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PO MOJIEJIb BE3ITEKH JIBOKAHAJBHUX NPUCTPOIB BE3 MEPE3AITYCKY KAHAJIIB

Texniuni npucmpoi na mpancnopmi y 6inbwocmi c6oill oxonieni 60y008anum Konmporem. Y cmammi po3ensHymo
NUMAHHA QYHKYIOHATbHOT Oe3neKy 0BOKAHANbHUX MPAHCROPIMHUX npUcmpois pobomuszosanux bopmosux cucmem. Cyuacnum
00CTi0JNCeHHAM Oe3neKu ma HAJIIHOCTIT OBOKAHANLHUX KOHMPOIbOBAHUX NPUCTIPOi6 He npudineno docmamuvoi yeaeu. Tak,
Y ICHYIOUUX HOPMATNUGHUX OOKYMEHMAX 000 HAOIIHOCHI, KOMNAEKCHUU NOKA3HUK HAOIUHOCMI (Koeiyienm 2omosHocmi npu-
CMPOIO) BUBHAYAEMBCS Y GURTIOL BIOHOWEHHS! CEPeOHbO20 HANPAYIOBAHHS HA BIOMOBY 00 CYMU CepeOHb020 HANPAYIOBAHHS HA
8i0MOBY Ma cepedHbo2o uacy 6iOHOGNeHHA. 3HaAueHHs KoeghiyicHma 20moeHoCi, gusHayene 0nsl YM0o8 pobomu 08OKAHATbHUX
APUCMpOis, KOIU cepeOHitl napamemp NOmoxy 6i0Mo8 i cepeors mpuearicmy 6i0H06eHHs 3anumaomocs cmanumu. Take mpak-
myeanms nepeddauae, 6y0b-aKutl 6i0MOBA NPUCIPOIO BUABTAEMbCA I NOMIM 8I0PA3y BIOHOBTIEMbCA, MOOMO 60Y006aHI 3aco0U
KOHMPOMIO i0ednbHi. Y peanvhux ymoeax cKiaoHo cmeopumu 3acodu KOHmpono, wo 3ade3neyyioms nosHy 2apanmiio eusa6-
JIeHHs 8i0M06U. B damiti cmammi pozenanymo nioxio wo ghopmanizye npuxkiaoui npoonemu @yHKYioHanHoi besneku ma dae
3MO2Y 3HAUMY ONMUMATGHI PitenHs NPUKIAOHUX 3a0ay. Jlocriodcennsm be3neku ma HadilHOCmi 0BOKAHAILHUX KOHMPOTbO-
BAHUX NPUCTPOIE 3aUMANUCS 0A2AMO BYUEHH MUHYIUX 4dcig ma cyuachocmi. Ompumano (opmynvHi 6upasu cmayioHapHux
IMOBIPHICHUX OISt BIOHOBTIOIOMbCA DBOKAHATLHUX NPUCMPOI8 13 60Y008aHUM anapamuum Kowmponem. Li ghopmynvui eupazu
0036071810Mb BPAXOBYBANMIU PEANbHI XAPAKMEPUCIIUKY eheKmusHocmi ma HAOIHOCMI 3aco6i8 KOHMPONIO, W0 NIOBULYYIOMD
00CTOBIPHICTIG 00epIICyBaARUX Pe3YTbMamie ananizy cucmem. Bidomo, wjo HaditiHicms mpancnopmuo2o npucmpor noisedc
¥ eracmugocmi 36epieamu npaye30amuicnb Ha RPOMA3I 3a0aH020 4acy i3 30epedcenHAM 3a0aHux eKCRIyamayitinux xapakme-
pucmux 3a 8ionosiOHUX mexHiuHux ymoe ekcniyamayii. L{n enacmugicms be3nocepednvo noe’sa3ama 3 eKoOHOMIYHUMU eKCHIYa-
mayitinumu napamempamii. B Kinyesomy niocyMKy, eKOHOMIUHI napamempu, @ CyYaCHUX YMOBAX, 8i0iepaiontb 8UPIUALLHY POlb
AK Y 8UpOOHUYMEI Y020 NPUCMpoIo, Max i bisnec-npoyecax excnayamayii. Kopomio posensinyme uacosi noxasnuxu 6esnexu
ma HaoiliHoOCMi 0BOKAHAILHO20 KOHMPOIbOBAHO20 MPAHCHOPIMHO20 NPUCIPOI0 POOOMU308AHUX DOPMOBUX cuchem. Busnayene
NOKA3HUKYU MPUBATOCHIT YaACY MIdIC 8IOMOBAMU A OKPEMO MidiC NPUXOBAHUMU BIOMOBAMU, A TMAKOIC HACY BIOHOBNEHHS MA YACY
npoCcmoio RPUCMPOIO.

