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Â ðàáîòå ïðåäëàãàþòñÿ è ðàññìàòðèâàþòñÿ ýëåìåíòû àëãåáðû ðàñòÿæèìûõ ìíîæåñòâ êàê ìàòåìàòè-

÷åñêèé àïïàðàò ìîäåëè óíèôèöèðîâàííîãî ñåìàíòè÷åñêîãî ïðåäñòàâëåíèÿ çíàíèé, îáåñïå÷èâàþùèé èíòå-

ãðàöèþ çíàíèé íà áàçå èõ äåíîòàöèîííîé, îïåðàöèîííîé è èãðîâîé ñåìàíòèêè.

Ââåäåíèå

Äëÿ âûðàæåíèÿ êëàññè÷åñêèìè ìàòåìàòè-
÷åñêèìè ñðåäñòâàìè áàçîâîé òåîðåòèêî- ìíîæå-
ñòâåííîé ñåìàíòèêè ÿçûêîâ ìîäåëè óíèôèöè-
ðîâàííîãî ñåìàíòè÷åñêîãî ïðåäñòàâëåíèÿ çíà-
íèé (ÓÑÏÇ) [1] ïðåäëàãàëñÿ àïïàðàò ñîáûòèé-
íûõ (ñèòóàòèâíûõ) ìíîæåñòâ [1�2]. Îäíàêî, ýòîò
àïïàðàò íå èñ÷åðïûâàë ñåìàíòèêó íåêîòîðûõ
òåêñòîâ, îáëàäàþùèõ ÍÅ-ôàêòîðàìè [1-3] íåîä-
íîçíà÷íîñòè (ñòàíîâëåíèÿ ýëåìåíòà ìíîæåñòâà),
âûðàæåííûõ êðàòíûìè îáîçíà÷åíèÿìè ñâÿçîê
(íå)ïðèíàäëåæíîñòè ((sc- )ìóëüòèìíîæåñòâàì).

Ñ öåëüþ áîëåå ïîëíîãî âûðàæåíèÿ ñåìàí-
òèêè ÿçûêîâ ìîäåëè ÓÑÏÇ (ßÓÑÏÇ) ïðåäëàãà-
åòñÿ îáîáùèòü ïîíÿòèå ñîáûòèéíîãî (ñèòóàòèâ-
íîãî) ìíîæåñòâà [1-2] äî ïîíÿòèÿ ðàñòÿæèìîãî
ìíîæåñòâà.

I. Îñíîâû àëãåáðû ñîáûòèéíûõ
ìíîæåñòâ

Ðàññìîòðèì ñîáûòèéíûå ìíîæåñòâà íà ìíî-
æåñòâå ýëåìåíòîâ Universe è ìíîæåñòâå ñîáûòèé
Events:

Θ = 2Events ×ΨUniverse,

ãäå
Ψ = ∇×

(
∆Events

)
,

∇ =
⋃p∈Z+

p
D(Dp−1),

∆ =
⋃q∈Z+

q
D(Dq−1),

à D = [0; 1] .
Àëãåáðà ñîáûòèéíûõ ìíîæåñòâ âêëþ÷àåò

àëãåáðàè÷åñêèå îïåðàöèè:

{∩Θ} ∪ {∪Θ} ∪ {⊕Θ} ⊆ ΘΘ×Θ,

êîòîðûå ìîãóò áûòü âûðàæåíû:

⟨α, δ⟩ ∩Θ ⟨β, γ⟩ = ⟨α ∪ β, τ (⟨δ, γ,∩Ψ, Universe⟩)⟩ ,

⟨α, δ⟩ ∪Θ ⟨β, γ⟩ = ⟨α ∪ β, τ (⟨δ, γ,∪Ψ, Universe⟩)⟩ ,

⟨α, δ⟩⊕Θ ⟨β, γ⟩ = ⟨α ∪ β, τ (⟨δ, γ,⊕Ψ, Universe⟩)⟩ ,

÷åðåç îïåðàöèè:

{∩Ψ} ∪ {∪Ψ} ∪ {⊕Ψ} ⊆ ΨΨ×Ψ.

Ïîñëåäíèå âûðàæàþòñÿ ÷åðåç îïåðàöèè:

{∩∆} ∪ {∪∆} ∪ {⊕∆} ⊆ ∆∆×∆

è îòîáðàæåíèÿ:

{∩∇} ∪ {∪∇} ∪ {⊕∇} ⊆
(
∇(∆Events)

)∇×∇

ñëåäóþùèì îáðàçîì:

⟨α, δ⟩ ∩Ψ ⟨β, γ⟩ = κ (⟨α, β,∩∇, τ (⟨δ, γ,∩∆, Events⟩)⟩) ,

⟨α, δ⟩ ∪Ψ ⟨β, γ⟩ = κ (⟨α, β,∪∇, τ (⟨δ, γ,∪∆, Events⟩)⟩) ,
⟨α, δ⟩⊕Ψ ⟨β, γ⟩ = κ (⟨α, β,⊕∇, τ (⟨δ, γ,⊕∆, Events⟩)⟩) ,
ãäå

