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METO/JUKA AHAJIN3A OTKA30OBE30ITACHOCTH CUCTEM
U ATPETATOB MYJIbTHATEHTTHOM I'PYIIIbI JIETATEJBHbIX
AIIITAPATOB

Obnacmamu npumenenus CALS-mexnonoeuil npunsamo cuumamv: COSEPUICHCMEOB8AHUE
desimenbHOCmU 8 00IACIU PAZHOPOOHBIX NPOYECCO8, NPOUCXOOAUUX HA 6CEX IMANAX IHCUSHEHHO2O
yuxna (KL]) npooykyuu, ynpasienue yenoukamu nocmasok 8 meuenue éce2o JKL npodykyuu (om
€030aHUsl KOHYenyuu u3oeiust 00 €20 YMUuIu3ayuu); S1eKMpOHHAs UHMe2payusi Opeanu3ayuli
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(npeonpusmuil), yuacmeyrwux 6 Smux npoyeccax Ha pasiuunvlx smanax JKI|; ynpasnenue noo-
deporckoti KL npooykyuu OOHUMU U3 AKMYATLHBLIX HANPAGLEHUL PA36UMUA 8 ABUAYUOHHOU OM-
paciu AGIAIOMCA: MYAMUALEHMHbIE MEXHOI02UU NOBbIUEHUS dPHEKMUsHOCmY 1emamenbHuIX
annapamog (JIA paznozo muna 6 epynne u edurou muccuu) u CALS-mexnonoecuu. B cmamve npeo-
JI0JICEHa MeMOOUKA aHAIU3A OMKA300e30NACHOCIU CUCMEM U a2pe2amog MYAbMua2eHmmuou
epynnol JIA 6 yenom, no munam JIA, ux cucmemam, acpecamam. Memoouka oana Ha npumepe
cmamucmuyeckux oannvix ALl u [IAIl 16 cucmem: nuromadxicho-HasueayuoHHOU, 8bIXI0NA, 3AXHCU-
2aHUs, MONIUGHOU, YNPAGIEHUs, INeKMPOCHABICEHUs, KOHOUYUOHUPOBAHUSI, 2UOPABIUYECKO,
paduoannapamypul cesa3u, NpuboOpos KOHMPOJsL, U Aspe2amos: 08ueamesib, 6030VUIHbIE GUHINDL,
Kpbuliavs, OKHA, oHapyb, oecamu camonemos Au-2, JI-410, Ax-40, An-24, Ty-134, Hx-42, Ty-154,
HUn-62, Un-62M, Un-86. B npednoscennoli memoouke anaiuza cmamucmuyeckux oanuvlx ALl u
TTAIT ucnonv3yromes npeobpasosanus ¢ Mampuyamu, KOmopbsle HO3605A10M He 0SPAHUHUBAMNbCA
yucnom cucmem, azpecamos, u camux JIA. Paccuumano eépemsi pabomel 00 (DYHKYUOHAILHOSO
omkasa cucmem u azpecamog no munam JIA Onpedenena cpedusis 6eposmHocms QyHKYUOHATLHO-
20 OMKA3a KAXNCOOU U3 CUCMeEM U acpecamos 8 MyIbMUud2eHmHoll epynne, u epems 00 QyHKYUo-
HAIbHO20 OMKA3A 8 YeloM myrbmuazenmuoil epynnuvt us 10 JIA, xomopoe cocmasuno 132,5 uaca u
onpeodeneno, umo [1AIl u AIl ¢ 6orvwelt seposmrocmplo npouzotdym ¢ waccu u ogucamenem JIA.
Tlpusedennass memoouka no38osen. COOMHOCUNb KOLUYeCmEeHHble mpebo8anusi N0 HAOENHCHO-
cmu K CUCmeMam U azpecamam ¢ y4emom CIYHauHblX Gakxmopos u (paxmopos neonpeoeneHHo-
cmu; 0aeams OYeHKY GbINOIHUMOCIU YCMAHOBIEHHbIX MPebo8anUll K HAOEHCHOCHU, NPOBOOUND
CpasHumenbHblll AHaIU3 U 060CHO8aHUe 6bI00PA PAYUOHALLHO20 8apUarma cocmasa epynnvi JIA.

