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HHSAMH, HOJIyY€HHBIMHU APYTUMH METOJAMH.
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Skvortsov M.S. Reliability optimization technique for network structure systems.

Abstract. The article shows distinctive features of reliability calculations and simulating for
network structure systems. Reliability optimization technique for network structure systems
which is based on logical-probabilistic reliability optimization algorithm is provided. The
article presents results of reliability optimization tasks solving for network structure systems.
These results are compared with solutions received using other techniques.
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1. BBenenne. MHorue npakTHYecKue 3aJa4d ONTUMH3ALUHN HaJeKHO-
CTH, CBSI3aHHBIE C MH(OPMAIIMOHHBIMH CETSIMU, TPYOONIPOBOIHBIMH U HEP-
FeTHYECKHMHU CHCTEMAaMH, MOYKHO MPEJICTABUTH B BHJE CETEBOW MOJICIIH.
B koHTeKcTe JaHHON paboThI MOJ| CEThIO MOHUMAETCS CTPYKTYPHBIA 00B-
€KT, CBOMCTBa KOTOPOTO MPEJICTABISIFOTCS B BHJIE CETEBON CXeMbl (DyHKIIH-
OHAJILHOM [EJIOCTHOCTH.

Mogenpio Uit UHQOPMAIMOHHBIX CETEeH, COJACPIKAIUX HEHA/IEKHBIE
AJIEMEHTHI, OOBIYHO SBJSICTCS HEHAIPaBIICHHBIH Tpad G(E,V) ¢ HabopoMm
y3moB V u pebep E [4]. PeGpa MOryT HAXOIUTHCS TOJNBKO B IBYX COCTOSI-
HUSIX:

1) paborocnocoOHOCTH (¢ 3a/1aHHOH BEPOATHOCTBIO Pjj ),

2) otkasza (¢ 3a/1aHHO¥ BEPOATHOCTBIO 1— Pj; ).
Ilox BepOATHOCTBIO Pj; OyaeM NOHNUMATH BEPOATHOCTB TOTO, YTO peb-

po (i, j) HAXOJIUTCS B pab0OTOCIIOCOOHOM COCTOSIHAW B CITy4YailHBI MOMEHT

BpeMeHH. THUIoBble JOMYEHUS JIJIsl JAHHOM MOJIeNu:
— OTKa3bl pedep SABISIOTCS HE3aBUCUMBIMU;
— Y3JIBI SABIISIIOTCS a0COTIOTHO HAJI)KHBIMU,
— BOCCTaHOBJICHHE OTKAa3aBIINX pedep OTCYTCTBYET.
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B nanHO# paboTe B Ka4eCTBE MOAEIN CETEBBIX CTPYKTYP HCIOIB3YeT-
cs cxema (ynkmmoHansHOU neixoctHocTH (COLIL). s mocTpoeHns JIOTH-
Yeckux (QYHKIMH pabOTOCIIOCOOHOCTH CHCTEMBI M BEPOSTHOCTHBIX (DyHK-
Ui UCTIONB30BAJICS MTporpaMMHEbIii kKomrutekc APBUTP [2].

2. OueHKa HAIESKHOCTH CHUCTEM C CeTeBOi CTPYKTYpPOii. YcioBueMm
paboToCIOCOOHOCTH CeTH OyIeM CUHTATh BO3MOXKHOCTH Iiepenadn MH}op-
Mallyy OT JIF0OOTo y37a K JIo0oMy apyromy y3iy. KommuecTBeHHOW OneH-
KOM Tako# BO3MOXHOCTH SIBJISICTCS BCETEPMUHAJBbHAs Mepa HaJeKHOCTH
R, — BEpOATHOCTb TOrO, YTO BCE Yy37bl CETU CBS3aHBI APYr C JIPYroM
[6, 8].

