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KBagumerpuueckasi MoeIb
HHTErpaJibHOM OIeHKH 0€30MacCHOCTH

(l)YHK]_lI/IOHI/II)OBaHI/IH BOCHHO-TEXHNYECCKHUX CUCTEM

B.M. YMBbIBaKHH,

A.A. boponun, A.B. IlIBen

Boennviii yuebno-nayunulii yenmp Boenno-6030yuinsix cu
«Boenno-6030ywnasn akademus

umenu npogheccopa H.E. XKyrosckoeo u FO.A. [acapunay
Poccus, 394064, Boponeoic, yn. Cmapoix bonvuesukos, 54a

B cmamve paccmampusaiomcs memooonozudeckue GONPOCHl NOCMPOEHUS KE8ATUMEMPULECKUX
Modenell UHMezpanibHOl OYeHKU 0e30nacHOCmU PYHKYUOHUPOBAHUSL BOEHHO-MEXHUYECKUX CUCEM 8
PAMKAX AKCUOMAMUYECKO20 (HOPMAMUBHO20) NOOX00A K MHOZOKPUMEPUATbHBIM 3A0a4amM RPUHAMUS
YNpagienyecKux peueHul.

Kurouesvie cnosa: oenno-mexnuveckas cucmema, 4acmuas U UHMe2paibHas, KeaiumempuiecKue
OYeHKU hYHKYUOHUPOBAHUS, OYeHKU De30NACHOCMU QYHKYUOHUPOBAHUSL.

Ji1s1 obecrieuenus 6e30macHOro pyHKIMOHUPOBAHUS BOeHHO-TexHrueckux cuctem (BTC) B ycio-
BUSIX MHOTOKPHUTEPHAIBHOCTH HEOOXOANMa MHTErpajbHAs OIEHKA Ka4ecTBa yNpaBICHYECKUX pellle-
Huil. [ToHsiTHE «0€30MacHOCTh» HE CYIIECTBYeT 0e3 aHTOHMMA «OMacHOCThY. ONacHOCTh — CBOWCTBO,
TIpUCy1Iee 000N CIOKHON TEXHUYECKOH CHCTEME, PeaTn3yIomeecs B BUE PSIMOTO MIIM KOCBEHHOTO
yiep6a Juist o0bekTa Bo3aercTBus. B nanpHeliem o 6e3onacHoctoio hyHkunonupopanus BTC no-
HUMAETCS IOMYCTUMBIH (IPUEMIIEMBIN) YPOBEHB OMMACHOCTH (pPUCKa) — BOSMOXKHOCTH (BEPOSITHOCTH) He-
JOCTHIKEHUS TpeOyeMOro KauecTBa yrnpaBlieHUeCKUX peleHuid. [Ipu 3Tom uHTerpanpHas oreHka 6e3o-
racHocTH/onacHoCTH (yHKunoHnposanus BTC nomkHa npencTaBisTe CO00 HEKOTOPYIO «CBOIHYIO»
(dbopmMyity, B KOTOpOH «0OBEIMHEHBD JIOKAJIbHBIE OTHOCUTEIbHBIC OLIEHKHU 0 YAaCTHBIM I10Ka3aTeNsiM
Ka4yecTBa YIPaBICHYECKUX PELICHHUH; METOANKH ITOCTPOCHUS YAaCTHBIX OLEHOK JIOJKHBI BXOTUTH CO-
CTAaBHOM YaCThIO B METOJMKY MHTETPAJIbHOM OLEHKH; YaCTHBIC OLICHKU M MHTErpaJibHasl OLEHKa JI0JIK-
HBI JOIYCKaTh BEPOSITHOCTHYIO WHTEPIIPETALNIO; MHTErpaIbHas OEHKa JOJDKHA ObITh aJanTHBHOH,
HO3BOJISIONIEH TPH HEOOXOJUMOCTH PACIIMPATH IEPEUSHb YACTHBIX MOKa3aTelleld Ka4yecTna.

[TpuBenem TeopeTHuecKkoe 000CHOBaHNE HEOOXOINMBIX CBOMCTB YaCTHBIX OTHOCHTENBHBIX OIle-
HOK ¥ MHTETPaJIbHOW OLIEHKHU KauyeCTBa/HEKaueCTBEHHOCTH (KBAJIMMETPUYECKHUX OLICHOK) Dy HKIIMOHH-
posanus BTC. PaccmoTpuM cuTyanuio, koraa kadecTBo ¢pyHkunnonnposanus BTC xapakTepusyercs
TOJIBKO JIByMs1 YaCTHBIMU nokasaressimu kadectsa ([1K) — y; u y,. Ilycts d, u d, — coorBeTcTBYI01IME
YacTHbIE OTHOCHTEIbHBIE KBaIMMeTpudeckne oueHku no >tuM 1K, a d = d(d,, d,) — unTerpanpHas
KBaJIMMETPUYECKas OLEHKA, KOTOpas PaccMaTpPUBAaETCsl KaK pe3yJbTaT HEKOTOPOW omepanuy Haj
YaCTHBIMM KBaJMMETpHUECKUMH oreHkamu (yHkunonuposanus BTC. Chopmynupyem OCHOBHbBIE
anpUOpHbIE TPeOOBaHM S (AKCHOMBI), JIeXKAIME B OCHOBE KBAJIMMETPUUIECKOT0 ITOIX0/a K TIOCTPOCHHUIO
HEJTMHEWHOH (HeaJAUTUBHON) HHTETPallbHON KBaIMMETPHUICCKOH OIleHKH (Tadmi. ).

B Tabn. 2 yka3aHbl KJacChl aCCOIIMATUBHBIX MHTErPAIbHBIX KBAJIMMETPUUYECKHUX OLICHOK B 3a-

BUCHUMOCTHU OT HNPCABABIISICMbBIX dKCUOM.

— 236 —



Vasiliy M. Umyvakin, Alexey A. Borodin... Qualimetrical Models of Integrated Assessment of Safety of Functioning...

Tabnumna 1. TpeboBaHUs K HHTETPATbHOM KBATHMETPHUUICCKOM OIICHKE

No TpeboBanue x
. /;1 HUHTErpajbHON Dopmyna KommenTapuii
OLICHKE
1 KommyTtarupaocts | d(d;, d,)=d(d,, d;) OauHaKkoBast BAYKHOCTh YaCTHBIX OIICHOK d; U
(paBHOIIEHHOCTB) d,, T.e. MHTErpabHAs OIIEHKA HE 3aBUCHT OT
MOPSIIKA YACTHBIX OI[EHOK, & 3aBUCUT OT BCETO
X MHOXKECTBA
2 AcCOIMaTUBHOCTH d(d(d,, d,), d5)= Arperupyrorcs JIUIb YaCTHEIE OLEHKH d;,
(nepapxudeckas =d(d,, d(d,, ds)) MPUHAAJISKAIINE OJHOMY YPOBHIO
OTHOY POBHEHHOCTH) HepapXHUYECKOM CTPYKTYPBI — «JIepeBay
kadecTB pyHKIHOHHpoBaHuss BTC
3 I'manxocts d(d,, d,) — MmHOTOUITEH Oto0 TpeOoBaHNE HENPEPHIBHOH 3aBUCHMOCTH
HHTETPAIBHOM OIEHKH OT YaCTHBIX OIIEHOK
4 OrpaHu4eHHOCTh 0<d(d,, dy) <1 mpu B kBanumeTpuu 3agar0TCs UIU
0<d,d,<1 MPENNOIararoTCst U3BECTHBIMU IPAHUIIBI
HHTEepBajla M3MEHEHHUS YaCTHBIX U
HMHTETPAJIbHOM OLIEHOK
5 HeiiTpansHocThb d(d,, 0)=d,, d(0, d,)=d,; HHTerpanbHas Ol[CHKA COBIAIACT C YaCTHOM
d(0, 0)=0, d(1, 1)=1 OIICHKO#1, KOT/1a IpyTas OllcHKa IPUHUMAET
MHUHHMAJILHOE 3HAYEHUE

