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Âû÷èñëåíèÿ íà êëàññèôèêàöèÿõ.
Ïîäòâåðæäåíèå êâàëèôèêàöèè â ñîöèàëüíûõ ñåòÿõ

Îïåðàòîðû êðóïíåéøèõ ñîöèàëüíûõ ñåòåé êîíñòàòèðóþò íàëè÷èå ïðîáëåì ïðè ïîäòâåðæ-
äåíèè êâàëèôèêàöèè ýêñïåðòîâ. Ïðåäëîæåí ïîäõîä, îñíîâàííûé íà òåîðèè âû÷èñëåíèé
íà êëàññèôèêàöèÿõ, ïîçâîëÿþùèé ìèíèìèçèðîâàòü ñóáúåêòèâèçì ïðè ñàìîîöåíêå è âçàèì-
íîì îöåíèâàíèè. Äàíà íîìèíàëüíàÿ îöåíêà êâàëèôèêàöèè è ñòðóêòóðû ïîäòâåðæäåíèÿ.
Ñîâîêóïíîñòü íîìèíàëüíîé îöåíêè è ñòðóêòóðû ïîäòâåðæäåíèÿ ïîçâîëÿåò ïðèìåíèòü
òåîðèþ âàðèàáåëüíîñòè äëÿ ïðàãìàòè÷íîãî ïîäáîðà ýêñïåðòîâ.

Ê ë þ ÷ å â û å ñ ë î â à: êëàññèôèêàöèÿ, ýêñïåðò, êâàëèôèêàöèÿ, ïîäòâåðæäåíèå, ñóáúåê-
òèâèçì, îáúåêòèâèçì, àêòóàëèçàöèÿ, îöåíêà.

Îïåðàòîðè íàéá³ëüøèõ ñîö³àëüíèõ ìåðåæ êîíñòàòóþòü íàÿâí³ñòü ïðîáëåì ïðè ï³äòâåðä-
æåíí³ êâàë³ô³êàö³¿ åêñïåðò³â. Çàïðîïîâàíî ï³äõ³ä, áàçîâàíèé íà òåîð³¿ îá÷èñëåíü íà êëàñè-
ô³êàö³ÿõ, ùî äîçâîëÿº ì³í³ì³çóâàòè ñóá’ºêòèâ³çì ïðè ñàìîîö³íþâàíí³ òà âçàºìíîìó îö³íþâàí-
í³. Äàíî íîì³íàëüíó îö³íêó êâàë³ô³êàö³¿ òà ñòðóêòóðè ï³äòâåðäæåííÿ. Ñóêóïí³ñòü íîì³-
íàëüíî¿ îö³íêè òà ñòðóêòóðè ï³äòâåðäæåííÿ äîçâîëÿº çàñòîñóâàòè òåîð³þ âàð³àáåëüíîñò³
äëÿ ïðàãìàòè÷íîãî ï³äáîðó åêñïåðò³â.

Ê ë þ ÷ î â ³ ñ ë î â à: êëàñèô³êàö³ÿ, åêñïåðò, êâàë³ô³êàö³ÿ, ï³äòâåðäæåííÿ, ñóá’ºêòèâ³çì,
îá’ºêòèâ³çì, àêòóàë³çàö³ÿ, îö³íêà.

Ïîñòàíîâêà çàäà÷è. Âî ìíîãèõ ïóáëèêàöèÿõ, ïîñâÿùåííûõ ïðîáëåìå

ïîäòâåðæäåíèÿ êâàëèôèêàöèè â ñîöèàëüíûõ ñåòÿõ [1, 2], ðàñêðûâàåòñÿ

çíà÷èìîñòü ïîäòâåðæäåíèé ýêñïåðòà â ïðîöåññå âûáîðà [3]. Â ðåçóëüòàòå

àíàëèçà îòêðûòûõ ïóáëèêàöèé óñòàíîâëåíî, ÷òî íåñìîòðÿ íà âàæíîñòü

óêàçàííîé ïðîáëåìû îíà äî ñèõ ïîð îñòàåòñÿ íåðåøåííîé. Ñôîðìóëèðóåì

îáùóþ ïîñòàíîâêó çàäà÷è.

Ïóñòü ñóùåñòâóåò ýêñïåðòíîå ñîîáùåñòâî E èç N ýêñïåðòîâ (ìîùíîñòü

ìíîæåñòâà ýêñïåðòîâ). Ïóñòü çàäàíà íåêîòîðàÿ êëàññèôèêàöèÿ êâàëèôè-

êàöèé A, â ñîîòâåòñòâèè ñ êîòîðîé ýêñïåðòû ìîãóò îöåíèâàòü óðîâåíü êâà-
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ëèôèêàöèè äðóã äðóãà, à òàêæå äàâàòü îöåíêó ñâîåé ñîáñòâåííîé êâàëèôè-

êàöèè (ñàìîîöåíêà). Áóäåì ïîëàãàòü, ÷òî âñå îöåíêè Rk m, ñóáúåêòèâíî

íàõîäÿòñÿ â èíòåðâàëå ( , ]0 1 , ãäå Rk m, — îöåíêà ýêñïåðòîì Ek êâàëèôèêàöèè

ýêñïåðòà Em (ñëåäîâàòåëüíî, Rk k, — ñàìîîöåíêà ýêñïåðòà Ek ). Íåîáõîäèìî

íàéòè ïîäõîä (ýìïèðè÷åñêèé àëãîðèòì), ïîçâîëÿþùèé îöåíèòü óðîâåíü

êâàëèôèêàöèè ýêñïåðòà. Ïðè ýòîì îöåíêà äîëæíà áûòü ìàêñèìàëüíî

îáúåêòèâíîé, èíòåðïðåòèðóåìîé è èñïîëüçóåìîé íà ïðàêòèêå [4].

