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Ðàçðàáàòûâàåòñÿ ñïîñîá ïîâûøåíèÿ âåðîÿòíîñòè ñâÿçíîñòè äâóõïîëþñíèêà, ñîñòî-
ÿùåãî èç íèçêîíàä¼æíûõ ð¼áåð. Ìåòîäàìè êîíòåêñòíîãî àíàëèçà âûäåëÿåòñÿ ìíî-
æåñòâî äîìèíàíò, ê êîòîðîìó îòíîñÿòñÿ ð¼áðà ñ íàèáîëüøèì âëèÿíèåì íà ñâÿç-
íîñòü âñåãî äâóõïîëþñíèêà. Ðàçðàáîòàíû äâà ìåòîäà âîçäåéñòâèÿ íà ìíîæåñòâî
äîìèíàíò, ïðèâîäÿùèå ê æåëàåìîìó ýôôåêòó. Â ðåçóëüòàòå èõ ñðàâíèòåëüíîãî
àíàëèçà ïîëó÷åíû ñîîòâåòñòâóþùèå óñëîâèÿ, ïîçâîëÿþùèå âûáðàòü ïîäõîäÿùèé
ìåòîä â çàâèñèìîñòè îò ñòðóêòóðû äâóõïîëþñíèêà.

Êëþ÷åâûå ñëîâà: ñâÿçíîñòü, äâóõïîëþñíèê, ìíîæåñòâî äîìèíàíò, ñåòåâûå

ñòðóêòóðû.

CONTEXTUAL ANALYSIS
OF THE BIPOLAR STRUCTURES CONNECTIVITY

A. S. Losev

IAM FEB RAS, Vladivostok, Russia

The paper discusses an original approach to the analysis of network structures of var-
ious natures, which are represented in the form of graphs. It is assumed that the
probability of connectivity of individual edges functionally depends on their physical
characteristics (edge length) and tends to zero. The issue of increasing the connectivity
probability of the entire graph is being addressed, which is defined as the probability of
the existence of a sequential set of edges connecting the selected start and end vertices.
A distinctive feature of the proposed method is the move away from the traditional
reservation of obviously weak connection points towards a functional impact on indi-
vidual connections of the structure, changing their physical characteristics. Based on
the theory of systems functioning and the theory of dominants, contextual approach is
being developed aimed at identifying the dominant connections of the graph, reflecting
the functional and meaningful meaning of the connections between the vertices of the
original modeled object. As a result, a set of dominants S is identified, consisting of
edges whose parameters meet the given criteria. The selection criterion is the length
of the edge included in the asymptotic relation, which characterizes the connectivity
probability of the entire graph. It has been proven that changing the length of edges
from a given set by ε > 0 increases the probability of connectedness of the original
graph in the maximum case in h−ε or h−εβ times, where h→ 0 and β is a parameter
depending on the number of graph paths passing through this edge. Various meth-
ods have been proposed to increase the connectivity probability of the graph under
consideration: from the point of view of the point effect, by reducing the length of a
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single edge from the set S; from the position of influencing the maximum set of edges
from S, allowing to obtain the overall maximum effect. A comparative analysis of the
proposed ways to increase the probability of graph connectivity has been carried out,
and the appropriate conditions have been identified to achieve the maximum effect
from the selected methods of influence.

Keywords: connectivity, bipolar network, set of dominants, network structure.

Ââåäåíèå
Îáú¼ìû ïåðåäàâàåìûõ äàííûõ â ðàçëè÷íûõ ñôåðàõ ðàñòóò ñ íåâåðîÿòíîé ñêîðî-

