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BBeaenue

[Ipobnema cocToMT B TOM, YTO B HACTOAIIee BpeMs HE pPa3pabOTaHbl YETKHE
PEKOMEHJALUHU 10 pPacueTy YeJOBEKO-MAIIMHHBIX CHUCTEM M, B YAaCTHOCTH, Ul YCIOBUH
KOKCOXMMHYECKOTO TPOM3BOJCTBA. DTO B TMOJHOM Mepe KacaeTcsl CUCTEM, BKITFOUYAIOIIHX
MAIlIWHBI, 00CTY)KMBAIOIINEe KOKCOBBIE MEUH, U ONEPaTOpOB, KOTOPHIC YIPABISIOT dTHMH
MaIIMHAMH, TTOCKOJBKY OTIepaToOphl JOIMYyCKAIOT OMIMOKM, MPUBOMALINE K AaBapHIHBIM
OTKa3aM, JIOJsl KOTOPBIX cocTaBisieT 25-75 % Bcex oTkazoB. [ToaToMy BaKHO pa3paboTaTh
METOJHMKY pacueTa TaKOW CHUCTEMbI C YUYETOM aBaPUIHBIX OTKA30B, BBI3BAHHBIX OLIMOKaMU
OIEepaTOpOB.

B oToM HampaBieHuu Bemyrtcsi uccienoBaHus [1-5], B 4acTHOCTH TpeANpPUHSTHI
MOTIBITKH, KOTOPHIE TO3BOJIMIM IOJNYYUTh HEKOTOPHIE CTATHCTUYECKUE XapaKTEPUCTUKH
AKCIUTYaTallMOHHOM HAJEXHOCTH CHCTEM «OIEpaTop — MallMHa», OJHAKO HE IMO3BOJSIOT
IPOTHO3UPOBATh HAJECKHOCTh YEJIOBEKO-MAIIMHHBIX CUCTEM U ONTUMHU3UPOBATH MPOLEAYPY
noucka HarOoJsee 3(h(eKTUBHBIX MEPOIPUSATHI.

VHTEHCUBHOCTh OTKA30B YEJIOBEKO-MAIIMHHBIX CUCTEM OIpPEIeNseTcs, B OCHOBHOM,
OlIMOKaMU 4YeJoBeKa — OIepaTopa, KOTOPbIM MOJBEpKEH BIMSIHUIO MHOKECTBA 3a4acTYIO
IUIOXO W3YYEHHBIX M HEM3Y4eHHBIX (pakTopoB. B nanHHON paboTe mpeanpHHsTa MOMbITKA
UCCIIeI0OBaHMsI HA/IEKHOCTH TaKOW CHCTEMBbI METOJIOM MH()OPMAIIMOHHONW 3HTPOMMH, UYTO, 110
HallleMy MHEHHUIO, XOpOLIO MOAXOMUT Ul peIIeHUus 3ajad ¢ OOJBLIMM KOJIMYECTBOM
CIIy4alHbIX BO3/JEUCTBUI Ha MCKOMYIO (QyHKIMIO. B kauecTBe McKoMOW (pyHKUHU BbIOpaHa
BEPOSITHOCTh Oe30TKa3HOM cuctembl P(t).

OcHoBHoOe coaep:kaHue padoThl

WNudopmanoHHas SHTPOIUS UCTIONB3YETCS B Ka4eCTBE KPUTEPHs MPaBAONOI00MS -
MaKCUMYMY 3HTPOIHMH OTBEYAET HauboJiee BEPOSITHBIN OTBET HA MOCTABJICHHYIO 3aJady IpH
HAJIMYUU UMEIOIIEHCS IOCTOBEPHOM, HO HE Beeraa noyHou nudopmariiuu [6, 7]. [Tpu stom ee
BEJIMYMHA SIBJIACTCS MEPOM HEONPENEIEHHOCTH, KOTOpask CBs3aHa C COCTOSIHUEM CUCTEMBI U
O’KUJAEMOM HAJCKHOCTHIO ee (PyHKIIMOHUpOBaHHUA. MakcuMyM HH(OPMAITMOHHON SHTPOITUU
XapakTepu3yeT CHCTeMy B €€ Hauboiiee BEpOSTHOM COCTOsHUM. I[IpumeHeHue
MH(POPMALIMOHHOTO MOJX0/a IO03BOJIAET B (OpPME CTATUCTUYECKOIO BBIBOJA IOJYYHUTH
pe3yibTaT, KOTOPBIN ClIeAyeT UCTOIKOBBIBATh Kak HarboJee npaB1onog00HbIH.