B paborte [1] chopmynupoBana ciienyromas TeopemMa. B kiracce MHOr04sIeHOB 1By X TEPEMEHHBIX
CYLIECTBYET JIMIIb TPU (C TOYHOCTBIO JI0 MOCTOSIHHBIX HapameTpoB) (GYHKIUH, yIOBICTBOPSIOLIIE

YCJIOBUAM KOMMYTAaTUBHOCTH U aCCOLITMAaTUBHOCTH. Chyi q)yHKI_[I/II/I HUMCIOT BU:

1)c; (D
2)d;+d,+c; @
3) a(d, + d,) + bd,d, + aa — 1)/b, 3)

rme a, b, ¢ — mpou3BOJIBHEIE KOHCTAHTHI, b # 0.

JlokasarenbCcTBO TEOpEMbI OCHOBAaHO Ha npezcTasiennu ¢yunkiuu d(d;, d,) B Buae nBoiiHoro cre-
IIEHHOT'0 BRIPAXKEHUS C YUETOM, KOTOPOE IOJICTABISAETCS B YCIOBHE ACCOIIMATUBHOCTH. YUET aKCHOMBI
KOMMYTAaTHBHOCTH M CpaBHEHHE KO3(D(DUIIMEHTOB B 00€MX YaCTAX PAaBEHCTBA MPUBOIIT K (DYyHKIIHAM
1)-3).

Ouenka Buja (1) TpuBManbHa U3-3a HE3ABUCHMOCTH HHTETPAJILHON KBATUMETPUUYECKOHN OIEHKHU
OT YaCTHBIX OICHOK. Bup (2) cooTBeTCTBYET afAuTHBHON cBepTke. O1eHKa BUAa 3) HE MOXKET OBITh
cenena k Buny (1) unum (2), Tak kak b#0.

Crnencreue 1. Muorounes f(d;, d,), y1oBneTBopsromuii CBOHCTBAM aCCOITHATHBHOCTH, KOMMYTa-

THBHOCTH U OTPaHMYEHHOCTH (CM. Tabi. 1), mpecTaBUM B BHIE

D d+d, didy;

2) did,.
[pennonoxum, uto d; u d, [1 [q, Q] u Tpebyetcs, ytobst d(d;, d,) [ [q, Q], mpuuem d(q, q) =q u
dQ, Q) =Q.
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Ta6n14ua 2. OcHOBHBIE BU bl aCCOUMATUBHBIX UHTETPAJIBHBIX KBAJIUMETPUUCCKUX OLICHOK

AKCHUOMBI

Bun unrerpanszoit Kommentap
KOMMYTaTUB- OrpaHUYeH- | HEHTpab- MMEHTapuu
y TIIaJKOCTh P p onenku d(d;, d,)

HOCTbH HOCTH HOCTH

(p — IPOU3BOJBHAS
CTPOro MOHOTOHHAas
¢ysaxmus. Hampuwmep,
+ - - - ¢ (e(d)+o(dy) npu ¢(x)=x 1 e(x)=In(x)
HMEEM aJIUTUBHYIO U
MYJBTUILINKATUBHY IO
HUHTErpaJIbHBIC OLICHKHN

() — MOHOTOHHAS
HETIpepBIBHAS

* - - + 0'(e(d)+¢(dy) Gyuxuus. U3 akcHoMbl
HEHUTPaJBbHOCTH CIEAYET:
o(d;™") = o(d,™") = 0

Dc; a,b#0,c—

N . B B 2) di+dytc; MIPOU3BOJILHBIE KOHCTAHTBI
3) a(d,+d,)+bd,d,+
+a(a—1)/b

Ouenku d;, d, ud
MPUHUMAIOT 3HAYCHUS
u3 uHTepBaina [0,1].
1) d-dy—dyds MurerpanbHas oneHka
+ + + - 2) did, 1) umeeT cMbIca

pHCKa HEIOCTHKEHHS
TpebyeMoro kayecTna
(hyHKIIMOHUPOBAHUS
CHCTEMBI

AHasnor BepoITHOCTHOH
CBEPTKU AN

JIByX COBMECTHBIX
HE3aBHCUMBIX COOBITHH

+ + + + d+d,—d,d,

3anumem JaHHBIC Tp€6OBaHI/I$[ B BUJAC CUCTEMBI ypaBHeHI/Iﬁ

f(q,9)=¢q
f(QQ=Q"

C y4dyeToM 06H.[el“0 BUJ1d KOMMYTAaTUBHOI'O, aCCOONUATUBHOIO MHOI'O1JICHA, ITOJTYYCHHOI'O U3 TCO-

pEeMBI, cucTeMa MPUMET CJIEY O BUA:

2aq+bq’ +a(a-1)/b=q
2aQ+bQ* +a(a-1)/b=Q’

W3 naHHO# cucTEeMBI TOJTy9aeM CIIeAYIONIee YpaBHEHHE OTHOCHUTEIBHO a:

22(Q-9+b(Q-9Q+9=Q—q.

IMockonsky Q —q # 0, To 2a + b(Q + q) = 1. CnenoBaTensHo,

a=[1-b(Q+q)]/2. )
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IMoacTaBuM 3HaYCHHE a, BRIPAXKEHHOE Yepe3 b, B MepBOe ypaBHEHUE CUCTEMBI, TIOTYYUM:

q[I-b(@Q+q)]+bq’ —[1-b*(Q+q)’]/4b=q.

BeinonHuB 1mpeoOpa3oBaHusi, MOAyYduM clienytoiiee ypaBHenue: b’ (Q — q)’ = 1, oTkyma u
b==1/(Q—q). [loxcraBus 3Ha4ueHus b B BeipaxkeHue (4), oJayuuM COOTBETCTBYIOIME 3HaUeHUs a. Ta-
KuM 00pa3oMm, HaiiIeHBI 1Ba Habopa ko3 unmento au b: a’' =—q/(Q—q), b’ = 1/(Q—q) ma" = Q/(Q—q),
b” =-1/(Q—q), a ceqoBarenapHO, U ABa Buaa 3asucumoctu f(d;, d,):

d'=a'(di+d,)+b'd,dy+a'(@™-1)/b'=[-¢/(Q-q)I(d+do)+[1/(Q-q)]did+
H-a/(Q-I[-9/(Q-q)-1)/[11Q-q)1=
= 1/(Q-9)[-q(ditd2)+d,d;+Qq],

d"=a"(dr+d:) b da’ @' 1)/b"=[Q/Q- I o)+
HQ-q)ldid:HQUQ-IQUQ-)-1/-V(Q-q)1=
= 1/Q-q)[Q(dd:)-did+Qal.