B npyrux ciydasx MHTEpPECYIOTCS KOMMYHHKAIHEH TOJNBKO MEXIY
JIBYMsI KOHKPETHBIMH y3JIlaMH CETH — TaK Ha3bIBAEMBIMH HCTOYHHUKOM
(source) u npuemuukom (terminal). KonudecTBeHHast OLCHKA ISl JaHHOTO
ciiydyas — JABYXTCpMHHAJIbHAasA HAIACKHOCTH RS,T’ KOoTOpas €CTb BEPOAT-

HOCTh TOTO, YTO CYIIECTBYET KaK MUHHUMYM OJHMH pa0OTOCIOCOOHBIA MYyTh
nepenadn uHGOpMaIMy oT y3na S k yanyt [6, 8].

IIpakTuyeckue 3amaydl ONTHMM3ALUN HAJEKHOCTH, CBSI3aHHbBIE C HC-
MIOJIB30BAHMEM 3TUX MOJeNiel, BOSHUKAIOT B JIEKTPUUECKUX CETSIX, TpaHC-
MOPTHBIX CUCTEMaX, MIPU aHAJN3E APXUTEKTYP OTKA30yCTONYMUBBIX KOMIIbIO-
TEPOB U KOMMYHHUKAI[MOHHBIX CUCTEM.

[Ipyn aHanu3e HanEKHOCTH CUCTEM C CETEBOW CTPYKTYpOH MOMHMO
TPYAHOCTEH, MPHUCYIINX BCEM CTPYKTYPHO-CIOXKHBIM CHCTEMaM, IOSBIISICT-
Csl IOTIOJTHUTENFHOE 3aTPyTHCHUE, CBSI3aHHOE C TE€M, UYTO CTPYKTYypa TaKUX
CHCTEM COJIICPXKUT KOJBIEBBIE ()PArMEHTHI, JUII KOPPEKTHOTO PACKPBITHS
KOTOPBIX B cXeMy (YHKIIMOHAJIHHOH IenocTHOCTH [1] 3To#l cTpyKTypHI
JOJDKHBI OBITH BHECEHBI CIICIMalbHBIC W3MEHEeHHs. VcXomHas cxema Tpo-
CTeWIIe KONbLEeBOi ceTH W cooTBercTBylomas eii COL| m3oOpaxeHa Ha
puc. 1.

a

Puc. 1. IIpocreiiiuas konplieBas CTPYKTypa CETU M COOTBETCTBYOLIAs ei
COIL.
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31ech y3Ibl CeTH CYUTAIOTCS A0COFOTHO HaJIC)KHBIMU U IIPEACTABICHEI
Ha HCXOJHOI cxeme ceTr BepmuHaMu 1—4 (cm. puc. 1.a). B COI] stoii cetn
YKa3aHHBIC Y3JIBI IIPEACTABICHB (GPUKTUBHBIMU BepuinHamu 1-4. lyru cetu
XapaKTepU3yIOTCA CIyYalHBIMA COOBITHAMH UX Oe30TKa3HOH paboThl U
npencrasieHsl B COLl Ha puc. | QyHKIIHOHATBHBIME BepmmHaMu 12, 14,
23 u 34.

Kak 0bu10 yKa3aHO BHIIIE, YCIOBHEM (YHKIIMOHUPOBAHUS CETH SIBIIS-
eTCsl HaIM4ue XOTsI OBl 0JTHOrO pabOTOCHOCOOHOIO ITyTH, CBS3BIBAIOIIETO
MEXAy co0O0H Bce Y3JIbl CETH, TOT/a JIOTHYECKUH KPUTEPHUil ee YCIEIIHOTO
(YHKIIMOHMPOBAHUS MOKHO 3allUCaTh B BUJIE!

Yg =ylvy2vy3vys.
Cucrtema norunyeckux ypaHeHui qyist COL cetn umeet Bua:
yl=x1A(yl2v yl4)=y12v yl4
y2=x2A(yl2v y23)=y12v y23
y3=x3A(y34v y23)=y34v y23’
y4=x4A(yldv y34)=yldv y34

