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BBeneHue

MpobriemMa NpUHATUS peLUeHWA — SBMSETCS OOHON M3 OCHOBHbIX B COBPEMEHHON TEOPUM U MpaKTuke
ynpaBneHus. W3BeCTHbIA amepukaHCckuid cneuuanuct no ynpasneHuto [epbept CailMOH Hassanm npuHATME
PELLEHUI «CYTbIO YNpaBMEHYECKON AeATenbHOCTUY. PaLnoHanbHoe pelleHne — ato BbiGop, BasupyroLmiics Ha
30paBOM CMbICAE, UHTYMLIMN, HAKOMMEHHOM MPaKTUYECKOM U KN3HEHHOM OnbITe.

PelueHune npakTuyecknx 3agad He Bcerga TpebyeT eauMHCTBEHHOTO peLLeHus, a TpebyeT COBOKYNMHOCTM BbIOOpOB
anbTepHaTuB, KOTOPble MOXHO YNOPALOUMUTL (paHXuUpoBaTh). B 3agavax ynopspodeHus 06beKTOB (anbTepHaTuB)
NCMONb3YeTCs Pa3nnyHbIi XapaKkTep UCXOAHbIX AaHHBIX, Y4TO 0BYCroBnMBAET pa3nnyne B MOCTaHoBKax 3ajaud
paHxuposaHns. OBpaboTka Takol MHOPMaLMK CBS3aHa C ABYMS MPUHLMNMANbHBIMKU BONpocaMi. Bo-nepsbix,
C onpegeneHneMm cnocoba y4yeTa MHorokputepuanbHocTM [BopoHuH, 2010]. Bo—BTOpbIX, HEobxoanmo
onpesenuTb Crnocob CpaBHEHUs! anbTEPHATVB MO OLHOMY KPUTEPWIO NS Cryyas, Korha OLEHKA anbTepHaTuB
aBnseTcs HeveTkon [Opnosckuin, 1981]. B paHHom paboTte npennoxeHa ABYXypoBHEBas MOLefNb, KOTopas
MO3BONSET Ha HIKHEM YPOBHE YUUTbIBATL HEYETKIE OLEHKW anbTEPHATUB MO KaXA0MY U3 HEKOTOPOrO KOHEYHOro
MHOXECTBA KpPUTEPWEB, a Ha BEpPXHEM — OLEHWBaTb anbTepHaTUBbI NP MOMOLUM 3a0aHHOO HEYeTKoro
«LieNeBoro» MHOXECTBA.

MocTaHoBKa 3apaun

MycTb 0b6bekTbl Ans Boibopa 06pa3yloT MHOXeCTBO P = {Pl,Pz,...,Pp},p >1, (manee He bygem pasnuyatb
anbTepHaTMBy W ee Homep). Kaxpas anbTepHaTMBa OLEHMBAETCS MO KOHEYHOMY MHOXECTBY KpuUTepueB
K={K,K,,....,K,},m =2 . 3anaHo 4ncnoBble BEKTOPbI OTYeTHBIX AaHHbix M(P) = (M) /i=1,m;j=1,p,
rAe M, - HeyeTkve uucna C (YHKUMER NPUHALNEXHOCTU Li;, KOTOpble WHTEPNPETUPYIOTCA Kak cTeneHb

[0CTOBEPHOCTY OLIEHKY j-O/1 anbTepHaTUBbI MO j-My KDUTEPUIO.

3apaya coctonT B onpegeneHnn NoAMHOXECTBa YnopAaOYEHHbIX anbTepHaTuB U3 P,c Y4ETOM HEYETKUX
«UenesblX» MHOXECTB.

TeopeTquCKMe OCHOBaHUA

B coBpemeHHOM npaKkTMKe pasnMyaeT  ABa  TMNAa  HEYeTKMX  MHoxectB  [batbipwwuH,  2007]:
1. HeuyeTkne MHOXeCTBa, KOTOpble OnpedenieHbl Ha HEKOTOPOM YMCMOBOW Lukane. Hanpumep, Ha WHTepBarne



ITHEA 243

[eiCTBUTENbHBIX Yncen. B Takmx cnyyadx HeYeTkne MHOXeCTBa 3TO HEYETKNE BENMUYNHDI. I'IpmmepaMM HeYeTKnx
BENMNYMH ABNAITCA HEYETKNE YNCNa U HEYETKNE NHTepBarbl.

