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TEOMETPUYHA IHTEPIPETALIA CIABKUX MHOKHH TA IX
CHUCTEM HEYITKHUX PEAJIIBAIIIA

FEOMETPUYECKAA UHTEPMNPETALIUA CNABbIX MHOXECTB U NX CUCTEM
HEYETKUX PEANTU3ALINIA

GEOMETRICAL INTERPRETATION OF POOR SETS AND THEIR SYSTEMS
OF FUZZY REALIZATIONS

lMpornoHyromscsi cnocobu 2eoMempuyHO20 306paxeHHsI CrlabKux MHOXUH 8 crieyjanibHUX HarnpsiMie-
HUX ma 3euyvaliHux dekapmoeux ocsix koopOuHam. Lle cripowye ma rnosieawye cripuliHImmsi, po3yMiHHSI
ma euKopuCMaHHs meopii criabKux MHOXUH, sIK HOB020 yHigepcaribHO20 3acoby MoOesto8aHHs CKITadHUX
cucmem 8 yMogeax HeguzHa4eHoCcmi GaHuX.

HpeOnaaaiomCH crnocobb! ceomMempu4yeckKozo U306,0a)KeHUH cnabbix MHOXecme 8 crieyuasibHbIX Harnpas-
JIEHHbIX U 0BbIYHbIX OeKapmoeb/x ocAx KO0,0@UHam. 3mo ynpowaem u obnezyaem gocripusamue, NnoHUMaHue
u ucrnosnb3osaHue meopuu cnabbix MHOXecms, Kak H08020 YHuUsepcasibHO20 cpeOcmea MO@eﬂUPOSBHUFI
CJTOXKHbIX cucmeM 8 yCrio8usx HeonpedeneHHocmu OaHHbIX.

Means of geometrical representation of poor sets in the specially directed and usual Cartesian coordi-
nate axes are suggested. This simplifies the perception, comprehension and the usage of poor sets
theory as a new universal tool of complex systems simulation under the conditions of data indeterminacy.

Beryn

B po6orti [1] aBTOpH BrepIle 3anpONOHYBaId HOBHIA IMiJIX1Jl IO MATEMAaTHYHOTO MOJICITIOBAHHS CKJIa/I-
HUX CHCTEM B YMOBaxX HEBHU3HAYCHOCTI JaHUX, KW 0a3ye€ThCsl HA BUKOPUCTaHHI CTA0OKUX MHOXUWH. AB-
TOpaMu po3pobJIcHI OCHOBHI TOJIOKEHHSI TEOPii CTaOKMX MHOXKHH, SIK HOBOTO, YHIBEPCAIBHIIIOTO B TIOPi-
BHSIHHI 3 TEOPI€I0 HEUITKUX MHOKHH, 3aC00y MOJICITIOBAaHHS HEBU3HAUECHUX MMapaMeTPiB CKIIATHUX CHCTEM
[1—4]. Ls Teopis Ha BiAMIHY BiJ ICHYIOUMX Ja€ MOKJIMBICTH MOJICITIOBATH MPOIIECH B CKIIAJHUX CHCTE-
Max B YMOBax BIZICYTHOCTI HE TIJIbKU YMCJIOBUX, aji¢ HaBITh HEUITKUX Ta JIHIBICTUYHUX 3HAYCHb HEBU-
3HAYCHMX BUXITHUX AaHUX [3].

Crtabka MHOKHMHA OJJHO3HAYHO 337a€ThCS CBOEIO (DYHKLIEIO PiBHIB, sIka HA0yBae 3HAUCHHS B IPOCTOPI Ha-
TPSMIICHHX PIBHIB HaJIeXHOCTI [ 1, 2]. EnemeHTaMu boro mpocTopy € yIopsIKOBaHi MMapy, MepImM eJieMeH-
TOM SIKUX € JIIFICHE YHCIIO0, a APYTUM — CHUMBOIL. B 1IbOMy IpOCTOpi itOTh CHenialibHI BiJJHOIIICHHS TIOPS/IKY,
BiJIMiHHI BiJI aHaJIOTTYHMX BiIHOIIEHh HA MHOXKHHI JIWCHHUX YHCEIN. 3 WX MPUYHH cl1a0Ka MHOXKHHA HE MOXKE
MaTH TaKoi MPOCTOI TeOMETPUYHOI IHTepIpeTallii, IK HediTKa MHOXKHHA. B Tol ke Jac BiICYTHICTh T€OMETPH-
YHOTO 300pa)keHHs CIA0KWX MHOXKWH YTPYAHIOE TX CIIPUIHATTSA, PO3YMiHHS Ta BUKOPUCTaHHS. ToMmy B i
Ppo0OTi aBTOPH MPOTOHYIOTH CIOCOOM TEOMETPUIHOTO 300paskeHHSI CITAOKUX MHOYHH, SIKi BUPILIYIOTh 3a3Ha-
YeHi IpoOIIeMH.