Êîððåêòíîå ðåøåíèå äàííîé çàäà÷è ìîæåò áûòü ïîëó÷åíî íà îñíîâå

ìîäåëè âû÷èñëåíèé íà êëàññèôèêàöèÿõ, ïðåäëîæåííîé â ðàáîòå [4]. Â

òåðìèíàõ ðàçðàáàòûâàåìîé òåîðèè ñôîðìóëèðîâàííàÿ çàäà÷à èìååò ñëå-

äóþùèé âèä.

Òðåáóåòñÿ îïðåäåëèòü ìàòåìàòè÷åñêè îáîñíîâàííóþ «èíòåãðàëüíóþ»

îöåíêó êâàëèôèêàöèè S E A tj I
i( , , ) ïðîèçâîëüíî âûáðàííîãî j-ãî ýêñïåðòà

Ej â ïðîèçâîëüíî âûáðàííîì êëàññå êâàëèôèêàöèè AI
i íà ìîìåíò âðåìåíè t,

ãäå ñîãëàñíî [4] AI
i îçíà÷àåò íåêîòîðûé êëàññ â ïëîñêîñòè äåëåíèÿ i êëàññè-

ôèêàöèè êâàëèôèêàöèé A. Ïóòü óòî÷íåíèÿ ² îäíîçíà÷íî îïðåäåëÿåò ïóòü â

ãðàôå îò ñàìîãî îáùåãî êëàññà êëàññèôèêàöèè äî íåêîòîðîãî óòî÷íåíèÿ AI
i ñ

ó÷åòîì òîãî, ÷òî ýêñïåðòû îöåíèâàþò äðóã äðóãà â çàðàíåå íåèçâåñòíîì

ïîðÿäêå è îöåíêà ëþáîãî ýêñïåðòà-îöåíùèêà íîñèò èñêëþ÷èòåëüíî ñóáúåê-

òèâíûé õàðàêòåð.

Àíàëèç è ðåøåíèå çàäà÷è. Ïåðâàÿ ñëîæíîñòü â ðåøåíèè ïîñòàâ-

ëåííîé çàäà÷è — ðàçìåðíîñòü. Èíòóèòèâíî ïîíÿòíî, ÷òî âîçìîæíîñòü

îöåíèâàòü ëþáûì ýêñïåðòîì êâàëèôèêàöèþ ëþáîãî äðóãîãî ýêñïåðòà íà

ìíîæåñòâå êëàññîâ êëàññèôèêàöèè êâàëèôèêàöèè ïðèâîäèò ê ãèïåð-êóáàì.

Îäíàêî, åñëè îãðàíè÷èòüñÿ èñêëþ÷èòåëüíî îäíèì êëàññîì êëàññèôèêà-

öèè, òî âñå îöåíêè ýêñïåðòîâ Rk m, ìîãóò áûòü ïðåäñòàâëåíû êâàäðàòíîé

ìàòðèöåé ðàçìåðà N N� . Î íàïîëíåíèè ìàòðèöû ñóäèòü ñëîæíî, òàê êàê

íåâîçìîæíî çàâåäîìî ñêàçàòü, ÿâëÿåòñÿ ìàòðèöà ðàçðÿæåííîé èëè ïëîò-

íîé. Èíûìè ñëîâàìè, ìîæíî óòâåðæäàòü, ÷òî íàèëó÷øàÿ îöåíêà âû÷èñëè-

òåëüíîé ñëîæíîñòè ðåøåíèÿ ïîñòàâëåííîé çàäà÷è äëÿ îäíîãî êëàññà êëàñ-

ñèôèêàöèè åñòü � ( )N 2 , ò.å. àñèìïòîòè÷åñêàÿ íèæíÿÿ ãðàíèöà [5]. Ïîýòî-

ìó çàäà÷à óìåíüøåíèÿ ðàçìåðíîñòè ìàòðèöû âçàèìíûõ îöåíîê äëÿ îäíîãî

êëàññà êëàññèôèêàöèè èìååò ïðèíöèïèàëüíîå çíà÷åíèå.

Â íàñòîÿùåå âðåìÿ ïîëó÷èëà øèðîêóþ èçâåñòíîñòü òåîðèÿ øåñòè

ðóêîïîæàòèé, ñîãëàñíî êîòîðîé äâà ëþáûõ ÷åëîâåêà íà çåìëå ðàçäåëåíû

íå áîëåå ÷åì ïÿòüþ óðîâíÿìè îáùèõ çíàêîìûõ. Èññëåäîâàíèÿ ArtenMilner

[6] ïîêàçàëè, ÷òî ïðîôåññèîíàëüíûå ñîîáùåñòâà èìåþò äèàìåòð ñîöèàëü-

íîãî ãðàôà, ðàâíûé òðåì. Äèàìåòð ñîöèàëüíîãî ãðàôà â ñîöèîëîãèè è ìà-

òåìàòèêå èìååò ñèíîíèìû: êîëëàáîðàòèâíîå ðàññòîÿíèå è ÷èñëî Ýðäåøà

(Erdos number). Òàêèì îáðàçîì, ÷òîáû ðàñ÷åò óðîâíÿ êîìïåòåíöèè íåêîòî-
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ðîãî ýêñïåðòà áûë íàó÷íî îáîñíîâàí, íåîáõîäèìî, êàê ñëåäóåò èç [6],

ó÷èòûâàòü âçàèìíûå îöåíêè âñåõ ýêñïåðòîâ èç îäíîãî ïðîôåññèîíàëüíîãî

ñîîáùåñòâà, êîòîðûõ ðàçäåëÿåò íå áîëåå ÷åì òðè óðîâíÿ îöåíîê.