Ecmmq=0uQ=1, 10 d,, d,, f(d;, d,) U [0, 1]. B atom ciryuae d'= d,d,, d” = d+d,—d,d,. Uto u
TpebOBaIOCh OKA3aTh.
Crnenctsue 2. MuorowreH f(d,, d,), yIOBIeTBOPSIIOIINIA CBOWCTBAM aCCOIIMATUBHOCTH, KOMMYTa-

TUBHOCTH, OTPAHUYEHHOCTH U HEUTpaabHOCTH (CM. Tabu1. 1), mpencTaBuM B BUJE
d= dl +d2 'dldz :1'(1'd1)(1'd2). (5)

OtmetuM, 4To dopmyna (5) coBnamaer ¢ GOpPMYJIOH BEPOSTHOCTH CYMMBI IBYX COBMECTHBIX
HE3aBUCUMBIX COOBITHI. (BeposTHOCTE CyMMBI IBYX COBMECTHBIX COOBITUH A u B BeIunCIseTCs o
¢dopmyie P(A+B) = P(A) + P(B) — P(AB), a P(AB)= P(A) P(B) nns He3aBUCUMBIX COOBITHIA.)

JIiist mocTpoeHUsl HHTErpalibHOM KBaJIMMETPHUYECKOi OlleHKH d HY>)KHO UMETh YaCTHbBIE OTHOCH-
TellbHble KBanuMeTpuueckue oueHku d; pynxkunonuposanus BTC no j-my 11K, j=1,2,...,m. O603Ha-
4yuM 4yepe3 y;' — 3Hauenue j-ro ITK pus i-ro cocrostuus BTC, a uepes y;” — moporosoe (IipesieibHO JoIy-
CTHMOE) 3HaYeHNE, OTpaXKalollee HOpMaTHUBHOE TpeboBaHMe K KauecTBY (yHKIHoHNpoBanus BTC mo
j-my IIK. [TocTaBuM UM B COOTBETCTBHE JIBE O€3pa3MEpHBIC BEIMYMHBI, IPUHUMAIOIINE 3HAYCHUS U3
unrepaia [0,1]: pi=p(y;") — abComOTHY0 YacTHYO OLEHKY KauecTBa i &=¢;(y";) COOTBETCTBYIOLINIT
HOpPMaTHBHBIN ypoBeHb 110 j-My [1K. Bynem cuurare, uto TpeboBaHue K KauecTBY (pyHKIIMOHUPOBa-
Husa BTC (manpumep, TpeOOBaHHE K SKOJOTMUECKOI 0€30MacHOCTH paifoHa 0a3MpoBaHMS) 10 j-My
IIK BbinosHeHo, ecnu |;>g;. IIpu aToM yacTHas oueHka d;, kKak QyHKIHUS BEIUYHH € H [, JOJDKHA
YIOBJIETBOPATH clegyromuM ycinoBusam: 1) 0< d; <1 npu p>g; 2) d=0 npu =0, >0 (oueHKa MUHHU-
MajlbHa, €CIM HeT HUKaKUX TpeboBaHuii k kadecTBy); 3) di=0 mpu p=1 u p;>¢; (OrileHKa MUHUMAJIbHA
IIPU «HJI€aJIbHOM» KaueCTBE HE3aBUCUMO OT TpeboBanuit); 4) d=1 npu p=¢#0 (oLeHKa MaKCHUMaJlbHa
IpY NPEJEIbHO HU3KOM J0IyCTUMOM KauecTBe). B pabotax [1-4] nokazaHo, 4To IIpHU W;€; YCIOBUAM

1)-4) yooBieTBOpSET YacTHAs KBaJIMMETpUUECKas oleHKa d; Bua

di=[e;(1-py) I/ [y (1-&))- (©6)

HOKa)KeM, 4TO JaHHas OILCHKa IMO3BOJISCT BBIYHUCIIATH YCIIOBHYIO BEPOATHOCTH CO6I)ITI/I${, CO-

CTOSIIIIETO B TOM, YTO TpeOOBaHUE K MHTErpPaJbHOMY KauecTBY ¢yHKIHOHUpoBaHus BTC He BbImON-
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HSICTCS TIPH BBIMOJHCHHH TPEeOOBAaHMM K e¢ KadyecTBY 1o j-my 4dacTHomy [IK. O6o3Haunm uepes p
HMHTETpabHOE KAauecTBO (KauecTBO B meioM) ¢yHkiuonuposanus BTC, a yepe3 € — TpeboBaHne K
9TOMY KauecTBy. byiem cuntarp, 4To TpeOOBaHHE K MHTEIPAJbHOMY KaueCTBY (DyHKIMOHHUPOBAHHMSI
BTC Beinonneno, ecinu p>e. Ipuuem eciu kauecTBo W pyHknuonuposanus BTC xoTs 6b o oxHO-
My TIK HMXKe COOTBETCTBYIONIEr0 HOPMAaTHBHOIO YPOBHS &, TO yIOBICTBOPUTH TpeOOBaHME K HMH-
TerpajnbHOMY KadecTBy ¢yHKIHoHHpoBaHus BTC neBozmoxHo. [lycTs A — coObITHE, COCTOsAIIEE B
TOM, 4TO HE BBIIIOJIHEHO TPEOOBAHUE K HHTErPabHOMY KayecTBy, a B; — coObITHE, cOCTOsALIEE B TOM,
YTO HE BBHINIOJHEHO TpeboBaHue K kauecTBy (pyHkunonuposanus BTC no j-my IIK. Torna ycinoBHas
BeposTHOCTE P(A|B;) = 1, Tak kak ecinn p<g;,to p<e. B 10 xe Bpemst 0<P(A] Ej)ﬁl, rae B, — coGbiTe,
nporusononoxuoe B;. Ipyrumu crosamu, P(A | Ej) — BEPOSITHOCTH HEBBIIIOJIHEHHS TPeOOBaHUHN K
kauecTBY ¢yHkironupoBanus BTC nipu ycinoBuu, uto TpeOOBaHUS K Ka4eCTBY (DYHKIIMOHHUPOBAHUS
BTC Bbinonsensl 1o j-my ITK. 9Ty BeposTHOCTb U HYKHO onpenenuts. OTMeTHM, 4To coobiTusd AB;,
u AEj IIOMApHO HECOBMECTHBI B A=AB +AB,. Tak kak, P(A[B;)=1, To u3 popMy.IbI MONHOI BepOsT-
Hoctu cnepyer P(A)=P(AB)+P(AB)) =P(B))P(A|B,)+P(B)P(A| B)) =P(B)) +[1-P(B)[P(A| B,). Ta-
kum o6pasom, P(A|B;)=[P(A)-P(B))J/[1-P(B,)]. PaccmoTpum Gopmyny yMHOKEHHS BEPOATHOCTEH
P(AB;)=P(A)P(B;|A)=P(B;)P(A|B;). Onstb yuutsiBas, 4uto P(A|B;)=1, noiayyaem BaxxHOEe HEPABEHCTBO
0<P(A)=P(B;)/P(B;|A)<1. Otcrona crexnyet, uto P(B;)<P(B;|A). B pe3ynsrare monyuaem:

P(A|B)) = {P(B)[1-P(B; | A)]}/{P(B; | A)[1-P(B)]}. ™

BBenem crienyroniyie 0003HAUCHHUS: dj=P(A|§j), §=P(B;) — BepOsATHOCTh HEKAYECTBEHHOCTH
¢dynxunoruposanust BTC mo j-my IIK, 1;=P(B;|A) — BeposSTHOCTh HEKa4eCTBEHHOCTH (yHKIIMOHU-
posanus BTC no j-my IIK npu ycnosun, uro TpeGoBanus k kauecTBy pyHKIuoHupoBanus BTC He
BBITIOJTHEHBI. B pesynbraTe moiydaeM, uyto ¢opmyia (7) copnamaet ¢ Gpopmysioi (6) 4acTHOH OTHO-
CUTEJIbHOM oLeHKH d; TUIIAa «PUCK HEJOCTHXKEHUs TpedyeMoro kadecTBa GyHkuuoHuposanus BTCy,
KOTOpAasi SIBJISETCS KBAIMMETPUYECKON MOJIENIBIO YaCTHOM OTHOCUTEIBHOW OLEHKU OMAaCHOCTH (PyHK-
nuonuposanusa BTC. B cumy BepoaTHOCTHON Ipupoabl BeIuyuH d;, €, | OHU IPUHUMAIOT 3HaYEHU S
u3 untepsaina [0,1]. IIpuuem, p; >g;.