JlemamenvHole annapamel, aHAIU3 OMKA3006€30NACHOCHIU; MYIbIMUALEHIMHAsL 2PYNNA, MAm-
puybl; 8ePOAMHOCMYb QYHKYUOHATLHO20 OMKA3A.

A.S. Boldyrev, L.S. Verevkina, A.L. Verevkin

METHODOLOGY FOR ANALYZING THE FAULT SAFETY OF SYSTEMS
AND AGGREGATES OF A MULTI-AGENT GROUP OF AIRCRAFT

Areas of application of CALS technologies are considered to be: improvement of activities
in the field of heterogeneous processes occurring at all stages of the life cycle (LC) of products;
supply chain management throughout the entire LC of products (from the creation of the product
concept to its disposal); electronic integration of organizations (enterprises) involved in these
processes at various stages of LC; management of support for LC products One of the most rele-
vant areas of development in the aviation industry are: multi-agent technologies for improving the
efficiency of aircraft (aircraft of various types in a group and a single mission) and CALS technol-
ogies. The article proposes a methodology for analyzing the fault safety of systems and aggregates
of the multi-agent group of aircraft as a whole, by types of aircraft, their systems, and aggregates.
The methodology is given on the example of statistical data of AP and PAP 16 systems: flight nav-
igation, exhaust, ignition, fuel, control, power supply, air conditioning; hydraulic, radio communi-
cation equipment, control devices, and aggregates: engine, propellers, wings, windows, lantern,
ten aircraft AN-2, L-410, Yak-40, An-24, Tu-134, Yak-42, Tu-154, IL-62, IL-62M, IL-86. In the
proposed methodology for analyzing statistical data of AP and PAP, transformations with matri-
ces are used, which allow not to be limited to the number of systems, aggregates, and the aircraft
themselves. The operating time before the functional failure of systems and aggregates by types of
aircraft was calculated, the average probability of functional failure of each of the systems and
aggregates in a multi-agent group was determined, and the time before the functional failure of a
multi-agent group of 10 aircraft as a whole, which was 132.5 hours, and it was determined that
PAP and AP are more likely to occur with the chassis and engine of the aircraft. The given meth-
odology allows: to correlate quantitative reliability requirements for systems and aggregates,
taking into account random factors and uncertainty factors; to assess the feasibility of the estab-
lished reliability requirements; to conduct a comparative analysis and justification of the choice of
a rational variant of the composition of the aircraft group.

Aircraft; fault safety analysis; multi-agent group; matrices; probability of functional failure.
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Beenenne. CALS-TexHOJIOTHH TO3BOJSIOT COBEPIICHCTBOBATH MESATEIHHOCTh B
Pa3HbIX 00JIacTAX W MPOIIECCax, Ha BCEX ATAlax XM3HEHHOTO IMKJIA M3JIeJIUil — OT CO3-
JaHUsl 10 UX YTUIM3AlMU U CTIOCOOCTBYET MHTETPAllMK NPEANIPUSTHH, YUaCTBYIOLIUX Ha
Pa3IMYHBIX CTAAMAX KU3HEHHOTO IUKIa m3aenuii [1-3].

CALS-texnonoruu (anrit. Continuous Acquisition and Life cycle Support — He-
npepbiBHAs MH(GOPMAIMOHHAS IOJIEPXKKA MMOCTABOK M JKU3HEHHOTO LHWKJIA W3/EHi),
wiu U (uHpOpMaIiOHHAs TOIIePKKa MPOLIECCOB JKM3HCHHOTO [UKIIa n3aemuii) [4].