JlanHas cucrema HepaspemmMa u3-3a Toro, uto COIL] cetu NOIHOCTHIO
nUKIn4Yeckas. BBeJieHHUe MOMONHUTEIbHON (DUKTUBHOW BEPIIMHBI (OTOJI-
HUTEIBHOTO JIoTH4ecKoro ycious) B COLl mo3BoiseT MOMy4dUTh CUCTEMY
ypaBHEHHH, KOTOPYIO MOXHO PELINTh, ¥ MOJIYYUTh JIOTHUECKYIO (PYHKINIO
pabotociocobHOCTH ceTH. CHCTeMa JIOTHYECKUX YpaBHEHHUH Tociie 106aB-
neHus GUKTUBHON BepmInHbI (puc. 2 BapuaHT 1), 3alMIIETCs CIACAYIOIINM
oOpazomM:

yl=true

y2 = x12 A(X14 v X34 v x23)
y3=(X12v x23) A(X14 v x34) °
y4=(x12v x34 v x23) A x14

vt ve

Puc. 2. JloGaBieHne JONOIHUTEIHHOTO JIOTHIECKOTO YCIOBHS (4 BapHaHTa).
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OObennHss pe3ybTaThl B
Ys =ylvy2vy3vy4

U MUHUMU3UPYS MOJYYEHHYIO JIOTHYECKYI0 (DYHKIHMIO, HAXOJUM HUCKOMYIO
JIOTHYECKYI0 (YHKIMIO pabOTOCIOCOOHOCTH CHCTEMBI JUIS TAaHHOW CETEeBOM
CUCTEMBI:

Y, =(X12v x23v x34) A(X12v X14 v X34) A(X14 v X12 v X23) A
/\(Xl4v X34 v X23).

Ha puc. 2 nzo0OpakeHBI BCe BO3MOXKHBIC BapHaHTHl HOOABICHHS B
COIl HONOTHATENHFHOTO JIOTHYECKOTO YCIIOBHSI, TIO3BOJIAIONMIETO TOIYYIHTh
JIOTHYECKYIO (DYHKIHIO pabOTOCIOCOOHOCTH CUCTEMBI. Bee YeThipe BapuaH-
Ta ODKBUBAJICHTHBI U IPUBOJAT K OJUHAKOBOMY pE3y/bTaTy.

Onwucanubiii ciocod momudukanmu CPL] ceTeBbIX CTPYKTYp MO3BOJIS-
€T MOJy4aTh JOTUYECKYI0 (YHKIHIO pabOTOCIOCOOHOCTH, a 3aTeM M MHO-
TO4JICH BepOﬂTHOCTHOﬁ (byHKHI/II/I Ipyu noMomuy OAHOTO M3 M3BCCTHBIX MC-
tomoB [1, 7].

3. 3agaya onTHMH3AIUH HAJAEKHOCTH CHCTEM C CEeTE€BOIl CTPYKTY-
poii. 3amumieM MateMaTH4ecKyro (HOPMYITHPOBKY 3aJadll ONTHMH3ALUN
HA/ICKHOCTH CUCTEMBI IIPH OTpaHIMYCHUH Ha €¢ CTOMMOCTh B 00IIIeM BHUJIE:

PS(X)ar)ng)(; Dc A

D={X e A/C(X)<C,}

I[Tpu pereHny 3a7a4 TPUMEHSIICS JIOTHKO-BEPOSTHOCTHBII aropuTM
ONTHMH3ALMU HAJCKHOCTH, JeTalbHO onucaHHbli B [3]. B HeM ucnonb3o-
BaHBI NIEPBbIC YaCTHBIC POU3BOAHBIC NPH BEIOOpE HANPaBICHHS ISl OITHU-
MH3alM{ Ha KaXIOM IIare B MPEIIoJIOKEHHH, YTO B JaHHOH 3ajaye Jio-
KaJIbHO ONTHMAJIbHBIN BBIOOP Ha Ka)XKIOM IIare MPUBOAUT K ONTHMAIbHOMY
penrennto. [103TOMy JNaHHBIA ANTOPUTM ONTHUMHU3ALMK MOXHO OTHECTH K
KJaccy <«kaaHbIx». K ero JONOJHUTENbHBIM OCOOEHHOCTSIM OTHOCHTCS
BO3MOXKHOCTh HapyIIEHUs] OTPaHUYSHUH NMPU MOUCKe (BBIXOJ| 32 I'PaHHUIIbI
00acTu JOMYCTUMBIX PEIIeHHI BO BpeMsl TIOKCKa). AJITOPUTM peain30oBaH
B BHJE OTIENILHOTO IPOrPaMMHOIO MOAYJSL U BCTPOEH B IHPOrpaMMHBIN
xommiekc APBUTP.