ñòüþ è òðåáóþò íîâûõ ìàòåìàòè÷åñêèõ ïîäõîäîâ è ìåòîäîâ ïî èõ îáðàáîòêå. Ñóùå-
ñòâóþùèå ìîùíîñòè îáðàáîòêè íå âñåãäà ìîãóò îõâàòèòü âåñü îáú¼ì èíôîðìàöèè è
òðåáóþò âñ¼ áîëüøåãî òåõíè÷åñêîãî ðåñóðñà. Â çàäà÷å îáðàáîòêè áîëüøîãî êîëè÷åñòâà
äàííûõ íà ïîìîùü ïðèõîäÿò ñîâðåìåííûå ðàçðàáîòêè â èíôîðìàöèîííûõ ñèñòåìàõ,
ñâÿçàííûå ñ ðàñïàðàëëåëèâàíèåì, ñàìîîáó÷åíèåì è ó÷àñòèåì èñêóññòâåííîãî èíòåë-
ëåêòà [1�4]. Íàïðèìåð, â ðàáîòå [1] íà îñíîâå ìåòîäîâ ðàñïàðàëëåëèâàíèÿ è ñàìîîáó÷å-
íèÿ íåéðîñåòè ïðåäëàãàþòñÿ ðåøåíèÿ íåñòàíäàðòíûõ èëè íå÷¼òêî ñôîðìóëèðîâàííûõ
çàäà÷. Â ðàáîòàõ [5, 6] èññëåäóþòñÿ èíòåëëåêòóàëüíûå ñèñòåìû ñëåæåíèÿ è êîíòðîëÿ
â íåïðåðûâíîì ïîòîêå èíôîðìàöèè ñ ýëåìåíòàìè ðàñïîçíàâàíèÿ îáúåêòîâ è ñóáúåêòîâ.

Ïåðâîíà÷àëüíî çàäà÷à àëãîðèòìè÷åñêîé îáðàáîòêè äàííûõ, ïðåäñòàâëåííûõ â âèäå
ñåòåâûõ ñòðóêòóð èëè ãðàôîâ, ñâÿçàíà ñ èññëåäîâàíèÿìè Ó. Ìàê-Êàëëîêà â îáëàñòè
áèîëîãè÷åñêèõ ïðîöåññîâ ãîëîâíîãî ìîçãà è Ó. Ïèòòñà, ðàáîòàâøåãî íàä ñîçäàíèåì èñ-
êóññòâåííîãî èíòåëëåêòà íà îñíîâå íåéðîííûõ ñåòåé [7]. Îíà íàøëà ñâî¼ ïðîäîëæåíèå
âî ìíîãèõ èññëåäîâàíèÿõ, â òîì ÷èñëå ó Ñ. Ãðîññáåðãà, Ò. Êîõîíåíà, Ä. Õîïôèëäà [8, 9].
Îòäåëüíîå ìåñòî äàííàÿ çàäà÷à çàíèìàåò â èññëåäîâàíèÿõ íåéðîïðîöåññîâ, ìîäåëèðó-
åìûõ â íåéðîñåòÿõ.

