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Â íàñòîÿùåì äîêëàäå ïðåäñòàâëåí îáçîð íåêî-
òîðûõ ðåçóëüòàòîâ, ñâÿçàííûõ ñ áûñòðûì ïîèñêîì
àíàëîãèé ñ ïîìîùüþ öåïåé Ìàðêîâà. Èññëåäîâà-
íû ñâîéñòâà ïîëó÷åííûõ öåïåé, ïðèâåäåíû ïðèìå-
ðû ñ ðàâíîìåðíûì è íåðàâíîìåðíûì ñòàöèîíàð-
íûì ðàñïðåäåëåíèåì.
§1. Íåìíîãî òåîðèè ãðàôîâ

Îïðåäåëåíèå 1. Äâóäîëüíûé ãðàô � ýòî ãðàô
G = 〈V, E〉, â êîòîðîì ìíîæåñòâî âåðøèí ðàçáèòî íà
äâà ïîäìíîæåñòâà (íàçûâàåìûõ äîëÿìè) V = V

1
 ∪V

2
,

V
1
 ∩V

2
 = ∅, òàê, ÷òî E ∩ ([V

1
]2 ∪[V

2
]2) = ∅. Èíà÷å ãî-

âîðÿ, ðåáðà ñîåäèíÿþò âåðøèíû èç ðàçëè÷íûõ äî-
ëåé (E ⊆ [V

1
×V

2
]).

Ïðèìåð 1. Ïðèìåð äâóäîëüíîãî ãðàôà ìîæíî
îáðàçîâàòü èç ìíîæåñòâà X+ ïîëîæèòåëüíûõ ïðè-
ìåðîâ. Ïîëîæèì V1 = X+, V2 = Σ è â E äîáàâèì ðåá-
ðî {X, a}, ãäå X ∈ X+ è a ∈ Σ, åñëè è òîëüêî åñëè
ïðèìåð X èìååò ïðèçíàê a. Ýòîò ãðàô ñîîòâåòñòâó-
åò ìàòðèöå èíöèäåíòíîñòè äëÿ ìíîæåñòâà ïðèìå-
ðîâ X+ è ïðèçíàêîâ Σ.

Îïðåäåëåíèå 2. Ïîëíûì äâóäîëüíûì ïîäãðà-
ôîì â äâóäîëüíîì ãðàôå G = 〈V1 ∪V2, E〉 íàçûâàåò-
ñÿ òàêàÿ ïàðà ïîäìíîæåñòâ W1 ⊆V1 è W2 ⊆V2, ÷òî
[W1×W2] ⊆ E. Èíà÷å ãîâîðÿ, êàæäàÿ âåðøèíà îä-
íîãî ïîäìíîæåñòâà ñìåæíà êàæäîé âåðøèíå äðó-
ãîãî.

Îïðåäåëåíèå 3. Ïîëíûé äâóäîëüíûé ïîäãðàô
〈W1, W2〉 äâóäîëüíîãî ãðàôà G íàçûâàåòñÿ ìàêñè-
ìàëüíûì (ïî âêëþ÷åíèþ), åñëè íèêàêîé ïîëíûé
äâóäîëüíûé ïîäãðàô ãðàôà G íå ñîäåðæèò ãðàôà
〈W1 ∪W2, [W1×W2]〉. Äðóãèìè ñëîâàìè, êàæäàÿ âåð-
øèíà, íå ïîïàâøàÿ â W1 (ñîîòâåòñòâåííî W2), íå
ÿâëÿåòñÿ ñìåæíîé íåêîòîðîé âåðøèíå èç W2 (ñîîò-
âåòñòâåííî W1).

Ïðèìåð 2. Ãëîáàëüíûå ïîëîæèòåëüíûå ñõîäñòâà
â ñìûñëå ÄÑÌ�ìåòîäà ñîîòâåòñòâóþò ìàêñèìàëü-
íûì ïîëíûì äâóäîëüíûì ïîäãðàôàì äâóäîëüíîãî
ãðàôà, ïîñòðîåííîãî ïî ïîëîæèòåëüíûì ïðèìå-
ðàì.

Îïðåäåëåíèå 4. Äâóäîëüíûé ãðàô 〈V
1
 ∪V

2
, E〉

îïðåäåëÿåò äâå àíòèòîííûå ôóíêöèè çàìûêàíèÿ
d: 2V

1→2V
2 è i: 2V

2→2V
1 ïî ïðàâèëàì

d(W
1
) = {y∈V

2
 | ∀x∈W

1
{x, y}∈E} è

i(W
2
) = {x∈V

1
 | ∀y∈W

2
{x, y}∈E}.

Îïðåäåëåíèå 5. Çàìûêàíèåì ìàêñèìàëüíîãî
ïîëíîãî äâóäîëüíîãî ïîäãðàôà 〈W

1
, W

2
〉 â äâóäîëü-

íîì ãðàôå 〈V
1
 ∪V

2
, E〉 îòíîñèòåëüíî ýëåìåíòà

α∈(V
1
 \ W

1
) (ñîîòâåòñòâåííî îòíîñèòåëüíî

α∈(V
2
 \ W

2
)) íàçûâàåòñÿ ìàêñèìàëüíûé ïîëíûé äâó-

äîëüíûé ïîäãðàô 〈i(d({α}∪W
1
)), d({α}∪W

1
)〉 (ñîîò-

âåòñòâåííî 〈i({α}∪W
2
), d(i({α}∪W

2
))〉).

§2. Îñíîâíîé àëãîðèòì
Äëÿ îáåñïå÷åíèÿ õîðîøèõ ñâîéñòâ öåïè Ìàð-

êîâà ìû ê ãèïîòåçàì êëàññè÷åñêîãî ÄÑÌ�ìåòîäà
äîáàâèì äîïîëíèòåëüíî:

1. íàèáîëüøóþ ãèïîòåçó, èìåþùóþ âñå ìíî-
æåñòâî ïðèçíàêîâ è îáúÿâëåííóþ ñõîäñòâîì ïóñ-
òîãî ìíîæåñòâà ïðèìåðîâ, åñëè íèêàêîé îáúåêò íå
ñîäåðæèò âñå ïðèçíàêè;

2. ãèïîòåçû, ñîñòîÿùèå èç åäèíñòâåííîãî ïðè-
ìåðà ñ ñîîòâåòñòâóþùèì ìíîæåñòâîì ïðèçíàêîâ,
åñëè ïîñëåäíåå ìíîæåñòâî íå âêëþ÷àåòñÿ âî ìíî-
æåñòâî ïðèçíàêîâ íèêàêîãî äðóãîãî ïðèìåðà.

3. íàèìåíüøóþ ãèïîòåçó, ÿâëÿþùóþñÿ ñõîä-
ñòâîì âñåõ ïîëîæèòåëüíûõ ïðèìåðîâ è èìåþùóþ
(âîçìîæíî ïóñòîå!) ìíîæåñòâî îáùèõ ïðèçíàêîâ.

Çàäàäèì ïåðåõîäû èç ñîñòîÿíèÿ 〈W1, W2〉 ñëåäó-
þùèì ïðàâèëîì:

1. ñ âåðîÿòíîñòüþ ½  ñîñòîÿíèå íå èçìåíÿåòñÿ;
2. â ïðîòèâíîì ñëó÷àå, èç ìíîæåñòâà

(X+ \ W1)∪(Σ \ W2) âûáåðåì ðàâíîìåðíî ðàñïðåäå-
ëåííûé ñëó÷àéíûé ýëåìåíò α.

3. åñëè α∈(Σ \ W2), òî ïåðåéäåì íà çàìûêàíèå
〈W1, W2〉 îòíîñèòåëüíî α.

4. åñëè α∈(X+ \ W1), òî ïåðåéäåì íà çàìûêà-
íèå 〈W1, W2〉 îòíîñèòåëüíî α.

Íà øàãå (4) ìû óìåíüøàåì ãèïîòåçó, âû÷èñëÿÿ
ñõîäñòâî èìåþùåéñÿ ãèïîòåçû ñ íåêîòîðûì íîâûì
ïðèìåðîì. Îí ñîîòâåòñòâóåò øàãó èçâåñòíîãî àë-
ãîðèòìà �çàìûêàé ïî îäíîìó�. Íà øàãå (3) ìû, íà-
îáîðîò, óâåëè÷èâàåì ãèïîòåçó, äîáàâëÿÿ íåñêîëüêî
ïðèçíàêîâ.
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§3. Àíàëèç àëãîðèòìà
Ìû ïðåäïîëàãàåì çíàíèå îñíîâ êîíå÷íûõ öå-

ïåé. Ìû ðàññìàòðèâàåì òîëüêî îäíîðîäíûå öåïè
Ìàðêîâà, âåðîÿòíîñòè ïåðåõîäà
p

 ij
(n) = P(X

n+1 
= j| X

 n 
= i) êîòîðîé íå çàâèñÿò îò n.

Ïðîíóìåðóåì ìíîæåñòâî ñîñòîÿíèé êîíå÷íîé
öåïè Ìàðêîâà: Ω = {ω

1
, ω

2
, �, ω

 n
}. Â äàëüíåéøåì

ýëåìåíòû Ω îòîæäåñòâèì ñ èõ íîìåðàìè 1, 2, �, n,
ò.å. ïîëîæèì Ω = {1, 2, �, n}.

Òîãäà âåðîÿòíîñòíàÿ ìåðà µ íà Ω ìîæåò áûòü
îòîæäåñòâëåíà ñ òàêèì íàáîðîì ÷èñåë (µ

1
, ..., µ

 n
),

÷òî ∀j 0≤≤≤≤≤µ
 j≤≤≤≤≤1 è Σ

j 
µ

 j
 = 1.

Îïðåäåëåíèå 1. n×n ìàòðèöà P = (p
 ij
) íàçûâàåò-

ñÿ ñòîõàñòè÷åñêîé, åñëè ∀i ∀j 0≤≤≤≤≤p
 ij
≤≤≤≤≤1 è ∀i Σ

j 
p

 ij
 = 1.

Êàæäîé öåïè Ìàðêîâà (X
 k
) ñîîòâåòñòâóåò ñòîõà-

ñòè÷åñêàÿ ìàòðèöà p
 ij
 = P(X

1 
= j| X

0 
= i). Íàîáîðîò, ïî

êàæäîé ñòîõàñòè÷åñêîé ìàòðèöå P = (p
 ij
) ìîæíî

ïîñòðîèòü îäíîðîäíóþ öåïü Ìàðêîâà, âåðîÿòíîñ-
òè ïåðåõîäîâ êîòîðîé ðàâíû P(X

n+1 
= j| X

 n 
= i) = p

 ij
.

Îïðåäåëåíèå 1. Âåðîÿòíîñòíàÿ ìåðà µ= (µ
1
, ..., µ

n
)

íà ìíîæåñòâå Ω íàçûâàåòñÿ èíâàðèàíòíîé ìåðîé
öåïè Ìàðêîâà, åñëè µP = µ.

Óòâåðæäåíèå 1. Äëÿ ëþáîé êîíå÷íîé öåïè Ìàð-
êîâà âñåãäà ñóùåñòâóåò èíâàðèàíòíàÿ ìåðà.

Äîêàçàòåëüñòâî. Çàïèøåì óñëîâèå èíâàðèàíò-
íîñòè ìåðû â âèäå µ(P - E) = µP - µE = µP - µ= 0, ãäå
E - åäèíè÷íàÿ ìàòðèöà. Äðóãèìè ñëîâàìè, µ � ñîá-
ñòâåííûé âåêòîð ìàòðèöû ñ ñîáñòâåííûì çíà÷åíè-
åì 1. Îñòàëîñü ïðîâåðèòü, ÷òî ìàòðèöà P - E âûðîæ-
äåíà. Íî ýòî ñëåäóåò èç òîãî, ÷òî ñòîëáöû ìàòðèöû
P - E ëèíåéíî çàâèñèìû, òàê êàê èõ ñóììà ðàâíà 0,
òàê êàê ∀i Σ

j 
(p

 ij
 - δ

ij
) = Σ

j 
p

 ij
 -1 = 0.

Ïðèâåäåííîå äîêàçàòåëüñòâî îñîáåííî ïðîñòî,
íî ïðèìåíèìî òîëüêî ê êîíå÷íûì öåïÿì Ìàðêîâà.

Èç îñíîâíîãî ñâîéñòâà öåïåé Ìàðêîâà ëåãêî
ñëåäóåò, ÷òî âåðîÿòíîñòü ïåðåõîäà çà k øàãîâ
P(X

n+k 
= j| X

 n 
= i) ðàâíà p

 ij
(k), ãäå p

 ij
(k) � (i, j)-é ýëåìåíò

ñòîõàñòè÷åñêîé ìàòðèöû Pk = P×P×�×P (k-êðàòíîå
ïðîèçâåäåíèå ìàòðèö).

Îïðåäåëåíèå 2. Ñîñòîÿíèå i íàçûâàåòñÿ íåñóùå-
ñòâåííûì, åñëè ñóùåñòâóþò òàêèå m è j, ÷òî
p

 ij
(m) > 0, íî äëÿ âñåõ t p

 ji
(t) = 0. Â ïðîòèâíîì ñëó÷àå

ñîñòîÿíèå íàçûâàåòñÿ ñóùåñòâåííûì.
Ìíîæåñòâî ñóùåñòâåííûõ ñîñòîÿíèé îáëàäàåò,

î÷åâèäíî, òåì ñâîéñòâîì, ÷òî, ïîïàâ â íåãî, öåïü
Ìàðêîâà íèêîãäà óæå åãî íå ïîêèíåò.

Ìîæíî ïîêàçàòü, ÷òî íà íåñóùåñòâåííûõ ñîñòî-
ÿíèÿõ ëþáàÿ èíâàðèàíòíàÿ ìåðà ðàâíà 0.

Óòâåðæäåíèå 2. Öåïü Ìàðêîâà, ñîîòâåòñòâóþ-
ùàÿ àëãîðèòìó §2, íå ñîäåðæèò íåñóùåñòâåííûõ
ñîñòîÿíèé.

Äîêàçàòåëüñòâî. Ïóñòü êîëè÷åñòâî (+)-ïðèìåðîâ
ðàâíî n, à êîëè÷åñòâî ïðèçíàêîâ � k. Òîãäà íèêàêîå
ñîñòîÿíèå i íå ìîæåò áûòü íåñóùåñòâåííûì, òàê
êàê èç ëþáîãî ñîñòîÿíèÿ j ìîæíî äîñòè÷ü i çà ñà-
ìîå áîëüøåå n+k øàãîâ. Ñíà÷àëà äîáàâëÿåì ïðè-
çíàêè ïî îäíîìó äî òåõ ïîð, ïîêà íå äîñòèãíåì íàè-
áîëüøåé ãèïîòåçû (1) èç §2. Çàòåì íà÷èíàåì äîáàâ-
ëÿòü ïðèìåðû äî òåõ ïîð, ïîêà íå îêàæåìñÿ â i. Çäåñü
èñïîëüçóåòñÿ òîò ôàêò, ÷òî ïî (2) èç ïðåäûäóùåãî
ïàðàãðàôà êàæäûé ïðèìåð ÿâëÿåòñÿ ãèïîòåçîé.
ßñíî, ÷òî p

 ji
(n+k) > 1/2n+k(n+k)n+k.

Îïðåäåëåíèå 3. Öåïü Ìàðêîâà íàçûâàåòñÿ ïðè-
âîäèìîé, åñëè ïðîñòðàíñòâî ñîñòîÿíèé Ω ðàçáèòî
íà äâà ïîäìíîæåñòâà A è B òàêèå, ÷òî p

 ij
 = 0 äëÿ âñåõ

i ∈A, j ∈B è âñåõ j ∈A, i ∈B. Â ïðîòèâíîì ñëó÷àå,
öåïü íàçûâàåòñÿ íåïðèâîäèìîé.

Åñëè öåïü Ìàðêîâà X ïðèâîäèìà, òî ñóùåñòâó-
åò ìíîãî èíâàðèàíòíûõ ìåð. Äîñòàòî÷íî ðàññìîò-
ðåòü âñå êîìáèíàöèè a⋅µ

A
+(1-a)⋅µ

B
, ãäå 0≤≤≤≤≤a≤≤≤≤≤1 è

µ
A
, µ

B
 � èíâàðèàíòíûå ìåðû ñóæåíèé {X

 n
} íà A

è B ñîîòâåòñòâåííî, äîîïðåäåëåííûå 0 íà B è A.
Óòâåðæäåíèå 3. Öåïü Ìàðêîâà, ñîîòâåòñòâóþ-

ùàÿ àëãîðèòìó §2, íåïðèâîäèìà.
Äîêàçàòåëüñòâî. Àíàëîãè÷íî äîêàçàòåëüñòâó

óòâåðæäåíèÿ 2.
Îïðåäåëåíèå 4. Ñîñòîÿíèå j∈Ω öåïè Ìàðêîâà

íàçûâàåòñÿ ïåðèîäè÷åñêèì, åñëè íàéäåòñÿ òàêîå
öåëîå ÷èñëî m > 1, ÷òî p

 jj
(n) = 0, êîãäà n íå ÿâëÿåòñÿ

êðàòíûì m. Íàèáîëüøåå òàêîå m íàçûâàåòñÿ ïåðè-
îäîì ñîñòîÿíèÿ j. Öåïü íàçûâàåòñÿ àïåðèîäè÷åñ-
êîé, åñëè îíà íå èìååò ïåðèîäè÷åñêèõ ñîñòîÿíèé.

Óòâåðæäåíèå 4. Öåïü Ìàðêîâà, ñîîòâåòñòâóþ-
ùàÿ àëãîðèòìó §2, íå ñîäåðæèò ïåðèîäè÷åñêèõ ñî-
ñòîÿíèé.

Äîêàçàòåëüñòâî. Ñîãëàñíî (1) øàãó àëãîðèòìà
p

 jj
(1) = ½. Íî ëþáîé äåëèòåëü 1 ñàì ðàâåí 1.
Òåîðåìà 1. (ýðãîäè÷åñêàÿ òåîðåìà) Ïóñòü öåïü

Ìàðêîâà X
 t
 íåïðèâîäèìà. Îïðåäåëèì

N
 π

i(m) =|{t<m| X
 t
 = i, P(X

0
=j)=π

 j
}|.

Òîãäà äëÿ ëþáîãî íà÷àëüíîãî ðàñïðåäåëåíèÿ π
ïî÷òè âñþäó m-1⋅N

 π
i(m)→ → → → → µ

i
 ïðè m→∞→∞→∞→∞→∞,

ãäå  µ = (µ
1
, ..., µ

n
) � åäèíñòâåííàÿ èíâàðèàíòíàÿ

ìåðà.
Òåîðåìà 2. (òåîðåìà ñõîäèìîñòè) Ïóñòü öåïü

Ìàðêîâà X
 t
 íåïðèâîäèìà è àïåðèîäè÷íà. Òîãäà äëÿ

ëþáîãî íà÷àëüíîãî ðàñïðåäåëåíèÿ π äëÿ ëþáîãî
ñîñòîÿíèÿ i P

 π
(X

 t
 = i)→→→→→µ

i
 ïðè m→∞→∞→∞→∞→∞,

ãäå µ = (µ
1
, ..., µ

n
) � åäèíñòâåííàÿ èíâàðèàíòíàÿ

ìåðà.
Êàêîâû èíâàðèàíòíûå ìåðû äëÿ íàøåãî àëãî-

ðèòìà?
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Ïðèìåð 1. (ðàâíîìåðíàÿ ìåðà). Ðàññìîòðèì n
îáúåêòîâ X+ = {1, 2, �, n} è n ïðèçíàêîâ Σ = {1, 2,
�, n}. Ñîåäèíèì êàæäûé ïðèìåð j ñî âñåìè ïðè-
çíàêàìè, êðîìå j. Òîãäà êàæäàÿ ãèïîòåçà ñîîòâåò-
ñòâóåò â òî÷íîñòè îäíîìó ïîäìíîæåñòâó W

1
⊆X+ (è

â òî÷íîñòè îäíîìó ïîäìíîæåñòâó W
2
⊆Σ). Ñîîòâåò-

ñòâóþùåå W
2
 íàõîäèòñÿ ïî ïðàâèëó W

2
 = Σ\W

1
.

Òàêèì îáðàçîì, ìû ïîëó÷àåì Áóëåâó àëãåáðó âñåõ
ãèïîòåç. Î÷åâèäíî, ÷òî ïîëó÷åííàÿ öåïü Ìàðêîâà
èìååò ðàâíîìåðíóþ èíâàðèàíòíóþ ìåðó.

Ïðèìåð 2. (íåðàâíîìåðíàÿ ìåðà). Ðàññìîòðèì
4 îáúåêòà X+ = {1, 2, 3, 4} è 3 ïðèçíàêà Σ = {a, b, c}.
Ïóñòü ïðèìåðû òàêîâû, ÷òî 1 = {a, b, c}, 2 = {a, b},
3 = {a, c} è 4 = {a}. Ìàòðèöà ïåðåõîäîâ P íàøåé öåïè
Ìàðêîâà ðàâíà:

{ }{ }

��
�
�
�

�

�

��
�
�
�

�

�

02/12/10
3/2003/1
3/2003/1
3/13/13/10

}{},4,3,2,1{
},{},3,1{
},{},2,1{

,,,1

a
ca
ba
cba

Âû÷èñëÿÿ ñîáñòâåííûé âåêòîð µ ñ ñîáñòâåííûì
çíà÷åíèåì 1, ïîëó÷àåì µ = (3/19, 9/38, 9/38, 7/19).

Ïðèìåð 2 òàêæå ïîêàçûâàåò, ÷òî â îáùåì ñëó-
÷àå öåïü Ìàðêîâà èç ïðåäûäóùåãî ïàðàãðàôà íå
ìîæåò áûòü ñâåäåíà ê ñëó÷àéíîìó áëóæäàíèþ íà
íåîðèåíòèðîâàííîì ãðàôå, òàê êàê íàèìåíüøàÿ
ãèïîòåçà ìîæåò áûòü äîñòèãíóòà èç íàèáîëüøåé
ãèïîòåçû çà îäèí øàã, à îáðàòíîå óòâåðæäåíèå íå
âåðíî.

Îñíîâíîé âîïðîñ, òðåáóþùèé äàëüíåéøåãî
èññëåäîâàíèÿ, êàñàåòñÿ êîëè÷åñòâà øàãîâ, íåîáõî-
äèìûõ äëÿ äîñòàòî÷íîãî ïåðåìåøèâàíèÿ öåïè, ò.å.
÷òîáû ïîðîæäàåìîå àëãîðèòìîì ðàñïðåäåëåíèå
ãèïîòåç áûëî äîñòàòî÷íî áëèçêî ê èíâàðèàíòíîìó.

Ïðåäëîæåííûé àëãîðèòì, íà âçãëÿä àâòîðà, îòðà-
æàåò ðåàëüíûå ìåõàíèçìû ïðàâäîïîäîáíûõ ðàññóæ-
äåíèé. Îáùàÿ ñõåìà àáäóêöèè, õîòÿ è èìååò ôóíäà-
ìåíòàëüíûé õàðàêòåð, âðÿä ëè ìîæåò áûòü èñïîëü-
çîâàíà â ñèñòåìàõ ðåàëüíîãî âðåìåíè (çà èñêëþ÷å-
íèåì íàèáîëåå ïðîñòûõ è/èëè íàèáîëåå ïîíÿòûõ).

Íà ïðàêòèêå, íåäîñòàòêîì íîâîãî ïîäõîäà ÿâëÿ-
åòñÿ âîçìîæíîñòü ïðîïóñêà èíòåðåñíûõ ãèïîòåç. Íî
ãëàâíûé íåäîñòàòîê � îòñóòñòâèå ìåõàíèçìà óïðàâ-
ëåíèÿ îáó÷àþùåé âûáîðêîé. Â êëàññè÷åñêîì
ÄÑÌ-ìåòîäå òàêèì ìåõàíèçìîì ÿâëÿåòñÿ ïðîâåðêà
êðèòåðèÿ äîñòàòî÷íîãî îñíîâàíèÿ èíäóêòèâíîãî
âûâîäà.

Ê äîñòîèíñòâàì íîâîãî ìåòîäà íóæíî îòíåñòè
ñêîðîñòü âû÷èñëåíèé.

Î ÌÅÒÎÄÎËÎÃÈ×ÅÑÊÈÕ ÏÐÈÍÖÈÏÀÕ
ÏÎÑÒÐÎÅÍÈß ÈÍÒÅËËÅÊÒÓÀËÜÍÛÕ ÑÈÑÒÅÌ
ÄËß ÍÀÓÊ Î ÑÎÖÈÀËÜÍÎÌ ÏÎÂÅÄÅÍÈÈ
Â. Ê. Ôèíí
ON METHODOLOGICAL PRINCIPLES OF
CONSTRUCTION OF INTELLIGENT SYSTEMS FOR
SOCIAL BEHAVIOR SCIENCE.
V.K. Finn

Ñòðîåíèå èíòåëëåêòóàëüíûõ ñèñòåì
Èíòåëëåêòóàëüíûå ñèñòåìû ÿâëÿþòñÿ èíñòðó-

ìåíòîì ðåøåíèÿ çàäà÷ â òðóäíî ôîðìàëèçóåìûõ
îáëàñòÿõ, òðåáóþùèõ îáçîðà ìàññèâîâ èñõîäíûõ
äàííûõ áîëüøîãî îáúåìà è ïðèìåíåíèÿ ëîãè÷åñ-
êèõ è âû÷èñëèòåëüíûõ ïðîöåäóð çíà÷èòåëüíîé àë-
ãîðèòìè÷åñêîé ñëîæíîñòè.

Ïðîáëåìà ôîðìàëèçàöèè èñõîäíûõ äàííûõ è
çíàíèé â íàóêàõ î ñîöèàëüíîì ïîâåäåíèè âåñüìà
ñëîæíà èç-çà îòñóòñòâèÿ òî÷íûõ ÿçûêîâ èññëåäîâà-
íèÿ.

Ñîçäàíèå æå èíòåëëåêòóàëüíûõ ñèñòåì (ÈÑ) äëÿ
íàóê î ñîöèàëüíîì ïîâåäåíèè ïîìèìî ïðàêòè÷åñ-
êîé ïîëüçû îêàæåò ñòèìóëèðóþùåå âëèÿíèå íà ðàç-
âèòèå ìåòàòåîðåòè÷åñêèõ ñðåäñòâ, àäåêâàòíûõ è íå-
îáõîäèìûõ ýòèì äèñöèïëèíàì.

ÈÑ ñîñòîÿò èç Ðåøàòåëÿ çàäà÷, áàçû çíàíèé (ÁÇ),
Èíôîðìàöèîííîé Ñðåäû è èíòåðôåéñà.

Ðåøàòåëü ÈÑ îáðàçîâàí Ðàññóæäàòåëåì, Âû÷èñ-
ëèòåëåì è Ñèíòåçàòîðîì.

Ðàññóæäàòåëü ðåàëèçóåò âçàèìîäåéñòâèå ïîçíà-
âàòåëüíûõ ïðîöåäóð, íàïðèìåð, ýìïèðè÷åñêîé èí-
äóêöèè, àíàëîãèè, àáäóêöèè è äåäóêöèè (ïðèìåðîì
îðãàíèçàöèè òàêîãî âçàèìîäåéñòâèÿ ÿâëÿþòñÿ ÈÑ
òèïà ÄÑÌ [1, 2]).

Îòìåòèì, ÷òî â [1, 2] àáäóêöèÿ îñóùåñòâëÿåò
íåäåäóêòèâíîå  îáúÿñíåíèå íà÷àëüíîãî ñîñòîÿíèÿ
äàííûõ ïîñðåäñòâîì ðåçóëüòàòîâ, ïîëó÷åííûõ èí-
òåëëåêòóàëüíîé ñèñòåìîé (â ñèëó ýòîãî àáäóêöèÿ
ÿâëÿåòñÿ êðèòåðèåì äîñòàòî÷íîãî îñíîâàíèÿ ïðè-
íÿòèÿ ãèïîòåç [2]).

Ñèíòåçàòîð îñóùåñòâëÿåò óïðàâëåíèå âçàèìî-
äåéñòâèåì ïîçíàâàòåëüíûõ ïðîöåäóð, âûïîëíÿåìûõ
Ðàññóæäàòåëåì, è ïðîöåäóð, âûïîëíÿåìûõ Âû÷èñ-
ëèòåëåì, ðåàëèçóþùèì íåîáõîäèìûå ÷èñëåííûå
ìåòîäû (íàïðèìåð, ñòàòèñòè÷åñêèå), à òàêæå ïðî-
öåäóð, ðåàëèçóåìûõ ñåìèîòè÷åñêèì ãåðìåíåâòèêî-
çàòîðîì.

Ñåìèîòè÷åñêèé ãåðìåíåâòèêîçàòîð åñòü ïîäñè-
ñòåìà, ïðèìåíÿåìàÿ ê Èíôîðìàöèîííîé Ñðåäå, ãäå
Èíôîðìàöèîííàÿ Ñðåäà (ÈíôÑð) åñòü ïîäñèñòåìà,
îáðàçîâàííàÿ ìàññèâîì òåêñòîâ (ÌÒ) è áàçîé äàí-
íûõ (òî÷íåå, ñîñòîÿíèÿìè ÁÄ). Îáîçíà÷èì n-îå
ñîñòîÿíèå ÁÄ ïîñðåäñòâîì ÁÄn, ñåìàíòè÷åñêèé ãåð-
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ìåíåâòèêîçàòîð ïîñðåäñòâîì ÑÃ, òîãäà
ÈíôÑð = ÌÒ + ÁÄ, ãäå

 ÁÄ = 
n

s

=0
� ÁÄn, ÑÃ (ÌÒ, ÁÄn) = ÁÄn+1,

à s - çàêëþ÷èòåëüíîå ñîñòîÿíèå äëÿ ïðîöåññà ðåøå-
íèÿ çàäà÷è ïîñðåäñòâîì ÈÑ.

Îòìåòèì, ÷òî íàëè÷èå ÑÃ è ÌÒ ÿâëÿåòñÿ ñïåöè-
ôè÷åñêèìè îñîáåííîñòÿìè ÈÑ äëÿ ãóìàíèòàðíûõ
äèñöèïëèí. Ñëåäóåò îáðàòèòü âíèìàíèå íà òîò ôàêò,
÷òî ÁÇ ñîäåðæèò ðåëÿöèîííûé òåçàóðóñ, â êîòîðîì
èìåþòñÿ óòî÷íåíèÿ óïîòðåáëÿåìûõ â ÌÒ òåðìè-
íîâ, à òàêæå îòíîøåíèÿ ìåæäó íèìè (âêëþ÷åíèå,
àññîöèàöèè, ÷àñòü - öåëîå, ñõîäñòâî, ñèíîíèìèÿ è ò. ä.).

Ðàñøèðåíèå  n-îãî ñîñòîÿíèÿ ÁÄ, ò. å. ÁÄn, äî
ÁÄn+1   ïðîèñõîäèò çà ñ÷åò àíàëèçà ÌÒ ïîñðåäñòâîì
ÑÃ, ïðèìåíÿåìîãî ê ÌÒ è ÁÄn (â òîì ÷èñëå è ñ èñ-
ïîëüçîâàíèåì ìàøèííîãî îáó÷åíèÿ [3, 4]).

Òàêèì îáðàçîì, ÑÃ äîëæåí îñóùåñòâëÿòü, ïî
êðàéíåé ìåðå, ñëåäóþùèå òðóäîåìêèå ïðîöåäóðû:

1. àâòîìàòè÷åñêóþ êëàññèôèêàöèþ òåêñòîâ èç
ÌÒ ïî òåìàì [3, 4],

2. èçâëå÷åíèå èç ÌÒ íîâûõ (îòíîñèòåëüíî ÁÄn)
ñâåäåíèé (â ñîîòâåòñòâèè ñ àòðèáóòàìè ÁÄ) äëÿ ðàñ-
øèðåíèÿ ÁÄn  äî ÁÄn+1 (ïîä÷åðêíåì ïðè ýòîì îò-
êðûòîñòü ÌÒ).

Â [1, 2] ñîäåðæàòñÿ îïðåäåëåíèÿ êâàçèàêñèîìà-
òè÷åñêèõ òåîðèé (ÊÀÒ), ÿâëÿþùèõñÿ ñðåäñòâîì
ïðåäñòàâëåíèÿ çíàíèé äëÿ îòêðûòûõ ïðåäìåòíûõ
îáëàñòåé. Âûøå ìû îõàðàêòåðèçîâàëè òåçàóðóñ, â
êîòîðîì èìåþòñÿ óòî÷íåíèÿ  óïîòðåáëÿåìûõ â ÌÒ
òåðìèíîâ. Ýòè òåðìèíû îáîçíà÷àþò èäåè, èñïîëü-
çóåìûå â íàóêàõ î ñîöèàëüíîì ïîâåäåíèè, êîòîðûå
â óòî÷íåííîì âèäå çàäàþòñÿ â òåçàóðóñå. Èõ óòî÷-
íåíèÿ áóäåì íàçûâàòü êîíöåïòàìè (ñðåäñòâà ñîïî-
ñòàâëåíèÿ èäåÿì ñîîòâåòñòâóþùèõ êîíöåïòîâ ñî-
äåðæàòñÿ â [5]).

Ðåçóëüòàòîì ðàáîòû ÈÑ òèïà ÄÑÌ [1] ÿâëÿåòñÿ
ìíîæåñòâî ãèïîòåç î ïðè÷èííî-ñëåäñòâåííûõ îò-
íîøåíèÿõ ((+)-ïðè÷èíû, (-)-ïðè÷èíû è (0)-ïðè÷è-
íû, ïðåäñòàâëÿþùèå èñòî÷íèêè �ôàêòè÷åñêèõ ïðî-
òèâîðå÷èé� èëè êîíôëèêòû). Â ñèëó óñëîâèÿ êàó-
çàëüíîé ïîëíîòû â ÊÀÒ, ÿâëÿþùåãîñÿ êðèòåðèåì
äîñòàòî÷íîãî îñíîâàíèÿ äëÿ ïðèíÿòèÿ ãèïîòåç â ÈÑ
òèïà ÄÑÌ [1, 2], â èäåàëüíîì ñëó÷àå êàæäûé (±)-
èëè (0)-ôàêò èìååò ñîîòâåòñòâóþùóþ (±)- èëè (0)-
ïðè÷èíó. Çíàíèÿ î (±)-ïðè÷èíàõ è (0)-ïðè÷èíàõ
ìîãóò áûòü èñïîëüçîâàíû äëÿ óñòàíîâëåíèÿ ïðè-
÷èííî-ñëåäñòâåííûõ çàâèñèìîñòåé ìåæäó ôàêòàìè
(êàóçàëüíîé ñâÿçíîñòè), îðãàíèçàöèåé êîòîðûõ ìî-
æåò áûòü êàóçàëüíàÿ ñåòü (ýòà ñåòü ìîæåò ñîäåð-

æàòü öèêëû, ïðåäñòàâëÿþùèå êîíôëèêòû).
ÁÇ äëÿ íàóê î ñîöèàëüíîì ïîâåäåíèè åñòü ïîä-

ñèñòåìà ÈÑ, îáðàçîâàííàÿ ÊÀÒ, òåçàóðóñîì (ñèñ-
òåìà êîíöåïòîâ è èõ çàâèñèìîñòåé) è êàóçàëüíîé
ñåòüþ.

Äëÿ îáðàáîòêè äàííûõ î êîíôëèêòàõ ìîãóò áûòü
èñïîëüçîâàíû ñïåöèàëüíûå ïðîöåäóðû, ðàñøèðÿ-
þùèå ÄÑÌ-ìåòîä àâòîìàòè÷åñêîãî ïîðîæäåíèÿ
ãèïîòåç [6].