KitouoBi cioBa: modein, 8iomosa, agmomamuyne Kkepysanis, pooomu308ani 60pmoegi mpancnopmui cucmemu, (yHKyio-
HATbHA Oe3neKd, 0BOKAHAbHI KOHMPOLbOBAHI NPUCTIPO.

Razghonov S. A., Chernikov D. O., HoruliaM. M. About the security model of dual-channel devices without channel
restart

The majority of technical devices in transport have their own heating control. The article examines the power supply
for the functional safety of dual-channel transport devices of robotic on-board systems. Current research into the safety and reli-
ability of dual-channel monitoring devices has not been given sufficient respect. Thus, in other regulatory documents, for reli-
ability, a comprehensive indicator of reliability (readiness coefficient of the device) is indicated by the appearance of average
focus on vidmova to the sum of average focus on At the end of the day, at the middle hour of renewal. The values of the availability
coefficient are determined for the purposes of operation of dual-channel devices if the average parameter for the flow of outputs
and the average cost of renewal are deprived of steel. Such an interpretation conveys that any kind of device is revealed and then
immediately updated, so that the control methods are ideal. It is difficult for real minds to create control mechanisms to provide
a further guarantee of the identification of your identity. This article examines an approach that formalizes applied problems
of functional security and allows one to find optimal solutions to applied problems. The safety and reliability of dual-channel
control devices have been studied for many years now. The formulaic expressions of stationary and international networks have
been removed for updating dual-channel devices with the required hardware control. These formulas allow us to establish real
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characteristics of the effectiveness and reliability of control methods, which promotes the reliability of the results of system anal-
ysis. It is clear that the reliability of the transport device lies in the power to preserve efficiency at a given time by preserving
the performance characteristics of the relevant technical minds of the operation. This power is closely related to economical
operating parameters. In the end pouch, economical parameters, in current minds, play a vital role in both the manufacturing
system and business processes of operation. Take a brief look at the hourly demonstrations of the safety and reliability of the
dual-channel controlled transport device of robotic on-board systems. What is important is the display of triviality between the
vids and around the visiting vids, as well as the time of renewal and the time of the simple structure.

Key words: model, failure, automatic handling, robotic on-board transport systems, functional safety, dual-channel con-
trol devices.

IMocTanoBKa 3aBaaHHs. Y 1[Il CTATTI JOCHTIKYBATUMEThCS JIBOKAHAIBHUI TPUCTpid. BOHO MICTHTH 1Ba
IZICHTHYHI Ta HE3aJICKHI KaHAJH, @ TAKOXK 3acO0M NIarHOCTHKH, SKi 3 IPUHHATHOO JUTsI 3a0e3MeueHHsT Oe3IeKH Jac-
TOTOXO TIEPEBIPSIOTH CTaH MPAIE3JaTHOCTI KOYKHOTO KaHAITy Ta IMOPIBHIOKOTH 1X BUXIIHI pe3ysibTatd. BimMoBu kaHa-
7B HecumeTpuyHi. [Ipy cnipaBHUX 3ac00ax JIarHOCTHKU BUSBISIETHCS (BaKT BiZIMOBH B pOOOTI Oyb-SIKOTO KaHAIY,
TTICJISI YOTO 3MIMCHIOETHCSI IEPEBEICHHS TPUCTPOIO B CTaH 3aXUCHOT BIIMOBHU. Y pa3i BiJIMOBH 3aCO0H MiarHOCTHKH
BHHHKAa€e Oe3MevHa BiMoBa MpucTporo. HacTymHa 3a 1miero moxiero BiqMoBa KaHATY NMPHU3BOAUTH A0 HeOE3MeyHOl
BiZIMOBH MPUCTPOIO.