Ñðåäè âîçìîæíûõ ïîäõîäîâ, íàïðàâëåííûõ íà ðåøåíèå çàäà÷è àëãîðèòìè÷åñêîé
îáðàáîòêè äàííûõ, ïðåäñòàâëåííûõ â âèäå ðàçëè÷íûõ ñèñòåì, îñîáûé èíòåðåñ ïðåä-
ñòàâëÿåò òåîðèÿ ôóíêöèîíèðîâàíèÿ ñèñòåì Ï.Ê. Àíîõèíà [10]. Îí ïðåäëàãàåò îòáðî-
ñèòü äîãìàò î ñàìîðåãóëèðîâàíèè ñèñòåì è îöåíèâàòü ôóíêöèîíèðîâàíèå ñëîæíûõ
ñèñòåì êàê ñîâîêóïíîñòü êîíêðåòíûõ è ÷àñòíûõ âîïðîñîâ, êîòîðûå ðåøàþòñÿ ñ ìåíü-
øèìè çàòðóäíåíèÿìè è çàòðàòàìè ðåñóðñà. Äåéñòâèòåëüíî, ñ îäíîé ñòîðîíû, ìåòîä
äåêîìïîçèöèè ñóùåñòâåííî óìåíüøàåò ðàçìåðíîñòü ìîäåëè è âõîäíûõ ïàðàìåòðîâ èñ-
ñëåäóåìîãî îáúåêòà. Íî, ñ äðóãîé ñòîðîíû, îáëàäàåò ñóùåñòâåííûì íåäîñòàòêîì: îòðà-
æàÿ õàðàêòåðèñòèêè îòäåëüíûõ ÷àñòåé ñèñòåìû, ïëîõî õàðàêòåðèçóåò îáúåêò â öåëîì,
óïóñêàÿ èç âèäó âîçìîæíûå ñèíåðãåòè÷åñêèå ýôôåêòû, âîçíèêàþùèå ïðè êîìïîçèöèè
îáðàáîòàííûõ ÷àñòåé ñèñòåìû â åäèíîå öåëîå. Îäíàêî â ñî÷åòàíèè ñ òåîðèåé äîìèíàíò
À.À. Óõòîìñêîãî [11] îí ïîçâîëÿåò îöåíèòü îáúåêò â öåëîì. Â ñâîèõ èññëåäîâàíèÿõ
À.À. Óõòîìñêèé [12] ïîêàçàë, ÷òî â ëþáîé ñèñòåìå ïðèñóòñòâóåò ìíîæåñòâî äîìèíàíò,
êîòîðîå ôîðìèðóåò ôîêóñ ðàññìîòðåíèÿ ñèñòåìû â öåëîì, îòðàæàÿ å¼ îñíîâíûå õàðàê-
òåðèñòèêè âïëîòü äî òîãî, ÷òî îòñóòñòâèå äîìèíàíòû â ñèñòåìå âëå÷¼ò ëèêâèäàöèþ
ñèñòåìû ïîëíîñòüþ. Òàêèì îáðàçîì, íàáëþäàåòñÿ âçàèìíî îäíîçíà÷íîå ñîîòâåòñòâèå
äîìèíàíòû ñèñòåìû è êîíòåêñòà ðàññìîòðåíèÿ ñèñòåìû, ãäå èçìåíåíèå îäíîãî âëå÷¼ò
èçìåíåíèå äðóãîãî.

Â äàííîé ðàáîòå ìåòîäàìè êîíòåêñòíîãî àíàëèçà èññëåäóåòñÿ âëèÿíèå îòäåëüíûõ
ð¼áåð äâóõïîëþñíèêà íà âåðîÿòíîñòü åãî ñâÿçíîñòè. Âûäåëÿåòñÿ ìíîæåñòâî äîìèíàíò,
ñîñòîÿùåå èç ð¼áåð, îêàçûâàþùèõ íàèáîëüøåå âëèÿíèå íà âåðîÿòíîñòü ñâÿçíîñòè äâóõ-
ïîëþñíèêà ïî ñðàâíåíèþ ñ ïðî÷èìè ýëåìåíòàìè. Ðàññìàòðèâàþòñÿ ðàçëè÷íûå ñïîñî-
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áû ïîâûøåíèÿ âåðîÿòíîñòè ñâÿçíîñòè äâóõïîëþñíèêà ÷åðåç èçìåíåíèå äëèíû ð¼áåð
èç ìíîæåñòâà äîìèíàíò. Ïðîâîäèòñÿ ñðàâíèòåëüíûé àíàëèç ïðåäëîæåííûõ ïîäõîäîâ.

1. Îñíîâíûå îáîçíà÷åíèÿ è ïîñòàíîâêà çàäà÷è
Ââåä¼ì â ðàññìîòðåíèå äâóõïîëþñíèê Γ = {U,W} â âèäå íåîðèåíòèðîâàííîãî ãðà-

ôà ñ êîíå÷íûì ìíîæåñòâîì âåðøèí U , ìíîæåñòâîì ð¼áåð W è âûäåëåííûìè íà÷àëü-
íîé u∗ è êîíå÷íîé v∗ âåðøèíàìè. Îáîçíà÷èì ÷åðåç R ìíîæåñòâî âñåõ àöèêëè÷íûõ
ïóòåé R äâóõïîëþñíèêà Γ èç âåðøèíû u∗ â v∗. Ïîëîæèì, ÷òî êàæäîå ðåáðî w ∈ W õà-
ðàêòåðèçóåòñÿ äëèíîé d(w) è ðàáîòàåò íåçàâèñèìî ñ âåðîÿòíîñòüþ pw, 0 < pw < 1. Îáî-
çíà÷èì PΓ âåðîÿòíîñòü ñâÿçíîñòè äâóõïîëþñíèêà, êîòîðàÿ õàðàêòåðèçóåòñÿ íàëè÷èåì
õîòÿ áû îäíîãî ðàáîòàþùåãî ïóòè ìåæäó íà÷àëüíîé è êîíå÷íîé âåðøèíàìè. Äëèíó ïó-
òè R îïðåäåëèì êàêD(R) =

∑
w∈R

d(w), à äëèíó ìèíèìàëüíîãî ïóòè�D(R) = min
R∈R

D(R).

