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

P03p0o6neHnin MeTOZ, AiarHOCTUKM CTaHy CKNafHWX pe3epBOBaHMX BY3/iB MalUMHOOYLyBaHHS
(kapkacu, pamu, BEPCTATHWIA MapK, TOLWO.), CTPYKTypa AKX MiAOAETbCA YLUKOMKEHHAM Ha
NPOTA3i XMTTEBOrO UMKNY. MeTog, 3acHOBaHWiA Ha peanizauil NpYXoBaHOI MapKOBCKOWA
Mogeni Ta OBYUCMEHHI eHTPONIT B3aEMO3AIEXXHUX CUCTeM, 3abe3reyye AoCnifHMKa
[0[1aTKOBOK [iarHOCTMYHOO iHhopMaLLieto, Ka Ma€e BUCOKUIA CTYNiHb BiporigHOCTI.

PaspaboTaH MeTOf, AMArHOCTUKM  COCTOSIHASI  C/IOXHBIX — PE3epBMPOBaHHbIX  Y3/10B
MaLLUMHOCTPOEHMA  (KapKacbl, pambl, CTaHOYHbIA MapK W T.A4.), CTPYKTypa KOTOPbIX
UCMbITbIBAET MOBPEX/IEHMS B TEeUEHME >KM3HEHHOro UMKna. MeTof, OCHOBaHHbIA Ha
peann3aLny CKPbITOA MapKOBCKOM MOAENM W BbIYUCMEHWN 3HTPOMUM B3aUMO3aBUCUMBIX
cucTeM, 06ecneumBaeT MCCnefoBaTens AOMOMHUTENbHON AWMarHOCTMYECKO WHKopMaLei,
KOTOpas MeET BbICOKYHO CTerMeHb JOCTOBEPHOCTY.

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.

BcTyn. B npaktuui ekcnnyatayii CKnagHUX MeTaneBuX KOHCTPYKLUii
3yCTpivalThCA CUTYaLil, KON YaCcTMHA TaKOoT KOHCTPYKLUIT 3 6y/Ab-AKUX NPUYUH
HeJOoCTynHa 6e3nocepefHbOMY CNOCTePeXeHHI0. MpuKNagom Takux 06’eKTiB €
4aCTKOBO 3aHypeHi y Bofy abo 3akonaHi B 3eM/1l0 KOHCTPYKTWBHI €/eMeHTH
MOCTIB Ta IHWWX crnopyh, HeAOCTYNHI 3a BigJaneHHICTHO 4YaCTUHM CUCTEM
TpaHCNopTy, 3B’A3KY, TOWO0. B ubOMy BUNagKy Ana AIirHOCTUKMK BCIET CUCTEMM
3a/MLWAETHCA 3a[0BIILHATUCA TINIbKU fJaHUMWU, OfEPXaHUMU Bif JOCTYNHUX ANS
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MOHITOPUTY 4YaCTUH KOHCTPYKLiil, cnofiBaloymnch, WO Ha IXHi cTaH Tak 060
iHaKLe BigO6MBAETLCA CTAH HECMOCTEPEXYBAHOT YaCTUHMN.

AHani3 niTepatypHUxX AaHWMX |1 MocTtaHoBKa MNpobsieMn. Po3rnsHemo
NEAKNI CKNafHWn O06'€EKT y BUIAAAI YOPHOro fAuiMKa, iHpopmayis npo cTaH
CTPYKTYpPM SKOro 4aCTKOBO ab0o MOBHICTH NpuMxoBaHa Bif cnocTepiraya. Hexal
Ha BMXOfi 06'eKTa € gesika AoBinbHa (He 060B'I3KOBO NMPAMO NOB'A3aHa 3 MOro
CTPYKTYpPOI) iH(opmMaLisa, MnepeTBOPHOOYM HAKY 3a [OMNOMOroK [AesAKoro
«MeTony pPO3KPUTTS HEBU3HAYEHOCTi» MOXHA ofepXaTu Bifo6paxeHHS
CTPYKTYpu 06'eKTa y BUrnagi i Mofeni, Hanpuknag, 3BaXeHoro rpaga.