Hoomnpenenum ouenky d; caenyromum obpasom: 1) di=1 npu p=¢=1; 2) di=0 npu p=¢=0;
3) d=1 nns Beex W<g;. OTMeTHM, 4TO oueHKa d; sBIsieTcs yObIBatomel GhyHKIUEH 110 L ¥ BO3pac-
TaloUIeH 1O &;.

B o01iem ciryyae 1uist m YaCTHBIX OLEHOK MHTErpajibHasl KBAJIMMETPUYECKasl OLleHKa (yHKIIHO-

HuposaHus BTC nmeer cnenyromyo cTpykTypy [1]:

dzl—ﬁ(l—dj). ®)

Omnepanuro, 3a1aBaeMyr0 QyHKIuei Buaa (1), Oyaem Ha3pIBaTh 000OIIEHHBIM CIOKCHHEM (KBa-
3UCI0XKEHHEM) U 0003HadaTh cumBosiom @: d=d,®d,. Dra omeparus ob1agaeT BCEMH CBOMCTBAMHU
OOBIYHO# omepanuu ciaokeHus. MOXHO moka3ath [1], 4To omepanus 000OIIEHHONO0 YMHOXEHHUS Ha
MPOM3BOIBHOE HEOTPHIIATEIBHOE YHCIIO A, KOTOPYIO 0003HAYMM CHUMBOJIOM &®, MOXKET ObITh BBEICHA

B (hopme
1@ =1-(1-d) " ©)
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JlanHas onepariusi COriacoBaHa ¢ Onepanueil KBa3uCIOKEHHUS U yIOBICTBOPSET COOTHOIICHHUSIM
Buja: 1®0d=d;, A/®(d;@d,)=A:®dPh®d,, (MBA,) ®di=1®dDA,Rd,.

[Mopuepkuem, 4To Gopmyia (8) UHTErpaJIbHON KBAJIMMETPHUECKOI OLIEHKH TOJIy4YeHa B Mpe.-
MTOJIOKCHUM KOMMYTAaTHBHOCTH (PaBHOIICHHOCTH) M aCCOIMATUBHOCTH (MEPapXUUSCKOU OIHOYPOB-
HEHHOCTH) YAaCTHBIX OIECHOK. Vcronb3oBaHKHE BECOBBIX KOI(M(UIMEHTOB A; AT «BBIPABHHBAHMS)
3HAYUMOCTHU YaCTHBIX KBAJIUMETPUUYECKUX OLIEHOK d; camo 1o cebe MpOTHBOPeUnBO. AKCHOMA KOM-
MYTaTUBHOCTH YK€ MPEIIOIaracT PaBHOICHHOCTh 3TUX OLEHOK. Takoro pojaa «paBHOMPABHOCTHY
JOCTUTAaeTCsl €IUHBIM CIIOCOOOM U3MEPEHHS YaCTHBIX a0COIIOTHBIX OLIEHOK KaueCTBa |, U HOPMATUB-
HBIX YPOBHEH &;.

[MosToMy HEeKOMMYyTaTUBHAS AAAUTHBHAS JIMHEHHAs CBepTKa onleHokK d; u d, Buga Ad+\,d, cra-
HOBUTCSI KOMMYyTaTuBHOM jist BenimuuH d'/=\,d; u d';,=A,d,. PaccMOTprM KOHKPETHBIE CIIOCOOBI «BBI-
PaBHUBAHMS» YACTHBIX OLEHOK d;.

N3 dopmyn (6) u (9) ans A>0 umeem:
[S'j(l-p.'j)]/[p'j(l-S'j)].=.(8'j/p'j-8'j)/(1-8'j) = d’j = }\’J®d_] = 1'(1'dj))J
IMokaxxem, uto 3xech €'=1-(1-g) %, w=[1-(1-&) *)/[1-(1-&/w;) ¥]. deiicTBuTeENBEHO,

7= {11 -1 (1-6) =116 (1-5)[=1-[(1- ).

TakuMm 00pa3oM, B 00IIeM Ciydae MHTETPajbHONH KBaJIMMETPUYECKON OIICHKE THIIA «OOIIHit
PHUCK HEIOCTHKECHHS TpedyeMoro kadecTBa GyHKuuoHpoBaHUI BTC» cOOTBETCTBYET KBaTUMETPH-

4qCeCKasg MOoACIb B A

d=1-TJa-d)", (10)
j=1

rae A; — BecoBble K03(h(GHIMEHTH YaCTHHIX OIEHOK d;, yIOBIETBOPAIOIINE YCIOBHIO HOPMUPOB-

Ku:

> =1, A=0,j=1,2,...,m. 11)

j=1
INonuepkHeM, 4TO MHTErpalbHas KBaauMeTpuueckas oueHka d B gopmyne (10) npu A, = 1/m
ABJISIETCSI CpeIHEl BEMTNYHUHON B CMBICIIE acCOIIUAaTHBHOM cpenneit mo KoixmoropoBy [5], koTopast BbI-

qHUCcIseTCs o popmyiie

o1 1 1
d(d,,d,,...d )=¢'| —o(d) +—@(d,) +..+—e(d, ) |.
m m m

31eck (¢ — HeMpephIBHASA CTPOr0 MOHOTOHHAA (GYHKIMS, a ¢ — QyHKIUsA, oOpaTHas K Heil. B
HammeM cirydae ¢(d;) = -In(1-d;). Ilpu ¢(d;) = In d; umeem cpennioo reomeTpuueckyro. Tak, B paboTe
3. XappuHrToHa [6] YaCTHBIMH OL[EHKAMH Ka4eCTBAa CUCTEMBI SIBJISIIOTCS 9KCIIOHEHI[MATbHbIC (yHK-
LUH «KEJATEeIbHOCTHY, @ HHTErPajbHast OIIEHKA eCTh CPEIHEE T€OMETPHUYECKOE ITHX YACTHBIX OIle-
HOK. B TO 5ke BpeMst cpeHsIs KBasureoMeTpruueckas Beinanna d B popmyite (8) He cpeqHsisa BeTHUInHA
no Komu [5], T.e. He ymoBierBopsietr ycaoBuro min(d;,d,) < d < max(d,,d,). ITokaxkem, 4To cpenHe-

B3BCHICHHOC KBA3UI'€COMETPUUCCKOC €CTh CPCAHEC 110 Komu. B CHUJIY KOMMYTAaTUBHOCTHU KBaJIUMC-
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TPUYECKO# o1leHKH d paccMOTpHUM TOJIBKO city4ait d; > d,. Tak kak min(d,,d,) = d,, max(d,,d,) = d, To

HUMECEM!
1_(1_(11)1I (l_dz)lz = 1_(1_d1)ﬂl (1_d1)/12 =d, =max(d,.d,),
1_(1_(11))~l (l_dz)lz 2 1_(1_d2)/1' (l_dz)i2 =d, =min(d,.d,).