2. HeueTkne MHOXeCTBa onpefeneHbl Ha HEYMCNOBOM MHOxectBe X . Hampumep, Ha MHOXeCTBe Lienei
anbTepHaTWB, SKCMEPTHbIX OLEHOK, GUHApHBIX OTHOWIEHUI Mexay obbekTamu. HeuyeTkue MHOXeCTBa TaKoro
Tuna - 910 MHoxectBa A={x,u(x)}, rae Xx - NOAMHOXeCTBO 0ObEKTOB M3 P, u(X) - yHKUMS
NPUHAAJIEXHOCTM NOAMHOXECTBA X MHOXeCTBy noagMHoxecTB U3 X (byneany X).

PauuoHanbHbI BbIbop 6a3npyeTcs Ha noucke «yA0BNETBOPUTENBHOTOY (ANS NKLA, NPUHUMAIOLLETO peLleHre —
JTNP) peLueHus, KOTOPOE OMPeSenseTcs «TOHKON YAOBNETBOPEHNSY.

OnpedeneHue [Mansp, 2005]. "Toukoit yAOBNETBOPEHMS" Ha3bIBAETCS arnbTepHaTiBa, B KOTOPOM OLEHKM MO
BCeM Kputepusam ygoenetsopsitoT JIMP.

OnucaHue cxembl peweHns 3agaydun

PaccmoTpum 3aaavy BbIGopa «HauUnyyLwero» Npeanpusatus (rpynbl NPEANPUSTUAR) ANs MHBECTULMOHHBIX Lienei,
no Tem kputepuam K’ ={K|,K,,...,K,},n>2, ans KOTOpbIX 3afaHo "TOUKY YAOBNETBOPEHUS" C BEKTOPOM

oueHok T =(t,t,,...,t,) no Bcem kputepusm uz K.

Wpes pewenns cneayouas. Ctposatca HedeTkne MHoxectsa kputepues A (/=1,3) ¢ yyeTom CTeneHu
YOOBNETBOPEHNS "TOYKM YAOBIETBOPEHMS":

1) A- 310 noamHoxectBo kputepeB K u3 K, 3HaueHWUst KOTOPbIX SIBMSIOTCA «NyuLMMU» Ans BCEX
KpUTEPWEB MO VX OLIEHKaM (4NS1 BCEX KPUTEPWEB He XyALUMMM, XOTS Bbl MO OLHOMY KpUTEPUIO — MyullMmm). To
ectb K COAepXUT KpUTEPUK, KOTOPbIE ONPEAENsioT anbTepHaTUBLI, JOMUHMPYIOLLME "TOYKY YAOBMETBOPEHNS"
no Mapeto [Bonowwumx, 2010].

K kpuTepusim, KOTOpbIe OMUCHIBAIOTCA HEYETKUM MHOXECTBOM A , MOXHO OTHECTU KOS(MULMEHT (HUHAHCOBOM

He3aBucuMocTh.  KoapuumeHT (UHAHCOBOW HE3aBUCMMOCTM  XapaKTepuyeT CTeneHb He3aBMCUMOCTH
NPeanpusTiS OT BHELHMX 3auMcTBOBaHUW. OH Onpeaensetcs kak OTHOLeHWe obLeit CyMMbl COBCTBEHHbIX
cpencTs K utory 6anaHca. 10T KO3(hULMEHT xapakTepuyeT Aomno cobCTBEHHOTO kanuTana B obluei cymme
CPencTB, aBaHCUPOBaHHbIX B €10 [esTeNbHOCTb. YeM Bblille 3HaueHue 3Toro koaddulmeHTa, TeM npeanpusTie
(h1HaHCOBO 60Mee YCTONYMBO 1 HE3ABMCUMO OT BHELLHWX KPEAUTOPOB W MHBECTOPOB. [Ipyrum KpuTeprneM MOXHO
yKasaTb k03((ULMEHT MaHEBPEHHOCT COBCTBEHHBIX CPELCTB, KOTOPbLIA ONPeAensieTcs Kak pasHuua mexay
COBCTBEHHBIM KanuTanoM W HeobpaTUMbIMI aKTUBaMK, pasfeneHHas Ha COBCTBEHHDIN kanuTan. MpuseeHHbIN
rnokasaTenb XapaktepusyeT MOBWNBHOCTb COBCTBEHHBIX WCTOYHUKOB CPEACTB C (DUHAHCOBOW TOYKM 3PEHMS.
YKenatenbHo, 4Tobbl KO3 PULIMEHT MaHEBPEHHOCTI HECKOMBKO BO3pacTan.

2) MHoxecTBO A, onpefiensieT anbTepHaTuBb! (MPEANpUATIS), OLIEHKI KOTOPLIX MO KpUTepusM 13 K, SBNsoTCA

«Bnu3kMMK» K "TOUKE YOOBMETBOPEHNS".