Enunoe nnpopmarmonnoe npoctpanctBa CALS-texnonoruii [5], mpuBeneHHOe Ha
puc. 1 dopMupyeTcsi CTAaTUCTHYECKUMHU MCCIIENOBAHMAMM Ha BCEX CTaIMsX >KHM3HEHHOTO
pkia JIA pasnuaHbIME OpraHU3alsIMUE TPEOOBAaHUSIMH HOPMATHBHBIX TOKYMEHTOB [6-9].

OcHOBHasl 4acTb WCCIEIOBAHMH IOCBSIICHA OOECIICUCHUIO HAAENKHOCTH IUIAHEpa
caMmoJieTa TP TeXHHYECKOM oOciyxuBaHuU U pemoHTe [10-14]. OmHako MHBECTOPOB
aBHAIIMOHHOW TEXHUKH MHTEPECYET HE TOJILKO OTKa3bl — COOBITHE, 3aKIIIOYArOIIeecs B Ha-
pYIIEHNH pabOTOCTIOCOOHOTO COCTOSIHUSI CHCTEMBI CaMOJIETa, @ M BO3MOXKHBIC aBHAIHOH-
uele npouctrectus (All - aBapun u katactpodsr), mpeamockuiku kK All (ITAIT). B coot-
BercTBUM ¢ nepeuneM [TAII [15], Kk HUM OTHOCSTCS: BBIXOJA AapaMETPOB 3a MPEIEIIbI IKC-
IUTyaTallMOHHBIX OTPaHUYEHUI; BOSHUKHOBEHHE B MOJIETE OTKA30B aBUAIIMOHHON TEXHUKH,
MPUBOJISIIUX K 0CO00M (CIIOKHOM, aBapUitHON) CUTYalllK; MMOTEPI0 HABUTAILIMOHHOW OpH-
SHTUPOBKH; TIOTEPIO MIPOCTPAHCTBEHHON OPUEHTUPOBKH; MOTEPIO PaTHUOCBSI3H U JPYTHE.

I Basosbie CALS-npHEIHITET J
v
{ Muneiixa CALS-cmand ]
i T
‘ "‘P;mum ] Eamnoe

\ ’—Ji uu¢opunlmouuo¢
! ‘ Hpoexmuposanue NPOCTDANCTRO
|

Sranst i
KHIHNEHHOIO ] Ilpodaxcu,
HMHKIA HUTCAHR ‘ nocmasxu

| 1l il
| luneiixa CALS-cmano ]

e —

Ixcnayamanus ]

[ Ba3joBbie TEXHOJOIHH YOpPaBJeHHA JaHHBIMH ]

i

i Ba3oBbie TEXHOJMOIrHH YIIPABJIEHHs NPOIecCaMu ]

Puc. 1. CALS-mexnonoeuu

IMocTtanoBka 3axauu. OJHUMHU U3 HOBBIX HAIlPaBJICHUH Pa3BUTHA B aBHAIIMOHHOM
OTpAC/H SABJISAIOTCS: MYJITHAT€HTHBIE TEXHOJIOTUH MOBbIIeHHS 3 dexTuBHOCTH JIA, KO-
raa rpynma pasHeix JIA oOwsenuHeHsbl onoit muccueit. Cratuctuka [TAIT u ATl ncnomns-
3yeTcs npu aHanmze otkazobe3omacHoctd JIA. B.2 OCT 1 00497-97 «HanexxHOCTH H3-
JIeTMii aBUAllMOHHON TeXHWKH. MeToJbl OLIEHKH M aHalM3a IoKas3aTeseil HaJeKHOCTH
CaMOJICTOB (BEPTOJIETOB) MPH HMX IKCILIyaTal[uW» SIBISETCS BEPOSTHOCTh BHIA OTKa3a
(pyHKIIMOHANBEHOTO OTKa3a) cucTeMbl Ha 1 wac mojera (p. Cormacuo m. 5.1.9 OCT 1
00497-97 onpenensiercs 1o dpopmye [16]:

Qo= m()/tc, (1)

rie My — CyMMapHOE KOJIMYECTBO OTKA30B, MPUBEAIINX K OMPEICICHHOMY HAPYIICHUIO
paborocriocoOHOCTH (PYHKIMOHAIBHON CHCTEMBI, XapaKTepU3yeMOMY YacTHYHOH HIIH
MIOJTHOW TOTEpell CHOCOOHOCTH BBIMOJHATH OJHY WJIM HECKOJNBKO (YHKIMH; te — cym-
MapHbIi HaneT JIA 3a pacdeTHbIN nepuo/.
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B pabotax mpuBeneHB METOIBI CTATHCTHYECKOTO aHanmu3a [17] ¥ ucmoip30BaHUE
Matpurl [18] craThe mpemnokeHa akTyaidbHas METOJMKA aHAM3a O0TKa300e30MacHOCTH
MYJIBTHareHTTHOW Tpynmnbl JIA Ha mpuMepe YMCICHHOTO aHalHM3a O0TKa300€30IaCHOCTH
16 cuctem u arperatoB 10 camMoeTOB, 110 CTATUCTUYECKUM JaHHBIM, KaK B I€JIOM, TaK U
10 TUIIAM CHCTEMaM, M CHCTEMaM.

[Ipy M3BECTHBIX CTAaTHCTHYECKUX IOKa3aTesiX 0€30MaCHOCTH MOJIETOB — HAJlET Ha
omHo All, npennocsuiky k AIl B pe3ynprare aHanu3a 0TKa300€30MaCHOCTH CHCTEM U
arperaTtoB — MO>KHO IPOTHO3HMPOBaTh 00Jee TOYHO MEPOINPUATHS TEXHUUECKOro 00CIy-
xuBaaus JIA. B Tabxn. | mpuBeneHsI HCXOOHBIC NaHHBIE — OTHOCUTENbHOE uncio [TATL,
BBI3BAHHBIX OTKa3aMHM CHCTEM B mporeHTax 3a 1000 wacos Hanera [19].

Tab6muma 1
Otnocurteabnoe ynucao All u ITAII camoseros 3a 1000 yacoB HaleTa
vlelsls 3|98 |9|3|s
Cucrema, arperat = 5 L iy 7 L T = N i
<5 |lR|l<|2|s |2 =] 5=
Cucrema 4,43 7,30
KOHIUIIMOHUPOBAHUS
Paguoanmaparypa cBsizu 5,56
Cucrema 9,11 | 5,64 3,93 4,30
JJICKTPOCHAOKCHUS
CucTeMa yrpaBlicHHs 3,29 22,00 6,67
camoJieTa
Tuppasnnyueckas 5,64 | 493|395 7,87 10,53
cucTeMa
Ilaccu 42,96 |54,66(21,05| 36,5 (12,00 31,7 | 6,67 | 11,8 |37,71
IunoTaXHO-HaBUTAlHOHHAS 6,67 | 4,30
®doHapsk, okHa 4,49
Kproto 10,00
Bozaymasie BUHTBI 12,50
JlBurarenb 54,00(16,20| 7,39 {12,50(11,80{28,00(25,43(21,66|40,85|19.30
TomnuBHAs cucTemMa 5,26 430 17,89
JIBUTATENIS
Cucrema 3aKUTaHUs 5,33
[TpuGopsl KOHTPOIIST pabOTHI 6,34 11,18 1567
JBUTATENIS
Cucrema BoIXJI0Ma (PEBEPC) 33,33 13,97
HaBuranponnas 5.43 | 6,58 | 3.93
paauoanmaparypa

