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CoBpeMeHHOE KOHKYPEHTOCIIOCOOHOE MAalIMHOCTPOUTENHHOE IMPEINPHITHE JOIDKHO obec-
MIEYUBATh ONEPATHBHBIN MIEPEXOA C OJHON HOMEHKIATYPhI Ha APYryto. JlaHHast TeHAeHIuUs OTpa-
JKEHa B CTPATErMN HayYHO-TEXHOJIOTHUECKOro pa3Butusi PO B yactu npuopurera nuppoBU3aLUH
npousBoacTBa. Hambonee pecypcoemka MEepeKOMIIOHOBKA aBTOMAaTHYECKHX JIMHUHA MacCOBOTO
MIPOM3BO/ICTBA, BKIIFOYAIONINX MHOXECTBO pabounii mo3unuii. CBA3b MEXy arperaTaMu aBToMa-
THYECKHX JIMHUI B MacCOBOM IPOU3BOJICTBE JKECTKasl, XapaKTEPHU3yeTCs] OTCYTCTBHEM MEXOIIe-
panuoHHbIX 33ae10B. OCTaHOBKA OJHOTO M3 arperaToB aBTOMaTHUYECKH OCTAHABIIUBAET BCIO JIU-
Huto. Or1ieHKa BpEMEHH COXPaHEHHS PabOTOCIIOCOOHOCTH — OE€30TKa3HOCTH PadOThI TO3UIUH C
YKECTKOW MeXarperaTHOM CBSI3bIO SIBJISIETCS KOMIUIEKCHBIM M TPeOyeT OLIEHKH MHOTHX (pakTopoB.
B pabote s mpoBeneHust pacyera Obula MPUMEHEHA CTPYKTYpHAsi cCXeMa HaaeXHoCTH. [IpoBe-
JICHHBIN pacyeT rokasarelyieil paboToCocoOOHOCTH M HaJeKHOCTH paboyell MO3ULNH C JKECTKOM
MEXXarperaTHoi CBSA3bIO MO3BOJISET MOIYYNTh MOKa3aTeIN HAJeKHOCTU Ul BTOPOTO HampaBile-
HUS Pa3BUTHS NEPEKOMIIOHYEMBIX PabOYMX MO3MIMI C aBTOMaTH4YeCKOW CMEHOH y310B 0e3 Ha-
PYLIEHHS KECTKOH Me)XarperatHoi cBsi3u 0a30BBIX y3110B. OTMEUEHO, YTO HPHU pacdeTe MOXKHO
HC YYHUTbhIBATh BEPOATHOCTH BOBHUKHOBCHHS OTKa3a arpe€raTHbIX Y3JI0B 110 IMIPUYUHE MPOCTOTHI UX
koHCTpyKmu. [Tpu sTOM ompexnenenne oOIel GOpMYIIEI BEPOSTHOCTH O€30TKa3HOI paboTHI pa-
004Yeli MO3MIIMU C KECTKONW MEKArperaTHON CBSI3bI0 MO3BOJIIET MEPEHTH K ONMPEICICHUIO BEPO-
SITHOCTH 0€30TKa3HOW paboThHI 3JIeMEHTOB pabodeil O3UIINH C KECTKON MeKarperaTHOH CBS3BIO.
O6ecnequMe FI/I6KOCTI/I ABTOMATHUYCCKUX IMPONU3BOJACTBCHHBIX JIMHUM MacCOBOI'O IMpOU3BOACTBA
BO3MOJKHO TIPH TTEPEX0JIE OT CHCTEM C JKECTKOHW MeKarperaTHOM CBSI3bI0 K CHCTEMaM C PadOYnMHU
IMO3ULIUAMHU nepeMeHHoﬁ KOMITOHOBKH CO CMCHHBIMU MOAYJISAMU. Marematuueckoe oOecrneucHe
pacyeTra HaJIeKHOCTH CHCTEM C JKECTKOW MeXarperaTHON CBSI3bIO IIO3BOJIMT PACHIMPUTH 00JI1acTh
npuMeHeHus KoHuenmi «Muayctpuu 4.0» U «yMHOT0» IPOU3BOICTBA.

Knioueswvie crosa: cmpykmypnas cxema HaoexlcHoCmu, 6eposamHocms Oe30mKa3Hol pabo-
mbl paboueri NO3UYUU, HCECMKASL MeXHCAspecamuas c6:A3b, AgMOMaAmuecKas cMeHa y3ioe, onpe-
Oenenue eposIMHOCMU 6E30MKA3HOU PAbOMbL AcPecamHbIX Y37108.

