YAK 621.396.98.004.1 DOT 10.21685/2307-4205-2016-4-7

CTATIICTUYECKAA OLIEHKA AOCTOBEPHOCTHU
HABUTAITMOHHOM UH®OPMALIUU, ITEPEAABAEMOI
C BOPTA BO3AYIIIHOT'O CYAHA B PEZKMME
ABTOMATHYECKOI'O 3ABUCHMMOT O HABAFOAEHHU A

A. A. 3aryunsrit

HasuranuonHass ”HGOpPMAIUs B PEKUME aBTOMATUYECKOTO 3aBUCHMOI0 HAOJIOACHUS TiepeiacTcs
10 JIMHUY TIepelauu JaHHBIX ¢ 0opTa Bo3ayIHOro cysnHa. COOTBETCTBEHHO, BOSHUKAET MPOoOJieMa OLCH-
KU IOCTOBEPHOCTH Tepenaun HHpopManuu Takoil cucremoit [1].

ITpeanonoum, 4TO Ha OCHOBE OAHOT'O M TOTO K€ Habopa 3JIEMEHTOB, COCTaBIIAIOLINX JIMHUIO IIe-

pcaayn AaHHBIX C IMapaMETpaMU HAACKHOCTU p = (pl’pZ’p?)) , HOCTPOCHBI ABC PA3JINYHBIC CUCTCMBI C

(GYHKOUSME HaJle)KHOCTH R( p) u R ( p), KOoTophle Oy/neM Ha3bIBaTh COOTBETCTBEHHO OCHOBHOH M

OIIOPHOM.

B kadecTBe omopHOi cetn OyJeM HCIIOJIB30BaTh MOCIEN0BATEILHYIO B CMBICIIE HAJEKHOCTH CH-
CTEMY, T.€. CHCTEMY, COCTOSIIIYIO U3 DJIEMEHTOB, COCIMHEHHBIX OCICI0BATEIbHO, 0€3 HATHYUS JTH00Tr0
BUJa pe3epBa (HarpyXeHHOTO WJIM HEHArpy>KeHHOTO) I0 JII000MY M3 3TUX 3JIeMEHTOB. DYHKINSA HAJEeK-
HOCTH TaKOW CUCTEMBI HMEET BUJI

R (p) =]1nr" (1)

rze /; — 3TO KOJMYECTBO 3JIEMEHTOB i-I'0 THUIIA B CUCTEME.

[Tpeamnonoxkum, YTO UMeeTcs cieaylomas HHGopMays O JUHUK Nepeiadyn AaHHBIX, UCIIONb3Yye-
Moit Bo Bpems moseta BC [2]:

1) xax /bl -1 21€MEHT, BXOISLIUNA B CUCTEMY, UCIIOIB30BAJICS N, pa3 WiIu UMeeTcs nHpopManus

I10 €T0 UCIOJIb30BAHUIO HA APYTUX BC,
2) d[ pa3 U3 3TOTr0 4ucjia MpoucCxXoaui OTKas. B kaudecTtBe OLCHKH C BEPOATHOCTBIO Y JUIA HAICK-

HOCTH BCEil ceTn 6epeTc;1 OI€HKa HAaJCXKHOCTHU JId OAHOIO OTACIBHO B3ATOrO THUIIA 3JIEMEHTA C MUHU-
MaJbHBIM 00BEMOM HCIIONL30BAHHUS BO BpEMs 1IOJICTA BC B MIpEAIOJIOXKCHNH, YTO JJId HETO IOJY4YCHO
TaK Ha3bIBAEMOC KIIPUBEACHHOC) YUCIIO 0TKA30B, BEIYUCIIAEMOEC 110 (bopMyJIe

D,=N,(1-P), i=1,..,3, )

rae P —93To TOYCYHAs OLICHKA HAJICKHOCTHU OMOPHOM CETH, BEIUUCIIIeMas 110 (hopMyJie

m d
P=TTl1-2L1. (3)
Hi=y

1

HaXO)KI[eHI/Ie OIICHKHN HAJC)KHOCTH OCHOBHOM CHCTEMBEI CBOOUTCA K 3a/1a4€ HAXOXIACHUI MUHUMY-

Ma R= minR( p) MPU OFPAHUYEHUSAX

[1r' =R 4)