BBepeHune

B paboTe [1] aBTOpbI BiEpBbLIE NPEAIOKMIN HOBLI NOAX0M K MaTeMaTU4eCKOMY MOLENUPOBAHMIO CINOX-
HbIX CUCTEM B YCMOBUSIX HEOMNPEeLENeHHOCTU AaHHbIX, KOTOpbIM Ga3upyeTcs Ha UCMOMNb3oBaHUM Criabbix
MHOXecTB. ABTOpamu pa3paboTaHbl OCHOBHLIE MONOXEHUSI TEOPUM Crabblx MHOXECTB, Kak HOBOro, Goree
YHMBEPCAarnbHOrO MO CPABHEHUIO C TEOPUEN HEYETKMX MHOXECTB, CPEACTBa MOAENMPOBaHNS HeonpeaereH-
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HbIX MapameTPOB CIOXHbIX cucteM [1—4]. 3Ta Teopusi B OTAMYME OT CYLLECTBYIOLIMX AAeT BO3MOXHOCTb
MOZenMpoBaTh MPOLECChl B CIOXHbLIX CUCTEMAaX B YCITOBUSIX OTCYTCTBUSA HE TONbKO YMCMOBBIX, HO AaXe He-
YETKUX U IMHIBUCTUYECKMX 3HAYEHN HeonpeaeneHHbIX MCXOAHBIX AaHHbIX [3].

Cnaboe MHOXeCTBO OQHO3HA4YHO 3agaeTcs CBOer (PyHKUMEN YPOBHEN, KOTOpas NPUHUMAET 3HaYeHns B
NPOCTPaHCTBE HaMpaBfeHHbIX YPOBHEN NpUHaAnexHocT [1, 2]. GnemeHTamm 3Toro NPOCTpaHCTBa ABMAT-
cs ynopsiiodeHHble napbl. [lepBbiM 3reMeHTOM KaXdoW Takor napbl SBNSeTcs OeACTBUTErNbHOE YnUcCho, a
BTOPbIM — CUMBOS. B 3TOM npocTpaHCTBe OEWCTBYIOT cneumanbHble OTHOLIEHUsI Nopsgka, OTfMYHbIe OT
aHaNOrMYHbIX OTHOLLEHWNIA HA MHOXECTBE AeNCTBUTENbHbIX Yncen. o aTum npuynHam cnaboe MHOXEeCTBO
He MOXeT MMEeTb TakoW MPOCTON reoOMETPUYECKON MHTEpNpeTaLUmMu, Kak HeYeTkoe MHOXeCTBO. B TOT xe Bpe-
MS OTCYTCTBME r€OMETPUYECKOro M306paxkeHns cnabbix MHOXECTB 3aTpyaHSET UX BOCNPUATAE, MOHUMaHNe
1 ncnonb3oBaHue. Noatomy B aTor paboTe aBTOpbI NpeasiaralnT cnocobbl FEOMETPUYECKOTO N300paKeHUs
cnabbIx MHOXECTB, KOTOPblE peLlaoT OTMEYEHHbIE MPOBNEMbI.

Introduction

In [1] the authors were the first to suggest the new approach to the mathematical simulation of
complex systems under the conditions of data indeterminacy, based on the application of poor
sets theory. The authors developed the fundamentals of poor sets theory as a new, more univer-
sal in comparison with fuzzy sets theory, means of simulation of ambiguous parameters of com-
plex systems [1—4]. This theory, unlike existing ones, allows to simulate the processes in com-
plex systems under the conditions of absence of not only numerical but even fuzzy and linguistic
values of the indetermined input data [3].

