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C-2Àííîòàöèÿ

Çàäàíû ìíîæåñòâî îáúåêòîâ è ìíîæåñòâî ïîêàçàòå-

ëåé. Êàæäûé îáúåêò ìîæíî îöåíèòü äâóìÿ ïóòÿìè:

÷åðåç ýêñïåðòíóþ îöåíêó îáúåêòà è ÷åðåç ëèíåéíóþ

êîìáèíàöèþ çíà÷åíèé ïîêàçàòåëåé îáúåêòà, ãäå âåñà

îïðåäåëÿþòñÿ ýêñïåðòíûìè îöåíêàìè ïîêàçàòåëåé.

Â îáùåì ñëó÷àå ýòè îöåíêè ðàçëè÷íû.

Îïèñàí ìåòîä, ïîçâîëÿþùèé ïîëó÷èòü íåïðîòèâî-

ðå÷èâûå îöåíêè îáúåêòîâ è ïîêàçàòåëåé.
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C-3Óñëîâíûå îáîçíà÷åíèÿ

Υ = {υ1, ..., υm} � ìíîæåñòâî îáúåêòîâ,

Ψ = {ψ1, ..., ψn} � ìíîæåñòâî ïîêàçàòåëåé,

A = {aij}m,n
i,j=1 � èñõîäíûå äàííûå, A ∈ Rm×n,

q = 〈q1, ..., qm〉T : q ∈ Rm �

âåêòîð èíòåãðàëüíûõ èíäèêàòîðîâ îáúåêòîâ,

w = 〈w1, ..., wn〉T : w ∈ Rn �

âåêòîð âåñîâ ïîêàçàòåëåé.
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C-4Îïðåäåëåíèå 1

Èíòåãðàëüíûì èíäèêàòîðîì îáúåêòà υi ∈ Υ ñ íîìå-

ðîì i íàçûâàåòñÿ ñêàëÿð qi ∈ R1, ïîñòàâëåííûé â

ñîîòâåòñòâèå íàáîðó ai·〈ai1, ..., ain〉 : ai· ∈ Rn îïèñà-

íèé îáúåêòà.
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C-5Ìåòîä ãëàâíûõ êîìïîíåíò

Òðåáóåòñÿ íàéòè òàêèå êîýôôèöèåíòûC = {cij}n,n
i,j ,

÷òî ëèíåéíûå êîìáèíàöèè âåêòîðîâ z·i = Ãc·i îáëà-

äàëè áû íàèáîëüøåé äèñïåðñèåé

max

(Dz·1 + Dz·2 + ... + Dz·n
Dã·1 + Dã·2 + ... + Dã·n

)
, i = 1, ..., n

ïðè îãðàíè÷åíèÿõ íîðìèðîâêè
∑m

i=1 c2
ij = 1, j = 1, ..., n

è
∑m

i=1 cijcik = 0, j, k = 1, ..., n, j 6= k.

Èíòåãðàëüíûé èíäèêàòîð q1 = Ãc·1.
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C-6Ðàññëîåíèå Ïàðåòî

Ïðåäñòàâèì îïèñàíèÿ S = {ai· : i ∈ {1, ..., m}} â

âèäå T =
⋃l

ζ=1 Sζ, Sζ ∩ Sη = ∅, åñëè ζ = η.

Îïðåäåëèì äëÿ âñåõ ζ = 1, ..., l ìíîæåñòâî Sζ êàê

Sζ = {aξ· : aξ· 6∈ Sζ−1,∀i ∈ {1, ..., m},
i 6= ξ∃j ∈ {1, ..., n} : aξj > aij}m

ξ=1.

Ïîñòàâèì â ñîîòâåòñòâèå êàæäîìó âåêòîðó aξ· ∈ Sζ

èíäåêñ ζ. Ïîëó÷åííîå ìíîæåñòâî ïðèâåäåì ê âèäó

q2 = {max({ζξ}m
ξ=1)− ζξ}m

ξ=1.
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C-7Èñõîäíûå äàííûå � òðîéêà (q0,w0, A)

Ýêñïåðòàìè çàäàíû âåêòîðû

q0 = 〈q01, ..., q0m〉T : q0 ∈ Rm è

w0 = 〈w01, ..., w0n〉T : w0 ∈ Rn.

Çàäàíà òðîéêà
wT

0

q0 A
.
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C-8Íåñîãëàñîâàííîñòü ýêñïåðòíûõ îöåíîê

Îïåðàòîðû A è A+ çàäàþò

q1 = Aw0 � ïðÿìîå îòîáðàæåíèå è

w1 = A+q0 � îáðàòíîå îòîáðàæåíèå,

ãäå A+ � îïåðàòîð, ïñåâäîîáðàòíûéA.