Kak moka3pIBaroT OKCIICPUMCHTAJIbHbIC TaHHBIC [3], IMIEPEMCHHYIO p; CICAYCT IIPCACTAaBUThL B BHUIC

p; =€ 7. Jlanee 3a/1a4a 3aKIH04ACTCS B HAXOXKACHHH MakcuMyMa GyHKIMK [ (z) Tpy OrpaHHYeHUH
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MakcuMyM IOCTUraeTCa B OJIHOM M3 TOUYEK BUIA
20 ={(0,2,,0),(2,0,0),(0,0,2,)],

TIE

z,=— zl InR’. (6)

1
1

B sTom nerde Bcero yOenuThcs M3 TeOMETPUYECKHX COOOpaKeHHH, pernas 3afady HaXOXKISHHs
MaKCHMyMa BBIMYKJIOH (DYHKITUHM Ha BITYKJIOM MHOXECTBE.

B cnyuyae naHHOM 3aJa4M B KaUECTBE OCHOBHOM pacCMaTpUBAETCS CETh CBS3M, NMPEACTAaBIAIOIIASL
n3 cebs mocenoBaTeNbHO-apauIebHy 0 cucTemMy. [Ipu 3ToM oMH U3 ee «3JeMEeHTOBY (Cpena pacipo-
CTpaHEHHs CHTHAJIa) He UMEET pe3epBa. B 3ToM ciryuae oreHKa HaJIe)KHOCTH HaXOAUTCS 10 (hopMyJie

i

R=1- 1—(R_/)Z : (7)

1Y%

310 cienyeT U3 TOro, 4To PyHKIMS HAaJEKHOCTH JIH000H Mociie10BaTeIbHO-TIapajIeIbHON CTPYK-
TypBI BBIYHCISIETCS 110 hopmyJie

m
R(p)=TT(1-a")- (8)
i=1
[IpousBeneM ymyulieHHe METOAA BCIOMOIATEIbHOM CTPYKTYpPbl AJIsl MONYYEHUS MaKCUMAIbHOMN
OLICHKM HAJEKHOCTU JIMHUY NEpeayl JaHHbBIX IIyTEM BBEACHUSI HE OJIHOM, a HECKOJIbKHX BCIIOMOTaTellb-
HBIX cerell. B manmbHelinieM stoT Meron Oynet HasbiBarbess MBC 11, Jlist 3Toro Heo0X0AUMO pacCMOTPETh
BCE BO3MOJKHBIE BUIbI 00J1aCTEl, OCHOBAHHBIX HA COOTHOUIEHUAX > U < MEK/y BEIMYNHAMH Z; .

Takux obnacreit I CUCTEMBI, COCTOHH.Ieﬁ H3 TPEX 3JICMCHTOB, HACUUTBIBACTCS 31=6. KpI/ITI/I‘Ie—

CKHX TOYEK B OOIIEM ClTyuae 1o BCeM TaKuM obnactam Oyzer 2° = 8.

Ha xaxmoit u3 takux obiacteld Mbl IOJOMpacM JUIs HAIIed OCHOBHOW CHCTEMbI CBOO BCIIOMOTa-
TEJBHYIO CETh, MO0 KAKIAOW M3 HUX HAaXOJUM MHUHHMYM CIIOCOOOM, ONKCAHHBIM BBIIIE, U JaJiee U3 ITUX
MHHAMYMOB HaX0JUM MUHUMAaJIBHOE 3HAUYCHUE, KOTOPOE M OyAET SABIATHCS OIEHKON HAAS)KHOCTH JIMHAH
nepenadn gaHHex ¢ bopra BC.

Paccmorpum npumep. [lycte Ha 6opty BC mcnonb3yercs JuHUs Nepefayd JaHHBIX, JaHHBIE 00
00bEME HCIOJIB30BAHUS 0 KAXIOMY THUITY 3JIEMEHTa U KOJIMYECTBE AJICMEHTOB M0 KKIOMY THITy MbI
3aHeceM B TaOII. 1.