Mooensy 6e3neku. I'pad craniB Oe3neKn ABOKAHAILHOTO MPUCTPOIO 13 3ac00aMU T1arHOCTHUKHU 0e3 mepesa-
mycKy (BapiaHT 1) mokaszaHo Ha puc. 1.

Puc. 1. I'pa¢ craniB 6e3mexn JBOKaHAIBHOTO PUCTPOIO Oe3 TIepe3amycKy KaHaliB

Onuc craHiB:

0 — cripaBHMii cTaH;

1 — BizMOBa 3ac00iB J1IarHOCTHUKU;

2 — 3ax¥CHA BiIMOBA MPHUCTPOIO, BUKIUKAHA BUSBICHUM INTATHAIMH 3aCO0aMU JiarHOCTHUKHU 3 HMOBIPHICTIO
BIJIMOBOIO OJIHOTO 3 KaHaJIIB;

3 — HeBUSBJICHA BiJIMOBA OJHOTO 3 KaHAJIIB, BHACHIJOK BiJIMOBH a00 HEIOCTAaTHBOI €(hEKTUBHOCTI 3ac00iB
JIarHOCTHKH (HeOe3MevHa BiIMOBA MPUCTPOIO).

[lepenbauaeTbes, 110 MOTOKH BiIMOB Ta BiJIHOBJICHHS, & TAKOXK IMOTIK BHSIBICHHS BIJIMOB OJTHOTO KaHAIy —
HAWIpPOCTII 3 IHTEHCUBHOCTAMH A, A, L. BiZIHOBJICHHS 3IHCHIOETBCSA y CTaHi 3aXMCHOT BiIMOBH 2.

PeGpa rpada na puc. | nmo3HaYeHi TaKUMHU NapaMeTpaMu: A, — IHTEHCHBHICTb BiZIMOB 3aCO0iB 1iarHOCTHKH,
2). — IHTCHCUBHICTh BiIMOB JBOX MPAIIOIOYMX KaHAJIB; || — IHTGHCUBHICTH BiJIHOBJICHHS BiJIMOB OJIHIEIO PEMOHT-
HOIO OpHTraioro.

3 MOMMHAKYOro cTaHy 3 HeOe3NeYHO! BiJIMOBH IMMOKa3aHUM yMOBHOIO (TIEPEpUBYACTOIO) JIIHIEIO MEpexin
y mouarkoBuii cran 0. e ysBHe pedpo (3-0) rpada BBEICHO SIK HAJTUIIKOBE PeOPO SIK TPUKWOM JUIsl BU3HAUCHHS
koedirieHTa 0e3MeKku ABOKaHAIBHOTO MPUCTPOIO.

[Jane peOpo Mo3HAYEHO MapaMeTPOM Cll — IHTCHCUBHICTh YCYHEHHS HEOE3IEYHOi BiTMOBHU IPHUCTPOIO, Je
koedirienT 0 < ¢ < 1. Skmo uist yCyHeHHs HeOe3MeYHo1 BIIMOBU HE TOTPIOHO MOOMpAaIlbOBYBAaTH MPHUCTPIH, TO
¢ =1 1 IHTEGHCUBHICTh YCYHEHHS HeOE3MeuHOl BiIMOBH JIOPIBHIOE ITHTEHCUBHOCTI BIJTHOBJICHHS MPUCTPOIO. SKII0
MOTPIOHO J0OMPAIbOBYBATH MPUCTPI, TO 3aJIE)KHO BiJl TPUBAJIOCTI JOOTPAIFOBAHHS T TAHUH KOS(IliEHT MaTUMe
3HAYeHHs ¢ = 1/1, sske Habararo meHme 1.

