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MPUHATHUE PEINEHUI B HEUETKO OIPEJAEJEHHOW BHEIIHEN CPEJE

VY crarti po3risHyTO HpoOIeMy NPHHAHATTS PillleHb Y CHTYawil, KOJM MapaMeTpH 30BHILIHBOTO CEpeJOBHINA 3a1aHO HEYITKO. 3alpOIOHOBAHO
METOANKY PO3B’sI3aHHS 3a/1a4 UIsI OCHOBHUX KPUTEPi€B NPUAHATTS pieHb: baiieca, Kopmana, Mapkosuiia.

The decision problem with input fuzzy data is formulated in this aticle. The solve method for the main decision criterion: Bayes, Kofman,
Markowitz is considered.

IMocTranoBka mpo6Jemsl. [IpobieMa NpUHATHS pEIICHUs WM HpoOieMa BhIOOpa albTEpHATHB — 3TO, MO-
BUIMMOMY, HauboJiee paclpoCTPaHEHHBIN KIAcC 3a/1a4, C KOTOPhIMHU CTAIKUBACTCSI UCCIIEIOBATENb, PAKTHYESCKH, B
1100011 00J1aCTH YEJIOBEUYECKOH NEATEILHOCTH: B TEXHUKE, DKOHOMHUKE, Meauiae U T.J. COOCTBEHHO TEXHOJIOTHS
NPUHSATUS PEIICHHs 3aBHCUT OT TOTO JUCKPETHBIMHM HJIM HEMPEPHIBHBIMHU SIBJISIOTCS MPOCTPAHCTBO COCTOSIHUI
Cpefibl ¥ MPOCTPAHCTBO BO3MOXKHBIX pellieHuil. PaccMoTpuM cuTyalmio, Koria 00a 3TH MPOCTPAHCTBA AUCKPETHBI U
CoJIepKaT KOHEYHOE MHOXECTBO 3JIEMEHTOB.

IIpu 3TOM TPagUIIMOHHO MCXOMAT U3 CXEMBbI, KOTOpas MpPeIyCMATPUBACT HAIMYHE CJIEAYIOLIMX AJIEMEHTOB [1,
2]:

1) unentuduIpoBaHHAs BHEWIHAS cpena, Uil KOTOPOH ONpEeJesIeHO MHOXKECTBO BO3MOXHBIX COCTOSHHINA
0 €0, j =1, ..., N; oIHAKO B MOMEHT IPHHATHS PEIICHHs CYOBEKTY yIPaBICHUsS HE U3BECTHO, B KAKOM MMEHHO

COCTOSIHUH OyJIeT HaXOIUThCS Cpena;
2) cyObekT ympaBieHHA (MO, NPUHMMAIOUIEE pEIICHHE), Ui KOTOPOTO OIpPENeNCHBl MHOXECTBO
B3aMMOHCKIIIOYAIOIINUX pelleHuil X, € X , 0HO U3 KOTOPBIX (WX HAOOP) eMy HEOOXOUMO NPUHATH;

3) ¢pynkumonan ouennsanns F ={f(x,,0;)}={fy;}, xapakrepusyromuii «BbIIpHII WITH «IPOUTPHIID) TPH
BbIOOpe pemenns Xy € X, ecnu cpepa Haxonautcs (OymeT Haxonuthes) B coctosnmn 0 € ©. Ilpn stom

(yHKIMOHAN oneHuBaHus F OyjgeM 00603HauaTh F', ecim OH OTOOpPA)AeT «BBIMIPHIID», COOTBETCTBYHONIMIA
NPHHIMAEMOMY peLIeHH IO, U F~, eciti OH 0ToOpaXkaeT «IPOUTPhILD» (TIOTEPH).

Jnst BEIOOpa palMOHAIBEHOTO PELICHHS MCHONB3YIOTCS PA3NUYHbIe KPUTEPUH, BBIOOP KOTOPBHIX ONPEAENACTCS
YPOBHEM HH()OPMHPOBAHHOCTH CyOBEKTa YNpaBJICHUS OTHOCHTEIBHO COCTOSHHU BHemmHed cpens! [3]. Ilpu sTom
HauOojee TUIUYHOM SBIACTCS CHUTyallMs, KOTAa K MOMEHTY INPHHATHS pPEIICHHS H3BECTHO ampHOpPHOE
pacnpezeneHue BepOITHOCTEH COCTOSHUM cpelbl
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AHanm3 Jurepatrypbl. PaccMOTpUM HEKOTOpPBIE M3 OCHOBHBIX KPUTEPHEB NPUHSATHS DEIICHWH, KOTOpBIE
TPaJAUIMOHHO UCIIOJIB3YIOTCS B 3TOW MH(POPMAI[MOHHON cuTyarmu [3 — 5].