Beenenue

WzBectHO [1, 2], uTO 0€30TKA3HOCTh — CBOMCTBO O0BEKTa HEMPEPHIBHO COXPAHATH PabOTOCIOCO0-
HOE COCTOSTHHE B TEYCHUE HEKOTOPOTO0 BPEMEHH MJIM HEKOTOPOU HapaOboTku [3—6].

BepositHocTh O€30TKa3HOM pabOTHI paboyeil MO3UIUU C KECTKOW MexarperaTHoOW cBsizbio PIDK
(P(¢)ppp ) 3aBUCUT OT BEPOATHOCTH O€30TKa3HOH pabOTHI arperaTHhIX y3J0B Ul BCEX SPYCOB KOMIIO-

HOBaHMA paboueil mosuuuu [7]. s onpeneneHus: BAUSHUS arperaTHbIX Y3JI0B Ha P(f)pry H BBIBOZAA
o6mel popMybl pacdeTa P(t)pry HCHONB3yeM CTPYKTypHYIo cxemy HagexHoctn (CCH) [8, 9].

1. CTtpykTypHas cxeMa HaJe:KHOCTH

IIpu moctpoernn CCH kaxnpiii arperatabiii y3en PIDK o0o3HadaeTcss OTOeNbHBIM CTPYKTYPHBIM
610KkoM. B 3aBuCHMMOCTH OT BIMSHHS OTKa3a arperaTHOro y3Jjia CTPYKTypHBIE OJIOKH CTaBsITCA MOCIEN0-
BaTEeNbHO WK MapajuiensHo. Eciin 0Tka3 arperatHoro ysia IpUBOAMT K OTKa3y Bcel pabodeil Mo3uIuH,
TO CTPYKTYPHBIH OJIOK arperaTHOTO y3ja CTaBHUTCS mocienoBarenbHo (puc. 1, a). BeposTHOCTh 6€30T-
Ka3HOM paboThl paboueit mo3uunu co CCH, nMerommii BU NOCIEA0BATEIbHO COSAMHEHHBIX CTPYKTYP-
HBIX OJIOKOB arperaTHbIX y3JI0B, HAXOAUTCS KaK MPOU3BEACHUE BEPOSITHOCTEH 0€30TKa3HOM paboTHI co-
CTaBJIIONINX arperaTHbBIX Y3708 [8, 9]:
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9 1L 2" P(t):P(t)al ‘P(t)32 .""P(t)an :ﬁp(t)ai’ (1)
1

| I/ie 7 — KOJIMYECTBO arperaTHhIX y3JIOB B KOMILIEKTE pabo-
yeil mosuuuu; P(7),, — BEPOATHOCTb O€30TKa3HON pabOTHI

0 .
) 1 2 0 -0 arperaTHoro ysia.
| | | | [TapamnensHO pacmoNOKEHHBIE CTPYKTYpPHBIE OJOKH
| (puc. 1, 6) onuceBator CCH, uMmerornyto rpymmy arperat-
Puc. 1. CtpyktypHas cxema napekHoct (CCH)  ypix y35108B, BbI3bIBatoInX oTKa3 PIT TOJBKO B ciydae OT-
npu nocnepoBaTenbHou (a) n napannensHou (6) . 10-131. B
PACCTAHOBK® 3NBMEHTOB Ka3a BCEW Tpymmbl arperatHeix y3ioB [10—13]. Bepost-
HOCTh Oe3otkasHoi pabotei CCH ¢ mapamiensHO pacro-
JI0KEHHBIMHU CTPYKTYPHBIMU OJIOKaMH HaxoauTcs o ¢opmye [14]:

P =1-T 0~ P(0),). 5
1

IJie 71 — KOJIMYECTBO arperaTHbIX Y3II0B; P(t),; — BEPOATHOCTH O€30TKa3HOM pabOThI -0 arperaTHoro ysia.

2. PacueT BeposATHOCTH 0€30TKA3HOM padoThI

g mpoBezieHns pacyeToB BEPOATHOCTH OE30TKa3HON paboThl paboueil MO3ULIKUK TMPOU3BOICTBEH-
HOH CHCTEMBI C JKECTKOW MEKarperaTHo CBA3bIO (P(f)pry) HeoOxoaumo muddepenunpopats (pas-
outp) komnoHoBKy PIIDK Ha cocraBHbIe arperartnbie y3usl [15, 16] u B coorBerctBuu co CCH cocra-
BUTH 0011y10 hopMyIry BepoaTHOCTH 6e30TKa3HOM paboThl PIDK (P(#)py ) -

PIDXK cocTouT 13 n KOMILJIEKTOB, OTKa3 Ka)KJJ0TO KOMIUIEKTa MPUBOIUT K 0TKa3y Bcel PII, cneqoBa-
TEIBHO, (POPMyJIa pacueTa P(f)py 3alMCaHa CIETyIOMHUM 00pa3oM:

P(@)prx = POy oo P(Dy ZHP(t)kn €)
1

rae P(t),; — BEpOATHOCTh 0€30TKa3HOM paboTel k-ro komiuiekTa PIDK; i — mopsakoBslil HOMep KoMmII-
nexta PITK; #n — Konn4ecTBO KOMIUIEKTOB B COCTaBe pabovel O3UIHH.