Takum o6pasom, min(d,,d,) <1-(1-d,)"(1-d,)* <max(d,,d,) u cpennesBemennoe KBa3U-
reomerpuueckoe d ects cpennee mo Komm.

[MpuBeseM TEOMETPUUYECKYI0O HMHTEPIPETANMIO KBAJTUMETPHUYECKUX OIEHOK. «OTpe3ok»
d=1®d'® 1-2) ®d? (0<A<1), coenuHsIOMuil IBE TOYKH d' =(d11,d12) ud’ =(d21,d22) B IPO-
CTPAHCTBE YaCTHBIX KBAJIMMETPUYECKUX OILICHOK, Mmoka3aH Ha puc. 1. CpenHeB3BeleHHOH apupme-
TUYECKOH BEJIMUYUHE COOTBETCTBYET OTPE30K MPSAMOU aa =Ad'+ (1- /1)82 , & CPETHEB3BECILICHHOM I'e0-
METPUYECKON — «OTPE30K» Hg = (HIY(i )H.

[NoguepkHeM, 9TO C TEOPETHKO-HHDOPMAIIHOHHON TOUKH 3penus [7, c. 38] uncno ¢(d;) = -In(1-d;)
SIBJISIETCS MEPOU HEOMPeIeIeHHOCTH HHPOpMAUU (4aCTHONH HMH(OPMAIIMOHHOW OLIEHKOMN) MPU BbI-
YHUCIICHUH SHTPOINH COOBITHS, TAK KaK YACTHYIO KBAJIMMETPHUECKYIO OLEHKY d; MOKHO MHTEpIpe-
THPOBATH KaK BEPOSATHOCTH P(A | B,) COOBITHS A, COCTOSIIETO B TOM, YTO HE BBIIIOIHEHO TPeOOBAHHE
K HHTErpajbHOMY KadecTBy yHKuuonnposanus BTC, pu ycioBuu, 4To BbIIONHSAETCS coOblTHE B,
cocrosiiee B TOM, 4TO TpeboBanue K kadecTBy pyHkuuonuposanusi BTC no j-my ITK BeimongHeHo
[1]. Takum oGpa3om, cobbITHIO (A | B;) COOTBETCTBYET HEONPEACICHHOCTD, paBHas —In[P( 4| Fj)] =
In[1/P(A | Ej )], 2 IPOTHBONONOKHOMY COOBITHIO (A | Ej )—uactHas uHGopMmanroHHas oueHka [=I,(d)=
—In[P( 4 | Ej )N=In[1/(1-P( A| El )]=In[1/(1-d;)]. Yxaxem ocHOBHbIE cBoiicTBa omeHok Ii: 1) I=0 mpnu
d;=0; 2) I; »o0 npu d; >1. .

OTMeTuM, YTO HMHTerpaibHass MHpopMaunuoHHas oueHka [=I(d)= ln[l/(lfd)]=z AL ectn

-1
cpelHeB3BelleHHas apupMeTHUeCKasi BeJIMUMHA, KOTOpas siBiseTcs QyHKIMeH cpelHeB3BelIeH-
HOTO «KBa3UT€OMETPUUIECKOr0» — HHTErpajbHOU KBAIMMETPHIECKON OIeHKU d, COOTBETCTBYIO-

ureit popmyie (10). MokHo mokas3arh, 4To BeauuuHa [=-In(1-d) — «kBa3ucpenHsIs» BeaUYHHA

0.5
0,45

0.4

0.3 *

0.3 0,35 0.4 0,45 05 | dl

Puc. 1. I'paduyeckoe mpeacTaBieHHE CPEIHEB3BECHICHHBIX BEIHYHH:
— apupMeTHYeCKoe; . — IeOMEeTPHUYECKOoe

— KBa3UreoMETpUICCKOEC,
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(nnvHa B HaTypajbHO-TOrapuMHUUEecKo IIKaje), o0ecreunBaonas MUHUMYM «KBa3suIuCIep-

CHI).

2
1 _N N e\ P
i =34 [In(1-d,)~In-d)[ .

=1 j =1

JIns MByX 9acTHBIX KBAJIMMETPHIECKHUX ONEHOK d; U d, ¢ BECOBEIMU KOA(PPUITUCHTAMH A, H A,

COOTBECTCTBCHHO UMCCM:

S¢ = M(In(1-d))-In(1-d))? + Ay(In(1-d,)-In(1-d))> =
= O )[In(1-d)]2 — 2(4 In(1-d,)+, In(1-d,)) In(1-d) + Au(In(1-d))) + Ao(In(1-d,)).

U3 ycnoBusi ontuMansHocTH cienyert, uro In(1-d) = (AIn(1-d,) + A,In(1-d,)) / (A, + X,). 3HauwT,
d=1-(1-d))™(1-d,)*. B obuiem ciy4ae ;s m 4acTHBIX oueHoK d; monydaem dpopmyiy (10).

Ha stom stane GopMupOBaHHE WHTEIPaJbHONW KBAJIMMETPUYCCKON OIICHKH MOXXHO OBLIO OBI
CUHTATh 3aBEPIICHHBIM, HO OOBIYHO IONYUYCHHBIC BEMUYUHB | Mogudumupytorces. Jemo B ToM, 9TO
JacTHasl KBaJMMeTpHUUecKas oleHKa d; u JacTHas WHQOpPManMOHHAsS OLEHKA I; yCTpOeHBI Tak, 4To
U «ylydlieHue» kadectBa ¢yHkuuonuposanus BTC coBnanaer ¢ ymeHblieHueM 3Hauenuit d; u I .
TpaauuOHHO IPUHSAT 00PATHBIN («3ePKAIBHBIN») CUCT. 3aJaAMMCsI HEKOTOPOH BETMYMHOM d, TaKOH,
49TO

1 1 1-d; 1

1. =In —In =In =In -1..
! 1-d 1-d. 1-d, 1-d !

1
Ecmn 3a d. B3are Bemmuuny d, =1-—=0.63, 10 ln1
e - e

T =3 A4S 4 n0-d,) =143 4 In(-d,)=1-3 4 =13 21, =11,
= = =]

= =1 1-d; B

=1,al; =1+In(l-d;), Torma

Jlnst conepiKkaTebHON MHTEPIpEeTalii KBAIUMETPHUECKUX OLEHOK (yHKuuoHupoBanus BTC
mpesaraeTcs UCIoJIb30BaTh 3epKAJIbHYI0 BepOalbHO-YUCIOBYIO MIKAJTy XappHHITOHA [5], 11 KO-
Topoit BenuumHa d.=1-1/e =0.63 sBisieTcs 0coO0H TOYKON — TOUKOU Iepexo/a CUCTEMBI B «HEKade-
CTBEHHOE» COCTOSIHHE.