Monens ¢gyHKIiOHATEHOT O€3MeKH TBOKaHAIBHOTO MIPUCTPOIO Ha pHC. | mependavae HACTYMHY JIOTIKY (DyHK-
LIOHYBaHHsI IPUCTPOIO: MTOYaTKOBHU cTaH 0 (BCi CIpaBHi eIeMEHTH MIPUCTPOIO). Y pasi BiIMOBHU 3ac00iB AiarHOC-
TUKH BiI0YBa€eThCS nepexia y cTaH 1. SIKio mpu crpaBHUX 3ac00ax JiarHOCTHKY BiIMOBHB OJMH OyJb-SIKHi KaHaJ
(ctan 2), 1 BiIMOBa KaHay CBOEYACHO BUSIBIEHO 3 MMOBIPHICTIO V, TO MPHUCTPil MEPEBOJUTHCS B CTaH 3aXUCHOT
BiMOBH (IIPUCTPil HE PYHKIIIOHYE, KaHAT PEMOHTYEThCs). [Ipn npuxoBaHiil BiAMOBI KaHaITy 3 HIMOBipHicTIO 1 — v
a0o mpu BiIMOBI OIHOTO KaHaJy Miciis BiIMOBH 3ac00iB AiarHOCTHKH (1isix 0-1-3) BinOyBaeThes nepexia Ta cTan 3
HeOe31eqHO1 BiJMOBH.
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Pimennst ;aHo1 Mojieni moyiAraTiMe B aHAJITHYHOMY BU3HAYEHHI Ta IOCII/PKEHHI OCHOBHUX MTOKAa3HUKIB 0e3-
MEKH JIBOKAHAJIBHOTO MPHCTPOIO: CEPEAHBOTO JOPOOKY 0 HEOE3MEeUHOI BiIMOBH, IHTEHCUBHOCT] HEOE3MEUHUX Bijl-
MOB, UMOBIpHOCTI HeOE3MEeYHO1 BiAMOBH, KoedilieHTa Oe3neKH.

g BUpilIEHHS TOCTaBIICHOI 3a/1a4i BUKOPUCTOBY€ETHCS BeJOMUH rpadoBUil METO[ Ta MONepeIHbO BU3HAYA-
IOTHCS BUXIJHI MapaMeTpH — KMOBIPHICTh MEPEXO/IiB Ta MaTeMaTH4HI OYiKyBaHHS 0€3yMOBHOTO 4acy nepedyBaHHS
MIPUCTPOIO Y TIepepaxoBaHuX cTaHax. LIux BUXiTHUX mapamMeTpiB JOCTATHHO ISl HANIIPOCTIIINX ITOTOKIB BiIMOB Ta
BiJTHOBIICHB, 100 pO3paxyBaT Ta JTOCIIANTH IIyKaHi TOKA3HIKH OE3IeKH.

MMoBipHOCTI mepexosiB:

— 7\‘0 . — 2vA . — 2(1_0)7\' =1: =1: _1( OBHO)
Py 2, > Po 2, > Pos 212, > Po=L Ps=L Py ™ .
MaremaTuuHi 04iKyBaHHS 4acy rnepedyBaHHs MIPUCTPOIO y CTaHAX:
1 1 1 1
I,=— T,=—; T,=—; T,=—(yMOBHO).
Y » o 2 M 3 o (ym )