MeTtoanka aHa/IM3a 0TKa300€30IIaCHOCTH CHCTEM U arperatos rpynmnsi JIA
1. U3 ta6a. 1 no ucxomusiM ganubM [TAIT u AIl B iporieHTax cocTaBisieM MaTpH-
1y ux ||n|| pasmepom i x j=16 x 10, rme: i=16 cucrem; j=10 camoseToB:

n; Ny, .. nlj
Ny Ny, ... N210

In| =

nilniz 1’11]
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0 0 443 0 73 0 0 0 0 0
556 0 0 0 0 0 0 0 0 0
911 564 0 0 3,93 0 0 0 43 0
0 0 0 3,29 0 22 0 6,67 0
0 5,64 4,93 3,95 7,87 0 0 0 0 10,53
0 4296 5466 2105 3652 12 317 6,67 11,82 37,71
0 0 0 0 0 0 0 6,67 43 0
0 0 0 0 4,49 0 0 0 0 0
0 0 0 0 0 10 0 0 0 0
0 0 0 125 0 0 0 0 0
54 16,2 7,39 125 11,8 28 2543 2166 4085 19,3
0 0 0 5,26 0 0 0 0 43 7,89
533 0 0 0 0 0 0 0 0 0
6,34 0 11,18 0 0 15,67 0 0 0
0 0 0 0 0 0 33,33 0 13,97
0 0 543 6,58 3,93 0 0 0 0 0
74 7678 7684 7631 7584 72 72,8 75 65,57 89,4

Tak xak umcio N;; (Haopumep It N3 =4,43%) B npouentax u3 N=100% cucrem 3a
]l 3

t=10009acoB HameTa MOXXHO PacCUUTaTh BEPOSTHOCTH BHIA (DYHKIIMOHAJIHHOTO OTKAa3a

CHCTEMBHI (jj , KOTOpasi oNpeJieNseTcs o GpopmyIe:

Gij = V/( N* t)= n/( 100* 1000)= n*10°. @)

Hanpumep aist TpeThero camosiera BEpOsSTHOCTh (HYHKIHOHAIBHOTO OTKa3a CHUCTE-
MbI KOHIHIIMOHHPOBAHHS (15=4,43/(100*1000)=4,43*10" 1/uac, a [ BCEX CHCTEM OJl-
HOBPEMEHHO PaCCYHMTHIBAIOT MAaTPHILY.

2 Marpuily BEepOsSITHOCTEH (1)YHKI_[I/IOHaJ'ILH0F50 OTKa3a ||qi]-|| CHCTEM U arperaros
CaMoJIETOB MOTyYaeM YMHOKHUB Matpuiy |N| Ha 10~ ompexaeneno B popmyie (2):

”qiii}-” = |In|| * 1075 =

0 0 4.43*10° 0 7.3*10° 0 0 0 0 0
5.56%*10° 0 0 0 0 0 0 0 0 0
9.11*10° 5.64*10° 0 0 3.93*107 0 0 0 4.3*%10% 0
0 0 0 3.29*10° 0 22*%10° 0 6.67*10° 0 0
0 5.64*10°  4.93*10° 3.95%10°3 7.87%10° 0 0 0 0 10.5*10
0 42,96*10° 54.66*10° 21.05*10° 36.52%10° 12*10° 31.7*10° 6.67*10° 11,82*10°  37.7*10
0 0 0 0 0 0 0 6.67 4.3 0
0 0 0 0 4.49*10° 0 0 0 0 0
0 0 0 0 0 10 0 0 0 0
0 0 0 12.5%10° 0 0 0 0 0
54*10° 16.2*10° 7.39*%10° 12.5%10° 11.8*%10° 28*%10° 2543%10° 21.66*10° 40.85%10° 19.3*10
0 0 0 5.26%10° 0 0 0 0 4.3%10¢ 7.89%10
5.33*%10° 0 0 0 0 0 0 0 0 0
0 6.34%107 0 11.18%10° 0 0 15.67*10° 0 0 0
0 0 0 0 0 0 0 33.33*10° 0 13.9%10
0 0 5.43*10° 6.58%1073 3.93*10 0 0 0 0 0
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3. OmpenensieM BpeMsi pabOTHI B Hacax 10 (PYHKIIMOHAIBFHOTO OTKa3a CHCTEM U
arperaTtoB CaMoJICTOB B BUIE MaTPHIIbI ||Ti ]|| BO3Be/I B MHHYC IIEPBYIO CTEIICHb Mart-

puy |

MIPUBEJICHO B TAOI. 2.

