCTUKHU
TypOOHAarHiTauiB y mporiect ix excruryaranii y 1,18 pasis.

3. CrtBOpeHO cHCTEMYy IHTENEKTYaJlbHOTO 3a0€3MEeUeHHs] J1arHOCTHUKU
EKCILTyaTallifHUX BJIACTMBOCTEH JIeTalei CyHOBOro oOJjiaaHaHHS, SKa 3aCHOBaHa
Ha KOMIUIEKCHOMY BHMKOPUCTaHHI €KCIEPUMEHTAIbHOI Ta 1HTEJIEKTYaJlbHOT
CKJIaJIOBUX. BIpoBa/pkKeHHSI CHCTEMHU MIiHIMI3y€e Cy0’€KTHUBI3M MPUUHATTS PIllIeHb
Opo TPOJOBXKEHHS  eKcIulyartamii oOnanHaHHd. BHacmiiok  BHUKIIIOUYEHHS
HEOOX1THOCTI 3YNMUHOK pOOOTH OOJaJHAHHS ISl TPOBEAEHHS J1arHOCTUKH 3
ypaxyBaHHSIM CTaTHCTHKHA BIJIMOB 1€ 30LIbIIye TEPMIH MIKPEMOHTHOT
eKcruryararii geranei y 1,5...2 pa3sib.

4. Po3pobiieHO MeToJ OaraTOKpUTEpialbHOI ONTHUMI3allii JIarHOCTHYHUX
xapaktepuctuk enemeHtiB CEY, B 0OcCHOBI skoro € QopMyBaHHS MaTpHIl
e(eKTUBHOCTI 3 BUKOPUCTAHHSAM EKCIEPUMEHTAIbHOI iH(popMalii Ta i 0OpoOKH
3TITHO KPUTEPIiB CTATHCTUYHUX PIlIEHb, ATUTUBHOI, MYJIbTHUILUIIKATUBHOI 1
JI0JTATKOBOI MYJBTUIUTIKATUBHOI 3rOpTKH.  [Ipu KOHTpONi peXuUMIB poOOTH
TITAITHUKIB KOB3aHHS PO301KHICTh 32 PI3HUMHU y3araabHIOBAUTBHUMH (DYHKITISIMU
CKJIa/Iac:

- Bix 0,010 1o 0,09 mis kputepiro Banpaa (0,11%);

- Bix 0,962 no 0,223 nns xpurepito Jlamnaca (0,71%);

- Bix 0,579 no 0,063 mns agutusHOL 3roptku (0,42%);
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- Bix 0,201 1o 0,022 mst MmysabTHILTIKATUBHOT 3ropTKH (0,79%);

- Bix 0,475 o 0,063 nist 1oAaTKOBOT MYJIBTHILTIKATUBHOI 3ropTKH (0,65%),

Lle no3BoJIsA€ MIABUILUTY TOYHICTh J1arHOCTYBaHHS Ha 2,68%.