IIpumep 1. PaccMaTpuBaeTcsi CTPyKTypa CETH, COCTOSIIAsI U3 YEThIpeX
abcoroTHO HajekHbBIX y350B (11—14) u mecTn KOMMYHHUKAlMOHHBIX Ka-
HasioB (1—6) (Tabun. 1). [lannas 3amaya B3sita u3 [5].

Tpebyercs HaWTH Takyr KOHOHUIYPALUIO CTPYKTYphI U AJIEMEHTHBIH
COCTaB, YTOOBI HAISKHOCTH Mepeadl HHGOPMALMH 1O ceTH Oblia Obl MaK-
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CHMalbHa IIPH OTPAHUYEHUH HA €€ CTOMMOCTh Cg =15. PacueTHblie BbIpa-

JKCHHU UMECIOT BHU:
Ps(X)—max; Dc A;

Xeb
N
D={X Al C(x)<15,
i=1
Ci = ai eXp|:lBli| .
1-R(j)
Tabmuna 1. Mcxoanble faHHble 151 npuMepa Ne 1
j 1 2 3 4 5 6
o 4,4 0,65 0,45 1,4 2,4 2,5
B; 0,002 0,25 0,016 0,12 0,02 0,03
p(j); 0,88; 4,444 10,7;1,496 |0,9;0,528 |0,8;2,551 |0,95; 3,580 0,85; 3,054
0,92; 4,474 10,75; 1,767 |0,95;0,620 |0,85; 3,116 |0,98; 6,524 |0,9; 3,375
C(j)|0,8;4,511 |0,8;2,269 10,99;2,229 |0,9; 4,648 — 0,92; 3,637
0,99; 5,374 |0,85; 3,441 — — — 0,95; 4,555

Kpureprem paboTOCOCOOHOCTH JaHHOHM CETEBOH CTPYKTYpHI CUUTa-
eTcsl HAJIMYUE CBA3M (BO3MOXKHOCTD Iepefad HHPOPMAINN) MEXYy BCEMH
y3namu cetd. Toraa JOrn4eckuii KpUTepHid yCTemHoOro (yHKIHOHUPOBa-
HUSI 3aIIMIIETCS B CIIETYIOIEM BH/IE:

Yg =yllvyl2v yl3v yl4.

UroOBl crcTeMa JOTHYECKHX ypaBHeHWH, mpenctaBieHHas COI[ Ha
puc. 3, cTana pa3penmuMon, He0OXOAUMO Tepe]] MOCTPOSHHEM JIOTHYECKOH
¢yHKIHU paboTocmocoOHOCTH cucTeMbl MomuduuupoBaTh COI] cereBoit
CTPYKTYpBI, Kak onucaHo Beiure. [lonydenHas jorndeckas GyHkuust pabo-
TOCHOCOOHOCTH CUCTEMBI pACCMaTPUBAEMON CTPYKTYPbI UMEET BUJI:

Ys =(XLAX2A X3)v(xl/\ X3 A X6) v
v(X2/\X3/\ XG)V(XB/\ X5A X6)v
v(Xl/\ X2/\X5)V(X1/\ X3 A X5)V(Xl/\ X5A X6)V(X2/\X5/\ X6)v
v(Xl/\ X2/\X4)V(Xl/\ X3 A X4)v(x1/\ X4/\X6)V(X2/\X3/\ X4)v
v(X2/\X4/\X6)V(X2/\X4/\X5)V(X3/\ X4/\X5)V(X4/\X5/\ X6).
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Puc. 3. [Ipumep ceteBoii CTpYKTYpHI 1 cooTBeTcTBYromas eif CDLI.