Ecnu BenuuuHsl d;paccMaTpUBaTh KaK PUCKU (BEPOATHOCTU) HEAOCTHXKEHUS TPeOyeMoro kaue-
ctBa ¢pynknuonuposanus BTC no j-my I1K (j-my motpebnsemomy pecypcy), To onenku I(d;) orpaxa-
10T nHpopmanuio o 3HaunMoctu [1K (0 crenenu neuIUTHOCTH pecypcoB 1o KadecTBy). [Ipruem yem
Oonpme 3HaueHue 1(d;), TeM GoiblIe YyBCTBUTEIBHOCTh YNPABICHUSCKUX PENICHHN K M3MEHEHHIO
KBaJIUMETPUYECKOH OLeHKH d; (M3MEHEHHIO Ka4eCcTBa j-Io pecypca) 1l JOCTHKEHUS KauecTBa (PyHK-
muonnposanus BTC. Ot1o mo3BonsieT paccmarpusath I(d;) kak cBoero pona yHUBEpcaIbHBIE CTOU-
MOCTHBIE H3MEPHUTEIH €ANHUIIBI j-I'0 pecypca U UCIOJIb30BaTh UX B poiu K03 duimenToB nHPpopma-
[{HOHHOW JTUHECHHOMH 11eJeBOl QYHKIIUK THIIA 000OIIEHHBIX 3aTpaT B MOJEIISIX MHOTOKPHTEPHUAIbHON
pecypcHOU ONTHMH3AIUN CIIOKHOW cucTemsl [1]. JlaHHas neneBast QyHKIUSA CTUMYIHPYET dPPeK-
THUBHOE MCIOJIb30BaHUE JIe(QUIIMTHBIX [0 Ka4eCTBY pPecypcoB B npouecce pyHkunonuposanus BTC.

[MokaxkeM, 4TO HHTErpabHbIC OLEHKH d' MOXKHO IIPHMEHSTH B CHCTEMaX MOHUTOPHHTA YIIpaBIIe-
HUsl QYHKIIMOHUPOBAaHUEM, 2 UIMEHHO JJIsl OLICHKH M3MeHeHUH kayecTBa (pyHkiuonuposanus BTC ¢

Y4eTOM JONOJHUTENBHONW HHPOpMaIH (HaOIIOIEHNI) O COCTOSTHUM «HOBBIX» cucteM. IlycTs cpen-
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CTBAaMH MOHHMTOPHHIA IOJIY4YeHbl L «HOBBIX» HaONIONEHMI, KOTOPBIM COOTBETCTBYIOT 3HAUCHHS Y|
moKa3areJiel KadecTsa, j = 1, 2, ..., m; i = N+1, N+2, ..., N+L. TakuMm o6pa3om, K mepBOHAYATEHOMY
ciucky N cocTOsSHUN cucTeM no06aBuiock L «HOBBIX» ¢ TeM ke HabopoM IIK (mo HammeHoBaHUAM U
KonnvecTBy). Heo6xonnMo ymopsiounTs Bech MMeEOmMiAcsS cnucok N+L cucreM 1o ypoBHIO Kaue-
cTBa QYHKIMOHUPOBAHUS C YUETOM PaHIKUPOBKH mepBoHavyanbHoro cnucka BTC. Eciu B «iepBona-
YJaJbHOM» paHxupoBanun onHa BTC mydie apyroi (MM OHM 3KBHBaJICHTHBI) B CMbICIIE KauecTBa
(YHKIIMOHHPOBAHU S, TO J00aBJICHUE HOBBIX CUCTEM HE JO0JDKHO M3MEHHUTH yKE UMEIOLIeecs] OTHOIIE-
HUE MPEINOYTHTEIBHOCTH (3KBUBAJIEHTHOCTH). TakuM 00pazoMm, TpedyeTcs onpenennTh HHTErPajb-
Hble KBAJMMETPHUECKUE OLIEHKU C YYeTOM HOBOW MH(pOpMalHMH O COCTOSHUU (YHKIIMOHHPOBAHUS
BTC Ha doHe paHKXKHPOBKH IIEPBOHAYATILHBIX CHCTEM.

Bynem cuurarh, 4TO € HOSIBJICHHEM HOBOW MH(OPMAIK MOXKET U3MEHATHCS HCXOHAS IKCIIEePT-
Hasi uH(opManus, HeoOXonuMmas ISl MOCTPOCHUS MHTETPAJbHON KBAaJTUMETPHYECKOH OIEHKH. A
UMEHHO:

1) 3anaHbl HOBblE UHTepBalbl u3MeHeHus j-ro I1IK — [A;, B, roe A; <aju B; > b;

2) 3a1aHbl HOBBIE IIPEJENIbHO JIOyCTUMbIE 3HAUYCHHs ¥ HOBbIE HOpMAaTHBHbIE ypOBHU — Y, E;.

IMpeanonaraercs, uro ansa kaxuporo 1K ocrarorcst 6e3 M3MEHEHHs CIIOCOO HOPMHUPOBKHU (CM.
TabJ. 2) ¥ 3HAYECHHS BECOBBIX KO3((HUIIMEHTOB A; YacTHBIX oreHok d;. s Bcero crmcka (N+L) cu-
CTeM C Y4eTOM HOBO# HH(OpMaLHK YacTHas abCONOTHAs KBaJIMMeTpHYecKas orenka M; o j-my ITK
ans i-ro cocrosiuus BTC nMeer BuJ, aHAIOTUYHBIA BHAY W' (M. Tab. 2): M= M(y{, A; B;). HacTnas
orHocutenbHas D o j-my IIK u unTerpansHas D' kBaquMeTpHYECKHE OLEHKH AJIS i-I0 COCTOSHUS

BTC Beruucisitores o Gpopmyiam
D! =[E;(1-M))]/[M(1-E))], (12)
D' =1-]Ja-D)",i=12,.,N+L; j=1,2,..,m. (13)
j=1

ITpu 3TOM paHKHUPOBKHU IEepBOHadanbHOro crucka N cucteM mo 3Hadenusm Diu d' 6yayT omiu-
4aThCs JpYT OT Ipyra.

VYrBepxaenue. CymecTByIOT IpeoOpa30BaHUs KBATUMETPUUSCKUX OLEHOK, KOTOPbIE MO3BO-
JISIIOT MPOU3BECTH YIOPSIAOYCHHE BCEX aHAIM3UPYEMBIX CHCTEM, COXPAaHSIONIee OTHOLICHHS Mpea-
MTOYTUTEIBHOCTH (3KBHUBAJICHTHOCTH) B IIEPBOHAYAJILHOM CIIHCKE ITPHU ITOJIyYeHHH HOBOI HH(pOpMa-
1197078

JHoka3zatenscTBo. st BkiroueHust HoBbIXx BTC B paH)KHPOBKY IIEpBOHAYAIBHOIO CIIUCKA 110 3HA-
yeHusIM d' HEOOXOAUMO «CKOPPEKTHPOBATHY 3HAYEHMs BENUYUH M| ¢ HOMOLIBIO peoOpa3oBaHUs
M . =F(M}). Ilpu 5ToM 3Ha4YeHUs YACTHOH OTHOCHUTEJIBHOM 15, ¥l HHTErpaNbHOil D' KBaJTHMeTpHUe-

CKHX OICHOK BBIUUCIISIOTCS 110 (popMyJIamMm

D! =[E, (1-M)]/[M|(1-E))], (14)

]

D' =1-[Ja-DH". (15)
j=1
JTH OlIEHKH 00JIAIaf0T ClIeAyFoIMMH cBoiictamu: 1) ecnm d'>d!, To 1 D' >D'; 2)ecmm di=d!,
Tou D' =D',i,1=1,2,..,N.
Hepasenctso d' > d! mepenumiem B Bue
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1—ﬁ(1—d;)*' 21—]2[(1—d;)“. (16)

