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METO/ AIATHOCTUKN CTAHY CTPYKTYPU
CKJTAAHOI'O OB’€EKTA MAWLWNHOBY 1IYBAHHHA

P03po6neHnin MeTog, AiarHOCTUKM CTaHy CK/IafHUX Pe3epBOBaHMX BY3iB MalLUMHOOYLYyBaHHS
(Kapkacu, pamu, BepCTaTHWI MapK, TOLLO0.), CTPYKTypa SKMX MiAAAETbCA YLLIKOMKEHHAM Ha
NpoTA3i XXWUTTEBOrO UMKIY. MeTof, 3aCHOBaHWIA Ha peanisauii NPUXOBaHOT MapKOBCKOM
Mofeni Ta OGYMCNEHHI eHTPOMiT B3aEMO3AIEXKHUX CUCTEM, 3abe3nedye AochigHuKa
[A0AATKOBOM [iarHOCTMYHOK IH(opMaLlieto, sKa Mae BUCOKMIA CTYMiHb BiporigHOCTI.

Paspa6oTaH MeTOf AWMArHOCTMKM  COCTOSIHMSI  CMOXHbIX — PE3epPBUMPOBAHHbLIX Y3108
MaLUVHOCTPOEHMS  (KapKacbl, pambl, CTaHOYHbLIA MapKk W T.A.), CTPYKTypa KOTOpPbIX
NCMbITLIBAET MOBPEXAEHUS B TEUEHWE >KU3HEHHOrO UMKMa. MeTof, OCHOBaHHbIA Ha
peanunsaLmy CKpbITO MapKOBCKO MOAENM WU BbIMUCNIEHWN 3HTPOMUM B3aMO3aBUCKMBbIX
cucTeM, obecreymBaeT UccnefoBaTenst [OMONHUTENbHOW AMarHOCTUYECKOW WHGopMaLmei,
KOTOpasi UMEeET BbICOKYHO CTeMeHb JOCTOBEPHOCTM.

The method of preliminary treatment of a difficult redundant knots of mechanical engineering
(frameworks, frames, machine park, etc.) condition which structure experiences damages
during life cycle is developed. The method based on realization of hidden Markov model and
calculation of dependent systems entropy, provides the researcher with additional diagnostic
information which has high degree of reliability.

BcTtyn. B npakTuui ekcnnyatauii CKnagHWX MeTaneBUX KOHCTPYKLIi
3yCTpivaroTbCA CUTYaLiT, KON YaCTMHA TaKoT KOHCTPYKUIT 3 OYAb-AKNX MPUYMH
HeAoCTyNHa 6e3rnocepeHbLOMY CrOCTepeXKeHHI0. MpuKnagoM Takux 06°eKTIB €
4aCTKOBO 3aHypeHi y Bofy abo 3aKoraHi B 3eM/IH0 KOHCTPYKTWBHI €/leMeHTU
MOCTIB Ta IHLIMX CMOpyA, HEeAOCTYMHI 3a BiAJa/leHHICTHO YaCTMHW CUCTEM
TPaHCMOpPTY, 3B’A3KY, TOWO. B ubOMy BUNaAKy A1 AITHOCTUKW BCIET CUCTEMU
3/IMLLIAETLCA 33A0BINILHATUCA Ti/IbKW AaHUMK, OAeP>XXaHUMW Bif AOCTYMHUX ANS
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MOHITOPUIY YaCTUH KOHCTPYKL|iA, CMOAIBalOUMCh, L0 Ha TXHI CTaH Tak 060
IHaKLLUe BiOMBAETLCA CTaH HECMOCTEPEXYBaHOT YaCTUHM.

AHani3 niTepatypHuUx AaHuUxX i rnoctaHoBka npobnemn. PO3rngHemo
OESAKUA CKNafHWA 06'eKT Yy BUINALAI YOPHOrO sAWMKa, iH(opmalis npo CTaH
CTPYKTYpPU SKOro 4aCTKOBO ab0 MOBHICTIO MpKMxoBaHa Bif crnocTepirada. Hexar
Ha BMXO4i 06'eKTa € [esKa [oBisibHa (He 060B'A3KOBO MPSAMO MOB'A3aHa 3 10ro
CTPYKTYpOIO) iH(opmaLis, NepeTBOPHOOYUM SKY 3a [JOMOMOrowH [AesKOoro
«MeToay PO3KPUTTS HEBM3HAYEHOCTI» MOXHA OfepXaTu BiAOOPaKEHHSN
CTPYKTYpW 06'eKTa 'y BUrNSAI i MOAENI, HanpuKam, 3BaXXeHOro rpada.