PaccMOoTpuM NpPUMEHUMMOCTH 3TOTO METOJA K OLECHKE HAJEKHOCTH CUCTEMBI
“omeparop-mamuHa”. JIOMYCTHM, 4YTO HAAEKHOCTb MAILIMHBI - 3TO MAaKpOYPOBEHb, a
MHKpPOYPOBEHb — OIICpPALlMH, BBIOJHSACMBIC OTACIBHBIMU OJIEMEHTHI (yCTpOHCTBaMM).
[Tporiecc BOSHUKHOBEHHSI OTKA30B AJICMEHTOB 3aBUCUT OT OYEHb MHOTUX (hakTOPOB (CBOWCTB
Marepualia, KayecTBa M3rOTOBJICHUS, PeXHMa pabOThl, YCIOBUH OSKCIUTyaTallkd U Jp.) H
HOCHT CITydalHBIN XapakTep. B To ke BpeMs Haie)KHOCTh CUCTEMBI XapaKTEPU3YeTCs PAIOM
nokasaresnei (0e30TKa3HOCTh, JOJITOBEYHOCTh H T.J.), KOTOPbIE MOYXHO OI[CHUTh C HEKOTOPOi
OIIPENIETIEHHOCTBIO.

[Tono6HO 111000 3ajaue BEPOSITHOCTHOIO XapakTepa, JOCTOBEPHOCTb PE3YJbTATOB,
MOJly4aeMBbIX Ha OCHOBE Teopuu uH(popmamuu, OyneT TeMm BbIIIE, YeM OoJblie 00beM



BbIOOpkH. [lon BbIOOpKOI B cHCTeMax MakKpOypOBHSI — dYallle BCErO0 BBICTYMAET YHUCIIO
3JIEMEHTOB, KOTOPOE JOJDKHO OBbITh BelIHMKO (MOpsaka 10° - 10* u Gounee). [Ipun sTOM
JIOCTOBEPHOCTh TOJIy4a€MbIX pE3yJIbTaTOB OKa3bIBACTCS OYEHb BHICOKOM. A Tak Kak Hac
MHTEPECYET CIOKHBIA TEXHUYECKUH OOBEKT, COCTOSIIUI U3 THICSAY 3JIEMEHTOB, TO YPOBEHb
JIOCTOBEPHOCTH TAKXKE 0’KUIACTCS BBICOKHM.

C npyroii CTOpOHBI, B KQU€CTBE OOJIBIIOTO YMCIIA DIEMEHTOB CHCTEMbI MOYKHO CUMTATh
MOBTOPEHUE OJHOTHUITHBIX OTEpalfii WM IUKIOB pPabOThl MEXaHH3MOB U YCTPOWCTB
KOKCOBBIX MaIlliH, KOTOPhIE B TCUCHHE HECKOJBKHX JIET OOCIY)KHUBAIOT OaTaper KOKCOBBIX
neueil. [Ipy 5TOM 4YHCIO THMKIOB HACYMTHIBAET MHOTHE THICSYM W OHHU TIPOUCXOMAT C
ydacTHeM oreparopa-mamuHucta. ClieoBaTeIbHO, METO BIIOJIHE MOXKHO HPUMEHSTH IS
aHaJM3a TAKMX CHUCTEM C eI KOMIICHCAIMH OIIMOOK OMEpaTOpPOB M 3aIIMThI MAIIHH OT
nosoMok. Takum oOpa3om, TpuUMeHEHHE HH()OPMAIIOHHOTO METOAa Uil  OICHKH
HAJIC)KHOCTH CJIOKHBIX CHCTEM M TEXHHUYECKUX YCTPOWCTB C OOJBIIUM YHCIOM DJIEMEHTOB
WJIY K€ C TIOBTOPEHHEM OOJIBIIIOTO YMCIIAa OHOTHITHBIX OTIEPAIMi BITOJIHE TPABOMEPHO.