qi || CHCTEM U arperaTos:

-1
T = 1Al

Bpem pa6ortst T; ; 10 GpyHKUMOHANIBHOIO OTKA3a CUCTEM M arperartos o tunam JIA

Tabmuma 2

Bpem pa6oTsl 10 PYHKIHOHAJBLHOIO 0TKA3a CUCTEM M arperaToB no tunam JIA

HaumenoBanue
CHCTEMBI

Tij’

qac.

AH-2

JI-410

SIk-40

An-24

Ty-134

SIx-42

Ty-154

Nin-62

Nn-62M

Nin-86

Cucrema
KOHJAUIIMOHUPOBAHUSI

22573

13699

Pannoanmaparypa
CBSI3U

17986

Cucrema
3JIEKTPOCHAOKECHUS

10977

17730

25445

23256

Cucrema ympasJie-
HHS caMoJIeTa

30395

4545

14992

T'unpasnuueckas
cucTeMa

17730

20284

25316

12706

9497

[laccu

2328

1829

4651

2738

8333

14992

8460

2652

ITunoraxno-
HaBUTalIMOHHAS

14992

23256

®doHapsb, OKHA

22272

Kpsuto

10000

BOSI[yH_IHLIe BHUHTHI

8000

JlBurarens

1852

13531

8000

3571

2448

5181

TomnuBHAas cucTemMa
TIBUTATENS

19011

23256

12674

Cucrema 3a)XKUTaHHs

18762

TIpnbops! koHTpOIA
paboTHI ABUTATEIS

15773

8945

6381

CucremMa BBIXJIONA
(peBepc)

3000

7158

Hasuramumonuas
panuoanmaparypa

17985
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4. OnpenensieM CpeIHIOI0 BEPOSITHOCTh (PYHKIIMOHAILHOTO OTKa3a ||qi cp || KaXJ10ro
HAaNMEHOBAHMS CHUCTEM M arperaTtoB B MYJbTHareHTHO# rpymme. Marpumy ITAIT u AIl
||nl- }|| YMHOXKHM Ha MaTpUILy B OJUH CTOJNOCI] C YUCIOM CTpOK paBHOM j=10 uucny ca-

MoJeToB (Tak Kak 4uciio 0TKa3oB N B mpoieHtax u3 N=100% cucrem 10 camoneros 3a
-5,
t= 10004acoB Hasnera) a=10":

s coll = [|mi ]| = [la; || =
11,73 * 1075
5,56 % 107>
22,98 « 107°
10-5 31,96 * 107°
10-5 32,92 «107°
10-5 q,. 255,09 107°
n;Nyp . Ny 10-5 P 10,97 *10~°
_ Ny1MNpp ... N210 . 1075 _ q_Z__CP oYM 4,49 x107° 1/4
10-5 10 * 10°°
n;{n;, .. nij 10—5 q 12‘5 % 10—5
107° 16cp 237,13 x 1075
1073 17,45 % 1075
107° 5,33 « 105
33,19« 107°
473 %107
15,94 x 1075

5. OnpenersieM MaTPUILy CPEIHET0 BPEMEHU paboThl 10 QYHKIMOHAIHLHOTO OTKa3a
B yacax, /Uil KaXI0r0 HAMMEHOBAHUS CHUCTEM M arperaTtoB BO3BEJs B MHUHYC IMEPBYIO

qi cp

CTCIICHb MaTpuy |

8225,2
17985,6
4351,6
3128,9
3037,7
392,0
9115,7
TZ rp !
-1 222717
”Til‘p” = ”qup” = J ”Ti Fp” = 10000,0 qac
T 8000,0
16rp 421,7
5730,6
18761,7
3012,9
2114,2
6273,5