Â ðàáîòàõ [13, 14] ïîëó÷åíû àñèìïòîòè÷åñêèå ñîîòíîøåíèÿ, õàðàêòåðèçóþùèå âåðî-
ÿòíîñòü ñâÿçíîñòè äâóõïîëþñíèêà, ñîñòîÿùåãî èç íèçêîíàä¼æíûõ ð¼áåð � òàêèõ, ÷òî
pw = pw(h), ãäå pw(h)�ôóíêöèÿ îò íåêîòîðîãî ïàðàìåòðà h, õàðàêòåðèçóþùàÿ âåðî-
ÿòíîñòü ðàáîòû ðåáðà äëèíîé d(w). Çäåñü è äàëåå h > 0.

Òåîðåìà 1. Ïóñòü pw(h) ∼ hd(w) ïðè h→ 0, ãäå d(w) > 0, w ∈ W , òîãäà

PΓ ∼ N (R)hD(R), (1)

ãäå N (R)�êîëè÷åñòâî ïóòåé ìèíèìàëüíîé äëèíû â äâóõïîëþñíèêå Γ.

Ñîîòíîøåíèå (1) ïîçâîëÿåò ïîñòðîèòü àñèìïòîòè÷åñêóþ îöåíêó âåðîÿòíîñòè ñâÿç-
íîñòè äâóõïîëþñíèêà ÷åðåç õàðàêòåðèñòèêè îòäåëüíûõ ð¼áåð. Îáîçíà÷èì ìíîæåñòâî
òàêèõ ð¼áåð ÷åðåç S = {w ∈ R : D(R) = D(R)}. Ñ ïîçèöèè êîíòåêñòíîãî àíàëè-
çà, ìíîæåñòâî S ÿâëÿåòñÿ ìíîæåñòâîì äîìèíàíò è ïðåäñòàâëÿåò îòäåëüíûé èíòåðåñ,
òàê êàê åãî ýëåìåíòû ñ÷èòàþòñÿ îñíîâîïîëàãàþùèìè â âîïðîñàõ ôóíêöèîíèðîâàíèÿ
äâóõïîëþñíèêà â öåëîì è åãî ñâÿçíîñòè â ÷àñòíîñòè.

Â äàííîì ïðåäñòàâëåíèè âåðîÿòíîñòü ñâÿçíîñòè îòäåëüíî âçÿòîãî ðåáðà äâóõïîëþñ-
íèêà âûðàæàåòñÿ ÷åðåç ôóíêöèîíàëüíóþ çàâèñèìîñòü îò åãî äëèíû. Ñîîòâåòñòâåííî
èçìåíåíèå äëèíû ëþáîãî ðåáðà èç ìíîæåñòâà äîìèíàíò ïðèâîäèò ê çíà÷èìîìó èç-
ìåíåíèþ ñâÿçíîñòè äâóõïîëþñíèêà â öåëîì. Ïðè ýòîì íóæíî îòìåòèòü, ÷òî â ñèëó
îïðåäåëåíèÿ ìíîæåñòâà äîìèíàíò èçìåíåíèå äëèíû îòäåëüíî âçÿòîãî ðåáðà èç S ìî-
æåò ïðèâåñòè ê àíàëîãè÷íîìó ýôôåêòó, ñðàâíèìîìó ñ èçìåíåíèåì íåêîòîðîãî íàáîðà
ð¼áåð.