Â îáùåì ñëó÷àå q1 6= q0 è w1 6= w0.

Èñïîëüçóåì Åâêëèäîâó äëèíó‖q0−q1‖ è ‖w0−w1‖
êàê ìåðó íåñîãëàñîâàííîñòè ýêñïåðòíûõ îöåíîê.
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C-9Îïðåäåëåíèå 2

Ñîãëàñîâàííûìè çíà÷åíèÿìè èíòåãðàëüíîãî èíäèêà-

òîðà è âåñîâ ïîêàçàòåëåé áóäåì íàçûâàòü òàêèå çíà-

÷åíèÿ q è w, ïðè êîòîðûõ âûïîëíÿåòñÿ óñëîâèå



q = Aw,

w = A+q.
(1)
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C-10Îïðåäåëåíèå 3

Îïåðàòîðîì ñîãëàñîâàíèÿ ýêñïåðòíûõ îöåíîêΦ, áó-

äåì íàçûâàòü îïåðàòîð

Φ : (q0,w0, A) −→ (q,w, A),

ïåðåâîäÿùèé òðîéêó (q0,w0, A) â òðîéêó (q,w, A),

ãäå âåêòîðû q,w óäîâëåòâîðÿþò óñëîâèþ (1).
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C-11α-ñîãëàñîâàíèå

Ïóñòü A : W −→ Q, W 3 w0, Q 3 q0 è äëÿ A

ñóùåñòâóåò ïñåâäîîáðàòíûé îïåðàòîð

A+ : Q −→ W , òî åñòü, A+A = In, AA+ = Im,

A+AA+ = A+, AA+A = A.
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C-12Òåîðåìà (Äæ. Ôîðñàéò)

Ñóùåñòâóåò ñèíãóëÿðíîå ðàçëîæåíèå ìàòðèöûA âè-

äàA = UΛV T , ãäåΛ = diag(λ1, ..., λR), R = min(m,n),

è UTU = Im, V V T = In, ïðè÷åì λ1 > ... > λR.
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C-13Óòâåðæäåíèÿ

1. Ìàòðèöà A+ = V TΛ−1U ÿâëÿåòñÿ äëÿ ìàòðèöû A

ïñåâäîîáðàòíîé.

2. Îïðåäåëèì A+ êàê A+ = V Λ−1
r UT ,

ãäå Λ−1
r = diag(λ−1

1 , ..., λ−1
r , 0, ..., 0).

ÎïåðàòîðA+ ÿâëÿåòñÿ íåïðåðûâíûì âr-ìåðíîì ïîä-

ïðîñòðàíñòâå.
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C-14Ïîëó÷åíèå ñîãëàñîâàííûõ îöåíîê

Ïóñòü q1 = Aw0 è w1 = A+q0. Çàäàäèì [q1,q0] ⊂ Q

è [w1,w0] ⊂ W . Íàéäåì ñîãëàñîâàííûå îöåíêè íà

ýòèõ îòðåçêàõ. Äëÿ ýòîãî íàéäåì âûïóêëûå ëèíåé-

íûå êîìáèíàöèè âåêòîðîâ q0,q1, è w0,w1 â âèäå

{wα : wα = (1− α)w0 + αAw0} ∈ [w0,w1],

{qα : qα = αq0 + (1− α)A+q0} ∈ [q0,q1],
(2)

ãäå α ∈ [0, 1].
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C-15Íàçíà÷åíèå ïàðàìåòðà α

ε2 = ‖qα − q0‖2,

δ2 = ‖wα −w0‖2.

Â êà÷åñòâå êðèòåðèÿ âûáîðà ïàðàìåòðà α âîçüìåì

óñëîâèå ìèíèìàëüíîãî ðàññòîÿíèÿ ìåæäó íà÷àëüíû-

ìè è ñîãëàñîâàííûìè îöåíêàìè âQ è W .
ε2

m− 1
=

δ2

n− 1
. (3)
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C-16Èçìåíåíèå ïàðàìåòðà α

Ïîëó÷åííûå ðåçóëüòàòû ïðåäëàãàþòñÿ ýêñïåðòàì íà

îáñóæäåíèå â ñëåäóþùåì âèäå.

init wT
0

�n wT
α

q0 qα A
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C-17γ2-ñîãëàñîâàíèå

Ðåøåíèå çàäà÷è íàõîæäåíèÿ ìèíèìàëüíîãî ðàññòîÿ-

íèÿ îò ñîãëàñîâàííûõ âåêòîðîâ äî âåêòîðîâ ýêñïåðò-

íûõ îöåíîê
ε2 = ‖Aw − q0‖2,

δ2 = ‖w −w0‖2

èìååò âèä

wγ = arg min
w∈W

(ε2 + γ2δ2). (4)
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C-18Íàõîæäåíèå ñîãëàñîâàííûõ îöåíîê