PacueTHbIii MHOTOUJICH BEpOSTHOCTHOM ()YHKLMH COCTOUT U3 16 ox-
HOYJICHOB:

P(Y) = PLP2P3+ P1Q2P3P6 + QIP2P3P6 + QIQ2P3P5P6 +
+ P1P2Q3Q5 + P1Q2P3P5Q6 + P1Q2Q3P5P6 + Q1P2Q3P5P6 +
+ P1P2P4Q3Q5 + P1Q2P3P4Q5Q6 - P1Q2Q3P4Q5P6 —
—QIP2P3P4Q6 — Q1P2Q3P4Q5P6 — Q1P2Q3P4P5Q6 —
— QIQ2P3P4P5Q6 — Q1Q2Q3P4P5P6.

C ucIonb30BaHUEM JIOTHKO-BEPOSITHOCTHOTO AJITOPUTMa ONITHMH3aInU
HAJIS)KHOCTH MOJIYYeHO ONTHMAJIbHOE PEUIeHHE paccMaTpUBaeMOW 3aiadH,
COBIIABIIIEE C PEIICHUEM, [TPUBEIECHHBIM B [5] 10 cocTaBy U CTOMUMOCTH CH-
CTEMBI:

1) cocraB cucremsi (4, 2, 2,0, 1, 3);

2) croumocTh cucteMbl 14,98;

3) manexxuocTh cucremsl 0,9946025.

Heckosibko pa3nuyaroTcsi OLCHKH HAaJEeKHOCTH 3TOr0 ONTHMAlILHOTO
BapUaHTa MOCTPOEHUsI CETEBOU cHCTeMBI. K cokalleHno, aBTOPHI cTaThu [5]
HE TPHUBOJAAT AaHAJMTHYECKOE BBIPAKEHHE, HCIIOJIb30BAaHHOE ISl pacuera
BEPOSITHOCTH 0€30TKa3HOI paboThl ONITUMU3UPOBAHHOW CHCTEMBI, II03TOMY
OKOHYATEeJIbHBIX BBIBOJIOB CJeNIaTh HENb3s. B ocTaibHOM COBIaJieHHE pe-
3yJbTATOB MOATBEPKAAET pabOTOCTIOCOOHOCTh JAHHOW METOJMKH JIOTHKO-
BEPOSTHOCTHOH ONTHMU3AINH HAJIC)KHOCTH CHCTEM CETEBOU CTPYKTYPHIL.

Ilpumep 2. B nannoM npumepe (puc. 4) paccMOTpeHa ceTb, COCTOSIIAst
U3 MTH aOCONMIOTHO HaaexkHbIX y3io0B (8, 9, 10, 11, 12) u ceMu KOMMYyHH-
KauoHHbIX kaHanos (1, 2, 3, 4, 5, 6, 7) [5] (tabxn. 2).
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TpebyeTcs HalTH KOHPUTYPAIHIO CETH M €€ DIIEMEHTHBIH COCTaB, UTo-
OBl HAZEKHOCTH Tepeadu HHGOopMAIMX U3 JF000T0 y3i1a B 000N Ipyroi
y3e OblTa OB MaKCUMAIIEHOW TIPH OTPaHUYCHUN Ha CTOUMOCTH Cs=15.

PS(X)—H)\(WS)D(; DcA

N
D=1{X eA/Y C(x)<15
i=1

Kputepuem paboToCIOCOOHOCTH AaHHOW CETEBOM CTPYKTYPHI SBIISCT-
Cs BO3MOXKHOCTh OOMEHa WH(popMAaIMel MKy JTHOOBIMH TBYMS Y3JIaMU
cetu. Tornaa Joruyeckuii KpUTEpUd 3alIUIIETCS B CIEAYIOIIEM BU/IE!

Ys =y8AYIAYIOA Y11 A Y12

Puc. 4. ®ynkimonansHas cxema 1 COL] paboTocrocobHOCTH ceTH

Tabmuma 2. Mcxonnsbie fanubie Ne 1 st npumepa Ne 2

] 1 2 3 4 5 6 7
A, (07, 1/a 21 |12 | 71| 21| 21| 12| 71
;@07 , a 10 | 25 | 34 | 45 | 3.7 | 40 | 5.0
c(j) 50 | 30 | 20 | 40 | 6.0 | 40 | 2.0