[ns npumepa MOXHO MPUBECTU KOI(MUUNEHT «TEKYLLEN NMKBUOHOCTU», KOTOPbIA ONpedensieT ypoBEHb
060pOTHbIX AKTUBOB [Nl NOMHOM NUKBUOALMM CBOWX JOMTOBbIX 06A3aTeNbCTB. MpU HU3KOMMKBUOHBIX AKTUBAX
(hHAHCOBOE COCTOSHUE MPEANPUATUS MOXET YXYALWMTHCA, a CMWLIKOM BbICOKas NUKBUAHOCTL Oymder
CBUOETENbCTBOBATL O HEOCTATKE B MCMONb30BaHNM TEKYLMX aKTUBOB.

3) MHoxecTBO A, onpefensieTcs «CUMMETPUYHO» A, C Y4ETOM CTEMEHM «Xy/LIECTU» MO OTHOLLEHMIO K "TOYKe

ynoBrneTBopeHns". [JaHHoe HeyeTkoe MHOXECTBO MOXET ONUCbIBATLCS, Hampumep, KoadULMEHTOM nepuoga
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obopoTa kpeauTopckon unm aebutopckoi 3apomkeHHocTU. lNepuog obopota onpeaenseTcs B AHSAX, U YeM
MeHbLLE Nepuoa, TeM IyyLle OLEHKa.

” ’” ’” ’” ” ”
Mo noctpoernio K, UK, UK, = K’ nnpeanonoxum, yto K, , K, ,K, nonapHo He nepecekaloTcs.

[MycTb 3aaaHO "TOuKY YOOBNETBOPEHNS" 1 €€ BEKTOP OLEHOK T *. PaccMOTpuUM OLEHKY "TOYKM YAOBNETBOPEeHUS"
no j-My KpuTepuio (KOTOpbIA OMpeAensieT MHOXECTBO A ) CO 3HayeHuem t;.ECni 3HaueHus kputepues 13

”

MHOXeCTBa K, SBNSAIOTCA HEYETKMMM W 33[aKOTCA C MOMOLLbIO TPEeYronbHOM (YHKLMNA NPUHAAMEXHOCTH, TO
anbTepHaTWBbI, KOTOPble ONPEAensioTCs MHOXECTBOM A MMEIOT OLEHKM, nonafatolime B UHTepBarn [t;. ,t/?],
rne 4 - onpefensieT 3HayeHue (YHKUAM MpUHAANEXHOCTM, COOTBETCTBYHOLIEE "TOYKE YAOBNETBOPEHWS"
(puc.1).

(K}
M

t iy

Puc.1.

Mpn s-00pa3Hoi (YHKUMM NPUHALTIEKHOCTM, B KOTOPOM f; — OLEHKA "TOuYKM YAOBMETBOPEHMs" Mo  j-My
P. .
KpuTeputo, uHTepBan — [t; ,max K’'] Gynet onuckigath HeyeTkoe MHoxecTBa A , rae K/’ - 3HaueHne j-ro
J

NPEANPUATUS, N0 AAHHOMY KPUTEPHIO(PKUC.2):

u(K)

1 o —

T maxk;

Puc.2.
Onuwwem onpeaeneHns yHKLMNA NPUHALNEXHOCTM AN HEYETKUX NOAMHOXECTB MHOXeCTBa A.

[1nsi HeYEeTKOr0 MHOXECTBA Al onpedenuv (byHKU,VIPO NPUHaONEXHOCTN cneaywmm o6pa30M:

| u(t) — 1 (K;) |
/ M (K) 2 u(t),
22, — |maxu, k) —uiry 1o =40

. 0, # (K)) < (1), U
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roe u(f) - 3HayeHne YHKUAM NPUHALNEXHOCTU "TOYKW YAOBMETBOPEHUS" ANA f-ro Kputepwus, ,tu(K,) -
(OYHKLMA NPUHALNEXHOCTM i-r0 KpUTEPUS, ANS j-ro NPeanpuaTus, i = L /= ﬁ)

Ans HeyeTkoro MHoxecTBa A, (YHKUNS NPUHAANEXHOCTN HAXOAMTCS B HEKOTOPON & -OKPECTHOCTM

OTHOCWUTENbHO 3afjaHHOM "TOYKM yOOBNETBOPeHUs". Hanpumep, Ans TpeyronbHOW (yHKUMM MPUHAANEXHOCTM
WHTEepBan 3Ha4YeHWd OLEHOK criedylowmn — [t — &6 +€]U[t, —&,t, + €]. AHanornyHo Ansa NuHEemHbIX

(OYHKLMA NPUHALNEXHOCTM 3anuLIEM UHTepBanN 3HaveHuil oueHok — [T — &, T + €].