BHauane paccMOTpHuM ciTydaif, KOrJja H3MEHEHHE COCTOSIHUS CUCTEMBI PacCMaTPHUBACTCS JTHUIIb
C TOYKH 3PEHUS «KOPPEKTUPOBKM OIHOU YaCTHOH KBaJauMeTpUuueckoi oueHku d;. bes orpanuuenus
OOIIHOCTH MOYKHO CYUTaTh, yTO 3TO oueHka d,. Torga HepaBeHCTBO (7) MEPENUIIETCS CIEAY UMM

obOpa3zom:

m

(=dp™ = (a=dp™[[Ta-dp™ /f[(l—d;)“]. (17)
A

i

BeeneM B paccMOTpeHHe  BenuuuHy ~— D' = H n- d; 1/[1- d} D 5 . Iockonbky
j=2
1-d}=1-[g;(1—pDI/[A-epui]=[n; —g;/[0)(1-¢)]=[1-¢;/pj]/[1-¢;], To HepaBeHcTBO
(17) OymeT uMeTh BUT

l-g, /u; >D"(1-¢, /p}). (18)

OGosnaunm  uwepes z, =l-g,/pni, z,'=1-g/u}; Z =1-E,/M!; Z! =1-E, /M};
Z!' =1-E,/M!; Z!=1-E, /M!. Torma nepaserctso (10) 6yaer umets Bux z, > D'z}, Heobxo-
JIAMO TIOKA3aTh, 4TO U3 ycioBus Z, > D"z| cienyer HepaBeHcTBO Zi > D“Zi. Taxum 06pa3om, T0Ka-
3aTENBCTBO YTBEPIKACHHS CBOIMTCS K [IOHCKY IIPe06pa3oBanms Z = ¢(z) TAKOT0, 4TO U3 BEIIOTHEHHS
HepasenctBa z, > D'z} cnenyer, uto ¢(z;) > D"§(z)).

Brauane Hajinem peuieHue CIeAyIOmero (GyHKIHOHAIBFHOIO YPaBHEHHsI OTHOCHTEIBHO HEU3-

BECTHOU QyHKIHH §:

0(z')=D"9(z"). (19)

Vuuteias, uto z! = Dz, umeem ¢p(D''z) = Dil¢(z). Bynem uckars pemienue ypapuenus (19) B
KJ1acce HenpepblBHO nuddepermupyemsrx pyuknmid. [Ipoguddepenunpyem ode 4acTu MOCIETHETO
ypastenus no z: Dil¢'(Di'z) = D'¢/(z). T.x. D! £ 0, o ¢'(Di'z) = ¢/(z). Beenem o603naucuue g(z) = ¢'(z).
Torma mns mo6oro D! > 0 umeer MecTo cienyromee GpyHKIMOHaIbHOe ypaBuenue: g(D!'z) = g(z).
ITpu D! < 1 g(x) = g(D! x) = g[(D')’x] = ... = g[(D")*x]. lepeiins K mpeaeny mpu n— o0, MOTYIUM
g(z) = g(0) = const. ITycTs g(z) =Y, T.c. §'(z) =y. [ToaTomy ¢(z) =yz + B, T1Ie y, P = const. Onpenenum 3Hade-
Hus KOHCTAHT y 1 P. Tak kak z, = D"z}, 1o yz, +P = ¢(z/) = D"¢(z}) = D" (yz| +B) = D"'yz, + D"B.
Ipu stom vz, +B=vD"z] +B, Torma f = D''B as moGoro D' Crenoparensho, =0 u ¢(z) = vz, a
pewrerrem ypaeuenns (19) npu y # 0 sBasercs GpyHkuns ¢(z) = yz. Iockonsky z, > D"z}, Dl > 0,
TO 115t M0GOro y > 0 BBHINOIHAETCS HEPABEHCTBO Y7, > YD'Z!, KOTOpPOE MOXKHO MepenucaTh B BUJIE
0(z)) = D(z}). Orciona cenyer, uro Z! = y,z' wm 1-E, /M =y, (1—8l /u',)

Tax, ckoppekTHpOBaHHasI aOCONIOTHAS OIEHKa KadectBa M) st i-ro coctosuust BTC Bbramc-

JIsIeTCs 10 clieayomei Gopmyore:
M =E, /[1-v, (1=, /n}). (20)

Takum >xe 00pa3oM OCYIIECTBISIETCS KOPPEKTHPOBKA OCTAJIBHBIX YaCTHBIX a0CONIOTHBIX
OLIGHOK KadecTBa. B Tabiu. 3 manbl GOpMysIbl KOPPEKTHPOBKH JUJISI HEKOTOPHIX BUJIIOB 3THX Olie-

HOK.
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Tabnuua 3. @opMysIbl KOPPEKTHPOBKY YaCTHIX aOCONIOTHBIX KBATUMETPUIECKHAX OLICHOK

Hﬁlfnep Crioco0BI HOPMHPOBKH CkoppekTupoBaHHas aOCONIOTHAS OIIEHKA
. u Ao A M; =E; /[I_Yj(l_gj/(ij;))]’
j i i
Y Y rae pi=a; /A, 0<y<[1 - Ej]/[1 — & Aj/ aj]
i 1 M =B /-y {i-5, /oM, +a))l.
2 u! oYy g By, rae pi=(Bj-A)/(bi-a;), q=(b;-B;)/(bj-a))
| = ; i=(Bj-Aj)/(bj-aj), q;=(b;-By)/(bj-ay),
! b, —a, ! B, - A,
0<y, <[1-E,1/[1-¢,(b, ~a,) (b, ~A,)]
8, vy M =E, /[l_yj(l_gj /[pj(M;)”k+qj]k)],
3 | by i | Bimy;
W=ty o | Mg oA rae pi=(Bj-Ay)/(bj-a)), qi=(b;-B;)/(bj-a),
] ] J ]
0<y;<[1-E;] / [1-&i(pi+ )"]

Tabnuna 4. Ilokasarenu myma, aOCOJIOTHBIE OLEHKH KadeCTBa OKPYIKAIOMICH Cpelbl, OTHOCHTENIBHBIE W
UHTErpajbHas OLGHKH aKyCTHYECKOW IHCKOM(pOPTHOCTH NEPBOHAYAIBHOIO CIIMCKAa OOBEKTOB IIyMOBOI'O
MOHHUTOPUHIA

H:Xfp i ¥ W 1o d, d, d Panr
1 94 75 0,310 0,255 0,176 0,245 0,212 8
2 56 48 0,053 0,939 0,004 0,005 0,005 1
3 82 70 0,513 0,381 0,075 0,136 0,106 5
4 89 76 0,395 0,229 0,122 0,281 0,206 7
5 92 81 0,344 0,103 0,151 0,732 0,523 9
6 98 71 0,243 0,356 0,248 0,151 0,201 6
7 87 50 0,429 0,888 0,106 0,011 0,059 2
8 88 54 0,412 0,787 0,113 0,023 0,069 4
9 107 73 0,090 0,305 0,798 0,191 0,596 10
10 88 53 0,412 0,812 0,113 0,019 0,068 3