Poor set is unambiguously assigned by its function of levels which accept the values in the
space of directed levels of membership [1, 2]. Elements of this space are the ordered pairs. The first
element of each pair is a real number and the second — a symbol. The special ordering ratios, dif-
ferent from the analogous ratios on the set of the real numbers, operate in this space. This prevents
the poor set from having such a simple geometric interpretation as a fuzzy set has. At the same time
the absence of the geometric image of poor sets complicates their perception, comprehension and
usage. The authors suggest in this paper the means of geometrical representation of poor sets.

Caabki MHOKHHH Ta iX reoMeTPUYHA iHTepnpeTaist

[NonsTTs cnabkoi MHOXKMHHM, BIEpILE BBEACHO aBTOpaMu B poOoTi [2], a B poboTi [3] mokazaHO SK MOXK-
Ha BHKOPUCTOBYBATH CJa0Ki MHOKMHHM ISl MOJICNIOBAHHSI HEBU3HAUCHUX MApaMETpPiB CKIAIHUX CHCTEM.
Cnabka MHOXKMHA € OLIBII 3arajibHOI0 Ta YHIBEPCAJIbHOI MaTeMaTHYHOI KOHCTPYKINEIO, aHDK HEdiTKa
MHOkMHa. [ i1 popmanizauii crodyaTKy BBEJCHI IOHATTS: MPOCTOPY HeHANIPSIMJIEHUX PiBHIB HAJIE:KHO-
cri M, (Ha BiIMiHY BiJl CTYNEHIB HAJIEKHOCTI B TEOPii HEUITKUX MHOMKHH), K MHOKHHH, KA YTPUMYE

HaliMeHIMH min M, Ta HaWOLIbmMI max M, eJEeMEHTH BIJHOCHO JIEIKOTO0, 331laHOr0 Ha Hiii, HECTPOro-
ro JiHiliHOro nopsaaxy /), ; HANPSIMJIEHOCTI, SIK BIaCTUBOCTI PIBHS HAJIEXKHOCTI, sIKa MO>Ke HaOyBaTH OJHE

13 IBOX MOJKJIMBHX 3HA4Y€Hb 13 MPOCTOPY HANPSAMJICHOCTEl piBHIB HalexHocTi M = {+, —} , Ha IKOMY
3a/IaHO HECTPOTUH JiHilHMIA nopsaok [, Takwii, mo 1), = {(+, +), (+ ), (- —)}; IPOCTOPY HANPAM-

JeHHX piBHIB HanexHocTi M, , sk MHOXuHH M = M, x M\ {(max M, ; min Mw)} 13 3a1aHUM

am
Ha Hili G1HapHUM BIHOIIEHHSM CTPOIOr0 JOCKOHAJIOTO MOPAAKY S, TaKUM, IO

Y (a, oy ) ([3, wﬁ) e M, ([3, coB) S (0 wa)g(BSQa A (nBE@coa) v (0‘)]3503(’0(1) : (1)

HiaronaneHi BigHomenns £, E , E, wva M,, M,, M, DpuiHATI 32 BIIHOIIEHHS PIBHOCTI
€JICMCHTIB BIANOBITHINX MHOXHH, a iX JOTIOBHCHHS — 3a BIJIOBIJHI BiJHOIICHHS HEPIiBHOCTI. BigHO-
wenns S, = D, \ £, S,=D, \ E,, ta D,, =8,, " E,,, IPUAHATI 3a BiJIHOIIEHHS CTPOTOro

NOpAAKY Ha MHOXKMHAX M, , M, Ta HecTpororo nopsaxky Ha M, , IO € IPUPOJAHUM IS Teopii OiHap-
HUX BifiHOIIEHb. EneMenTH MHOXMHM M, € yIOpsIKOBaHUMH napamu (o, o), o € M,, o € M, , nnd
SKUX BBOJUTHCS TAKOXK OLIBII TIPOCTE Ta 3pyYHE MO3HAYEHHs 0. Y BHIIAKY BiJIOMOTO 3HAUCHHS HAIpsi-
MJICHOCTEH (HanmpukiIag o = + Ta y = —) Oyaemo takox mucatu (o, +), (B, —) abo o', B~ Ta Hasusatn

. + . _
piBeHB O MO3UTHBHO HATIPSMIICHUM, & PiBEHB 3~ — HETaTUBHO HAPSIMIICHHM.