[lanee ans HeyeTKoro MHOXecTBa A, onpefenim hyHKLMIO NPUHALNEXHOCTY CriedytoLum obpasom:

|:u(ti)_:uP](Kf)|
max{(t) —min up (K;);max s, (K;) = u(t)}

Zip, =1~

4 4
ey Zip, > @

i 0, Z.,<a,
it

roe « -nopor, o€ [0;1].

Kaxpas Takas BenuuuHa SBRSETCH OTHOCUTENbHOW OLEHKON BrM30CTW 3HAYEHWs "TOUKW yOOBMETBOPEHUs" K
3HaYeHIo COOTBETCTBYIOLLErO KpUTepUs.

HeueTkoe MHOXeCTBO A, OMUCHIBAETCS aHamorMyHo A Mo MHOXECTBY kputepues K7, NS KOTOPbIX OLEHKM

3HaYeHNn MOryT BbITb XyKE OTHOCUTENBHO 3HAYEHWS "TOUKW YLOBNETBOPEHNS". HIDKHIOW rpaHuLly Bbibupaem
MUHUMarbHOE 3HaYeHWe Mo BCEM MPeanpusaTUaM B KOHKPETHOM Kputepun. [ns TpeyronbHOW (yHKLMW

NPUHALMEXHOCTU MHTEepBan 3HaYeHU OLEeHOK cheaylwuii — [min Kf',tl]u[tz,max K,.Pf], AN [IMHENHBIX
] J
(OYHKLMIA NPUHAANEXHOCTM MHTEPBAN 3Ha4eHUiA OLLeHOK byaeT — [mjin K,Pf,T].

Onpenenum hyHKLMIO NPUHAANEXHOCTM AN HEYETKOTO MHOXeCTBa A, :

| 1(t;) = pp (K3 |
l » Mp (K)) < pu(t),
Zf(,_P/: ﬂ(f,-)—mjinﬂPI(K/) Up (Ki) < u(t))
0 'UP,-(K;')>,U(t,). (3)

d 3 -
Ha ocHoBaHun  BenuuuH Z,QP/,Z,QQ,,],ZK,P[, BbibMpaem NpeanpusTAS B NOpsaKe YObIBAHUS 3HAYEHWU STUX

BEMUYMH, WCKIIoYas Te, KOTOPbIe MONMYYUNM HyneBble 3HaueHus, OpPMUPYs COOTBETCTBYIOLIME MHOXECTBA
P'={P,P,...,P}, P2={I31,F’2,...,I3j}, P’ ={PR,P,,...,R.}. TepeceyeHne OCTaBLIMXCS MNOLMHOKECTB

06bekToB ¢ yyeTom noamHoxects kputepueB K, K7, K, wu byner 06pa3oBbiBaTb MHOXECTBO TeX OGBLEKTOB,

koTopble yaosneTsopsioT JMP Ans nocneaytoLLero ynopsaoUeHus (paHxmpoBaHus).
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npaKTM‘-IECKOE npuMeHeHne

Myctb nmeem MHoxecTso npeanpustun P = (P, P,,...,P,), KoTopble HyXHO OLeHNTb. MHOXeCTBO Kputepmnes
K =(K,.K,,K,,K,,K;) - cneaytowme [Mansp, 2012]:

1. KoadhduuneHT hHaHCOBOM He3aBUCMMOCTU — K| .OYHKLWIO NpuHaanexHocTh (Pr) nocTpoum CrneayoLLmm
obpasom:
0, ecniu K <0;
K, ecmu 0<K <I;
2-K, ecnu 1<K, <2;
0, eciu K =2.

uK; 0 1 2)=

2. KoaththnLmeHT MaHeBpeHHOCTH COBCTBEHHbIX cpeacTs — K, . Of MoxeM 3anucatb:

0, ecnu K, <0;

ecnu 0<K,<0,5

2-2K,, ecnu 0,5<K,<I;
0, ecnu K, 21.

3. KoadpcpuumeHT Tekywiein nuksuaHocTn — K, . O 3anuiem cneaytoLym obpasom:

0, ecnu K, £0,5;
22K, -1)*, ecnu 0,5<K, <0,75;
1-8(1-K,)*, ecnu 0,75<K,<1;
1, ecnu K, >1.