Â òî æå âðåìÿ, ÷èñëî Ýðäåøà íå äàåò îòâåò íà âîïðîñ î ðàçìåðíîñòè

ìàòðèöû âçàèìîîöåíîê Rk m, . Êàçàëîñü, íà ïîìîùü ìîæåò ïðèéòè ÷èñëî

Äàíáàðà [7] — ìàêñèìàëüíîå ÷èñëî ëþäåé, ñ êîòîðûìè ÷åëîâåê ìîæåò

ïîääåðæèâàòü ñòàáèëüíûå ñîöèàëüíûå îòíîøåíèÿ. Îíî ðàâíî ïðèáëèçè-

òåëüíî 150. Îäíàêî, ÷èñëî Äàíáàðà ïîçâîëÿåò îòâåòèòü íà âîïðîñ, ñêîëü-

êèì ýêñïåðòàì ïðîèçâîëüíî âûáðàííûé ýêñïåðò ìîæåò ïîäòâåðäèòü óðî-

âåíü êâàëèôèêàöèè, íî íå äàåò îòâåòà íà âîïðîñ, ñêîëüêî ýêñïåðòîâ ìîãóò

ïîäòâåðäèòü óðîâåíü êâàëèôèêàöèè îäíîãî è òîãî æå ýêñïåðòà. Ñëåäî-

âàòåëüíî, ÷èñëî Äàíáàðà ìîæíî ðàññìàòðèâàòü ëèøü êàê ôàêòîð âûÿâëå-

íèÿ íåòèïè÷íîãî ïîâåäåíèÿ ïîëüçîâàòåëÿ îòíîñèòåëüíî êîìïåòåíöèè äðó-

ãèõ ïîëüçîâàòåëåé. Îäíàêî íåïîíÿòíî, êàê ñ ïîìîùüþ ÷èñëà Äàíáàðà ïðå-

ïîäàâàòåëü âûñøåé øêîëû çíàíèé ìîæåò îöåíèòü ñâîèõ ó÷åíèêîâ, êîãäà â

ãîä íà ïîòîêå ó÷èòñÿ íåñêîëüêî ñîòåí ñòóäåíòîâ.

Âçâåøåííàÿ îöåíêà ýêñïåðòà. Åñëè èíòåãðàëüíàÿ îöåíêà S E A tj I
i( , , )

êâàëèôèêàöèè AI
i ýêñïåðòà E j ñóùåñòâóåò è ýêñïåðò E j ïîäòâåðæäàåò

êâàëèôèêàöèþ ýêñïåðòà Ek â îáëàñòè AY
i ñ îöåíêîé R j k, , òî âû÷èñëèòü

ñóáúåêòèâíóþ ñðåäíåãåîìåòðè÷åñêóþ âçâåøåííóþ îöåíêó ìîæíî ïî

ôîðìóëå

S E A tj k Y
i( , , ) �

� �min ( ( , , ), ) ( , , )( ( , )), ,S E A t R S E A t O A A Rj I
i

j k j I
i

I
i

Y
i

j1 k
3 . (1)

Ôîðìóëà (1) ÿâëÿåòñÿ ñóáúåêòèâíîé ñðåäíåãåîìåòðè÷åñêîé âçâåøåí-

íîé îöåíêîé êâàëèôèêàöèè AI
i ýêñïåðòà Ek , êîòîðàÿ ðàññ÷èòàíà íà îñíîâà-

íèè îöåíêè ýêñïåðòîì E j ñ ó÷åòîì èíòåãðàëüíîé îöåíêè ýêñïåðòà-îöåí-

ùèêà â êëàññå êâàëèôèêàöèè AI
i è ñêîððåêòèðîâàíà ñ ïîìîùüþ êîýôôè-

öèåíòà ïîäîáèÿ êëàññîâ, ðàâíîãî 1�O A AI
i

Y
i( , ), ãäå O A AI

i
Y
i( , ) — ñòðîãàÿ

ìàòåìàòè÷åñêàÿ ìåðà îòëè÷èÿ äâóõ êëàññîâ, AI
i è AY

i , â ðàìêàõ êëàññèôè-

êàöèè Ai [4],

O A A
R A A A

R A A A R A A A
I
i

Y
i I

i
Y
i

I
i

Y
i

I
i

I
i

( , )
( , , )

( , , ) ( ,
� �

�

�

1
1

Y
i

Y
i

I
i

Y
iR A A A) ( , )� �1

.

Çäåñü R A AI
i

Y
i( , ) — îòíîñèòåëüíîå ðàññòîÿíèå, ãäå I, Y — ïðîèçâîëüíûå

ïóòè óòî÷íåíèÿ (äåëåíèÿ) êëàññèôèêàöèè Ai . Ïðåäëàãàåìàÿ ôîðìóëà (1)

îïðåäåëÿåò çàâèñèìîñòü ÷àñòíîé îöåíêè îò îöåíêè â áëèæàéøåé îáëàñòè
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êâàëèôèêàöèè ýêñïåðòà-îöåíùèêà è ïîêàçûâàåò, êàêóþ îöåíêó îí âûñòàâ-

ëÿåò ñ ó÷åòîì êîýôôèöèåíòà ïîäîáèÿ îáëàñòåé êâàëèôèêàöèè.

Ïîêàæåì êîððåêòíîñòü (1) ïðè èçîëèðîâàííîé ñàìîîöåíêå (ò.å. ýêñ-

ïåðò îöåíèâàåò ñàì ñåáÿ è áîëüøå íèêòî åãî íå îöåíèâàåò). Ïîñêîëüêó

S E A tj I
i( , , ) ÿâëÿåòñÿ îöåíêîé ýêñïåðòà E j äðóãèìè, à îöåíèâàë îí ñàìîãî

ñåáÿ, òî

S E A t Rj I
i

j j( , , ) ,� , (2)