Ðàññìîòðèì ðàçëè÷íûå ñïîñîáû ïîâûøåíèÿ âåðîÿòíîñòè ñâÿçíîñòè âñåãî äâóõïî-
ëþñíèêà ÷åðåç èçìåíåíèå äëèíû îòäåëüíî âçÿòîãî ðåáðà èç ìíîæåñòâà äîìèíàíò è
ñîîòâåòñòâóþùåãî íàáîðà. Ïðîâåä¼ì ñðàâíèòåëüíûé àíàëèç ýòèõ ïîäõîäîâ ñ öåëüþ
âûÿâëåíèÿ óñëîâèé, ïîçâîëÿþùèõ ïîëó÷èòü íàèëó÷øèé ýôôåêò â çàâèñèìîñòè îò âû-
áðàííîãî ïîäõîäà è îñîáåííîñòè ñòðîåíèÿ äâóõïîëþñíèêà.

2. Ïîâûøåíèå ñâÿçíîñòè ñòðóêòóðû ÷åðåç êîíòåêñòíîå âîçäåéñòâèå
2.1. Ò î ÷ å ÷ í û é ï î ä õ î ä

Âûäåëèì èç ìíîæåñòâà R ïîäìíîæåñòâî âñåõ êðàò÷àéøèõ ïóòåé R̃ = {R ∈ R :
D(R) = D(R)}. Îáîçíà÷èì N(A) ÷èñëî ýëåìåíòîâ ìíîæåñòâà A.

Óòâåðæäåíèå 1. Åñëè çàìåíèòü d(w′) íà d(w′)− ε äëÿ îäíîãî ëþáîãî w′ ∈ S, òî

PΓ ∼ N(R̃1)h
D(R)−ε, h→ 0,

ãäå 1 < ε < d(w′), 0 < N(R̃1) ⩽ N (R).
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Äîêàçàòåëüñòâî. Â ñèëó òåîðåìû 1 èìååì

PΓ ∼ N (R)hD(R) =
∑
R∈R̃

∏
w∈R

hd(w).

Ïðåäñòàâèì R̃ = R̃0 ∪ R̃1, ãäå R̃0 = {R ∈ R̃ : w′ /∈ R}, R̃1 = {R ∈ R̃ : w′ ∈ R}, òîãäà∑
R∈R̃

∏
w∈R

hd(w) =
∑

R∈R̃0

∏
w∈R

hd(w) +
∑

R∈R̃1

∏
w∈R

hd(w).

Çàìåíèì d(w′) íà d(w′)− ε è ïîëó÷èì

PΓ ∼
∑

R∈R̃0

∏
w∈R

hd(w) +
∑

R∈R̃1

(
hd(w′)−ε

∏
w∈R\w′

hd(w)

)
=
∑

R∈R̃0

∏
w∈R

hd(w)+

+
∑

R∈R̃1

(
h−ε

∏
w∈R

hd(w)

)
=
∑

R∈R̃0

hD(R) +
∑

R∈R̃1

hD(R)−ε =

=
∑

R∈R̃1

hD(R)−ε

1 +

∑
R∈R̃0

hD(R)

∑
R∈R̃1

hD(R)−ε

 = N(R̃1)h
D(R)−ε

(
1 +

N(R̃0)

N(R̃1)
hε

)
.

Ïðè óñëîâèè h→ 0 è 1 < ε < d(w′) ïîëó÷àåì

PΓ ∼ N(R̃1)h
D(R)−ε(1 + o(1)) ∼ N(R̃1)h

D(R)−ε.

Óòâåðæäåíèå 1 äîêàçàíî.

2.2. Ì í î æ å ñ ò â å í í û é ï î ä õ î ä

Âûäåëèì èç ìíîæåñòâà R̃ ïîäìíîæåñòâî R̃′ = {R ∈ R̃ : N(R) = Ñ(R̃)}, ãäå
Ñ(R̃) = max

R∈R̃
N(R), à èç ìíîæåñòâà äîìèíàíò S �ïîäìíîæåñòâî S ′ = {w ∈ R : R ∈ R̃′}.

