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1. Ïîñòàíîâêà çàäà÷è
Ïóñòü ñëîæíàÿ ñåòåâàÿ ñèñòåìà çàäàíà ãðàôîì G(V,U), ãäå V - ìíîæåñòâî âåðøèí (s, t ∈ V ), U -

ìíîæåñòâî äóã. Îáîçíà÷èì

L = (V ∪ U)\({s, t}) = {I l : l = 1, 2, . . ., n}

ñîâîêóïíîñòü ýëåìåíòîâ ñèñòåìû.
Êàæäûé ýëåìåíò I ñèñòåìû ìîæåò íàõîäèòüñÿ â îäíîì èç ÷åòûðåõ ñîñòîÿíèé Iα, α ∈ {M,N,R, S},

ãäå IN � ñîñòîÿíèå íîðìàëüíîé ðàáîòû, IS � ñîñòîÿíèå ìåæäó îòêàçîì è çàâåðøåíèåì îïåðàòèâíûõ
ïåðåêëþ÷åíèé, IR � ñîñòîÿíèå àâàðèéíîãî ðåìîíòà, IM � ñîñòîÿíèå ïðåäóïðåäèòåëüíîãî ðåìîíòà. Ïåðå-
õîäû ìåæäó ñîñòîÿíèÿìè äëÿ îäíîãî ýëåìåíòà îïèñûâàþòñÿ ìàðêîâñêèìè ìîäåëÿìè, ãäå äëÿ ýëåìåíòà I
ñîîòâåòñòâåííî: λNS(I), λNM (I) - èíòåíñèâíîñòü îòêàçîâ è ïðåäóïðåäèòåëüíûõ ðåìîíòîâ;

TSR(I) = 1/µSR(I), TRN (I) = 1/µRN (I), TMN (I) = 1/µMN (I)

ñðåäíåå âðåìÿ ïåðåêëþ÷åíèé, àâàðèéíîãî è ïðåäóïðåäèòåëüíîãî ðåìîíòîâ.
Ñîñòîÿíèå ñèñòåìû ω îïðåäåëÿåòñÿ ñîñòîÿíèåì êàæäîãî ýëåìåíòà è ìîæåò áûòü îïèñàíî êàê ìíîæå-

ñòâî
ω = ω(L) = {I l

αl
: I l∈L,αl ∈ {M,N,R, S}, l = 1, 2, . . ., n}.

Âëèÿíèå ñîñòîÿíèÿ ω íà ðàáîòó ñèñòåìû çàêëþ÷àåòñÿ â çàìåíå ãðàôà G ïîäãðàôîì Gω(V ω, Uω), äëÿ
êîòîðîãî

Lω = (V ω∪Uω)\({s, t}) = L\
⋃

Iα∈ω
LIα ,

ãäå LIN = ∅, LIR = LIM = {I}, LIS⊆L. Ïîëîæèì

Zst(Gω) = Zst(Lω) = ”TRUE”(”FALSE”),

åñëè â Gω ñóùåñòâóåò (íå ñóùåñòâóåò) ïóòü èç s â t. Êðèòåðèåì îòêàçà ñèñòåìû ñëóæèò íàðóøåíèå ñâÿçè
ìåæäó âåðøèíàìè s è t â ãðàôå Gω, ò. å. Zst(Gω) = ”FALSE”. Ïðè ýòîì ïðîâåäåíèå ïðåäóïðåäèòåëü-
íûõ ðåìîíòîâ ïðåäïîëàãàåòñÿ îðãàíèçîâàííûì òàêèì îáðàçîì, ÷òî â îòêàçîâîì ñîñòîÿíèè íå ìîæåò áûòü
áîëåå îäíîãî ýëåìåíòà â ñîñòîÿíèè M .