[Ticns 1pOro BU3HAYAOTH Barv NUISXIB Ta KOHTYPIB Ha rpadi:
— Baru MUBsIXiB:

lOl :p01; 102 :p02; 103 :p01p13 +p03 :pm +p03; 113 = 1’ lZO = 1’ 130 = 1’
— Bar" KOHTYpIB y MiAMHOXXHHI O€3M1eYHUX CTaHIB S“ ={0,1,2}:

Co=PyPay =Py

VY niAMHOXHWHI O€3MEUHUX CTAHIB CePeOHE HANPayo8anis 00 Hebesneunoi 8i0M08U TIPUCTPOIO BU3HAYAETHCS
BHPA30M:

1 Ao 20\
+ +
T LA LT T+ py G pels Ttk (2040)2% (2042 )u  2h(p+200) + Ao
o 1-C, 1= po, | 20h 2 20 (1-v)+2, |
2042,

Slkmo Bpaxysaru, mo A < p; A < A, TO 3 MOXHOKOK MEHILE MEPIIOTO NOPSIKY AEUIHUII CIIPaBEITMBO HaOIH-
JKEHUH BUpa3.
1

Ty~ ——,
oA+,

)]
e Ah=1-v.

3 Gopmynu (1) MokHA 3pOOUTH BUCHOBOK, 1110 Oe3Ieka ABOKaHAIBHOTO MIPUCTPOIO 3 3aCO0aMHU JTIarHOCTUKH
0e3 xommaparopa B OCHOBHOMY Ha3aj MPOMOpIifHA MOTPiliHOI iIHTEHCUBHOCTI BIIMOB 3ac0O0iB JiarHOCTYBaHHS,
OCKUIBKH AU = A,.

Tak sik IoTiK HeOE3MEeYHHUX BiJIMOB 0araTopasoBO PO3Pi/HKEHUH 11010 BUX1JHOTO MMOTOKY O€3MEYHUX BiTMOB
MIPUCTPOIO, IKHUH € MyaCCOHIBCHKNM (HaHTIPOCTIIINM), TO BiIIOBIAHO 10 Bimomoi Teopemu I. b. [Toroxkesa [2], 6ara-
TOPa30BO PO3PIHKEHUN HAUTTPOCTIIINAN TIOTIK BiZIMOB TAKOXK € HAUIPOCTIIINM ITOTOKOM 3 MOCTIHHUM MapaMeTPOM:

Ay = 205+ Ay, )

oIl

SIKMH € IHTEHCHBHICTIO HEOE3MEUHNX BiIMOB IPUCTPOIO.
YV cBoto 4yepry, UMOBIpHICTh HEOE3MEYHOT BIIMOBH AOCHIIKYBaHOTO PUCTPOIO TOPIBHIOE:

Oy =1- exp(—?»ont) ~ (2XB+ Ao )t.

Koegiyiecum 6esnexu npucmpoio BU3HAYA€ThCS Y MHOXKHHI O€3MEYHUX CTaHIB S, =10, 1, 2} macrymunm
YHHOM:

K - T,AG, +T, 2 I AG, + T, Y15 AG”
T AG, +T ZIEAG + T, DISAGY + T TILAGE + T, X IEAGE

'OCKiHLKI/I KOHTYp 3 Barow C, Ha rpadi puc. 1 MigTHTL BEPILIIHY 0,' T0 BiH He '6epe.yqaCTi y thopmy-
BaHHI HABEJICHUX BHUIIE Bar po3kiaiis rpada y ¢opmyii koedimienra K, i 1i Baru BiANOBIIHO JOPiBHIOIOTH
01 02 03 . o
AG, = AG, =AG,” =AG;” =1. 3Biacu HaBeneHa Buine GopMylia MEPETBOPIOETHCS Ha IPOCTUH BHI:
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R' = 1_ T3103 .
’ TE) + TIZOI + 7;102 + ]-;ZO3

[Ticyst BcTaHOBJICHHS BUXITHUX TIapaMeTpiB (opMyina koedilieHTa O0e3neKHn BU3HAYAETHCS SK:

20 & + 22 (1-0) ]
=1- :
(20 + Ky )+ 24[ X + 24 (14 cv—v) |

A60, 3 MOXMOKOIO MEHIIIE EPILIOTO MOPAIKY HEBEIUKOCTI, MOXKe OyTH BU3HAUEHUH fK:

20 Ay +2A(1-v
s 1= [ 0 ( )]
cn(2h+2,)
[Tpu ¢ = 1 koedirieHT OE3MEKH TBOKAHATHLHOTO OS3MEUHOTO PUCTPOIO TOPIBHIOE:
2 200
—_—
- (2}" + }"0)

BukopucToByouHd BioMuii rpado-aHaTITAYHUI METOI, OLIIHUMO TOKa3HUKH CEPEIHBOTO HAIPAIFOBAHHS /10
BiIMOBH Ta KoedillieHTa TOTOBHOCTI Ta MOPIBHAEMO X BiANOBIAHO MOKa3HUKAMH CEPEIHBOIO HANpPALIOBAaHHS 110
HeOe3MeYHO1 BiIMOBH Ta Koe(illieHTOM Oe3IeKH.

Jliis po3paxyHKy Ta TOCIIHKEHHS TIOKa3HUKIB HaIIHHOCTI JIOCIIKYBaHOTO MPUCTPOO (BUMamok 1) yci 6e3-
JIY cTaHiB Tpada Ha puc. 1 IiISITh HA MIIMHOXHHY Tpalne3aatHux craHiB Sp = {0, 1} Ta Hempale3naTHUX CTaHiB
Sp = {2, 3}, OCKIIbKH 3aXUCHHI CTaH 2 TaKOX HeIpare3IaTHrH.

VY minrpadi, mo mictuth ctas 0,1, BiICYyTHI 3aMKHYTI KOHTYpH. ToMy BCi Baru po3kJjaliiB rpada JOpiBHIOIOTh
1, a MOKa3HUK CEPEIHBOTO HAIPAIIOBAHHS JI0 8i0MOBU NPUCHPOIO BU3HAYAETHCS y BUTIISL:

1 A 1 1

T=T,+1,T, = + . =—
O o4, (2h+A) 20 2

Ky=1- (3)

TakuM YMHOM, OpTaHi3allis JBOKaHAILHOTO Oe3MeUHOr0 IPUCTPOFO MPU3BOAMTS J0 3HUKEHHSI HOTO HAIIHHOCTI
3a TIOKa3HUKOM CEPETHhOT0 HAPAIFOBAHHS B JIBa a3y 110 BiIHOMICHHIO JIO BUXIJTHOTO OJJHOKAHAJILHOTO MIPUCTPOIO.
KoeirienT rotoBHOCTI y cdepi mpane3aTHUX CTaHiB JOPIiBHIOE:
P 20 &, +21(1-v) |+ 4hve
T (2 )+ 20 A+ 20 (14 ev-v) |

A0, 3 TOXHOKOI0 MEHIII Hi>K IPyTUH MOPSITOK MaJIOCTI:
2N A, +20(1+cv—
P (2, (I+cv V):|
cn(2h+4,)

IIpu ¢ = 1 xoedilieHT TOTOBHOCTI OE3MEYHOT0 IBOKAHATLHOTO MPUCTPOIO BU3HAYAETHCSI BUPA3OM:
2A
K =1-=", )
w
BucnoBku. IlopiBasHas dhopmyn (3) 1 (4) nokasye, 1m0 Koe]ilieHT TOTOBHOCTI JaHOTO MPUCTPOIO CYTTEBO
mocTynaeThesl KoedilieHty oro 6e3nexu. Burpam y Oesneni TMM BUIIMHN, 110 BUIIA BipOTiAHICTH MPABUIBHOTO
BUABJICHHA V BiIMOBH IITaTHUMH 3aCO0aMHU A1arHOCTUKHU.
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