à ñëåäîâàòåëüíî, S E A t R R Rj k Y
i

j j j j j j( , , ) , , ,� � , òàê êàê 1 1� �O A AI
i

I
i( , ) â

ñèëó O A AI
i

I
i( , ) �0 [4]. Ïîëó÷åííîå ðàâåíñòâî (2) ïîêàçûâàåò, ÷òî ñóáúåê-

òèâíàÿ ñðåäíåãåîìåòðè÷åñêàÿ âçâåøåííàÿ îöåíêà êâàëèôèêàöèè ïðè èçî-

ëèðîâàííîé ñàìîîöåíêå ðàâíà èñõîäíîé ñóáúåêòèâíîé îöåíêå. Îäíàêî

ñîãëàñíî ôîðìóëå (1) òðåáóåòñÿ, ÷òîáû íà ìîìåíò âðåìåíè t ýêñïåðò-îöåí-

ùèê ëèáî áûë îöåíåí äðóãèì îöåíùèêîì, ëèáî ïðîâåë ñàìîîöåíêó. Ïóñòü

íåêîòîðûé ýêñïåðò E j ñ êâàëèôèêàöèåé AI
i è S E A tj I

i( , , ) ,0 10� äàë ñóáúåê-

òèâíóþ îöåíêó R j k, ,�0 3 êâàëèôèêàöèè AI
i ýêñïåðòà Ek , äëÿ êîòîðîãî

S E A tk I
i( , , ) ,0 0 5� (íàïðèìåð, ñàìîîöåíêà). Âûïîëíèì ðàñ÷åò S E A tj k Y

i( , , )1 :

1) ïîñêîëüêó ïðîèñõîäèò îöåíêà ìåæäó ýêñïåðòàìè c îäèíàêîâîé êâà-

ëèôèêàöèåé AI
i , òî1 1� �O A AI

i
I
i( , ) , òàê êàê O A AI

i
I
i( , ) �0 [4];

2) min ( ( , , ), ) min ( , ; , ) ,,S E A t Rj I
i

j k � �10 0 3 0 3 .

Ñëåäîâàòåëüíî, äëÿ ðàññìàòðèâàåìîãî ñëó÷àÿ S E A tj k Y
i( , , ) �

� � � � � �0 3 10 10 0 3 009 0 44813 3, , , , , , , ò.å. ñóáúåêòèâíàÿ ñðåäíåãåîìåòðè÷åñêàÿ

âçâåøåííàÿ îöåíêà ïî ïðåäëîæåííîé ôîðìóëå (1) ïðè îöåíêå áîëåå êâà-

ëèôèöèðîâàííûì ýêñïåðòîì ñêîððåêòèðîâàíà â áîëüøóþ ñòîðîíó, ÷òî

óêàçûâàåò íà çàâûøåíèå òðåáîâàíèé ñî ñòîðîíû áîëåå êâàëèôèöèðîâàí-

íîãî ýêñïåðòà. Íåñëîæíî çàìåòèòü, ÷òî âîçìîæíà îáðàòíàÿ ñèòóàöèÿ: ïðè

ïîïûòêå îöåíèòü áîëåå âûñîêîêâàëèôèöèðîâàííîãî ýêñïåðòà ìåíåå êâàëè-

ôèöèðîâàííûì ñóáúåêòèâíàÿ ñðåäíåãåîìåòðè÷åñêàÿ âçâåøåííàÿ îöåíêà áó-

äåò áëèçêà ê îöåíêå, ïîëó÷åííîé ìåíåå êâàëèôèöèðîâàííûì ýêñïåðòîì.

Îáúåêòèâèçì îöåíêè. Ïóñòü äàíî ìíîæåñòâî ñóáúåêòèâíûõ ñðåäíå-

ãåîìåòðè÷åñêèõ âçâåøåííûõ îöåíîê S E A tj k Y
i( , , ) êâàëèôèêàöèè AI

i ýêñ-

ïåðòà Ek , ãäå j — ìíîæåñòâî ýêñïåðòîâ-îöåíùèêîâ. Èíòåãðàëüíàÿ îöåíêà

êâàëèôèêàöèè S E A tk I
i( , , ) ïðîèçâîëüíî âûáðàííîãî ýêñïåðòà Ek â ïðîèç-

âîëüíî âûáðàííîì êëàññå êâàëèôèêàöèè AI
i íà ìîìåíò âðåìåíè t îïðå-

äåëÿåòñÿ êàê ìåäèàíà ñëó÷àéíîé âåëè÷èíû, ñîñòîÿùåé èç ÷àñòíûõ ñðåäíå-

ãåîìåòðè÷åñêèõ âçâåøåííûõ îöåíîê S E A tj k Y
i( , , ):

S E A t S E A t S E A t Sk I
i

l k Y
i

m k Y
i( , , ) { ( , , ), ( , , ),...,� median j k Y

iE A t( , , )} , (3)

ãäå l, m, j — èäåíòèôèêàòîðû ýêñïåðòîâ-îöåíùèêîâ. Èíûìè ñëîâàìè,

ïîëàãàÿ ñóáúåêòèâíûå îöåíêè ñëó÷àéíûìè âåëè÷èíàìè, âûáèðàåì òàêóþ

Ã.À. Êðàâöîâ
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îöåíêó, êîòîðàÿ ñîîòâåòñòâóåò ìåäèàíå ñëó÷àéíîé âåëè÷èíû. Ïðåäëàãàå-

ìûé ïîäõîä ê îáúåêòèâèçàöèè ÿâëÿåòñÿ ðàçâèòèåì ïîäõîäà Â. Òîöåíêî [8]

ê èñïîëüçîâàíèþ ñïåêòðàëüíîé õàðàêòåðèñòèêè, íî áîëåå ýêîíîìè÷åí îò-

íîñèòåëüíî âû÷èñëèòåëüíûõ ðåñóðñîâ.
Àêòóàëèçàöèÿ îöåíêè. Äëÿ êàæäîãî êëàññà êâàëèôèêàöèè íåîáõîäèìî

îïðåäåëèòü ïåðèîä àêòóàëèçàöèè, ò.å. ïåðèîä âðåìåíè îò íàñòîÿùåãî ìî-
ìåíòà íàçàä, òàêîé, ÷òî îöåíêè S E A t S E A t S E A tl k Y

i
m k Y

i
j k Y

i( , , ), ( , , ),..., ( , , ) â
(3) áóäóò àêòóàëüíû. Ñîãëàñíî [7] ïðè ðàñ÷åòå èíòåãðàëüíîé îöåíêè íå
èìååò ñìûñëà ó÷èòûâàòü áîëåå ÷åì îïðåäåëÿåìîå ÷èñëîì Äàíáàðà êîëè-
÷åñòâî ïîñëåäíèõ (àêòóàëüíûõ) îöåíîê (150), åñëè îíè íå âûõîäÿò çà
ïðåäåëû ïåðèîäà àêòóàëèçàöèè, ÷òî ïîçâîëÿåò ìèíèìèçèðîâàòü òðåáîâà-
íèÿ ïî âû÷èñëèòåëüíîé ìîùíîñòè.