5. Po3po0ieHo eKCroHEeHIIadbHy MOJENb Ta TEXHOJIOTIK MPOTHO3YBAHHS
3anumkoBoro pecypey aeraineii CEY B ymoBax CKIAJHOTO HABAaHTAXKEHHSA B
peaspHOMY 4Yacl, sika BpaxoBY€ pi3Ke 30UIbIIEHHS MEPIIOi TOJOBHOT KOMIOHEHTH
BIOpOCHTHATY, OPIBHSHO 3 1HIIMMH, Ta il MOHOTOHHE 3pOCTaHHS MpPH Jlerpaaaiii
BiacTUBOCcTe MarepiamiB. [ligBuiieHHs eQEeKTUBHOCTI MPOTHO3YBaHHS IpHU
BUKOPUCTaHHI MOJIEJ MOJSArae y IHTerpaiii TeXHOJOrd MITYYHOTO IHTEJEKTY Ta
MaIIMHHOTO HaBYaHHS 1 MPOBOAMTHCS 3a JOMOMOIOI0 JAHUX €KCIEPUMEHTAIbHOI
BUOIpkU. BxigHy iHQopMmaIiio BUKOPUCTOBYIOTH [IJIi HABYaHHS MOJIE,
o0’€lHAHHS CTAaTUCTUYHMX O3HAK Ta TMOJAJBIIOrO aHajidy, a mpolec
IPOrHO3YBaHHS BiI0YBAETHCS KOJIU BIACTEKYBAHUI CUTHAI MEPETUHAE MTOPOTOBUIN
piBeHb. /[MHaMika 3MIHM 3aJUIIKOBOTO PECypCy MiJIIMITHUKA KOB3aHHS TMiJ Yac
criocTepexkeHHs: BIpoAoBx S50 110 m03BonMiIa BCTAHOBUTU 3MiHY IOKa3HUKIB
HepuIoi roJIOBHOT KOMIIOHEHTH: B1Jl 5 BIIHOCHMX OJMHULB (B MOMEHT 3apOJIKEHH I
nedpexty) no 37 BIAHOCHUX OJUHUIL (B MOMEHT [JOCSTHEHHS IOPOTOBOTO
3HayeHHs1). TakuMm YMHOM, JJIsi BUOpAHOIO MIAIIMIHHUKA KOB3aHHS BH3HAYEHO

JaCOBHUI TOPU30HT POTHO3YBAHHS, IKUH CTAHOBHUTH 32 T00M.
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APPROVED APPROVED
Prorector for sciumﬁc-jaedagog'i’"_I woﬂs/
cchrucal Superintendent Kherson State Mari
Academy
”" ut David Stefan P Ay

THE ACT OF IMPLEMENTATION

This act of compilation is that during 2023-2024, as a result ofthcjon s ibibe 1L
FRONTIER ship’s employees and researchers of the Kherson State Maritime Acedemy
(Kherson, Ukraine), a study was conducted 10 verify the intelligent system for monitoring the
properties of the slups pawer eqmpmcm. The developed new methods of dingnosing marine
vehicles during opemmn allow to increase the amount of dugnosnc information without
additional intervention in their construction and contribute 1o the improvement of the efficiency
of vehicles.

New informational parsmeters for state diagnostics have been identified and
experimentally confirmed:

- amplitude changes in time of the first main component and spectral excess of
turbochargers of ship rolling bearings:

- the first main component and peak factor in the degradation of materials and estimation
of the ressdml resource of ship's sliding bearings.

Development data on early diagnostics of marine vehicles during operation allow:

- reduce repair costs;

- adjust maintenance programs and reduce cases of equipment emetpency shutdown:

- increase the reliability of diagnostic work by 13,15 times;

- increase the period of maintenance between repairs by 1.5...2.0 times.

«UHL FRONTIER» From Kherson Maritime Academy:

/ A.V. Yanenko
lonut David Stefan

0.V, Sharko
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3ATBEP1DKYIO

AKT BITPOBAIKEHHSA

Jannii axr comaanns y Tomy, wo nporsrom 2023-2024 pp. R ‘ L
UHL FRONTIER 7a nocaimimxass Xepconckor aep#agsol Mopehkol Idjemiinsoiehon,
Vipalhia) NPOBENH  ACCAIAACHHS TICPCRIDKH  INICACKTYAILHOT  CHOTCMH s TopuiTy
BAGCTHBOCTEH  CYAHOBOTO  eHeprerMuworo  odsaaHadbn,  Pospolieni  woei  actoam
JETHOCTYBAHHA CYAHOBHX TPAHCHOPTHHX 33c00in (i)l “ac cucnnyamui] JOBOARIOTE 301LTLIINTH
obcar AiarrocTHYROT INdOpMALil Ge3 107ATKOBOTO BTPYSMIIN B X KOHCTPYKUIT T8 COPHETH
ITABRIEHIIO eeRTHBHOCTI TPARCHIOPTHIX 3ac05is.
BusBicno 1@ excrepuMeHTAIBHO MIATEEDIKEHO HOBI IMOPMAWIAKI NapaMETPH
QI NOCTH CTaHY!
= IMIHE AMIATTYAN B 4aci Nepuiol roNOKHOT KOMIONCHTH T3 CHEKTPUIKHOID EXCUECy
TYpOOHArHITAYIB CYAHOBNX MIALIHIHMKIE KOYCHRS;
= AEPWOT FONOBHOT KOMAOHEHTH Ta Nik-GaKTopy npi Acrpanaii] Mavepiaiin L ouisKy
SWIHILKORONO PeCypey CyAROBMX M MHNHMKIE KODIAHHS,
WOA0 PAHHMOTO HArHOCTYBAKHE CYIHOBNX TPaHCHOPTHHN 3acobis nin wac
eRCIAyaTauil A03BONNIOTE:
= IHMINTH BHTPETH HA PEMOMTHI pofoTw;
= CKOPHIYBATH OPOTPEMK  TEXHIMHONO OOGCAVFOBYBAHHA T3 SMCHIUHIN  BHIALKH
aupii\ﬂoi IVIHHKH OGNS AHEHHR,
= DUABHHTH HATITIHICTS MPOBeACHI AjarwocTismnx pobit y 1,3 ... 1.5 patin:
- 30LIBIWHTIA TEPMiHN MiApEMOsTHOT ekenayaranii e 1,3...2,0 pasis,

.....

akaaesii:
v
A.B. Suenko

};ﬂu]r O.B. Iliapxo

Bin  Xepconcsxoi  aepmanHoi  MOPCEKO!
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JIOJATOK B

SATBEPIUKYHO

[lpopekTop 3 HayxoBo-TleAaroriyHol  poboTH
XepCeoHChKOT :xaanqn MOpCbI(OI akamgemii

T rert

pe3y/bTaTIB AHCepTaniHHOl poﬁo'ru y HaBYQIbHHIE npolec

JlaHuM aKToM NiATBepIUKYCTBCS, IO HAYKOBI pospoOku acnipanTa SlHeHka
Aprtema Banepiliosuya naseneni y fioro auceprauifiniit poSoTi, BIPoBamKeHo NPy
CKNafaHHi  HABYAABHO-METOAMYHOIO  KOMIUIEKCY jcummiaind  «Mertoau
AIArHOCTHKH, KOHTPOMIO HANifiHOCTI TPAHCHOPTHUX CHCTEM Ta 3acobiB», siKa
BUKnanaerees g acnipantis Il poky, semnoi i 3aouHoi GopMH Hasuauns Ha
Kadenpi TPaHCHOPTHHX TEXHONOIIH i CyAHOPEMOHTY XepCOHCHKOI JepiKaBHOI
Mopeekoi akajemii. 30KpeMa,  MOTOJH JIiarHOCTYBAHHA TEXHIMHOTO CTAHY
e7IeMeNTIB CYJIHOBHX TpaHCnoprHMx 3acobis nmig uac iX ekcniyarauil Ta
00CYTOBYBAHHA BUKOPHCTAHO MPH TArOTOBIL JEKUIHHOIO | NPaKTHYHOTO KYpCiB.
Ie no3sonuio acnipantam 2 poKy, ACHHOT i 38049HOT (JOPMH HABYANHS OTPHMATH
HeoOXifHI 3HAHHS, BMIHHS | HaBUYKH NPH PO3podli HOBMX ATHOCTHHHHX
napaMeTpiB  Td TEXHONOriH TeXHIMHOI eKCIUIyarauli eJeMeHTIB CYA0BOro
€HEepreTHYHOro obnagHanus.