Ha ocHOBaHMM CTaTMCTHYECKHX HCCIENOBAHUM, YCTAHOBIIEHO, YTO JOJS OMIMOOK
ONEepaToOpoB B OTKa3aX MAaIIWH 3HAYUTEIHHO BBIIIE, YeM [0S OTKAa30B IJIi MHOTHX
MEXaHMUYECKHUX MEXaHM3MOB U YCTPOHCTB KOKCOBBIX MAIIUH.

Hcnoap3oBanrne MHGOPMAITMOHHOTO TOJX0/1a CBS3aHO € MPUHIIMIIOM MaKCHUMH3AIIUU
uH(pOpMaIMOHHOW SHTporHH [6, 7]:

H(t)= - [f@)Inf(t)dt — max.
0

CocTosiHHE CHCTEMBI B 3TOM CiIydae XapakKTepusyeTcs Kak HauboJiee BEpOSTHOE IMpH
(bopMyTUpPOBaHUM OTPaHUUYEHUH, MPENATCTBYIONIUX €€ MEePEX0ly B COCTOSHHUE PAaBHOBECHS.
OTU OrpaHHYEHHs 3alHUCHIBAIOTCS B BHUJIE YCPETHEHHBIX XapaKTEPUCTUK (QopManu3zma
JxeliHca.

B 3amauax HageKHOCTH 3TO - YCIIOBUE B BHJIC HOPMUPOBKH BEPOSTHOCTEH IS I-TO
COCTOSIHUSI CUCTCMBI.

2. pi=1
i
nu CpeI[HeFO 3HAYCHU A NI MAaTEMATHUYCCKOT'O OXKUIaHUA T

Z PiTj :Tcp1
|

rae Tep - cpennsis HapaOOTKa Ha OTKa3, KOTOpas MOXKET ObITh KaK MOCTOSHHOW BEJIMYUHOM,
TaK ¥ MEHATHCS 110 OTIPEACIICHHOMY 3aKOHY B ITPOIIECCE IKCIUTyaTallud 0ObEKTa.
JIns1 HenmpephIBHOTO MHOYKECTBA COCTOSTHHINA



T
(j) tpj (t)dt =T,,,,

TZie T - CPOK CITY>KOBI CHCTEMBI.

[lpuBencHHBIC TOJOXKEHUST CBHICTEIBCTBYIOT, 4YTO BEJIUYMHA BEPOSTHOCTH i
YIIOBJIETBOPSIET MPHUHSITHIM OTrpaHuyeHussM. COBMECTHBIM pPEIICHHEM YpaBHEHUWH W3 MOYTH
OECKOHEYHOTO 4YKClia BO3MOXKHBIX DPACHpECIICHH BEPOSTHOCTEH OIpenenseTcs OJHO,
KOTOpPOE SIBIISIETCSI HANOO0JIEE I0CTOBEPHBIM.

OnTUMH3aNUI0 HAIEKHOCTH CHCTEM  IIeliecoOOpa3HO HAuWHATH C  TOBBIIICHUS
HAJIC)KHOCTH B JKCIUTyaTallil HanOoyiee HEHAJICKHBIX DJIEMEHTOB W TOACHUCTEM. TakoBOit
SBJSICTCSI, B HalleM cliydae, IMOJCHUCTeMa 'OmepaTtop - MEXaHW3M CheMma JBepu’ Ha
KOKCOBBITAJIKABATEIIE.

O(GGeKTUBHBIM  HANpPaBICHUEM MOBBINICHUS HAJICKHOCTH (YHKIIMOHHPOBAHHUSI
YeJIOBEKO-MAIIMHHBIX CHUCTEM SIBIISIETCS pa3pa0OTKa M NMPUMEHEHHE CIIOCOO0B MU CPE/ICTB
KOMIICHCAIIUM TOCIEACTBUIA Heu30eXHbIX OMmMOOK omeparopoB. Ha mpakTtuke Takas
ONTUMU3AIMS 03HAYAET MPUBEACHUE TIOKa3aTeneil HaJeKHOCTH CHUCTEMBI B COOTBETCTBUE C
TpeOOBaHHUAMU I'paKOB TEXHUYECKOTO 00CTyKuBaHus U peMoHTOB (TOUP).