BicHuK BiHHMLBKOrO noniTexHiYHoro iHcTutyTy, 2006, Ne 4 35



EHEPTETWUKA TA ENEKTPOTEXHIKA

B HaiinpocTilnoMy BUNa[Ky BUKOPUCTOBYEThCS MPOCTIp HEHANpsMiIeHuX piBHiB M, = [0; 1] 13 3aza-

HUMHU Ha HbOMY MIPUPOJHUMH BiAHOIIEHHSMH MOPAIKY =, > Ta OOEpHEHUMH 0 HUX <, <, a TAKOX Jiaro-

HAIGHAM  BIIHOWIEHHSAM =  Ta  }Or0  JONOBHEHHAM  #. B [pOMy  BHIAJKy
M, =[0;1]x{+, =}\{(t; -)}. Jna spyunocri simwowenns S,, D,, E,, E, Ha MHOKuHI
M, = {+, -}, a takox Binsowennss Sy, Do, Eye» Eye Ha MHOXHHI M, GyaeMo MO3HAYaTH Of-

HAaKOBO 3a JIOIIOMOI'OI0 3HAKIB >, >, =, #, aHAJOIT4YHO BIANOBIJHUM BIJHOILICHHSM HAa MHOXHWHI JIHCHUX

4uceJl, a BITHOIIEHHs, 00epHEHi /10 BiHomenb S, , S, 1a L), , [, ,— 3HakaMu < Ta < BiJNOBIIHO.

o6 oTpuMaTH reoMeTpHyHe 300pakeHHs JEeKapToBOro JoOyTky M, x M, BHKOpUCTAaEMO IeKap-
TOBI oci koopauHar. ITo oci abcuuc BiAKIaAEMO NPOCTIp HEHANPSAMICHUX PIBHIB HanexxHocTi M, = [0;
1], a mo oci opauHAT — 3HHU3Y BBEPX IBa CICMCHTH

(05 1]x{+; —}\{1; =} MIPOCTOPY HAIpPSIMIIEHOCTEH B MOPAIKY iX 3pOCTaHHS

3riIHO 31 CTpOruM NiHiliHUM mopsakoM S, Ha M

go---=-=-=--% ———____x_____> (I). B TakoMy BHMaJIKy TIPOCTip HANPAMJICHHX DiBHiB

Y SRR - HaJekHOCTI M, , AKHH CKIaJaeThes 13 yHOPsAIKOBa-
1) | S ~-< .
a s--o Hux map (o, o), o€ M,, ® € M, iHe yrpumye ma-

m----------------------3 pu (1;+), 6yae 300paxaTHCh yciMa TOUKAMH Bijpi3Ka
npsMOi, PO3TAaLIOBAHOTO HA PiBHI HANMpPSMIEHOCTI + i
0 a | BHYTPIMIHIMH Ta JiBOKO IPAHMYHOIO TOYKAMH BiZpI3Ka,
PO3TAIIOBAHOTO HA PiBHI HEraTMBHOI HaNpsMIICHOCTI
(puc. 1).

Puc. 1. TeomeTpudHe 300pakeHHs IPOCTOPY HAMPAMIECHHX I'paHu4HI TOYKK BEPXHBOIO BiApi3Ka Ha I[bOMY pPH-

PIBHIB HAJICKHOCTI B JICKAPTOBHX OCSIX CYHKy Biamosigaorb Toukam (min M, ; +) Ta
Puc. 1. FTeomeTpuyeckoe nsobpaxeHne NpocTpaHcTBa Ha- a
MpaBeHHbIX YPOBHEN NPUHAANEXHOCTN B AekapTo-  (max M(X , +) mpocropy M, o - IIpaBa rpanuyHa TOU-
BbIX OCSIX L .
Fig. 1. Geometrical representation of the space of direc- K& HIKHBOTO BiJIpi3Ka HE BXOIWTb B mpocTip M,

tional levels of membership in Cartesian axes

(Ipo ue TOBOPUTH CTpijKa 3 MPaBOi CTOPOHU LBOTO
BiZIpi3Ka), a JiBa rpaHMI LOTO BiApi3Ka BiAmoBigae touni (min M, ; —) npocropy M, . Hanpsam 3po-
CTaHHS 3HAYEHb HANPAMJICHHUX PIBHIB HAJICKHOCTI 3T1IHO 31 CTPOrUM JiHIAHUM nopsiakoM S, Ha M
MOKa3aHO HA PUCYHKY MYHKTUPHUMH CTPLIKaMH.