Îáùèå ïðèíöèïû ïîñòðîåíèÿ èíòåëëåêòóàëü-
íûõ ñèñòåì àíàëèçà ñîöèàëüíîãî ïîâåäåíèÿ

I. Èìåþòñÿ òðè òèïà �ìèðîâ� (îíòîëîãèé) è ñî-
îòâåòñòâóþùèõ èì ñïîñîáîâ îöåíèâàíèÿ çíàíèé îá
ýòèõ �ìèðàõ� (ýïèñòåìîëîãèé) [6, 7]: �ìèð�-1 ñî ñëó-
÷àéíûìè ñîáûòèÿìè è ñòàòèñòè÷åñêèìè ñðåäñòâà-
ìè èõ îöåíèâàíèÿ, �ìèð�-2 ñ äåòåðìèíàöèåé âñåõ
ñîáûòèé è ëîãè÷åñêèìè ñðåäñòâàìè îöåíèâàíèÿ
çíàíèé î íèõ, �ìèð�-3, ñîäåðæàùèé  êàê äåòåðìè-
íàöèþ ñîáûòèé, òàê è ñëó÷àéíûå âîçìóùåíèÿ, âëè-
ÿþùèå íà çàêëþ÷èòåëüíûå ñîñòîÿíèÿ �ìèðà�-3.
Çíàíèÿ ýòîãî �ìèðà� îöåíèâàþòñÿ ñ ïîìîùüþ ëî-
ãè÷åñêèõ ñðåäñòâ, ó÷èòûâàþùèõ ñòàòèñòè÷åñêèå ñî-
îáðàæåíèÿ [8].

II. ßçûê äëÿ ïðåäñòàâëåíèÿ çíàíèé â ÈÑ äîëæåí
îáëàäàòü äîñòàòî÷íîé âûðàçèòåëüíîé ñèëîé, ÷òî-
áû îñóùåñòâëÿòü àðãóìåíòàöèþ è àâòîìàòèçèðî-
âàííûå ðàññóæäåíèÿ äëÿ ïîðîæäåíèÿ ãèïîòåç î
�ìèðàõ� 1-3.

III. Â ÈÑ äîëæíû ñîäåðæàòüñÿ ñðåäñòâà äëÿ óòî÷-
íåíèÿ èäåé, ïðåîáðàçóþùèõ èõ â êîíöåïòû [5], à
òàêæå ñðåäñòâà äëÿ èçìåíåíèÿ ñîñòîÿíèé ÁÄn ñ èñ-
ïîëüçîâàíèåì ÑÃ.

IV. Ïðîöåäóðíûå ñðåäñòâà ÈÑ äîëæíû áûòü äî-
ñòàòî÷íû äëÿ ïðèìåíåíèÿ ïðèíöèïà êàóçàëüíîãî
ñòðóêòóðàëèçìà: ñõîäñòâî î ñòðîåíèè ôàêòîâ äîë-
æíî èçâëåêàòüñÿ èç ÁÄ êàê îñíîâàíèå äëÿ ãèïîòåç î
î (±)-ïðè÷èíàõ, (0)-ïðè÷èíàõ èçó÷àåìûõ ýôôåêòîâ
(äëÿ �ìèðîâ�-2, 3).

V. Â ñâÿçè ñ íåïîëíîòîé èíôîðìàöèè â ÁÄ è ÁÇ
äîëæíà èñïîëüçîâàòüñÿ íåêëàññè÷åñêàÿ (íåàðèñòî-
òåëåâñêàÿ) òåîðèÿ èñòèíû (ýòîò ôàêò ÿâëÿåòñÿ ñî-
âðåìåííûì ðàñøèðåíèåì ðàöèîíàëèçìà è ïî
ñìûñëó ïðîòèâîïîëîæåí ïîñòìîäåðíèñòñêîìó ðå-
ëÿòèâèçìó).

VI. Ñåìèîòè÷åñêàÿ ãåðìåíåâòèêà  äîëæíà áûòü
ôîðìàëèçîâàíà êàê àïïàðàò ïîíèìàíèÿ òåêñòà ïî-
ñðåäñòâîì àðãóìåíòàöèè (â ñìûñëå [9])1 , êîòîðàÿ
äîëæíà áûòü ðåàëèçîâàíà â ñåìèîòè÷åñêîì ãåðìå-
íåâòèêîçàòîðå.

Ïîñòóëàòû àíàëèçà ñîöèîëîãè÷åñêèõ äàííûõ
êàê ïðèìåð êîíêðåòèçàöèè äàííîé ìåòîäîëîãèè
ïîñòðîåíèÿ ÈÑ.
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Â ñîîòâåòñòâèè ñ èçëîæåííûìè ïðèíöèïàìè
ïðåäëàãàþòñÿ ñëåäóþùèå ïîñòóëàòû äëÿ àíàëèçà
ñîöèîëîãè÷åñêèõ äàííûõ (ýòè ïîñòóëàòû èñïîëüçó-
þòñÿ ïðè ôîðìèðîâàíèè ÁÇ äëÿ èíòåëëåêòóàëüíûõ
ñèñòåì òèïà ÄÑÌ, ïðèìåíèìûõ â ñîöèîëîãèè [10]).

Ð1. Ïîñòóëàò ïîâåäåíèÿ: ïóñòü (SC) - ìíîæåñòâî
õàðàêòåðèñòèê, ïðåäñòàâëÿþùèõ ñîöèàëüíûé õàðàê-
òåð ñóáúåêòà, (IP) - ìíîæåñòâî õàðàêòåðèñòèê, âû-
ðàæàþùèõ èíäèâèäóàëüíûå îñîáåííîñòè ëè÷íîñ-
òè, à (BD) - õàðàêòåðèñòèêè, ïðåäñòàâëÿþùèå áèî-
ãðàôè÷åñêèå äàííûå î ñóáúåêòå.

Ïóñòü äàëåå À=À1∪À2∪À3, (A1⊆(SC)) &
(A2⊆(IP))& (A3⊆(BD)), ãäå íåêîòîðûå èç Ai≠∅,
i=1,2,3, òîãäà À ÿâëÿåòñÿ äåòåðìèíàíòîé (èëè ÷àñ-
òüþ äåòåðìèíàíòû) ïîâåäåíèÿ ñóáúåêòà [10].

Â ñîîòâåòñòâèè ñ êëàññèôèêàöèåé Ì. Âåáåðà [11]
èìåþòñÿ ÷åòûðå ðîäà ïîâåäåíèÿ - öåëåðàöèîíàëü-
íîå (ð), öåííîñòíîðàöèîíàëüíîå (ö), òðàäèöèîííîå
(ò), àôôåêòèâíîå (à). Ïóñòü ∆ = (SC) ∪ (IP) ∪ (BD),
Ω = {(ð), (ö), (ò), (à)}, ðàññìîòðèì ìíîæåñòâî îòî-
áðàæåíèé Í âèäà h: 2∆ → 2Ω , ãäå h ∈ H. Ñëåäóþùàÿ
êëàññèôèêàöèÿ äåòåðìèíàíò ïîâåäåíèÿ (â ñîîòâåò-
ñòâèè ñ Ð1) õàðàêòåðèçóåò òðè ñîðòà ïîâåäåíèÿ -
ñîáñòâåííî ñîöèàëüíîå, ñëàáî ñîöèàëüíîå è íå-
ñîöèàëüíîå (èíäèâèäóàëüíîå).

Ïóñòü h(X)=Y, ãäå X⊆∆, è
(1) X = À1, èëè X = A1∪A2, èëè X = A1∪A2∪A3;
(2) X = À3, èëè X = A3∪A2;
(3) X = À2,
Òîãäà, ñîîòâåòñòâåííî, áóäåì ãîâîðèòü, ÷òî òèïû

ïîâåäåíèÿ, îïðåäåëÿåìûå îòîáðàæåíèåì h, ÿâëÿ-
þòñÿ ñîáñòâåííî ñîöèàëüíûìè, ñëàáî ñîöèàëüíû-
ìè è íå-ñîöèàëüíûìè (èíäèâèäóàëüíûìè).

Ëåãêî òåïåðü ïîäñ÷èòàòü êîëè÷åñòâî òèïîâ ïî-
âåäåíèÿ â ñîîòâåòñòâèè ñ îïðåäåëåíèåì îòîáðàæå-
íèÿ h: âñåãî èìååòñÿ 105 òèïîâ ïîâåäåíèÿ (�òàáëè-
öà Ìåíäåëååâà� äëÿ òèïîâ ïîâåäåíèÿ), èç íèõ òèïîâ
ñîáñòâåííî ñîöèàëüíîãî ïîâåäåíèÿ èìååòñÿ

4⋅15=60, òèïîâ ñëàáî ñîöèàëüíîãî ïîâåäåíèÿ -
2⋅15=30, à òèïîâ èíäèâèäóàëüíîãî ïîâåäåíèÿ - 15.

Â ÈÑ ìàññèâû òåêñòîâ (ÌÒ) è ÁÄ äîëæíû áûòü
ïðîáëåìíî-îðèåíòèðîâàííûìè äëÿ ýëåìåíòîâ ïðè-
âåäåííîé âûøå òèïîëîãèè.

Â ñâÿçè ñî ñêàçàííûì âîçíèêàþò ñëåäóþùèå
çàäà÷è:

Çàäà÷à ¹1. Îòíåñòè òåêñò èç ÌÒ ê ñîáñòâåííî
ñîöèàëüíîìó èëè èíäèâèäóàëüíîìó ïîâåäåíèþ,
êîíêðåòèçèðîâàòü ýòî îòíåñåíèå ïîñðåäñòâîì ðàñ-
ïîçíàâàíèÿ âèäà ïîâåäåíèÿ (â äàííîì òèïå); çàäà÷à
ðåøàåòñÿ ïîñðåäñòâîì Ñåìèîòè÷åñêîãî ãåðìåíåâ-
òèêîçàòîðà (ÑÃ);

Çàäà÷à ¹2. Îáùóþ ÁÄ ïåðåñòðóêòóðèðîâàòü
ñîãëàñíî òèïàì (è âèäàì â íèõ) ïîâåäåíèÿ.

Î÷åâèäíî, ÷òî èç ÷åòûðåõ âîçìîæíûõ âåáåðîâ-
ñêèõ òèïîâ ïîâåäåíèÿ (ð, ö, ò, à) ìû îáðàçîâàëè 15
âîçìîæíûõ êîìáèíàöèé, îòíåñåííûõ ïîñðåäñòâîì
h ê âîçìîæíûì ñëó÷àÿì õàðàêòåðèçàöèè ñóáúåêòà
ñîãëàñíî ïîñòóëàòó ïîâåäåíèÿ P1.

Ð2. Ïîñòóëàò èíäèâèäóàëèçàöèè ñîöèàëüíîãî
îòíîøåíèÿ R ìåæäó ñóáúåêòàìè X è Z: åñëè èìååò
ìåñòî XRZ, òî

(X∩(IP)∩(SC))∪(Z∩(IP)∩(SC))∪(X∩(BD)
∩(SC))∪(Z∩(BD)∩(SC)) ≠∅.

Òàêèì îáðàçîì, íåîáõîäèìûì  óñ-
ëîâèåì ïðèíàäëåæíîñòè ïàðû <X,Z>
ñîöèàëüíîìó îòíîøåíèþ R ÿâëÿåòñÿ
X∩(IP) ≠∅, èëè Z∩(IP) ≠∅, èëè
X∩(BD) ≠∅, èëè Z∩(BD) ≠∅ (ýòîò ïî-
ñòóëàò ñîîòâåòñòâóåò èäåÿì Ì. Âåáåðà î
òîì, ÷òî öåëü ñîöèîëîãèè -âûÿâèòü ïîä-
ëèííûå ìîòèâû ïîâåäåíèÿ èíäèâèäà, à
ñîöèàëüíîå äåéñòâèå åñòü äåéñòâèå èí-
äèâèäà, çàâèñÿùåå îò äåéñòâèé äðóãèõ
ëþäåé [11]).

Ð3. Ïîñòóëàò ñèòóàöèîíèçìà [13] :
îòñóòñòâèå äåéñòâèÿ ñîöèàëüíîãî ñóáúåêòà (èí-

äèâèäà èëè îáùíîñòè èíäèâèäîâ) ïðè íàëè÷èè ïî-
òåíöèàëüíîé ïðè÷èíû äåéñòâèÿ (â òîì ÷èñëå óñòà-
íîâêè) îáúÿñíÿåòñÿ âëèÿíèåì ñèòóàöèè [12].

Â ñîîòâåòñòâèè ñ Ð3 ìîæåò áûòü ðàñøèðåí ïî-
ñòóëàò Ð1: äåòåðìèíàíòîé ïîâåäåíèÿ ìîæåò áûòü
<A,S>, ãäå S - ïðåäñòàâëåííàÿ ñèòóàöèÿ è  (à) À≠∅,
S=∅ èëè (â) À≠∅, S≠∅, (ñ) A=∅, S ≠∅, èëè
(d)A≠∅ èëè S≠∅.

Â ñîîòâåòñòâèè ñ âèäàìè äåòåðìèíàöèè (à) - (d)
ñïåöèôèöèðóþòñÿ è òèïû ïîâåäåíèÿ, îòîáðàæàþ-
ùèå âëèÿíèå ñèòóàöèè S: ÷èñëî âîçìîæíûõ òèïîâ
ïîâåäåíèÿ β = 105⋅4=420.

ÏÎÂÅÄÅÍÈÅ
ñîöèàëüíîå íå-

ñîöèàëüíîå
ñîáñòâåííî ñîöèàëüíîå ñëàáî

ñîöèàëüíîå
À1≠∅;
A1∪A2, Ai≠∅, i = 1, 2;
A1∪A3, Ai≠∅, i = 1, 3;
A1∪A2∪A3, Ai≠∅, i = 1, 2, 3;

À3≠∅;
A3∪A2, Ai≠∅,
i = 2, 3;

À2≠∅
(À1 = À3 =∅ )
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Ð4. Òåððèòîðèàëüíî î÷åð÷åííûé ôðàãìåíò îá-
ùåñòâà (ïîñåëîê, ãîðîä, ðàéîí, ðåãèîí, ñòðàíà) ÿâ-
ëÿåòñÿ ïîêðûòèåì ñîöèàëüíûìè îáùíîñòÿìè, à íå
ðàçáèåíèåì íåïåðåñåêàþùèõñÿ îáùíîñòåé (ñîöè-
àëüíûõ ãðóïï).

Ð5. Ïîñòóëàò ïðîãíîçèðîâàíèÿ ñîöèàëüíîãî ïî-
âåäåíèÿ, îñíîâàííîãî íà ñòðàòèôèêàöèîííîé ìî-
äåëè:

Ïðîãíîçèðîâàíèå ñîöèàëüíîãî ïîâåäåíèÿ (â òîì
÷èñëå ýëåêòîðàëüíîãî) ÿâëÿåòñÿ ñîöèîëîãè÷åñêè
îñìûñëåííûì, åñëè îíî èñïîëüçóåò ïðåäñòàâèòåëü-
íûå âûáîðêè, ó÷èòûâàþùèå ñòðàòèôèêàöèîííûå
ìîäåëè òàêèå, ÷òî îíè ñôîðìèðîâàíû ïîñðåäñòâîì
óñòàíîâëåííûõ äåòåðìèíàíò ïîâåäåíèÿ â ñîîòâåò-
ñòâèè ñ ïîñòóëàòàìè Ð1 - Ð4.

Òàêèì îáðàçîì, ñòàòèñòè÷åñêèå ìåòîäû êàê ñïî-
ñîá èçìåðåíèÿ äîëæíû èñïîëüçîâàòü ðåëÿöèîííûå
ìîäåëè ñòðàòèôèêàöèè, îñíîâàííûå íà îáíàðóæåí-
íûõ äåòåðìèíàöèÿõ ñîöèàëüíîãî ïîâåäåíèÿ.

Ð6. Ïîñòóëàò êîíöåïòóàëèçàöèè: ñîöèîëîãè÷åñ-
êàÿ êîíöåïöèÿ äîëæíà ôîðìóëèðîâàòüñÿ êàê ñèñòå-
ìà êîíöåïòîâ (â ñìûñëå [5]), ÿâëÿþùèõñÿ óòî÷íåíè-
åì ñîîòâåòñòâóþùèõ èäåé, èìåþùèõ ýìïèðè÷åñêóþ
ýêçåìïëèôèêàöèþ è íåîïðîâåðãíóòóþ àðãóìåíòà-
öèþ [9].

Îïûòíûì ïîäòâåðæäåíèåì îñìûñëåííîñòè ïî-
ñòóëàòîâ Ð1 - Ð6 ÿâëÿþòñÿ ðåçóëüòàòû èññëåäîâàíèÿ
ñîëèäàðíîãî ïîâåäåíèÿ â [10]. Ïîëåçíûì ïðèìåíå-
íèåì Ð1 - Ð6 â ÈÑ ÿâëÿåòñÿ âîçìîæíîñòü ïðèìåíå-
íèÿ ÄÑÌ-ìåòîäà àâòîìàòè÷åñêîãî ïîðîæäåíèÿ ãè-
ïîòåç äëÿ èçó÷åíèÿ ýëåêòîðàëüíîãî ïîâåäåíèÿ ñ èñ-
ïîëüçîâàíèåì ìàøèííîãî îáó÷åíèÿ.

Ïðåäïîëàãàåìàÿ àðõèòåêòóðà  ÈÑ äëÿ àíàëèçà è
ïðîãíîçèðîâàíèÿ ñîöèàëüíîãî ïîâåäåíèÿ ñîãëàñó-
åòñÿ ñ ïîíèìàíèåì Ï.À. Ñîðîêèíûì ñîöèîêóëüòóð-
íûõ îáðàçîâàíèé êàê ïðè÷èííî-ñìûñëîâûõ ñèñòåì
[14], èçó÷åíèå êîòîðûõ ìîæåò îñóùåñòâëÿòüñÿ ïî-
ñðåäñòâîì ïîðîæäåííûõ äåòåðìèíàíò è ñîäåðæà-
íèÿ ÁÇ. Òàêèì îáðàçîì, àâòîìàòèçèðîâàííîå ïîñò-
ðîåíèå ôðàãìåíòà Á3 - êàóçàëüíîé ñåòè ÿâëÿåòñÿ âàæ-
íîé ïðîáëåìîé, ðåøàåìîé ïîñðåäñòâîì ÈÑ. Ñîçäà-
íèå êàóçàëüíîé ñåòè äëÿ èññëåäóåìîãî ñîöèóìà
ôàêòè÷åñêè ÿâëÿåòñÿ ìîäåëèðîâàíèåì ñîöèàëüíûõ
îòíîøåíèé â ñîîòâåòñòâèè ñ ïîñòóëàòàìè Ð1 - Ð6.2

Äëÿ êàæäîãî íà÷àëüíîãî ñîñòîÿíèÿ ÁÄ è ÁÇ èí-
òåëëåêòóàëüíîé ñèñòåìû ïîðîæäåííàÿ êàóçàëüíàÿ
ñåòü èìèòèðóåò ñèíõðîííóþ êàðòèíó ñîöèóìà, íî
ïîïîëíåíèå ÁÄ, ÁÇ è ÌÒ (ìàññèâà òåêñòîâ) ñîçäàåò
âîçìîæíîñòü ïîñðåäñòâîì ïîñëåäîâàòåëüíûõ ïðè-
áëèæåíèé èìèòèðîâàòü è äèàõðîííóþ êàðòèíó èçó-
÷àåìîãî ñîöèóìà (ýòî îáñòîÿòåëüñòâî ìîæåò ñëó-
æèòü îñíîâàíèåì äëÿ ñîçäàíèÿ ïðîáëåìíî-îðèåí-
òèðîâàííîãî ìîíèòîðèíãà ñîöèóìà).

Ñîçäàíèå èíòåëëåêòóàëüíûõ ñèñòåì äëÿ íàóê î
ñîöèàëüíîì ïîâåäåíèè - òðóäîåìêàÿ, ñëîæíàÿ òâîð-
÷åñêàÿ çàäà÷à, îäíàêî ñîâðåìåííîå ñîñòîÿíèå òî÷-
íûõ ìåòîäîâ è êîìïüþòåðíûõ ñðåäñòâ è èäåéíîãî

áàãàæà ãóìàíèòàðíûõ íàóê ÿâëÿåòñÿ îñíîâàíèåì äëÿ
ïðàêòè÷åñêîé ðåàëèçàöèè ïðåäëàãàåìîé ìåòîäîëî-
ãèè, âîçìîæíîñòü ïðèìåíåíèÿ êîòîðîé â ñâÿçè ñ
ýòèì íå ñëåäóåò ðàññìàòðèâàòü êàê íåîïðåäåëåííîå
ïðîðî÷åñòâî â ñòèëå Íîñòðàäàìóñà.

Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå Ðîññèéñêîãî
ãóìàíèòàðíîãî íàó÷íîãî ôîíäà (ïðîåêò ¹ 99-03-
19686à).
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[13] Ðîññ Ë., Íèñáåòò Ð. ×åëîâåê è ñèòóàöèÿ (óðîêè
ñîöèàëüíîé ïñèõîëîãèè). Ì.: ÀÑÏÅÍÒ ÏÐÅÑÑ, 1999.
[14] Ñîðîêèí Ï.À. Ñîöèîëîãè÷åñêèå òåîðèè ñîâðå-
ìåííîñòè. Ì.: ÈÍÈÎÍ, 1992.

1 Ýòó èäåþ ñîîáùèë àâòîðó Þ. À. Øðåéäåð.
2 Îäíàêî ñòðîåíèå òàêîé êàóçàëüíîé ñåòè è ïðî-

öåäóðû åå ïîðîæäåíèÿ äîëæíû áûòü óòî÷íåíû ïî-
ñðåäñòâîì ñïåöèàëüíûõ èññëåäîâàíèé.
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Î ÍÎÂÛÕ ÂÀÐÈÀÍÒÀÕ ÄÑÌ-ÌÅÒÎÄÀ
ÀÂÒÎÌÀÒÈ×ÅÑÊÎÃÎ ÏÎÐÎÆÄÅÍÈß ÃÈÏÎÒÅÇ È
ÈÕ ÏÐÈÌÅÍÅÍÈÈ
C.Ì. Ãóñàêîâà, Ì.À. Ìèõååíêîâà, Â.Ê. Ôèíí
ON NEW VARIANTS OF JSM-METHOD OF
AUTOMATIC HYPOTHESES GENERATION AND ITS
APPLICATIONS
S.M. Gousakova, M.A. MIkheyenkova, V.K. FInn

ÄÑÌ-ìåòîä àâòîìàòè÷åñêîãî ïîðîæäåíèÿ ãèïî-
òåç ïðåäîñòàâëÿåò âîçìîæíîñòè äëÿ ïðîâåäåíèÿ
ðàññóæäåíèé, îáúåäèíÿþùèõ ëîãè÷åñêèå è âû÷èñ-
ëèòåëüíûå ñðåäñòâà, â îòêðûòûõ ïðåäìåòíûõ îáëà-
ñòÿõ. Êàê áûëî ïîêàçàíî â [1], ìåòîä ïðåäñòàâëÿåò
ñîáîé ñèíòåç ïîçíàâàòåëüíûõ ïðîöåäóð � ýìïèðè-
÷åñêîé èíäóêöèè, àíàëîãèè è àáäóêöèè. Ïîñëåäíÿÿ
ðåàëèçóåòñÿ ïîñðåäñòâîì ñïåöèàëüíîãî êðèòåðèÿ
äîñòàòî÷íîãî îñíîâàíèÿ ïðèíÿòèÿ ãèïîòåç �
ê.ä.î.ï.ã. Ñðåäñòâîì ôîðìàëèçàöèè ÄÑÌ-ðàñóæäå-
íèÿ (ïðåäñòàâëåííîãî óêàçàííûì ñèíòåçîì) ÿâëÿ-
åòñÿ ñïåöèàëüíûé àïïàðàò ìíîãîçíà÷íûõ ëîãèê [2],
à ñàìî ðàññóæäåíèå îïèðàåòñÿ íà ÷àñòè÷íî ôîð-
ìàëèçîâàííûå çíàíèÿ (êàê îáúåêòèâíûå, òàê è
ñóáúåêòèâíûå) î ïðåäìåòíîé îáëàñòè.

Ðÿä îñîáåííîñòåé ÄÑÌ-ìåòîäà àâòîìàòè÷åñêî-
ãî ïîðîæäåíèÿ ãèïîòåç ïîçâîëÿåò ñ÷èòàòü åãî àäåê-
âàòíûì ôîðìàëüíûì àïïàðàòîì äëÿ êà÷åñòâåííî-
ãî àíàëèçà äàííûõ â ñîöèîëîãèè. Â ðàìêàõ ïîäõîäà
âîçíèêàåò âîçìîæíîñòü îòîáðàæåíèÿ è èññëåäîâà-
íèÿ èíäèâèäóàëüíûõ õàðàêòåðèñòèê ñóáúåêòîâ, ïî-
òåíöèàëüíî äåòåðìèíèðóþùèõ òîò èëè èíîé òèï
ñîöèàëüíîãî ïîâåäåíèÿ. À ýòî, â ñâîþ î÷åðåäü,
ïîçâîëÿåò ïîñòðîèòü ïîñëåäóþùèå èññëåäîâàíèÿ
ïî òèïîëîãèè ñîöèàëüíûõ îáùíîñòåé è ïîñòðîå-
íèþ ìîäåëåé ñîöèàëüíîé ñòðàòèôèêàöèè.

Äîñòàòî÷íî ïîäðîáíî ðåçóëüòàòû èçó÷åíèÿ îò-
íîøåíèÿ �ñóáúåêò⇒ïîâåäåíèå� ñðåäñòâàìè èíòåë-
ëåêòóàëüíîé ñèñòåìû òèïà ÄÑÌ èçëîæåíû â ðàáî-
òå [3]. Ñóùåñòâåííîå âëèÿíèå êîíòåêñòà ïîâåäåíèÿ
(ñèòóàöèè) íà ñàìî ïîâåäåíèå ñóáúåêòà, âûÿâëåí-
íîå â ðåçóëüòàòå ýìïèðè÷åñêîãî èññëåäîâàíèÿ, â
ñî÷åòàíèè ñ ïðèíöèïîì àäåêâàòíîñòè ñðåäñòâ
ÄÑÌ-ìåòîäà ïðèðîäå èçó÷àåìîé çàäà÷è ïîòðåáî-
âàëî ðàñøèðåíèÿ ñàìîãî ìåòîäà. Ñóùåñòâîâàíèå
âíåëè÷íîñòíûõ ôàêòîðîâ, ñïîñîáñòâóþùèõ èëè
ïðåïÿòñòâóþùèõ òîìó èëè èíîìó ïîâåäåíèþ, ïî-
ñëóæèëî îñíîâîé ïåðåõîäà îò èçó÷åíèÿ îòíîøåíèÿ
�ñóáúåêò⇒ïîâåäåíèå� ê èçó÷åíèþ îòíîøåíèÿ
�〈ñóáúåêò, ñèòóàöèÿ〉⇒ïîâåäåíèå� [4, 5]. Ïðè ýòîì
ðåàëèçóåòñÿ ïðÿìîé ÄÑÌ-ìåòîä, îïèðàþùèéñÿ íà
ïðèíöèï �îò ñõîäñòâà îáúåêòîâ � ê ñõîäñòâó ýôôåê-
òîâ (ñâîéñòâ)� (ñõîäñòâî ñóáúåêòîâ åñòü îñíîâà ñõîä-
ñòâà èõ ïîâåäåíèÿ). Îäíîâðåìåííî áûëî íà÷àòî

ðàçâèòèå îáðàòíîãî ÄÑÌ-ìåòîäà (ðåàëèçóþùåãî
ÄÑÌ-ðàññóæäåíèÿ òèïà �îò ñõîäñòâà ýôôåêòîâ � ê
ñõîäñòâó îáúåêòîâ�) â êà÷åñòâå ïðîöåäóðíîé ìîäå-
ëè àíàëèçà ýëåêòîðàëüíîãî ïîâåäåíèÿ [6]. Îáðàò-
íûé ÄÑÌ-ìåòîä òàêæå ÿâëÿåòñÿ ñèíòåçîì ïîçíàâà-
òåëüíûõ ïðîöåäóð. Ïîðîæäàåìûå èì îòíîøåíèÿ
ïðè÷èííîñòè, ôîðìèðóþùèå áàçó çíàíèé, èçâëå-
êàþòñÿ èç èñõîäíîé áàçû ôàêòîâ ïîñðåäñòâîì ñïå-
öèàëüíûõ îáðàòíûõ ÄÑÌ-ïðåäèêàòîâ, îòëè÷íûõ îò
ïðÿìûõ.

1. Îñíîâíûå ïðèíöèïû ÄÑÌ-àíàëèçà ñîöèîëî-
ãè÷åñêèõ äàííûõ

Ïðåäïî÷òåíèå, êîòîðîå, íà íàø âçãëÿä, ñëåäóåò
îòäàâàòü êà÷åñòâåííîìó ôîðìàëèçîâàííîìó àíà-
ëèçó ñîöèîëîãè÷åñêèõ äàííûõ, îïèðàåòñÿ íà ïðåä-
ñòàâëåíèå, ÷òî ëîãè÷åñêàÿ ñèñòåìàòèçàöèÿ äàííûõ
è çíàíèé (îïèñàíèå ñèñòåìû îòíîøåíèé, îöåíèâà-
íèå âûñêàçûâàíèé, âûáîð àðãóìåíòàöèè) äîëæíà
ïðåäøåñòâîâàòü ïîñòðîåíèþ ÷èñëåííîé ìîäåëè
(ïðåäóñìàòðèâàþùåìó ïðèìåíåíèå ÷èñëåííûõ
ìåòîäîâ). Îíòîëîãè÷åñêîé îñîáåííîñòüþ ñîöèàëü-
íîé ðåàëüíîñòè ÿâëÿåòñÿ ñèììåòðèÿ ïîçèòèâíûõ è
íåãàòèâíûõ ïðè÷èí, ñîîòâåòñòâåííî, âûíóæäàþùèõ
è òîðìîçÿùèõ ïîâåäåí÷åñêèå àêòû. Íàëè÷èå çíà-
íèé î ïîçèòèâíûõ è íåãàòèâíûõ ïðè÷èíàõ ðàññìàò-
ðèâàåìîãî ìíîæåñòâà ôàêòîâ è ãèïîòåç ïðèâîäèò ê
âîçìîæíîñòè ïîñòðîåíèÿ êàóçàëüíîé êîíñòðóêòèâ-
íîé àðãóìåíòàöèè ãèïîòåç î ìîäåëèðóåìîé ñîöè-
îëîãè÷åñêîé ðåàëüíîñòè. Êîíñòðóêòèâíîñòü ïðèíÿ-
òèÿ ãèïîòåç âûðàæàåòñÿ â ïîðîæäåíèè èõ îöåíîê
ïîñðåäñòâîì ïðàâèë ïðàâäîïîäîáíîãî âûâîäà äëÿ
èíäóêöèè è àíàëîãèè.

Ïðèìåíåíèå ÄÑÌ-ìåòîäà îñíîâàíî íà âîçìîæ-
íîñòè ðåàëèçàöèè ïðèíöèïà ñòðóêòóðàëèçìà â àíà-
ëèçå äàííûõ: ñõîäñòâî íà îáúåêòàõ åñòü ôàêòîð äëÿ
ðàñïîçíàâàíèÿ äåòåðìèíàöèé. Äëÿ ñòðóêòóðíîãî
îïèñàíèÿ ñóáúåêòà ïîâåäåíèÿ èñïîëüçóåòñÿ òðè
ìíîæåñòâà õàðàêòåðèñòèê, ïðåäñòàâëÿþùèõ ñîöè-
àëüíûé õàðàêòåð ñóáúåêòà (SC), èíäèâèäóàëüíûå
÷åðòû ëè÷íîñòè (IP) è áèîãðàôè÷åñêèå äàííûå
(BD). Ïîâåäåíèå À ñóáúåêòà îïðåäåëÿåòñÿ ïîäìíî-
æåñòâîì äèôôåðåíöèàëüíûõ ïðèçíàêîâ Ñ òàêèì,
÷òî Ñ=ÑSC∪ÑIP∪ÑBD, ãäå
 (ÑSC⊆SC)&(ÑIP⊆IP)&(ÑBD⊆BD). Â ýòîì ñëó÷àå Ñ ÿâ-
ëÿåòñÿ äåòåðìèíàíòîé ïîâåäåíèÿ ñóáúåêòà, ïðåä-
ñòàâëåííîãî çíàíèåì À.

2. Ââåäåíèå ñèòóàöèé
Äëÿ ôîðìàëèçàöèè ýìïèðè÷åñêîé èíäóêöèè â

ÄÑÌ-ìåòîäå èñïîëüçóþòñÿ äâà îòíîøåíèÿ � �îá-
ëàäàíèå ìíîæåñòâîì ñâîéñòâ� è �ïðè÷èíà� (ïðè-
ìåíèòåëüíî ê ñîöèîëîãè÷åñêèì èññëåäîâàíèÿì ïîä
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�ïðè÷èíîé� ïîíèìàåòñÿ óñòîé÷èâàÿ ñîâîêóïíîñòü
ôàêòîðîâ, âûíóæäàþùèõ íåêîòîðûé ýôôåêò èëè
ïðåïÿòñòâóþùèõ åìó). Ïðåäñòàâëÿþò ýòè îòíîøå-
íèÿ, ñîîòâåòñòâåííî, ïðåäèêàòû X⇒1Y è V⇒2W.
Çäåñü X � ñîâîêóïíîñòü õàðàêòåðèñòèê ñîöèàëüíî-
ãî ñóáúåêòà, Y � ìíîæåñòâî ñâîéñòâ (ïîâåäåí÷åñ-
êèõ àêòèâíîñòåé èëè ãîòîâíîñòåé), V � ïîäìíîæå-
ñòâî õàðàêòåðèñòèê ñîöèàëüíîãî ñóáúåêòà, âûíóæ-
äàþùèõ èëè çàïðåùàþùèõ ïîÿâëåíèå ìíîæåñòâà
ñâîéñòâ W. Î÷åâèäíî, îäíàêî, ÷òî ïðåäèêàòû X⇒1Y
è V⇒2W, èñïîëüçóåìûå â ÄÑÌ-ðàññóæäåíèÿõ î
ñîöèàëüíîì ïîâåäåíèè (èíäèâèäîâ è èõ îáùíîñ-
òåé), ÿâëÿþòñÿ âñå æå àïðèîðíûì ñïîñîáîì ïðåä-
ñòàâëåíèÿ çíàíèé (íåñìîòðÿ íà ñâîþ ýêñïåðèìåí-
òàëüíî óñòàíîâëåííóþ ïîëåçíîñòü äëÿ àíàëèçà ñî-
öèàëüíîãî ïîâåäåíèÿ [3]). Íåîáõîäèìîñòü ôîðìà-
ëèçàöèè ëîãèêè ñîöèàëüíûõ íàóê êàê ëîãèêè ñèòóà-
öèîííîé îáîñíîâàíà Ê.Ð. Ïîïïåðîì [7]. Ñ äðóãîé
ñòîðîíû, îïûò ïðàêòè÷åñêîãî ïðèìåíåíèÿ ÄÑÌ-
ìåòîäà ê àíàëèçó ñîëèäàðíîãî ïîâåäåíèÿ � ãîòîâ-
íîñòè ê çàáàñòîâêàì íà çàâîäàõ â Ñàíêò-Ïåòåðáóðãå
è Åëüöå � âûÿâèë çàìåòíûå ýôôåêòû âëèÿíèÿ ñèòó-
àöèé íà äåòåðìèíàíòû ïîâåäåíèÿ. Òàêèì îáðàçîì,
ñîîáðàæåíèÿ êàê òåîðåòè÷åñêîãî, òàê è ýìïèðè÷åñ-
êîãî õàðàêòåðà ïðèâåëè ê íåîáõîäèìîñòè ââåäåíèÿ
ïàðàìåòðà ñèòóàöèè S.