OyHKIMOHUPOBAaHUWE  CHUCTEMBI  XapakTepu3yeTcs (YHKUUEW pacrpeeneHus
BEPOSATHOCTEH 0e30TKa3HOi paboThl P(t):

0<t<r.

Bemunuune P(t) cootBeTcTBYyeT mutoTHOCTH BepositHocTH f(t), onpenensemas kak

f(1)- — 9P

dt.

[110THOCTB BEPOSATHOCTH JIOJKHA YIOBIETBOPATH Py YCIOBHIA:
- YCIIOBUIO HOPMUPOBKH:

} f(t)dt =1 1)
0

- OTKa3 CHUCTeMbl (WM OCTaHOBKAa HAa IUIAHOBBIH PEMOHT) HACTYNAeT TOJIKO IO
UCTEYCHUIO BpeMeHU HapaboTku T:

}t f(t)dt = 3T, )
0

rae 3HadeHue T Ui NaHHOTO KOHKPETHOrO ciaydas IPUHMMAEM pAaBHBIM BEJIUYMHE
MEXPEMOHTHOI'0 TleproJia Ha ocHOoBaHUU (akTHueckoro rpapuka TOuP kokcoBol MalIuHBbIL.
VYuuThIBasA, 4TO NEPUOJUYHOCTh NMPO(UIAKTUYECKOIO PEMOHTA MEXaHU3Ma CheMa JBEpU B
TpH pasza OoJblle, YeM Ui BCel MallluHbl, MPpUHUMaeM Bpemsi HapaboTku paBHoe 3T. s
KOoKcoBbITasIKUBaTenst T = 22 4. [Ipu satom t >> T,,. Hanpumep, 11 1aHHOHN MOJCHCTEMBI

T = 131280 u.



- BEJIHMYUHA BEPOATHOCTH OE30TKa3HOW pabOThI CHCTEMbI B HayaJIbHBIA MOMEHT BPEMEHH
XapaKTepU3yeTcs 3HaUeHUEeM KOd(QHIIMEHTa TOTOBHOCTH:

P(0)=K..

Bennuuna K, qyis paccmarpuBaemoii cuctemsl papHa 0,977,

[pu 3HaueHNUHU BpeMeHH t 3HaUeHKUE BEpOATHOCTH paBHO P(t).

Hcnonw3ys dopmanu3m JIxeiHCa, MOXKHO CUMTATh HAmOoOJiee BEPOSITHBIMU TaKUe
snayenus f(t), koTopele o0ecreunBalOT MaKCHMaJbHYIO BEIHUYHUHY HWH(POPMAIIMOHHOM
SHTPOIHH.

Makcummsupys pynkimoo H(t) coBmectHo ¢ ypaBHenusimu (1) u (2) u ucnosb3ys
METO/] HEOIIPEAEIIEHHBIX MHOKHTENEN Jlarpanka, noay4um:

f, @)[nfi(t)+ 1+ (g —1)+ AptJdt = 0,

rie (Wo-1) u A, - MHOXHTEH Jlarpamka npu orpanudeHusx (1) u (2) coOTBETCTBEHHO.
YipouieHreMm nosydaeM He0OX0JUMOE YCIOBHE MaKCHUMyMa SHTPOIHH:

fnfi (t)+ Ho +/10'[ =0.
Otkyna
fi (t)= e—lot—,uo .

[Tocite oICTAaHOBOK OTIPECIIAEM |-

gt —ptg (o2
f(t)dt =fe Aot Hogp =& e & e~ 1)

=1,
0
5 —2p | N

O =

Bemmunnoii €7 BBUJIY TOTO, YTO T OYEHH OOJIbINAS BEIMYMHA, IPEHEOperaem:
-Aot

e ~0.

Torna

e 10 =2g; —po =1y,

ITocne MNOACTAHOBOK OIIPpECACIINM

T T —Aot
[t (t)dt =[ 2gte™*'dt = M(— Aot —1)(6;
0

2
0 A0

e %07 (= Agr —1) +1=31,T.