IMokaxkeM MpUMEHEHHE MHTErPAIbHBIX OLHEHOK d' sl OLEHKH M3MEHEHHsI KauyecTBa (TEXHOTeH-
Hol Oe3omacHocTH) GpyHKIHoHUpoBaHus BTC ¢ yuerom nonomHuTensHON MHbOpManuu (Habmione-
HUIT) O COCTOSTHUH «HOBBIX)» CUCTEM Ha IPUMEPE MOHUTOPUHTA IIIYMOBOI'0 3aTPSA3HEHHU ST OKPYIKAIOIICH
CpeIbI o1 Bo3eiicTBreM BoeHHOH aBuanuu [8]. KauectBo pynkimonuposanus BTC — TexHOTeHHY IO
OIMacCHOCTh, B JAHHOM CJIy4Yae aKyCTHYECKYIO THUCKOM(DOPTHOCTD, IPUAIPOAPOMHON TEPPUTOPHH OY-
JIeM OICHWBATh C TOYKH 3PEHUS IBYX ITOKa3aTeJed MIyMOBOTO 3arpsi3HCHHS OKpPY KaroIled Cpeisl:
yi — «3KBUBAJICHTHBIA YPOBCHB 3BYKa» U Y, — «KMAKCUMAJIbHBIA YPOBCHD 3BYKa.

B Tabn. 4 mpencTaBieHB HCXOAHBIE JAaHHBIC, IPOMEXYTOYHBIC PACYETHI U PE3YyIBTATH MOCTPOE-
HUsI MHTETPAJIbHON OIEHKH aKyCTHYECKOW TUCKOMGOPTHOCTH MEPBOHAYAIBHOTO CIIHCKA 00BEKTOB

ITYMOBOI'O MOHUTOPHUHTIA.
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Tabnauna 5. Tlokazatenu mryma, abCONIOTHBIC OIEHKH KadecTBa OKPY)KAIOIICH Cpeabl, OTHOCHUTEIbHBIC
U UHTerpajbHas OLCHKH aKyCTHYECKOW IUCKOM(POPTHOCTH OOBEKTOB IIYyMOBOTO MOHHTOPHMHTA C
JONOJTHUTENbHON HHpOpMalien

Hﬁlfnep Vi Vs W M, Ml W M, M ) 131 bz f) Panr
1 94 75 0,310 | 0,323 | 0,245 | 0,255 | 0,319 | 0,057 | 0,256 | 0,360 | 0,310 10
2 56 48 0,953 | 0,908 | 0,454 | 0,939 | 0,894 | 0,122 | 0,100 | 0,156 | 0,129 2
3 82 70 0,513 | 0,508 | 0,336 | 0,381 | 0,426 | 0,075 | 0,165 | 0,267 | 0,217
4 89 76 0,395 | 0,400 | 0,287 | 0,229 | 0,298 | 0,053 | 0,207 | 0,390 | 0,305
5 92 81 0,344 | 0,354 | 0,263 | 0,103 | 0,191 | 0,027 | 0,233 | 0,773 | 0,583 11
6 98 71 0,243 | 0,262 | 0,206 | 0,356 | 0,404 | 0,072 | 0,321 | 0,280 | 0,301 8
7 87 50 0,429 | 0,431 | 0,302 | 0,888 | 0,851 | 0,119 | 0,192 | 0,160 | 0,177 3
8 88 54 0,412 | 0,415 | 0,295 | 0,787 | 0,766 | 0,113 | 0,199 | 0,171 | 0,185 5
9 107 73 0,090 | 0,123 | 0,092 | 0,305 | 0,362 | 0,065 | 0,818 | 0,313 | 0,646 12
10 88 53 0,412 | 0,415 | 0,295 | 0,812 | 0,787 | 0,115 | 0,199 | 0,168 | 0,184 4
11 109 88 - 0,092 | 0,092 - 0,043 | 0,043 | 0,819 | 0,489 | 0,696 13
12 88 45 - 0,415 | 0,415 - 0,957 | 0,957 | 0,117 | 0,001 | 0,061 1
13 101 79 - 0,215 | 0,215 - 0,234 | 0,234 | 0,304 | 0,071 | 0,196 6

K nmepBoHayanbHOMY CIUCKY OOBEKTOB IIyMOBOI'O MOHUTOPHHTA OBLIN HOOABIECHBI TPH «HO-
BBIX» HaOmroneHus ¢ Homepamu 11-13. Pe3ynprar mocTpoeHus HHTETPaIbHON OLEHKH aKyCTHYSCKOM
JUCKOM(OPTHOCTH 00BEKTOB ITYMOBOTO MOHUTOPHHTA C JONOJIHUTEIbHOW HHpOpMAIel TpuBeieH
B Ta0I. 5.

PamxnpoBKa NepBOHAYAIBLHOTO CITMCKA OOBEKTOB ITyMOBOTO MOHHTOPHHIA UMEET CIIEAYIOLINH
Bunm: 2,7, 10,8,3,6,4,1,5,9; a qy1s ciucka ¢ TOMOJHATEIbHON nHpopManued — 12, 2, 7, 10, 8, 13, 3,
6,4, 1,5,9, 11 (mony>XUpHBIM HaYepTaHUEM BBIJCIICHB OOBEKTHI, JOOABICHHEIC B TIEPBOHAYATBHBIN
cnucok). TakuMm oOpa3om, I 3JIEMEHTOB IePBOHAYATBHOTO CIIMCKA PAHKUPOBKA COXPAHUIIACH, T.€.
«HOBBIE» O0BEKTHI ITyMOBOI'0 MOHUTOPHHTA «J00aBHIINCH» B IEPBOHAYAIBHYIO PAH)XHPOBKY.

[Mpennaraemasi MHTErpaibHas KBaJIUMeTpHueckas oueHka Qynkuuonupoanus BTC sBusercs
HEJINHEHHBIM (HEaJAUTHBHBIM) KPUTEPHEM KauecTBa YNPABICHUECKUX PEIICHHH W OTIMYACTCS OT
aHAJOI OB T€M, 4TO:

1) uMeeT colep)KaTeNIbHYI0 U BEPOSITHOCTHYO HHTEPIPETALNH, YTO HEOOXOAMMO JJIst (hopMaIu-
3alMU TOHATHS «OIAacHOCTh (pUCK)» pyHKunoHupoanus BTC;

2) MO3BOJISIET HETIOCPEICTBEHHO YUUTHIBATH TPEOOBaHMsI (HOPMATHBEI) K Ka4eCTBY (DyHKIIMOHU-
posanus BTC B Busie HOpMaTUBHBIX YPOBHEH — HHXKHUX MPEAETIHFHO JOIMYCTUMBIX 3HAYCHUH MO KaXK-
nomy IIK B otnensHOCTH;

3) uacTHble TIOKa3arenu kayecTBa GpyHkunoHupoBanusi BTC MoryT ObITh H3MEPEHBI B pa3Jiny-
HBIX IIKajax (IIKaJie OTHOIICHWH, MHTEPBAJIBHON IIKaJe, B MOPSAKOBON IIKale, B BUJE OaNIBHBIX
OIICHOK);

4) BO3MOXKEH yUeT HEepaBHOLICHHOCTH YaCTHBIX OLEHOK KadecTBa (pyHKIHMoHMpoBanus BTC Ha
OCHOBE OIPEEICHUS UX BECOBBIX KOI()(UIIHESHTOB;

5) nmpuMeHuMa B CHCTEMaxX MOHUTOPHHTA yrpasiieHus pyHKInoHnposanueM BTC.
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