Â ïðåäëàãàåìîé ìîäåëè äëÿ ïðåäñòàâëåíèÿ èñ-
õîäíûõ ôàêòîâ âçàìåí áèíàðíîãî ïðåäèêàòà ⇒1
èñïîëüçóåòñÿ òåðíàðíûé ïðåäèêàò P(X,Y,S), îçíà÷à-
þùèé �ñóáúåêò X îáëàäàåò (íå îáëàäàåò) ìíîæå-
ñòâîì ñâîéñòâ Y â ñèòóàöèè S�. Ïðè÷èíà íàëè÷èÿ
òåõ èëè èíûõ ñâîéñòâ ó îáúåêòà, â ñîîòâåòñòâèè ñ
âûñêàçàííûì âûøå ïðåäïîëîæåíèåì, ìîæåò ðàâ-
íî êîðåíèòüñÿ êàê â ñàìîì îáúåêòå, òàê è â ñèòóà-
öèè ïðîÿâëåíèÿ ñâîéñòâ. Ñîîòâåòñòâåííî, ïðåäèêàò
ïðè÷èííîñòè ïî-ïðåæíåìó áèíàðíûé, íî ïðè÷èíà
âêëþ÷àåò äâà ïàðàìåòðà: ïîäîáúåêò è ôðàãìåíò
ñèòóàöèè (èëè âñþ ñèòóàöèþ öåëèêîì). Ïðåäèêàò
⇒2 çàìåíÿåòñÿ ïðåäèêàòîì Ri(〈V,S〉,W) � �ïîäìíî-
æåñòâî õàðàêòåðèñòèê V è ôðàãìåíò ñèòóàöèè S′ åñòü
ïðè÷èíà íàëè÷èÿ (îòñóòñòâèÿ) ìíîæåñòâà ñâîéñòâ
W�. Ri (i=1, 2, 3, 4) õàðàêòåðèçóåò ñòðóêòóðó ìèðà �
íàñêîëüêî â íåé ñóùåñòâåííû ñàì îáúåêò è ñèòóà-
öèÿ ïðîÿâëåíèÿ ñâîéñòâ.

R=R1∨R2∨R3; R1↔R&(V≠∅&S=∅);
R2↔R&(V≠∅&S≠∅); R3↔R&(V=∅&S≠∅); R4=R.

Äëÿ ñèòóàöèé âîçìîæíû ðàçëè÷íûå ñòðóêòó-
ðû äàííûõ: áóëåâñêàÿ (êîãäà çàäàåòñÿ ìíîæåñòâî
ïàðàìåòðîâ � õàðàêòåðèñòèê � ñèòóàöèè), êîðòåæ-
íàÿ, ðåëÿöèîííàÿ. Ìû îãðàíè÷èìñÿ ïîêà ÷òî
áóëåâñêèì ïðåäñòàâëåíèåì äàííûõ. Ïóñòü äàíû
êîíå÷íûå ìíîæåñòâà

U(i) , i=1, 2, 3, U(1) = {d1,�,
1r

d }, U(2) =

{a1,�,
2r

a }, U(3) = {s1,   , 3r
s }. Îïðåäåëèì íà

íèõ 3 áóëåâûõ àëãåáðû Âi ={
)(

2
iU ,  , ∩, ∪}.

Â1 � àëãåáðà îáúåêòîâ, Â2 � àëãåáðà ñâîéñòâ, Â3 �
àëãåáðà ñèòóàöèé (âíåøíèõ îáñòîÿòåëüñòâ). Íàçîâåì
îáúåêòîì V â ñèòóàöèè S ïàðó 〈V,S〉 ∈ U(1) × U(3).

Îïåðàöèþ ñõîäñòâà k (k≥2) îáúåêòîâ è ñîîòâåò-
ñòâóþùèõ èì ñèòóàöèé îïðåäåëèì ñëåäóþùèì
îáðàçîì: ρ (k)(X1,S1,�, Xk,S k) = 〈V,S〉, ãäå
V=X1∩�∩Xk, S=S1∩�∩Sk (∩ - ñòàíäàðòíàÿ îïåðà-
öèÿ ïåðåñå÷åíèÿ äëÿ áóëåâñêèõ äàííûõ, äëÿ äðóãèõ
òèïîâ äàííûõ ðàññìàòðèâàåòñÿ àëãåáðàè÷åñêè îï-
ðåäåëåííàÿ îïåðàöèÿ ñõîäñòâà).

Ìû áóäåì ðàññìàòðèâàòü ÿçûê L ñ êâàíòîðàìè
ïî êîðòåæàì è êîðòåæíûìè òåðìàìè (ñì. [2]). Ââå-
äåì, â ñîîòâåòñòâèè ñ ïðåäñòàâëåíèåì î ñèòóàöè-
îííîì õàðàêòåðå ïðè÷èííî-ñëåäñòâåííûõ çàâèñè-
ìîñòåé, ïåðåìåííûå äëÿ ñîðòà 3 (ñèòóàöèè è ïîä-
ñèòóàöèè, ò.å. ôðàãìåíòû ñèòóàöèé) S, S1,�, Sn,�

èç
)3(

2 U , ñîîòâåòñòâóþùèå êîíñòàíòû îáîçíà-
÷èì nSSS ,...,, 1 ,� (ïåðåìåííûå è êîíñòàíòû

ñîðòîâ 1 è 2 � îáúåêòîâ X∈2 U (1)
è ìíîæåñòâ ñâîéñòâ

Y∈2U(2)

, ñîîòâåòñòâåííî �, îïðåäåëÿþòñÿ ñòàíäàð-
òíûì îáðàçîì, íàïðèìåð, â [2]). Ýëåìåíòàðíûì
ôàêòîì áóäåì íàçûâàòü ôîðìóëû âèäà

J(ν,n)P(Ñ,À, S ), J(ν,n)R(〈Ñ�, S  〉,À,). Çäåñü Ñ, À, S  -
êîíñòàíòû ñîðòîâ 1, 2 è 3, ñîîòâåòñòâåííî. Íàïîì-
íèì, ÷òî äëÿ ïðåäñòàâëåíèÿ ôàêòîâ â ÄÑÌ-ìåòîäå
ââîäÿòñÿ ñëåäóþùèå òèïû âíóòðåííèõ èñòèííîñò-
íûõ çíà÷åíèé : +1 - �ôàêòè÷åñêàÿ èñòèíà�, -1 - �ôàê-
òè÷åñêàÿ ëîæü�, 0 - �ýìïèðè÷åñêîå ïðîòèâîðå÷èå�
(�êîíôëèêò�), τ - íåäîîïðåäåëåííîñòü.

 Âíóòðåííèå èñòèííîñòíûå çíà÷åíèÿ èìåþò âèä

ν ν= ,n   èëè (τ,n), ãäå ν∈{+1, -1, 0} - òèï èñ-
òèííîñòíîãî çíà÷åíèÿ, ïðèïèñàííîãî íà n-ì øàãå
ïðèìåíåíèÿ ÏÏÂ; n∈ N∪{ω}, N= {0, 1, 2,..., n,...}-
ìíîæåñòâî íàòóðàëüíûõ ÷èñåë, ω - ïðåäåëüíûé �íî-
ìåð� è ââîäèòñÿ èç ôîðìàëüíûõ ñîîáðàæåíèé, äëÿ
óäîáñòâà îïðåäåëåíèÿ êâàíòîðîâ â ïîëó÷àåìîé ëî-
ãèêå, ω∉ N.

Òèïû âíåøíèõ èñòèííîñòíûõ çíà÷åíèé (äëÿ ïðåä-
ñòàâëåíèÿ ôàêòîâ ñ îöåíêàìè è ïðàâèë ïðàâäîïî-
äîáíîãî âûâîäà ÏÏÂ): τ - ëîãè÷åñêàÿ èñòèíà, f - ëî-
ãè÷åñêàÿ ëîæü. Ïóñòü JνÔ - îïåðàòîð, JνÔ = t, åñëè
v(Ô) = ν, JνÔ = f, åñëè v(Ô) ≠ ν , ãäå v[Ô] - ôóíêöèÿ
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îöåíêè, J(ν, n) Ô =
df

i

n

=
∨

1
  J〈ν, i〉 Ô.

Ñôîðìóëèðóåì òåïåðü ïðåäèêàò òåðíàðíîãî
ïîëîæèòåëüíîãî ñõîäñòâà-2:

+
naM ,

3
2

~

 (V,W,S0,k) ∃X1∃Y1∃S1�∃Xk∃Yk∃Sk

(( 
k

i 1
&
=

(J(1,n)P(Xi,Yi,Si)&

∀U(J(1,n)P(Xi,U,Si)→U⊆Yi))&
ρ(k)(X1,S1,�, Xk,Sk)=〈V,S0〉&V≠∅&S0≠∅&
∀i∀j((¬(i=j)&1≤i, j≤k)→¬(Xi=Xj))&
∀X∀Y∀S((J(1,n)P(X,Y,S)&∀U(J(1,n)P(X,U,S)→
U⊆Y)&(V⊂X)&(S0⊆S))→(W⊆Y&W≠∅&

( 
k

i 1=
∨ (X=Xi)))&k≥2)

Íåïàðàìåòðè÷åñêèé ïðåäèêàò 
+

naM ,
3
2 (V,W,S0)

∃k +
naM ,

3
2

~
 (V,W,S0,k).

Ïîäôîðìóëà
∀X∀Y∀S((J(1,n)P(X,Y,S)&∀U(J(1,n)P(X,U,S)→U⊆Y)&(V⊂X)&(S0⊆S))→

(W⊆Y&W≠∅&(

k

i 1=
∨

 (X=Xi))) îïèñûâàåò ýìïèðè-

÷åñêóþ çàâèñèìîñòü (ÝìÇ), ïðîãíîçèðóåìóþ êàê
èñêîìîå ïðè÷èííî-ñëåäñòâåííîå îòíîøåíèå (�ïî-
äîáúåêò V åñòü ïðè÷èíà íàëè÷èÿ ñâîéñòâ W â ñèòó-
àöèè S0�). Ïîäôîðìóëà

k

i 1
&
=

 (J(1,n)P(Xi,Yi,Si)&∀U(J(1,n)P(Xi,U,Si)→U⊆Yi))

îïèñûâàåò ýêçèñòåíöèàëüíîå óñëîâèå (ÝêçÓ), õàðàê-
òåðèçóþùåå ðàññìàòðèâàåìîå ìíîæåñòâî ïðèìå-
ðîâ. ÝìÇ è ÝêçÓ ÿâëÿþòñÿ íåïðåìåííûìè ñîñòàâ-
ëÿþùèìè âñåõ ðåøàþùèõ ÄÑÌ-ïðåäèêàòîâ.

Åñëè çàìåíèòü â ôîðìóëèðîâêå ïðåäèêàòà òåð-
íàðíîãî ïîëîæèòåëüíîãî ñõîäñòâà-2 âõîäÿùåå â íåãî
óñëîâèå-2 V≠∅&S0≠∅ (îòíîñèòåëüíî ñõîäñòâà
îáúåêòà â ñèòóàöèè 〈V,S0〉) óñëîâèÿìè-1 èëè -3,
ïðèâåäåííûìè âûøå, ìû ïîëó÷èì ïðåäèêàòû òåð-
íàðíîãî ïîëîæèòåëüíîãî ñõîäñòâà-1

+
naM ,

3
1

~
 (V,W,S0,k) è òåðíàðíîãî ïîëîæèòåëüíîãî

ñõîäñòâà-3

+
naM ,

3
3

~

 (V,W,S0,k), ñîîòâåòñòâåííî.

Ïðàâèëà ïðàâäîïîäîáíîãî âûâîäà 1-ãî è 2-ãî
ðîäà (äëÿ èíäóêòèâíîãî ïîðîæäåíèÿ ãèïîòåç î ïðè-
÷èíàõ è ïåðåíîñà íàéäåííûõ çàêîíîìåðíîñòåé ïî
àíàëîãèè íà îáúåêòû ñ íåèçâåñòíûìè ñâîéñòâàìè,
ñîîòâåòñòâåííî, ÏÏÂ-I è ÏÏÂ-II) äëÿ ñèòóàöèîííî-
ãî ÄÑÌ-ìåòîäà ïðèâåäåíû â [4, 5].

Íåëüçÿ íå îòìåòèòü, ÷òî ê ÷èñëó îíòîëîãè÷åñ-
êèõ îñîáåííîñòåé ñîöèàëüíîé ðåàëüíîñòè ñëåäóåò
îòíåñòè íàëè÷èå â èñõîäíûõ äàííûõ óòâåðæäåíèé ñ
îöåíêîé 0 � �ýìïèðè÷åñêîå ïðîòèâîðå÷èå�, ò.å.
ôàêòîâ âèäà J〈0,0〉(Ñ⇒1À). Êîíñòðóêòèâíîå ïîðîæ-
äåíèå òàêîé îöåíêè ïîçâîëÿåò îñóùåñòâëÿòü ëîãè-
÷åñêèé àíàëèç ìîäåëè êîíôëèêòà. Äëÿ ýòîãî ôîð-
ìóëèðóåòñÿ ïðåäèêàò òåðíàðíîãî êîíôëèêòíîãî
ñõîäñòâà [4, 5]. Ðàññìàòðèâàåìîìó ìèðó ìîæåò îò-
âå÷àòü íåñêîëüêî ìîäåëåé êîíôëèêòà � �ñèëüíàÿ�
(êîãäà ñóùåñòâóþò ïðè÷èíû (0)-ãèïîòåç), �ñèììåò-
ðè÷åñêàÿ� (êîãäà 0 � ðåçóëüòàò ñòîëêíîâåíèÿ (+)- è (-)-
ïðè÷èí) è ñìåøàííàÿ (îáúåäèíÿþùàÿ îáà ñëó÷àÿ).
Ñîîòâåòñòâåííî, ýòèì ìîäåëÿì îòâå÷àþò ðàçëè÷-
íûå âàðèàíòû ÏÏÂ-I è ÏÏÂ-II, à òàêæå àêñèîì êàó-
çàëüíîé ïîëíîòû � ê.ä.î.ï.ã. (ñì. [2]).

Ê ïðåäèêàòàì
σMi

)3(
)(

, i = 1, 2, 3, σ∈{+, -} ìîãóò

áûòü äîáàâëåíû ýìïèðè÷åñêèå çàâèñèìîñòè ÝìÇ,
óñèëèâàþùèå ÏÏÂ (àíàëîãè÷íî [2]): àíàëîã çàïðå-
òà íà êîíòðïðèìåðû, àíàëîã åäèíñòâåííîñòè ïðè-
÷èíû, àíàëîã ìåòîäà ðàçëè÷èÿ. Ìåòîä ðàçëè÷èÿ â
ñèòóàöèîííîì ÄÑÌ-ìåòîäå åñòåñòâåííûì îáðàçîì
äîïóñêàåò òðè ìîäèôèêàöèè. Â ñîîòâåòñòâèè ñ ðàñ-
ñìàòðèâàåìîé ñòðóêòóðîé ìèðà, âûðàæåííîé èí-
äåêñîì i = 1, 2, 3 (êîòîðûé, â ñâîþ î÷åðåäü õàðàêòå-
ðèçóåò, ñóùåñòâåííîñòü îáúåêòà V è ñèòóàöèè S),
ìîæåò áûòü ðàññìîòðåíî êàê ðàçëè÷èå îáúåêòîâ,
òàê è ðàçëè÷èå ñèòóàöèé.

Íåëüçÿ íå îñòàíîâèòüñÿ íà ñóùåñòâåííîé îñî-
áåííîñòè ñèòóàöèîííîãî ÄÑÌ-ìåòîäà: ðàçëè÷íûå
êîìáèíàöèè ïðè÷èí Ri è âîçìîæíûõ ïîêðûòèé
ñâîéñòâ â Pj (i, j = 1, 2, 3) îòêðûâàþò âîçìîæíîñòè
äëÿ ïîñòðîåíèÿ òèïîëîãèè ïðè÷èííî-ñëåäñòâåííûõ
(äåòåðìèíàöèîííûõ) çàâèñèìîñòåé â èññëåäóåìîé
îáëàñòè [5]. Ñòðàòåãèÿ ïîèñêà ýìïèðè÷åñêèõ çàâè-
ñèìîñòåé ñðåäñòâàìè ÄÑÌ-ìåòîäà ðàñøèðÿåòñÿ
ââåäåíèåì ïðåäâàðèòåëüíûõ ïðîöåäóð òåñòèðîâà-
íèÿ. ÄÑÌ-ýâðèñòèêè äîïîëíÿþòñÿ äèàãíîñòè÷åñêè-
ìè òåñòàìè, óñòàíàâëèâàþùèìè òèïîëîãèþ èññëå-
äóåìîé ìîäåëè ìèðà W(±).
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3. Îáðàòíûé ìåòîä
Èñïîëüçîâàíèå ÄÑÌ-ìåòîäà äëÿ àíàëèçà ñîöè-

îëîãè÷åñêèõ äàííûõ íå îãðàíè÷èâàåòñÿ èçó÷åíèåì
äåòåðìèíàíò ïîâåäåíèÿ. Ìåòîä ìîæåò îêàçàòüñÿ
ïîëåçíûì è äëÿ èçó÷åíèÿ îïðîñîâ îáùåñòâåííîãî
ìíåíèÿ (ïåðâûå ïîïûòêè òàêîãî ðîäà îïèñàíû â
[8]), â ÷àñòíîñòè, ýëåêòîðàëüíîãî ïîâåäåíèÿ [6]. Ñëå-
äóåò ïîä÷åðêíóòü, ÷òî ñîöèîëîãè÷åñêèå îïðîñû,
âêëþ÷àþùèå, â ñîîòâåòñòâèè ñ �ïîñòóëàòîì ïîâå-
äåíèÿ�, âîïðîñû ñîöèàëüíîãî õàðàêòåðà è áèîãðà-
ôè÷åñêèå äàííûå, ÿâëÿþòñÿ íåïðåìåííûì ýòàïîì
ïîäãîòîâêè äàííûõ è ïðè ðåøåíèè ïåðâîé çàäà÷è.
Íà îñíîâàíèè èñõîäíûõ äàííûõ, íåïîñðåäñòâåííî
ïîëó÷åííûõ êàê îòâåòû ðåñïîíäåíòà íà âîïðîñû
ñîöèîëîãè÷åñêîé àíêåòû è òåñòîâ, ôîðìèðóåòñÿ
ìíîæåñòâî äèôôåðåíöèàëüíûõ ïðèçíàêîâ ñóáúåê-
òà. Ïðè èçó÷åíèè îïðîñîâ îáùåñòâåííîãî ìíåíèÿ
èñòî÷íèêîì ìíîæåñòâà õàðàêòåðèñòèê ñóáúåêòà
îñòàåòñÿ ýòà æå ïðîöåäóðà. Ëèøü ïîñëå ïîëó÷åíèÿ
ñòðóêòóðíîãî îïèñàíèÿ ñóáúåêòà ìû ìîæåì îáðà-
òèòüñÿ ñîáñòâåííî ê èçó÷åíèþ îïðîñîâ, âûÿâëÿÿ
îñîáåííîñòè ñóáúåêòîâ, äåòåðìèíèðóþùèå âûáîð
òåõ èëè èíûõ îòâåòîâ íà âîïðîñû ñîöèîëîãè÷åñêîé
àíêåòû (ìíåíèå ñóáúåêòà). Ýòî äîñòèãàåòñÿ èñïîëü-
çîâàíèåì ÄÑÌ-ðàññóæäåíèé, ðåàëèçóþùèõ îáðàò-
íûé ÄÑÌ-ìåòîä.

Ïðèâåäåì çäåñü ôîðìóëèðîâêó ðåøàþùåãî
ïðåäèêàòà îáðàòíîãî ïîëîæèòåëüíîãî ñõîäñòâà èç
[6]:

+
naM ,

~�
(V,W,k) ∃X1...∃Xk∃Y1...∃Yk

(( &
i

k

=1
(J(1,n)(Xi⇒1Yi)&∀U(J(1,n)(Xi⇒1U)→U⊆Yi)&

( Yh=W)&W≠∅)&∀i∀j((i≠j&1≤i, j≤k)→Xi≠Xj)&

∀X∀Y((J(1,n)(X⇒1Y)&∀U(J(1,n)(X⇒1Y)→U⊆Y)&W⊆Y)

→(V⊂X&V≠∅&( V
i

k

=1
(X=Xi))))&k≥2),

 (V, W) ∃k +
naM ,

~�
(V,W,k).

Òàì æå ïðèâîäÿòñÿ îïðåäåëåíèÿ ÏÏÂ-I è ÏÏÂ-
II äëÿ îáðàòíîãî ÄÑÌ-ìåòîäà. Â ðåçóëüòàòå ïðèìå-

íåíèÿ ÏÏÂ-I (  (σ)), σ∈{+, -, 0, τ}, ïîðîæäàþòñÿ ãè-
ïîòåçû î ïðè÷èíàõ (òåõ èëè èíûõ ìíåíèé ðåñïîí-
äåíòîâ), ò.å. ôîðìóëû âèäà J〈1,n+1〉(V3⇐W),

J〈-1,n+1〉(V3⇐W), J〈0,n+1〉(V3⇐W) è J(τ,n+1)(V3⇐W).

Ñîîòâåòñòâåííî, ïîëó÷åííûå ãèïîòåçû èñïîëüçó-
þòñÿ äëÿ ïîðîæäåíèÿ ãèïîòåç âèäà J〈ν,n+1〉(X⇒1Y) è
J(τ,n+1)(X⇒1Y), ãäå ν∈{+1, -1, 0}, ïîñðåäñòâîì ÏÏÂ-
II. Äëÿ ïðåäèêàòà V3⇐W ôîðìóëèðóþòñÿ àêñèîìû
êàóçàëüíîé ïîëíîòû (ê.ä.î.ï.ã. [2]) è îñíîâàííàÿ íà
íèõ ïðîöåäóðà àáäóêöèè.

4. Èçó÷åíèå îáùåñòâåííîãî ìíåíèÿ
Îïèøåì òåïåðü, êàêîé ìîæåò áûòü ìîäåëü èçó-

÷åíèÿ îáùåñòâåííîãî ìíåíèÿ ñ ïîìîùüþ îáðàò-
íîãî ÄÑÌ-ìåòîäà.

Ïóñòü çàäàíî ìíîæåñòâî âûñêàçûâàíèé
Ð={p1, ..., pn} (âîïðîñîâ â ñîöèîëîãè÷åñêîé àí-

êåòå), ν - òèï èñòèííîñòíîãî çíà÷åíèÿ (ñì. âûøå),
ν∈{+1, -1, 0, τ}; ïóñòü, äàëåå, ? - îïåðàòîð âîïðîñà.
Òîãäà âûðàæåíèå ?J

ν
pi, ãäå pi∈Ð, åñòü òåðì, ïðåä-

ñòàâëÿþùèé âîïðîñ, pi áóäåì íàçûâàòü êîðíåì âîï-
ðîñà. ?Jνν

pi èíòåðïðåòèðóåòñÿ êàê �Èìååò ëè âûñêà-
çûâàíèå pi  îöåíêó ν?�.

?J
ν
 pi ÿâëÿåòñÿ îáùèì ëè-âîïðîñîì (ïî òåðìè-

íîëîãèè [9], ãäå ðàçâèòà îáùàÿ òåîðèÿ âîïðîñîâ),
òàê êàê ν - ïåðåìåííàÿ, à åãî ïðèìåðàìè ÿâëÿþòñÿ
ñëåäóþùèå ëè-âîïðîñû: ?J1pi, ?J

−1pi, ?J0pi, ?J
τ
pi. Ñî-

îòâåòñòâåííî, ìíîæåñòâî{J1 pi, J−1 pi, J0 pi, Jτ
 pi}, ñëå-

äóÿ [9], áóäåì íàçûâàòü ñóáúåêòîì ëè-âîïðîñà ?J
ν
pi.

Ðàññìîòðèì U(2)={J
ν
pipi∈P, ν∈{+1, −1, 0, τ}},

ïóñòü ⇒1*, *3⇐ - îòíîøåíèÿ, ñîîòâåòñòâóþùèå
ïðåäèêàòàì X⇒1Y, Y3⇐X. U(1) � èñõîäíîå ìíîæå-
ñòâî äèôôåðåíöèàëüíûõ ïðèçíàêîâ, èñïîëüçóåìûõ
äëÿ çàäàíèÿ ñóáúåêòîâ è èõ ñõîäñòâ (âîçìîæíûõ
ïðè÷èí ïîâåäåíèÿ â ñîîòâåòñòâèè ñ ïðèâåäåííûì
âûøå �ïîñòóëàòîì ïîâåäåíèÿ�).

Ïóñòü X1 - ìíîæåñòâî ñóáúåêòîâ, X1⊂ , à
X2 - ìíîæåñòâî âñåõ íåïóñòûõ ïîäìíîæåñòâ ýëå-
ìåíòîâ èç X1.

Ïóñòü Ω = {qjqj = J i
ν 1

( ) p1& ... & J
n
i

ν
( ) pn, i = 1, ...,

4n; ν1
(i), ..., νn

(i) ∈{+1, −1, 0, τ}}, ⇒1*⊆X1×Ω,
*3⇐⊆X2×Ω. Ñîîòâåòñòâåííî, áóäåì ðàññìàòðèâàòü
ïðåäèêàòû: X⇒1Y, Y3⇐X, èìåþùèå óêàçàííóþ
âûøå èíòåðïðåòàöèþ.

Ââåäåì ïðåäèêàò Q(z, X, y): ñóáúåêò X äàåò îòâåò
z íà âîïðîñ y. Îáëàñòü îïðåäåëåíèÿ y - ìíîæåñòâî
ëè-âîïðîñîâ, ñîîòâåòñòâóþùåå U(2); îáëàñòü îïðå-
äåëåíèÿ X - ìíîæåñòâî X1, îáëàñòü îïðåäåëåíèÿ z -
ìíîæåñòâî U(2).

Îáðàòíûé ÄÑÌ-ìåòîä ïîðîæäàåò ãèïîòåçû,
ïîçâîëÿþùèå îòâåòèòü íà âîïðîñû:

(1) �ïî÷åìó ñóáúåêò X äàåò îòâåò Jµ  pi íà âîï-

ðîñ ?J
ν
pi�, ãäå µ  = 〈µ, n〉, µ∈{+1, −1, 0, τ};
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(2) �ïî÷åìó ñóáúåêò X èìååò ìíåíèå qj�, ãäå

qj=

J j
ν 1

( )

p1& ... & J
n
j

ν
( )pn, j = 1, ..., 4n, åñòü îòâåò íà

íàáîð âîïðîñîâ 〈? J j
ν 1

( ) p1, ... ? J
n
j

ν
( )  pn〉, íàçûâàå-

ìûé ìíåíèåì.
Îòìåòèì ñëåäóþùèé èíòåðåñíûé ôàêò: åñëè

âûïîëíÿåòñÿ ê.ä.î.ï.ã äëÿ (+)- è (-)-ãèïîòåç, òî èìååò
ìåñòî óòâåðæäåíèå
∀X∃V∃n(Q(Jµpi,X,?J

ν
pi)→(V⊂X&V≠

∅&J
〈µ, n〉

({Jµpi} 3⇐ V))),  ãäå µ= ±1.
Ýòî óòâåðæäåíèå ñîîòâåòñòâóåò óòâåðæäåíèþ,

÷òî ÄÑÌ-ðàññóæäåíèå åñòü êîíñòðóêòèâíàÿ àðãó-
ìåíòàöèÿ. Ýòî îçíà÷àåò, ÷òî â ðàìêàõ ðàññìàòðèâà-
åìîé ìîäåëè äàåòñÿ àáäóêòèâíîå îáúÿñíåíèå ýëåê-
òîðàëüíîãî ïîâåäåíèÿ (îòâåò íà âîïðîñ �ïî÷åìó?�)
è óêàçûâàþòñÿ ñîîòâåòñòâóþùèå àðãóìåíòû.

Ìîæíî íàäåÿòüñÿ, ÷òî îáúåäèíåíèå ïðåäëîæåí-
íûõ ðàñøèðåíèé ÄÑÌ-ìåòîäà � ñèòóàöèîííîé
ìîäåëè è ìîäåëè èçó÷åíèÿ îáùåñòâåííîãî ìíåíèÿ
� ÿâèòñÿ èíñòðóìåíòîì áîëåå ãëóáîêîãî è ñîäåð-
æàòåëüíîãî êà÷åñòâåííîãî àíàëèçà ñîöèîëîãè÷åñ-
êèõ äàííûõ.

Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå Ðîññèéñêîãî
ãóìàíèòàðíîãî íàó÷íîãî ôîíäà (ïðîåêò ¹ 99-03-
19686à).
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THE JSM METHOD AS A DEVICE OF DATA FUSION
Robert W. Burch

 Ñòàíäàðòíàÿ òåõíèêà èíòåãðàöèè äàííûõ îãðàíè÷å-
íà åå êîëè÷åñòâåííûì õàðàêòåðîì. JSM ìåòîä, ïðåä-
ëîæåííûé Â.Ê.Ôèííîì,  ìîæåò áûòü ðàññìîòðåí
êàê ñïîñîá èíòåãðàöèè äàííûõ, êîòîðûé ÿâëÿåòñÿ
êà÷åñòâåííûì. Äàííàÿ ñòàòüÿ ÿâëÿåòñÿ êðàòêèì èñ-
ñëåäîâàíèåì ìåòîäà Ôèííà.

Standard techniques for data fusion are limited by
being quantitative in character.  The JSM Method of V.
K. Finn can be considered an approach to data fusion
that is qualitative in character.  This report is a brief
survey of Finn�s approach.

1. Introduction
Well-known techniques for data fusion typically

involve the application of methods�statistical
analysis and inference, Bayesian methods, Kalman
Filtering, and the like�that are quantitative. Not all
information, however, is natively numerical. When
information derives, for example, from reports given in
natural language, either written or oral, it is often given
in non-numerical terms.

 Rather than containing or embodying quantities,
such information involves only qualitative
assessments. In order for standard quantitative
methods to apply to such information, the information
must first be converted into some sort of numerical
representation.  This approach gives at best a rough
approximation; at worst it is sheer divination.

Most conversions of qualitative information into
quantitative information presuppose answers to a
variety of prior questions and often are little more than
arbitrary assignments of numbers to qualities. An



14

example of a technique that lies midway between the
best and worst cases is the familiar technique of
assigning ratings based on questionnaires with
multiple-choice entries such as �always,� �usually,�
�sometimes,� �usually not,� and �never.�

For approximately twenty years the research team of
Professor Victor Konstantinovich Finn has been
elaborating and implementing a novel approach to
problems of automating non-deductive reasoning (also
known as plausible inference) that has proved itself in
practice to be extremely powerful. Moreover, Finn�s
approach is fundamentally a qualitative one that bases
itself upon mathematical logic (also known as
�semeiotic methods�) rather than numerical methods.
It also provides techniques for certain types of data
fusion. Unfortunately, outside of Russia knowledge of
Finn�s approach is extremely rare. This report is an
attempt to disseminate knowledge of Finn�s work in
the West.

2. The JSM Method
Finn�s work depends upon a long logico-

philosophical tradition in the theory of inquiry,
experiment, and plausible reasoning. The major thinkers
in this tradition to which Finn refers are Francis Bacon,
John Stuart Mill, Charles Sanders Peirce, and Karl R.
Popper. What Finn finds in these thinkers are patterns
of non-deductive inference that  can be used to
generate hypotheses about complex sets of data. The
resultant interred hypotheses are the fused data.
Thus, in the present context data fusion is the process
of reaching such hypotheses on the basis of raw input
data. The American logician Charles S. Peirce (1839-
1914) coined the word �semeiotic� to designate logico-
linguistic topics. He distinguished at least three types
of non-deductive inference. Induction was basically
statistical inference, inference from sample to population
(by means of the so-called �straight rule�). Abduction
was inference to an explanatory theory or an explaining
cause. Analogy was argument from one thing or group
of things to another that is based on similarity between
the two things or groups. Any general account of non-
deductive inference must certainly provide an account
of all three forms: induction, abduction, and analogy.

Finn�s most recent work argues that his fundamental
technique is a synthesis of all three forms of plausible
inference. Finn calls his technique the �JSM Method
of Automatic Generation of Hypotheses� in honor of
the English thinker John Stuart Mill. Its basic process
has two stages, a stage at which hypotheses are
generated (brought forth, adduced) and a stage at
which hypotheses are either accepted or not accepted.
The context in which Finn�s approach is applied is

reasoning concerning causes and effects of various
phenomena.

More exactly, the JSM Method operates after the
fashion of ideas that were conceived initially by Francis
Bacon in the sixteenth century and were developed
extensively by John Stuart Mill in the nineteenth
century. The methods of causal reasoning elaborated
by Mill are known as �Mill�s Methods of Causal
Reasoning.� These methods include the
Method of Agreement (in three variations: the Direct
Method of Agreement, the Inverse Method of
Agreement, and the Double Method of Agreement),
the Method of Difference, the Joint Method of
Agreement and Difference, the Method of Residues,
and the Method of Concomitant Variation.

Usually, only one of these �Mill�s Methods� is
relevant to the work Finn has completely implemented
so far: the Direct Method of Agreement. In the Direct
Method of Agreement, an effect e is identified and we
are searching for a cause c of this effect. In order to
find c we first list all the situations we know in which e
is present and then look  for the maximal factor c that
is present in these situations. If such a maximal factor c
is found, then the relation found so far between e and
c is that ife then c. Hence, a candidate c for being a
causal condition of a given effect e is found (in the
sense of being a necessary condition for e).

Finn�s approach is to generalize this simple idea of
Mill. At any given stage of constructing causal
hypotheses, that is to say, the crucial task is to construct
the maximal factor that is present whenever the effect
e being investigated (which might be either the
existence or the non-existence of some set of properties)
is present. In order to explicate Finn�s thinking, let us
begin with the basic semeiotic idea of a �formal
language.� A  formal language consists of a set of
symbols (the �vocabulary� of the language), together
with rules of formation for constructing the �well-formed
formulas� (the wfs of the  language). The wfs of a
language represent the propositions or sentences of
the language. A formal language may be a purely
�prepositional� language. Prepositional languages are
the simplest sorts of formal languages. Such languages
are able to express only whole propositions and the
ways in which whole propositions are connected with
one another in order to produce other whole
propositions. A formal language may be a
�quantificational� or �predicational� language (also
known as a �predicate� language). Such languages are
able to express the ways that the parts of individual
propositions are connected with each other in order to
express claims that entities have properties and
interrelationships.

Predicational languages may have very sophisticated
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powers of expression. Indeed, complicated formal
languages have been used to express the general
structure of many subject domains. The languages that
Finn uses to express the subject domains concerning
which hypothesis generation is accomplished are
predicational languages, not merely prepositional
languages.

The signs and the formulas of formal languages are
to be regarded as existing quite independently of any
logical �meanings� or �values� whatsoever that these
signs or sequences of signs might have or might be
given. They are, as such, uninterpreted. The discussion
of languages and their structures, independently of
logical �meanings� or �values,� is known as logical
�syntax.� Syntax is contrasted with logical
�semantics,� which does attend to logical
�interpretations,� �meanings,� or �values.�

Even though logic begins with a language in which
inference is accomplished, there also needs to be a
second language in which to refer to elements of the
first language and in which perhaps to prove theorems
related to the structure of this first language. Such a
second language was called a �metalanguage� by the
Polish logician Alfred Tarski, and theorems about the
structure of the first language he called
�metatheorems.�

The Russian logician Dmitri Bochvar, who was Finn�s
teacher, discovered a way of making metastatements
about a language L with statements in a larger language
L� that itself contains L. The construction is a clever
technical device. Bochvar referred to the first language
as the �internal� language, and he referred to what
serves as the metalanguage as the �external� language.
This usage of Bochvar is retained by Finn. For those
not overly concerned with technical details, the idea is
simply that �internal language� is in effect the object
language, and the �external language� is in effect the
metalanguage for the object language.

When they are supplemented with what is called an
�inferential structure,� formal languages become what
are called �formal theories,� or simply �theories.� An
inferential structure is a set of what are called �axioms�
and a set of what are called �rules of inference.� Hence,
a theory consists of a language, a set of axioms, and a
set of rules of inference. Axioms are intended to express
the most basic truths about the subject domain that a
formal language is designed to represent. Rules of
inference typically have the job of allowing transitions
to be made from the basic truths of a theory to other
truths, which are typically called �theorems� of the
theory. Even after a suitable language is
chosen for a subject domain, the subject domain might

still be represented in various ways, depending on
various choices of axioms and rules of inference for
the language.

One of the most distinctive features of Finn�s
approach is that he uses rules of inference in certain
theory-like constructions�which he calls
�quasiaxiomatic theories�� to express non-deductive
inferences. In particular, his rules express (certain forms
of) inference to causes and (certain kinds of) inferences
by analogy.

Let us now turn to the topic of formal �semantics,�
that is to say, the topic of assigning �interpretations,�
�meanings,� or logical �valuations� to propositions of
a logical language.