Ïîä àêòóàëèçàöèåé áóäåì ïîíèìàòü âîçìîæíîñòü äîïîëíèòåëüíîé ïå-
ðåîöåíêè êâàëèôèêàöèè AI

i ýêñïåðòà E j ýêñïåðòîì-îöåíùèêîì Ei. Ïðè
ïîâòîðíîé îöåíêå ñîõðàíÿòü ïðåäûäóùåå ee çíà÷åíèå öåëåñîîáðàçíî òîëü-
êî äëÿ èñòîðèè îöåíèâàíèÿ.

Ñâîéñòâà ñóáúåêòèâíûõ ñðåäíåãåîìåòðè÷åñêèõ âçâåøåííûõ îöå-

íîê. Èçâåñòíî, ÷òî ãåîìåòðè÷åñêîå ñðåäíåå ìåíüøå èëè ðàâíî àðèôìå-
òè÷åñêîìó ñðåäíåìó, åñëè âåëè÷èíû âûáèðàþòñÿ èç íåêîòîðîãî èíòåðâàëà
ïîëîæèòåëüíûõ ÷èñåë, ÷òî ïðèãîäíî äëÿ îöåíîê è ïîäðàçóìåâàåòñÿ äàëåå.
Ñëåäóåò çàìåòèòü, ÷òî ñðåäíåå ãåîìåòðè÷åñêîå è ñðåäíåå àðèôìåòè÷åñêîå
ñîâïàäàþò, åñëè âûáðàíû äâà îäèíàêîâûõ ÷èñëà, ò.å. äëÿ äâóõ ìèíèìàëü-
íûõ èëè äâóõ ìàêñèìàëüíûõ îöåíîê ñðåäíåå ãåîìåòðè÷åñêîå ðàâíî ñðåäíåìó
àðèôìåòè÷åñêîìó ïðè ñîîòâåòñòâåííî ìèíèìàëüíîì èëè ìàêñèìàëüíîì çíà-
÷åíèè. Ñëåäîâàòåëüíî, åñëè èíòåãðàëüíàÿ îöåíêà ýêñïåðòà-îöåíùèêà ðàâíà
ïîñòàâëåííîé èì îöåíêå, òî ÷àñòíàÿ ñðåäíåãåîìåòðè÷åñêàÿ âçâåøåííàÿ îöåí-
êà êâàëèôèêàöèè äðóãîãî ýêñïåðòà áóäåò ðàâíà âûñòàâëåííîé îöåíêå.

Âàëèäàöèÿ. Î÷åâèäíî, ÷òî ýêñïåðò ìîæåò âûñòàâèòü ñåáå íàèáîëü-
øóþ îöåíêó ïðè ñàìîîöåíêå è åãî èíòåãðàëüíàÿ îöåíêà áóäåò ìàêñè-
ìàëüíîé. Ìîæíî ëè äîâåðÿòü òàêîé îöåíêå? Î÷åâèäíî, íåò. Íåîáõîäèìà
ìîäåëü, êîòîðàÿ áû ó÷èòûâàëà êîëëàáîðàòèâíîå ðàññòîÿíèå, ïîäòâåðæ-
äåííîå èçìåðåíèÿìè. Ïóñòü D Ei( )— äèàìåòð ñîöèàëüíîãî ãðàôà ýêñïåðòà
Ei . Ïðè ýòîì D Ei( ) 	 0. Áóäåì ïîëàãàòü, ÷òî ïðè ðàñ÷åòå êîëëàáîðàòèâíîãî
ðàññòîÿíèÿ íåîáõîäèìî çíàòü ÷èñëî ïóòåé ïîäòâåðæäåíèÿ êâàëèôèêàöèè
äëèíîé, íå ïðåâûøàþùåé ÷èñëà Ýðäåøà äëÿ ïðîôåññèîíàëüíûõ ñîîá-
ùåñòâ [6].

Ïðèìåðû. Äî òåõ ïîð, ïîêà â ñèñòåìå íåò íè îäíîãî ïîäòâåðæäåíèÿ,
âñå äèàìåòðû ñîöèàëüíûõ ãðàôîâ ðàâíû íóëþ. Ïîýòîìó íà÷íåì ðàññìàò-
ðèâàòü ñèòóàöèþ ñ ïåðâîãî ïîäòâåðæäåíèÿ. Â òàáë. 1 ïðåäñòàâëåíà äèíà-
ìèêà ãðàôà ïîäòâåðæäåíèé, ãäå öèôðàìè â êðóæêàõ îáîçíà÷åíû íîìåðà
ýêñïåðòîâ.

Âû÷èñëåíèÿ íà êëàññèôèêàöèÿõ. Ïîäòâåðæäåíèå êâàëèôèêàöèè â ñîöèàëüíûõ ñåòÿõ
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Ïðåäëàãàåì ñëåäóþùóþ ñòðóêòóðó õðàíåíèÿ ïîäòâåðæäåíèé: íà÷àëî
ïóòè (Start), êîíåö ïóòè (End), ïðîìåæóòî÷íûå òî÷êè (Across), äëèíà ïóòè
(L). Áóäåì ñëåäîâàòü òàêèì ïðàâèëàì.