Y ubOMy BUMaAKYy BUHWKAE MPUPOAHE 3anmnTaHHs NpPo TOYHICTb METOAY 1
MPO afeKBaTHICTb MOAeNi, a TakoX Mpo [AOCTYMHY A4S OUIHKA Mipn LKX
XapakTepucTuk. MNpeLcTaBMMO MPOLLEC MOAENHOBAHHA NMPUX0BaHOT CTPYKTYpU Y
BUMNALI NaHUtoXKa «lMNepepasad KaHan 3B'as3ky A Tpuiimau» (puc. 1).

OO6G’eKT 3 Moaenb
NPUX0OBaHO CTPYKTYpPOIO CTPYKTYypu
N MeTop N
? pPO3KpUTTA
HeBM3HaueHocTel 1

y | Y

«[NepenaBay» «KaHan 3B’A3Ky» «Mpuinmau»

PucyHok 1- Cxema npefcTaB/ieHHA NnpoLecy MofentoBaHHA NPUX0BAHOT CTPYKTYpU
y BUrnagi naHutoxka «Mepegasay *  KaHan 38'asky »  puintmau»

BukopucTaeMo And UbOro MaTeMaTUYHUIA anapat B3aEMHOT eHTponii abo
eHTponil o6'egHaHHsA. BiH  nNpu3HayeHUn 0N poO3paxyHKIB — eHTponii
B32EMO3a/IEXXHUX CUCTeM (EHTpOMIT CMi/IbHOT MOSIBA CTAaTUCTUYHO 3a/eXHUX
noBifomMneHb) i no3Havaetbcd H(AB), ae A xapaktepusye nepefgasay, a B -
npuinvay [1].

OCHOBHMIN MaTepian. B3aeM03B'A30K nepegaHux i OTPUMAHUX CUTHaIB
OMUCYETLCA WMMOBIPHOCTAMM CRiNbHUX Nofdin p(ajbj), i And MNOBHOro onucy

117



ISSN 2078-7499. CyuacHi TexHonorii B mawmHobyaysaHHi, 2013, sun. 8
XapaKTepuUCTUK KaHany NOTPi6Ha TiNbKX 0f4Ha MaTpULs:

bi b2 bl bm
al p(aibi) Pp(aib2) P(aibj ) Piaibm)
a2 p(a2bi) p(a2nm) Pla2bj ) P(a2om)

ai p(aibi) P(aib2) P{aibj ) P(aibm)
am P(anbl) P(anb2) P{ambj ) P(armbm)

[ns Haworo BMNagKy, KOMM OMNUCYETLCA He TINOTETUYHWIA KaHal, a B
LiNIOMy B3aEMOZiOYI  CUCTEMM, MaTpuus He OO6OB'A3KOBO MOBUHHA OYyTy
KBagpaTHot. OueBMAHO, Cyma BCiX e/leMeHTIB CTOBMUA 3 HOMepoMm j Aaae p(bj),
Ccyma psafka 3 HOMepoM i € p(ai), a cyma BCiX efleMeHTIB MaTpuui AOPiBHIOE 1
CninbHa MMOBIPHICTb p(aib) nogdin ai i bj 06UNCNOETLCS AK AOOYTOK BUXIAHOI
Ta YMOBHOT IMOBIPHOCTE:

YMOBHI MMOBIPHOCTI po3paxoBytoTbCs 3a hopmynoto barieca. dopmyna
Baiteca [03BONSAE «MNEPECTaBUTU MPUYMHY Ta HacMigoK»: Mo BigoOMOMY (aKTy
noail obuncnMTM MMOBIPHICTL TOro, WO BOHa Oyna BWKIMKaHa [aHOH
MPUYMHOLO.

Mogii, wWo BiAGVBAKOTL [i0 «MPUYUH», Y LbOMY BUMAAKy 3BMYaliHO
Ha31BalOTb rinoTe3amu, OCKIZIbKM BOHW - nepefg6ayvysaHi NoAiT, O 06yMOBUIN
[aHi.