The most basic idea of a �meaning� in logic is the
idea of what is called a �truth value.� In two-valued
logic, the truth values are the truth value T and the
truth value F, or the �set of truth values {T, F}.� Here
we regard every proposition as having the one or the
other (but not both) of these two truth values. Also, in
two-valued logic we speak of a truth-
determination of a proposition as being an assignment
to that proposition of a member of the set { T, F}. Thus,
we represent the fact that each proposition of a
prepositional language has one of the two truth-values
T and F by the existence of a function from the set of all
propositions of the language to the set {T, F}. We may
call such a function a �truth-determination function�
or an �interpretation function� or a �valuation
function.�

It is, however, often desirable to have more than two
truth values and a valuation function whose values
are other than (merely) T and F. A logical semantics
with such values is the basis for what is called a �many-
valued logic.� For example the set of truth values might
be {T, F, I}, where �I� is the �indeterminate truth value.�
This set could also be represented as {1,-1, 0} or as {0,
1/2, 1} or in some other way. Valuations need not be
understood as designating some or other degree of
truth; they might, for example, be understood to
represent degrees of confidence in (the truth of) a
proposition. A similar usage may occur, for example,
when probabilities are assigned to propositions. Such
valuation functions as probabilities are infinite-valued;
indeed, in this case the values are the range of real
numbers between 0 and 1, so that the logic is
uncountably infinite valued. In case there are some
truth values other than T, some of them may represent
rather close approximations to truth; we may speak of
the union of the set of these and {T} as being the
�distinguished (or: designated) truth values.� The
union of {F} and the truth values that do not represent
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close approximations to truth we may call the �non-
distinguished (or: non-designated) truth values.� Finn
has employed various multi-valued logical
arrangements to represent certain factors in the process
of constructing hypotheses. A typical arrangement he
has used, for example, is a set of truth values, in which
there two external truth values T and F, and a countably
infinite set of internal truth values of four types, namely
+1, -1, 0, and t. The value-type +1 is used to represent
�factual truth,� -1 is used to represent �factual falsity,�
0 is used to represent �factual conflictedness,� and t is
used to represent indefiniteness. In Finn�s theories the
�external� truth values T and F are used strictly for
what is in effect metalogical appraisals. The truth value
types +1, -1, and 0 (and +1/2 and -1/2, if they are used)
are said to be the definite truth value types or the truth
value types of definiteness; t is said to be the indefinite
truth value type or the truth value type of
indefiniteness.

With such an arrangement Finn represents
information gaps. The truth value type t is assigned to
a proposition when there is no knowledge whether the
proposition is true or false. And the truth value type 0
is assigned to a proposition for which there is both
evidence that it is true and evidence that it is false.

Finn�s basic procedure begins from a database with
incomplete information, which, as we saw, is
represented by assigning the truth value type t to a
proposition. Then, evidence is search-for that may
enable plausible hypotheses to be generated. Such
evidence is used to fill in the missing information with
�good guesses.� If positive evidence is found and no
negative evidence is found, then the truth
value type 1 is assigned. If negative evidence is found
and no positive evidence is found, then the truth value
type -1 is assigned. If both positive and negative
information is found, then the truth value type 0 is
assigned. If neither positive nor negative evidence is
found, then the truth value type is left as t. In general
the process results in the diminution of cases in which
the value t  is assigned. Let us turn briefly to the notion
of a �quasiaxiomatic theory� (QAT). A QAT is like an
axiomatic theory in that it consists of language, axioms,
and rules of inference. But, rather than consisting ofjust
a single language, it consists at a minimum of an
�internal language� and an �external language.� Recall
that the internal language is the language for expressing
the structure of the subject domain and that the external
language expresses the semantics for the internal
language.

The axioms of a quasiaxiomatic theory are stratified.
One subset of the axioms is called the �knowledge,

base.� It in turn consists of axioms of two sorts, �core
axioms� and �specific axioms.� Core axioms contain
the basic axioms that apply to all quasiaxiomatic
theories. Specific axioms encode the general structure
of the subject domain under examination and will vary
from subject domain to subject domain. Each
quasiaxiomatic theory must be �fine-tuned� to the
subject domain it is designed for. Moreover, the
specific axioms do not contain any empirical data about
any of the particular objects of the domain other than
their most general structure. Rather, the empirical data
about individual objects of the subject domain is
contained in another subset of the axioms, which is
called the �database.�

The database contains empirical information about
the particular objects of the subject domain. For any
object and any basic property the database contains
either the information that the object has the property,
the information that the object does not have the
property, or no information at all. In the first event the
proposition that the object has the property is assigned
the truth value type of +1; in the second event it is
assigned the truth value type -1; and in the third event
it is assigned the truth value type t. (In the initial
database there are no assignments representing
conflicting information.) The initial set of all +1 and �1
propositions is sometimes called the �training set� or
�training sample� of the initial database, in accord with
the vocabulary generally used in the theory of machine
learning.

The rules of inference of a quasiaxiomatic theory
divide into rules of reliable (that is, deductive) inference
(RRI�s) and rules of plausible (that is, non-deductive)
inference (RPI�s). Rules of reliable inference specify
how complex properties relate to elementary ones. (A
typical arrangement is that a �property� is understood
simply as a subset of some given set of basic
�attributes.�) Rules of plausible inference are rules of
two types, the first (RPI-1 ) specifying how causal
propositions (causal hypotheses) are to be inferred
from propositions about the properties of objects, and
the second (RPI-2) specifying how predictions about
previously-unknown properties of objects are to be
inferred from causal propositions. These rules will be
given only scant further elaboration here.

What is important to note about the RPI�s is that
they may be formulated in various ways, depending
on the underlying criteria that are used for identifying
causes, that is to say (in effect) which of the group of
Mill�s various methods are being formulated in the
RPI�s. In theory, any subset of the whole class of Mill�s
methods could be used. In practice, however, the use
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of many of Mill�s methods simultaneously quickly
drives us into computational intractability, and the usual
approach is to use only the direct method of agreement
together with a condition called �prohibition of
counterexamples.�

Although the topic of quasiaxiomatic theories is
important to Finn�s thinking, no further discussion of
them will be given here. In fact, as it turns out, there are
ways of formulating the JSM Method that do not use
quasiaxiomatic theories, as Finn�s colleagues have
shown. For this reason, the notion of a quasiaxiomatic
theory (QAT) should not be conflated with the JSM-
Melhod of Automatic Generation of Hypotheses� (the
JSM-MAGH) itself. The two ideas are distinct and
should be kept separate. A QAT is a logical structure
for representing knowledge about a subject domain.
The JSM-Method is a method for constructing
hypotheses.

To employ the JSM Method, we must begin with
some subject domain. This subject domain will contain
entities of some more or less uniform sort. (Perhaps
these are all chemical compounds, perhaps they are all
persons, etc.) The subject domain will also include
various properties that the entities may or may not
have. We may call a specification of the entities of the
subject domain and of the properties that are of interest
to us an �ontology� for the subject domain. An
ontology for the domain naturally involves a
representation of the composition of the entities of the
domain.

In addition to including the entities and the relevant
properties ofthe subject domain, creating a suitable
ontology may be accomplished in various ways.
Indeed, the design of a suitable descriptive and
identifying system of representation for the entities of
a particular subject domain might involve a great deal
of creativity. The goal of an ontology is a system of
representation such that there is a one-to-one
correspondence between descriptions and entities:
every entity has a unique descriptive or specifying
representation in the system. One way, for example, in
which the composition of an entity might be specified
is to stipulate that each entity ofthe subject domain is
to be understood as a set of �elements� or elementary
building blocks. If, ahead of time, we are given the
entire set E of �elements,� then an entity is understood
as being a particular subset of E. Another way that the
composition of an entity might be given is as a vector
or �tuple� whose components are entries of +l (for a
property known to be present), -1 (for a property known
to be absent), or T (for lack of knowledge whether a
property is present or absent).  Ignoring the difference,

therefore, between an entity and its unique
representation, we can introduce the neutral word
�object.� As an object we may consider either an entity
a s
uniquely represented in the ontology, or else the
representation itself of this entity. We can also introduce
the word �subobject,� which means either some proper
part of an entity or else (if one prefers) a fragment ofthe
total representation ofthe entity.

Thus, the entities of the subject domain are expressed
in terms of an ontology of �objects� and their
�subobjects.� An example of objects might be chemical
compounds, and an example of subobjects might be
certain parts of chemical compounds, such as covalent
bonds, benzine rings, (OH)- radicals, and the like. The
language of representation might be some more or less
standard form of representation of chemical
compounds, such as three-dimensional chemical
diagrams (graphs), the representations of Chemical
Markup Language, or the like. A typical way Finn
represents chemical compounds is as a set of
�pharmacophors,� which are standard structural
chemical features that have been found by chemists
and pharmacologists to be associated with varieties of
pharmacological activity.

There is one feature of any ontology of a subject
domain, however, that is absolutely crucial if the JSM
Method is to be applied to the domain. Finn expresses
this necessary feature by saying that the ontology must
admit the definition of an �operation of similarity.� This
means that the ontology is expressible in terms of a
semi-lattice. This crucial idea will not be explained in
any detail here, but it is necessary in order to define
the rules of plausible inference. Finn, in formulating
this requirement, is implementing the idea that, in Mill�s
direct method of agreement, the candidate for being a
cause is the maximal set of features
that are common to all the cases in which a given effect
is present. This maximal set of features in Mill�s work is
expressed in the idea of the meet operation of a
downward semi-lattice.

As Finn uses the words, �a similarity� of a set of
various objects means a subobject that all the objects
of the set have in common. Finn�s �operation of
similarity� is an operation that, when applied to any
finite collection of objects, produces the maximal
subobject that all the objects of the set have in common.
That is to say, the operation of similarity produces the
maximal similarity of the objects in the collection. Finn
has an additional distinction between a �local� and a
�global� similarity.  A (more exactly: the) local similarity
of a set of objects is their maximal set of common



18

features.  A global similarity is best defined by showing
how  one is found.  We begin with a set of objects; we
then find the local similarity of this set of objects (their
maximal set of common features); then we find the
maximal set of objects that have this maximal set of
common features.  At this point we have found a pair,
which consists of a set of features and a set of objects.
The set of features is the maximal set of features
possessed by every object in the set of objects; and
the set of objects is the maximal set of objects each of
which possesses every one of the features in the set of
features.  Such a pair is called by Finn a �global
similarity.�  By referring to the entire set of global
similarities Finn is able to formulate rules of plausible
inference that enable predictions to be made
concerning which objects have which sets of
properties.

The point of insisting on an operation of similarity is
simple: in order to construct a candidate for the cause
of a given property (more generally: of a given set of
properties) in an object, we consider the collection of
all the objects that do have this property (or: this set
of properties), and we find their maximal similarity (that
is, the maximal subobject that all these objects have).
This maximal similarity is a good candidate for being a
cause of the presence of the property in an object. For
example, if in all chemical compounds (the objects) that
are basic (the property under investigation), we find
that there is an (OH)- radical (a similarity) and that there
is nothing further that all these objects have in common
(the similarity is maximal), then having an (OH)- radical
is a good candidate for being a cause of being basic.
(Finn�s actual rules also require that having an (OH)-
radical not be common to all the objects that are not
basic in order that having an (OH)- radical be a good
candidate for being a cause of being basic; but this
point can be left ignored in the present context.)

To repeat what was said about the first stage of the
JSM Method: the first, inductive, sort of step generates
hypotheses about causes, while the second, analogical,
sort of step generates hypotheses about possessed
properties.

The rules for the two kinds of hypothesis generation
are said to be rules of plausible inference of the first
sort (RPI- 1) and rules of plausible inference of the
second sort (RPI-2), respectively. Here we leave the
rules of the first and second sorts unspecified. The
fundamental idea is that at the completion of each step
of application of the JSM Method to a subject domain
we have a particular (perhaps new) state of knowledge
about the domain. Each state of knowledge divides
into knowledge about the properties possessed by

objects�let us call it Ã knowledge�and knowledge
about the causal relations of subobjects to sets of
properties�let us call it D knowledge.

The fundamental idea of the first stage of the JSM
Method is to use Ã knowledge at one step to
hypothesize as to D knowledge at the next step, and
then to use the D knowledge at this step to hypothesize
as to Ã knowledge at the still next step. The process
zigzags from Ã to D and back again to Ã, over and over
until stabilization is achieved.

We begin the whole process with some initial
database or base of facts about the subject domain.
Each determinate fact in this initial database says that
some particular object possesses some particular
property or that some particular object does not
possess some particular property. There will also be
what we might call �indeterminate facts,� or
(more precisely) facts about the indeterminacy of facts.
These �quasi-facts,� as we might also call them, express
the incomplete information with which the process
begins. In the ontology for the subject domain, there
will of course be many objects and many properties. In
some cases we do not know whether a particular object
possesses a particular property, so we have incomplete
information. Let us consider every possible pair of the
form (object, property). Then, to any such pair we assign
the truth value type 1 if the object is known to have the
property, -1 if the object is known not to have the
property, and T if it is not known whether the object
has or does not have the property. Thus, such an
assignment constitutes our initial database. The initial
database will contain no assignments of 0 (for
contradictoriness, or conflictedness); so it contains
no overt information about conflictedness of properties
in objects, although it may covertly (that is, by
implication) contain information which might lead us
to hypothesize such at a later point.

Also, the initial database contains no overt
information about the causes of the presence or absence
of properties in objects, although by virtue of
containing information about the properties of objects
(and because our ontology contains information about
the subobjects of objects), the initial  database may
covertly (that is, by implication) contain causal
information. We may represent the fact that the initial
database contains no overt causal information as
follows. Let us consider every possible pair of the form
(subobject, set of properties). Let us agree to the
following: to any such pair we assign the truth value
type 1 if the subobject is known to be a cause of the
presence of the set of properties in an object, -1 if the
subobject is known to be a cause ofthe absence of the
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set of properties in an object, and T if it is not known
whether the subobject is or is not a cause of the set of
properties in an obiect. Since we are assuming that the
initial database contains no overt causal information,
all such pairs will end up being assigned the value
type T in the initial database.

It is at this point that Finn�s four types of (internal)
truth values are related to the countably infinite set of
(internal) truth values themselves. A truth value in
Finn�s sense is an ordered pair <v, n>, where v is one
of the types of truth values: 1, -1, 0, and t, and where n
is a non-negative integer. This non-negative integer is
a representative of the step of the application of rules
of plausible inference of sort I or sort 2 at which a type
of truth value is assigned to a proposition. Hence, what
it means for a proposition to have the truth value <v,
n> is simply for that proposition to be assigned the
truth value v at step n of application of the rules (of
either sort). Propositions together with truth values
whose second entry is 0 are simply the facts of the
initial database S0 (more specifically of Ã0). Propositions
together with truth values whose second entry is an
integer greater than 0 are hypotheses that are generated
asconclusions of the rules of plausible inference at
some step.

Now that we have discussed the first stage
(hypothesis-adducing) of the JSM Method, we are now
ready to discuss its second stage (hypothesis-testing
and acceptance or rejection). When stabilization is
reached at the end of the first stage, a test is performed
to check on the explanatory adequacy of the sets of
formed hypotheses. This test is based on what Finn
calls the �Axiom of Causal Completeness� (ACC).

The ACC test is simple. After stabilization we look at
all the facts in the training sample of the initial
database, that is at all the pairs of the form (object,
property) such that they initially had assigned to them
the truth value type +1 or the truth value type -1. After
stabilization each such fact should be �explained� by a
relevant hypothesis. What it means for (such) a fact to
be explained is the following. If the fact has the truth
value type +1, then there must be some hypothesis
that causally connects one of the subobjects of
the relevant object to the presence of the property. If
the fact has the truth value type -1, then there must be
some hypothesis that causally connects one of the
subobjects of the relevant object to the absence of the
property. The ACC test is passed if and only if every
fact in the initial database is thus explained. The test
can be made more exacting by requiring not only that
the facts of the initial database be explained by a
relevant causal hypothesis but also that the generated

predictions about the properties of objects be so
explained. This more demanding form of ACC seems to
be favored in Finn�s recent work.

If the ACC test is passed, then the hypotheses are
accepted for sufficient reason; if the ACC test is not
passed, then the hypotheses are either rejected or else
they tire accepted for insufficient reason. If the
hypotheses are rejected, then this fact may signal that
the �training sample� of facts in the original database
was too small or was otherwise insufficient. In this
case, the original database needs to be either expanded
or replaced before the JSM Method can yield useful
resultant hypotheses.

It has been demonstrated repeatedly, however, that
when the initial database is reasonably fertile, even if it
be small, the JSM Method can yield powerful and useful
results that can be �accepted for sufficient reason.�

3 Conclusion
The JSM Method represents genuine progress. It

has, just to take one example, a facility for handling
data that is qualitative rather than numerical in a way
different from, and often superior to, statistical methods.
It seems to be quite superior to statistical methods in
connection with . qualitative data that are not easily or
naturally put into numerical form, and it can produce
useful results on databases that contain only small
amounts of information. In its techniques for classifying
objects, and by implication for forming concepts, it is a
useful supplement to statistical methods of cluster
analysis, which require the invention of a metric for
data that are already numerical in form.

Moreover, the JSM Method of Automatic Generation
of Hypotheses is a straightforward, well-motivated set
of techniques whose rationale is obvious and whose
range of applicability is wide. Additionally, it can be
readily formulated in terms other than those of a
quasiaxiomatic theory. Moreover, its basic ideas are
not very difficult to implement computationally.

The JSM Method points to an avenue of approach
to data fusion that can lead along many different
particular paths, all united by the fact that methods of
mathematical logic are crucial in them. It is a method
that has been continually ongoing and changing in
the hands of Finn and his colleagues.

Perhaps the most difficult thing to accomplish in
applying and computerizing the JSM Method is to find
a suitable ontology for the subject domain in such a
way that the relevant rules of non-deductive inference
can be formulated for it. In general, this task must be
done �by hand tailoring� or �fine-tuning� the JSM
Method to each separate subject domain.

Finn�s research team at VINITI in Moscow maintains
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an active research program for developing new JSM
systems of application  of the fundamental ideas and
techniques of the JSM Method.  Research domains
include not only chemistry and pharmacology but also
sociology and social psychology.  Such a wide range
of  topics as these topics display indicates the extremely
broad area  of potential applications of this system of
automatic plausible  reasoning.

ÂÈÐÒÓÀËÜÍÛÅ ÎÒÄÅËÅÍÈß Â ÃÎÑÏÈÒÀËßÕ
Tamas Gergely
Ëàáîðàòîðèÿ ïðèêëàäíîé ëîãèêè
VIRTUAL DEPARTMENTS IN HOSPITALS
Tamas Gergely
Applied Logic Laboratory

Âèðòóàëüíûå îòäåëåíèÿ â ãîñïèòàëÿõ  ïîäðàçóìå-
âàþò êîìïüþòåðèçàöèþ îòäåëåíèÿ è ñíàáæåíèå åãî
ñîòðóäíèêîâ (âðà÷åé, ñïåöèàëèñòîâ, ìåäèöèíñêèõ
ñåñòåð, ïàöèåíòîâ è ò.ä.) âñåìè íåîáõîäèìûìè äàí-
íûìè, èíôîðìàöèåé è çíàíèÿìè. Âèðòóàëüíûå îò-
äåëåíèÿ ìîãóò áûòü èñïîëüçîâàíû äëÿ òàêèõ öåëåé
êàê îáó÷åíèå è òðåíèðîâêà, ïîääåðæêà ñîâìåñòíûõ
ðàáîò ìåäèöèíñêîãî ïåðñîíàëà â äàííîé îáëàñòè,
îáåñïå÷åíèå ìåäèöèíñêîãî óõîäà óíèêàëüíûì îá-
ðàçîì.

Â ðàáîòå îïèñàíà îäíà èç âèðòóàëüíûõ ìîäåëåé
ìåäèöèíñêîé îðãàíèçàöèè. Äëÿ îáîñíîâàíèÿ èñ-
ïîëüçîâàíèÿ ýòîé ìîäåëè,  ðàçëè÷íûå ïîòåíöèàëü-
íûå òèïû âèðòóàëüíûõ ìîäåëåé áóäóò ïðîàíàëèçè-
ðîâàíû. Îäíîâðåìåííî ïîêàçàíî, êàê äîëæåí áûòü
îðãàíèçîâàí âèðòóàëüíûé îòäåë è êàêèå ïðåèìóùå-
ñòâà èìåþò ðàçëè÷íûå òèïû âèðòóàëüíîñòè.

Ñïåöèàëüíîå âíèìàíèå áóäåò ïîñâÿùåíî àíàëèçó
òèïîâ âîçìîæíûõ èíôîðìàöèîííûõ ñèñòåì, êîòî-
ðûå ñëóæàò â êà÷åñòâå èíôîðìàöèîííîé áàçû äëÿ
âèðòóàëüíîãî êëèíè÷åñêîãî îòäåëà.

Ðàññìîòðåíû âîçìîæíûå ñïîñîáû ðåàëèçàöèè
ñîçäàíèÿ âèðòóàëüíîãî îòäåëà.

A virtual hospital department means the computer
representation of a department and its actors
(physicians, specialists, nurses, patients etc.) together
with all the necessary data, information and knowledge.
A virtual department may be used for different purposes
such as education and training, support of the
collaborative work of medical staff in a given discipline,
provision of medical care in a unique way.

In order to explain the types of virtuality a model of a
healthcare organisation will be described. By the use
of this model the potential types of virtuality will be
investigated. At the same time it will be shown how a

virtual department can be organised and how it can
advance from one type of virtuality to another.

Special attention will be devoted to the analysis of
the types of possible information systems that serve
as an informatics basis of a virtual clinical department.

The realisation of a virtual department means the
way it can be used. Different possibilities of realization
will also be considered.

1. Introduction
Informatics as one of the main active forces of today

provides efficient facilities to satisfy new requirements
in healthcare. The requirements appear on the one hand
due to the development of clinical medicine and due to
health policy on the other. Some of these requirements
are as follows:

♦ To organise the collaborative work of a medical
staff in a certain discipline without establishing the
corresponding department,

♦ to introduce a new approach and the
corresponding discipline into a hospital without
organising a separate department for it;

♦ to organise hospitals in a more economical way
by using informatic facilities as much as possible even
for organising and making the departments and the
whole organisation function [1];

♦ to organise distributed health service on the
basis of  a given discipline by using efficient methods
of telemedicine [2].

To satisfy all these requirements an efficient
information handling and processing method is required
that permit to work with the information imprinting of
real clinical situations. Thus appropriate tools are
needed to substitute some real clinical situations with
their information models, at least partially.

The quick progress of the technical facilities for
networks and of the technology for knowledge-based
systems allows the partial substitution of real situations
by their information models in more and more areas.
Under certain conditions these models provide virtual
situations for the actors of the corresponding areas.
The conditions of using virtuality appear gradually
even in health care. However, due to the specificities
of health care virtuality can be introduced only after
thorough preparation.

In order to understand how virtuality may appear a
model of medical organisations will be described in the
form of two interacting spaces: the activity space and
the information one. By the use of this model we can
also answer the questions:

♦ What are the conditions of the appearance of
virtuality?
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♦ What types of virtuality may appear?
This model also helps to explain how virtuality works

in the case of health care. It supports the consideration
of both aspects the information representation and the
realization of virtuality, respectively.

At the end it will be shown how a virtual department
can be organised and how it can advance from one
type of virtuality to another.

2. The space model
A clinical department has its two characteristic

spaces; the information and the activity. The work of a
department takes place in these spaces. The
functioning of a department takes place in its activity
space. The latter consists of the staff and those
physical objects and tools that are used in the course
of treatment and other processes that take place in the
organization. At the same time the elements of the
structure of an activity space and the events are fixed
in the form of information. All the information about
the activities is collected and processed in the
information space. Hence the prescriptions and
protocols of the activities also belong to this space.

However, the information space contains information
and knowledge related to

♦ Medical professional activities, such as
- relevant biomedical disciplines, that contain

theories, models, facts and cases;
- clinical theories, methods and cases with

appropriate analysis;
- data processing methods;
- reasoning and decision making methods for clinical

use;
♦ Organization activities, such as
- activity organisation,
- report generation,
- management;
♦ Infrastructure.
The activity and information spaces are strongly

interrelated to each other. While the functioning of a
department takes place in its activity space, it is still
under the influence of its information space. In other
words, the results of this functioning appear in the
activity space and at the same time are represented in
the information space.

In order to standardise the work, i.e. the activities in
the activity space, appropriate prescriptions and
protocols can be given in the information space for
controlling the activities. Moreover, the methods of
analysis and monitoring can be also fixed in the form of
guidelines. The unification of the staff�s activity in a
department makes the latter more efficient. Now if the
entire activity space is condensed in the information

space we will have an informational copy of the
department in question.

Communication necessarily takes place in the
information space itself. So information is generated
and transmitted as the element of information space.
However, only such information is considered that is
recorded and available repeatedly for several people.
In principle we could also put in the information space
information existing only in the mind of the actors of
the activity space, or the one sounded without getting
fixed, but this would contradict to the criterion of
availability. Therefore information sounded inside a
communication space but not recorded in proper use
does not belong to the information space.

Gathering, storing, processing, and transmitting
information takes place in the information space.
Connections among the departments and the actors
are realized through these. A major part of the economic
and financial connections is realized this way as well.

Recording of information always generates a
mapping between the activity space and the information
space even if this mapping is not complete and is not
unfailingly exact. Structures of the elements (data
ensembles) of the information space correspond to the
elements of activity space. Series of the elements of
the information space, that is time series correspond to
the processes. There is also a correspondence between
the structure of activity space and the information
space, e.g. access authority defined in the information
space reflects the competency lattice of the activity
space to a certain extent. Recording data creates
mapping and fineness of the mapping is determined by
what is recorded. Mapping need not be complete even
in case of proper use. Not every event is relevant to
the functioning of the organization, to the goals of the
mapping.

Participants of the activity space play a double role
concerning the information space: they are information
producers and/or information consumers. Both roles
are determined by activities done in the activity space.
The source of information is the measures and
observations necessary to the operation of the activity
space or conclusions and decisions of the participants
(actors) of the information space. Information
generation acts from the activity space towards
information space. At the same time the information
space influences the activity space, since the actors of
the activity space use in their work the information
recorded in the information space. However the
information space also generates processes that run in
the information space. Their execution creates roles
that are connected to the activity space only through



22

the information space (e.g. the whole accounting is
such). The processes that take place exclusively in the
information space transform information.

Activity space can be organized through the
information space. The knowledge ensuring the
operation of an organization becomes a part of the
information space through being put into official
documentation (e.g. technological descriptions,
Structural Operational Regulations, job descriptions,
etc.). These documents describe details of the activity
space normatively, that is they say what type of certain
components and what processes should take place and
how and with which results they should flow. By this
they characterize the activity space, and influence it.
Therefore we say that knowledge assuring the
operation of the organization put into official
documents constitute the normative segment of the
information space. Normative segment of the
information space is guiding the operation of the
activity space, and the comparison of the normative
specification with the maps of the reflected activities is
the control.

The connections of activity space and information
space are as follows:

Mapping: The elements of the information space
correspond to some components of the activity space.
Namely information generation, that is information
gathering and recording form such a mapping that acts
from the activity space toward the information space;

Information consumption: the actors of the activity
space use in the course of their activity information
from the information space that is recorded as abstract
expressions. This relation is the inverse of mapping;

Influencing: normative prescriptions recorded in the
information space are guiding the processes of the
activity space.

Processes taking place inside the information space
are of two types:

Information processing: Information producing
processes creating new information from the
information that is realized in the information space.
(Sometimes it is difficult to separate the processes of
activity space and the processes of the information
space. Sometimes a process is realized in both at the
same time.)

Control: comparing data to the normative regulation.
Information space is not formed spontaneously from

the activity space. As the information space is created
only from the appropriately recorded information and
is available regularly in a controlled way the information
space is to be planned, realized and maintained.
Therefore during the planning of the information space

of an organization the following demands are to be
kept in mind:

Information-consumption necessary for the
operation of the information space must be satisfied.

All the processes taking place inside the information
space must be met.

These demands are even more important when we
intend to concentrate the activity space in an
information unit in order to develop a virtual space of
activities.

3. Virtual department
The evolution of the use of IT in medicine has reached

the current situation where both the activity and
information spaces can be represented in an information
unit. This unit is considered as a virtual clinical
department (VCD).

The representation of an information space may be
in the forms of the documents necessary for recording
data, e.g. about the patients.

The information space represents the organisation
of a hospital together with the department structure.
The patients of a hospital may be grouped according
to this structure. However, the classification may be
done in a different way too, since information may be
grouped according to different aspects and principles.
Thus a group of patients can also be defined that belong
only to a virtual department.

Recent developments in IT allow making a normative
segment of the information space independent.
Guidelines, represented knowledge and reasoning
methods map a huge part of the care.

The development of a virtual department may start
with the definition of a given group of patients together
with all the necessary administrative data handling
methods. Then an independent and so portable
normative segment may be added to complete the
development of a virtual department. Thus a virtual
department will be an actively operating unit of the
hospital.

A virtual department contains data, information,
knowledge and reasoning methods. Data are the results
of measuring or observation. By interpreting data in
the corresponding elements of knowledge we obtain
information. Facts and cases are examples of
information, while models; theories, methods and
algorithms are examples of knowledge. Reasoning
consists of all the processes of data and information
manipulation like relationship extraction, inference,
argumentation etc. The four constituents may deal with
the organization or patients or medical science and
practice.

Depending on the level of presence of the above
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constituents we distinguish the following types of VCD:
Administrative VCD, where reasoning methods are

mainly oriented on data and information manipulation
with respect to the organization and to a certain degree
with respect to patient�s data. That is, a VCD of this
type, virtuality concerns common data and information
handling for an organization that exists only virtually.
This VCD is administrative in the sense that it supports
the administrative functions of the department. Here
reasoning is connected to data management.

Professional VCD, where medical professional
aspect appears in the information system implicitly.
Algorithms, structure of questioners and data models
and other elements of the system may embody pieces
of medical knowledge. Reasoning represented by data
processing algorithms that deal mainly with patient
data. However, the system can receive, provide and
process data in an interpreted way, so it also executes
information management.

Intelligent VCD, where medical knowledge is
represented explicitly and appropriate reasoning tools
support professional work. Therefore here virtuality is
also armed with knowledge management.

Therefore, in VCD, we distinguish data, information
and knowledge management that are strongly related
to the corresponding data and knowledge bases.

Note that there is also a special educational function
for VCD. A specially developed VCD can be used for
training and education and here the patient records
can be handled as virtual patients. If we put into an
information unit all the information we know about the
mechanism of a disease and all the relevant knowledge
about the process evaluation of certain parameters we
can define a virtual patient of given parameters. A virtual
patient is a model of a patient either with respect to a
given disease or with respect to a certain status of the
organism of the patient. A virtual patient may be used
as an experimental entity or a modelling object.

4. The informatic support of VCD
Since VCDs are realized as special information

systems let us see a classification of these systems in
order to make the above classification of VCDs clear.
We distinguish four types of information systems
depending on the functions they may provide.

The administrative system provides the following
functions:

♦ Data collection,
♦ Data storage
♦ Data processing
♦ Report generation.
In this type of information systems data management

is dominant.
The professional system supports the following

functions additionally to the aforesaid:
♦ Definition of professionally important data. The

data in this case will be discipline oriented.
♦ Collection of professionally determined data in

the form of questionnaires.
♦ Information organization in the form of the

description of medical cases
♦ Information handling.
In this type of information systems data and

information management is dominant but elements of
knowledge management also appear through the cases
accumulated during the practice. Moreover,
professional knowledge is embodied during the system
development when the questionnaire is determined and
the structure of the cases is fixed.

The partner system supports the following functions
additionally to the aforesaid:

♦ Advising different members of the staff on
guidelines and protocols.

♦ Decision making support with respect to
guidelines and protocols.

♦ Controlling the order of the professional actions
given in guidelines and protocols

In this type of information systems knowledge
management becomes as important as data and
information management and support of reasoning
processes appears in the decision-making. Professional
knowledge is embodied into the system as a knowledge
base that contains the rules that help to realise
guidelines and protocols in all possible situations.

The intelligent partner system supports the
following functions additionally to the aforesaid:

♦ Information and knowledge acquisition.
♦ Support of the reasoning processes with various

methods such as deductive, inductive and abductive.
Knowledge management is dominant in this type of

information systems. These information systems
perform professional functions as well as support
reasoning and decision-making.

Depending on the information system that serves as
the informatic basis for a VCD we can distinguish the
following types of VCDs:

♦ Data oriented administrative VCD (with an
administrative information system).

♦ Information oriented professional VCD (with a
professional information system).

♦ Weakly knowledge oriented VCD (with partner
information system).

♦ Knowledge oriented VCD (with intelligent
partner information system).
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5. Realisation of VCD
The VCDs are also differing in the way they may be

realised. The use of a VCD presupposes its embedding
into real clinical situations. This embedding means that
the constituents (representations of the information
and activity spaces) of a VCD should be mapped into
the existing objects and actors of an actual real situation.

5.1 Projection of the constituents of a VCD.
The realisation of a VCD is the projection of its

constituents.
The realisation of the virtual information space

should be done in the following order:
1. It will be projected into the information space

of the real clinical situation,
2. It will be made compatible with the real

information space by defining appropriate interfaces,
3. Appropriate communication that involves the

virtual information space into the functioning of the
clinic in question will be defined.

To realise the virtual activity space the following steps
should be taken:

1. The organization should be adequately defined.
2. Adequate actors that can realise the given

prescriptions should be selected.
3. The information projection of the activities

should be defined.
4. An appropriate infrastructure should be

organised for the implementation of the actions.
5. Communication should be appropriately

organized.
5.2 Realisation of different types of VCD
The realisation of different type of VCD will be

different. The common aspects of the realisation are as
follows:

♦ The organization represented by VCD should
be projected onto the real organization and if it is
necessary a compromise should be defined.

♦  The infrastructure should be projected onto
the infrastructure of the realising place that may be e.g.
one or more clinical departments.

♦ All the data and information that will be
generated during the realized functioning should be
collected in the database of the VCD. Of course, this
database may be distributed among the databases of
the realizing departments, but in this case it should be
virtually handled by the VCD.

♦ The represented knowledge should be
transferred to the medical staff and interpreted by it.
I.e. specialists of various levels of the given discipline
of the VCD should interpret it.

In our approach a VCD can be realized in three
different ways:

    1. Directly at the patient�s home. In this case the
actors may be in the surroundings of the patient. In
this case all the components of a given VCD may be
further placed in a distance from the home in question
and the constituents will be realized when they are
needed. The connection may be occasional or
permanent through the Internet.

    2. Through real medical departments. E.g. in such
a realization all the patient records may be controlled
by the given VCD. Physically, records may be in the
database of the departments but as a whole it belongs
to the VCD. Moreover, VCD realizes case analysis and
consultations in teleconferencing among the
professionals of different departments. Therefore in
the real departments the VCD under realization provides
a common background for

♦ Handling patient�s data in a uniform way;
♦ Establishing common case demonstration and

discussion;
♦ Using a given tool kit for data analysis and

processing.
♦ Developing a unique database.
Therefore this type of realization of VCD may take

place in various departments, such that the patients
physically belong to the realizing department, but all
the actions (diagnostics and treatment) will be done in
combination with the prescriptions and protocols of
the VCD. Members of the staff of the involved
departments may have two different kinds of role
depending on the VCD to be realized. The first one is
related to the staff with members who are professional
in the discipline of the VCD. In this case these members
of different departments will realize the necessary
actions. This part of the staff can be organised into a
unique discussion group. The realization of the VDC is
nothing but a distributed department with a unique
information space. All data processing takes place either
according to the needs of the staff or by the
prescriptions of VCD.

The second kind of role is when such type of VCD is
to be realised that provides reasoning and data
processing tools, too. The realization does not require
professionals in the discipline in question. It is enough
to have in the realising departments professionals who
understand the discipline in question and can realize
the prescriptions and guidelines with understanding
and responsibility. Here the consultation may be
realized even with the participation of the intelligent
models of the VCD. All the data information are
collected and processed by the VCD. Among others
this processing results in knowledge maintenance and
acquisition on the basis of the accumulated cases.
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Therefore the realization of a VCD depends on the
type of system that represents it. This means that the
simplest VCD is the one where the computer supports
the patient records and all the knowledge in the
corresponding discipline belongs to the staff. The next
step is the professional VCD, where the virtual system
supports the specialist with appropriate questionnaires
and guidelines. However the latter are only in virtual
form. The computer support of the guidelines permits
to control the staff behaviour and/or advices the
appropriate steps.