Y ubOoMy BMNafgKy BUHWUKAE NPUPOAHE 3aNUTaHHS NPO TOYHICTb MeTOAY U
Npo afekBaTHICTb Mofeni, a TakoX Npo [AOCTYMHY [ANA OUIHKW MIipU LUX
xapaktepuctuk. MNMpefcrtaBMmo npouec MOAENHOBAHHA NMPUXOBAHOT CTPYKTYpU y
BUINALI NaHUtOXKa «[MepegaBad N KaHan 38'a3ky A [puitmau» (puc. 1).

O6’€eKT 3 Mogenb
MPUXOBAHOK CTPYKTYPOIO CTPYKTYpU
N MeToz N
2 PO3KPUTTS
HeBU3HaYeHOCTe 1

V V
«[epenaBay» «KaHan 3B’A3Ky» «Mpunmau»

PucyHok 1- Cxema npeAcTaBneHHA NpoLecy MoAe/toBaHHA NPUX0BaHOI CTPYKTYpU
y BUrNSAI naHutoxkka «Mepepasay KaHan 3B'a3ky N MNpuiimay»

Brvkopuctaemo Ana Uuboro MaTemMaTU4YHWIA anapaT B3aEMHOT eHTponii abo
eHTponii  o6'egHaHHA. BiH npu3HayeHnin Ana  po3paxyHKiB  eHTponii
B3aEMO3aNeXHUX cuctem (eHTponii cniNbHOT MOABW CTATUCTUYHO 3afieXXHUX
nosigomneHb) i nosHavaeTbess M(J1B), pe A xapakTepusye nepegaBay, a B -
npuinmay [1].

OCHOBHUMI MaTepiasl. B3aemM03B'A30K nepefaHnX i OTPUMAHUX CUTHaniB
OMUCYETbCA WMOBIPHOCTAMM cNiNbHUX nogin p(aibj), i Agnd noBHOro onwucy
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XapakKTepuUCTUK KaHany NoTpibHa Ti/ibKW OfHa MaTpuLA:

bi b2 bi bt
ai  p(aibi) plajb2) p(aibi ) p(aibt)
a2z p(azbi) pa2b2) p{a2bi) p(a2bt)
ai p(aibi) p(alb2) p{alb]) p(aibt)
at p(arbi) p(artb2) p{art b]) p(at bt )

Ans Haworo Bunagky, KoM ONUCYETbCA He TINOTEeTUYHWIA KaHan, a B
LinoMy B3aeMoAito4i cucTemMn, maTpuus He O0OO0B'A3KOBO MNOBUMHHA 6YyTK
KBagpaTtHot. OueBMAHO, CyMa BCiX eNeMeHTIB CTOBNUA 3 HOMepoMm y fae p(by),
cyma psiika 3 HOMepom i € p(ai), a cyma BCiX e/leMeHTIB MaTpuLi fopiBHIOE 1.
CninbHa MmoBipHIcTb p(aiby) nogin ai i b 064uMcnOeTLCA AK 4OOYTOK BUXIAHOT
Ta YMOBHOT MMOBIPHOCTEMN:

YMOBHI MOBIPHOCTI po3paxoByHTbCs 3a ¢opmynot baieca. ®opmyna
Baileca [03BONSE «MNepecTaBUTU MPUUYUHY Ta HacNifAOK»: MO BigAOMOMY (akTy
nogii 064ncNMTU WNMOBIPHICTL TOro, WO BOHa 6yna BWKIMKaHa [AaHOM
MPUYMHOLO.

Mopaii, wWo BiA6MBaOTH [Ail0 «MNPUYMH», Y UbOMY BUNAaAKy 3BUYANHO
Ha3MBalTb rinoTe3amn, OCKiNIbKN BOHW - nepeabadvyBaHi nogil, Lo o6ymMoBunu
[laHi.