Be3ymoBHY  MMOBIPHICTb  CMpaBef/IMBOCTI  TiMOTe3n  Ha3nBalOTb
anpiopHoto (HaCKiNIbKX MMOBIpHA NPUYKHA B3arani), a YMOBHY - 3 ypaxyBaHHAM
(hakTy nogii, Wwo Bigbynacs, - anocTepiopHot (HACKISIbKN NMOBIPHOKO NMPUYMHa
BUABMNACA 3 ypaxyBaHHAM AaHUX MNP0 MOAito).

dopmyna baileca € BaXIMBAM Hacnigkom 3 QOPMyAM  MOBHOT
MIMOBIPHOCTI MOAii, WO 3a/1eXWTb Bif AeKiNbKoX HECMNifIbHMX rinoTe3 (i TifIbKu
Big HMX!):

P(B)=-£P L, )P(B\AI) )
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fe P(B) - IMOBIpHICTb HacTaHHA MoAii B, WO 3aneXxuTb Big psagy rinotes Jin
AKWO BigOMI CTyneHi BIpOrigHOCTI UMX TrinoTe3 (Hanpuknag, BUMIPSAHI
eKCnepMeHTasIbHO).

B HeigeanbHiin mogeni nNpo i30MOPgHICTL nodin A 1 B MOXHa cyauTtu
TifIbKN 3 AeAKOK MMOBIPHICTIO, MeHLLOK 3a 1 binblue Toro, pisHUUA Mk 1T1a
L€ NMOBIPHICTIO - (1 - P(B)) - MOXe CNyXXuTu MIpot0 afjleKBaTHOCTI Mogeni
Ta TOYHOCTI BCbOrO0 MeTOoAY MOJE/OBaHHS.

Takum 4mHOM, € BCI fAaHi AN O00YMCNIEHHA eHTpomnid [Kepena Ta
npuiimMaya:

H(@=-! | pfaii g | pfetsy) @
r

H(B)= -1 1| p{atbj)logl p{atbj) (5)
Vi

B3aemMHa eHTponisi 06YMCNIOETLCA MOCMILOBHUM MiACYMOBYBaHHAM MO
psiakax (abo No CTOBMLUSAX) YCiX MMOBIPHOCTEN MaTpULLi, MOMHOXEHUX Ha IXHIl
norapuem:

H(ab)=- I—ilJ p (aibj )logp (aibj ). (6)

OanHMUA BUMIPIOBaHHA - 6iT/ABa CUMBOMW, Le MOSACHKETLCA TUM, LLO
B3aEMHa EHTPOMIS ONMUCYE HEBM3HAYEHICTb Ha Napi CMMBONIB: BiNpPaB/IEHOro 1
OTpMMaHoro. LLINAXom HecKnagHMX NepeTBOpeHb TaKoX OAepPXKYEMO:

H(B) = H(1) + A(B|/1) = H(B) + H(A|B). (7N

Taknum YMHOM, SKLIO CTPYKTYpa MOAesi NMOBHICTIO BIATBOPKOE CTPYKTYPY
peasibHOro 06’ekTa (TOOGTO MOAenb i30MOp(PHa O06’€KTY MOAENHOBAHHS), TO
MOXHa BBaXaTW, WO «KaHa/l 3B’A3Ky», SKWIA Bigirpac ponb MeToaa
MOZEN0BaHHA npawtoe 6e3 MoMUIIOK.

B uboMmy BMMaAKy MMOBIPHICTb BUTYYEHHSI AEAKOrO efieMeHTa Mogeni
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OOPIBHIOE VMIMOBIPHOCTI BiIMOBM i30MOP(HHOro enemMeHTa 06’eKTa, a MaTpuus
B3aEMHOI eHTpOnNiT 6yae AiaroHa/bHOLO:

a m P(ambm)

AKLWO MoAenb HeifeanbHa («KaHan 3B’A3KY» Mae 3aBagu), TO AiaroHasb
matpuyi H(AB) «po3muBaeTbCA» TUM Oifblle, YMM MeHLI TOYHMIA Mpouec
MOZENIOBaHHA. Take po3MUTTA, TaKUM YMHOM, € MIPOHO afleKBaTHOCTI MOZeni Ta
TOYHOCTI BCbOro METOLY MOZENHOBAHHS.