BBenemo OHATTS oci HAMPSIMJIEHUX PIBHIB HAJIEKHOCTI, SIK € JMHOTO BiJpi3Ka MPSMOI, TOUYKH SKOTO
B3a€MHO OJIHO3HAYHO BIAINOBIJAIOTH BCIM €IE€MEHTaM IpocTtopy M, 1 yNopsAKOBaHi 371iBa Ha IPaBoO
3riAHO 31 CTPOrMM JiHIHUM NOpsAKOM Sy, Ha M, . 3 puc. | BUILIUBaE, 110 300paXKeHUI Ha LIbOMY pH-
CYHKY HIDKHIH Bifpi3ok 0e3 mpaBoi rpaHUYHOI TOUYKHM Ta BEpXHil Bipi30oK i3 000Ma rpaHUYHUMHU TOUYKa-
MH MOXXKHa 3'€IHaTH HEMEepPEepBHO TaK, IO JiBa TPAaHUIT BEPXHBHOTO BiJpi3Ka, sKa BIAMOBITAE TOYII
min M, = 0", craHe 0OQHOYACHO TIPABOK0 TPAHMYHOK TOYKOK HIKHBOTO Binpi3ka. B pesynsrari mu

OTPUMA€EMO BiCh HANPSIMIICHUX PIBHIB HallexHOCTI (puc. 2). HampsiM 3pocTaHHs 3HaUYE€Hb HAMPSIMIICHUX
PiBHIB HaJISKHOCTI 3T1JHO 31 CTPOrUM JiHilHUM nopsiakoM S, , Ha M, NOKa3aHO HA PUCYHKY ITyHKTH-
PHOIO CTPIITKOIO.

Puc. 2. Bics HanpsiMiieHUX piBHIB HanexHOCTI ipu M, = [0; 1]
Puc. 2. Ocb HanpaBneHHbIX YpoBHeW npuHaanexHoctn npu M, = [0; 1]
Fig. 2. Axe of directional levels of membership for M, = [0; 1]

Caabkow MHOxUHOI A B yHiBepcyMi X B po6oti [1] Ha3BaHO MHOXHWHY YIOPSIKOBAHHUX IIap
{(X, v A(X)) lxe X, v : X Mm} , @ BEKTOPHY (QYHKIiI0 V4 — (YHKIi€I0 HAIPpSIMIICHUX DPIBHIB

36 BicHuK BiHHMLUbKOrO noniTexHivHoro iHcTuTyTy, 2006, Ne 4



EHEPIETUKA TA ENEKTPOTEXHIKA

HaJIe)KHOCTI, a00 mpocTo (pyHKuic piBHIB cnadkoi MHOXHHU A. DyHKLiO piBHIB JOBUIBHOI clabKoi

MHOKHHH A MOXHA [OJaTH y Burnani napu Gyskuid o 4 : X - M, , o, : X > M, takux, mo
((xA(X) =1 = o4(x)= —) A (Q)A(X) =- = oay(x)= 1), Vxe X. )

IMepury ¢yHkuito napu o 4, Ka CTaBUTh y BIINOBIAHICTb KOXKHOMY €JI€MEHTY yHiBepcyMa X JesKuii
HEHATIPSMJICHUM pPiBEHb HAJICKHOCTI, OyZeMO Ha3WBaTH (PYHKUIEI0 HeHANPAMJIEHHX PiBHIB crabkoi

MHOXKUHU A, a Apyry QYHKIIIO Mapu o 4, AKa 3aJa€ TUM CaMUM €JIeMEHTaM HalpsMIICHICTb iX PiBHIB

HaJIe)KHOCTI — (YHKIi€I0 HanmpsAMJIeHocTel ciadkoi MHOXKMHKA A . Takum YuHOM (QYHKIiIO PiBHIB ca-

Oxoi MHOXMHU A MOXXHa IIOAATH Y BEKTOPHOMY BUIJISAL, K (PYHKLIO V 4, 800 B KOOPAUHATHOMY — 5K

napy QyHKuin (OLA, ®y).