À ë ã î ð è ò ì .
1. Ïîäòâåðæäåíèå îò ýêñïåðòà-îöåíùèêà Ek ýêñïåðòó Ei ðåãèñòðè-

ðóåòñÿ òîëüêî îäèí ðàç.
2. Åñëè äîáàâëÿåòñÿ ïîäòâåðæäåíèå îò ýêñïåðòà Ek ýêñïåðòó Ei , òî èç

òàáë. 1 âûáèðàþòñÿ çàïèñè, äëÿ êîòîðûõ ñïðàâåäëèâû ñëåäóþùèå óòâåðæ-
äåíèÿ:

2.1. Start óêàçûâàåò íà ýêñïåðòà Ei .
2.2. L < 3.
2.3. End îòëè÷åí îò Ek .
2.4. Â ïðîìåæóòî÷íûõ òî÷êàõ Across íå óïîìèíàåòñÿ Ek .
2.5. Íà êàæäóþ âûáðàííóþ çàïèñü ñîçäàåòñÿ íîâàÿ çàïèñü, â êîòîðóþ

îòíîñèòåëüíî âûáðàííîé âíîñÿòñÿ ñëåäóþùèå èçìåíåíèÿ:
2.5.1. Äëèíà ïóòè L óâåëè÷èâàåòñÿ íà åäèíèöó.
2.5.2. Start âûáðàííîé çàïèñè äîáàâëÿåòñÿ â ñïèñîê Across â íîâîé

çàïèñè.
2.5.3. Start óêàçûâàåò íà ýêñïåðòà-îöåíùèêà Ek .
2.6. Äëÿ êàæäîé íîâîé ñîçäàâàåìîé çàïèñè (ï. 2.5.) âûáèðàþòñÿ óæå

ñóùåñòâóþùèå çàïèñè, ó êîòîðûõ:
2.6.1. End óêàçûâàåò íà ýêñïåðòà Ei .
2.6.2. Start îòëè÷åí îò Start ñîçäàâàåìîé íîâîé çàïèñè (ï. 2.5).
2.6.3. Çíà÷åíèå L ìåíüøå ÷èñëà Ýðäåøà, óìåíüøåííîãî íà L ñîçäà-

âàåìîé çàïèñè (ï. 2.5) è óâåëè÷åííîãî íà 1.
2.6.4. Start çàïèñè íå çíà÷èòñÿ â ïðîìåæóòî÷íûõ òî÷êàõ Across íîâîé

çàïèñè (ï. 2.5).
2.6.5. Across èñêîìîé çàïèñè íå ñîäåðæèò End çàïèñè (ï. 2.5).
2.7. Êàæäàÿ èçâëåêàåìàÿ çàïèñü (ï. 2.6) ïîðîæäàåò äîïîëíèòåëüíóþ

çàïèñü, â êîòîðîé:
2.7.1. Start óêàçûâàåò íà Start ñîãëàñíî ï. 2.6.
2.7.2. End óêàçûâàåò íà End çàïèñè ñîãëàñíî ï. 2.5.
2.7.3. Ïðîìåæóòî÷íûå òî÷êè ïîëó÷àþòñÿ îáúåäèíåíèåì ïðîìåæóòî÷íûõ

òî÷åê ï. 2.6 ïëþñ End ï. 2.6. è ïëþñ ïðîìåæóòî÷íûå òî÷êè ñîãëàñíî ï. 2.5.
2.7.4. L = L ï. 2.5 ïëþñ L ï. 2.6.
Ðàáîòà ïðåäëîæåííîãî àëãîðèòìà ïðåäñòàâëåíà â òàáë. 1
Â ïðèâåäåííîì ïðèìåðå ïîêàçàíî ïîñëåäîâàòåëüíîå âêëþ÷åíèå ýêñ-

ïåðòîâ â ïðîöåññ îöåíêè â ïðåäåëàõ îäíîé óñëîâíîé ãðóïïû.

Ðàññìîòðèì ñëåäóþùèé ïðèìåð: ñóùåñòâóþò äâå ãðóïïû îöåíèâàíèÿ

è ïðîèñõîäèò îöåíêà ýêñïåðòà èç îäíîé ãðóïïû ýêñïåðòîì èç äðóãîé

ãðóïïû. Â ýòîì ñëó÷àå ðàáîòà àëãîðèòìà ïðåäñòàâëåíà â òàáë. 2.

Ã.À. Êðàâöîâ

8 ISSN 0204–3572. Electronic Modeling. 2017. V. 39. ¹ 2
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Ãðàô Íîìåð çàïèñè Start End Across L

1 1 2 — 1

1 1 2 — 1

2 3 2 1 2

3 3 1 — 1

1 1 2 — 1

2 3 2 1 2

3 3 1 — 1

4 2 1 3 2

5 2 3 — 1

1 1 2 — 1

2 3 2 1 2

3 3 1 — 1

4 2 1 3 2

5 2 3 — 1

6 3 2 — 1

1 1 2 — 1

2 3 2 1 2

3 3 1 — 1

4 2 1 3 2

5 2 3 — 1

6 3 2 — 1

7 4 1 2,3 3

8 4 3 2 2

9 4 2 — 1

1 1 2 — 1

2 3 2 1 2

3 3 1 — 1

4 2 1 3 2

5 2 3 — 1

6 3 2 — 1

7 4 1 2,3 3

8 4 3 2 2

9 4 2 — 1

10 4 1 3 2

11 4 2 3 2

12 4 2 3,1 3

13 4 3 — 1

Òàáëèöà 1

21

1

3

2

1

3

2

1

3

2

1

3

4

2

1

3

4

2
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Ãðàô Íîìåð çàïèñè Start End Across L

1 2 1 — 1

1 2 1 — 1

2 3 1 — 1

1 2 1 — 1

2 3 1 — 1

3 4 5 — 1

1 2 1 — 1

2 3 1 — 1

3 4 5 — 1

4 4 6 — 1

1 2 1 — 1

2 3 1 — 1

3 4 5 — 1

4 4 6 — 1

5 1 5 4 2

6 1 6 4 2

7 1 4 — 1

8 2 5 1,4 3

9 3 5 1,4 3

10 2 6 1,4 3

11 3 6 1,4 3

12 2 4 1 2

13 3 4 1 2

Òàáëèöà 2

2 1

1

3

2

4 5

2 1

3

4 5

62 1

3

4

6

5

2 1

3

Ýêñïåðò
×èñëî âõîäÿùèõ ïîäòâåðæäåíèé äëèíîé

1 (L1) 2 (L2) 3 (L3)