Hexan axyabTeTy CyJAHOBOT CHEPreTHKH,
K.T.H., IOLEHT g e ,,,,J = Onexcaunp AKIMOB

bt

3apinyBau xadeApH TPAHCTIOPTHHX
TeXHOMOrH i cynHopeMonTy, /
AT.H., npodecop A Anzpiit BYKETOB
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JOJATOK B
MoHiTopuHI aBapiiiHOI cUTyawlil NOB'A3aHUI ¢ pyHHYBAHHAM IiIIIHMITHUKA
kouyeHHss VTR304P11/021 typooxkomnpecopa NR34/S102 rosioBHoro
asuryna MAN B&W 32/40

STATEMENT OF FACT

30.12.2021 00:30 - BOSP after p.Genoa with ME 88 rpm.

At 11:20 ME rpm increased to 95 due to changed vessel ETA to Barcelona. All
parameters, LO temperature inlet and outlet from all cylinders and LO pressure
value are normal.

12:46 oil mist alarm activated on cyl 2, rpm reduced to 66 rpm, LO outlet
temperature checked- all cylinders with normal value 48-50 deg. Engine checked
around, including by electronic thermometer, no any abnormality found. At 13:09
alarm returned to normal.

ME rpm increased to 86, all parameters, LO temperature inlet and outlet from all
cylinders and LO pressure value are normal.

At 14:01 LO pressure start jumping between alarm and normal value.

14:01 TC 1 LO low pressure alarm (1.3 bar)

14:02 ME LO inlet low pressure alarm (1.7 bar)

Start stand by LO pump, but LO pressure still low with both pumps running.

14:05 Start ME stop. Appear nocking noise.

14:09 ME rpm O

At 14:30 stop LO pumps and open doors to crankcase for inspection. All cylinders
look same, without visible overheating. On the bottom of Cyl.1 pieces of white
metal were found. All parts of Cyl.1 was not overheated (possible to keep hand).
Wear of Cyl.1 crosshead bearing shells was discovered.

Sump tank sounding done- 113 cm (8-13 m3) after pumps stop.
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JOJATOK T
Po3paxyHok epeKTMBHOCTI JiarHOCTUKHU MIJIIMITHUKA KOYEHHS
VTR304P11/021 typooxkommnpecopa NR34/S102 rosioBHoro
asuryna MAN B&W 32/40

EdexTuBHICTh MOHITOPUHTY €KCIUTyaTallliHUX BJIACTUBOCTEN BU3HAYAETHCS
MOMJIMBICTIO TIEPEXOaYy NPOBEACHHS JIarHOCTUYHHMX POOIT 3a PErJaMEeHTOM 13
3YNUHKOIO 00JIaIHAHHS JI0 X MPOBEJICHHS 3a MOTOYHUM cTaHoM (puc. 1).

A
a) 3apoKeHHs

nedekry tper < ter

<
o
=
E
2 .
© HEOOIPyHTOBAHICTh
A .
= | Toer | [ uwad peryiaMeHTHUX poOoiT
Eg -« L
g tCT
4 < »
£ |e >
=
A
8 3apo/pKeHHS
E nedexty /
g tper > ter
= nporyck nedeKTiB i yac
= > :
E e MOHITOPUHTY 32
8 periaMmeHToM
g
=

Puc. 1 IlopiBHsibHA OlIHKA €()EKTUBHOCTI MOHITOPUHTY 3a PETJIAMEHTOM Ta

CTaHOM

Axmo craH o00’€KTa AIarHOCTYBaHHS XapaKTEPH3YEThCS BIJICYTHICTIO
nedeKTy, CiIi MPOBOIWUTH JIarHOCTUKY 13 3yNUHKOIO YCTaTKyBaHHSA, 3TiTHO
BUMOraMm periameHTy (puc. 1, a). Y pa3si BusBIeHHS AePEKTy CIiJl MEepEerTH IO
MOHITOPUHTY 32 CTAaHOM Ta MPOBOJUTHU JIIaTHOCTHKY 3aJICKHO BiJl TPOTHO30BAHOTO
HaOJIMKEHHS JI0 CTaHy BiIMoBH (puc. 1, 0).