IIpeo6pasoBbiBasi ¢ yaeroM €7 ~ 0, momyunm:

23T =1, g :%

M OIIpEACIINM.

t
1 -
g =/n3T; f(t)=—e 3T,
0 =N () 3Te

Ilocne moacTaHOBOK C y4e€TOM TIPAaHUYHBIX YCJIOBHM IIOJYYHM BBIPAKECHHE MJIA
BEPOSITHOCTH 0€30TKa3HOM pabOThI CUCTEMBI JUIsl 3HAUEHUS] BPEMEHHU .

B t t ——

[ dP(t)=jf(t)dt—ije 3T dt;
P(t) 0 3T %

1 _t
K, —P(t)=§(—3T)e 3T 11
Otcrona onpeneinsiem P(t):
_t
Plt)=e 3T -(1-K,) (3)

dopmyna mnpeacTaBiaseT CcoOOM MaTeMaTUYECKylH0 3aBUCUMOCTb BEPOSITHOCTH
0€30TKa3HOU PabOTHI MOJICUCTEMBI OT BPEMEHH €€ (PyHKIIMOHUPOBaHU .

Jnst naHHOM MoACHCTEMBI 'ONEpaTop - MEXaHU3M ChEMa JIBEPU C yUYETOM HCXOAHBIX
JTAHHBIX 3aBUCUMOCTH TPUOOpETAET BUI!

P(t)=e~ 20153t _g 023,

Otnnune ypaBHeHHS (3) OT 3KCIOHCHIMAIBLHOTO 3aKIF0YAaeTCs JIMIIb B HATHIAN
BBIP@XKEHHS B CKOOKAX, YYHMTHIBAIOLIErO HayajbHbIE YCIOBUS (YHKIIMOHHPOBAHHS.

[MonydeHHass MaTeMaThyeckas 3aBHCHMOCTh — HMMEET JIOTHYECKOEe OOOCHOBAaHHME.
JIeHCTBUTENILHO, OKCIIOHEHIMAIBHOE paclpe/ie/ieHHe  XapaKTepU3yeTCsl  MOCTOSHCTBOM
BEJIMYMHBI HHTEHCUBHOCTH 0TKa30B A =1/3 T, KoTOpOe u BBITEKAET U3 yCIOBHS (2).

BriBoabI
NudopManoHHbIN MOAX0] MOXKHO WCIIOJIB30BATh JIJISi PEIICHUS PA3JIMUHBIX 3a7a4
HAJCKHOCTH. MeToa  TO3BOJISIET OOHAPYKHTh PACXOXKIECHHUE C  TPaJAUIUOHHBIMU
CTAaTUCTUYECKUMHU OIICHKAMU HAJIEKHOCTH, YCTAHOBHUTH HEOOXOJMMBIC MEPOTPHUSATHUS IS



KOMIICHCalIK1 OIINOO0K OonepaTropoB, NpPUBOAAINIUX K IIOJIOMKaM MCXaHU3MOB MAIIMHbI U
MOJIYYUTb Oonee IpOCTbIM CII0CO00OM OLCHKY HAaJACKHOCTHU CJIOKHBIX CUCTCM, YHPABJIACMBIX
oneparopamu.

B oartux pa60TaX BIIOJIHEC HPUMCHUM I/IH(l)OpMaI_II/IOHHHﬁ noaxod, IIOCKOJIbKY
TEXHUYCCKUC ACTICKTBI HAACKHOCTHU IS TAKUX CUCTEM TPYAHO PA3TPAHUYUTL C BIHUAHUCM
Ha HaACKHOCTHh YCIIOBCYCCKOI'O (baKTopa. I/IHQ)OpMaLII/IOHHBII‘/'I nmoaxoa B JaHHOM Ciy4dac
MO3BOJIIET 0€e3 ACTAJIIbHOTO HCCIICAOBAHUA IIPUYUH OIIMOOYHBIX HeﬁCTBHﬁ OIICpaTopoOB
IMPOTrHO3UPOBATh OLICHKY HAAC)KHOCTU CUCTEMBI KaK Hauoboee BECPOATHYIO.