T 8760 u

Jlornueckast (QyHKIHS pPabOTOCIIOCOOHOCTH CHUCTEMBI conuepkuT 21
KpaT4aiIui MyTh yCHEeIHOro (yHKIIMOHUPOBAHMS:
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Ys = (XLAXB A X2 A X4) v (X6 A X2 AX3A X4) Vv (XLA X6 A X2 A X5) v
V(X6 AX2 AX3AXE)V (X6 AX2AXEAXE)V (XLAXEAX2AXT)V
V(X6 AX2AXBAXT)V (X6 AX2AXEAXT)V (XLA X6 AX3AX4) v
V(XLA X6 A X3AXE) v (XLA X6 AX3AXT)V (XLA X6 A X5 A X4) v
V(XLAX2AXEAXT)V (XA XBAXEAXT)V (XLAXDA XA AXT) v
VXAAXEAXAAXT)V (X2 AX3AXEAXT)V (XLA X2 AXEAXT) v
V(X2 AX3AXSAXT)V (X2 AXEA X4 AXT) v (XLA X3 A X5 A XT).

COOTBeTCTByIOHII/Iﬁ BepOHTHOCTHLIﬁ MHOTOYJICH COCTOUT u3 21 OdHO-
YJICHa:

P(Y) = PLP2P4P6 +Q1P2P3P4P6 + PLP2P4P5P6 +
+ Q1P2P3Q4P5P6 + QIP2Q3P4P5P6 + P1IP2Q4Q5P6P7 +
+ Q1P2P3Q4Q5P6P7 + QIP2Q3P4Q5P6P7 + PIQ2P3P4P6 +
+ P1Q2P3P4P5P6 + P1Q2P3Q4Q5P6P7 + P1Q2Q3P4P5P6 +
+ P1P2P4Q6P7 +P1Q2P3P4Q6P7 + P1Q2Q3P4P5Q6P7 +
+ P1Q2Q3P4Q5P6P7 + QLP2P3P4Q6P7 +P1P2P4P5Q6PT7 +
+ Q1P2P3Q4P5Q6P7 + Q1P2Q3P4P5Q6P7 + P1Q2P3Q4P5Q6P7.

C HCHOJIB30BaHUEM JIOTHKO-BEPOSITHOCTHOT'O aJITOPUTMA ONTHMHU3ALUH
HaJCKHOCTH TOJyYeHO DEIICHUE ONTHMHU3ALMOHHON 3alayH, HMOJHOCTBIO
COBIIaBILIEE C PEIICHUEM, IPUBEACHHBIM B [5]:

1) cocras cucremsr (0, 1,1, 1,0, 1, 1);

2) CTOMMOCTB CHCTEMBI 15;

3) Hagexuocts cuctemsl 0,93420.

CoBnajieHne pe3yabTaTOB MOATBEPKIAET pabOTOCIOCOOHOCTh METOAA
JIOTUKO-BEPOATHOCTHBIX 3HAYUMOCTEN U BKJIQJ0B.

VBeIMYUM Pa3MEpPHOCTh 3aJaud CIeAyIUM obpasom. IlycTb mms
KQXJO0r0 W3 CeMH KOMMYHMKALMOHHBIX KaHAJOB MOXKHO HCIOJB30BATh
OIWH M3 CEMH THIIOB 000pymoBaHMs. UHMCIO BO3MOXKHBIX BapHaHTOB MO-

CTPOEHHSI CUCTEMBI paBHO 8.2 108 (tabm. 3).

Tabmuma 3. Mcxonnbie AaHHbIe Ne 2 1J1st npumepa Ne 2

i 1 2 3 4 5 6 7
pi 071 0750808 | 08 | 09| 092
c(j) 1 2 3 5 8 13 | 21
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C MCIOJIL30BAHMEM JIOTHKO-BEPOATHOCTHOTO AJITOPUTMA ONTUMH3ALIH
HaJIE)KHOCTH MOJIyYEHO CIEAYIOIIEE PEIEHIE ONTHMU3ALMOHHON 3a0a4u:

1) cocras cucremsi (6, 7,5,5,5,7,7);

2) crouMocTh cucTeMsl 100;

3) nagexuocts cuctemsl 0,98094.