EdexkTuBHICT, MOHITOPUHTY MOXKE OyTH BHU3HAa4Y€HA 4epe3 CITiBBIIHOIICHHS
NEePIOANYHOCTI BUKOHAHHS PErJaMEHTHUX pPOOIT foer 10 BU3HAYEHHS iXHBOI

moTpebu 3a ctaHoM ter 32 popMyT0r0
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tpez cm
P (1)

[li meToauM BUMAararOTh anpiOpHUX 3HAHb MPO MUHYJI CHUTyallil Ta
napameTpu eKCIuTyaTalli.

JIms  KITBKICHOTO BH3HAUCHHS KIUIBKOCTI BIIMOB OOJaJHAHHS Ta iX
BUSIBJICHHS 3a JOMIOMOTOIO 3alpOINOHOBAHOIO CIOCO0Y OTpuMaHHS W 0OpoOKHU
JI1arHOCTUYHOI 1H(QopMauii Mpud BIOPOMOHITOPUHTY MIJAIUIUMIHUKIB KOYECHHS
TypOOKOMIIPECOPIB, 110 XapaKTePU3ye€ MiJABUIICHHS €()EKTUBHOCTI J11arHOCTHKH,
pO3MJIsIHYyTa CTaTUCTHKA BiAMOB TypOokommpecopiB NR34/S102, romoBHOrO
neuryna MAN B&W 32/04, a TakoX NOpUYMH TMOSBU BiJIMOB, HaBEJACHUX Y

tabmuipix 3.2 ta y 3.3 (puc. 2).

Kowmmpecop ;0,5 TypGina; 4,7

Kopnyc; 9

YuuinsHenns; 16,7

Porop ; 15,2

TTigmunavky | 43,9
Macistai HOCocCH |

10

Puc. 2. Ctatuctrka BimiMOB TypOOHarHiTauiB

3rigHo 31 CTAaTUCTHYHUMH JAaHUMHU Ta0iawid 3.2 HaiiOuibme BigmoB 43,2%
MpUMaaac Ha MiANIUITHAKA KOYSHHS. Y CTPYKTYpi BIAMOB MiAIIMITHUKIB KOYCHHS

(tabm. 3.3) BigMOBH Yepe3 3HOC CTaHOBIATH 44,7%. lle# BuI BiAMOB BHMarae
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3YNMUHEHHS 00JIaIHAHHS Ta 3aMiHU MOIIKOJKEHUX eJIeMeHTiB. CTOCOBHO 3arajibHOi
KUIBKOCTI B1JIMOB TOJIOBHOTO JBUTYHA IIs YaCTWHA CTaHOBUTH 19,2%, 1m0 nokasye
TE€XHIYHY CYyTHICTb JI1arHOCTUKHU MIJIIUITHUKIB KOUEHHS.

Ha pecypc miAMMNHKUKIB KOYEHHS BIUIMBAIOTh Takli eTamu Horo
BUKOPUCTAHHS: MOHTaX, 3MAlllyBaHHS, BUBIPSHHSA, 0a30BUN MOHITOPUHI CTaHy,
JE€MOHTaX. ba30BUIl MOHITOPUHI MIJIIMIHUKIB KOYEHHSI BKJIOYAE BUMIPIOBAHHS
TEMIIEpaTypH, YacTOTH OOEpTaHHs, PEryJsipHI MepeBipku cTaHy, mymy. lle
JT03BOJISI€ BUSIBJISITU MOTEHIIIHI TPOOJIeMH Ta JI0TIOMarae 3amnooirtTi 3ynuHKaMm.