Cnucok surepatypsi: 1. Brnacos I'.A., Capanuyk B.U., Uynmer B.M., Omogckuii B.B.
CucTeMHBIM aHAU3 KOKCOXHMMHUYECKOTO Mpom3BoACTBa. — JloHenk: CXimHWN BUIaBHUYUN
nim, 2002. — 296 c. 2. Capanuyk B.W., BrnacoB I'.A., Uynmes B.M. u np. HanexxHnocts
paboTsl kokcoBbix MammuH // Kokc n xumust, 1999. Ne 10. C.34-40. 3. Capanuyk B.U., Bnacos
I''A., Uynmies B.M. u np. HamexxHOCTh KOKCOXMMHUYECKOTO MPOM3BOJICTBA KaK CUCTEMBI //
Kokc u xumus,. 2000. Ne 3. C.28-32. 4. Bnacos I'.A., Taiimaecako A.C., [Tapdenrok A.C.,
TomopoB A.A. Ilpoanenue pecypca U MOBBIINICHWE TEXHOTCHHOW 0€30MacHOCTH OCHOBHBIX
KOHCTPYKIUI Ha KOKcoXxuMuueckux npennpusatusx // Koxc u xumus,. 2001. Ne 5. C.36-38. 5.
Brnacos I'.A., Ilapdentok A.C., Beperensuux C.I1., Tonmopos A.A., Aptiox B.I'. K Bonpocy
3aIIUTHl KOKCOBBIX MAIIMH OT IMOJIOMOK // 3ammra MeTaJulyprudecKuX MalluH OT TOJIOMOK:
C6.HayyH.Tp. — Bbin. 4. — Mapuynons: [II'TY, 1999. — 316 c. 6. Bunbcon A. DHTponuiiHbIe
METO/IbI MOJICTTMPOBAHUS CIOXKHBIX cucTeM. - M.: Hayka, 1978. - 248 c. 7. DHTpomnuiinbie

METOJIBI MOJCIIMPOBaHus B xumuueckoi Texuuke / Ilox pex. B.II. MaiikoBa. - M.: U3a-Bo
MIXMa, 1981. - 160 c.

AHAIJII3 EKCILTY ATALIMHOI HAJIIMHOCTI KOKCOBUX MAIIH
3 YPAXYBAHHIM ITOMUNJIOK OITEPATOPA
[Tapgentok O.C., Kocrina O./l., Koctin B.I., bynatos O.A.

[TokazaHo epeKTUBHICTh METO1y 1H(POPMAIIIfHOT eHTPOii ]| Yac aHali3y HaJ1HHOCTI
TEXHIYHHX CHUCTEeM. SIK TpHWKiIag  BU3HAYCHA HAMIMHICTH JIIOJMHO-MAIIMHHOT CHCTEMHU
«OIEPaToOp - KOKCOBA MallIMHa» i OTPUMAHO PIBHSHHS, LI0 JI03BOJISIE BU3HAYUTU HMOBIPHICTh
0€3B1IMOBHOT pOOOTH CHCTEMHU.

AHAJIM3 DKCIUIYATAIMOHHON HAJIEXXKHOCTH KOKCOBBIX MAIIH
C YUETOM OLLIUNBOK OITEPATOPA
[Mapdenrok A.C., Koctuna E.JI., Koctun B.I., bynatos A A.

[Tokazana »3¢d¢dexkTuBHOCT, MeToga HH(POPMALMOHHOM SHTPONHMM TPH aHAJIU3e
HA/IeKHOCTH TEXHUUYECKHUX CHCTeM. B KkauecTBe mpumepa  oIpeneseHa HaJeKHOCTh
YeJI0BEKO-MAIIMHHON CHCTEMBI «OIEpaTop — KOKCOBas MalllMHA» W IOJYyYeHO YpaBHEHHE,
MO3BOJISIOINIEE ONPEASIIUTh BEPOATHOCTh 0€30TKa3HON pabOThl CUCTEMBI.

THE ASSAYING OF OPERATE RELIABILITY COKE MACHINES WITH
ERROR CHECK OF THE OPERATOR
Parfenjuk A.S., Kostina E.D., Kostin V.I., Bulatov A.A.

Efficiency of a method of an informational entropy is shown at the assaying of
reliability of engineering systems. In the capacity of an instance reliability of the system «the
operator - the coke machine» is determined and the equation is received, allowing to define a
probability of survival of the system.