MK 05 1)=

4. KoathuumeHT neprnopa obopaumsaemMocty Aebutopckon safomkerHocT — K, . @I BbluncnseTcs:

0, ecnu K, <30;

u(K,; 30; 120) =530

, ecnu 30< K, <120;

1, ecnu K, 2120.
5. KoacpchnmeHT neprosia o6opoTa KpeauTopekoit 3afomkeHHocTn — K. O umeet sua:

0, ecnu K < 30;

K.

WK 30; 120)= 59_030, ecnu 30< K, <120;

1, ecnu K, 2120.

[na kaxgoro u3 kputepues JIMNP onpenensieT oueHkn ans "Todkn yposnetsopenus” — T =(,1,,1,,t,,1).
MHoxectBo kputepnes K° pasobbem Ha nopmHoxectBa K” MO ONPefeneHuo HEeYyeTKoro MHOXecTBa
A={A A A K ={K K} K ={K} K ={K,K}.

3HayeHWe OLEHOK MPEAnpUSTUIA MO KaOAOMY KPUTEPUIO U 3HAYeHWe "TOYeK YAOBMETBOPEHWsS" 3anuieMm B
Tabmmuy 1.

”
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Tabnuua 1
K’ K T R P, P, P, P,
K, . 05mm15 | 04 1,2 0,7 1,6 0,8
K, . 0,3um07 |1 0,35 04 0,2 0,55
K, K’ 09 095 0,93 0,81 077 1
K, , 50 45 40 50 90 30
K, % 50 60 25 45 60 35

CneayHoLyM WaroM ¢ NoMOLLbI0 (OYHKLWI MPUHAANEXHOCTY BbIYUCIIAM 3HaUYEHNst ANs "TOYeK YAOBNETBOPEHUS"
Mo BCEM  KpUTEPUSM ,u(t,.),i=1,_5, W 3HAYeHWs BCEX MPELNpUSTUA MO KaXOOMy  KPUTEPUIO

Hp (K.),i = El =15. Pe3synbTaT BbIYUCNEHNA 3anuLLeM B Tabn. 2:

Tabnuua 2
u(T) R R, R, P, F,
u(K;) 05 0,4 08 07 0,4 08
u(K,) 0,6 0 07 08 0,4 09
u(K;) 0,92 0,98 0,96 0,71 0,58 1
u(K,) 0,22 017 0,11 0,22 0,67 0
H(KS) 0,22 0,33 0 0,17 0,6 0,06

[anee BbluMCASEM MHOXECTBO 3HauyeHWid BenmnumH no dopmynam (1) - (3) COOTBETCTBEHHO MO MHOXeECTBY

kputepnes K, K, ,K, ,n 3Hadenus o =0,7 (tabn. 3):

Tabnuua 3
R P, P, P, P,
Z 0 1 0,67 0 1
Ze, 0 0,33 0,67 0 1
Z 0,82 0,88 0 0 0,76
Z, 0,23 0,5 0 0 1
Z 0 1 0,23 0 0,73

Ha ocHOBaHMM pAaHHbIX Tabn.3, 4N Kak@oro Kputepus CTPOMM  COOTBETCTBYHLUME MOAMHOXECTBA:
P. ={P.P.P}. R, ={P.P.R}, PR ={P.R.R}, F. ={R.P.R} PR ={P.P.P} u
nepeceverne A, N A, NA. NA NF, ={P,,F}. B pesynstate nonyyaem npeanpustus P, P, , koTopsle
no CBOMM (PUHAHCOBLIM nokasatenam ygaoenetsopsioT JIMP. VX MOXHO ynopsgouuTb OTHOCUTESNBHO
WHTErpanbHo (PYHKLMM NPUHAANEXHOCTH, MCMONb3ys CBEPTKM, NpuBELEHHbIe B paboTe [Mansp, 2005].
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3aknoyeHue

3apaHne pasHblX TUMOB HEYETKMX MHOXECTB CBSI3aHO C TEM ODCTOSTENbCTBOM, YTO HE [Nt BCEX KPUTEPMEB,
KOTOpbIE WX OMPEAENSIOT, BHIMOMHSAETCS YCMOBME MX MOHOTOHHOCTU. TO €CTb, YeM Oorblue (MeHbLUE), TEM
nyywe. Kak npasuno, Ans yHKUMA OLEHOK KPUTEPWEB YCIOBME MOHOTOHHOCTW He BbINOMHAEeTCs. [losTomy
npeacTaBnseTcs LenecoobpasHbiM UCMOMNb30BaHNE NOAX0AA C «TOUKOM YAOBNETBOPEHNSY.
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