Óòâåðæäåíèå 2. Åñëè çàìåíèòü d(w) íà d(w)− ε äëÿ âñåõ w ∈ S ′, òî

PΓ ∼ N(R̃′)hD(R)−εÑ(R̃), h→ 0,

ãäå 1 < ε < min
w∈S′

d(w), 0 < N(R̃′) ⩽ N (R).
Äîêàçàòåëüñòâî. Â ñèëó òåîðåìû 1 èìååì

PΓ ∼ N (R)hD(R) =
∑
R∈R̃

∏
w∈R

hd(w) =
∑

R∈R̃\(R̃′∪R̃′
0)

∏
w∈R

hd(w) +
∑

R∈R̃′
0

∏
w∈R

hd(w) +
∑

R∈R̃′

∏
w∈R

hd(w),

ãäå R̃′
0 = {R ∈ R̃ : N(R) ̸= Ñ(R̃), R ∩ S ′ ̸= ∅}. Çàìåíèì d(w) íà d(w) − ε äëÿ âñåõ

w ∈ S ′, òîãäà

PΓ ∼
∑

R∈R̃\(R̃′∪R̃′
0)

∏
w∈R

hd(w) +
∑

R∈R̃′
0

( ∏
w∈R\S′

hd(w)
∏

w∈R∩S′
hd(w)−ε

)
+
∑

R∈R̃′

∏
w∈R

hd(w)−ε =

=
∑

R∈R̃\(R̃′∪R̃′
0)

hD(R) +
∑

R∈R̃′
0

hD(R)−εN(R∩S′) +
∑

R∈R̃′

hD(R)−εÑ(R̃) =
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=
∑

R∈R̃′

hD(R)−εÑ(R̃)


∑

R∈R̃\(R̃′∪R̃′
0)

hD(R)

∑
R∈R̃′

hD(R)−εÑ(R̃)
+

∑
R∈R̃′

0

hD(R)−εN(R∩S′)

∑
R∈R̃′

hD(R)−εÑ(R̃)
+ 1

 =

= N(R̃′)hD(R)−εÑ(R̃)

(
1 + k0h

εÑ(R̃) +
1

N(R̃′)

∑
R∈R̃′

0

hε(Ñ(R̃)−N(R∩S′))

)
, k0 = const .

Îòäåëüíî ðàññìîòðèì ðàçíîñòü Ñ(R̃)−N(R ∩ S ′). Èç îïðåäåëåíèÿ Ñ(R̃) ñëåäóåò, ÷òî
Ñ(R̃)−N(R∩S ′) > 0. Äåéñòâèòåëüíî, åñëè ñóùåñòâóåò R∗ ∈ R̃′

0, äëÿ êîòîðîãî Ñ(R̃)−
− N(R∗ ∩ S ′) = 0, òî R∗ ∈ R̃′ è, ñëåäîâàòåëüíî, R∗ /∈ R̃′

0. Ñ äðóãîé ñòîðîíû, åñëè
ñóùåñòâóåò R∗ ∈ R̃′

0, äëÿ êîòîðîãî Ñ(R̃)−N(R∗ ∩ S ′) < 0, òî N(R∗ ∩ S ′) > Ñ(R̃), ÷òî
ïðîòèâîðå÷èò îïðåäåëåíèþ Ñ(R̃) = max

R∈R̃
N(R). Çíà÷èò,

PΓ ∼ N(R̃′)hD(R)−εÑ(R̃)

(
1 + k0h

εÑ(R̃) +
1

N(R̃′)

∑
R∈R̃′

0

hεk1(R)

)
, k0, k1(R) > 0.

Ïðè óñëîâèè 1 < ε < min
w∈S′

d(w) è h→ 0 ïîëó÷àåì

PΓ ∼ N(R̃′)hD(R)−εÑ(R̃)(1 + o(1)) ∼ N(R̃′)hD(R)−εÑ(R̃).

Óòâåðæäåíèå 2 äîêàçàíî.

3. Ñðàâíèòåëüíûé àíàëèç ïîäõîäîâ
Ýôôåêò, ñâÿçàííûé ñ óâåëè÷åíèåì âåðîÿòíîñòè ñâÿçíîñòè äâóõïîëþñíèêà, çàâèñèò

íå òîëüêî îò âûáðàííîãî ïîäõîäà, íî è îò îñîáåííîñòåé ñòðîåíèÿ ðàññìàòðèâàåìîãî
ãðàôà. È õîòÿ î÷åâèäíî, ÷òî N(S) ⩾ N(S ′) è îäèí èç ïîäõîäîâ ïðåäïîëàãàåò èçìåíå-
íèå äëèíû îäíîãî ðåáðà, à äðóãîé� íåêîòîðîãî êîëè÷åñòâà ð¼áåð, çàðàíåå íåèçâåñòíî,
êàêîé èç íèõ ïðèâåäåò ê íàèëó÷øåìó ðåçóëüòàòó.