PaccMOTpeHHBIE 331241 NOKAa3bIBAKOT BO3MOKHOCTh IPUMEHEHUS pa3-
paboTaHHOW METOIMKM W AITOPUTMA IS PEIICHUs 3a1ad ONTUMH3AIUH
HAJEKHOCTH TEXHUYECKUX CHCTEM CETEBOM CTPYKTYPHL.

4. 3akmouenne. MHOrME TIPaKTHYECKHE 337aud  ONTUMHU3ALUH
HAJEKHOCTH, CBA3aHHBIE ¢ MH(GOPMAIMOHHBEIMU CETSIMH, TPYyOOIPOBOIHEI-
MU CHCTEMAMH U CHCTEMaMHM, MOYKHO MPEICTABUTH B BUJIE CETEBOM MOJIEIH.
B crarbe mpemiokeHa METOAMKA IMOCTPOEHHS MAaTEMAaTUYECKOW MOIEIH
CETEBBIX CTPYKTYP IUI MOJIEIMPOBAHHUS, aHAIM3a M ONTUMHU3ALMU HAIEXK-
HocTH. IToKazaHa BO3MOJKHOCTb HCIOJb30BAaHHA JIOTHKO-BEPOATHOCTHOIO
QJIrOPUTMAa ONTUMU3AIMU HAAEKHOCTH U CHCTEM CETEBOM CTPYKTYPBL
PaccMOTpeHbI IpUMEPSI 33184 ONTUMHM3ALMK HAIEKHOCTU CETEBBIX CUCTEM.
Pelrenus, MOJyYeHHbIE C MOMOILUBIO JAHHONM METOAMKH, IOITBEPIKIEHBI
CPaBHEHMEM C PELIEHUSIMH, [OJTyYEHHBIMH APYTHMU aBTOPAMH.
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PE®EPAT

Ckeopyog M.C. MeToanKa ONTHMHU3ALMH HATEKHOCTH CHCTEM C CeTeBoii
CTPYKTYPOIl.

MHorue npakTH4ecKue 3aJadd ONTHMH3AILMH HaIeKHOCTH, CBSI3aHHbBIE C WH-
(OpMalMOHHBIMH CETSIMU, TPYOONPOBOAHBIMU M 3HEPTEeTUYECKHMH CHCTEMaMH,
MOYKHO IPEACTaBUTH B BHJIE CETEBON Moaenu. B manHO# paboTe B KauecTBE MOJAEIU
CEeTeBBIX CTPYKTYp HCIOJIB3yeTcst cxeMa (yHKIuoHanbHOH menoctHoctu (COLI).
JInst TOCTpOCHUS JIOTHYeCKUX (YHKIHH pabOTOCIIOCOOHOCTH CHCTEMBI M BEPOST-
HOCTHBIX (DYHKIMH HCIIONB30BaH MporpaMMHblii kommiexkc APBUTP.

B nccnenoBanusx, MOCBAIIECHHBIX aHATU3Y M ONTUMM3AIMI HAJISKHOCTH CeTei
HauOoJIbIIee pacpOCTPaHSHNE MTOIYYIIIHN JIBe IOCTAHOBKH 33/1auu. B mepBoii ycio-
BHEM DPabOTOCIOCOOHOCTH CETH OOBIYHO CUMTASTCS BO3MOXKHOCTBH Iiepeadd WH-
¢dopmanun ot TH000TO y37a K JII00OMy Apyromy y3ny. Bo Bropoii, 6onee gacTHOM
MOCTAaHOBKE aHATHU3UPYETCs] KOMMYHHUKAIMS TOJNBKO MEXIy ABYMS KOHKPETHBIMH
y3JIaMH CETH — TaK Ha3bIBAaeMBIMHM HCTOYHHKOM M NPHEMHHKOM, H 3a YCIIOBHE pa-
0OTOCIIOCOOHOCTH CETH IPHHUMAIOT BO3MOXKHOCTH OOMeHa HMH(oOpMaIfei Mexmy
IBYMS BBIOpaHHBIMH y37aMd. B maHHOH paboTe 3a/ada paccMaTpUBAETCs B IEPBOH,
Gostee o0mIeH, MocTaHOBKE. TakxKe CUUTACTCS], YTO HEHAASKHBIMU SIBIISTFOTCS TOJIBKO
CBSI3M MEXy a0COJIFOTHO Ha/ISKHBIMH y3JIaMH CETH.