3. In a virtual hospital form, where a VCD is realized
when it is required by the state of a patient. In this case
all the constituents should be adequately realized
starting from the realisation of the organisation. This
can be done in a hotel-based structure using matrix
principles [1]. In this case in the same structure different
virtual disciplines given as VCD can be realized.

6. Virtual immunological department
In clinical practice a new situation has appeared. The

traditional nosological approach in more and more
cases is inadequate. Due to the growth of the external
and internal pollution people�s organism became
overactive i.e. allergic. This often changes the morbidity
and so the course of a disease will be different from
case to case. Therefore treatment requires an individual
approach. The solution in this situation is to add a
special discipline to enforce and support the
nosological approach. The required approach exists in
immunology with appropriate methods to give more
accurate diagnosis and to provide individually optimal
treatment that could be used as adjuvant toolset for
most of the clinical disciplines (see e.g. [3]). Thus the
organisation of a virtual immunological department can
improve the efficiency of a clinic. Such a virtual
immunological department is under development in the
Military Hospital, Budapest.
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ÒÅÎÐÅÒÈ×ÅÑÊÎÅ È ÝÊÑÏÅÐÈÌÅÍÒÀËÜÍÎÅ

ÑÐÀÂÍÅÍÈÅ ÀËÃÎÐÈÒÌÎÂ
ÏÎÑÒÐÎÅÍÈß ÌÍÎÆÅÑÒÂÀ
ÏÎÍßÒÈÉ È ÅÃÎ ÄÈÀÃÐÀÌÌÛ ÕÀÑÑÅ
Ñ. À. Îáúåäêîâ
ON THEORETICAL AND EXPERIMENTAL
COMPARISON OF ALGORITHMS GENERATING THE
SET OF ALL CONCEPTS AND ITS LINE DIAGRAM
S. A. Ob''edkov

Several algorithms that generate the set of all formal
concepts and line (Hasse) diagrams of concept  lattices
are revIewed. Algorithmic complexity of the algorithms
was studied both theoretically (in the worst case) and
experimentally. The results of this study are presented.
Conditions of preferable use of some algorithms are
given in terms of density/sparsity of underlying  formal
contexts.

1. Îñíîâíûå îïðåäåëåíèÿ
Â ôîðìàëüíîì àíàëèçå ïîíÿòèé (Formal Concept

Analysis, FCA) [Ganter et al., 1998] ôîðìàëüíûé êîí-
òåêñò îïðåäåëÿåòñÿ êàê òðîéêà <G, M, I>, ãäå G - ìíî-
æåñòâî îáúåêòîâ, M - ìíîæåñòâî ïðèçíà-
êîâ, MGI ×⊆   .

Äëÿ

GA ⊆

  è

MB ⊆

:

 

( ){ }ImgAgMmA ∈∈∀∈= ,|'

;

 ( ){ }ImgBmGgB ∈∈∀∈= ,|'  .
Ôîðìàëüíîå ïîíÿòèå ôîðìàëüíîãî êîíòåêñòà <G,

M, I> åñòü ïàðà (A, B), ãäå GA ⊆  , 

MB ⊆

 , A' = B è
B' = A. A íàçûâàåòñÿ îáúåìîì, à B - ñîäåðæàíèåì
ïîíÿòèÿ (A, B).

Çàäà÷à ÄÑÌ-ìåòîäà àâòîìàòè÷åñêîãî ïîðîæäåíèÿ
ãèïîòåç [Ôèíí, 1991] ìîæåò áûòü ñôîðìóëèðîâàíà
â òåðìèíîëîãèè FCA ñëåäóþùèì îáðàçîì. Ðàññìàò-
ðèâàþòñÿ ïîëîæèòåëüíûé <G+, M, I+> è îòðèöàòåëü-
íûé <G-, M, I-> êîíòåêñòû, ÿâëÿþùèåñÿ òàêîâûìè
îòíîñèòåëüíî íåêîòîðîãî öåëåâîãî àòðèáóòà: îáúåê-
òû ïîëîæèòåëüíîãî êîíòåêñòà îáëàäàþò ñâîéñòâîì,
îáîçíà÷àåìûì ýòèì àòðèáóòîì, à îáúåêòû îòðèöà-
òåëüíîãî êîíòåêñòà - íå îáëàäàþò. Ãèïîòåçà ÄÑÌ-
ìåòîäà î ïðè÷èíå äàííîãî ñâîéñòâà ôîðìóëèðóåò-
ñÿ êàê ñîäåðæàíèå ïîíÿòèÿ ïîëîæèòåëüíîãî êîíòåê-
ñòà, íå âõîäÿùåå íè â êàêîå ñîäåðæàíèå îòðèöàòåëü-
íîãî ïîíÿòèÿ (ãèïîòåçà ñ çàïðåòîì íà êîíòð-ïðè-
ìåð). Ïîñòðîåíèå ÄÑÌ-ãèïîòåç ïîäðàçóìåâàåò èñ-
ïîëüçîâàíèå àëãîðèòìà ïîðîæäåíèÿ âñåõ (èëè, ïî
êðàéíåé ìåðå, íåêîòîðûõ) ïîíÿòèé.

Íà ìíîæåñòâå ïîíÿòèé îïðåäåëåí ÷àñòè÷íûé ïî-
ðÿäîê:

( ) ( )DCBA ,, ≤

  , åñëè CA ⊆  , ÷òî ýêâèâàëåíòíî
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(è ñîîòâåòñòâóþùèé ñòðîãèé ïîðÿäîê <); â
ýòîì ñëó÷àå ïîíÿòèå (A, B) íàçûâàåòñÿ ìåíåå îá-
ùèì, ÷åì ïîíÿòèå (C, D). Ãîâîðÿò, ÷òî ïîíÿòèå X
ÿâëÿåòñÿ ñîñåäîì ïîíÿòèÿ Y ñíèçó ( ), åñëè X
< Y è íå ñóùåñòâóåò ïîíÿòèÿ Z, òàêîãî ÷òî X < Z < Y.
Ìíîæåñòâî ïîíÿòèé ôîðìàëüíîãî êîíòåêñòà îáðà-
çóåò ðåøåòêó. Äèàãðàììà Õàññå - ñòàíäàðòíûé ñïî-
ñîá ïðåäñòàâëåíèÿ ðåøåòêè. Äèàãðàììîé Õàññå äëÿ

êîíòåêñòà (G, M, I) íàçûâàåòñÿ ïàðà ( ) �,,, IMGL  ,
ãäå L(G, M, I) - ìíîæåñòâî ïîíÿòèé êîíòåêñòà (G, M, I),
à  �  - îïðåäåëåííîå âûøå îòíîøåíèå.

2. Îáçîð àëãîðèòìîâ ïîðîæäåíèÿ ïîíÿòèé
Â ëèòåðàòóðå óäåëÿåòñÿ áîëüøîå âíèìàíèå ïðî-

áëåìå ïîñòðîåíèÿ ìíîæåñòâà ïîíÿòèé è äèàãðàì-
ìû Õàññå äàííîãî êîíòåêñòà. Èçâåñòíî, ÷òî ÷èñëî
ïîíÿòèé ìîæåò áûòü ýêñïîíåíöèàëüíûì ïî îòíî-
øåíèþ ê ðàçìåðó èñõîäíîãî êîíòåêñòà, à âû÷èñëå-
íèå ýòîãî ÷èñëà ÿâëÿåòñÿ #P-ïîëíîé çàäà÷åé. Ïîýòî-
ìó, ñ òî÷êè çðåíèÿ ñëîæíîñòè â õóäøåì ñëó÷àå, îï-
òèìàëüíûì ìîæíî ñ÷èòàòü àëãîðèòì, ïîðîæäàþ-
ùèé âñå ïîíÿòèÿ è/èëè ñòðîÿùèé äèàãðàììó ïîíÿ-
òèé çà âðåìÿ ëèíåéíîå îò ðàçìåðà âõîäíîãî êîíòåê-
ñòà. Ñ äðóãîé ñòîðîíû, "ïëîòíûå" êîíòåêñòû, ãäå
÷èñëî ïîíÿòèé ýêñïîíåíöèàëüíî, íå ñòîëü ÷àñòî
âñòðå÷àþòñÿ íà ïðàêòèêå. Íàìè áûëî ïðîâåäåíî
òåîðåòè÷åñêîå è ýêñïåðèìåíòàëüíîå ñðàâíåíèå àë-
ãîðèòìîâ, ïîçâîëèâøåå âûÿâèòü îáñòîÿòåëüñòâà, â
êîòîðûõ òå èëè èíûå àëãîðèòìû ðàáîòàþò áûñòðåå
ïðî÷èõ.

Â áîëüøèíñòâå ñëó÷àåâ îêàçàëîñü âîçìîæíûì
ïðåäëîæèòü ñóùåñòâåííûå óëó÷øåíèÿ è äîïîëíå-
íèÿ ê îðèãèíàëüíûì âåðñèÿì ðàññìàòðèâàåìûõ àë-
ãîðèòìîâ. Òîëüêî äâà àëãîðèòìà â îðèãèíàëüíîé
ôîðìóëèðîâêå ñòðîÿò äèàãðàììó Õàññå; îêàçàëîñü
âîçìîæíûì, íå íàðóøàÿ ñëîæíîñòíûõ îöåíîê, ìî-
äèôèöèðîâàòü ïðî÷èå àëãîðèòìû ñ òåì, ÷òîáû èõ
òàêæå ìîæíî áûëî èñïîëüçîâàòü äëÿ ïîñòðîåíèÿ
äèàãðàììû.

Àëãîðèòìû äåëÿòñÿ íà äâå êàòåãîðèè: ïîøàãîâûå
àëãîðèòìû [Carpineto et al., 1996], [Godin et al., 1995],
[Norris, 1978], íà I-îì øàãå ñòðîÿùèå ìíîæåñòâî
ïîíÿòèé èëè äèàãðàììó Õàññå äëÿ ìíîæåñòâà, ñî-
ñòîÿùåãî èç ïåðâûõ I îáúåêòîâ èñõîäíîãî êîíòåê-
ñòà, è ïàêåòíûå àëãîðèòìû [Bordat, 1986], [Chein,
1969], [Ganter, 1984], [Lindig, 1999], [Çàáåæàéëî è äð.,
1987], [Êóçíåöîâ, 1993], ñòðîÿùèå ìíîæåñòâî ïîíÿ-
òèé è åãî äèàãðàììó ñðàçó äëÿ âñåãî ìíîæåñòâà èñ-
õîäíûõ îáúåêòîâ. Êðîìå òîãî, äàííûå çàäà÷è îáû÷-
íî ðåøàþòñÿ â ðàìêàõ îäíîé èç ñòðàòåãèé: ñâåðõó
âíèç (îò ìàêñèìàëüíîãî îáúåìà ê ìèíèìàëüíîìó)

èëè ñíèçó ââåðõ (îò ìèíèìàëüíîãî îáúåìà ê ìàêñè-
ìàëüíîìó).

Ê ïàêåòíûì àëãîðèòìàì îòíîñÿòñÿ àëãîðèòì Áîð-
äà [Bordat, 1986] è åãî ìîäèôèêàöèè, ðàáîòàþùèå â
ñòðàòåãèè ñâåðõó âíèç: ñíà÷àëà ïîðîæäàåòñÿ ïîíÿ-
òèå ñ ìàêñèìàëüíûì îáúåìîì, çàòåì äëÿ êàæäîãî
ïîðîæäåííîãî ïîíÿòèÿ ñòðîÿòñÿ åãî ñîñåäè ñíèçó.
Ýòè àëãîðèòìû ðàçëè÷àþòñÿ ñïîñîáîì ïîðîæäåíèÿ
ñîñåäåé ñíèçó è ìåõàíèçìàìè, ïîçâîëÿþùèìè ïðå-
äîòâðàòèòü ïîâòîðíîå ïîðîæäåíèå íåêîòîðûõ ïî-
íÿòèé. Ïàêåòíûå àëãîðèòìû Ãàíòåðà [Ganter, 1984] è
"Çàìûêàé ïî îäíîìó" [Êóçíåöîâ, 1993] ðàáîòàþò â
ñòðàòåãèè ñíèçó ââåðõ è èñïîëüçóþò ïîíÿòèå êàíî-
íè÷íîñòè ïîðîæäåíèÿ, îñíîâàííîå íà ëåêñèêîãðà-
ôè÷åñêîì ïîðÿäêå, ÷òî ïîçâîëÿåò ýôôåêòèâíî ðàñ-
ïîçíàâàòü ñëó÷àè ïîâòîðíîãî ïîðîæäåíèÿ. Ýòè àë-
ãîðèòìû èìåþò âðåìåííóþ ñëîæíîñòü, ëèíåéíóþ
îò ÷èñëà ïîíÿòèé.

Ñðåäè ïîøàãîâûõ àëãîðèòìîâ îñîáîãî âíèìàíèÿ
çàñëóæèâàþò àëãîðèòìû Íîððèñà [Norris, 1978] è
Ãîäàíà [Godin et al., 1995]. Ïåðâûé èç íèõ òàêæå ëè-
íååí îò ÷èñëà ïîíÿòèé è ïî ñóòè ÿâëÿåòñÿ ïîøàãî-
âûì âàðèàíòîì àëãîðèòìà "Çàìûêàé ïî îäíîìó".
Ñëîæíîñòü àëãîðèòìà Ãîäàíà â õóäøåì ñëó÷àå êâàä-
ðàòè÷íà îòíîñèòåëüíî ÷èñëà ïîíÿòèé, ÷òî äåëàåò
íåöåëåñîîáðàçíûì ïðèìåíåíèå ýòîãî àëãîðèòìà
äëÿ ïîñòðîåíèÿ äèàãðàììû áîëüøèõ è "ïëîòíûõ"
êîíòåêñòîâ (êîíòåêñòîâ, ãäå |I| íå ñëèøêîì ìàëî ïî
ñðàâíåíèþ ñ |G×M| ). Îäíàêî â ñëó÷àå ðàçðåæåííûõ
êîíòåêñòîâ àëãîðèòì Ãîäàíà ðàáîòàåò ëó÷øå ïðî-
÷èõ àëãîðèòìîâ.

3. Ðåçóëüòàòû ýêñïåðèìåíòàëüíîãî ñðàâíåíèÿ
Áûëî ïðîâåäåíî òùàòåëüíîå ýêñïåðèìåíòàëüíîå

ñðàâíåíèå âûøåíàçâàííûõ è íåêîòîðûõ äðóãèõ àë-
ãîðèòìîâ íà êîíòåêñòàõ ðàçëè÷íûõ ðàçìåðîâ è ïëîò-
íîñòè, êîòîðîå ïîêàçàëî, ÷òî âûáîð àëãîðèòìà äëÿ
ïîñòðîåíèÿ ìíîæåñòâà ïîíÿòèé è äèàãðàììû Õàñ-
ñå èìååò ñìûñë ñîîòíîñèòü ñî ñâîéñòâàìè èñõîä-
íûõ äàííûõ. Îáùèé ïðèíöèï òàêîâ: àëãîðèòì Ãîäà-
íà ñòîèò ïðèìåíÿòü íà ìàëûõ ðàçðåæåííûõ êîíòåê-
ñòàõ; â ñëó÷àå ïëîòíûõ êîíòåêñòîâ ðàçóìíî èñïîëü-
çîâàòü àëãîðèòìû, îñíîâàííûå íà ëèíåéíîé ïî âðå-
ìåíè îò ÷èñëà èñõîäíûõ îáúåêòîâ ïðîâåðêå êàíî-
íè÷íîñòè: "Çàìûêàé ïî îäíîìó", Íîððèñà. Íàøà
ðåàëèçàöèÿ àëãîðèòìà Áîðäà äåìîíñòðèðóåò õîðî-
øèå ðåçóëüòàòû íà êîíòåêñòàõ ñðåäíåé ïëîòíîñòè,
îñîáåííî ïðè ïîñòðîåíèè äèàãðàììû Õàññå.

Ðåçóëüòàòû òåîðåòè÷åñêîãî è ýêñïåðèìåíòàëüíî-
ãî ñðàâíåíèÿ àëãîðèòìîâ èçëîæåíû áîëåå ïîäðîá-
íî â [Kuznetsov et al., 2000].
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BIOCHEMISTRY KNOWLEDGE FOR INTELLIGENT
SYSTEMS OF JSM-TYPE
E.S. Pankratova

Èíòåëëåêòóàëüíàÿ ñèñòåìà (ÈÍÒÑ) ÄÑÌ [1] ïðåä-
ñòàâëÿåò ñîáîé èíòåãðèðîâàííóþ èíòåðàêòèâíóþ
ñèñòåìó, â êîòîðîé íà áàçå ðàçâèòîãî ëîãèêî-ìàòå-
ìàòè÷åñêîãî îáåñïå÷åíèÿ, ðåàëèçóþùåãî ÄÑÌ-
ìåòîä àâòîìàòè÷åñêîãî ïîðîæäåíèÿ ãèïîòåç (ÀÏÃ),
îñóùåñòâëÿåòñÿ èíòåëëåêòóàëüíàÿ îáðàáîòêà èí-
ôîðìàöèè, ïðåäñòàâëåííîé â ÁÄ ñ íåïîëíîé èíôîð-
ìàöèåé (ÁÄÍÈ) è â ÁÇ. ÈÍÒÑ ÄÑÌ ïðèìåíÿåòñÿ äëÿ
ïðîãíîçèðîâàíèÿ ñâîéñòâ ñòðóêòóðèðîâàííûõ
îáúåêòîâ â ÁÄÍÈ äëÿ çàäà÷è ôàðìàêîëîãèè, òåõíè-
÷åñêîé äèàãíîñòèêè è ñîöèîëîãèè.

ÈÍÒÑ ÄÑÌ îòëè÷àåòñÿ îòêðûòîñòüþ ðåøàþùèõ
ñðåäñòâ, ò.å. âîçìîæíîñòüþ íàñòðàèâàòü åå íà ïðåä-
ìåòíóþ îáëàñòü. ÈÍÒÑ ÄÑÌ ïðèìåíÿëàñü ðàíåå äëÿ
ðåøåíèÿ çàäà÷è ïðîãíîçèðîâàíèÿ çàâèñèìîñòè
�ñòðóêòóðà õèìè÷åñêîãî ñîåäèíåíèÿ - ìíîæåñòâî
áèîëîãè÷åñêèõ àêòèâíîñòåé� è óñïåøíî èñïîëüçî-
âàëàñü ýêñïåðòàìè - ôàðìàêîëîãàìè.

Â íàñòîÿùåå âðåìÿ èññëåäóåòñÿ âîçìîæíîñòü ïðè-
ìåíåíèÿ ÈÍÒÑ ÄÑÌ â íîâîé ïðåäìåòíîé îáëàñòè.

Öèòîëîãè÷åñêèå è öèòîõèìè÷åñêèå èññëåäîâàíèÿ
[2] ìîãóò äàòü äîñòàòî÷íîå ïðåäñòàâëåíèå îá ýôôåê-
òèâíîñòè ïðîòèâîîïóõîëåâîé õèìèîòåðàïèè êàê â
õîäå ëå÷åíèÿ, òàê è ïîñëå íåãî. Â òî æå âðåìÿ î÷åíü
âàæíî îïðåäåëÿòü ýôôåêòèâíîñòü àíòèáëàñòè÷åñêèõ
ïðåïàðàòîâ ïåðåä ëå÷åíèåì, ÷òîáû âûáðàòü íàèáî-
ëåå ïîäõîäÿùèé èç íèõ â êàæäîì îòäåëüíîì ñëó÷àå.
Íî ââèäó ìíîãîîáðàçèÿ ìîðôîëîãè÷åñêèõ ïðèçíà-
êîâ äèñòðîôèè êëåòêè âîçíèêàþò òðóäíîñòè ïî èõ
îáúåêòèâíîé îöåíêå. Íåêîòîðûå èññëåäîâàòåëè ââè-
äó íåâîçìîæíîñòè îäíîâðåìåííîãî îõâàòà âñåõ
ìîðôîëîãè÷åñêèõ ïðèçíàêîâ, èäóò ïî ïóòè  ìèíè-
ìèçàöèè êîëè÷åñòâà çíà÷èìûõ (ïî èõ ìíåíèþ) ïðè-
çíàêîâ. Ïðè ýòîì, åñòåñòâåííî, íå âñå îáúåêòèâíûå
äàííûå  ó÷èòûâàþòñÿ ïðè ïðèíÿòèè îêîí÷àòåëüíî-
ãî ðåøåíèÿ.

Âñå ìîðôîëîãè÷åñêèå ïðèçíàêè, õàðàêòåðèçóþ-
ùèå ïîâðåæäåíèå êëåòêè öèòîñòàòèêàìè, ìîæíî
ðàçäåëèòü íà ãðóïïîâûå, îòðàæàþùèå ðàñïîëîæå-
íèå îïóõîëåâûõ êëåòîê â èññëåäóåìîì ïðåïàðàòå, è
íà ïðèçíàêè, õàðàêòåðèçóþùèå îòäåëüíóþ êëåòêó è
åå ñòðóêòóðíûå ýëåìåíòû: ÿäðî, öèòîïëàçìó, ÿäðûø-
êè, ò.å. ïðèçíàêè êëåòêè.1  Òàêèì îáðàçîì, âîçìîæ-
íî ñòðóêòóðèðîâàííîå îïèñàíèå îïóõîëè, - êàê ìíî-
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æåñòâà ìîðôîëîãè÷åñêèõ ïðèçíàêîâ.
Î÷åíü âàæíî îïðåäåëÿòü ýôôåêòèâíîñòü àíòèáëà-

ñòè÷åñêèõ ïðåïàðàòîâ ïåðåä ëå÷åíèåì, ÷òîáû âûá-
ðàòü íàèáîëåå ïîäõîäÿùèé èç íèõ â êàæäîì îòäåëü-
íîì ñëó÷àå.

Ñ öåëüþ áîëåå òî÷íîãî âûÿâëåíèÿ öèòîëîãè÷åñ-
êèõ ïðèçíàêîâ, õàðàêòåðèçóþùèõ èíäèâèäóàëüíóþ
÷óâñòâèòåëüíîñòü, áîëüíûå  ðàçäåëÿþòñÿ íà òðè ãðóï-
ïû ñîîòâåòñòâåííî äàííûì ðàäèîèíäèêàöèè:

1) ñ ÷óâñòâèòåëüíûìè îïóõîëÿìè, ò.å. ñ âûðàæåí-
íîé èíãèáèöèåé ñèíòåçà ÄÍÊ è/èëè ÐÍÊ ïîä âëèÿ-
íèåì íåñêîëüêèõ õèìèîïðåïàðàòîâ è ñî ñëàáî âû-
ðàæåííîé ÷óâñòâèòåëüíîñòüþ ê íåñêîëüêèì õèìè-
îïðåïàðàòàì;

2) ñ îïóõîëÿìè, íå÷óâñòâèòåëüíûìè íè ê îäíîìó
èç ïðîâåðåííûõ õèìèîïðåïàðàòîâ;

3) ñ îïóõîëÿìè, ìàëî÷óâñòâèòåëüíûìè ê îäíîìó
èëè íåñêîëüêèì õèìèîïðåïàðàòàì èëè áîëåå ÷óâ-
ñòâèòåëüíûìè òîëüêî ê îäíîìó èç íèõ.

Ó÷èòûâàÿ ïåðå÷èñëåííûå ñâåäåíèÿ î ïðåäìåòíîé
îáëàñòè, ìû ïðåäëàãàåì ñëåäóþùóþ âîçìîæíóþ
ïîñòàíîâêó ÄÑÌ-çàäà÷è.

Îáúåêòîì â òåðìèíîëîãèè ÄÑÌ ÿâëÿåòñÿ ìíî-
æåñòâî ìîðôîëîãè÷åñêèõ ïðèçíàêîâ, õàðàêòåðèçó-
þùèõ èñõîäíóþ öèòîëîãè÷åñêóþ êàðòèíó. Âîçìî-
æåí òàêæå âàðèàíò äâóõêîìïîíåíòíîãî îáúåêòà, ãäå,
êðîìå öèòîëîãè÷åñêîé êàðòèíû, ó÷èòûâàåòñÿ àíòè-
áëàñòè÷åñêèé ïðåïàðàò (ñóùåñòâóåò íåñêîëüêî
ôîðì ïðåäñòàâëåíèÿ åãî õèìè÷åñêîé ñòðóêòóðû).

Ñâîéñòâî - íàëè÷èå èëè îòñóòñòâèå òåðàïåâòè÷åñ-
êîãî ýôôåêòà (èëè, äðóãèìè ñëîâàìè, îïðåäåëåíèå
èíäèâèäóàëüíîé ÷óâñòâèòåëüíîñòè îïóõîëè).

Ãèïîòåçà 1-ãî ðîäà â òåðìèíîëîãèè ÄÑÌ ïðåä-
ñòàâëÿåò ñîáîé ñëåäóþùåå óòâåðæäåíèå: �ñîâîêóï-
íîñòü ìîðôîëîãè÷åñêèõ ïðèçíàêîâ îïóõîëè ÿâëÿåò-
ñÿ ïðè÷èíîé ïîëîæèòåëüíîãî/îòðèöàòåëüíîãî òåðà-
ïåâòè÷åñêîãî ýôôåêòà îò ââåäåíèÿ íåêîòîðîãî õè-
ìè÷åñêîãî âåùåñòâà �.

 Â ðåçóëüòàòå ðàáîòû ñèñòåìû ïðåäëàãàåòñÿ ïðî-
ãíîç: �áóäåò ëè òåðàïåâòè÷åñêèé ýôôåêò îò âîçäåé-
ñòâèÿ êîíêðåòíîãî õèìè÷åñêîãî ïðåïàðàòà íà êîíê-
ðåòíóþ ðàçíîâèäíîñòü îïóõîëè, îïèñàííóþ â âèäå
ìíîæåñòâà ìîðôîëîãè÷åñêèõ ïðèçíàêîâ2 �.

Âîçìîæíîñòü ïðîâåäåíèÿ ïîäîáíîé ðàáîòû çàâè-
ñèò îò ïðåäîñòàâëåíèÿ êîíêðåòíûõ äàííûõ èç öèòî-
ëîãè÷åñêèõ ëàáîðàòîðèé, êîòîðûõ ìû â íàñòîÿùåå
âðåìÿ åùå íå èìååì.

    1 Â  îïèñàíèè öèòîëîãè÷åñêîé êàðòèíû ó÷àñòâó-
åò áîëåå 80 ìîðôîëîãè÷åñêèõ ïðèçíàêîâ.

2 Áîëåå ïîëíîé ýòà çàäà÷à áûëà áû ñ ïðèâëå÷åíèåì
äàííûõ îá èñòîðèè áîëåçíè êîíêðåòíîãî áîëüíîãî.
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ÍÎÂÀß ÂÅÐÑÈß ÔÊÑÏ È ÅÅ ÏÐÈÌÅÍÅÍÈÅ
Â.Ã. Áëèíîâà, Ä.À. Äîáðûíèí
A NEW VERSION OF FCSS-NOTATION AND ITS
APPLICATIONS
V.G. Blinova, D.A. Dobrynin

ßçûê ÔÊÑÏ (ôðàãìåíòàðíûé êîä ñóïåðïîçèöèé
ïîäñòðóêòóð) èñïîëüçóåòñÿ äëÿ îïèñàíèÿ ñòðóêòó-
ðû õèìè÷åñêèõ ñîåäèíåíèé è ïðåäñòàâëåíèÿ èõ â
ôîðìå, ïðèãîäíîé äëÿ êîìïüþòåðíîé îáðàáîòêè.
Ýòîò ÿçûê áûë ïðåäëîæåí Â.Â.Àâèäîíîì â íà÷àëå
70-õ ãîäîâ. Îí ïðåäíàçíà÷åí äëÿ äèñêðåòíîãî îïèñà-
íèÿ õèìè÷åñêîãî ñîåäèíåíèÿ â âèäå íàáîðà âñåõ
èìåþùèõñÿ â íåì ïîäñòðóêòóð, ïðåäñòàâëÿþùèõ
ñîáîé öåíòðû ëîêàëèçàöèè ïè-ýëåêòðîíîâ, êàê-òî:
ãåòåðîàòîìû èëè àðîìàòè÷åñêèå öèêëè÷åñêèå ñèñ-
òåìû, êîìïëåêñû êðàòíûõ óãëåðîäíûõ ñâÿçåé, ñîåäè-
íåííûå ìåæäó ñîáîé öåïüþ àòîìîâ óãëåðîäà. Ýòè
ïîäñòðóêòóðû, íåñóùèå ýëåñòðîñòàòè÷åñêèé çàðÿä,
ÿâëÿþòñÿ àêòèâíûìè öåíòðàìè, êîòîðûå ïîòåíöè-
àëüíî ìîãóò âçàèìîäåéñòâîâàòü ñ ðåöåïòîðàìè ôåð-
ìåíòîâ, îòâå÷àþùèõ çà õèìè÷åñêèå ðåàêöèè âíóò-
ðè æèâûõ îðãàíèçìîâ.   Òàêèì îáðàçîì, ïðè êîäè-
ðîâàíèè ñ ïîìîùüþ ÔÊÑÏ ìîëåêóëÿðíàÿ ñòðóêòó-
ðà õèìè÷åñêîãî âåùåñòâà ïðåîáðàçóåòñÿ âî ìíîæå-
ñòâî ñèìâîëüíûõ äåñêðèïòîðîâ, êîòîðûå íåñóò ïî-
ëåçíóþ èíôîðìàöèþ î åãî áèîëîãè÷åñêèõ ñâîéñòâàõ.

 Â íàñòîÿùåå âðåìÿ ðåàëèçîâàíà íîâàÿ âåðñèÿ
êîäèðîâùèêà ÔÊÑÏ, êîòîðàÿ èìååò ñëåäóþùèå îò-
ëè÷èòåëüíûå îñîáåííîñòè îò ïðåäûäóùåé âåðñèè,
ñîçäàííîé Ëåéáîâûì À.  :

♦ äëÿ ïðåîáðàçîâàíèÿ â íàáîð äåñêðèïòîðîâ
ÔÊÑÏ õèìè÷åñêîå ñîåäèíåíèå äîëæíî áûòü ïðåä-
ñòàâëåíî ôàéëîì â MDL-ôîðìàòå. Äàííûé ôîðìàò
ÿâëÿåòñÿ ìåæäóíàðîäíûì ñòàíäàðòîì è ïîääåðæè-
âàåòñÿ ìíîãèìè õèìè÷åñêèìè ðåäàêòîðàìè.

♦ íàáîð àêòèâíûõ öåíòðîâ, êîòîðûå èñïîëüçó-
þòñÿ ïðè ïîñòðîåíèè äåñêðèïòîðîâ ÔÊÑÏ êîäà,
ìîæíî èçìåíÿòü.

♦ êîäèðóþòñÿ ïîëèöèêëè÷åñêèå ñòðóêòóðû
ïóòåì ðàçáèåíèÿ íà öåïî÷êè èç öèêëîâ ðàçëè÷íîé
äëèíû. Âîçìîæíîñòü ñðàâíåíèÿ ìåæäó ñîáîé ïî-
ëèöèêëè÷åñêèõ ñòðóêòóð ñèëüíî ðàñøèðÿåò îáëàñòü
ïðèìåíåíèÿ ÔÊÑÏ êîäà.

♦ ïðè êîäèðîâàíèè õèìè÷åñêîãî ñîåäèíåíèÿ
ñîõðàíÿþòñÿ è ìîãóò áûòü èñïîëüçîâàíû â äàëüíåé-
øåì ïðèâÿçêè ÔÊÑÏ äåñêðèïòîðîâ ê àòîìàì è ñâÿ-
çÿì, êîòîðûå îáðàçóþò äàííûé äåñêðèïòîð.
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Íîâàÿ âåðñèÿ ÔÊÑÏ êîäèðîâùèêà ðåàëèçîâàíà â
âèäå íåçàâèñèìîãî ìîäóëÿ íà ÿçûêå Ñ++. Ýòî ïî-
çâîëÿåò ëåãêî âñòðàèâàòü äàííûé ÔÊÑÏ êîäèðîâùèê
â ðàçëè÷íûå ñèñòåìû, èñïîëüçóþùèå ÔÊÑÏ êîä â
êà÷åñòâå ÿçûêà ïðåäñòàâëåíèÿ õèìè÷åñêèõ ñîåäèíå-
íèé.

Â íàñòîùèé ìîìåíò ÔÊÑÏ êîäèðîâùèê èñïîëü-
çóåòñÿ â íîâîé ñèñòåìå àíàëèçà ñòðóêòóðà-àêòèâ-
íîñòü ñ ïîìîùüþ ÄÑÌ-ìåòîäà ïîðîæäåíèÿ ãèïî-
òåç ñ âèçóàëèçàöèåé èñõîäíûõ õèìè÷åñêèõ ñîåäèíå-
íèé è ïîëó÷åííûõ ãèïîòåç â âèäå ïðîñòðàíñòâåí-
íûõ 3D ñòðóêòóð. Â êà÷åñòâå èñõîäíûõ äàííûõ èñ-
ïîëüçóåòñÿ íàáîð ôàéëîâ MOL ôîðìàòà. Îäíî ñî-
åäèíåíèå ïðåäñòàâëÿåòñÿ îäíèì ôàéëîì. Äëÿ ïðà-
âèëüíîãî êîäèðîâàíèÿ ñîåäèíåíèå, ïðåäñòàâëåííîå
MOL ôàéëîì, äîëæíî âêëþ÷àòü â ñåáÿ àòîìû âîäî-
ðîäà, óêàçàííûå â ÿâíîì âèäå. Êðîìå òîãî, äëÿ êîð-
ðåêòíîãî ïðåäñòàâëåíèÿ ðåçóëüòàòîâ ýêñïåðèìåíòà
â âèäå ïðîñòðàíñòâåííûõ 3D ñòðóêòóð, àòîìû ìîëå-
êóëû äîëæíû èìåòü èñòèííûå èëè áëèçêèå ê íèì
òðåõìåðíûå êîîðäèíàòû. Îáà ýòè òðåáîâàíèÿ âû-
ïîëíÿþòñÿ, åñëè ïîäãîòîâêó èñõîäíûõ äàííûõ ïðî-
âîäèòü ñ ïîìîùüþ òðåõìåðíîãî õèìè÷åñêîãî ðåäàê-
òîðà. Àâòîðàìè èñïîëüçîâàëñÿ øèðîêî ðàñïðîñò-
ðàíåííûé ðåäàêòîð HiperChem, êîòîðûé ïîçâîëÿåò
ñòðîèòü è îïòèìèçèðîâàòü òðåõìåðíûå ìîëåêóëû
õèìè÷åñêèõ ñîåäèíåíèé.

Ïîñëå ïîäãîòîâêè èñõîäíûõ ôàéëîâ ñîåäèíåíèé,
îíè çàãðóæàþòñÿ â áàçó äàííûõ ýêñïåðèìåíòà. Ïðè
çàãðóçêå íåçàìåòíî äëÿ ïîëüçîâàòåëÿ îñóùåñòâëÿ-
åòñÿ ïðåîáðàçîâàíèå èñõîäíîãî ñîåäèíåíèÿ âî ìíî-
æåñòâî äåñêðèïòîðîâ ÔÊÑÏ êîäà. Ðåàëüíàÿ ñêîðîñòü
ïðåîáðàçîâàíèÿ â ÔÊÑÏ êîä òàê âûñîêà, ÷òî ïðàê-
òè÷åñêè íå çàìåòíà äëÿ ïîëüçîâàòåëÿ.