AKLLO eKcnepyMeHTa/IbHO BCTaHOB/EHO, WO MOAeNb afieKBaTHa, MOXHa
nepexoanT [0 nobyfoBM 3aCHOBaHOI Ha Ui Mofeni CUCTeMU MiLTPUMKM
MPUAHATTA  pilleHb MPU  aBTOMATU30BaHOMY MPOEKTYBaHHI  CKNagHOro
TEXHIYHOro 06’eKTa.

Po3rnsgHemMo pob6oTy MeToda Ha NpuKnagi MPOeKTYBaHHSA CKIagHOro
MalMHOOYAiBHOrO 06’ekTa. PO3rnsHemMo CTPYKTypy 00°ekTa, fKa Mae
MoYyaTKoBUA  (HEYLUKOKEHWA) cTaH Ta  MigAaeTbCa  PIi3HOro  poay
MOLUKOIXKEHHAM (BUTYYEHHAM BY3/iB Ta (ab60) 3B’A3KIB) Ha NPOTA3i XXUTTEBOIO
LK.

Bygemo BBaXaTu, L0 YaCTUHA TakKMX MOLLUKOMKEHb O4YeBMAHA B TOMY
CeHci, Wo i He Tpeba crieyiasbHO AOCNIMKYyBaTW, a iHWa 4YacTUHa NoTpebye
AjarHOCTyBaHHA. BMKOHaeMO mateMaTU4Hy (hopmasizalito CTPYKTYpPU Takoro
CKMagHoro 06’ekTa MawnHOOYAyBaHHA i3 MOLIKOMKEHHAMMW. [na  Uboro
BUAINMMO Yy hopmani3yeMOMY O06’€KTi MalIMHOOYAYBaHHS AesKY CKiHYeHHY
MHOXWHY BY3/1iB | 3B'5A3KIB.

Ha3eemo BUAINIEHY MHOXWHY «MOYaTKOBMM CTaHOM>» i NPeacTaBuMO Moro
y BUrNA4i noyaTkoBoro rpaa Hrod BignoBigHOT 40 06’eKTa CTPYKTYpU. Xai
ANA UbOoro rpadga matpuus CyMipKHOCTI Mae BUrNa4, NpeAcTaBNeHnin Ha puc. 2.
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PucyHOK 2 - Matpuua cyMmibKHOCTI noyaTkoBoro rpaga Hm

BignoBigHWin mMaTemMaTUYHWIA BUpa3 4719 NOYATKOBOro rpadga CTPYKTypu
CKNagHoro o06’ekra Mae BAMNSA:

(8)

P03i6’eM0 enemMeHTW CcKnagHoro 06°’ekTa MawunHOOyayBaHHA Ha [Bi
MHOXWHW fBOMa crnocobamu:

- npu po36bUTTI nepLunM CnocoboM CTBOPKKTLCA TakKi MHOXUHW:
efleMeHTU  CKfagHoro o06’eKTa MalnHOOyayBaHHSA  HeyLUKOMKeHI  (He
BiAMOBWN); €/IEMEHTU CKNaAHOro 06’°eKTa YLKOMKeHi (BigMOBUIN);

- [ApYruin cnocib CTBOPIOE TaKi MHOXWHWU: eNeMeHTU CKMafHoOro 06’ekra
MalLUMHOGYAyBaHHA LOCTYMHI A1A 6e3rnocepefHbOl OLIHKM TX HaNeXHOCTI Ao
MHOXWH Nepwioro crocoby (AOCTYMHI [0 CMNOCTEPEXEHHSA); e/leMeHTH
CKnagHoro o06’ekTa MawnHoOyfyBaHHA He [OCTYMNHI Ansa  6esnocepefHbol
OUIHKM IX HaNeXHOCTIi [0 MHOXWH Mepwioro crnocoby (NoTpebytoTb
AiarHOCTUKN CTPYKTYPHOI HafiAHOCTI).