Kpurepuii baiieca. OToT kpuTepHii Takke Ha3BIBAIOT KPUTEPUEM CPETHEB3BEIICHHOHN (0XKHIaeMon) MpHOBLIH,
3aTpar, pucka u T.IL

B cooTBercTBUE C KpUTCpruemM Baiieca B clIydae, €Clik F‘ZF‘Jr , OTHUMAJIbHBIM PCHICHHUEM XkO CUHUTACTCA

TaKoe, MJId KOTOPOro MareMaThU4eCKOEC OXHUAAHUE COOTBETCTBYIOHICTO KPUTCPUA OLUCHUBAHUA JOCTUTACT
HaWJIydlIi€ro BO3MOKHOT'O 3HAYCHU. Taxkum o6pa30M, PCUHICHUE HAXOOAT, UCXOAS U3 YCIIOBUA:

n
Ko =argMax (% P), F* (% P) =D P fig = M(F).
XgeX j=1

Ecmmxe F=F~ , TO OIITUMAJIbHOC PCIICHUEC ONPCACIIACTCS yCIIOBUCM!

n
Xk, =argmin F~(x,; P), F’(xk;P)zz Pjfy =M(F).
Xk eX j=1

Ecmu MakKCUMYM F* nm MUHUMYM F~ pmocturaercss Ha HECKOJBKHUX PeHICHUAX U3 MHOXCECTBA, TO TAaKHUC
peuIeHus Ha3bIBAOTCA S9KBUBAJICHTHBIMH OTHOCUTCIILHO JAHHOT'O KPpUTEPUS.
OnucaHHBIA noaxoa K OIpeAcJICHUurO OITHMAaJIbHOU CTpaTeruu B TEOpHU CTATUCTHUYCCKUX peHICHI/Iﬁ

HaspiBaeTcsi OailecoBbiM. Bemuumna F ' (X ;P) (wm F (X,;P)) HasbiBaeTcs GaiiecoBCKOW OIEHKOH pHcka
pemienns x; € X .

Kputepuit Kopmana. Beenem MOHITHS «HeyIdada» U «ycrex». Pe3ymbTaT MeHbInuid, yem O, 0OBsIBICTCS
Heynadyed, a Oonblinii, dyem 0p, OLECHHBaeTCs Kak «ycmex». Temepb mis Kakaod crpaterun K MHOMXKeCTBO
BO3MOXHbBIX COCTOsIHUH cpensl {1, 2, ..., N} pa300beM Ha TPU OAMHOKECTBA

E ={J, fij <di}, Ey ={i.d; < fj <d,}, Ey ={j, fij >d,}.



HpI/I 9TOM IIOHATHO, 4YTO Z kaJr pJ — €CThb Cpe)_'IHI/Iﬁ BBIUTPBIIII, HOJ'Iy‘ICHHI:IfI Ha IIOJMHOXKCCTBEC COCTOSIHUI
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TMPpUPOIBI E;, a z fkj‘pj u z fk;pj €CTh CPCAHMC 3HAYCHHA BBIMIPHINIA, IIOJIY4YCHHOI'O Ha
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MOJMHO>KECTBE COCTOSTHUN IPUPOBI Eg u E; COOTBETCTBEHHO.

Hammyeit siBisieTcst crpaterns Xy, A7ist KOTOPOit
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Kpurepuit MapkoBuma. [lng KaxmoW cTpaTerud k&  BBIYUCISIFOTCS  COOTBETCTBYIONIME —3HAYCHUS
MaTeMaTHYECKOTO OKUJIAHMs ¥ AUCTIEPCUH (DyHKIIMOHAJIA OLICHUBAHMS.
Iycts F=F" . Ilpuatom
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Torna ontuManbHOE PELICHAE X;  ONPEJCISCTCS U3 YCIOBHIA:
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Xy, =argmin D™ (x; P), X = x tF (X ;P) 2R,
XkEX
rge R, —noporosoe 3HaueHUE (yHKIHOHAIA OLICHUBAHUA.