Ñâîéñòâà íîâîé ðåàëèçàöèè ÔÊÑÏ êîäèðîâùèêà
ïîçâîëÿþò èñïîëüçîâàòü åãî äëÿ ñèñòåìû èññëåäî-
âàíèÿ áèîòðàíñôîðìàöèé. Â îòëè÷èå îò ïåðâîãî
âàðèàíòà íà âõîä êîäèðîâùèêà ïîäàåòñÿ MOL ôàéë,
â êîòîðîì ïðèñóòñòâóþò äîïîëíèòåëüíûå ïàðàìåò-
ðû - ïðèçíàêè ïîìå÷åííûõ àòîìîâ. Àëãîðèòì êîäè-
ðîâàíèÿ îòëè÷àåòñÿ òåì, ÷òî äëÿ òåõ äåñêðèïòîðîâ
ÔÊÑÏ, êîòîðûå ñîäåðæàò ïîìå÷åííûå àòîìû, ñî-
çäàþòñÿ êîïèè ñ ìîäèôèöèðîâàííûì èìåíåì äåñê-
ðèïòîðà. Íàïðèìåð, â íà÷àëî ñòðîêè òàêîãî äåñê-
ðèïòîðà äîáàâëÿåòñÿ êàêîé-íèáóäü ñèìâîë. Òàêîé
äâîéíîé íàáîð äåñêðèïòîðîâ ïîçâîëÿåò â ðåçóëüòà-
òå äàëüíåéøåãî ýêñïåðèìåíòà îòñëåäèòü îêðóæåíèå
âûäåëåííûõ àòîìîâ ìîëåêóëû. Ïðè èññëåäîâàíèè
ðåàêöèé áèîòðàíñôîðìàöèè íóæíî îïðåäåëèòü, ïðè
êàêîì îêðóæåíèè, ò.å. íàëè÷èè êàêèõ äîïîëíèòåëü-
íûõ öåíòðîâ èäåò ðåàêöèÿ ñ êîíêðåòíûì âûáðàí-
íûì öåíòðîì ìîëåêóëû. Äâîéíîå ÔÊÑÏ êîäèðîâà-

íèå ïîçâîëÿåò ýôôåêòèâíî ðåøèòü ýòó çàäà÷ó.

ÏÎÈÑÊ ÑÒÐÓÊÒÓÐÛ Â ÒÅÊÑÒÅ ÎÃËÀÂËÅÍÈß
Ñ.Â. Èçðàéëèò
ñïåöèàëèçàöèÿ "Èñêóññòâåííûé èíòåëëåêò", ÔÏÌÝ,
ÌÔÒÈ.
TEXT STRUCTURE ANALYSIS FOR TABLES OF
CONTENTS
S.V. Israilit

1. Ââåäåíèå - öåííîñòü äàííîé ðàáîòû
Êàê èçâåñòíî, ñèñòåìàòèçàöèÿ èíôîðìàöèè ñåãîä-

íÿ ÿâëÿåòñÿ îäíîé èç âàæíåéøèõ çàäà÷ ðàçâèòèÿ. Â
ýòîì ñâåòå ñòàíîâèòñÿ âàæíûì êëàññèôèöèðîâàòü
òåêñòû è èõ ôðàãìåíòû, íàõîäèòü è óçíàâàòü ñòðóê-
òóðíûå îáðàçîâàíèÿ â òåêñòå.

Ñóùåñòâóåò ðÿä ñòåðåîòèïîâ, ñâÿçàííûõ ñ îôîð-
ìëåíèåì òåêñòîâ, êîòîðûå ñîäåðæàò íàáîð ðàçëè÷-
íûõ ïî ñâîåìó ñìûñëîâîìó ñîäåðæàíèþ ýëåìåí-
òîâ. ×åëîâåê, ñòðåìÿñü ñäåëàòü òåêñò áîëåå íàãëÿä-
íûì, íåñîçíàòåëüíî èëè íàìåðåííî âûäåëÿåò ðàç-
íûå ýëåìåíòû, âûðàâíèâàÿ ïî-ðàçíîìó, øðèôòîì,
ñïåöèàëüíûìè ñèìâîëàìè, àêöåíòèðóÿ âíèìàíèå
æèðíûì øðèôòîì èëè êóðñèâîì è ò.ä. À ðàç òàê, òî
ïîäîáíûå çàêîíîìåðíîñòè ìîãóò áûòü âûÿâëåíû,
îïèðàÿñü íà ýòè ñòåðåîòèïû, â ÷àñòíîñòè ìåòîäîì
ïðàâäîïîäîáíûõ ðàññóæäåíèé Â.Ê. Ôèííà [1].

2. Ïîñòàíîâêà çàäà÷è è íåîáõîäèìûé ôîðìàëèçì
Äëÿ ïðèìåíåíèÿ ÄÑÌ-ìåòîäà ïðàâäîïîäîáíûõ

ðàññóæäåíèé ìû äîëæíû ñôîðìóëèðîâàòü íåêîòî-
ðîå ïîëå ñâîéñòâ òåêñòîâîãî ôðàãìåíòà, ÷òîáû çà-
òåì ðåàëèçîâàòü ïðîöåäóðó ïîèñêà è âûÿâëåíèÿ
ñõîäñòâà ïî ýòîìó êðóãó ñâîéñòâ. Ýòîò âîïðîñ ÿâëÿ-
åòñÿ êëþ÷åâûì â äàííîé ðàáîòå, ïîñêîëüêó òåêñò â
÷èñòîì âèäå ñîäåðæèò áîëüøîå êîëè÷åñòâî èíôîð-
ìàöèè, îðãàíèçàöèÿ ïîèñêà ñâîéñòâ ïî êîòîðîé, âå-
ðîÿòíî, áåññìûñëåííà. Òàêèì îáðàçîì, íàì ñëåäó-
åò àáñòðàãèðîâàòüñÿ îò îòäåëüíûõ øðèôòîâ, ôîðì,
èëè ïîçèöèé ôðàãìåíòîâ (à òåì áîëåå îò îòäåëüíûõ
áóêâ), è îïåðèðîâàòü òîëüêî èçáðàííûì íàáîðîì
ïðîñòûõ õàðàêòåðèñòèê êàæäîãî ôðàãìåíòà òåêñòà.

Â äàííîé ðàáîòå íàèìåíüøèì ôðàãìåíòîì òåê-
ñòà ñ÷èòàåòñÿ ñëîâî. Íà âõîä àëãîðèòìà ðàçáîðà ïî-
äà¸òñÿ ñëîâî è ìèíèìàëüíûé íàáîð ïðèçíàêîâ, â
÷àñòíîñòè, êîîðäèíàòû åãî àáñòðàêòíîãî ðàñïîëî-
æåíèÿ íà ëèñòå äîêóìåíòà, íîìåð øðèôòà, öâåòà è
ðàçìåðà ïî (íåêîòîðîìó ôèêñèðîâàííîìó íàáîðó).
Òî÷íîå îïèñàíèå âõîäíîãî ôîðìàòà ïðåäñòàâëåíî
â ïðèëîæåíèè 1.

Ñàìóþ ÿâíî âûðàæåííóþ ñòðóêòóðó èìåþò ðàç-
ëè÷íûå îò÷¸òû, ñïèñêè, îãëàâëåíèÿ. Ïîýòîìó áóäåì
ðàññìàòðèâàòü çäåñü îáðàáîòêó îäíîãî èç íèõ, íà-
ïðèìåð, îãëàâëåíèÿ.
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Èòàê, â íàøåì èñõîäíîì ôàéëå ìû èìååì îãëàâ-
ëåíèå. Îñíîâíîé çàäà÷åé ðàñïîçíàâàíèÿ ñëåäóåò
îòìåòèòü âûäåëåíèå ñòàòåé, è ðàçíåñåíèÿ èõ ñîäåð-
æèìîãî ïî çàäàííîìó íàáîðó ïîëåé. Òàêæå îòëè-
÷èòåëüíîé ÷åðòîé ñòàòåé â îãëàâëåíèè ÿâëÿåòñÿ ïðè-
ñóòñòâèå îáÿçàòåëüíîãî ýëåìåíòà - ñòðàíèö.

Òàêèì îáðàçîì, êîíå÷íàÿ ïîñòàíîâêà çàäà÷è áó-
äåò ñëåäóþùàÿ - åñòü ôàéë, ñîäåðæàùèé ñëîâà è
íåêîòîðûé íàáîð èõ ïðèçíàêîâ, ïîëó÷èòü áàçó äàí-
íûõ ñòàòåé, ãäå êàæäàÿ ñòàòüÿ áóäåò ïðåäñòàâëåíà â
âèäå ñîâîêóïíîñòè ïîëåé.

3. Ïåðâûé ýòàï àëãîðèòìà - ïîñòðîåíèå ôîðìàëü-
íîãî ïðåäñòàâëåíèÿ

Èçíà÷àëüíî íåîáõîäèìî ïðåîáðàçîâàòü íàáîð
ñëîâ â ðàñøèðåííûé, ãäå ñëóæåáíûå è ãðàììàòè-
÷åñêèå ôðàãìåíòû òåêñòà áóäóò îòäåëåíû îò, ñîá-
ñòâåííî, ñëîâ. Äëÿ ýòîãî â ïðîãðàììå ðåàëèçîâàí
íàáîð èíñòðóìåíòîâ, ïîçâîëÿþùèõ â àâòîìàòè÷åñ-
êîì ðåæèìå âûäåëèòü ýòè êóñêè (ðàçäåëèòåëè), à òàê-
æå âíóòðåííÿÿ ñèñòåìà ñâÿçè ðàçäåëèòåëåé ñ òåê-
ñòîì. Äàëåå ïðîèçâîäèòñÿ ðàçáîð êàæäîãî ñëîâà ïî
òàáëèöå âõîæäåíèÿ â íåãî 4 îñíîâíûõ òèïîâ ñèìâî-
ëîâ - ìàëåíüêèõ è áîëüøèõ áóêâ, öèôð è ïðî÷èõ ñèì-
âîëîâ. Âûäåëÿþòñÿ ñòåïåíü çàïîëíåíèÿ è íàëè÷èå
êðàéíèõ âõîæäåíèé. Àíàëîãè÷íîé ïðîöåäóðå ïîä-
âåðãàåòñÿ ðàçäåëèòåëè.

Äàëåå âñ¸ ìíîæåñòâî ñëîâ äåëèòñÿ íà êëàññû ýê-
âèâàëåíòíîñòè ïî ñîâîêóïíîñòè âõîäíûõ è ïîëó÷åí-
íûõ õàðàêòåðèñòèê. Ñàìè íàáîðû õàðàêòåðèñòèê
âûäåëÿþòñÿ â âèäå ñòèëèñòè÷åñêèõ âåêòîðîâ.

Ñëåäóþùèì øàãîì ïðîèçâîäÿòñÿ ïîèñê ïîðÿäêà
ïî âåðòèêàëüíîé êîîðäèíàòå è âûäåëåíèå ñòðîê.
Äàëåå âñ¸ ìíîæåñòâî ñëîâ óïîðÿäî÷èâàåòñÿ ïî ñòðî-
êàì è ïî ñâîåìó ïîëîæåíèþ â ñòðîêå. Àíàëîãè÷íàÿ
ïðîöåäóðà ïðîâîäèòñÿ ïî ãîðèçîíòàëè (ïî íà÷àëó è
êîíöó ñëîâà). Òîëüêî â ðåçóëüòàòå ìû ïîëó÷àåì íå
íàáîð ñòðîê, à íàáîð âåðòèêàëüíûõ âûðàâíèâàíèé.
Âñå âûðàâíèâàíèÿ äåëÿòñÿ íà äâå ãðóïïû - âîâëåêà-
þùèå áîëüøîå óäåëüíîå êîëè÷åñòâî ýëåìåíòîâ è
"ñëó÷àéíûå" ñîâïàäåíèÿ, êîòîðûå ìîãëè ïîëó÷èòü-
ñÿ èç-çà ñîâïàäåíèé òåõ èëè èíûõ êîîðäèíàò. Ñëåäó-
åò îñîáåííî îòìåòèòü, ÷òî â ðåàëüíûõ ïîñòàâùèêàõ
òåêñòîâ (íàïðèìåð, ñêàíèðîâàíèå ñ áóìàæíîãî íî-
ñèòåëÿ) âîçìîæåí íåêîòîðûé øóì ïî êàæäîé èç êî-
îðäèíàò, ïîýòîìó è ñòðîêè è ñòîëáöû ôîðìèðóþò-
ñÿ íå ïî ðàâåíñòâó ñîîòâåòñòâåííûõ êîîðäèíàò, à ïî
ïîïàäàíèþ â íåêîòîðûé äèàïàçîí çíà÷åíèé îòíî-
ñèòåëüíî äðóã äðóãà.

Äàëåå, âûäåëÿþòñÿ òå íàáîðû ýëåìåíòîâ, êîòîðûå
íàõîäÿòñÿ â íà÷àëå è êîíöå ñòðîêè, è îòìå÷àþòñÿ
ñîîòâåòñòâóþùèì îáðàçîì. È, íàêîíåö, âûäåëÿþò-
ñÿ ãðóïïû, êîòîðûå îáðàçîâàíû ñõîäíûìè ñòèëèñ-

òè÷åñêè ñëîâàìè, è èìåþò îäíî è òî æå âûðàâíèâà-
íèå.

Ñîâîêóïíîñòü âñåõ ïåðå÷èñëåííûõ ïîäðàçäåëåíèé
è ïðåäñòàâëÿåò èñõîäíûé ôîðìàëèçì, êîòîðûé ïðåä-
ñòîèò îáðàáàòûâàòü.

4. Âòîðîé ýòàï àëãîðèòìà - ïîñòðîåíèå ãèïîòåç
èíòåðïðåòàöèé

Äàëåå íàì íåîáõîäèìî ïîðîäèòü ãèïîòåçû òîãî,
êàêîâû ìîãóò áûòü ïîëÿ. Ýòî äåëàåòñÿ íà îñíîâàíèè
ââåäåíèÿ íåñêîëüêèõ ðàçìå÷åííûõ ïðèìåðîâ. Ýòîò
áëîê íàõîäèòñÿ ñåé÷àñ â ñòàäèè ðàçðàáîòêè, à â òå-
êóùåé ðåàëèçàöèè ïðîãðàììû èñïîëüçóåòñÿ íå-
áîëüøîé íàáîð ãèïîòåç, êîòîðûå áûëè çàíåñåíû â
ðó÷íóþ.

Çäåñü ñëåäóåò îòìåòèòü, ÷òî èç-çà ïî-ïðåæíåìó
áîëüøîãî íàáîðà èíôîðìàöèè (êîòîðûé, íå ñìîò-
ðÿ íà ñâîþ ãðîìîçäêîñòü âñ¸ æå ãîðàçäî áîëåå àäåê-
âàòåí ïîñòàâëåííîé çàäà÷å) ïðåäïîëàãàåòñÿ èñïîëü-
çîâàòü ìîäèôèêàöèþ ÄÑÌ-ìåòîäà. Ñóòü ìîäèôè-
êàöèè â òîì, ÷òî ãèïîòåçà âêëþ÷àåò â ñåáÿ ðîâíî òîò
íàáîð õàðàêòåðèñòèê ïîëîæåíèÿ ñëîâà è åãî îêðó-
æåíèÿ, êîòîðûé ÿâëÿåòñÿ äîñòàòî÷íûì, ÷òîáû îï-
ðîâåðãíóòü âñå îòðèöàòåëüíûå ïðèìåðû. Åñëè êî-
ëè÷åñòâî îòðèöàòåëüíûõ ïðèìåðîâ ðàñøèðÿåòñÿ, òî
ðàñøèðÿåòñÿ è îïèñàòåëüíàÿ ìîùíîñòü ãèïîòåçû (ò.å.
ñóæàåòñÿ ïîëå å¸ äåÿòåëüíîñòè). Åñëè çà ñ÷¸ò ýòîãî
íåêîòîðûå ïðèìåðû âûïàäàþò èç îáëàñòè óâåðåí-
íîé èíòåðïðåòàöèè âñåãî íàáîðà ãèïîòåç, òî íà èõ
ìíîæåñòâå ïîðîæäàþòñÿ íîâûå è ò.ä.

Òàêîé ìåòîä îáðàáîòêè èíôîðìàöèè ÿâëÿåòñÿ
ïîïûòêîé çàñòðàõîâàòüñÿ îò êîìáèíàòîðíîãî âçðû-
âà, íåèçáåæíîãî â òàêèõ ñëó÷àÿõ. Îäíàêî ïîäðîá-
íûå èññëåäîâàíèÿ óñòîé÷èâîñòè ìåòîäà åù¸ íå
ïðîâîäèëèñü, òàê ÷òî ýòî ÿâëÿåòñÿ îñíîâîé äàëüíåé-
øèõ ðàáîò.

5. Òðåòèé ýòàï àëãîðèòìà - èñïîëüçîâàíèå ãèïîòåç
èíòåðïðåòàöèè

Êîãäà ãèïîòåçû äîñòóïíû, íà÷èíàåòñÿ àíàëèç íà-
áîðà ñëîâ è èõ õàðàêòåðèñòèê. Ñ ó÷¸òîì ñïåöèôèêè
ïðåäìåòà (îáÿçàòåëüíûé ýëåìåíò - íîìåð ñòðàíè-
öû) àíàëèç íà÷èíàåòñÿ ñ âûÿñíåíèÿ ðàñïîëîæåíèÿ
íîìåðîâ ñòðàíèö. Çäåñü ïðåäïîëàãàåòñÿ, ÷òî ïîðÿ-
äîê ïîëåé â ñòàòüå âñåãäà îäèíàêîâûé, è íîìåðà ñòðà-
íèö ïðåäñòàâëåíû â íåé îäèí ðàç.

Íà îñíîâàíèè ýòîãî ñâîéñòâà è ãèïîòåç, êàñàþ-
ùèõñÿ íîìåðîâ ñòðàíèö, íàõîäÿòñÿ ñòðàíèöû, è ôèê-
ñèðóåòñÿ ñõîäñòâî â èõ ðàñïîëîæåíèè îòíîñèòåëü-
íî äðóãèõ ýëåìåíòîâ. Äàëåå ïî ýòîìó ïðèçíàêó îá-
ðàçóþòñÿ ñòàòüè, è ïðîâîäèòñÿ àíàëèç îñòàëüíûõ
ýëåìåíòîâ. Íàéäåííûå ýëåìåíòû ðàçíîñÿòñÿ ïî ïî-
ëÿì è çàïèñûâàþòñÿ â ôàéë òðåáóåìîãî ôîðìàòà.

Ïðèëîæåíèå 1 - Ôîðìàò âõîäíîãî ôàéëà.
mainstr = string[65];
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{Òàêèå ñëîâà èñïîëüçóþòñÿ â äàííîé âåðñèè}
minwrd = record
{Ñ÷èòûâàåìûé òèï ñëîâà}
           l  :byte;
{Äëèíà ñëîâà}
  x1,x2,y,y2   :word;
{Êîîðäèíàòû êîðîáêè ñëîâà}
 s,r,c :byte;
{Òèï íàïèñàíèÿ, Ðàçìåð, Öâåò}
  ins :mainstr;
end;
f     :file of minwrd;
{Ôàéë ñëîâ - ñëóæåáíàÿ èíôîðìàöèÿ êàæäîãî ñëî-

âà ðàñïîëîæåíà â ïîðÿäêå îáúÿâëåíèÿ, ò.å. â íà÷àëå
1 áàéò - äëèííà ñëîâà, ïîòîì 2 áàéòà - ìåíüøàÿ êî-
îðäèíàòà Õ1, 2 áàéòà - áîëüøàÿ - Õ2, 2 áàéòà - áîëü-
øàÿ (îñíîâíàÿ) Ó, 2 áàéòà -ìåíüøàÿ Ó2 è ò.ä., íà êàæ-
äóþ áóêâó - 1 áàéò, íóìåðàöèÿ - â ïèêñåëÿõ îò âåðõ-
íåãî ëåâîãî êðàÿ}

Äàííûé ôàéë îòêðûâàåòñÿ ïî ñòàíäàðòíûì ïðà-
âèëàì ÿçûêà ïðîãðàììèðîâàíèÿ Pascal 7.0 for DOS.
Íà ñåãîäíÿøíèé ìîìåíò àâòîìàòè÷åñêàÿ ïåðåêîäè-
ðîâêà ôàéëîâ äðóãîãî òèïà â òðåáóåìûé íàõîäèòñÿ
â ñòàäèè ðàçðàáîòêè. Ïðèíöèïèàëüíûé àëãîðèòì
çàêëþ÷àåòñÿ â ñëåäóþùåì:

1) Îòêðûâàåòñÿ ôàéë âèäà .rtf èëè ñõîäíûé ñ íèì
ïî ñòðóêòóðå;

2) Ïî ïîðÿäêó ÷èòàþòñÿ áëîêè äàííîãî ôîðìàòà,
â ñïåöèàëüíîé ñðåäå âûñòàâëÿþòñÿ òåêóùèå ñâîé-
ñòâà áëîêà;

3) Áëîê ðàçäåëÿåòñÿ íà ñëîâà, ïîòîì ñ ïîìîùüþ
âñòðîåííûõ ôóíêöèé îïðåäåëåíèÿ ðàçìåðîâ òåêñòî-
âîãî ñåãìåíòà êàæäîìó ñëîâó ïðèïèñûâàåòñÿ òåêó-
ùèé êîîðäèíàòíûé íàáîð, ñîîòâåòñòâóþùèé îôîð-
ìëåíèþ åãî áëîêà è åãî ìåñòîïîëîæåíèþ, òåêóùèé
øðèôò, ðàçìåð è ò.ä.;

4) Áåð¸òñÿ ñëåäóþùåå ñëîâî, òåêóùèé êîîðäèíàò-
íûé íàáîð èçìåíÿåòñÿ â ñîîòâåòñòâèè ñ ðàçìåðàìè
è ïîëîæåíèåì ïðåäûäóùåãî ñëîâà, ïîòîì ïîâòîðÿ-
åòñÿ 3), 4);

5) Íàáîð ñëîâ ñîõðàíÿåòñÿ â ôàéë òðåáóåìîãî
ôîðìàòà. Êàêàÿ-ëèáî ñîðòèðîâêà íå òðåáóåòñÿ, ïðî-
ãðàììà-ïðè¸ìíèê ñàìà âñ¸ ñäåëàåò.

Ëèòåðàòóðà
 [1] Ôèíí Â.Ê. Ïðàâäîïîäîáíûå ðàññóæäåíèÿ â

èíòåëëåêòóàëüíûõ ñèñòåìàõ òèïà ÄÑÌ // Èòîãè íà-
óêè è òåõíèêè, ñåð. Èíôîðìàòèêà. Ò.15. - Ì.: ÂÈÍÈ-
ÒÈ, 1991. - ñ.54-101.
ÑÅÃÌÅÍÒÀÖÈß ÐÓÑÑÊÎÃÎ ÏÐÅÄËÎÆÅÍÈß
(ÏÎÂÅÐÕÍÎÑÒÍÎ-ÑÈÍÒÀÊÑÈ×ÅÑÊÈÉ ÀÍÀËÈÇ
ÊÀÊ ÑÀÌÎÑÒÎßÒÅËÜÍÛÉ ÌÎÄÓËÜ ÀÍÀËÈÇÀ
ÒÅÊÑÒÀ)

Ò.Þ. Êîáçàðåâà, Ä.Ã. Ëàõóòè, È.Ì. Íîæîâ
RUSSIAN SENTENCES SEGMENTATION:
SURFACE-SYNTACTIC ANALYSIS AS INDEPENDENT
MODULE OF TEXT ANALYSIS
T.Yu. Kobzareva, D.G. LakhutI, I.M. Nozhov

Ðàáîòà, î êîòîðîé èäåò ðå÷ü â ïðåäëàãàåìîì äîêëàäå,
ÿâëÿåòñÿ ôðàãìåíòîì ñèñòåìû ïîâåðõíîñòíî-ñèíòàê-
ñè÷åñêîãî àíàëèçà ïðåäëîæåíèé íà ðóññêîì ÿçûêå, ðàç-
ðàáîòêà êîòîðîé áûëà íà÷àòà â 1971 ãîäó â Èíôîðìý-
ëåêòðî â îòäåëå Ä.Ã.Ëàõóòè ãðóïïîé Ã.À.Ëåññêèñà, ó÷à-
ñòíèêîì  êîòîðîé áûëà Ò.Þ.Êîáçàðåâà. Â íàñòîÿùåì
äîêëàäå áóäóò ðàññìîòðåíû, âî-ïåðâûõ, íåêîòîðûå
òåîðåòè÷åñêèå îñíîâû ïðèíÿòîãî â ýòîé ðàáîòå ïîä-
õîäà, è âî-âòîðûõ, ñîñòîÿíèå ðàáîò ïî åå ïðîãðàìì-
íîé ðåàëèçàöèè, îñóùåñòâëÿåìîé È.Ì. Íîæîâûì.

Îá óðîâíå ïîâåðõíîñòíî-ñèíòàêñè÷åñêîì (î ñèí-
òàêñèñå ëèíåéíîé ñòðóêòóðû òåêñòà - íà ïåðâîì ýòà-
ïå - ïðåäëîæåíèÿ) ìîæíî ãîâîðèòü ñ äâóõ òî÷åê çðå-
íèÿ:  ïðàâîìåðíî ëè ðàññìàòðèâàòü ÿâëåíèÿ ýòîãî
óðîâíÿ îòäåëüíî, ò.å. î ëèíãâèñòè÷åñêîé   îáîñíî-
âàííîñòè îòäåëüíîãî åãî ðàññìîòðåíèÿ  è î  ïðàã-
ìàòè÷åñêîì èíòåðåñå âû÷ëåíåíèÿ åãî â îòäåëüíóþ
çàäà÷ó.

Ïðè àíàëèçå ñâÿçåé â ïðåäëîæåíèè  �ßñíûì ñîë-
íå÷íûì äíåì îí ëþáîâàëñÿ äîðoãîé� ê ïîñòðîå-
íèþ äâóõ ñïîñîáîâ "ïîíèìàíèÿ" (îí ëþáîâàëñÿ
(÷åì?) äîðoãîé (êîãäà?) ÿñíûì ñîëíå÷íûì äíåì è
îí ëþáîâàëñÿ (÷åì?) ÿñíûì ñîëíå÷íûì äíåì (êîã-
äà?) äîðoãîé )  ïðèâîäèò îìîíèìèÿ ñëîâà äîðoãîé.

Ôàêò ñóùåñòâîâàíèÿ ñèíòàêñè÷åñêèõ íåîäíîçíà÷-
íîñòåé (íåîäíîçíà÷íîñòåé ïðè ðàçáèåíèè ïðåäëî-
æåíèÿ íà ñåãìåíòû, èõ èíòåðïðåòàöèè è ñâÿçåé),
ðàçðåøåíèå êîòîðûõ  ÷àñòî îïðåäåëÿåòñÿ ýêñòðà-
ëèíãâèñòè÷åñêèì êîíòåêñòîì (íå ñòðóêòóðîé êîì-
ïîíåíò), îòíîñèòñÿ ê ïðîáëåìå äåíîòàòèâíîé ñòðóê-
òóðû ïðåäëîæåíèÿ (S), îäíàêî óæå íà íàøåì óðîâ-
íå àíàëèçà òðåáóåò èñ÷èñëåíèÿ ñèíòàêñè÷åñêîé îìî-
íèìèè.

Ïðåäëîæåíèå �Ðÿäîì ñ äîìîì, íà áåðåãó, ïîä ãî-
ðîé,  ðîñëè êóñòû�  ìîæíî ïîíÿòü êàê 1. ðÿäîì ñ
äîìîì è íà áåðåãó, à èìåííî ïîä ãîðîé, ãäå óòî÷íÿ-
þùèé îáîðîò ïîä ãîðîé  ìîæíî îòíåñòè êàê à) êî
âñåé ñî÷èíåííîé ãðóïïå, òàê è á) òîëüêî ê ïîñëåäíå-
ìó åå ÷ëåíó 2. ðÿäîì ñ äîìîì, à èìåííî íà áåðåãó,
à èìåííî ïîä ãîðîé, ò.å. êàê âêëþ÷àþùåå äâà óòî÷-
íÿþùèõ îáîðîòà. Ò.î. âîçíèêàþò 3 âàðèàíòà ÷ëåíå-
íèÿ è èíòåðïðåòàöèè ñåãìåíòîâ è èõ ñâÿçåé.

�Îí âèäåë îòöà, ðàáîòàþùåãî â ñàäó ñîñåäà, ñòà-
ðèêà è Âàíþ�. Â ýòîì ïðèìåðå íåîäíîçíà÷íû ôóí-
êöèè îáåèõ çàïÿòûõ: ïåðâàÿ ìîæåò áûòü ëåâîé ãðà-
íèöåé îáîñîáëåííîãî ïðè÷àñòíîãî  îáîðîòà èëè æå
ñî÷èíÿòü ñëîâà îòöà è ñîñåäà. Âòîðàÿ çàïÿòàÿ ìî-
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æåò, ñîîòâåòñòâåííî, áûòü ïðàâîé ãðàíèöåé ïðè÷à-
ñòíîãî îáîðîòà èëè æå ñî÷èíÿòü ñëîâà ñîñåäà è ñòà-
ðèêà. Êîíå÷íî æå, îòöà è ñîñåäà ñëó÷àéíî ñîâïàëè
ïî ðîäó, è ïðè  çàìåíå íà ðàáîòàþùóþ â ñàäó ìàòü
íåîäíîçíà÷íîñòü èñ÷åçàåò. Íî ïðè çàìåíå íà  ðàáî-
òàþùåãî â ñàäó ñîñåäà áðàòà âîçíèêàåò äîïîëíè-
òåëüíî (âíóòðè ïðè÷àñòíîãî îáîðîòà) âîçìîæíîñòü
íåîäíîçíà÷íîé èíòåðïðåòàöèè ñâÿçåé: òî ëè  "âèäåë
îòöà è áðàòà, ðàáîòàþùåãî â ñàäó ñîñåäà", òî ëè
"âèäåë îòöà è ñîñåäà áðàòà, ðàáîòàþùåãî â ñàäó ".

Î÷åâèäíî, ÷òî ìàêñèìàëüíî äåñåìàíòèêàëèçîâàí-
íûé àíàëèç òåêñòà, îáëåã÷àþùèé ïîïîëíåíèå ñëî-
âàðåé è óâåëè÷èâàþùèé áûñòðîäåéñòâèå ñèñòåì, íå
ïðîñòî ñîõðàíÿåò ñâîé ïðèêëàäíîé èíòåðåñ. Åñëè
çàäà÷ó àâòîìàòè÷åñêîãî ìîðôîëîãè÷åñêîãî àíàëè-
çà  â ïðèíöèïå (ïîñëå ïîÿâëåíèÿ ñëîâàðÿ À.À. Çà-
ëèçíÿêà) ìîæíî ñ÷èòàòü ðåøåííîé, òàê êàê ñóùå-
ñòâóåò ìíîæåñòâî åãî  ðåàëèçàöèé,  ïðîáëåìîé  àíà-
ëèçà ñëåäóþùåãî - ïîâåðõíîñòíî-ñèíòàêñè÷åñêîãî
óðîâíÿ  ÷àùå çàíèìàþòñÿ ad hoc  â ðàìêàõ  ðàçíîãî
ðîäà ãëóáèííî-ñèíòàêñè÷åñêèõ  è ñåìàíòè÷åñêèõ
èññëåäîâàíèé, ïðåäïîëàãàþùèõ êîìïüþòåðíóþ ðå-
àëèçàöèþ (ñð. Ëåîíòüåâà 1996).

Êîìïüþòåðèçàöèÿ êóëüòóðû â öåëîì ïîðîæäàåò
íåîáõîäèìîñòü èñêàòü îïòèìàëüíûõ ðåøåíèé ïðè-
êëàäíûõ ëèíãâèñòè÷åñêèõ çàäà÷, â ÷àñòíîñòè çàäà÷è
ñåãìåíòàöèè ïðåäëîæåíèÿ, ÿâëÿþùåéñÿ íåîáõîäè-
ìûì ýòàïîì ïîâåðõíîñòíî-ñèíòàêñè÷åñêîãî àíàëè-
çà åñòåñòâåííîãî òåêñòà,  íåîáõîäèìûì ïðè ëþáîì
åãî äàëüíåéøåì èñïîëüçîâàíèè. Çàäà÷à îïèñàíèÿ
ëèíåéíîé ñòðóêòóðû  ïðåäëîæåíèÿ ( è äàëåå - òåê-
ñòà), ëåæàùàÿ íà ñòûêå  ìîðôîëîãèè è ñèíòàêñèñà,
îñòàåòñÿ ïðàêòè÷åñêè íåòðîíóòîé (åñëè íå ñ÷èòàòü
ðàáîò 20-30-ëåòíåé äàâíîñòè, íàìåòèâøèõ âîçíèêà-
þùèå çäåñü ïðîáëåìû, êàê, íàïðèìåð, ïðîáëåìó
ñèíòàêñè÷åñêèõ íåîäíîçíà÷íîñòåé - Èîðäàíñêàÿ 1967
èëè ïðîáëåìó ïðîåêòèâíîñòè - Øðåéäåð 1971, Ïà-
äó÷åâà 1971).

Ïðåäëàãàåìàÿ ðàáîòà ðàññìàòðèâàåò ýòó çàäà÷ó êàê
îòäåëüíóþ îáëàñòü èññëåäîâàíèÿ  è ñòàâèò öåëüþ
ïîíÿòü, ñêîëü äàëåêî ìîæíî ïðîäâèíóòüñÿ â ïîâåð-
õíîñòíî-ñèíòàêñè÷åñêîì àíàëèçå áåç îáðàùåíèÿ ê
ñåìàíòèêå (ïî êðàéíåé ìåðå, ê ëåêñè÷åñêîé), ò.å.
èñïîëüçóÿ äëÿ àíàëèçà ìîðôîëîãè÷åñêèå è ëèíåé-
íî-êîìáèíàòîðíûå  õàðàêòåðèñòèêè òåêñòà

Èìïëèöèòíî ëþáîå îïèñàíèå ÿçûêà, â òîì ÷èñëå
è íà óðîâíå ôîíîëîãè÷åñêîì, íå îáõîäèòñÿ áåç èñ-
ïîëüçîâàíèÿ  ñåìàíòèêè. Ïðè ýòîì ñòåïåíü ñåìàí-
òèêàëèçàöèè îïèñàíèÿ  îïðåäåëÿåòñÿ íåîáõîäèìîñ-
òüþ ýêñïëèöèòíî ââîäèòü ñåìàíòè÷åñêèå ïàðàìåò-
ðû.  Ñòåïåíü ãðàììàòè÷íîñòè ìîäåëè (àëãîðèòìîâ)
"îáðàòíî ïðîïîðöèîíàëüíà" ñòåïåíè èíäèâèäóàëè-

çàöèè ñåìàíòè÷åñêîé èíôîðìàöèè. Ïîìèìî ìîð-
ôîëîãè÷åñêèõ õàðàêòåðèñòèê  â íàøåé ñèñòåìå èñ-
ïîëüçóåòñÿ ïðîñòåéøàÿ ãðàììàòè÷åñêàÿ ìîäåëü
óïðàâëåíèÿ (íå ëåêñèêàëèçîâàííàÿ, çàäàþùàÿ óï-
ðàâëåíèå ñ òî÷íîñòüþ äî ïàäåæà èëè ÷àñòè ðå÷è) è
íåêîòîðûå ïðîñòåéøèå ñåìàíòè÷åñêèå êëàññû ñëîâ.

Ýòà ðàáîòà ïðåäñòàâëÿåò ñîáîé ðàçâèòèå "äðåâíå-
ãî", âîçíèêøåãî íà çàðå ïðèêëàäíîé ëèíãâèñòèêè,
íàïðàâëåíèÿ ðàáîò, ãäå ad hok ñòðîèëèñü àëãîðèò-
ìû àíàëèçà ïðåäëîæåíèÿ. Íàøà ñèñòåìà, èçíà÷àëü-
íî â íåêîòîðîì ñìûñëå òàêàÿ æå "àäõîêîâàÿ", ïðåä-
ïîëàãàåò âîçìîæíîñòü ðàáîòû ñ åñòåñòâåííûìè òåê-
ñòàìè íà ðóññêîì ÿçûêå è èìïëèöèòíî ñîäåðæèò
ýëåìåíòû ãðàììàòèêè êîìáèíàòîðíûõ âîçìîæíîñ-
òåé ïîâåðõíîñòíî-ñèíòàêñè÷åñêèõ ñòðóêòóð, ñóùå-
ñòâåííûå  äëÿ ðåøåíèÿ ïðîáëåì ýòîãî óðîâíÿ àíà-
ëèçà.