Îöåíêà íàäåæíîñòè ñèñòåìû çàêëþ÷àåòñÿ â ïîëó÷åíèè çíà÷åíèé âåðîÿòíîñòè ñîñòîÿíèÿ îòêàçà ñèñòå-
ìû P è ñðåäíåãî ïàðàìåòðà ïîòîêà îòêàçîâ ñèñòåìû f .
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2. Êëàññèôèêàöèÿ ñå÷åíèé ñëîæíûõ ñèñòåì íà îñíîâå âêëàäà â ðåçóëüòèðóþùèå
ïîêàçàòåëè íàäåæíîñòè

Ðàññìîòðåíèå ìíîæåñòâà Ω(J) = {ω : J ⊆ L,∀I ∈ L\J⇒IN ∈ ω} ñîñòîÿíèé ïîäñèñòåìû J⊆L ïîçâî-
ëÿåò êàæäîìó ìíîæåñòâó ýëåìåíòîâ ïîñòàâèòü âî âçàèìíî îäíîçíà÷íîå ñîîòâåòñòâèå ìíîæåñòâî ñîñòîÿíèé

˜Ω(J) = Ω(J) \ (
⋃

I⊂J(I 6=J)
Ω(I)),

ïðè÷åì äëÿ ëþáûõ I 6= J ñïðàâåäëèâî ˜Ω(I) ∩ ˜Ω(J) = ∅.
Ñîñòîÿíèå ω, äëÿ êîòîðîãî êðèòåðèé îòêàçà âûïîëíåí, íàçûâàåòñÿ ñîñòîÿíèåì îòêàçà ñèñòåìû. Ñîñòî-

ÿíèå îòêàçà ÿâëÿåòñÿ ñîñòîÿíèåì ñ ìèíèìàëüíûìè ñå÷åíèÿìè (MC-ñîñòîÿíèåì), åñëè ∀Iα ∈ ω ïåðåâîä
ýëåìåíòà I èç ñîñòîÿíèÿ α∈{M,R} â ñîñòîÿíèå α = N , èëè èç ñîñòîÿíèÿ α = S â ñîñòîÿíèå α = R,
âîçâðàùàåò ñèñòåìó â ñîñòîÿíèå óñïåøíîé ðàáîòû.

Ìíîæåñòâî J ⊆ L åñòü ñå÷åíèå, åñëè MC(˜Ω(J)) 6= ∅. Ìíîæåñòâî âñåõ ñå÷åíèé ñèñòåìû îáîçíà÷èì <.
Ïóñòü îòîáðàæåíèå ψ : L → L åñòü áèåêöèÿ. Îïðåäåëèì

ψ(ω) = {ψ(I l
αl

) = (ψ(I l))αl : l = 1, 2, . . ., n} = ω(ψ(L)) = η

ïðåîáðàçîâàíèå ñîñòîÿíèÿ ω â ñîñòîÿíèå η. Ñå÷åíèÿ I, J ∈ < áóäåì ñ÷èòàòü Θ-ýêâèâàëåíòíûìè (I ≡
J(Θ)), åñëè ñóùåñòâóåò áèåêöèÿ ψIJ òàêàÿ, ÷òî

ψIJ(MC(˜Ω(I))) = MC(˜Ω(ψIJ(I))) = MC(˜Ω(J)).

Òî÷íîå âû÷èñëåíèå ðåçóëüòèðóþùèõ ïîêàçàòåëåé íàäåæíîñòè âîçìîæíî òîëüêî äëÿ î÷åíü ïðîñòûõ
ñèñòåì. Äëÿ ñëîæíûõ ñèñòåì èñïîëüçóþò ðàçëè÷íûå ïðèáëèæåííûå ìåòîäû, â ÷àñòíîñòè, ìåòîäû îñíî-
âàííûå íà ðàññìîòðåíèè òîëüêî ñîñòîÿíèé ñ ìèíèìàëüíûìè ñå÷åíèÿìè. Äëÿ óêàçàííûõ ïðèáëèæåíèé
âû÷èñëåíèå âêëàäà ýêâèâàëåíòíûõ ñå÷åíèé â âåðîÿòíîñòü ñîñòîÿíèÿ îòêàçà è ñðåäíèé ïàðàìåòð ïîòîêà
îòêàçîâ ñèñòåìû íà îñíîâå ñîñòîÿíèé ñ ìèíèìàëüíûìè ñå÷åíèÿìè (MC-ñîñòîÿíèé) ïðîèñõîäèò îäíîòèï-
íûì îáðàçîì.