Be3ymMOBHY  WMOBIPHICTb  CnpaBegiMBOCTI  FiNOTe3nM  Ha3nBaKThb
anpiopHoto (HacKifibKM MMOBIpHa NPUYMHA B3arani), a YMOBHY - 3 ypaxyBaHHSM
(hakTy noaii, wo Bigbynacs, - anocTepiopHo (HACKiNbKN MOBIPHOKO NpUYNHA
BUABMIACA 3 ypaxyBaHHAM AaHUX NPO MOAI0).

dopmyna balieca € BaXAMBUM Hacnigkom 3 (Qopmynu  MNOBHOI
WMOBIPHOCTI MOAIT, WO 3aneXnTb Bif AeKinbKox HecninbHUX rinote3 (i TinbKu
Bif Hux!):
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fe P(B) - iMOBIpHICTb HacTaHHA nogii B, wo 3anexuTb Big pagy rinortes Ai,
AKWO BIigOMI CTyneHi BiporigHoCTi uUWX TrinoTe3 (Hanpuknag, BUMIPSAHI
eKCMepuMeHTasnbHO).

B HeigeanbHin mogeni npo i3oMOp(HICTb NoAii A n B MOXHa CcyauTu
TiNbKW 3 [eSKOK MMOBIPHICTIO, MeHWOot 3a 1. binbwe TOro, pisHUUA M 1 Ta
uieto MmoBipHicTo - (1 - P(B)) - MOXe cnyXuTu Mipot agekBaTHOCTI Mogeni
Ta TOYHOCTI BCbOr0 METOAY MOAENOBAHHSA.

TakuM 4YMHOM, € BCi fAaHi Ans o64YMCNeHHs eHTponiin [AXxepena Ta
npuiimava:

H(A)="1 1 P(aiki)i°81 P(aib) (@)
Vi

H(B)="1 | P(aA )ioB IP(aibi) (5)
Vi

B3aeMHa eHTponia 06YMCNIOETLCA MOCNILOBHUM MiACYMOBYBaHHAM MO
pagkax (abo no cToBnUsX) YCiX WMOBIPHOCTEN MaTpuLi, MOMHOXEHUX Ha TXHIN
norapugm:

H (aB)=-1 | P(aibi)ioBP (aibi). (6)
i

OAuHMUSA BMMIpPHOBAHHA - 6iT/ABa CMMBOMKM, Lie MOSACHIOETLCA TUM, LWO
B3aEMHa EHTPOMNiA ONUCYE HEBM3HAYEHICTb Ha Mapi CMMBONIB: BifMNpaBNeHOro
oTpuMaHoro. LUnsxom HecknagHMWX NepeTBOPEHb TAKOX OfEPXKYEMO:

nne) = N + N(B|N) = N(B) + H(A|B). (7)

TakMMm YMHOM, SKLWO CTPYKTypa Mogeni NOBHICTIO BIATBOPIOE CTPYKTYpPY
peanbHOro o06’eckta (T06TO MoOfenb i30MOp(hHa O06’€KTY MOAeNtoBaHHA), TO
MOXHa BBaXaTu, WO «KaHan 3B’A3Ky», SKWA Bigirpae ponb MmeToAa
MOZeNtoBaHHA npattoe 6e3 NOMUOK.

B ubomy BMNagkKy WMOBIPHICTb BUIYYEHHS AeAKOro efnemMeHTa Mopeni
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AOpPIBHIOE MMOBIPHOCTI BigMOBM i30MOP(HOro enemMeHTa 06’€KTa, a MaTpuuUS
B3aEMHOT eHTpoONiT 6yae AiaroHanbHOMO:

bl b2 bi bt
a  p(aA ) 0 0 0
a2 0 P (a2b2) 0 0
H(AB) =
a 0 0 P (aib] ) 0
ar 0 0 0 P(aThT)

AKwWwo mModenb HeigeanbHa («kKaHan 3B’A3Ky» Mae 3aBafu), TO fiaroHasb
maTpuui N(J1B) «po3mMmuBaETbCA» TUM 6inblie, YUM MEHLW TOYHWIA Mpouec
MOJeNtoBaHHA. Take pO3MUTTA, TaKUM YMHOM, € MIPOKO afleKBATHOCTI Mojeni Ta
TOYHOCTI BCbOr0 MeTOAY MOJe/It0BaHHS.

AKWO eKcrnepMMeHTaNbHO BCTAHOB/IEHO, WO MOAENb afleKBaTHa, MOXHa
nepexoanTn A0 NoOyAoOBM 3aCHOBAHOIT Ha Ui mogeni cuctemy NiATPUMKM
NPUAHATTA  pilleHb NPU  aBTOMATM30BAHOMY MNPOEKTYBaHHI  CKNajgHOro
TEXHIYHOro 06’°eKTa.