Îáîçíà÷èì PΓ1 è PΓ2 � âåðîÿòíîñòè ñâÿçíîñòè ôèêñèðîâàííîãî äâóõïîëþñíèêà Γ
ïîñëå èçìåíåíèÿ äëèíû ôèêñèðîâàííîãî ðåáðà w′ ∈ S è ìíîæåñòâà ð¼áåð S ′ ñîîòâåò-
ñòâåííî. Òîãäà

PΓ1 ∼ N(R̃1)h
D(R)−ε1 , PΓ2 ∼ N(R̃′)hD(R)−ε2Ñ(R̃), h→ 0,

ãäå 1 < ε1 < d(w′), 1 < ε2 < min
w∈S′

d(w). Ñðàâíèì ïîëó÷åííûå àñèìïòîòè÷åñêèå ñîîòíî-
øåíèÿ:

PΓ1

PΓ2

∼ N(R̃1)h
D(R)−ε1

N(R̃′)hD(R)−ε2Ñ(R̃)
=

N(R̃1)

N(R̃′)
h−ε1+ε2Ñ(R̃), h→ 0.

Ðàññìîòðèì ÷àñòíûé ñëó÷àé, êîãäà ε1 = ε2. Òîãäà

PΓ1

PΓ2

∼ N(R̃1)

N(R̃′)
hε1(Ñ(R̃)−1), h→ 0.

Åñëè Ñ(R̃) − 1 = 0, òî ìèíèìàëüíûé ïóòü ñîñòîèò èç îäíîãî ðåáðà è N(R̃1) = 1.
Åñëè â ãðàôå íåò êðàòíûõ ð¼áåð îäèíàêîâîé äëèíû, òî N(R̃1) = N(R̃′) è PΓ1 ∼ PΓ2 ,
â ïðîòèâíîì ñëó÷àå N(R̃1) < N(R̃′) è PΓ1 ≲ PΓ2 .
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Åñëè Ñ(R̃) − 1 > 0, òî 0 < hε1(Ñ(R̃)−1) < 1, h → 0. Ñëåäîâàòåëüíî, ïðè óñëîâèè
N(R̃1) ⩽ N(R̃′) ïîëó÷àåì, ÷òî PΓ1 ≲ PΓ2 . Ñ äðóãîé ñòîðîíû, ïðè N(R̃1) > N(R̃′)
âîçìîæíà ñèòóàöèÿ, â êîòîðîé êàê PΓ1 ≲ PΓ2 , òàê è PΓ1 ≳ PΓ2 â çàâèñèìîñòè îò ñòðóê-
òóðíûõ îñîáåííîñòåé äâóõïîëþñíèêà.

Àíàëîãè÷íûì îáðàçîì ïðîâåä¼í ñðàâíèòåëüíûé àíàëèç ïîëó÷åííûõ àñèìïòîòè÷å-
ñêèõ ñîîòíîøåíèé â îáùåì âèäå, åãî ðåçóëüòàòû ïðåäñòàâëåíû â òàáëèöå.

Ñðàâíåíèå òî÷å÷íîãî è ìíîæåñòâåííîãî ïîäõîäîâ

PΓ1 ≳ PΓ2 PΓ1 ≲ PΓ2

N(R̃1) > N(R̃′) è ε1 > ε2Ñ(R̃) N(R̃1) < N(R̃′) è ε1 < ε2Ñ(R̃)
N(R̃1) = N(R̃′) è ε1 > ε2Ñ(R̃) N(R̃1) = N(R̃′) è ε1 < ε2Ñ(R̃)
N(R̃1) > N(R̃′) è ε1 = ε2Ñ(R̃) N(R̃1) < N(R̃′) è ε1 = ε2Ñ(R̃)