Òàêèì îáðàçîì, ðàññìîòðåíèå ôàêòîðìíîæåñòâà ìíîæåñòâà ñå÷åíèé ïî îòíîøåíèþ ýêâèâàëåíòíîñòè

</Θ = {[J ]Θ},

ýëåìåíòàìè êîòîðîãî ÿâëÿþòñÿ ïîäìíîæåñòâà ýêâèâàëåíòíûõ ñå÷åíèé, äàåò êëàññèôèêàöèþ ñå÷åíèé ïî
âêëàäó â ðåçóëüòèðóþùèå ïîêàçàòåëè íàäåæíîñòè. Â ñâîþ î÷åðåäü, ïîëó÷åíèå ôîðìóë äëÿ âû÷èñëåíèÿ
âêëàäà ñå÷åíèé ðàçëè÷íûõ êëàññîâ â ðåçóëüòèðóþùèå ïîêàçàòåëè íàäåæíîñòè ñâîäèò çàäà÷ó îïðåäåëåíèÿ
ðåçóëüòèðóþùèõ ïîêàçàòåëåé íàäåæíîñòè ñèñòåìû ê êîìáèíàòîðíîé çàäà÷å îïðåäåëåíèÿ êëàññîâ ñå÷åíèé
ïî ãðàôó ñèñòåìû.

3. Êëàññèôèêàöèÿ îäíî-, äâóõ- è òðåõýëåìåíòíûõ ñå÷åíèé ñëîæíûõ ñèñòåì
Íà îñíîâå ïðåäñòàâëåííîãî êîìáèíàòîðíîãî ïîäõîäà ðàçðàáîòàí ìåòîä îïðåäåëåíèÿ ïîêàçàòåëåé íà-

äåæíîñòè ñëîæíûõ ñèñòåì, â îñíîâå êîòîðîãî ëåæèò ðàññìîòðåíèå ìíîæåñòâà îäíî-, äâóõ- è òðåõýëå-
ìåíòíûõ ñå÷åíèé <3 = {J : J ∈ <, |J | ≤ 3} ⊆ <. Äåéñòâèòåëüíî, â ñëó÷àå âûñîêîíàäåæíûõ ñèñòåì
íàäåæíîñòü ñèñòåìû îïðåäåëÿåòñÿ ñå÷åíèÿìè, ñîñòîÿùèìè èç ìèíèìàëüíîãî ÷èñëà ýëåìåíòîâ, è â ïåð-
âóþ î÷åðåäü îäíî-, äâóõ- è òðåõýëåìåíòíûìè ñå÷åíèÿìè. Âëèÿíèåì æå ñå÷åíèé áîëåå âûñîêèõ ïîðÿäêîâ
â ïîäàâëÿþùåì áîëüøèíñòâå ïðèëîæåíèé ìîæíî ïðåíåáðå÷ü.

Èññëåäîâàíèå ìíîæåñòâà <3/Θ ïîçâîëÿåò ïîëó÷èòü [1,2]

<3/Θ = {[Ji]Θ : i = 1, 2, . . ., 15},

ãäå J1 = J2 = {I}; J3 = . . . = J6 = {I,K}; J7 = . . . = J15 = {I, K,O};
MC(˜Ω(J1)) = {{IM}, {IR}};
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MC(˜Ω(J2)) = {{IS}};
MC(˜Ω(J3)) = {{IR,KM}, {IR,KR}, {IM ,KR}};
MC(˜Ω(J4)) = {{IS ,KM}, {IS ,KR}};
MC(˜Ω(J5)) = {{IS ,KS}};
MC(˜Ω(J6)) = {{IS ,KM}, {IS ,KR}, {IR,KS}, {IM ,KS}};
MC(˜Ω(J7)) = {{IR,KR, OR}, {IR, KR, OM}, {IR,KM , OR}, {IM ,KR, OR}};
MC(˜Ω(J8)) = {{IS ,KR, OR}, {IS ,KR, OM}, {IS ,KM , OR}};
MC(˜Ω(J9)) = {{IS ,KS , OR}, {IS ,KS , OM}};
MC(˜Ω(J10)) = {IS ,KS , OS};
MC(˜Ω(J11)) = {{IS ,KR, OR}, {IR,KS , OR}, {IS ,KR, OM}, {IS ,KM , OR}, {IR, KS , OM},