κ (⟨α, β, φ, ε⟩) = ⟨φ (⟨α, β (ε)⟩) , ε⟩ .
Â ñâîþ î÷åðåäü îñòàëüíûå îïåðàöèè è îòîáðàæå-
íèÿ âûðàæàþòñÿ ÷åðåç:

{∩D} ∪ {∪D} ∪ {⊕D} ⊆ DD×D,

ζ ∈
(⋃p∈Z+

p
D(Dp−1)

)(Z+×D)

,

ν ∈ Z+

(⋃p∈Z+
p D(D

p−1)
)
,

µ ∈ D

(⋃p∈Z+
p D(D

p−1)
)

ñëåäóþùèì îáðàçîì:

α∩∇β = ζ
(〈
ν (α)∪Z+ν (β) , µ (α)∩Dµ (β)

〉)
,

α∪∇β = ζ
(〈
ν (α)∪Z+

ν (β) , µ (α)∪Dµ (β)
〉)
,

α⊕∇β = ζ
(〈
ν (α)∪Z+

ν (β) , µ (α)⊕Dµ (β)
〉)
,

ãäå ∪Z+ = max, è, íàïðèìåð, ∩D = min, ∪D =
max, α⊕Dβ = (α∩D (1− β))∪D ((1− α)∩Dβ) .

Ïðè÷¼ì:

∀φ∀p
((
φ ∈ D(Dp−1)

)
→ (ν (φ) = p− 1)

)
,

∀σ∀p∀ε
((
σ ∈ Dp−1

)
→ (ζ (⟨p, ε⟩) (σ) = π (σ + ⟨ε⟩))

)
,

∀σ
((
σ ∈ {1}ν(χ)−1

)
→ (µ (χ) = χ (σ))

)
,

ãäå:

χ ∈ D(Dν(χ)−1),

π (⟨⟩) = 1,
π (s+ ⟨e⟩) = e · π (s) + (1− e) · (1− π (s))

èëè â íåðåêóððåíòíîé ôîðìå:
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π (s) =
1+(−1)dim(s)·

i∈N∪{0}∑
i

(−2)
i!

i

·
m∈{sj |j }i∑

m

mj∏
j

mj

2

II. Îñíîâû àëãåáðû ðàñòÿæèìûõ
ìíîæåñòâ

Ðàñòÿæèìûå ìíîæåñòâà íà ìíîæåñòâå ýëå-
ìåíòîâ Universe è ìíîæåñòâå ñîáûòèé Events:

Ξ = 2Events ×
(⋃s∈2

s
Ψs
)Universe

,

ãäå 2 � ìíîæåñòâî âèäîâ âõîæäåíèé (ìîæåò áûòü
ëèíåéíî óïîðÿäî÷åííûì [5]).

Àëãåáðà ðàñòÿæèìûõ ìíîæåñòâ âêëþ÷àåò
àëãåáðàè÷åñêèå îïåðàöèè:

{∩Ξ} ∪ {∪Ξ} ∪ {⊕Ξ} ⊆ ΞΞ×Ξ,

êîòîðûå ìîãóò áûòü âûðàæåíû:

⟨α, δ⟩ ∩Ξ ⟨β, γ⟩ = ⟨α ∪ β, τ (⟨δ, γ,∩Φ, Universe⟩)⟩ ,

⟨α, δ⟩ ∪Ξ ⟨β, γ⟩ = ⟨α ∪ β, τ (⟨δ, γ,∪Φ, Universe⟩)⟩ ,
⟨α, δ⟩⊕Ξ ⟨β, γ⟩ = ⟨α ∪ β, τ (⟨δ, γ,⊕Φ, Universe⟩)⟩ ,
ãäå

Φ =
⋃s∈2

s
Ψs,

τ (⟨α, β, φ, σ⟩) = {⟨χ, φ (⟨α (χ) , β (χ)⟩)⟩ |χ ∈ σ } ,
à îïåðàöèè

{∩Φ} ∪ {∪Φ} ∪ {⊕Φ} ⊆ ΦΦ×Φ

� â ñâîþ î÷åðåäü:

α∩Φβ = τ (⟨α, β,∩Ψ,2⟩) ,

α∪Φβ = τ (⟨α, β,∪Ψ,2⟩) ,
α⊕Φβ = τ (⟨α, β,⊕Ψ,2⟩) .