BeposTHOCTE 0€30TKa3HOM PabOTHl A-KOMIUIEKTa ONPEAEIIeTCS] BEPOSITHOCTHIO 0€30TKa3HOM pabo-
THI arperaTHBIX y3JIOB APYCOB, U3 KOTOPHIX CKOMITOHOBAH k-1 komruiekT [17, 18]. YuuTeiBas, uTo He3a-
BHCHMO OT KOMIUIEKTa OTKa3 JII000TO W3 SIpyCOB MPUBOAUT K oTKazy Bcelr PITK, dopmyma pacuera Be-
posiTHOCTH 0e30TKa3HOH paboThl k-kommnekra PIDK (P(7),;) 3anuceiBaercs:

P(t)y; = P(0)gy s P(0), = [ [ P(0)y ()
1

rae P(t),; — BEpOATHOCTh Oe30TKa3HOM paboTsl j-ro spyca PIDK; j — nopsakossiil Homep sipyca PIDK;
M — KOJIMYECTBO SIPpycoB k-ro komruiekta PIDK.

BepositHoCTh Oe30TKa3HO# paboThl sspyca PITK onpenensieTcst BepOSITHOCThIO 0€30TKa3HON pabOThI
y37I0B, YCTaHOBJIEHHBIX Ha 1aHHOM sApyce. Tak kak spycsl PIDK Bcerna cocTodr n3 0AHOTO arperaTHoro
y31a [19, 20], To BeposSITHOCTh 0€30TKa3HON paboTHI sipyca OyAeT paBHA BEpOSITHOCTH O€30TKa3HOI pa-
00TBI arperaTHOro y3na, paboTarouiero Ha 31oM spyce (P(1),;).

CornacHO TPOBEJICHHOMY aHAJIU3y CTPOUM CTPYKTYPHYIO CXEMy HaJIeKHOCTH pabodel MO3UIHU
¢ J)kecTKoi MexarperatHoi cBsa3bio (CCH PIDK; puc. 2).

HUcnonezyst CCH, cocTaBisieM o0yt GopMyy BEpOSITHOCTH 0€30TKa3HOUW paboTh pabodeil 1mo3u-

maH (P()px )

n.m n.m q
PO =[ [T TPOHN=TTATPO,H=TTPO), 5
1 1 1 1 1

IAe g — KOJIMYECTBO arperaTHbIX y3J0B jKeCTKOH KoMIOHOBKHM PIDK; n — Komm4yecTBO KOMIUIEKTOB Ha
paboueii mozunmu PIDK; m — xomudecTBo sipycoB i-ro xomriekta PITK; P(t),,]- — BEPOSTHOCTH 0€30T-

Ka3HOU paboTHI j-ro sipyca PIDK.
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P, P, P,

Pt),) HH P, tHPO5 A P, i PO, 5 = P06 kP10, ; H P05
P (I)ﬂf P (r)ﬂ.’ P (l)ﬂ3 P (yﬂ P (I)EJ- P (I)ﬂd P -(r)x? P (I)ﬂé’

Puc. 2. CTpyKkTypHas cxemMa HageXHOCTU paboyeil Mo3nLMUM C XKeCTKOW MexarperaTtHomn
casblo (CCH PMX): P(#),,, P(t),,, P(t),; — BePOATHOCTN 6e30TKa3HOW paGoTl

CTaHwH; P(1),,, P(t),; — BEpPOATHOCTU 6e30TKa3HOW PaGoTbl CUNOBLIX CTOMOB;

P(t),;, P(t),;, P(t),s - — BEPOATHOCTN Ge30TKa3HOW PaboThbl WNUHAENbHbIX Y3108

[Ipu pacuere mo dopmye (5) cineayer yauThIBaTh, 4TO BEPOATHOCTH BOSHUKHOBEHHS OTKa3a ( F(2))

arperaTHeIX y3J10B THIA CTAaHWHBI MO0 MPUYHHE MIPOCTOTHI KOHCTPYKIIMH, KECTKOTO COSAMHEHUS U OT-
CYTCTBUSI KHHEMaTHYECKHUX Tap Oym3ka k Hymo (F(t) — 0; P(¢) —> 1) . CoOTBETCTBEHHO, HETPYTHO 3a-

MeTuTh 1o (opmyne (5), 4TO BEpOSTHOCTH OE30TKAa3HOH paboOThI, paBHAs eIMHHIE, HE BIMSIET Ha
P(1)pyp » CENOBATENBHO, BEPOATHOCTH O€30TKa3HO# pabotel cranud P(t) 1, P(t),4, P(t),s B Gopmy-

e (5) MOXKHO OITyCTHUTb.