{IM ,KS , OR}};
MC(˜Ω(J12)) = {{IS ,KR, OS}, {IR,KS , OS}, {IS ,KM , OS}, {IM , KS , OS}};
MC(˜Ω(J13)) = {{IR, KR, OS}, {IS ,KS , OR}, {IR,KM , OS}, {IM ,KR, OS}, {IS ,KS , OM}};
MC(˜Ω(J14)) = {{IS , KR, OR}, {IR,KS , OR}, {IS ,KR, OM}, {IS ,KM , OR}, {IR,KS , OM},

{IM ,KS , OR}, {IR,KR, OS}, {IR,KM , OS}, {IM ,KR, OS}};
MC(˜Ω(J15)) = {{IS ,KR, OS}, {IR, KS , OS}, {IS ,KM , OS}, {IM ,KS , OS}, {IS ,KS , OR},

{IS ,KS , OM}}.
Ðàññìîòðåíèå ñå÷åíèé âìåñòî ñîñòîÿíèé îáëàäàåò ñëåäóþùèìè ïðåèìóùåñòâàìè: âî-ïåðâûõ, èõ ìåíü-

øå (îäíîìó ñå÷åíèþ ñîîòâåòñòâóåò îò îäíîãî äî äåâÿòè ñîñòîÿíèé); è, âî-âòîðûõ, ñå÷åíèÿ ñîñòîÿò èç ðå-
àëüíûõ ýëåìåíòîâ ñèñòåìû, ïîëîæåíèå êîòîðûõ â ãðàôå ñèñòåìû îáëàäàåò îïðåäåëåííûìè ñòðóêòóðíûìè
ñâîéñòâàìè.

4. Ïîëó÷åíèå ïðèáëèæåíèé äëÿ âû÷èñëåíèÿ âêëàäà îäíî-, äâóõ- è òðåõýëåìåíòíûõ
ñå÷åíèé â ðåçóëüòèðóþùèå ïîêàçàòåëè íàäåæíîñòè

Äëÿ âû÷èñëåíèÿ âêëàäà ñå÷åíèé ðàçëè÷íûõ êëàññîâ Ji, i = 1, 2, . . ., 15, â âåðîÿòíîñòü ñîñòîÿíèÿ
îòêàçà ñèñòåìû è ñðåäíèé ïàðàìåòð ïîòîêà îòêàçîâ ñèñòåìû ïîëó÷åíû ñëåäóþùèå ôîðìóëû (÷àñòè÷íî
ýòè ôîðìóëû ïðèâîäÿòñÿ â [2]):

P1(J1) = {P (IM )}+ P (IR) = {λNM (I)TMN (I)}+ λNS(I)TRN (I);
P2(J2) = P (IS) = λNS(I)TSR(I);
P3(J3)={P (IRKM )}+ P (IRKR) + {P (IMKR)} = {λNS(I)TRN (I)λNM (K)T 2

MN (K)/(TMN (K) + TRN (I))}+

λNS(I)TRN (I)λNS(K)TRN (K) + {λNM (I)λNS(K)TRN (K)T 2
MN (I)/(TMN (I) + TRN (K))};

P4(J4) = P4(I, K) = {P (ISKM )}+ P (ISKR) =

{λNS(I)TSR(I)λNM (K)T 2
MN (K)/(TMN (K) + TSR(I))}+ λNS(I)TSR(I)λNS(K)TRN (K);