III. Îáîáùåíèå ðàñòÿæèìûõ ìíîæåñòâ

Àëüôà-òèïèçèðîâàííûå øêàëèðîâàííûå
ìíîæåñòâà (Universe = U):

{α} × 2Events ×

(
s∈2α⋃

s

(
∇α ×

(
(∆α)

Events
))s)U

Àëüôà-òèïèçèðîâàííûå øêàëèðîâàííûå ìíîæå-
ñòâà ïàðàìåòðèçóþò ìåðû ïðèíàäëåæíîñòè äëÿ
ñîáûòèéíûõ (ñèòóàòèâíûõ) è ðàñòÿæèìûõ ìíî-
æåñòâ, ïîçâîëÿÿ ðàññìàòðèâàòü âñåâîçìîæíûå
ìåõàíèçìû çàäàíèÿ ðàçëè÷èìûõ ìåð.

Ðèñ. 1 � Íàïðàâëåíèÿ èíòåãðàöèè

Â èíòåëëåêòóàëüíûõ ñèñòåìûõ âàæíûì êà-
÷åñòâîì äëÿ èõ îáó÷åíèÿ ÿâëÿåòñÿ âîçìîæ-
íîñòü èíòåãðàöèè çíàíèé è ìîäåëåé ðåøåíèÿ
çàäà÷. Îñíîâíûìè âèäàìè èíòåãðàöèè ÿâëÿþò-
ñÿ: âåðòèêàëüíàÿ, ãîðèçîíòàëüíî-ôðîíòàëüíàÿ,
ãîðèçîíòàëüíî-ïðîôèëüíàÿ è íåïðåðûâíàÿ èíòå-
ãðàöèÿ (Ðèñ. 1). Âåðòèêàëüíàÿ èíòåãðàöèÿ íà-
ïðàâëåíà âäîëü ¾÷àñòü-öåëîå¿, íåïðåðûâíàÿ èí-
òåãðàöèÿ íàïðàâëåíà âäîëü ¾ñòàíîâëåíèÿ¿, ãîðè-
çîíòàëüíàÿ � âäîëü ¾îäíîâðåìåííî¿, ïðîôèëü-
íàÿ � âäîëü ðåôëåêñèâíîé ñåìàíòèêè, à ôðîí-
òàëüíàÿ � âäîëü ïðîåêòèâíîé.

Ðåøåíèå çàäà÷ âåðòèêàëüíîé èíòåãðà-
öèè ìîæåò áûòü îáåñïå÷åíî ñðåäñòâàìè ìî-
äåëè îáîáù¼ííûõ ôîðìàëüíûõ ÿçûêîâ [2,4],
ãîðèçîíòàëüíî-ôðîíòàëüíàÿ èíòåãðàöèÿ îáåñïå-
÷èâàåòñÿ êîììóíèêàöèåé è ñðåäñòâàìè óíèôèêà-
öèè (íàïðèìåð, ßÓÑÏÇ) [1]. Ãîðèçîíòàëüíî- ïðî-
ôèëüíàÿ è íåïðåðûâíàÿ èíòåãðàöèÿ îáåñïå÷èâà-
þòñÿ ñåìàíòè÷åñêèìè ñðåäñòâàìè èñïîëüçóåìûõ
ÿçûêîâ ïðåäñòàâëåíèÿ çíàíèé [1-2].

Çàêëþ÷åíèå

Ñîáûòèéíûå (ñèòóàòèâíûå [1-2], L-íå÷¼òêèå
[3]) è ïðåäëàãàåìûå ðàñòÿæèìûå è àëüôà- òè-
ïèçèðîâàííûå øêàëèðîâàííûå ìíîæåñòâà íà-
ïðàâëåíû íà ðåøåíèå çàäà÷ ãîðèçîíòàëüíî-
ïðîôèëüíîé è íåïðåðûâíîé èíòåãðàöèè â öåëÿõ
âîçìîæíîñòè ôîðìàëèçàöèè íå òîëüêî äåíîòàöè-
îííîé, íî îïåðàöèîííîé è èãðîâîé ñåìàíòèê [5-7]
ßÓÑÏÇ [1]. Â îòëè÷èå îò ñîáûòèéíûõ ìíîæåñòâ
ðàñòÿæèìûå ìíîæåñòâà ïîçâîëÿþò ôîðìàëèçî-
âûâàòü ñðåäñòâàìè ßÓÑÏÇ ïðîöåññû àäàïòàöèè
ñëîæíûõ ïîíÿòèé, ÿâëÿþùèõñÿ àíàëîãàìè ðå-
ôëåêñèâíûõ îòíîøåíèé è ñòðóêòóð, âêëþ÷àþ-
ùèõ àíàëîãè ìíîæåñòâ ñ íåîãðàíè÷åííûì ÷èñ-
ëîì ýëåìåíòîâ è\èëè èõ âõîæäåíèé. Ðàçâèòèå
ïðåäïîëàãàåò âûÿâëåíèå ìîäåëåé äëÿ îïèñàíèÿ
ñòàíîâëåíèÿ ñòðóêòóð çíàíèé â ïðîöåññàõ èíòå-
ãðàöèè, ñîîòâåòñòâóþùèõ ñåìàíòè÷åñêèõ ìåòðèê
è ïðàâèë èõ ðàñ÷¼òà.
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