1 1 2 1

2 3 2 1

5 (äî îáúåäèíåíèÿ) 1 0 0

5 (ïîñëå îáúåäèíåíèÿ) 1 1 2

Òàáëèöà 3



Ñóùåñòâåííûì äîñòîèíñòâîì ïðåäëîæåííîãî àëãîðèòìà ÿâëÿåòñÿ

ôàêò, ÷òî çàïèñè íå ìîäèôèöèðóþòñÿ, à òîëüêî äîáàâëÿþòñÿ íîâûå. Àëãî-

ðèòì ìîæåò áûòü ëåãêî ìîäèôèöèðîâàí äëÿ áîëåå äëèííûõ ïóòåé ïîäò-

âåðæäåíèÿ âíåñåíèåì èçìåíåíèé â óñëîâèå L < 3 (ñì. òàáë. 2).

Òåïåðü ìîæíî ëåãêî ïîäñ÷èòàòü ÷èñëî ïóòåé ïîäòâåðæäåíèÿ ñ äëèíà-

ìè 1, 2 è 3 äëÿ ýêñïåðòîâ 1 è 2 (ñì. òàáë.1) è äëÿ ýêñïåðòà 5 (ñì. òàáë. 2).

Òàáë. 3 äàåò ÷åòêîå ïðåäñòàâëåíèå î ñòðóêòóðå ïîäòâåðæäåíèÿ êâàëè-

ôèêàöèè äî îáúåäèíåíèÿ ãðóïï è ïîñëå îáúåäèíåíèÿ. Òàê, íàïðèìåð,

î÷åâèäíî, ÷òî âñå ïîäòâåðæäåíèÿ ýêñïåðòà 1 ïðîøëè ÷åðåç îäíî íåïî-

ñðåäñòâåííîå ïîäòâåðæäåíèå.

Âûâîäû

Ïðåäëàãàåìûé ïîäõîä ïîçâîëÿåò ïåðåñ÷èòàòü èíòåãðàëüíóþ îöåíêó

S E A tj I
i( , , ) êâàëèôèêàöèè AI

i ýêñïåðòà E j â ìîìåíò ïîäòâåðæäåíèÿ ýêñ-

ïåðòîì-îöåíùèêîì, ÷òî çíà÷èòåëüíî ñîêðàùàåò ïîòðåáíîñòü â âû÷èñëè-

òåëüíûõ ðåñóðñàõ. Ê î÷åâèäíûì íåäîñòàòêàì ïðåäëàãàåìîé ìîäåëè ñëå-

äóåò îòíåñòè òðåáîâàíèå, ÷òîáû íà ìîìåíò îöåíèâàíèÿ äðóãîãî ýêñïåðòà

ýêñïåðò-îöåíùèê áûë îöåíåí äðóãèì ýêñïåðòîì, ëèáî âûïîëíèë ñàìî-

îöåíêó. Îäíàêî óêàçàííûé íåäîñòàòîê íå ÿâëÿåòñÿ êðèòè÷íûì.

Ïðåäëîæåííûé àëãîðèòì ïîñòðîåíèÿ ñòàòèñòèêè ïîäòâåðæäåíèé äàåò

íàãëÿäíîå ïðåäñòàâëåíèå î ñòðóêòóðå ïîäòâåðæäåíèÿ êâàëèôèêàöèè. Áî-

ëåå òîãî, ïîÿâëÿåòñÿ âîçìîæíîñòü îòâåòèòü íà âîïðîñû, êòî è êàê ïðèíè-

ìàë ó÷àñòèå â ïîäòâåðæäåíèè êâàëèôèêàöèè âûáðàííîãî ýêñïåðòà, ÷òî

ñîîòâåòñòâóåò òðåáîâàíèÿì èíòåðïðåòèðóåìîñòè. Ïðèâåäåííûå ïðèìåðû

áûëè ðàñ÷èòàíû ñ ïîìîùüþ íåñëîæíîé ïðîãðàììû, ïîýòîìó ìîæíî óò-

âåðæäàòü, ÷òî ïðåäëîæåííûé ïîäõîä ëåãêî ðåàëèçóåì.

Ïðåäëîæåííûé ïîäõîä îñíîâàí íà ðåçóëüòàòàõ èçâåñòíûõ èññëåäî-

âàíèé, òàêèõ êàê ÷èñëî Ýðäåøà äëÿ îãðàíè÷åíèÿ äëèíû öåïî÷êè ïîäò-

âåðæäåíèé â ïðîôåññèîíàëüíîé ñðåäå è ÷èñëî Äàíáàðà äëÿ îãðàíè÷åíèÿ

ðàçìåðà âûáîðêè ñóáúåêòèâíûõ ñðåäíåãåîìåòðè÷åñêèõ âçâåøåííûõ îöå-

íîê ïðè àêòóàëèçàöèè èíòåãðàëüíîé îöåíêè ýêñïåðòà.

Ïîëó÷åííûå ìåòðèêè äëÿ îöåíêè êâàëèôèêàöèè ýêñïåðòîâ ïîçâîëÿþò

ïðèìåíèòü òåîðèþ âàðèàáåëüíîñòè [9] äëÿ ïðàãìàòè÷íîãî ïîäáîðà ýêñïåð-

òîâ, à òàê æå äëÿ èõ ìîíèòîðèíãà.

ÑÏÈÑÎÊ ËÈÒÅÐÀÒÓÐÛ

1. Morrison M. Can you trust a LinkedIn profile? Will recruiters trust yours? Available at:
https://rapidbi.com/can-you-trust-a-linkedin-profile-will-recruiters-trust-yours/ (Accessed:
14 December 2016).