Òåêñò, ïîðîæäàåìûé â ïðîöåññå ðå÷åâîé äåÿòåëü-
íîñòè, ïðîòåêàþùåé âî âðåìåíè è ïðîñòðàíñòâå,
ôèçè÷åñêè îäíîìåðåí. Ïðåäëîæåíèå - ëèíåéíî-
óïîðÿäî÷åííàÿ îäíîìåðíàÿ ñòðóêòóðà - ÿâëÿåòñÿ
îòîáðàæåíèåì íåêîòîðîé ñëîæíî îðãàíèçîâàííîé
ïîäñòðóêòóðû  ìåíòàëüíîãî ïðîñòðàíñòâà. Áàçèñíûå
"ïðîñòûå êîìïîíåíòû", ñîñóùåñòâóþùèå â ñîçíà-
íèè è íàõîäÿùèåñÿ â ñëîæíûõ êîíòåêñòóàëüíûõ îò-
íîøåíèÿõ, ìàíèôåñòèðóþòñÿ ñòðîãî óïîðÿäî÷åí-
íîé ïîñëåäîâàòåëüíîñòüþ ñåãìåíòîâ (ôðàãìåíòîâ)
ïðåäëîæåíèÿ.

Ïðè ýòîì â öåïî÷êó ïðîñòûõ ïðåäëîæåíèé,  ñëó-
æàùèõ êîñòÿêîì ëèíåéíîé ñòðóêòóðû (β-ñåãìåíòîâ),
âñòàâëÿþòñÿ - â ôîðìå ïðèäàòî÷íûõ ïðåäëîæåíèé,
äååïðè÷àñòíûõ îáîðîòîâ, îáîñîáëåííûõ ñîãëàñî-
âàííûõ îïðåäåëåíèé, âûðàæåííûõ ïðè÷àñòèÿìè,
ïðèëàãàòåëüíûìè, ñóùåñòâèòåëüíûìè, è äð. - çàâè-
ñèìûå ñåãìåíòû (α-ñåãìåíòû). Â íèõ â ñâîþ î÷å-
ðåäü ìîãóò áûòü âñòàâëåíû äðóãèå ïîä÷èíåííûå èì
ñåãìåíòû è ò.ï. Âîçíèêàþò ðàçðûâû, öåïî÷êè ñî-
ïîä÷èíåííûõ êàê β-, òàê è α-ñåãìåíòîâ, öåïî÷êè ñî-
ïîä÷èíåííûõ  èëè ïîñëåäîâàòåëüíî ñâÿçàííûõ a-ñåã-
ìåíòîâ.

Ïðåäëàãàåìàÿ ñèñòåìà ÿâëÿåòñÿ ïîïûòêîé  ñòðî-
èòü àíàëèç ïðåäëîæåíèÿ, ìèíèìèçèðóÿ ñëîâàðíûå
ñðåäñòâà è îïèðàÿñü íà âûñîêóþ èíôîðìàòèâíîñòü
ãðàììàòè÷åñêîãî êîíòåêñòà - ïîðÿäêà ñëîâ ïðåäëî-
æåíèÿ íà ðóññêîì ÿçûêå  â èõ êîíêðåòíîì  ìîðôî-
ëîãè÷åñêîì ïðåäñòàâëåíèè. Ýòó ìîäåëü àíàëèçà
ìîæíî ðàññìàòðèâàòü êàê ñèíòàêñèñ ëèíåéíîé
ñòðóêòóðû ïðåäëîæåíèÿ.

Ñîáñòâåííî ñåãìåíòàöèè ïðåäøåñòâóåò áëîê äâóõ
àëãîðèòìîâ, ÷ðåçâû÷àéíî çíà÷èìûõ â õîäå àíàëèçà
(â ÷àñòíîñòè, ïðè àíàëèçå ñî÷èíåíèÿ). Ýòè àëãîðèò-
ìû ñòðîÿò ñèíòàãìàòè÷åñêèå ñâÿçè, îïðåäåëÿþùèå
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ïðîåêòèâíûå, íî íå âû÷ëåíÿåìûå çíàêàìè ïðåïè-
íàíèÿ ôðàãìåíòû ïðåäëîæåíèÿ:  ïîñòðîåíèå ïðåä-
ëîæíûõ ãðóïï ñ ëþáîé ñòðóêòóðîé âëîæåíèé ìåæ-
äó ïðåäëîãîì è ñóùåñòâèòåëüíûì-ñëóãîþ è àíàëèç
íåîáîñîáëåííûõ ñîãëàñîâàííûõ îïðåäåëåíèé â ïðå-
ïîçèöèè ê õîçÿèíó ñ ëþáûìè âñòàâëåíèÿìè ëþáîé
ãëóáèíû (ÿâëåíèÿ âñòàâëåíèé íà óðîâíå âíóòðèñåã-
ìåíòíûõ ñòðóêòóð îòìå÷åíû Õîìñêèé 1972). Íàïðè-
ìåð,  íàä øèðîêî ðàñêèíóâøåéñÿ  ïåðåä âîçâûøàþ-
ùèìñÿ íà íåãóñòî çàðîñøåé ëåñîì ãîðå çàìêîì ïî-
ëÿíîé... , ... ïðîðàáîòàâøèé íåäåëþ êàíèêóë èíæå-
íåðîì ñòàðèê...  è ò.ï.

Ïåðâàÿ ïðîöåäóðà ñîáñòâåííî ñåãìåíòàöèè - îï-
ðåäåëåíèå  α-çàïÿòûõ - ëåâûõ ãðàíèö α-ñåãìåíòîâ
(îòðåçêîâ S,  â êîòîðûõ åñòü "ñåãìåíòî-îáðàçóþùèå"
ñëîâà : ïîä÷èíèòåëüíûå ñîþçû, äååïðè÷àñòèÿ, îáî-
ñîáëÿåìûå ïðåäëîãè è ò.ï.), íàèáîëåå íàäåæíûõ îïå-
ðàòîðîâ ÷ëåíåíèÿ (ñ îáðàùåíèåì êàê ê ïîäïðîãðàì-
ìàì ê àëãîðèòìó îïðåäåëåíèÿ ëåâîé ãðàíèöû îáî-
ñîáëåííîãî ñîãëàñîâàííîãî îïðåäåëåíèÿ ñ âåðøè-
íîé - ïðè÷àñòèåì èëè ïðèëàãàòåëüíûì è ê àëãîðèò-
ìó àíàëèçà ñî÷èíåíèÿ). Íà ñëåäóþùåì ýòàïå îíè
áóäóò ñëóæèòü íàì îòïðàâíûìè òî÷êàìè ïðè ïîèñ-
êå ïðàâûõ ãðàíèö α-ñåãìåíòîâ.

Âòîðîé ýòàï àíàëèçà âëîæåííûõ ñåãìåíòîâ - àëãî-
ðèòì ïîèñêà ïðàâîé ãðàíèöû α-ñåãìåíòà ñ îáðàùå-
íèåì ê àëãîðèòìó àíàëèçà ñî÷èíåíèÿ. Äâèãàÿñü ïî
α-ñåãìåíòàì â  S ñïðàâà íàëåâî (ò.å. îò ñàìûõ "ãëó-
áîêèõ" âëîæåíèé), ìàêñèìàëüíî óäëèííÿåì êàæäûé
î÷åðåäíîé α-ñåãìåíò: äâèãàÿñü îò åãî ëåâîé ãðàíè-
öû (α-çàïÿòîé) íàïðàâî, àíàëèçèðóåì ôóíêöèþ êàæ-
äîé î÷åðåäíîé çàïÿòîé, îáðàùàÿñü ïðè îïðåäåëåí-
íûõ óñëîâèÿõ ê àëãîðèòìó àíàëèçà ñî÷èíåíèÿ ( ..îí
øåë, âãëÿäûâàÿñü â îêðóæàþùèå åãî äåðåâüÿ, êðàñ-
íåþùèå  êóñòû, ñòðàííûå îáëàêà, êðóæåâî ëèñòâû,
ïðÿìî è ïðÿìî. ).

Ïîñëå îïðåäåëåíèÿ  ãðàíèö α-ñåãìåíòîâ ìû ïî-
ëó÷àåì âîçìîæíîñòü, èñêëþ÷èâ èõ èç ðàññìîòðå-
íèÿ, ïåðåéòè - ñ ó÷åòîì ðàçðûâîâ - ê àíàëèçó β-ñåã-
ìåíòîâ.

Â îñíîâå àíàëèçà öåïî÷êè "ñî÷èíåííûõ" ïðîñòûõ
ïðåäëîæåíèé, ñîñòàâëÿþùèõ àíàëèçèðóåìîå ñëîæ-
íîå, ëåæèò àíàëèç ñî÷èíåíèÿ ïðåäèêàòîâ, â õîäå êî-
òîðîãî îïðåäåëÿþòñÿ ñêàçóåìûå è ïîäëåæàùèå (â
èõ "øêîëüíîì" ïîíèìàíèè).

Äàëåå ïðîâîäèòñÿ äîïîëíèòåëüíàÿ ñåãìåíòàöèÿ
ïî ñîþçàì ñîïîä÷èíåííûõ α-ñåãìåíòîâ îäíîãî
òèïà, çàòåì - âíóòðèñåãìåíòíûé àíàëèç ñî÷èíåíèÿ
íà óðîâíå ñîþçíîãî âíóòðèñåãìåíòíîãî ñî÷èíåíèÿ.

Ïîñëå àëãîðèòìîâ ñåãìåíòàöèè äîëæíû ðàáîòàòü
àëãîðèòìû ïîñòðîåíèÿ âíóòðèñåãìåíòíûõ ñèíòàã-
ìàòè÷åñêèõ ñâÿçåé, ïîèñê êîòîðûõ âåñüìà îáëåã÷à-

åòñÿ òåì, ÷òî âî ìíîãèõ ñëó÷àÿõ ïîìèìî ãðàíèö ñåã-
ìåíòîâ óæå íàéäåíû èõ "ãëàâíûå ÷ëåíû" è âñå ñî-
÷èíåííûå ãðóïïû, òîæå âû÷ëåíÿþùèå ïðîåêòèâíûå
îòðåçêè (ýòî ñâîéñòâî ñî÷èíåíèÿ îòìå÷åíî â Ïàäó-
÷åâà 1971).

Â íàñòîÿùåå âðåìÿ ñóùåñòâóåò ïðîãðàììíàÿ ðå-
àëèçàöèÿ çíà÷èòåëüíîé ÷àñòè àëãîðèòìîâ ñèñòåìû,
äåìîíñòðèðóþùàÿ êàê ëèíãâèñòè÷åñêóþ, òàê è ïðè-
êëàäíóþ ýôôåêòèâíîñòü íàéäåííîé ñòðàòåãèè.

Ëèíåéíàÿ ñòðóêòóðà ïðåäëîæåíèÿ S åñòåñòâåííî-
ãî ÿçûêà ñîñòîèò èç ìíîæåñòâà ñëîâîôîðì

S = {W1, W2, �, Wn}, ãäå  êàæäàÿ ñëîâîôîðìà ÿâ-
ëÿåòñÿ ìíîæåñòâîì ìîðôîëîãè÷åñêèõ îìîíèìîâ

Wi  = {H1, H2, �,Hm}. Òàêèì îáðàçîì, ïðåäëîæå-
íèå ìîæíî ïðåäñòàâèòü êàê óïîðÿäî÷åííóþ öåïî÷-
êó ýëåìåíòîâ S' = {E11, E12, � ,E1m, �, Enp}, ãäå ïåðâûé
èíäåêñ ýëåìåíòà ñîîòâåòñòâóåò íîìåðó ñëîâîôîð-
ìû â ïðåäëîæåíèè, à âòîðîé - íîìåðó ìîðôîëîãè-
÷åñêîãî îìîíèìà ñëîâîôîðìû. Ïåðâîíà÷àëüíûé
ýòàï ñèíòàêñè÷åñêîé ñåãìåíòàöèè íà÷èíàåò ðàáî-
òàòü ñ ëèíåéíûì ïðåäñòàâëåíèåì S. Ïðè ïîñòðîåíèè
ñèíòàãì è ïîèñêå ïðåäèêàòîâ ïðîèñõîäèò àêòèâèçàöèÿ
îìîíèìîâ, â ðåçóëüòàòå ÷åãî âîçíèêàþò ñìåøàííûå öå-
ïî÷êè òèïà S'' = {W1, E2j, W3, �, Enp}. Ñóùåñòâóåò äèíà-
ìè÷åñêè ïîïîëíÿåìûé ñïèñîê L = {S''1, S''2,�, S''k}, àêòè-
âèçàöèÿ íîâîãî îìîíèìà ÿâëÿåòñÿ ñîáûòèåì, êîòî-
ðîå âûçûâàåò ïîïîëíåíèå ñïèñêà. Êàæäûé S''i ñîäåð-
æèò ìèíèìàëüíîå ÷èñëî ñèíòàãì, íåîáõîäèìûõ äëÿ
äàëüíåéøåé ñåãìåíòàöèè. Ñèíòàêñè÷åñêàÿ ñåãìåí-
òàöèÿ ïðîâîäèòñÿ äëÿ êàæäîãî ýëåìåíòà ñïèñêà L ,
ñîáèðàÿ ðàçîðâàííûå âëîæåíèÿìè α è β ñåãìåíòû.
Ïðåäëîæåíèå ïðåäñòàâëÿåòñÿ â âèäå ãðàôà, â óçëàõ
êîòîðîãî  íàõîäÿòñÿ ñåãìåíòû, à ðåáðà ÿâëÿþòñÿ ñâÿ-
çÿìè ìåæäó ñåãìåíòàìè, òàêîé ãðàô ìîæíî ïðåä-
ñòàâèòü êàê ìíîæåñòâî óçëîâ ST = {Segm1, Segm2, �,
Segmn}, ãäå Segmi ⊂ S''. Êàæäûé S''i èç ñïèñêà L ïðå-
îáðàçóåòñÿ â ìíîæåñòâî ãðàôîâ S''  ⇒ {ST1, ST2, �,
STm}; íåîäíîçíà÷íîñòü èíòåðïðåòàöèé S'' îáóñëîâ-
ëåíà âîçíèêíîâåíèåì ñèíòàêñè÷åñêîé îìîíèìèè.

Ïîñëå òîãî, êàê ïðîàíàëèçèðîâàíû âñå ýëåìåíòû
ñïèñêà L, ìû ïîëó÷àåì ìíîæåñòâî âñåõ âîçìîæíûõ
ãðàôîâ ñåãìåíòîâ äàííîãî ïðåäëîæåíèÿ M = {ST1,
ST2, �, STq}; ïóòåì ñðàâíåíèÿ è îöåíêè ýëåìåíòîâ
Ì äîëæíû âûáèðàòüñÿ ëó÷øèå ñòðóêòóðû. Ìíîæå-
ñòâåííîñòü ñèíòàêñè÷åñêèõ èíòåðïðåòàöèé çà÷àñòóþ
îïðåäåëÿåòñÿ åñòåñòâåííîé ñìûñëîâîé îìîíèìèåé
â ïðåäëîæåíèè, êàê ýòî áûëî ïîêàçàíî íà âûøåïðè-
âåäåííûõ ïðèìåðàõ. Óæå íà ýòîé òî÷êå âûáîðà îò-
ñåêàåòñÿ ÷àñòü àêòèâèçèðîâàííûõ ìîðôîëîãè÷åñêèõ
îìîíèìîâ. Ïîñëå çàâåðøåíèÿ ñåãìåíòàöèè âîçìîæ-
íî ïðîâåäåíèå ïîëíîãî ñèíòàêñè÷åñêîãî àíàëèçà
âíóòðè ïðîñòûõ ñèíòàêñè÷åñêèõ åäèíèö, êàêîâûìè
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ÿâëÿþòñÿ α è β ñåãìåíòû.
Ìåòîä àêòèâèçàöèè îìîíèìîâ è àëãîðèòì ñèíòàê-

ñè÷åñêîé ñåãìåíòàöèè ïîçâîëÿþò ñîêðàòèòü ÷èñëî
îìîíèìè÷íûõ ñòðóêòóð ïðåäëîæåíèÿ è èçáåæàòü
äåêàðòîâîãî ïðîèçâåäåíèÿ îìîíèìîâ. Ïîëó÷åííàÿ
ñòðóêòóðà ñåãìåíòîâ - ïîìèìî òîãî, ÷òî îíà ñóùå-
ñòâåííî îáëåã÷àåò çàäà÷ó äàëüíåéøåãî ñèíòàêñè÷åñ-
êîãî àíàëèçà - ìîæåò, äàæå áåç ïîëíîãî ïîñòðîåíèÿ
ñèíòàêñè÷åñêèõ ñâÿçåé, áûòü èñïîëüçîâàíà â ðàçëè÷-
íûõ çàäà÷àõ àâòîìàòè÷åñêîãî àíàëèçà òåêñòà (ïîèñê,
àííîòèðîâàíèå è äð.).
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RETRANS MACHINE TRANSLATION SYSTEM FROM
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RUSSIAN IN 2000
G.G.Belonogov,V.S.Egorov, Y.G.Zelenkov,A.P.Novoselov,
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Â ÂÈÍÈÒÈ ÐÀÍ ðàçðàáîòàíà ñèñòåìà àâòîìàòè-
÷åñêîãî (ìàøèííîãî) ïåðåâîäà ïîëèòåìàòè÷åñêèõ
òåêñòîâ ñ ðóññêîãî ÿçûêà íà àíãëèéñêèé è ñ àíãëèéñ-
êîãî ÿçûêà íà ðóññêèé (ñèñòåìà RETRANS). Â îñíî-
âó ïîñòðîåíèÿ ýòîé ñèñòåìû ïîëîæåíà ïåðñïåêòèâ-
íàÿ êîíöåïöèÿ ôðàçåîëîãè÷åñêîãî ìàøèííîãî ïå-
ðåâîäà, ñôîðìóëèðîâàííàÿ ïðîôåññîðîì Ã.Ã. Áå-
ëîíîãîâûì â 1975 ãîäó. Ñîãëàñíî ýòîé êîíöåïöèè,
îñíîâíûìè åäèíèöàìè ÿçûêà è ðå÷è ñ÷èòàþòñÿ íå
îòäåëüíûå ñëîâà, à ôðàçåîëîãè÷åñêèå åäèíèöû, âû-
ðàæàþùèå ïîíÿòèÿ è îòíîøåíèÿ ìåæäó ïîíÿòèÿ-
ìè. Òàêîé ïîäõîä ïîçâîëÿåò áîëåå òî÷íî ïåðåäàâàòü

ñìûñë ïåðåâîäèìîãî òåêñòà.
Ìàøèííûé ñëîâàðü ñèñòåìû ñîäåðæèò áîëåå 3,4

ìèëëèîíà ëåêñè÷åñêèõ åäèíèö. Ñðåäè íèõ 2,8 ìèë-
ëèîíà ÿâëÿþòñÿ ñëîâîñî÷åòàíèÿìè äëèíîé îò äâóõ
äî 17-òè ñëîâ. Ýòî ñàìûé áîëüøîé ðóññêî-àíãëèéñ-
êèé (àíãëî-ðóññêèé) ñëîâàðü â ìèðå! Ñ ïîìîùüþ
ñèñòåìû RETRANS ìîæíî ïåðåâîäèòü òåêñòû ïî
âñåì åñòåñòâåííûì è òåõíè÷åñêèì íàóêàì, à òàêæå
ïî ýêîíîìèêå, ïîëèòèêå è áèçíåñó.

Ñèñòåìà RETRANS ìîæåò ðàáîòàòü â ñðåäå îïå-
ðàöèîííûõ ñèñòåì MS DOS, WINDOWS 95, 98, NT è
UNIX (ñåòåâàÿ âåðñèÿ ñèñòåìû RETRANS). Ñêîðîñòü
ïåðåâîäà çàâèñèò îò ìîùíîñòè èñïîëüçóåìîé ÝÂÌ.
Íà ÏÝÂÌ òèïà PENTIUM ïðè ðàáîòå â àâòîìàòè-
÷åñêîì ðåæèìå îíà ïðåâîñõîäèò 100 ñëîâ/ñåê. (90
àâòîðñêèõ ëèñòîâ â ÷àñ). Ñèñòåìà ïîñòàâëÿåòñÿ íà
CD ROM è ïîñëå çàãðóçêè â ÝÂÌ çàíèìàåò 150 ÌÁ
ïàìÿòè íà æåñòêîì äèñêå.

Ïðè ðàáîòå ñ ñèñòåìîé RETRANS åå ìîæíî èñ-
ïîëüçîâàòü â äâóõ ðåæèìàõ:

1) â àâòîìàòè÷åñêîì ðåæèìå;
2) â äèàëîãîâîì ðåæèìå. Â ïîñëåäíåì ñëó÷àå åñòü

âîçìîæíîñòü âûáèðàòü ðàçëè÷íûå âàðèàíòû ïåðå-
âîäà îòäåëüíûõ ñëîâ è ñëîâîñî÷åòàíèé.

Â òå÷åíèå ðÿäà ëåò ñèñòåìà RETRANS èñïîëüçó-
åòñÿ â ãîñóäàðñòâåííûõ ó÷ðåæäåíèÿõ Àíãëèè, ÑØÀ,
Ôðàíöèè è Ðîññèè (ÂÈÍÈÒÈ, ÂÍÒÈÖåíòð, Ìèííà-
óêè è Ìèíîáîðîíû) è â ÷àñòíûõ ôèðìàõ. Â ÂÈÍÈ-
ÒÈ ñ åå ïîìîùüþ ïåðåâåäåíî ñ ðóññêîãî ÿçûêà íà
àíãëèéñêèé áîëåå 40 êíèã.

At the VINITI of the Russian Academy of Sciences a
system of automatic (computer aided) translation of
polythematic texts from Russian into English and from
English into Russian has been developed. The basic
idea of this system is the conception of the
phraseological machine translation, formulated by
professor G.G. Belonogov in 1975. According to this
conception, as the main language and speech units
not isolated words but phraseological units, signifying
concepts and relationships between concepts, are
considered. Such conception makes it possible to
convey more strictly the meaning of texts to be
translated.

The machine dictionary of the system includes more
than 3.4 million lexical units. 2.8 million of them are
word combinations, consisting of two up to seventeen
words. It is the most powerful Russian-English
(English-Russian) dictionary in the world! By means
of the RETRANS system one can translate different
texts in all natural and technical sciences as well as on
economics, politics and business.

The RETRANS system can operate within such
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operation systems as MS DOS, WINDOWS 95, 98 and
UNIX (in case of the network version of the system).
The translation rate depends on the capacity of the
computer used. When using a PENTIUM type
computer in automatic translation mode, the translation
rate exceeds 100 words/sec. (more than 2000 sheets
per hour). The system is supplied on CD ROM and,
after loading into the computer, it occupies 150 MB on
the hard disk.

The RETRANS system can be used in two translation
modes: in an automatic mode and in an interactive one.
In the latter case there is a possibility of selecting
different variants of translating equivalents of separate
words and word combinations.

For a number of years the RETRAS system has been
used in the state establishments of Great Britain, the
USA, France and Russia (the VINITI, the Ministry of
Science and Technology, the Ministry of Defense) and
in the private firms. At the VINITI with its help more
than 40 books have been translated from Russian into
English.

ÁÎËÜØÎÉ ÏÎËÈÒÅÌÀÒÈ×ÅÑÊÈÉ ÀÍÃËÎ-
ÐÓÑÑÊÈÉ (ÐÓÑÑÊÎ-ÀÍÃËÈÉÑÊÈÉ) ÌÀØÈÍÍÛÉ
ÑËÎÂÀÐÜ
ÏÎ ÅÑÒÅÑÒÂÅÍÍÛÌ È ÒÅÕÍÈ×ÅÑÊÈÌ ÍÀÓÊÀÌ,
ÝÊÎÍÎÌÈÊÅ È ÏÎËÈÒÈÊÅ
Ã.Ã. Áåëîíîãîâ, Àë-äð À. Õîðîøèëîâ, Àë-ñåé
À.Õîðîøèëîâ, È.Ë. Åôðåìåíêî, Å.Þ. Ðûæîâà, Ë.Þ.
Ãóñüêîâà
ÂÈÍÈÒÈ
LARGE POLYTHEMATIC ENGLISH-RUSSIAN
(RUSSIAN-ENGLISH)
MACHINE DICTIONARY ON NATURAL AND
TECHNICAL SCIENCES, ECONOMICS AND POLITICS
(DEVELOPMENT HISTORY AND CURRENT STATE)
G.G.Belonogov, Alex.Khoroshilov, Al.Khoroshilov,
I.L.Efremenko, E.Y.Ryzhkova, L.Y.Guskova

Â Îòäåëå ëèíãâèñòè÷åñêèõ èññëåäîâàíèé ÂÈÍÈ-
ÒÈ ÐÀÍ â òå÷åíèå äâåíàäöàòè ëåò ñîçäàâàëñÿ ïîëè-
òåìàòè÷åñêèé àíãëî-ðóññêèé (ðóññêî-àíãëèéñêèé)
ìàøèííûé ñëîâàðü ïî åñòåñòâåííûì è òåõíè÷åñêèì
íàóêàì, ýêîíîìèêå è ïîëèòèêå. Ñîñòàâëåíèå ñëîâà-
ðÿ íà÷àëîñü ñî ñòàòèñòè÷åñêîé îáðàáîòêè ìàññèâà
ïîèñêîâûõ îáðàçîâ äîêóìåíòîâ, èçâëå÷åííûõ èç áàç
äàííûõ ÂÈÍÈÒÈ. Â ðåçóëüòàòå áûëè ñîçäàíû ÷àñ-
òîòíûå ñëîâàðè êëþ÷åâûõ ñëîâ è ñëîâîñî÷åòàíèé
ïî òåìàòè÷åñêèì îáëàñòÿì, ïðåäñòàâëåííûì â ýòèõ
áàçàõ äàííûõ. Äàëåå ñëîâíèêè ÷àñòîòíûõ ñëîâàðåé
áûëè ïåðåäàíû â îòðàñëåâûå îòäåëû ÂÈÍÈÒÈ è òàì
äëÿ êàæäîãî ðóññêîãî òåðìèíà (ñëîâà èëè ñëîâîñî-
÷åòàíèÿ) áûëè óêàçàíû èõ àíãëèéñêèå ïåðåâîäíûå
ýêâèâàëåíòû. Òàêèì îáðàçîì áûë ñîñòàâëåí äâó-

ÿçû÷íûé ñëîâàðü îáúåìîì áîëåå 140 òûñ. ñëîâàð-
íûõ ñòàòåé.

Äðóãèì èñõîäíûì ìàòåðèàëîì äëÿ ñîñòàâëåíèÿ
ñëîâàðÿ ÿâèëèñü çàãîëîâêè àíãëîÿçû÷íûõ äîêóìåí-
òîâ è èõ ïåðåâîäû íà ðóññêèé ÿçûê, ñäåëàííûå ñïå-
öèàëèñòàìè ïî ñîîòâåòñòâóþùèì îòðàñëÿì çíàíèé.
Òàêèå çàãîëîâêè øèðîêî ïðåäñòàâëåíû â áàçàõ äàí-
íûõ ÂÈÍÈÒÈ. Àâòîðû äîêëàäà èçâëåêëè èç áàç äàí-
íûõ áîëåå îäíîãî ìèëëèîíà ïàð çàãîëîâêîâ íà ðóñ-
ñêîì è àíãëèéñêîì ÿçûêàõ è ñ ïîìîùüþ ÝÂÌ ñîñòà-
âèëè ïî íèì àíãëî-ðóññêèå (ðóññêî-àíãëèéñêèå) ñëî-
âàðè ñëîâ è ñëîâîñî÷åòàíèé.

Ïàðàëëåëüíî ñ ñîñòàâëåíèåì äâóÿçû÷íîãî ïîëè-
òåìàòè÷åñêîãî ñëîâàðÿ âåëàñü ðàçðàáîòêà ñèñòåì
ðóññêî-àíãëèéñêîãî (RETRANS) è àíãëî-ðóññêîãî
(ERTRANS) ìàøèííîãî ïåðåâîäà, è íà îïðåäåëåí-
íîì ýòàïå ïîïîëíåíèå ýòîãî ñëîâàðÿ ñòàëî âåñòèñü
ñ îïîðîé íà ñèñòåìû ïåðåâîäà. Ïðè ýòîì èñïîëüçî-
âàëèñü ðàçëè÷íûå ìåòîäû. Íàïðèìåð, çàãîëîâêè
àíãëîÿçû÷íûõ äîêóìåíòîâ ïåðåâîäèëèñü ñ ïîìî-
ùüþ ñèñòåìû ERTRANS íà ðóññêèé ÿçûê è èõ ïåðå-
âîäû ñîïîñòàâëÿëèñü ñ ïåðåâîäàìè, ðàíåå âûïîë-
íåííûìè ýêñïåðòàìè-ðåôåðåíòàìè. Åñëè ïðè ýòîì
ïåðåâîäû ñëîâ è ñëîâîñî÷åòàíèé, ñäåëàííûå ðåôå-
ðåíòàìè, îêàçûâàëèñü òî÷íåå, òî îíè âêëþ÷àëèñü â
ñëîâàðü. Â ñëîâàðü âêëþ÷àëèñü òàêæå íîâûå ïåðå-
âîäíûå ñîîòâåòñòâèÿ ìåæäó ñëîâàìè è ñëîâîñî÷å-
òàíèÿìè, êîòîðûå îòñóòñòâîâàëè â ñëîâàðå, íî ñî-
äåðæàëèñü â ïåðåâîäàõ ðåôåðåíòîâ.

Äëÿ ïîïîëíåíèÿ äâóÿçû÷íîãî ïîëèòåìàòè÷åñêî-
ãî ñëîâàðÿ íîâûìè ïåðåâîäíûìè ñîîòâåòñòâèÿìè
èñïîëüçîâàëèñü òàêæå ãîòîâûå ñëîâàðè, ñîñòàâëåí-
íûå äðóãèìè àâòîðàìè. Íî îñíîâíûì è íàèáîëåå
íàäåæíûì èñòî÷íèêîì åãî ïîïîëíåíèÿ ñëóæèëè
ïåðåâîäíûå ñîîòâåòñòâèÿ, ïîëó÷àåìûå â ïðîöåññå
ïåðåâîäà îðèãèíàëüíûõ ðóññêèõ è àíãëèéñêèõ òåê-
ñòîâ ñ ïîìîùüþ ñèñòåì RETRANS è ERTRANS. Ýòî
îêàçàëîñü âîçìîæíûì áëàãîäàðÿ ñîçäàííûì àâòî-
ðàìè äîêëàäà ñïåöèàëüíûì ïðîãðàììíûì ñðåä-
ñòâàì.

Â ðåçóëüòàòå ê êîíöó 2000 ãîäà àíãëî-ðóññêèé (ðóñ-
ñêî-àíãëèéñêèé) ñëîâàðü ÂÈÍÈÒÈ âûðîñ äî îáúå-
ìà 1,7 ìèëëèîíà ñëîâàðíûõ ñòàòåé. Íàðÿäó ñ àâòî-
ðàìè ñòàòüè â åãî ñîñòàâëåíèè ïðèíèìàëè ó÷àñòèå
ìíîãèå ëèöà. Ñðåäè íèõ íàèáîëüøèé âêëàä âíåñëè
Å.Ã. Äðóæèíèíà, Å.Á. Äóäèí, Á.À. Êóçíåöîâ, Â.È.
Ìàêàðîâ, È.Ï. Ðûáàêîâà, Å.À. Õîðîøèëîâà è Ñ.Á.
×åðíîíîã.
ÈÍÔÎÐÌÀÖÈÎÍÍÎ-ÑÒÀÒÈÑÒÈ×ÅÑÊÀß ÌÎÄÅËÜ
Â ËÈÍÃÂÈÑÒÈ×ÅÑÊÈÕ ÈÑÑËÅÄÎÂÀÍÈßÕ
Å.Ô. Ãëåáîâà, Ë.Ñ. Ëîìàêèíà, Ä.Â. Ëîìàêèí, À.Ç.
Ïàíêðàòîâà
Íèæíåãîðîäñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò
INFORMATION-STATISTICAL MODEL FOR



36

LINGUISTIC RESEARCH
E.F.Glebova, L.S.Lomakina, D.V.Lomakin, A.Z.Pankratova

The algorithm of statistical processing of the text is
offered which allows to construct original "portrait" of
its structure and to carry out identification and
classification of appropriate "portraits" by criterion of
the consent.

ßçûê â ïðîöåññå ðå÷åâîé äåÿòåëüíîñòè âûñòóïà-
åò â åãî êîììóíèêàòèâíî-îáóñëîâëåííîé ñèñòåìíî-
ñòè, â åäèíñòâå ôîðìû, ñîäåðæàíèÿ è ôóíêöèîíàëü-
íîãî íàçíà÷åíèÿ òåêñòîâ. Ïîñòðîåíèå òàêîé ìîäåëè
ÿçûêà ïîìîãàåò ïîíÿòü, ÷òî ïðàâèëà ãðàììàòèêè
ñóùåñòâóþò êàê ñðåäñòâà óïðàâëåíèÿ êîììóíèêà-
òèâíûì ïðîöåññîì, êàê ñðåäñòâà ïîíèìàíèÿ è ïî-
ðîæäåíèÿ ðàçëè÷íûõ òåêñòîâ, ïîìîãàåò îñìûñëèòü
ñèñòåìó ÿçûêà íå òîëüêî â ñòàòèêå, íî è â äèíàìèêå.

Ìîäåëü ñòðîèòñÿ íà îñíîâå àíàëèçà òåêñòà, êîòî-
ðûé ÿâëÿåòñÿ ïðîäóêòîì ÿçûêîâîé äåÿòåëüíîñòè.
Êàæäûé òåêñò îòðàæàåò ñòðóêòóðó ñâîåãî èñòî÷íè-
êà, ÿâëÿåòñÿ òèïè÷íûì äëÿ íåãî è ïîýòîìó ïî òåêñòó
ìîæíî îöåíèòü ñòðóêòóðó ÿçûêà.

Èñïîëüçóåòñÿ ñàìàÿ îáùàÿ ìîäåëü ñèñòåìû, ñî-
ñòîÿùàÿ èç íåïðîèçâîäíûõ ýëåìåíòîâ (ìîðôåì,
ñëîâ), êîòîðûå îáðàçóþò ïðîñòðàíñòâî ýëåìåíòàð-
íûõ ñîáûòèé. Ìíîæåñòâî ñîáûòèé íàçûâàåòñÿ ïðî-
ñòðàíñòâîì ýëåìåíòàðíûõ ñîáûòèé, åñëè âñå ñîáû-
òèÿ íåñîâìåñòíû, ò.å. íàñòóïëåíèå îäíîãî èç íèõ
èñêëþ÷àåò âîçìîæíîñòü íàñòóïëåíèÿ äðóãîãî, è
îáðàçóþò ïîëíóþ ãðóïïó ñîáûòèé, ò.å. ñóììà âå-
ðîÿòíîñòåé âñåõ ñîáûòèé ðàâíà åäèíèöå. Ëþáîå
ñîáûòèå, êîòîðîå ìîæåò áûòü çàôèêñèðîâàíî â òåê-
ñòå, îïðåäåëÿåòñÿ êàê ñîîòâåòñòâóþùåå ïîäìíîæå-
ñòâî ýëåìåíòàðíûõ ñîáûòèé. Ñòðóêòóðà ñèñòåìû
îïðåäåëÿåòñÿ êàê ñîâîêóïíîñòü ñòàòèñòè÷åñêèõ çà-
âèñèìîñòåé ìåæäó ñîáûòèÿìè.

Ïðåäëàãàåòñÿ àëãîðèòì ñòàòèñòè÷åñêîé îáðàáîò-
êè òåêñòà, êîòîðûé ïîçâîëÿåò ïîñòðîèòü ñâîåîáðàç-
íûé "ïîðòðåò" åãî ñòðóêòóðû è îñóùåñòâèòü èäåí-
òèôèêàöèþ è êëàññèôèêàöèþ ñîîòâåòñòâóþùèõ
"ïîðòðåòîâ" ïî êðèòåðèþ ñîãëàñèÿ.

Àëãîðèòì èíâàðèàíòåí ïî îòíîøåíèþ ê ðîäîâî-
ìó è íàöèîíàëüíîìó ïðîèñõîæäåíèþ ÿçûêà, ïîðî-
äèâøåìó äàííûé òåêñò è òåì áîëåå ê îñîáåííîñòÿì
ñòèëÿ àâòîðà, è, ïîýòîìó, èíäèâèäóàëüíûå îñîáåí-
íîñòè ÿçûêà îáíàðóæèâàþòñÿ â âèäå îñîáåííîñòåé
ñîîòâåòñòâóþùåãî "ïîðòðåòà" òåêñòà.