P5(J5) = P (ISKS) = λNS(I)TSR(I)λNS(K)TSR(K);
P6(J6) = {P (ISKM )}+ P (ISKR) + P (IRKS) + {P (IMKS)} =

{λNS(I)TSR(I)λNM (K)T 2
MN (K)/(TMN (K) + TSR(I))}+ λNS(I)TSR(I)λNS(K)TRN (K) +

λNS(I)TRN (I)λNS(K)TSR(K) + {λNM (I)λNS(K)TSR(K)T 2
MN (I)/(TMN (I) + TSR(K))};

P7(J7) = P (IRKROR) + {P (IRKROM )}+ {P (IRKMOR)}+ {P (IMKROR)} =

λNS(I)TRN (I)λNS(K)TRN (K)λNS(O)TRN (O) +

{λNS(I)λNS(K)λNM (O)TRN (I)TRN (K)TMN (O)

((TMN (O)TRN (I) + TMN (O)TRN (K))/(TMN (O)TRN (I) + TMN (O)TRN (K) + TRN (I)TRN (K)))}+

{λNS(I)λNM (K)λNS(O)TRN (I)TMN (K)TRN (O)

((TMN (K)TRN (I) + TMN (K)TRN (O))/(TMN (K)TRN (I) + TMN (K)TRN (O) + TRN (I)TRN (O)))}+

{λNM (I)λNS(K)λNS(O)TMN (I)TRN (K)TRN (O)

((TMN (I)TRN (K) + TMN (I)TRN (O))/(TMN (I)TRN (K) + TMN (I)TRN (O) + TRN (K)TRN (O)))};
P8(J8) = P (ISKROR) + {P (ISKROM )}+ {P (ISKMOR)} = λNS(I)TSR(I)λNS(K)TRN (K)λNS(O)TRN (O) +

{λNS(I)λNS(K)λNM (O)TSR(I)TRN (K)TMN (O)}+ {λNS(I)λNM (K)λNS(O)TSR(I)TMN (K)TRN (O)};
P9(J9) = P (ISKSOR) + {P (ISKSOM )} = λNS(I)TSR(I)λNS(K)TSR(K)λNS(O)TRN (O) +

{λNS(I)λNS(K)λNM (O)TSR(I)TSR(K)TMN (O)};
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P10(J10) = P (ISKSOS) = λNS(I)TSR(I)λNS(K)TSR(K)λNS(O)TSR(O);
P11(J11) = P (ISKROR) + P (IRKSOR) + {P (ISKROM )}+ {P (ISKMOR)}+ {P (IRKSOM )}

+ {P (IMKSOR)} = λNS(I)TSR(I)λNS(K)TRN (K)λNS(O)TRN (O) + λNS(I)TRN (I)λNS(K)TSR(K)λNS(O)TRN (O) +

{λNS(I)λNS(K)λNM (O)TSR(I)TRN (K)TMN (O)}+ {λNS(I)λNM (K)λNS(O)TSR(I)TMN (K)TRN (O)}+

{λNS(I)λNS(K)λNM (O)TRN (I)TSR(K)TMN (O)}+ {λNM (I)λNS(K)λNS(O)TMN (I)TSR(K)TRN (O)};
P12(J12) = P (ISKROS) + P (IRKSOS) + {P (ISKMOS)}+ {P (IMKSOS)} =

λNS(I)TSR(I)λNS(K)TRN (K)λNS(O)TSR(O) + λNS(I)TRN (I)λNS(K)TSR(K)λNS(O)TSR(O) +

{λNS(I)λNM (K)λNS(O)TSR(I)TMN (K)TSR(O)}+ {λNM (I)λNS(K)λNS(O)TMN (I)TSR(K)TSR(O)};
P13(J13) = P (IRKROS) + P (ISKSOR) + {P (IRKMOS)}+ {P (IMKROS)}+ {P (ISKSOM )} =

λNS(I)TRN (I)λNS(K)TRN (K)λNS(O)TSR(O) + λNS(I)TSR(I)λNS(K)TSR(K)λNS(O)TRN (O) +

{λNS(I)λNM (K)λNS(O)TRN (I)TMN (K)TSR(O)}+ {λNM (I)λNS(K)λNS(O)TMN (I)TRN (K)TSR(O)}+

{λNS(I)λNS(K)λNM (O)TSR(I)TSR(K)TMN (O)};
P14(J14) = P (ISKROR) + P (IRKSOR) + {P (ISKROM )}+ {P (ISKMOR)}+ {P (IRKSOM )}+