[TpakTryHMil pUKIa] TEXHOJIOTII 3aMIHM MIAMIMITHUKIB TypOOKOMIIpecopa

VTR304P11/021 3 netaini3zalii€ro eJIeMEHTIB TEXHOJIOT1M HABEJICHO HA pucC. 2.

Puc. 2. 3amina migmmmHuKiB KoueHHs TypOoHarnitaua VTR304P11/021

CraTucTHKa BIJIMOB TIICJISI 3aMiHU T IITUITHUKIB KOYCHHS BUTJISIA€ TaK:
- HerpaBWIbHUI MOHTaX (16%);

- HempaBUJIbHE 3MaryBaHHs (36%);

- 3a0pynuenHs (14%);

- BToMHE YKo pkeHHs (34%).
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HaBenena craructuka BHUSBISIE JAESKY PO30ODLKHICTH IMOKAa3iB 13 JaHUMHU
tabn. 3.3. Ilpore miAgKpeciioe 3arajbHy TEHIEHLIIO BIUIMBY 3HOCY Ha
eKCIUTyaTallifHi BIACTUBOCTI MIAIIUITHUKIB KOUCHHS.

Ycepennennss pesynbratiB o0uucieHb (19,2%) Ta HaBeneHHUX 3HAuYCHB
0a30BOr0 MOHITOPUHIY, BHACIIJOK BTOMHHX YIIKO/UKeHb (34%), mo3BoJIsLE
BUSBUTH 3arajbHy €(EeKTUBHICTh MOHITOPUHIY BIPOBAIXKEHHSI BiIOPOI1arHOCTUKU
IIITANTHUKIB KOYEHHS, IKa CTaHOBUTH 21,6%0.

MarematnyHa 0OpoOKa CTaTUCTMYHUX  XapPAaKTEPUCTUK  BiOpamiiHUX
CUTHATIB MiIINITHAKIB KOYEHHS TypOOKOMIIpecopa 3 BHUKOPHCTAHHSM HOBOTO
J1arHOCTUYHOTO TTapaMeTpa — MepIoi FOJIOBHOI KOMIIOHEHTH Y 4acoBiil 00acTi Ta
CIIEKTpaJIbHOrO eKcuecy 3 4actoror 2,46 kIl [03BOJIMIO BU3HAYUTH CTaH
NOYaTKy JAerpajailii Marepianxy Npu HOro ekcruryaTallii Ta IporHO3yBaTH CTaJiio
NOYaTKy PYWHYBaHHS.

Sk BUIUIMBAaE 3 aHaNi3y TPAHCIIOPTHUX IIEPEBE3CHb Yy CBITI 3arajbHa
TEHCHIIS eKCIUTyaTallii CTapuX CyJeH iX 3araibHUil pecypc cTaHoBUTH 11,7 pokiB.
[lopaxyBaTu e(eKTUBHICTb MOHITOPUHTY Yy PO3PAaXyHKY Ha CBITOBHI Mapk CyjAeH
HEMOXJTUBO. [lepexoasiun Bi MPOIEHTHUX CIIBBIIHOIIEHB A0 LIUJIMX YHCEN BChOT'O
napKy CyJIeH MOXKHa MeperTH BijJ BIJCOTKOBUX JO IUIMX OI[IHOK. TakuM YHMHOM,
BUKOHAaHI OOYHMCJICHHS Ha OCHOBI BIIMOB IIJIIIUITHUKIB KOUEHHS IMOKAa3yIOTh, 110
e(hEeKTUBHICTh TPOTHO3YBAHHS 3aJHUIIKOBOTO PECypCy MIAIIUITHUKIB KOUYEHHS 3a

paxyHOK BUKOPUCTaHHS 3alpOMOHOBAHOTO METOY 3pocia y 2,16 pa3is.
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JTOJATOK ]I
OITIYBJIKOBAHI ITPAIII 3A TEMOIO JUCEPTAIIIIMHOI POBOTH
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