Âû÷èñëåíèÿ íà êëàññèôèêàöèÿõ. Ïîäòâåðæäåíèå êâàëèôèêàöèè â ñîöèàëüíûõ ñåòÿõ

ISSN 0204–3572. Ýëåêòðîí. ìîäåëèðîâàíèå. 2017. Ò. 39. ¹ 2 11



2. Adams S. Everything you need to know about LinkedIn endorsements. Available at: http://
www.forbes.com/sites/susanadams/2013/12/24/everything-you-need-to-know-about-linkedin-
endorsements-2/#23a19f1e1e4d (Accessed: 14 December 2016).

3. Maybury M., D’Amore R., House D. Expert Finding for Collaborative Virtual Environments.
Communications of the ACM 14(12): 55-56. In Ragusa, J. and Bochenek, G. (eds). Special
Section on Collaboration Virtual Design Environments. December (2001).

4. Êðàâöîâ Ã.À. Ìîäåëü âû÷èñëåíèé íà êëàññèôèêàöèÿõ// Ýëåêòðîí. ìîäåëèðîâàíèå. —

2016. — 38, ¹ 1. — Ñ. 73—87.

5. Êîðìåí Ò.Õ., Ëåéçåðñîí ×.È., Ðèâåñò Ð.Ë., Øòàéí Ê. Àëãîðèòìû: ïîñòðîåíèå è àíàëèç.
3-å èçä. — Ì. : «Âèëüÿìñ», 2013. — 1328 ñ.

6. Zhang L., Tu W. Six Degrees of Separation in Online Society. Available at: http://jour-
nal.webscience.org/147/2/websci09_submission_49.pdf. (Accessed: 14 December 2016).

7. Bennett D. The Dunbar number, from the guru of social networks. Available at: https://
www.bloomberg.com/news/articles/2013-01-10/the-dunbar-number-from-the-guru-of-social-
networks (Accessed: 15 December 2016).

8. Òîöåíêî Â.Ã. Ìåòîäû è ñèñòåìû ïîääåðæêè ïðèíÿòèÿ ðåøåíèé. Àëãîðèòìè÷åñêèé
àñïåêò. — Êèåâ: Íàóê. äóìêà. — 2002. — 382 ñ.

9. Clow K.E., Baack D. Variability theory. Concise Encyclopedia of Advertising, 2005. — Ð. 176.

Ïîñòóïèëà 30.12.16

REFERENCES

1. Morrison, M. (2016), “Can you trust a LinkedIn profile? Will recruiters trust yours?”, avai-
lable at: https://rapidbi.com/can-you-trust-a-linkedin-profile-will-recruiters-trust-yours/ (ac-
cessed December 14, 2016).

2. Adams, S. (2013), “Everything you need to know about LinkedIn endorsements”, available at:
http://www.forbes.com/sites/susanadams/2013/12/24/everything-you-need-to-know-about-
linkedin-endorsements-2/#23a19f1e1e4d (accessed December 14, 2016).

3. Maybury, M., D’Amore, R. and House, D. Expert finding for collaborative virtual environ-
ments. Communications of the ACM 14(12): 55-56. In Ragusa, J. and Bochenek, G. (eds).
Special Section on Collaboration Virtual Design Environments. December (2001).

4. Kravtsov, H.A. (2016), “Model of computations over classifications”, Elektronnoe mode-
lirovanie, Vol. 38, no. 1, pp. 73-87.

5. Cormen, T.Kh., Leizerson, Ch.I., Rivest, R.L. and Shtain, K. (1990), Algoritmy: postroyeniye
i analiz [Algorithms: structure and analysis], Viliyams, Moscow, Russia.

6. Zhang, L. and Tu, W. “Six degrees of separation in online society”, available at: http://jour-
nal.webscience.org/147/2/websci09_submission_49.pdf (accessed December 14, 2016).

7. Bennett, D. (2013), “The Dunbar number, from the guru of social networks”, available at:
https://www.bloomberg.com/news/articles/2013-01-10/the-dunbar-number-from-the-guru-of-
social-networks (accessed December 15, 2016).

8. Totsenko, V.G. (2002), Metody i sistemy podderzhki prinyatiya resheniy. Algoritmicheskiy
aspect [Models and systems for decision making support], Naukova dumka, Kiev, Ukraine.

9. Clow, K.E. and Baack, D. (2005), Variability theory. Concise Encyclopedia of Advertising.

Received 30.12.16

Ã.À. Êðàâöîâ

12 ISSN 0204–3572. Electronic Modeling. 2017. V. 39. ¹ 2



H.À. Kravtsov

CLASSIFICATION CALCULUS. VALIDATION
OF QUALIFICATION IN SOCIAL NETWORKS

Operators of the largest social media state the problem of experts’ qualification validation. The
suggested approach is based on the classification calculus theory allowing minimizing subjecti-
vity during self-evaluation and mutual evaluation of skills and is focused on nominal qualifica-
tion value and endorsement validation structure. The aggregation of nominal qualification value
and endorsement validation structure permits the application of variability theory for the purpose
of pragmatic expert recruitment.

K e y w o r d s: classification, expert, qualification, endorsement, subjectivity, objectivity, actua-
lization, assessment.

ÊÐÀÂÖÎÂ Ãðèãîðèé Àëåêñååâè÷, êàíä. òåõí. íàóê, äîêòîðàíò Èí-òà ïðîáëåì ìîäåëèðîâàíèÿ â

ýíåðãåòèêå èì. Ã.Å. Ïóõîâà ÍÀÍ Óêðàèíû. Â 2000 ã. îêîí÷èë Ñåâàñòîïîëüñêèé âîåííî-ìîðñêîé

èí-ò èì. Ï.Ñ. Íàõèìîâà. Îáëàñòü íàó÷íûõ èññëåäîâàíèé — êèáåðáåçîïàñíîñòü ñìàðò-ãðèä,

êðèïòîãðàôèÿ, ïðîãðàììèðîâàíèå, ðàçðàáîòêà ðàñïðåäåëåííûõ ãåòåðîãåííûõ âû÷èñëèòåëü-

íûõ ñèñòåì.
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