{P (IMKSOR)}+ P (IRKROS) + {P (IRKMOS)}+ {P (IMKROS)} =

λNS(I)TSR(I)λNS(K)TRN (K)λNS(O)TRN (O) + λNS(I)TRN (I)λNS(K)TSR(K)λNS(O)TRN (O) +

{λNS(I)λNS(K)λNM (O)TSR(I)TRN (K)TMN (O)}+ {λNS(I)λNM (K)λNS(O)TSR(I)TMN (K)TRN (O)}+

{λNS(I)λNS(K)λNM (O)TRN (I)TSR(K)TMN (O)}+ {λNM (I)λNS(K)λNS(O)TMN (I)TSR(K)TRN (O) +

λNS(I)TRN (I)λNS(K)TRN (K)λNS(O)TSR(O) + {λNS(I)λNM (K)λNS(O)TRN (I)TMN (K)TSR(O)}+

{λNM (I)λNS(K)λNS(O)TMN (I)TRN (K)TSR(O)}};
P15(J15) = P (ISKROS) + P (IRKSOS) + {P (ISKMOS)}+ {P (IMKSOS)}+ P (ISKSOR) + {P (ISKSOM )} =

λNS(I)TSR(I)λNS(K)TRN (K)λNS(O)TSR(O) + λNS(I)TRN (I)λNS(K)TSR(K)λNS(O)TSR(O) +

{λNS(I)λNM (K)λNS(O)TSR(I)TMN (K)TSR(O)}+ {λNM (I)λNS(K)λNS(O)TMN (I)TSR(K)TSR(O)}+

λNS(I)TSR(I)λNS(K)TSR(K)λNS(O)TRN (O) + {λNS(I)λNS(K)λNM (O)TSR(I)TSR(K)TMN (O)};
f1(J1) = {f(IM )}+ f(IR) = {λNM (I)}+ λNS(I);
f2(J2) = f(IS) = λNS(I);
f3(J3) = {f(IRKM )}+ f(IRKR) + {f(IMKR)} = {λNS(I)λNM (K)TMN (K)}+

λNS(I)λNS(K)(TRN (I) + TRN (K)) + {λNM (I)λNS(K)TMN (I)};
f4(J4) = f4(I, K) = {f(ISKM )}+ f(ISKR) = {λNS(I)λNM (K)TMN (K)}+ λNS(I)λNS(K)(TSR(I) + TRN (K));
f5(J5) = f(ISKS) = λNS(I)λNS(K)(TSR(I) + TSR(K));
f6(J6) = {f(ISKM )}+ f(ISKR) + f(IRKS) + {f(IMKS)} = {λNS(I)λNM (K)TMN (K)}+

λNS(I)λNS(K)(TSR(I) + TRN (K)) + λNS(I)λNS(K)(TRN (I) + TSR(K)) + {λNM (I)λNS(K)TMN (I)};
f7(J7) = f(IRKROR) + {f(IRKROM )}+ {f(IRKMOR)}+ {f(IMKROR)} =