Íåîïðåäåë¼ííîé îñòàåòñÿ ñèòóàöèÿ, êîãäà N(R̃1) < N(R̃′) ïðè ε1 > ε2Ñ(R̃) è
N(R̃1) > N(R̃′) ïðè ε1 < ε2Ñ(R̃). Äåéñòâèòåëüíî, åñëè ïîëîæèòü k = ε1 − ε2Ñ(R̃)
è ∆ = N(R̃1)/N(R̃′), òî â ïåðâîì ñëó÷àå ∆ < 1 è k > 0, çíà÷èò, h−k > 1 ïðè h → 0.
Âî âòîðîì ñëó÷àå ∆ > 1 è k < 0, ò. å. 0 < h−k < 1 ïðè h → 0. Â îáîèõ ñëó÷àÿõ
∆h−k > 0, íî îñòà¼òñÿ íåîïðåäåë¼ííûì çíà÷åíèå ïîëó÷åííîãî âûðàæåíèÿ îòíîñèòåëü-
íî åäèíèöû, ÷òî íå ïîçâîëÿåò îäíîçíà÷íî îòâåòèòü íà âîïðîñ ýôôåêòèâíîñòè òîãî èëè
èíîãî ïîäõîäà. Ïîëó÷åííàÿ íåîïðåäåë¼ííîñòü ïðè íàëè÷èè îáîáù¼ííîãî ðåçóëüòàòà
ÿâëÿåòñÿ îòëè÷èòåëüíîé îñîáåííîñòüþ êîíòåêñòíîãî ïîäõîäà, íàïðàâëåííîãî íà âûäå-
ëåíèå äîìèíàíò. Â äàííîì ñëó÷àå òîëüêî îïðåäåëåíèå ìíîæåñòâà äîìèíàíò â îòäåëüíî
âçÿòîì äâóõïîëþñíèêå ïîçâîëÿåò îäíîçíà÷íî ðàçðåøèòü íåîïðåäåë¼ííîñòü è âûáðàòü
íàèáîëåå ýôôåêòèâíûé ìåòîä ïîâûøåíèÿ åãî ñâÿçíîñòè.

Çàêëþ÷åíèå
Ïîëó÷åííûå àñèìïòîòè÷åñêèå ñîîòíîøåíèÿ, õàðàêòåðèçóþùèå âåðîÿòíîñòü ñâÿçíî-

ñòè äâóõïîëþñíèêà, â îòëè÷èå îò òðàäèöèîííûõ ñïîñîáîâ ïîâûøåíèÿ ñâÿçíîñòè ãðà-
ôîâ ïîçâîëÿþò ñóùåñòâåííî âëèÿòü íà ñâÿçíîñòü âñåãî ñîåäèíåíèÿ ÷åðåç èçìåíåíèå
äëèíû îòäåëüíûõ ð¼áåð, âõîäÿùèõ â ìíîæåñòâî äîìèíàíò. Â èòîãå ðåçóëüòàòîì ïðè-
ìåíåíèÿ êîíòåêñòíîãî àíàëèçà ÿâëÿåòñÿ ðåøåíèå ïîñòàâëåííîé ïðèêëàäíîé çàäà÷è,
îáëàäàþùåé ïðàêòè÷åñêîé çíà÷èìîñòüþ, à íå ïîèñê ìåñòà ìîäåëè â êëàññèôèêàöèè
èìåþùèõñÿ ìàòåìàòè÷åñêèõ ìîäåëåé.

Â öåëîì, ïðèìåíåíèå êîíòåêñòíîãî ïîäõîäà äëÿ îöåíêè âåðîÿòíîñòè ñâÿçíîñòè ñåòå-
âîé ñòðóêòóðû ïðîèçâîëüíîãî âèäà ïðèâîäèò ê áîëåå äåòàëèçèðîâàííîìó ðåçóëüòàòó,
êîòîðûé îòðàæàåò îñîáåííîñòè å¼ ñòðîåíèÿ. Ïîñëåäíåå îñîáåííî âàæíî, åñëè ïðåäïî-
ëàãàåòñÿ äàëüíåéøàÿ ðàáîòà ñî ñòðóêòóðîé, íàïðàâëåííàÿ íà èçìåíåíèå å¼ ñâÿçíîñòè
÷åðåç âîçäåéñòâèå íà å¼ îòäåëüíûå ÷àñòè.
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