BronHe SICHO, YTO BBIMOJHIEMbIE MPU BBIOOPE CTpATEruu JACHCTBUS OYCHb MPOCTHI U UX MPUMCHEHHUE HE
BbI3bIBACT 3arpyaHeHuil. CUTyalnusi KOPEHHBIM O00pa3oM MEHSETCSs, €CJIM MapaMeTpbl, 3aJalollue COCTOSHHE
BHEIIHEH Cpefibl, HE MOTYT OBITh OIICHEHBI C HAJUICKAIIEH TOYHOCTHIO. B 4aCTHOCTH, Ha MPAKTHKE OMpE/ICICHHbIC
TPYJHOCTU BO3HUKAIOT IPU OLICHUBAHUM KOMIIOHEHTOB BEKTOpa P alpHOPHBIX BEPOSTHOCTEH COCTOSIHUM Cpeabl.
HyCTL, HallpuMEp, KOMIIOHCHTBI BEKTOPa P ecTh HEUYEeTKHE YHClia C 3aJaHHbIMHU (byHKI_II/IHMI/I MMPUHAAJTIC)KHOCTHU
[6 — 8]. BBeaeM 3TH (QyHKIMH TPHHAIIEKHOCTH CIEAYIOIIUM 00pa3oM:

=12
(pj - Pj) .
n(pj)=exp _2—2 » 1=12,...,n. (2)

Oj

B CUTyalliHu, KOraa BEPOATHOCTHU COCTOSIHUM — HEYETKHE quciia, NpUBCACHHBIC COOTHOLICHHUA JI1 pacdcTa
CPCAHCIO BBIUTPLIIIA U JUCIICPCUHN BbIMI'PbIIIA TEPAIOT CMBICIL.

I_IeJILIO CTaTbHU SABJIACTCA pa3pa60TI<a TCXHOJIOTUU PCEHICHUA 3aJa4u B CUTyallMH, KOrAa HCXOJAHBIC JaHHBIC
OIMPECACIICHBI HCUCTKO.

MeToauka NPUHATHS PELlIEHUSA B YCJOBHUSAX HEYETKOIO 3a/IaHUSl COCTOSIHMII BHemHel cpeabl. [locTpoum
Ha00p (YHKIUI TPUHAICIKHOCTH MIPEIIOIAraeMOr0 CPEIHETO BHIMTPHIIA JJIs KaKI0r0 U3 BO3MOXHBIX BAPUAHTOB

npusstEs pemennst. [lycts F = F* . Torna, ¢ yaeroM (2), Kak JIerko mokas3arhb,
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BriOepemM HEKOTOpPBI, JOCTATOYHO BBHICOKHH, YpOBEHb INPHHAUIC)KHOCTH 3HAYEHUS] CPEIHEr0 BBIUTPHIIIA,
Hanpumep, paubiii 0,9 . Temepp s Kaxkaoii GyHkmum npunamnexsoctn W &' (X, P)_ HalineM 3HadeHus Fj,
KOTOPBIM COOTBETCTBYET YPOBEHb IPHHA/JICKHOCTH, PAaBHbIH & . C 3TOH LENbIO PELINM YpaBHEHHE
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Bribepem F) u3 ycinoBus
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Teneps, B kauecTBe HAMITyUIIeH eCTECTBEHHO BHIOPATh cTpaTeruio K, s KoTopoi
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PaccMoTpuM Tenepb TEXHOJIOTHIO BEIOOpa HAWITy4IleH albTepHATHBEI, €CIH UcTIob3yeTcs: kputepuid Kopmana.
3amuimieM MOCIeA0BATENFHOCTh COOTHOUICHUH Ui OMUCAHUS (YHKIHMH NPUHAAJICKHOCTH 3HAYCHUS CPEIHETO

BBIMIPbIIIA HA OAMHOKECTBAX coctosunit E, u Ej :
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I[aﬂee, KaK H3BCCTHO, (byHKL[I/Iﬂ MNPUHAAJICI)KHOCTU TIPOU3BCACHUSA Z=X-Y JABYX HCUCTKHUX 4YHCCIT C
(I)yHKI_II/IFIMI/I IIPUHAJICKHOCTH, UMCIOIIMMHA COOTBETCTBEHHO BU/I:
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Tenepr QyHKINS MPUHAIIIEKHOCTH 3HAUCHUS CPEHETO BBIMIPBINIA JUIS & -1 aJlbTepHATHBBI UIMEET BUJL
- E 32
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Fy=Fgy—Fgy; Dy =Dy +Dyy.