λNS(I)λNS(K)λNS(O)(TRN (I)TRN (K) + TRN (I)TRN (O) + TRN (K)TRN (O)) +

{λNS(I)λNS(K)λNM (O)TMN (O)(TRN (I) + TRN (K))}+ {λNS(I)λNM (K)λNS(O)TMN (K)(TRN (I) + TRN (O))}+

{λNM (I)λNS(K)λNS(O)TMN (I)(TRN (K) + TRN (O))};
f8(J8) = f(ISKROR) + {f(ISKROM )}+ {f(ISKMOR)} =

λNS(I)λNS(K)λNS(O)(TSR(I)TRN (K) + TSR(I)TRN (O) + TRN (K)TRN (O)) +

{λNS(I)λNS(K)λNM (O)TRN (K)TMN (O)}+ {λNS(I)λNM (K)λNS(O)TMN (K)TRN (O)};
f9(J9) = f(ISKSOR) + {f(ISKSOM )} =

λNS(I)λNS(K)λNS(O)(TSR(I)TSR(K) + TSR(I)TRN (O) + TSR(K)TRN (O)) +

{λNS(I)λNS(K)λNM (O)TMN (O)(TSR(I) + TSR(K))};
f10(J10) = f(ISKSOS) = λNS(I)λNS(K)λNS(O)(TSR(I)TSR(K) + TSR(I)TSR(O) + TSR(K)TSR(O));
f11(J11) = f(ISKROR) + f(IRKSOR) + {f(ISKROM )}+ {f(ISKMOR)}+ {f(IRKSOM )}+ {f(IMKSOR)} =

λNS(I)λNS(K)λNS(O)(TSR(I)TRN (K) + TSR(I)TRN (O) + TRN (K)TRN (O)) +

λNS(I)λNS(K)λNS(O)(TRN (I)TSR(K) + TRN (I)TRN (O) + TSR(K)TRN (O)) +

{λNS(I)λNS(K)λNM (O)TRN (K)TMN (O)}+ {λNS(I)λNM (K)λNS(O)TMN (K)TRN (O)}+

{λNS(I)λNS(K)λNM (O)TRN (I)TMN (O)}+ {λNM (I)λNS(K)λNS(O)TMN (I)TRN (O)};
f12(J12) = f(ISKROS) + f(IRKSOS) + {f(ISKMOS)}+ {f(IMKSOS)} =

λNS(I)λNS(K)λNS(O)(TSR(I)TRN (K) + TSR(I)TSR(O) + TRN (K)TSR(O)) +

λNS(I)λNS(K)λNS(O)(TRN (I)TSR(K) + TRN (I)TSR(O) + TSR(K)TSR(O)) +
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{λNS(I)λNM (K)λNS(O)TMN (K)(TSR(I) + TSR(O))}+ {λNM (I)λNS(K)λNS(O)TMN (I)(TSR(K) + TSR(O))};
f13(J13) = f(IRKROS) + f(ISKSOR) + {f(IRKMOS)}+ {f(IMKROS)}+ {f(ISKSOM )} =

λNS(I)λNS(K)λNS(O)(TRN (I)TRN (K) + TRN (I)TSR(O) + TRN (K)TSR(O)) +

λNS(I)λNS(K)λNS(O)(TSR(I)TSR(K) + TSR(I)TRN (O) + TSR(K)TRN (O)) +

{λNS(I)λNM (K)λNS(O)TRN (I)TMN (K)}+ {λNM (I)λNS(K)λNS(O)TMN (I)TRN (K)}+

{λNS(I)λNS(K)λNM (O)TMN (O)(TSR(I) + TSR(K))};
f14(J14) = f(ISKROR) + f(IRKSOR) + {f(ISKROM )}+

{f(ISKMOR)}+ {f(IRKSOM )}+ {f(IMKSOR)}+ f(IRKROS) + {f(IRKMOS)}+ {f(IMKROS)} =

λNS(I)λNS(K)λNS(O)(TSR(I)TRN (K) + TSR(I)TRN (O) + TRN (K)TRN (O)) +

λNS(I)λNS(K)λNS(O)(TRN (I)TSR(K) + TRN (I)TRN (O) + TSR(K)TRN (O)) +

{λNS(I)λNS(K)λNM (O)TRN (K)TMN (O)}+ {λNS(I)λNM (K)λNS(O)TMN (K)TRN (O)}+

{λNS(I)λNS(K)λNM (O)TRN (I)TMN (O)}+ {λNM (I)λNS(K)λNS(O)TMN (I)TRN (O)}+

λNS(I)λNS(K)λNS(O)(TRN (I)TRN (K) + TRN (I)TSR(O) + TRN (K)TSR(O)) +

{λNS(I)λNM (K)λNS(O)TRN (I)TMN (K)}+ {λNM (I)λNS(K)λNS(O)TMN (I)TRN (K)};
f15(J15) = f(ISKROS) + f(IRKSOS) + {f(ISKMOS)}+ {f(IMKSOS)}+ f(ISKSOR) + {f(ISKSOM )} =