Ilpn aHanm3e HAIEKHOCTH CHCTEM C CETEBOHW CTPYKTYpOil MOMHMO TPYAHO-
CTEH, NPUCYIINX BCEM CTPYKTYpPHO-CIOXKHBIM CHCTEMaM, IOSBIAETCS MOMOIHHU-
TenpHOE 3aTpyaHeHne. OHO CBA3aHO C TEM, YTO CTPYKTYPHI CETEBBIX CHCTEM COMAEp-
JKaT KOJIbLIEBbIe (pparMeHTHl, B pe3yJbTaTe Yero CHCTeMa JIOTHYECKHX ypaBHEHUH
CTaHOBUTCSI Hepa3peluMon. J[is1 KOPPEKTHOTO CHSATHS JIOTMYECKOH HeolpelereH-
HOCTH ¥ BO3MOXKHOCTH PEIIEHHs CHCTEMBI JIOTHYECKHX YpPaBHEHHUH, HEOOXOIHMMO
J00aBUTh B HEE IOMOIHHUTENHFHOE JIOTHYECKOE YCIOBHE, T. €. J100aBUTH B CXEMY
(GYHKIIMOHATIBHOM 1ENOCTHOCTH (TIPEICTABNSIONIYI0 CO00M TrpaduyecKyr0 3aIruch
CHCTEMBI JIOTHYECKUX YPAaBHEHWI) JOMOJIHUTENBHYIO BEPUIMHY (IOMOIHUTEIHHOE
Jormdeckoe ycnosue). B paboTe mokasaHa HHBapHAHTHOCTH KOJBLEBOTO ()parMeHTa
CTPYKTYPHI K JOOABIICHUIO JOTOTHUTEIBHOTO JOTHIECKOTO YCIOBHS.

[Toka3aHa TakKe BO3MOXHOCTb HCIOJIB30BaHMS JIOTHKO-BEPOSTHOCTHOTO aj-
roputMa ONTUMHU3ALUU HAACKHOCTHU AJId CUCTEM CETEBOM CTPYKTYpPBI. l_[pl/lBe)leHO
pelieHne IBYX 3a7ad ONTHMH3AIMH HAJISKHOCTH CHCTEM C CETEBOH CTPYKTYpOIi.
Pemennst, mosyd9eHHbIE ¢ TOMOINBIO JAHHOH METOAWKH, TOATBEPKIACHBI CPaBHEHU-

€M C pCUICHUAMHU, TOJTYUYCHHBIMU APYTUMU aBTOPaAMU.
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SUMMARY

Skvortsov M.S. Reliability optimization technique for network structure

systems.
Many practical tasks of reliability optimization for information networks, pipe-

line and energy systems may be represented as a network model. Network structure
model is presented using the functional integrity scheme (FIS). Software complex
ARBITER is used for generating logical functions of the system operability and
probabilistic functions.

The studies concerned with network reliability analysis and optimization, most
commonly use two problem settings. In the first task definition, a condition of the
network operability is data exchange between any two nodes. A more partial prob-
lem setting analyzes only data communication between two specific network
nodes — a source and a terminal. Thus, a condition of the network operability is
data exchange between two selected nodes. The article adopts the first, general task
setting. Furthermore, it is assumed that only links between absolutely reliable nodes
are unreliable.

Reliability analysis of network structure systems has challenges attributed to
all structurally complex systems. Furthermore, there is one more problem. Structures
of network systems contain loop fragments, thus making a logical equations system
unsolvable. For consistent solving this logical indeterminacy, enabling solution of
the logical equations system, it is necessary to make an additional logical condition.
Thus, an additional node (additional logical condition) is added to the functional
integrity scheme (which is a graphic presentation of the logical equations system).
The article shows invariance of the structure loop fragment to this additional logical
condition.

The article gives evidence of possible application of logical-probabilistic algo-
rithm for reliability optimization of network structure systems. Two reliability opti-
mization tasks for network structure systems are provided. The results received us-
ing the proposed technique, are compared with other authors’ solutions.
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