[Tyctb, HakoHeml, il BhIOOpa HaAWIy4Ylleld albTEepHATUBBI HCIONB3yeTcs Kputepuil Mapkosuna. 3nech
npoLeaypa BbIOOpa YCIOXKHSAETCA, TaK KakK, B OTJIMYUE OT NPEIbLAYLIEro, BHIOOP B 3TOW CHUTyallMu CBs3aH C
HEOOXOJMMOCTBIO peIleHUs 3a7ayu ycJoBHOW ontumuzauuu. C yderoM BbelpakeHud (1) ompenenuM (QyHKUHUH

NPUHAIEKHOCTH Uil CPEHEro BHIMTphIIA U ero aucrepcun. Ilpm stom  w ' (x,,P)  ompenmensercs

cooTHoIeHHEM (3), a GYHKIUS MPUHAJICIKHOCTU 3HAUCHUSI TUCTIEPCUU BBIMTPHIIIIA HUMEET BUJI
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ITycte Temeps W(X) — QyHKIMSA TPHUHAMIEKHOCTH HEKOTOPOro Hederkoro umcna X . Jlast 5Toil QyHKIuH
IPHUHAIICKHOCTH BBIOCpEM 3HAUCHHE YPOBHS INPHHAUICKHOCTH O ¥ HaWmeM Xy H Xg, OO KOTOPBIX
KXy ) =p(Xg) =0

WnTepBan [X,,Xg], Wit Bcex Touek kotoporo mmeer mecto LX) >a OymeM HaspBaTh O -HHTepBazoM. C
UCIIONIb30BAaHUEM JTOTO OINpPENCICHUsl Ui KaKAO0W W3 ajbTepHATUB HailieM O -MHTEepBajbl Uil (QYHKIMH
npunaznexuoctn & (x,P) u w®7(x,,P) . Ipu stom nonyunm maGop o -unrepsanos {l, } u naGop
{lx,p}. ToHATHO, 4TO CTeNeHb MPEANIOYTHTEILHOCTH ANbTEPHATHBBL kK TEM BBIIIE, YEM NPABEE PACTIONOKEH O -

vHTepBan [, W, OJHOBPEMEHHO, JIEBEE PACIIONONKEH O -uHTepBan [; . C Lenbio popManbHON OLEHKH CTeNeHH
2
NPEIMOYTUTENFHOCTH abTePHATHB BBeleM KBaapaTudeckue Gpynkimu nonesnoctu [9, 10] Buma y=F“, roe F —

3HA4YCHUC CPCAHCTO BBIUTPbINIA U TTIOTEPh Z= D2 , TAC D - JAUCIICPCUS CPECAHETO BbIUTPLIIIA. Torz[a
XB,k - -
Ry = qu £ (%, P) du €7 (x,P)_
XH k
— €CTb YMCJIOBAsA XapaKTCPUCTHKA ITOJIC3HOCTHU k - AJIbTCPHATUBLI, a
XB,k - -
Q= IHZ 0 (%, P) du®*(x,P)_
XH k
— XapaKTEepHUCTUKA OTaCHOCTU k -1 AJIbTCPHATHUBLI.
Teneps 13 MHOKECTBA BO3MOXKHBIX albTEPHATUB CICAYET BBIACIUTH ITOAMHOKECTBO Ky = kiR, 2Ry . Toraa
OINTUMAJIBHOC PCIICHUEC kO OIPCACIACTCA U3 YCI0BUA
ko =argminQ, .
kekp

BeiBoabl. Takum 00pazom, onucaHa METOJMKA MPUHSITHS PEIICHUI B CUTYallMH, KOT/Ia IIapaMeTphl BHEITHEH
Cpeabl ompejesieHbl HedeTko. Meroauka ocHOBaHa Ha (opMHpOBaHMM (DYHKIWI NPHUHAJUIE)KHOCTH HEYETKOTO
3HAUEHMS CPEJTHETO BBIUTPHINIA JUISl KaXKA0TO U3 BO3MOKHBIX aJIbTEPHATHBHBIX pelleHui. [ ocHOBHBIX, Hanboee
4acTO MCHOJIB3YEeMBIX, craTHcTHieckux kputepueB (baiteca, Kodmana, MapkoBuia) MeToanka JOBeIeHa 0O
pacyeTHBIX COOTHOIICHHUH.
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