Po3rnaHemo poboTy MeTofa Ha MpPUKNagi NPOeKTYBaHHA CKNagHOro
MalWmnHObyAIBHOro 06’ekTa. Po3rnsHeMo CTPYKTypy o006°ekTa, fAKa Mae
MoYyaTKOBMI  (HEYWKOMKEHWA) cTaH Ta  NighaeTbCcsa  Pi3HOro  pogy
MOWKOMKEHHAM (BUNYYEHHAM BY3/iB Ta (ab0) 3B’A3KIB) Ha MPOTA3I XXUTTEBOTO
UnKny.

Bypemo BBakaTu, W0 4YaCcTUHA TaKWX MOLIKOLXKEHb OYEBUAHA B TOMY
CeHci, Wwo Ti He Tpeba cneyianbHO AOCNigXKyBaTW, a iHWa YacTUHa NoTpebye
fiarHoCTyBaHHA. BMKOHAeEMO MaTemMaTuyHy opmanizauito CTPYKTYypu Takoro
CKnagHoro o06°’ekTa MawWWHOOYAYBaHHA i3 MOWKOMAXKEHHAMU. [na uboro
BUAINUMO Yy (opmanizyeMoMy 06’eKTi MawWWHOOYAYyBaHHA [edKY CKIHYEHHY
MHOXWHY BY3/iB | 3B'A3KIB.

Ha3BemMo BUfifIeHY MHOXWHY «M0OYaTKOBMM CTaHOM» i NpeAcTaBMmo MOro
y BUrnagi novatkosoro rpaga Hnou BignoBigHOT A0 06°eKTa CTPYKTYypu. Xaii
NS UbOro rpata maTpuusa CyMiDKHOCTI Mae BUrNA4, NpeAcTaBNeHnid Ha puc. 2.
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PucyHok 2 - Matpuuda cyMiXXKHOCTI no4aTkoBoro rpadga Hm

BignoBigHWiA MaTeMaTUYHUIA BMpa3 ANd NMOYATKOBOro rpada CTPyKTypwu
CKnafgHoro o6’ekta mae BUrNag:

010 11
10 10 1
H 010 11
10 10 1 (8)
11110

P03i6’eM0 efleMeHTU CKNagHOro o06’eKTa MalwMHOOyAyBaHHA Ha ABi
MHOXWHMW fBOMa crocobamu:

- npu po3buTTi nepwmm CcNOco60OM CTBOPHOKOTLCA TaKi MHOXUHU:
eNeMEHTN  CKNagHOro 06’ekTa MawWMHOOyAyBaHHA  HeylKOAXeHi  (He
BIAMOBUMN); eNIEMEHTUN CKNAAHOT0 06’€KTa YL KOMXKEHI (BIAMOBUNN);

- APYTWiA cnoci6 CTBOPKE TaKi MHOXWHW: eNeMEeHTU CKNagHoOro o6’ekTa
MawmnHObyaAyBaHHA AOCTYMHI AnA 6e3nocepefHbOT OLIHKM X HaneXHoCTi Ao
MHOXWH Mepworo cnocoby (AOCTYMHI [0 CMNOCTEPEeXEeHHHA); eNnemMeHTu
CK/lafiHOro 06’ekTa MaluWHOOYyAyBaHHA He [AOCTYNHI Ana 6e3nocepefHbol
OUIHKM TX HaNeXHOCTi [0 MHOXWH nepworo cnocoby (noTpebyroTb
[iarHOCTUKW CTPYKTYPHOT HagiiHOCTI).