YWKOMKEHHSA peasibHOro CK1afHOro 06’eKTa 'y BUIIALI BUAANIEHHA BY3/iB
i (ab0) 3B'A3KIB CK/1aAHOro 06’eKTa Bifli6'eTbCA Ha i30MOP(HOMY MOMY rpadoBi
BUAa/IeHHAM BiANOBIAHMX BepLUMH abo pebep (pwuc. 3).
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PucyHokK 3 - MaTpuusa cyMidkHOCTI rpada cknafgHoro o6’ekta
3 YIWKOAXEHUM 3B'A3KOM
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MaTemaTuuHuii BUpa3 ans rpada 3 yLKOAXKEHNUM 3B'SI3KOM Mae BUF NS

MaTemaTuuHuii BMpas ans

YWKOAXXEHUM BY3/10M Ma€ BUIAA:
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(10)

Tenep nepeiiemMo A0 €NeMeHTIB 06’eKTa, SKi HaneXxatb [0 MHOXWHU

Takux,

0 NOTPebylTb AiarHOCTYBaHHS.

B Takomy 006’eKTi

MaTpULS

CYMDKHOCTI Mae BUIrNAg, NpeacTaBfieHUin Ha pyc. 4. ICTOTHOK BIgMIHHICTIO L€l
MaTpuui Bif nonepegHix € Te, WO Ha No3uuiax, BIgMOBIAHUX A0 AlarHOCTYEMUX
eNeMEHTIB, Y Hel po3MillytoTbcs He 1 a6o 0, a WMOBIPHOCTI TOro, WO LEW
eNeMeHT We iCHye, TO6TO He OyB MOLWIKOMKEHMIA Ta He BIAMOBMB Mif 4ac

eKcnnyaTauii 06’ekra.
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1 2 3 4 5
1 0 b1z 0 b1 015
2 - 0 1 0 1
3 0 1 0 1 1
4 ot 0 1 0 1
5 1 1 1 0

PUCYHOK 4 - MaTtpuua CyMKHOCTI NOYaTKOBOTO rpaga 4acTKOBO HEJOCTYNHOro ANs
MOHITOPUHTY 06’€KTa

BignosigHnin - maTemaTUuyHWA  BUpa3  ans Mo4YaTKoBoro  rpadga
[iarHOCTYEMOro 06’eKTa Mae BUrNAA;

O Pi2 0 P 14 P 15
p, 0 1 0 1
H 0o 1 0 1 1 (11)
,nw 0 1 0 1
p, 1 1 1 0

MeTol, SKWi BUKIALeHO BuULWEe, OyB BUKOPUCTaHUA Npu Nobyaosi
3ara/ibHol CUCTEMW NIATPUMKM NPUAHATTS pilleHb NPW MPOEKTYBaHHI Ta
ekcnayarauii cknagHux cuctem [2].

BucHoBOK. Po03po6nieHMA  MeTOo4 — AiarHOCTUKW  CTaHy  CK/IagHMUX
MaLUVHOOYAIBHMX CUCTEM, CTPYKTypa SKUX 3a3Hae YLIKOMKEHHSA MPOTArom
XXUTTEBOro UMKy. MeToj, 3acCHOBaHWIA Ha peanisauii NPMxXoBaHOT MapKOBCLKOI
mMoAeni, 3abesnedye AocnigHMKa CUCTEM  [0AATKOBOK  AiarHOCTUYHOLKO
iHQopmauieo, WO Mae BWUCOKWIA CTyniHb BiporigHocTi. Lle ao3Bonse
peKoMeHyBaTV NOro A5 3acCToCyBaHHSA B LUMPOKOMY CMeKTPI NPUKNAAeHb.

CnncoK BUKOPUCTaHUX [yKepen: 1 BHTPOMMSA CUrHAOB [3NeKTPOHHLIN pecypc]. - Pexum
poctyna: <http://xreferat.ru/33/686-1-entropiya-signalov.html>. - 11.10.2012.
2. HecTepeHko C.A. OueHKa COCTOSIHUSA CETEBbIX CTPYKTYP C NATEHTHbIMU 3/1EMEHTaMU C
MOMOLLBIO  CKpbITbIX  MapkoBckux Mogeneri [/ CA. HecTepeHko, A.A. Tlypuy,
AH.A. CTaHoBcKuii // Matepuansl XIX-ii MexayHapoaHOW KoHdepeHunn «ABTOMaTUKa -
2012». - KuneB: YHYXT, 26 - 28 ceHTA6pa 2012. - C. 231.
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