BoiBoabI

Takum 00pa3om, pacdeT rmokasareneid paboTOCIIOCOOHOCTH U HAACKHOCTH pabodeil MO3UIUH C Ke-
CTKOM MEXarperaTHod CBSI3bIO MO3BOJISIET IMPOBOAUTH PacdeT MOKazarejed HaJeKHOCTH ISl BTOPOTO
HANPaBJICHHUS Pa3BUTHUS MEPEKOMIIOHYEMbIX pa0O4YMX MO3HMIUNA C aBTOMATHYECKOW CMEHOW Y3IIOB 0e3
HapYIICHUs )KECTKON MeXarperaTHo! CBA3H 0a30BBIX Y3JIOB.

Ompenenenue oomeld GopMyIIbl BEpOSITHOCTH 0€30TKa3HOW pabOThl paboUeit MO3UINN C JKECTKOM
MEKarperaTHO CBS3bI0 TIO3BOJISIET TIEPEUTH K ONPEACICHUIO BEPOSTHOCTH 0E30TKa3HOW paboThI Jie-
MEHTOB pa0boueli MO3UIINYU C KECTKOW MEKarperaTHOM CBS3bI0 (arperaTHbIX y3JI0B).

O0cyxaeHue U npuMeHeHue

OO6ecnieueHne TMOKOCTH aBTOMATHYECKUX IMPOU3BOACTBEHHBIX JHUHHUN MAacCCOBOTO IPOU3BOJICTBA
BO3MOJXKHO TIPU MEPEX0JIC OT CUCTEM C JKECTKOM MEKAarperaTHoi CBS3bIO K CHCTeMaM ¢ pabounuMu Mo3H-
[USIMU TIEPEMEHHON KOMIIOHOBKH CO CMEHHBIMH MOIyJisiMuU. [lepekoMItonyemble pabodre TO3UINY ca-
MOKOHTPOJIHMPYEMBI ¥ CAMOPETYIHPYEMBI, YTO COOTBETCTBYET KOHICIIIUSAM «IH(POBOTO» U «YMHOTO)
npou3BojacTBa. [lomydeHHbIN MaTeMaTHUeCKUil anmapatr GopMUpyeT 4acTH HAYyYHOTO 3ajena s JaH-
HOTO Iepexona.
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A modern competitive engineering enterprise must provide an effective switching between
nomenclature types. This trend underlies the strategy of scientific and technological development
of the Russian Federation in terms of priority which is given to digitalization of production.
Reconfiguration of automatic mass production lines is most resource intensive due to a variety of
operation positions. The connection between automatic line aggregates in mass production is
rigid and is characterized by the absence of inter-operational reserves. Shutdown of one aggre-
gate automatically stops the entire line. Estimation of operating capacity time, i.e. operational
safety of a position with a rigid inter-aggregate connection, requires estimation of many factors.
In this paper, we applied a flow chart of reliability to calculation. The calculation of indices of
operating capacity and reliability of operation position with a rigid inter-aggregate connection
makes it possible to obtain reliability indices for the second line of development of recomposed
operation positions with automatic node change without breaking the rigid inter-aggregate con-
nection between the basic nodes. It was noted that when calculating it is possible to ignore the
probability of failure of aggregate nodes due to the simplicity of their design. Moreover, determi-
nation of the general formula for the probability of operational safety of an operation position
with a rigid inter-aggregate connection allows us to determine the probability of operational safety
of the operation position elements with a rigid inter-aggregate connection. The flexibility of auto-
matic production lines of mass production can be provided when switching from systems with rigid
inter-aggregate connection to systems with operation positions of variable configuration with
plug-in modules. Mathematical support for calculating the reliability of systems with rigid
inter-aggregate connection will expand the applicability of “Industry 4.0” and “smart” produc-
tion concepts.

Keywords: flow chart of reliability, probability of operational safety of operation positions,
rigid inter-aggregate connection, automatic node change, determination of the probability of
operational safety of modular units.
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