Tabmuma 1

I/IH(bOpMaL[I/IOHHLIC JAHHBIC O JIMHUU NepCaavdn JaHHbIX

i 1 2 3
N; N, N, Ny
d; d, d, ds
n; n n 3

B tabn. 1 npuHATH crieayronme 0003HaYCHHUS:
N; — 00beM HCIONB30BaHUsA KaXIAO0TO TUIA DJIEMEHTA; d; — KOJMYECTBO OTKAa30B I10 KaKIAOMY THITY

J3JICMCHTA,; n; — KOJMYCCTBO 3JICMCHTOB i -T0 TUMna.
(DYHKLII/IH HaJCXKHOCTHU TaKOM CUCTEMBbI UMEET BU

3

R(p)=T](1-(1-2)") ©)

i=1
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Bynem HaxoauTh MUHUMYM STOH (YHKIMH IO 00JIACTH, 3aJaHHOIM OrpaHu4EeHUSIMU

3
>z, <-InR’,

i=1
z;<zy,<z3. (10)

Obnacts z, < z, < z; 0003HauuM Kak G,, .

OI1leHKa BEpOSITHOCTU 0€30TKAa3HOM PabOThI TAKOH CHCTEMBbI MPU 33JaHHOW JOMOJHUTEIBHON WH-
(hopmartiy Takoro pojaa 0ymeT HaXOAUThCS KaKk MHHHUMAaJIbHAS U3 BEHIWH [4]:

1 1\ 1 \B

= 1= (R ]| 1= 1= (R ) 1= 1-(R)rh

*

(11

1 m 1 ny 1 3

T 1= (R Jastvts | ) 1= 1= (R ettt | [ % 1= 1= (R Jiehols

O4YeBHUIHO, YTO OICHKA BEPOSTHOCTU 0€30TKa3HOW pabOThl CUCTEMBI, MMOJyYCHHAs METOJIOM BCIIO-
MOTATeNbHOW CTPYKTYPHI, YJIydIIaeTcsl MO0 Mepe yBeNW4YeHHs pa3OueHus oOJNacTH W HCIIOJIb30BaHUS
BCIIOMOTaTEIbHON CTPYKTYPBI 110 KOKIOMY JJIEMEHTY pa30ueHus. DTOT GakT CIeIyeT U3 TOro, YTO TOY-

i o
( ), 10 KOTOPBIM UIICTCA OLICHKA BEPOATHOCTH 0e30TKa3HOM pa6OTI>I B CJIy4a€ MCHBUICTO pa36I/IeHI/I$I
O6J]aCTI/I, BXOJAT KaK COCTaBHas1 4aCTh B COCTaB TOYCK IJIA 0O0JIBIIIETO pa36I/IeHI/IH, T.C.

G,€Gpii (12)

Kn z

H, CJICO0BATCIILHO,

Rusc im S Rype m+1)- (13)

HpCI/IMyH_ICCTBa, KOTOpPBIC JAarOT MCTOAbI BCIIOMOTaTelIbHOM CTPYKTYPEI 110 CPAaBHECHUIO C MCTOda-
MU IIJIOCKOCTH U IPAMOYTOJIbHUKA, IPUBCACHDBI B Tabm. 2.

Ta0muma 2

CpaBHeHI/IC METOAOB BCIIOMOT" aTeILHON CTPYKTYpPBI C MCTOAaMH ITJIOCKOCTU U NPAMOYT'OJIbHUKA
N1:50N2:20N3: 107’[1:2}12: 1 }’13:3

KonnuecTBo 0TKa30B 10 KaxaoMy MBC II MBC I Meton MeTton
THUITy KaHaJjla CBSI3U IPSMOYTOJIbHUKA IJIOCKOCTH
dl=0d2=0d3=0 0,9550 0,9550 0,8911 0,9550
dl=0d2=0d3=1 0,9375 0,9314 0,8437 0,9242
dl=0d2=0d3=2 0,8832 0,8706 0,7733 0,8970
dl=0d2=1d3=0 0,9242 0,9242 0,8580 0,9242
dl=0d2=2d3=0 0,8970 0,8900 0,8294 0,8970
dl=1d2=0d3=0 0,9403 0,9245 0,8630 0,9242
dl=2d2=0d3=0 0,9144 0,9042 0,8301 0,8970
dl=1d2=1d3=1 0,8898 0,8612 0,7868 0,8320
dl=2d2=8d3=1 0,6599 0,5492 0,6038 0,5004

N3 cpaBHEeHHS 2-T0 U 3-TO CTONOMA Ta0I. 2 MOYKHO CHIeTIaTh CIICIYIOIIE BHIBOIBI:

1) olieHKa BEPOSITHOCTH TIepelladd JTOCTOBEpHON MH(MOpMALMU JTUHHUEH Mepeadd JaHHBIX, MOy-
YEeHHAs METOJIOM, OCHOBAaHHBIM Ha BBEJICHUU OIIOPHBIX CUCTEM, TEM BBIIIE, YeM OOJIBIIIEC MBI HCIIOJIE3YEM
OTOPHBIX CUCTEM, T.C. YEM CUJIbHEE pa3OueHne 00JIaCTH, 0 KOTOPOH HUIETCS MAKCUMYM;

2) B ciydae OTCYTCTBHS OTKA30B 10 KAKIOMY dJIEMEHTY (3Ta HHGOPMAIIASI MOXKET OBIThH MOJTyIeHA
u3 nHpopManuK o nonerax Apyrux BC wnu B ciydae MCIONB30BaHUSI CUCTEM, CTPYKTypa KOTOPBIX B
YEeM-TO aHAJIOTUYHA MCXOHOMN) OLIEHKA BEPOATHOCTHU Mepeadd JOCTOBEpHOU MH(OpMAIIMK THHUEH Tie-
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penady JaHHBIX, MTOJIyYEHHAs] METOJOM BCIIOMOTATEIBHOM CTPYKTYpPBI, HE YIIyYIIAETCs C YBEJIUYCHUEM

4urciia OIOPHBIX CUCTEM.
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Annomayus. AkmyaneHocms u yeau. ABTOMaTHIECKOE
3aBucuMoe HaOmonenne (A3H) sBrseTcs mepcreKTuB-
HBIM PEXHMOM B YIPABJICHUN BO3IYLTHBIM JIBHXCHUEM.
Cytp A3H 3akmouaeTcs B TOM, YTO HaBHUTALMOHHAS
uH(pOpManus, NOJNy4eHHas! OT CI[yTHUKOBBIX PaJHOHA-
Buraiuonusix cucreM (CPHC) nHa GopTy BO3mymIHOro
CyJIHa, NIepelaeTcsl M0 JIMHUY Tepe/iadyn JaHHBIX ¢ Oop-
Ta BO3AYIIHOTO CyJHA B Ha3eMHbBIC CiyxObl YBJ[ B
mudposoii popme. Takum obpazom, 6e30TKazHast pado-
Ta JMHUM TIepelauyn JAaHHBIX SIBISETCS HEOOXOIMMBIM
ycnoBueM it pyHknnonuposanust A3H u obecneue-
HUsI 0€301aCHOCTH MOJIETOB 3a CUET KAYeCTBEHHOTO 00-
MeHa nHpopmanueii. COOTBETCTBEHHO, BOSHHUKAET IIPO-
OireMa OLIEHKM JOCTOBEPHOCTH Iepenadn WH(GOpMAIuu
Takoil cucremoit. Mamepuanet u memoowl. llepcrex-
TUBHBIM METOJIOM JJIsl pELLICHUS 3TON 3aauu sIBJISETCS
UCIIOJIb30BaHKUE CTATUCTUYECKOW HMH(OpMAanuy 1Mo 3Kc-
IUTyaTalul CHCTEM, COCTaB KOTOPBIX aHAJIOTHYEH HC-
Xo/HOU. B kauecTBe BCIOMOTraTeIbHOW CHCTEMBI Tpe[l-
JlaraeTcsl UCIOJIb30BaTh CHUCTEMY, COCTOSIIYIO U3
3JIEMEHTOB, COETMHEHHBIX MTOCIEA0BATEIbHO, Oe3 Haln-
4yms J1I000T0 BHIa pe3epBa (HAarpy>kKeHHOTO WJIM HEHa-
TPY>KEHHOT0) TI0 JI00OMY M3 3THX 3JIeMeHTOB. OCHOB-
HBIM  HCHOJNB3YEMBIM  MAaTE€MaTHYECKHM  METOJOM
SBISIETCSl  METOA  JIMHEWHOTO  TPOrpaMMHPOBAHHUA,
T.e. JUIA JAHHOTO CIyd4as HaxOXICHHE MHHHUMYyMa
(YHKIMM HaJIeX)KHOCTH JIMHUHM [Iepeady JaHHBIX ¢ Oop-
Ta BO3JyLIHOTO CyJHA, MPEJCTaBIISIONIEH co00ii moce-
JIOBaTEIbHO-NAPAJUICIILHYIO CTPYKTYPY C OrpaHHYeHH-
€M TMapaMeTpoB Ha BCIOMOTaTelbHYI0 CHUCTEMY.
Pesynvmamei. TlonydeHa GopMyia OLEHKH JOCTOBEp-