Ecmu pamxupoBaTh NOIY4YEHHBIE PE3YJIbTaThl, MOXKHO HArJJHO MpPEACTaBUTH
HanOosee ys3BUMbIE CUCTEMBI IIPH BHITTOJIHEHUH MHUCCHH JECATHIO camoieTaMu. Pesyib-
TaThl PAaH)XUPOBAHHBIX CPEJIHETO 3HAYCHUSI BPEMEHM pabOTHl 10 (PyHKIMOHAIBLHOTO OT-
kasa T; ., cCHCTEM U arperaToB MyJIbTHATCHTHOW IpymIbl 13 10 caMOIeTOB NPUBE/IECHBI B

Tabmn. 3.

Tl Tp
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Tabmuma 3

PaH?RHpOBaHHLIe CPpE€AHEro 3Ha4CHusl BpEMCHU paﬁOTbI ao (l)yHKIII/lOHaJIbHOFO
OTKa3a CUCTEMbI

Homep
s ;Péizzhgflx Arperart (cucrema) JIA T, uac
JIAHHBIX
6 Maccu 392
11 JBurarenn 422
15 Cucrema BbIXJIOMA (peBepc) 2114
14 [Tpubops! KOHTPOIIS paObOTHI ABUTATEIS 3013
I'mppaBnuyeckas cucrema 3038
Cucrema ynpaBieHHs caMmojieTa 3129
Cucrema 3IIeKTpOCHA0KEHUS 4352
12 TomnnuBHas cucTeMa JBUTaTeNs 5731
16 HapuramponHas paguoanmapaTypa 6273,5
10 Bo3nyuiaeie BUHTBI 8000
1 CucremMa KOHIUITMOHHUPOBAHUS 8225
[MumoraxxHO-HABUTAIMOHHAS CHCTEMa 9117
Kpsuio 10000
Pagunoanmaparypa cBszu 17986
13 Cucrema 3a)KUraHus 18762
8 ®doHapk, OKHA 22272

Meroauka aHaJIn3a 0TKa300€30MaCHOCTH MYJIbTHATeHTHOM rpynmnsl JIA B ne-
JIOM. BeposITHOCTh (pyHKIMOHAIBHOTO OTKa3aB B LIEJIOM B MyJbTHareHTHOH rpymmne JIA

MOJKHO OIPEJeNUTh NpeoOpa3oBaHUEM - MATPHILY ||qi Cp” TPAHCHOPTHPYEM U YMHOXKHUM
ee Ha eMHUYHYI0 MATPHILY CTOJOCL] C YHCIIOM CTPOK PaBHBIM YHCIy i=16 Bcex cHCTEM:

1 ql cp T 1 1
1 92 cp 1
T
QFp = ”qz cp” Nl = *MNell = ”qlcqucp ""Aq16cp” *
1 G 1 1

Qrp = 754,54 « 10751 /y

OnpenennuM BpeMeHH 710 QyHKIMOHAIBHOIO 0TKa3a CUCTEM T, B MyJIbTHATEHTHOH
rpynns! JIA

Tv=1/a,, B uncnenHom npumepe 7,,=1/754,54=132,534ac

W3 mpuBeZeHHBIX pPacyeTOB MOXKHO CJHIeNiaTh BBIBOJ, YTO IS MYJIbTHAT€HTHOM
rpymmsl JIA u3 10 camoseToB, IpH BEIITOJTHEHUN OJJHOW MHCCHH, BPEMEHH 10 (QYHKIHO-
HaybHOTO OTKa3a 132,53yac, caMpIMKM HEHAIEKHBIMH SIBIISTIOTCS Y CaMOJIETOB IACCH H
JIBUTATEINb, YTO TOATBEpXkKAaeTCs B myoOnukanusx [20]
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3akiroueHue. IIpuBeneHHas METONMKAa aHAIN3a OTKa300€30MACHOCTH CHCTEM H
arperaToB MyabTHareHTHOU rpymme JIA mo cratuctudeckum naHHbM All u ITAIT mo-
3BOJISIET!