λNS(I)λNS(K)λNS(O)(TSR(I)TRN (K) + TSR(I)TSR(O) + TRN (K)TSR(O)) +

λNS(I)λNS(K)λNS(O)(TRN (I)TSR(K) + TRN (I)TSR(O) + TSR(K)TSR(O)) +

{λNS(I)λNM (K)λNS(O)TMN (K)(TSR(I) + TSR(O))}+ {λNM (I)λNS(K)λNS(O)TMN (I)(TSR(K) + TSR(O))}+

λNS(I)λNS(K)λNS(O)(TSR(I)TSR(K) + TSR(I)TRN (O) + TSR(K)TRN (O)) +

{λNS(I)λNS(K)λNM (O)TMN (O)(TSR(I) + TSR(K))}.
Ñëàãàåìûå â ôèãóðíûõ ñêîáêàõ ó÷èòûâàþò âêëàä â ðåçóëüòèðóþùèå ïîêàçàòåëè íàäåæíîñòè ïðåäóï-

ðåäèòåëüíûõ ðåìîíòîâ ýëåìåíòîâ.
Ôîðìóëû äëÿ âû÷èñëåíèÿ âêëàäà ñîñòîÿíèé {IM}, {IR}, {IS}, {IRKR}, {IRKM}, {ISKR}, {ISKS},

{ISKM}, {IR,KR, OR}, {IR,KR, OS}, {IR, KS , OS}, {IS ,KS , OS}, {IM ,KR, OR},
{IS ,KR, OM}, {IM ,KS , OS} â ðåçóëüòèðóþùèå ïîêàçàòåëè íàäåæíîñòè ïðèâîäÿòñÿ â [3,4]. Îòëè÷èå ìåæ-
äó ðàçëè÷íûìè àâòîðàìè çàêëþ÷àåòñÿ â èñïîëüçîâàíèè ïðèáëèæåíèé äëÿ ñîñòîÿíèÿ {ISKM}.

Îêîí÷àòåëüíàÿ îöåíêà íàäåæíîñòè ñèñòåìû ïðîèçâîäèòñÿ ïî ñëåäóþùèì ôîðìóëàì

P =
15
∑

i=1

∑

C∈[Ji]Θ

Pi(C), f =
15
∑

i=1

∑

C∈[Ji]Θ

fi(C).

Âûâîäû
Ââåäåíî ïîíÿòèå ñå÷åíèÿ ñëîæíîé ñèñòåìû. Ïîëó÷åíà êëàññèôèêàöèÿ ñå÷åíèé ñëîæíûõ ñèñòåì íà

îñíîâå âêëàäà â ðåçóëüòèðóþùèå ïîêàçàòåëè íàäåæíîñòè ñèñòåìû (âåðîÿòíîñòü ñîñòîÿíèÿ îòêàçà è ñðåä-
íèé ïàðàìåòð ïîòîêà îòêàçîâ). Âûäåëåíî òîëüêî ïÿòíàäöàòü ðàçëè÷íûõ êëàññîâ ñå÷åíèé â ìíîæåñòâå
îäíî-, äâóõ- è òðåõýëåìåíòíûõ ñå÷åíèé. Ïîëó÷åíû ôîðìóëû äëÿ îïðåäåëåíèÿ âêëàäà îäíî-, äâóõ- è òðåõ-
ýëåìåíòíûõ ñå÷åíèé ðàçëè÷íûõ êëàññîâ â ðåçóëüòèðóþùèå ïîêàçàòåëè íàäåæíîñòè ñèñòåìû (äèôôåðåí-
öèðîâàííî ñ ó÷åòîì è áåç ó÷åòà ïðåäóïðåäèòåëüíûõ ðåìîíòîâ ýëåìåíòîâ).
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