Y WKOMXXEHHSA peasbHOro CKNafgHoro 06’eKTay BUrNAAi BUaNeHHA BY3NiB
i (ab0) 3B'A3KIB CKNagHOro 06’ekta BiAi6'eThbCA Ha i30MOpPHOMY oMYy rpadoBi
BMAANEHHAM BiANOBIAHUX BepLlIUH abo pebep (puc. 3).
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PucyHok 3 - MaTpuusa cyMiXKHOCTI rpada cknafHoro 06’ekra
3 YLWKOKEHVM 3B'I3KOM

MaTemaTu4Hmnii BUpa3 Ana rpada 3 yWKOAKEHUM 3B'A3KOM Mae BUTAL:

0 10 10
10 10 1
H 0 10 11
10 10 1
0 1110

(9)

MaTtemaTU4yHUA BMpa3 Ana rpada CTPYKTYpuM CKNagHOro o06’ekTa i3
YW KOAXXEHUM BY3N10M Mae BUTNSA;

01011
1010 1

W 0 10 11 (10)
1010 1
11110

Tenep nepengemMo [0 enemMeHTIB 06’€KTa, AKi HanexaTb A0 MHOXWUHWU
Takux, WO nNOTpebylTb AiarHocTyBaHHA. B TakoMy 006°ekTi maTtpuusd
CYMIXHOCTI Ma€ BUrnsg, npeactaBneHnin Ha puc. 4. ICTOTHOK BiAMIHHICTIO i€l
mMaTpuui Bif nonepeaHixX € Te, WO Ha NO3MLIAX, BI4NOBIAHMUX A0 AiarHOCTYEMMX
eNeMeHTIB, Y Hel po3MilyTbcd He 1 a6bo 0, a WMOBIPHOCTI TOro, WO LUEW
eNeMeHT LWe icHye, TO6TO He OyB MOWKOAXKEHWA Ta He BIAMOBMB nNifg 4ac
ekcnnyaTtauii 06’ekTa.
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1 2 3 4 5
1 0 PR 0 P14 PI5
2 P2 0 1 0 1
3 0 1 0 1 1
4 o 0 1 0 1
5 5 1 1 1 0

PUCyHOK 4 - Matpuus CyMidXKHOCTI NO4aTKOBOro rpada 4acTKOBO HeAOCTYMNHOro Ans
MOHITOPUHTY 06’eKTa

BignoBigHWiAi  MaTemMaTW4HUI  BMpa3  ANA  NOYATKOBOro  rpada
[iarHOCTYEMOro 06’eKTa Mae BUINA4;

0 P12 0 P14 P15
p, 0 1 0 1
H 0 10 1 1 (11)
p, 0 1 0 1
p. 1 1 1 0

MeToga, SKWIA BUKNafeHo Buwe, 6yB BUKOpUCTAHUI npu nobynoBi
3arasbHOT CUCTEMM MNIATPUMKM NPUAHATTA pilleHb NPW NPOEKTYBaHHI Ta
ekcnayartauil cknagHux cuctem [2].

BWCHOBOK. Po3po6neHnii  MeToh  LiarHOCTUKM  CTaHy  CKNagHMX
MalWNHOBOYAIBHUX CUCTEM, CTPYKTypa AKMUX 3a3HAE YLWKOMXKEHHA MNPOTArom
XWUTTEBOrO LMKNy. MeTof, 3aCHOBaHW Ha peanisayii NpUxoBaHOT MapKOBCbKOT
mogeni, 3abe3neyye focnigHUKa CUCTEM [0AaTKOBOK  AiarHOCTUYHORO
iHhopmalieo, WO Mae BWUCOKUIK CTyniHb BiporigHocTi. Lle pgosBonse
PEKOMEHYBaTW MOro A48 3aCTOCYBaHHA B LUMPOKOMY CMeKTPi NpUKIageHsb.

Cnuncok BUKOPUCTaHUX [MKepen: 1 SHTPONUA CUTHAN0B [3M1EKTPOHHbIN pecypc]. - Pexum
poctyna: <http://xreferat.ru/33/686-1-entropiya-signalov.html>. - 11.10.2012.
2. HecTepeHko CA. OueHKa COCTOSIHUA CETEBbIX CTPYKTYP C JIAaTEHTHbIMM 3/IEMEHTaMU C
MOMOLLBKO  CKPbITbIX  MapKoBCKMX mogenei / CA.  HecTepeHko, [O.A. Typny,
AH.A. CTtaHosckuid // Matepuanbl XIX-ii MexayHapoaHOW KOH(epeHUmMn «ABTOMATUKA -
2012». - KueB: YHYXT, 26 - 28 ceHts6ps 2012. - C. 231.
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