Â îòëè÷èå îò èçâåñòíûõ ìåòîäîâ ñòàòèñòè÷åñêîé
îáðàáîòêè òåêñòà [1] â ðàáîòå ïðåäëàãàåòñÿ îïèñû-
âàòü ñòàòèñòè÷åñêóþ çàâèñèìîñòü ìåæäó ñëîâàìè,
íàõîäÿùèìèñÿ â òåêñòå íà äàííîì ðàññòîÿíèè, íå

òîëüêî ïîñðåäñòâîì óñëîâíûõ âåðîÿòíîñòåé, íî è ñ
ïîìîùüþ âçàèìíîé èíôîðìàöèè, ÷òî ñïîñîáñòâó-
åò áîëåå ýôôåêòèâíîé êëàññèôèêàöèè ñëîâ.

Àëãîðèòì êëàññèôèêàöèè îñíîâàí íà ñëåäóþùåé
ãèïîòåçå: ÷åì ìåíüøå âçàèìíàÿ èíôîðìàöèÿ ìåæ-
äó ñîñåäíèìè ñëîâàìè, òåì áîëüøå âåðîÿòíîñòü
òîãî, ÷òî äàííûå ñëîâà ïðèíàäëåæàò îäíîìó è òîìó
æå êëàññó.

Èíôîðìàöèîííûé "ïîðòðåò" ñòðóêòóðû òåêñòà
ñòðîèòñÿ íà ìíîæåñòâå âñåõ âîçìîæíûõ êîìáèíà-
öèé èç äâóõ ñëîâ, íàõîäÿùèõñÿ íà çàäàííîì ðàññòî-
ÿíèè äðóã îò äðóãà. Êàæäóþ êîìáèíàöèþ èç äâóõ
ñëîâ ìîæíî èçîáðàçèòü òî÷êîé â äåêàðòîâîé ñèñòå-
ìå êîîðäèíàò. Ñëîâà ïî êàæäîé èç êîîðäèíàò ðàñïî-
ëàãàþòñÿ â ïîðÿäêå óáûâàíèÿ èõ âåðîÿòíîñòåé. Êàæ-
äîé êîìáèíàöèè èç äâóõ ñëîâ ñòàâèòñÿ â ñîîòâåò-
ñòâèå êîëè÷åñòâåííàÿ ìåðà âçàèìíîé èíôîðìàöèè
ìåæäó ýòèìè ñëîâàìè:

ãäå p(xi,yj) - âåðîÿòíîñòü ïîÿâëåíèÿ ïàðû ñëîâ xi è
yj, i è j - ïîðÿäêîâûå íîìåðà ñëîâ íà êîîðäèíàòíûõ
îñÿõ;

p(xi) è p(yj) - áåçóñëîâíûå âåðîÿòíîñòè ïîÿâëåíèÿ
ñëîâ â òåêñòå.

Â êà÷åñòâå îöåíêè âåðîÿòíîñòåé áåðåòñÿ îòíîñè-
òåëüíàÿ ÷àñòîòà ïîÿâëåíèÿ â òåêñòå ñîîòâåòñòâóþ-
ùèõ ñîáûòèé.

Ñëîâà, îáðàçóþùèå äàííóþ êîìáèíàöèþ, âûáè-
ðàþòñÿ èç îäíîãî è òîãî æå ïðåäëîæåíèÿ, ïîñêîëü-
êó ïðåäëîæåíèå ïðåäñòàâëÿåò ñîáîé àïðèîðíóþ
èçâåñòíóþ ñòðóêòóðíóþ åäèíèöó ÿçûêà, êîòîðóþ íå
ñëåäóåò ðàçðóøàòü ïðè àíàëèçå òåêñòà.

Êàæäîìó ðàññòîÿíèþ ìåæäó ñëîâàìè ñîîòâåò-
ñòâóåò ñâîé "ïîðòðåò" ñòðóêòóðû òåêñòà, ïðè÷åì
ñèíòàêñè÷åñêàÿ (èíôîðìàöèîííàÿ) ñâÿçü ìåæäó
ñëîâàìè íå îïðåäåëÿåòñÿ îäíîçíà÷íî ðàññòîÿíèåì
ìåæäó ñëîâàìè è ìîæåò óâåëè÷èâàòüñÿ ñ åãî óâåëè-
÷åíèåì.

Â ðåçóëüòàòå îáðàáîòêè "ïîðòðåòîâ", ñîîòâåòñòâó-
þùèõ ðàçíûì ðàññòîÿíèÿì ìåæäó ñëîâàìè, ìîæíî
ïîëó÷èòü áîëåå ïîäðîáíîå îïèñàíèå ñòðóêòóðû òåê-
ñòà ñ ïîìîùüþ ãðàôà.

Òàêèì îáðàçîì, ïðåäëàãàåìûé àëãîðèòì ñòàòèñ-
òè÷åñêîé îáðàáîòêè òåêñòà ïîçâîëÿåò îöåíèòü ñòðóê-
òóðó ÿçûêà, ïîðîäèâøåãî äàííûé òåêñò áåç çàðàíåå
çàäàííîé ãðàììàòèêè è òåì ñàìûì èäåíòèôèöèðî-
âàòü òåêñò è ÿçûê.

Ëèòåðàòóðà:
1. Ñóõîòèí Á Â. Îïòèìèçàöèîííûå ìåòîäû èññëå-
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äîâàíèÿ ÿçûêà. - Ì.: Íàóêà, 1976. - 170 ñ.

ÈÍÔÎÐÌÀÖÈÎÍÍÀß ÒÅÕÍÎËÎÃÈß ÓÏÀÊÎÂÊÈ È
ÃÅÍÅÐÀÖÈÈ ÏÎÄÃÐÀÔÎÂ ÌÅÒÎÄÎÌ
ÑÓÁÑÒÈÒÓÖÈÉ
À.Ô. Ãîðøêîâ
Èíñòèòóò êîíñòðóêòîðñêî-òåõíîëîãè÷åñêîé
èíôîðìàòèêè ÐÀÍ
INFORMATION TECHNOLOGY OF PACKING AND
GENERATION SUBGRAPHS BY A SUBSTITUTIONS
METHOD
A.F. Gorshkov

The information technology of packing-unpacking
of the data about structure graphs is considered. This
process is reduced to construction of a tree not
isomorphic graphs. Area of applications: CAD-CAM,
chemistry, molecular biology, crime consultation,
genetic etc.

Âî ìíîãèõ îáëàñòÿõ çíàíèé èñïîëüçóþòñÿ ñòðóê-
òóðíûå îáúåêòû, ïðåäñòàâëåííûå ìîäåëÿìè â âèäå
ãðàôîâ èëè ïîäãðàôîâ. Ê òàêèì îáëàñòÿì çíàíèé
ìîæíî îòíåñòè ýêîíîìèêó, ìàøèíîñòðîåíèå, áèî-
ëîãèþ, ãåíåòèêó, õèìèþ, êðèìèíàëèñòèêó è ò. ä.
Ìåòîäû òåîðèè ãðàôîâ äàþò èññëåäîâàòåëÿì è ïðàê-
òèêàì ìîùíûé è äîñòóïíûé èíñòðóìåíò ïîñòðîå-
íèÿ ìîäåëåé è ðåøåíèÿ çàäà÷ ñòðóêòóðíîãî óïîðÿ-
äî÷åíèÿ îáúåêòîâ. Â ñâÿçè ñ ðàçâèòèåì ñîâðåìåí-
íûõ òåëåêîììóíèêàöèé âîçíèêàþò àêòóàëüíûå ïðî-
áëåìû õðàíåíèÿ â êîìïüþòåðíûõ àðõèâàõ è ïåðåäà-
÷è áîëüøèõ îáúåìîâ èíôîðìàöèè ïî ñåòÿì Èíòåð-
íåò, à òàêæå ïðîáëåìû èäåíòèôèêàöèè è êàòàëîãè-
çàöèè ñòðóêòóðèðîâàííûõ îáúåêòîâ ðàçëè÷íîãî
ïðîèñõîæäåíèÿ, íàõîäÿùèõñÿ â ýëåêòðîííûõ àðõè-
âàõ.

Ïîñòàíîâêà ïðîáëåìû. Â äàííîé ðàáîòå ðàññìàò-
ðèâàåòñÿ íîâàÿ èíôîðìàöèîííàÿ òåõíîëîãèÿ ðåøå-
íèÿ óêàçàííûõ âûøå ïðîáëåì äëÿ îáúåêòîâ, ðàçëè÷-
íîãî ïðîèñõîæäåíèÿ, ïðåäâàðèòåëüíî ïðåîáðàçî-
âàííûõ â ñâÿçíûå íåîðèåíòèðîâàííûå ãðàôû, ìóëü-
òèãðàôû èëè ïîäãðàôû [1]. (Â äàëüíåéøåì äëÿ êðàò-
êîñòè - ãðàôû.)

Â çàâèñèìîñòè îò ôèçè÷åñêîãî ñìûñëà òîé èëè
èíîé ìîäåëè, ôîðìèðóåìîé ñ ïîìîùüþ ãðàôîâ,
èññëåäîâàòåëü (èëè ïðèêëàäíèê) èñïîëüçóåò ëèáî
ãðàô ñ ïîìå÷åííûìè âåðøèíàìè, ëèáî íåïîìå÷åí-
íûé ãðàô. Â ïåðâîì ñëó÷àå äëÿ õðàíåíèÿ è ïåðåäà-
÷è èíôîðìàöèè äîñòàòî÷íî èñïîëüçîâàòü ìàòðèöó
ñìåæíîñòè èëè ìàòðèöó âåñîâ ãðàôà. Ïðè ýòîì
èäåíòèôèêàöèÿ îáåñïå÷èâàåòñÿ ñ òî÷íîñòüþ äî èçî-
ìîðôèçìà. Îäíàêî ïàðàëëåëüíî ïðîèçâåñòè àâòîìà-
òè÷åñêóþ êàòàëîãèçàöèþ â ýòîì ñëó÷àå íåâîçìîæ-
íî èëè, ïî êðàéíåé ìåðå, âåñüìà çàòðóäíèòåëüíî.
Âî âòîðîì ñëó÷àå (íåïîìå÷åííûé ãðàô) âîçíèêàåò
çàäà÷à îòûñêàíèÿ âñåõ íåèçîìîðôíûõ ãðàôîâ ñ ïî-

ñòîÿííûìè çàðàíåå çàäàííûìè ÷èñëàìè âåðøèí è
ðåáåð. Èçâåñòíû àñèìïòîòè÷åñêèå ôîðìóëû äëÿ
÷èñëà íåèçîìîðôíûõ äåðåâüåâ ñ n âåðøèíàìè [3] è
äëÿ ÷èñëà íåèçîìîðôíûõ ãðàôîâ áåç ïåòåëü è êðàò-
íûõ ðåáåð ñ n âåðøèíàìè.

Èíôîðìàöèîííàÿ òåõíîëîãèÿ. Ñ ïîìîùüþ ïðåä-
ëîæåííîé â äàííîé ðàáîòå èíôîðìàöèîííîé òåõ-
íîëîãèè, ðåøàåòñÿ çàäà÷à îòûñêàíèÿ íåèçîìîðôíûõ
ãðàôîâ (ÎÍÃ). Ïðè ýòîì ãðàôû ìîãóò èìåòü ïåòëè.
Êðàòíîñòü ðåáåð k≥1. Îáîçíà÷èì, íàïåðåä çàäàííûå,
÷èñëî âåðøèí - n è ÷èñëî ðåáåð - m. Äëÿ ðåøåíèÿ
òàêîé çàäà÷è àíàëèòè÷åñêèõ ôîðìóë íå ñóùåñòâóåò.

Èíôîðìàöèîííàÿ òåõíîëîãèÿ ðåøåíèÿ çàäà÷è
ÎÍÃ ñâîäèòñÿ ê ïîñòðîåíèþ òàê íàçûâàåìîãî äåðå-
âà ôîðìèðîâàíèÿ íåèçîìîðôíûõ ãðàôîâ (ÄÔÍÃ).
ÄÔÍÃ ïðåäñòàâëÿåò ñîáîé ìíîãîÿðóñíîå äåðåâî,
ðàñòóùåå èç êîðíÿ. Êîðíåâîé óçåë ÄÔÍÃ íàõîäèòñÿ
íà íóëåâîì ÿðóñå è ñîäåðæèò èíôîðìàöèþ îá
îáúåêòå â âèäå íåïîìå÷åííîãî ãðàôà, èíôîðìàöèþ
î êîòîðîì òðåáóåòñÿ ïðåîáðàçîâàòü ñ öåëüþ ïîëó-
÷åíèÿ ñëåäóþùèõ ðåçóëüòàòîâ:

♦ êîìïàêòíîå ïðåäñòàâëåíèå îáúåêòà, óäîáíîå
äëÿ õðàíåíèÿ èëè ïåðåñûëêè;

♦ ïîëíûé íàáîð ñãåíåðèðîâàííûõ íåèçîìîð-
ôíûõ ãðàôîâ, òî åñòü îáúåêòîâ, ïîðîæäåííûõ îáúåê-
òîì, íàõîäÿùèìñÿ â êîðíåâîì óçëå;

♦ ñòðóêòóðó äàííûõ â âèäå âåêòîðà, îáåñïå÷è-
âàþùåãî ïîèñê èíòåðåñóþùåãî íàñ îáúåêòà, à òàê-
æå åãî èäåíòèôèêàöèþ ñ òî÷íîñòüþ äî èçîìîðôèç-
ìà.

Ñëåäóþùèé ÿðóñ ÄÔÍÃ èìååò ïîðÿäêîâûé íîìåð
1 è íàçûâàåòñÿ ôóíäàìåíòàëüíûì ÿðóñîì. Ôóíäà-
ìåíòàëüíîñòü ïåðâîãî ÿðóñà çàêëþ÷àåòñÿ â òîì, ÷òî
îí äîëæåí ïðèñóòñòâîâàòü â ëþáîì ÄÔÍÃ, íåçàâè-
ñèìî îò îáëàñòè çíàíèé èññëåäóåìîãî îáúåêòà è åãî
ïðîèñõîæäåíèÿ. Êàæäûé óçåë ïåðâîãî ÿðóñà ïðåä-
ñòàâëÿåò ñîáîé âåêòîð ïîäâèæíûõ ñòåïåíåé [4] òåõ
ãðàôîâ, êîòîðûå áóäóò ôîðìèðîâàòüñÿ íà ïîñëåäó-
þùèõ ÿðóñàõ. Ðàññìîòðèì âåêòîð ïîäâèæíûõ ñòå-
ïåíåé

D = (δ1, δ2, δ3,�, δn+1)
ãäå
δi

 - êîìïîíåíòà âåêòîðà ïîäâèæíûõ ñòåïåíåé,
ðàâíàÿ êîëè÷åñòâó âåðøèí â èñêîìîì ïîäãðàôå ñî
ñòåïåíüþ, ðàâíîé i.

Ïîñëåäóþùèå ÿðóñû, íà÷èíàÿ ñî âòîðîãî è êîí-
÷àÿ ñàìûì íèæíèì, íàçûâàþòñÿ ïðèêëàäíûìè ÿðó-
ñàìè. Ïðèêëàäíûå ÿðóñû ôîðìèðóþòñÿ ñ ïîìîùüþ
àëãîðèòìîâ, ðåàëèçóþùèõ ôèçè÷åñêèé ñìûñë ñî-
îòâåòñòâóþùèõ îáúåêòîâ, çàâèñÿùèõ îò îáëàñòè åãî
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ïðèëîæåíèÿ. Ôóíäàìåíòàëüíûé ÿðóñ ÿâëÿåòñÿ èí-
âàðèàíòíûì îòíîñèòåëüíî ïðîèñõîæäåíèÿ èññëåäó-
åìûõ îáúåêòîâ. Ðàññìîòðèì ïðîöåññ ôîðìèðîâà-
íèÿ ïåðâîãî ÿðóñà ÄÔÍÃ áîëåå ïîäðîáíî.

Ôîðìèðîâàíèå ôóíäàìåíòàëüíîãî ÿðóñà. Òåîðå-
òè÷åñêîé îñíîâîé âû÷èñëèòåëüíîé ñõåìû ïîñòðîå-
íèÿ ïåðâîãî ÿðóñà ÄÔÍÃ ÿâëÿåòñÿ ñëåäóþùàÿ òåî-
ðåìà [4].

Òåîðåìà. Ïóñòü G(V,E) - íåîðèåíòèðîâàííûé ãðàô;
òîãäà ïàðàìåòðû n,m èñêîìîãî ïîäãðàôà è êîìïî-
íåíòû âåêòîðà ïîäâèæíûõ ñòåïåíåé (1) ñâÿçàíû ìåæ-
äó ñîáîé ñèñòåìîé äèîôàíòîâûõ óðàâíåíèé

 .2
1

1
m

n

i
ii =�

+

=
δ

Äàííàÿ òåîðåìà äàåò êëþ÷ ê ôîðìèðîâàíèþ óç-
ëîâ ïåðâîãî ÿðóñà ÄÔÍÃ.

Ðåøàÿ ñèñòåìó äèîôàíòîâûõ óðàâíåíèé, ïîëó÷à-
åì íåêîòîðîå ìíîæåñòâî äîïóñòèìûõ ðåøåíèé,
êàæäîå èç êîòîðûõ ñòàíîâèòñÿ óçëîì ôóíäàìåíòàëü-
íîãî ÿðóñà, ÿâëÿÿñü âåêòîðîì (1). Ïðè ýòîì êàæäûé
óçåë ïåðâîãî ÿðóñà ñòàíîâèòñÿ óçëîì-ïðåäêîì äëÿ
ïðèêëàäíûõ ÿðóñîâ ÄÔÍÃ.

Îäíàêî âåñüìà àêòóàëüíûì ñòàíîâèòñÿ âîïðîñ î
ñóùåñòâîâàíèè ìåòîäà èëè àëãîðèòìà ðåøåíèÿ îïè-
ñàííîé â òåîðåìå ñèñòåìû äèîôàíòîâûõ óðàâíåíèé,
ïîñêîëüêó ñóùåñòâóåò ïðîáëåìà ðàçðåøèìîñòè îä-
íîðîäíûõ äèîôàíòîâûõ óðàâíåíèé â öåëûõ ÷èñëàõ
[5, 6, 7]. Ñëåäóåò çàìåòèòü, ÷òî äèîôàíòîâû óðàâíå-
íèÿ òåîðåìû íå îòíîñÿòñÿ ê âèäó ax+by=1 èëè
ax2+bxy+cy2+dx+ey+f=0, ïîýòîìó ÷èñëî ðåøåíèé íå
ìîæåò áûòü áåñêîíå÷íûì [8]. Ðåøåíèå äèîôàíòî-
âûõ óðàâíåíèé òåîðåìû âûïîëíÿåòñÿ ìåòîäîì ïðî-
ñòîãî ïåðåáîðà è èìååò òðóäîåìêîñòü, íå ïðåâûøà-
þùóþ O(n3), ãäå n - ÷èñëî ñëàãàåìûõ â óðàâíåíèè. Â
ýêñïåðèìåíòàëüíîé ïðîãðàììå èñïîëüçóåòñÿ ïî-
÷ëåííîå âû÷èòàíèå ïåðåìåííûõ íà ïåðâîì øàãå ñ
ïîñëåäóþùèì ïåðåáîðîì äîïóñòèìûõ çíà÷åíèé
ïåðåìåííûõ. Ðåàëèçîâàííûé â ïðîãðàììå àëãîðèòì
èìååò âëîæåííûé öèêë âòîðîãî ïîðÿäêà, â êàæäîì
èç êîòîðûõ îñóùåñòâëÿåòñÿ ïåðåáîð äîïóñòèìûõ
çíà÷åíèé ñ îòñå÷åíèåì ðåçóëüòàòîâ, íå ÿâëÿþùèõñÿ
öåëûìè. Êðîìå òîãî, íåîáõîäèìî èìåòü ââèäó, ÷òî
îòñóòñòâèå ïåòåëü è êðàòíûõ ðåáåð â èññëåäóåìûõ
ãðàôàõ ïîçâîëÿåò ñíèçèòü ÷èñëî êîìïîíåíò â âåêòî-
ðå ïîäâèæíûõ ñòåïåíåé äî âåëè÷èíû n-1.

Ïîðÿäîê ôóíêöèîíèðîâàíèÿ èíôîðìàöèîííîé
òåõíîëîãèè. Äîïóñòèì, ÷òî íåêèé îáúåêò ïðåäñòàâ-
ëåí äâóìÿ ïàðàìåòðàìè ãðàôà: ÷èñëîì âåðøèí n è
÷èñëîì ðåáåð m. Íà ïåðâîì ýòàïå ôîðìèðóåòñÿ
ôóíäàìåíòàëüíûé ÿðóñ ÄÔÍÃ â âèäå íàáîðà âåêòî-
ðîâ ïîäâèæíûõ ñòåïåíåé. Ñ ïîìîùüþ àëãîðèòìîâ,
ðåàëèçóþùèõ ôèçè÷åñêèé ñìûñë êîíêðåòíîãî ïðè-

ëîæåíèÿ, ôîðìèðóåòñÿ ÷èñëî ïîääåðåâüåâ, ðàâíîå
÷èñëó ðàçëè÷íûõ âåêòîðîâ ïîäâèæíûõ ñòåïåíåé. Â
êàæäîì âèñÿ÷åì óçëå âñåõ ïîääåðåâüåâ ÄÔÍÃ ñôîð-
ìèðîâàí êîíêðåòíûé íåèçîìîðôíûé ãðàô, èñ÷åð-
ïûâàþùóþ èíôîðìàöèþ î êîòîðîì íåîáõîäèìî
ïðåîáðàçîâàòü â òàêîå êîìïàêòíîå ïðåäñòàâëåíèå
(óïàêîâàòü), êîòîðîå çàíèìàåò ñóùåñòâåííî ìåíü-
øèé îáúåì ïàìÿòè. Â óïàêîâàííîì âèäå èíôîðìà-
öèÿ äîëæíà îáåñïå÷èâàòü âîçìîæíîñòü àâòîìàòè-
÷åñêîé êàòàëîãèçàöèè è èäåíòèôèêàöèè îáúåêòà,
èíòåðåñóþùåãî ïîëüçîâàòåëÿ. Îäíîâðåìåííî êàòà-
ëîãîì, èäåíòèôèêàòîðîì è óïàêîâàííûì ôîðìàòîì
ÿâëÿåòñÿ âåêòîð, êîìïîíåíòàìè êîòîðîãî ÿâëÿþòñÿ
íîìåðà óçëîâ-ñûíîâåé, ïîðîæäàåìûõ óçëàìè-îòöà-
ìè â ïîðÿäêå ñëåäîâàíèÿ ïîêîëåíèé, íà÷èíàÿ îò êîð-
íåâîãî óçëà è êîí÷àÿ âèñÿ÷èì. Ïî ñóùåñòâó ïîëó-
÷åííûé âåêòîð ïðåäñòàâëÿåò ñîáîé ïóòü (pathname)
äîñòóïà ê âèñÿ÷åé âåðøèíå ÄÔÍÃ è ñîäåðæèò ÷èñ-
ëî êîìïîíåíò, ðàâíîå ÷èñëó ÿðóñîâ äåðåâà. Íàïðè-
ìåð, äëÿ ãðàôà ñ n=2000 è m=8000 ÄÔÍÃ, ñîäåðæà-
ùåå ïÿòü ÿðóñîâ îáëàäàåò êîýôôèöèåíòîì óïàêîâ-
êè ðàâíûì 1/2000. ×òî îçíà÷àåò ýêîíîìèþ ïàìÿòè
ïðè õðàíåíèè è ñíèæåíèå çàíÿòîñòè êàíàëîâ ñâÿçè â
2000 ðàç. Ïðèìåðîì ïîäîáíîãî âåêòîðà (óïàêîâàí-
íîãî êëþ÷à) ìîæåò áûòü òàêîé P=(10, 7, 14, 8, 23), ãäå
ïîðÿäêîâûé íîìåð êîìïîíåíòû ðàâåí íîìåðó ÿðó-
ñà ÄÔÍÃ, à ÷èñëîâîå çíà÷åíèå êîìïîíåíòû ñîîò-
âåòñòâóåò ïîðÿäêîâîìó íîìåðó óçëà íà äàííîì ÿðó-
ñå. Ðàçóìååòñÿ, çà òàêîå "ñæàòèå" èíôîðìàöèè ïðè-
õîäèòñÿ ïëàòèòü äîïîëíèòåëüíûì ðàñõîäîì ìàøèí-
íîãî âðåìåíè ïðè óïàêîâêå äî åå ïåðåñûëêè è ðàñ-
ïàêîâêå ïîñëå åå ïîëó÷åíèÿ àäðåñàòîì.

Ðàñïàêîâêà "ñæàòîé" èíôîðìàöèè âûïîëíÿåòñÿ
ïóòåì ãåíåðàöèè èíòåðåñóþùåãî ïîëüçîâàòåëÿ
îáúåêòà ñ ïîìîùüþ âåêòîðà P, êîòîðûé áûë ïîëó-
÷åí ïðè óïàêîâêå èíôîðìàöèè. Ïðè ýòîì èñïîëü-
çóåòñÿ ïðîãðàììà-ðàñïàêîâùèê (ãåíåðàòîð), àíàëî-
ãè÷íàÿ ïðîãðàììå-óïàêîâùèêó. ßäðîì ïðîãðàìì
óïàêîâùèêà è ðàñïàêîâùèêà ÿâëÿþòñÿ àëãîðèòìû,
îñíîâàííûå íà ìåòîäå ñóáñòèòóöèé (çàìåùåíèé)
[4,8,9].

Íåêîòîðûå ïðèëîæåíèÿ èíôîðìàöèîííîé òåõíî-
ëîãèè.

Ïðè ðàçðàáîòêå ïðîåêòíî-êîíñòðóêòîðñêîé äîêó-
ìåíòàöèè â îáëàñòè ìàøèíîñòðîåíèÿ, êîíñòðóêòîð-
ñêèå áþðî íåèçáåæíî ñòàëêèâàþòñÿ ñ ïðîáëåìîé
õðàíåíèÿ áîëüøèõ îáúåìîâ èíôîðìàöèè â ýëåêò-
ðîííûõ áèáëèîòåêàõ, à òàêæå ïðè ïåðåñûëêå ïðîåê-
òíîé äîêóìåíòàöèè çàâîäàì èçãîòîâèòåëÿì. Ñóùå-
ñòâåííóþ äîëþ îáúåìà òàêîé äîêóìåíòàöèè ñîñòàâ-
ëÿþò ÷åðòåæè äåòàëåé è ðàçìåðíûõ öåïåé [10], ðàç-
ðàáàòûâàåìûå â ñðåäå ñèñòåì àâòîìàòèçèðîâàííî-
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ãî ïðîåêòèðîâàíèÿ (ÑÀÏÐ). Êàê èçâåñòíî, ÷åðòåæ
äåòàëè ñ ðàçìåðíîé öåïüþ ôîðìàòà À4 (êàðòèíêà)
òðåáóåò çàòðàò ýëåêòðîííîé ïàìÿòè, â ëó÷øåì ñëó-
÷àå, ïîðÿäêà íåñêîëüêèõ êèëîáàéò. Â òî æå âðåìÿ, ñ
ïîìîùüþ ïðåäëàãàåìîé èíôîðìàöèîííîé òåõíî-
ëîãèè, íåêîòîðûå äåòàëè è ðàçìåðíûå öåïè ìîãóò
áûòü ïðåîáðàçîâàíû â ãðàôû, êàòàëîãèçèðîâàíû è
óïàêîâàíû ñ öåëüþ õðàíåíèÿ è ïîñëåäóþùåé ïåðå-
äà÷è çàâîäàì èçãîòîâèòåëÿì èëè ôèðìàì - çàêàç÷è-
êàì.

Ïðèìåðîì åùå îäíîãî ïðèëîæåíèÿ íîâîé èíôîð-
ìàöèîííîé òåõíîëîãèè â îáëàñòè îðãàíè÷åñêîé õè-
ìèè, ìîæåò ñëóæèòü ðàçðàáîòêà ýêñïåðèìåíòàëü-
íîãî ýëåêòðîííîãî êàòàëîãèçàòîðà èçîìåðîâ ïðå-
äåëüíûõ óãëåâîäîðîäîâ (àëêàíû), îáùàÿ õèìè÷åñ-
êàÿ ôîðìóëà êîòîðûõ CnH2n+2. Â îñíîâó êàòàëîãè-
çàòîðà èçîìåðîâ ïîëîæåíû ïðàâèëà Ìåæäóíàðîä-
íîãî ñîþçà òåîðåòè÷åñêîé è ïðèêëàäíîé õèìèè
(ÈÞÏÀÊ). ÄÔÍÃ êàòàëîãèçàòîðà èçîìåðîâ ñîäåð-
æèò îäèí ôóíäàìåíòàëüíûé ÿðóñ è ÷åòûðå ïðèêëàä-
íûõ. Çàäà÷åé ïåðå÷èñëåíèÿ ñòðóêòóðíûõ èçîìåðîâ
çàíèìàëèñü ìíîãèå ìàòåìàòèêè, íà÷èíàÿ ñ Êýëè [3]
è äî Ïîéà è Õàðàðè [11].

Íèæå ïðèâîäÿòñÿ ñðàâíèòåëüíûå ðåçóëüòàòû íà-
÷àëüíîé ÷àñòè ãîìîëîãè÷åñêîãî ðÿäà àëêàíîâ, ïî-
ëó÷åííûå Êýëè ñ îäíîé ñòîðîíû è ÈÊÒÈ ÐÀÍ - ñ
äðóãîé. Êàæäàÿ öèôðà ñîîòâåòñòâóþùåãî ðÿäà ïî-
êàçûâàåò ÷èñëî èçîìåðîâ, à èíäåêñ - ÷èñëî àòîìîâ
óãëåðîäíîãî ñêåëåòà.

11, 12, 13, 24, 35, 56, 97, 188, 359, 7510�(Êýëè, Àíã-
ëèÿ, 1875).

11, 12, 13, 24, 35, 56, 97, 208, 419, 8210�(Ãîðøêîâ,
Ðîññèÿ, 2000).

Ñðàâíèòåëüíûé àíàëèç äâóõ ìîäåëåé ïîêàçûâàåò,
÷òî ðàñõîæäåíèå â ðåçóëüòàòàõ íà÷èíàåòñÿ ñ ìîëå-
êóëÿðíîé ôîðìóëû C8H18. Íîâàÿ èíôîðìàöèîííàÿ
òåõíîëîãèÿ óïàêîâêè è ãåíåðàöèè ãðàôîâ ïîçâîëè-
ëà ïîëó÷èòü, õîòÿ è ïîáî÷íûé, íî èíòåðåñíûé íàó÷-
íûé ðåçóëüòàò.

Ïåðñïåêòèâû èñïîëüçîâàíèÿ èíôîðìàöèîííîé
òåõíîëîãèè.

Â ñâÿçè ñ ðàçâèòèåì ñèñòåì ýëåêòðîííûõ êîììó-
íèêàöèé, ñèñòåì àâòîìàòèçèðîâàííîãî ïðîåêòèðî-
âàíèÿ, ñîçäàíèåì èäåíòèôèöèðóþùèõ áàç äàííûõ ñ
àâòîìàòè÷åñêîé êàòàëîãèçàöèåé, ñèñòåì èñêóññòâåí-
íîãî èíòåëëåêòà è ò.ï. àêòóàëüíîñòü ïðèìåíåíèÿ
èíôîðìàöèîííûõ òåõíîëîãèé äëÿ óïàêîâêè ðåëåâàí-
òíûõ äàííûõ áóäåò âîçðàñòàòü. Ïðîáëåìà ðàçìåùå-
íèÿ ñòðóêòóðû äàííûõ â ïàìÿòè ÝÂÌ èëè ïðè ïåðå-
äà÷å ïî ëèíèÿì ñâÿçè ñ ìèíèìàëüíûìè çàòðàòàìè
ðåñóðñîâ ýôôåêòèâíî ðàçðåøèìà ñ ïîìîùüþ îïè-
ñàííîé âûøå èíôîðìàöèîííîé òåõíîëîãèè. Ïðè

ýòîì íåîáõîäèìî, ÷òîáû èñõîäíûå îáúåêòû ïðåä-
âàðèòåëüíî áûëè ïðåîáðàçîâàíû â ãðàôû. Âî ìíî-
ãèõ îáëàñòÿõ çíàíèé ñóùåñòâóþò îáúåêòû, óäîáíûå
äëÿ ïðåîáðàçîâàíèÿ â ãðàôû. Äîñòàòî÷íî óïîìÿ-
íóòü òàêèå îáëàñòè çíàíèé, êàê îðãàíè÷åñêóþ õè-
ìèþ, ìîëåêóëÿðíóþ áèîëîãèþ, ãåíåòèêó è ò.ä. Ïî-
ñêîëüêó, ïðåäëîæåííàÿ èíôîðìàöèîííàÿ òåõíîëî-
ãèÿ èñïîëüçóåò ÄÔÍÃ, ñîäåðæàùåå ôóíäàìåíòàëü-
íûé ÿðóñ, òî â áóäóùåì, ïðè ñîçäàíèè ñïåöèàëèçè-
ðîâàííûõ ÝÂÌ-óïàêîâùèêîâ, âîçìîæíà àïïàðàòíàÿ
ðåàëèçàöèÿ ðåøàòåëÿ äèîôàíòîâûõ óðàâíåíèé, ÷òî
ìîæåò îêàçàòüñÿ ýêîíîìè÷íåé èñïîëüçîâàíèÿ ñó-
ïåð-ÝÂÌ. Ïðèêëàäíûå óðîâíè ÄÔÍÃ öåëåñîîáðàç-
íî ðåàëèçîâàòü ïðîãðàììíî, òàê êàê ìíîæåñòâî
ïðèëîæåíèé ïî óïàêîâêå, êàòàëîãèçàöèè è èäåíòè-
ôèêàöèè áóäåò ïîñòîÿííî âîçðàñòàòü. Ïðèìåðîì
îáëàñòè çíàíèé ïî ïðèêëàäíîé çàäà÷å èäåíòèôèêà-
öèè ìîæåò ñëóæèòü êðèìèíàëèñòèêà. Ýòà ïðîáëåìà
â íàñòîÿùåå âðåìÿ îáñóæäàåòñÿ â çàðóáåæíîé ïðåñ-
ñå, ãäå ïðåäëàãàåòñÿ èñïîëüçîâàòü áàçó äàííûõ îá-
ðàçöîâ ÄÍÊ äëÿ ëèö, ñîñòîÿùèõ íà êðèìèíàëèñòè-
÷åñêîì ó÷åòå.

Êàê èçâåñòíî, ðàçâèòèå ìåòîäîâ ÷òåíèÿ ÄÍÊ ïðè-
âåëî ê âîçíèêíîâåíèþ íîâîé äèñöèïëèíû - êîìïü-
þòåðíîé ãåíåòèêè [12, 13]. Â íàñòîÿùåå âðåìÿ ñóì-
ìàðíûé îáúåì áàíêà íóêëåîòèäíûõ ïîñëåäîâàòåëü-
íîñòåé (GenBank) âîçðàñòàåò ñ ïîðàçèòåëüíîé ñêî-
ðîñòüþ [14]. Åñòü âñå îñíîâàíèÿ ïðåäïîëîæèòü, ÷òî
àâòîìàòè÷åñêàÿ "ïðîãîíêà" (ïðè èñïîëüçîâàíèè
äàííîé èíôîðìàöèîííîé òåõíîëîãèè) îòäåëüíûõ
ðàçäåëîâ GenBank, â ïîðÿäêå âû÷èñëèòåëüíîãî ýêñ-
ïåðèìåíòà, ïîçâîëèò âûïîëíèòü ôîðìàëèçîâàííóþ
êàòàëîãèçàöèþ è èäåíòèôèêàöèþ íåêîòîðûõ ôðàã-
ìåíòîâ ÄÍÊ, âûáðàòü ïåðñïåêòèâíûå ñïîñîáû óïà-
êîâêè è êàòàëîãèçàöèè ãåííûõ êàðò, ãåííûõ àíñàìá-
ëåé è äðóãèõ îáúåêòîâ, ñîäåðæàùèõ ãåíåòè÷åñêóþ
èíôîðìàöèþ. Ïðè ýòîì GenBank è óïàêîâàííûå êëþ-
÷è áóäóò ñâÿçàíû ìåæäó ñîáîé èíôîðìàöèîííî.
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