¢ COOTHOCUTH KOJINUECTBEHHbIE TPEOOBaHUA 110 HAJE)KHOCTU K CUCTEMaM U arpe-
raTtaM ¢ yU4eTOM CIIy4alHbIX (PaKTOpOB U (PaKTOPOB HEOIPEACICHHOCTH,;

¢ J1aBaTh OLICHKY BBINOJHUMOCTH YCTAaHOBJIEHHBIX TPeOOBAHUIN K HAaJIe)KHOCTH;

¢ IIPOBOJMTH CPABHUTEIBHBIA aHaJIW3 M 0OOCHOBaHHME BHIOOpA PAaLMOHAIBHOTO
BapHaHTa cocTaBa rpymmnsl JIA;

¢ 1aBaTh OIEHKY (YHKIIMOHAIBHBIX BO3MOXKHOCTEH;

¢ 000CHOBaHHE NPOTHO3a, TEXHUIECKOTO OOCITYKUBAHUS M peMOHTa cucteM JIA,
C LIENBIO TIOBBIIICHUS HAJICKHOCTH;

¢ pCIICHHE Pa3INYHBIX ONTHMHU3AINOHHBIX 33134, MyJIbTHATCHTHOTO IPYIIOBOTO
UCTIONIH30BAHMS.

CremyeT OTMETUTb, YTO METOJ] aHAJIN3a 0TKAa300€30IIaCHOCTU CHCTEM U arperaros
MyJbTHareHTHO! rpynnsl JIA mo cratuctuueckum gaHHeIM All u ITAII mocpenctBom
mpeoOpa3oBaHuil ¢ MaTpUIlAMHM, TIO3BOJIAIOT HE OIPAaHUYUBATHCA YHCIOM CHCTEM, arpe-
ratoB, u camux JIA. Pe3ynpTaThl 4YUCIEHHOIO KOMIBIOTEPHOIO MOJIEIUPOBAHUS OTKA30-
0€30IacCHOCTH CHUCTEM U arperaToB MyJbTHareHTHOW rpynmsl JIA MO3BONSIOT NMPHHU-
MaTh OOOCHOBAHHBIE PEIICHUS BCEM YYaCTHHUKAM €IMHOTO HH()OPMALMOHHOTO IIPO-
crpanctBa CALS-texHomoOTHMiA.
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TEPMO®JYKTYAIMOHHAS TEOPUS PASPYIIEHUSA U OLIEHKA
JIOJITOBEYHOCTH DJIEKTPUUYECKOMN U30JISILUU CITD KABEJIENA

Cmambs nocesujena uccied08aHUAM GONPOCO8 NO CO30AHUIO MeMOO0d OYeHKU 001208€YHO-
CMu OCHOGHOU U3OIAYUU CUTOBBIX KAOEAbHBIX JUHULL HA OCHOBE MEPMOPIYKMYAYUOHHOU meopuu
paspyuienust meepovlx mei. Paccmompenvi ocobennocmu paseumus npobost 8 00HOPOOHBIX U He-
00HOPOOHbIX Oudnexmpurax. Paccmampusaromes npobremmuble 0npocyl U30JIAYUOHHBIX Mame-
puanos cunosvix kabenvnvix cucmem (CKC) na ocnose paspabomku u pazeumus Memooos Hepas3-
pyuiaiouje2o KOHmpons. Ycmarnoenenvl ocnognvle komnonenmsl, paspyuwaiouue uzonsyuio CKC.
Onucana mepmogrykmyayuoHnas meopusi paspyuienusi U OYeHKa 001208E4HOCIU INeKMPUYECKOU
uzonayuy cunosvix kabeieu. Ilpedrazaemes aHaumuyeckutl Memoo OYeHKU NpoYecco8 OKUCLeHUs.
Yennono3vl ¢ onpeodeienuem Haubonee eposamHuozo. Ilpednodcennvlii NOOX00 GbiAGIEHUS OCHOG-
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