Zatuchnyy Dmitriy Aleksandrovich

candidate of technical sciences, professor,
sub-department of calculable machines, complexes,
systems and networks,

Moscow State Technical University of Civil Aviation
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Abstract. Background. An automatic dependent supervi-
sion (ADS) is the perspective mode in air traffic control.
Essence of ADS consists in that the navigation infor-
mation got from the satellite radionavigation systems
(SRNS) aboard an air ship is passed on DTL from an
aircraft side in the surface servings as ATM in a digital
form. Thus, faultless work of DTL is a necessary condi-
tion for functioning of ADS and providing of safety of
flights due to a quality exchange information. Accord-
ingly, there is a problem of estimation of authenticity of
information transfer such system. Matherials and meth-
ods. A perspective method for the decision of this task is
the use of statistical information on exploitation of the
systems composition of that is analogical to initial. As
an auxiliary system it is suggested to use the system,
consisting of the elements united consistently, without
the presence of any type of reserve (loaded or unloaded)
on any of these elements. The basic used mathematical
method is a method of the linear programming, id est for
this case being of a minimum of function of reliability
of DTL from an aircraft side, being a consistently-
parallel structure with the limit of parameters on auxilia-
ry. Results. The formula of estimation of authenticity of
information transfer is got on DTL. Modernisation of
the offered method is produced due to the use not alone,
and a few ancillariess. Results over of comparison of
method are brought with the known methods of estima-
tion of reliability of the systems — methods of plane and
rectangle. Drawn conclusion, in what cases the offered
method gives more exact estimation. Conclusions. An
estimation of probability of reliable information transfer
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HOCTH Tiepefayd WH(pOpMAIMM 10 JHHUU Iepeaadd
JMaHHBIX. [Ipown3BeneHa MOJCPHHU3AIMS MIPEIIOKEHHOTO
METOJa 3a CUET MCIIOJIIL30BaHUS HE OJHOM, a HECKOJIb-
KHX BCIIOMOTATCNBHBIX cUCTeM. [IpHBeneHBI pe3yibTa-
THI CPABHEHUS METOJIa C U3BECTHHIMU METOJITAMH OIICHKH
HAJICKHOCTH CHUCTEM — METOJIaMH IDIOCKOCTH U TIPSMO-
yronbauKa. CenaH BBIBOJ, B KaKUX CIydasiX MPeio-
JKEHHBI METOJ JIaeT 0ojiee TOUHYIO OLEHKY. Bb1800bi.
OreHKa BEPOSTHOCTU TIEpeladdl AOCTOBEPHOW HH(OpP-
Maluy 10 JIMHUM Tepeladyd JIaHHBIX MPeIJIOKESHHBIM
METOJIOM sIBIIsieTcsl Oojiee TOYHOM, 4eM Y M3BECTHBIX
METOJIOB peIlcHUs AaHHOoW 3amayn. OIeHKa BEpPOSTHO-
CTH TIepeJaud JTOCTOBEpHOW MH(OpMAIUK JMHUCH Iie-
penayr JTaHHBIX, TOJy4YEeHHAas METOIIOM, OCHOBAHHBIM
Ha BBEJICHUU OIOPHBIX CHCTEM, TEM BBIIIE, YeM OOJIbINE
MBI UCTIOJIB3YEM OMIOPHBIX CHCTEM.

Knrouegvle cnosa: aBTOMaTH4ECKOE 3aBUCUMOE HAOIIO-
JICHWE, OCHOBHAas M OIIOpHAs CHCTEMa, MAaKCHMyM
(yHKITHH, OTKa3 CUCTEMBI.
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on DTL by the offered method is more exact, than at the
known methods of decision of this task. Estimation of
probability of reliable information transfer DTL, got the
method, based on introduction of the supporting systems
the higher, than anymore we use supporting systems.

Key words: automatic dependent supervision, main and
basic system, function maximum, system failure.
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