Ôóíêöèîíàë (ε2+γ2δ2) äîñòèãàåò åäèíñòâåííîãî ãëî-

áàëüíîãî ìèíèìóìà íà ìíîæåñòâåwγ ∈ W â òî÷êå

wγ = (ATA + γ2I)−1(ATq0 + γ2w0). (5)
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C-19τ -ñîãëàñîâàíèå

Ââåäåíî îòíîøåíèå ïîðÿäêà íà ìíîæåñòâå ýëåìåíòîâ

âåêòîðîâ w0 = {wj : w1 6 ... 6 wn}n
j=1 è

q0 = {qi : q1 6 ... 6 qm}m
i=1, êîòîðîå çàäàåò ñîîòâåò-

ñòâåííî êîíóñûW ∈ Rn è Q ∈ Rm.

Ïðè íàõîæäåíèè ñîãëàñîâàííûõ îöåíîê ââîäèëèñü

ìîíîòîííûå êîððåêòèðóþùèå ôóíêöèè

TQ : Q −→ Q è TW : W −→W .
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C-20τ -ñîãëàñîâàíèå

Íàéäåì òàêèå âåêòîðû qτ = TQ(q0) è wτ = TW(w0),

÷òî âûïîëíÿåòñÿ óñëîâèå ìèíèìóìàAwτ − qτ = ∆.

Äëÿ k = 0, ..., K óêàæåì òàêèå âåêòîðû

wk+1 = TW ,k(wk, A
+qk),

qk+1 = TQ,k(qk, Awk),
(6)

êîòîðûå äîñòàâëÿþò ìèíèìóì‖∆k‖2 = ‖Awk−qk‖2.

TQ = TQ,1 ◦ ... ◦ TQ,K è TW = TW ,1 ◦ ... ◦ TW ,K.
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C-21Ïðàêòè÷åñêèå ðåçóëüòàòû

Èñõîäíûå äàííûå:

1. åæåãîäíûå îò÷åòû çàïîâåäíèêîâ ÐÔ,

2. ýêñïåðòíûå îöåíêè èíòåãðàëüíûõ èíäèêàòîðîâ,

3. ýêñïåðòíûå îöåíêè âåñîâ ïîêàçàòåëåé,

4. ìíåíèÿ ýêñïåðòîâ îòíîñèòåëüíî ñîïîñòàâèìîñòè

çàïîâåäíèêîâ è ìîäåëè ïîðîæäåíèÿ äàííûõ.
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C-22Ñèíãóëÿðíûå ÷èñëà ìàòðèöûA

×èñëî îáóñëîâëåííîñòè æA = 2700.
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C-23Ìåòîäû ïîëó÷åíèÿ ÈÈ

q0 � ýêñïåðòíàÿ îöåíêà,

q1 = Aq0 � âçâåøåííàÿ ñóììà,

q2 = Ac1 � ìåòîä ãëàâíûõ êîìïîíåíò,

q3 = Adiag(λ1, 0, ..., 0) � ìåòîä ñèíãóëÿðíûõ

âåêòîðîâ,

qα � α-ñîãëàñîâàíèå.
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C-24Ñîïîñòàâëåíèå ïîëó÷åííûõ ÈÈ
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C-25Çàâèñèìîñòü ðàññòîÿíèé γ2, δ2 îò α
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C-26Ñðàâíåíèå α- è γ2-ñîãëàñîâàíèé
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C-27Çàêëþ÷åíèå

Ïðåäëîæåí ïîäõîä, ïðè êîòîðîì âåñà ïîêàçàòåëåé è

îöåíêè îáúåêòîâ, âûñòàâëåííûå ýêñïåðòàìè, ñîãëà-

ñóþòñÿ ñ ïîìîùüþ ñïåöèàëüíîé ïðîöåäóðû. Ïîëó÷å-

íû îáîñíîâàííûå è àäåêâàòíûå, ñ òî÷êè çðåíèÿ ýêñ-

ïåðòîâ, èíòåãðàëüíûå èíäèêàòîðû îáúåêòîâ. Ïîëó-

÷åíû âåñà ïîêàçàòåëåé, äåëàþùèå àëãîðèòì ïðèãîä-

íûì ê èñïîëüçîâàíèþ áåç ó÷àñòèÿ ýêñïåðòîâ.
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