Mix cTabKuM¥ Ta HEUITKUMH MHOXHHAMH MOYKHA BCTAHOBHTH 3B'SI30K, SIKIIO BBaXKATH, IO chopmo-
BaHA B JISTKOMY VHIBEpCyMi Cllabka MHOXKWHA BU3HAYa€ IS KOXKHOTO €JIEMEHTa YHIBEpCyMa OJHOCTO-
POHHIO TPAHHUII0 MOXKITUBHIX 3HA4YEHb HOTO CTYIEHS HAJICKHOCTI 1Ie He CPOPMOBaHIil B IIbOMY YHIBEpPCY-
Mi HEUiTKiii MHOXuHI. [Ipy IIbOMYy IMO3MTHBHO HaNpsSMJICHI PiBHI HAJICKHOCTI 3aMalf0Th MiHIMAJILHO
MOJKJIMBI 3HAYCHHS CTYICHIB HAJICKHOCTI, & HETaTUBHO HANPSAMIICHI — iX MaKCHUMaJlbHO MOXKIIUBI 3Ha-
YeHHs. 3T1IHO 3 TaKOIO 1HTEPIIPETAIIECI0 HAIPSIMIICHUX PiBHIB HAJICKHOCTI B poOOTi [3] BBEIEHO MOHATTS

peanizanii cnabkoi MHOKMHHM. Peanizaniero cnabkoi MHOXMHM A B X Ha3BaHO HEUITKY MHOKHUHY A B X,
(OYHKILS HAISKHOCTI [y X — M, sIK01 3aI0BOJIBHSIE TaKi YMOBH

(@4 () =+ = s (¥) 2 0y (1) A (04 (x) = == s (¥) < a4 (%)), VxeX. 3)

Bci HewiTKi MHOXKUHU B X, SIKi 3a70BOJIBHSAIOTH YMOBH (3), CKIIAAIOTh CUCTEMY HEUITKHUX peaji3arlii

R(A) cnabkoi MEHOKUHU A.
PosristHeMo MOXKIIMBI CITOCOOW T€OMETPHYHOI IHTEpIIpeTarii CTa0KuX MHOKHH Ta X CUCTEM HEUITKUX
peanizauiii. Bizomo, 1o HewiTKi MHOKMHU B X MarOTh T€OMETPHYHE 300paKeHHs y BUTIISIAI rpadika QyHK-

11 HaJISKHOCTI I BUaaKy, ko X < R, abo0 X ¢ R? , Te R — MHOXwmHa niiicanx uncen. bymno 6 3py-
YHO 32 IUX K€ YMOB MaTH T€OMETPHYHY IHTEPIPETAIlI0 CIa0KUX MHOXKHUH. JIJIs IIbOTO BUTAJIKY 338 YMOBH,
mo X < R, Moxna Oysio 0 3a7aBaTH MO3UTUBHO HAIPSIMJICHI PiBHI HAJICKHOCTI JOAATHUMH 3HAYCHHSIMHU
OCl OpIMHAT, a HETAaTUBHO HAIPSIMIICHI — BiJl' EMHUMH 3HAYCHHSMU ITi€l oci. AJle uIa OUTBIN 3arajbHOTO
BHy MHOXXMHM HEHalPAMIICHHX PiBHIB HanexkHocTi M, < R, komu 1o 1i cknaxy yBiliayTh He TiTBKH J10-
JIaTHI, aJie ¥ BiJ’€MHI YKMCIIOBI 3HAYEHHSI, LIl CIOCi0 TeOMETPUYHOTO 300paXKEeHHS CIIA0KUX MHOXHH CTaHe
HENpUUHATHUM. KpiM TOro yImopsaIKoOBaHICTh YHCEN Ha YUCIIOBIHM IpsMiid, SK MU OadriId BHIIE, 30iTa€ThCs
13 YIIOPSAAKOBAHICTIO TLUTBKH IMO3UTHBHO HAIIPSIMJICHUX PIBHIB HAJICXKHOCTI 1 HE 30Ira€Thes 3 yIOPSAKOBaHIC-
TIO HETAaTUBHO HAIpPSMIICHHX. TOMY IUISi TEOMETPHUYHOro 300paxkeHHs (YHKILIi piBHIB €1a0KOT MHOXKHUHU
JlaJTi TIPOTIOHYETHCS BUKOPUCTOBYBATH JIBA 1HIIMX YHIBEPCAIBHININX CIIOCOOH.

Ha oci abcuuc Mu 3aBxau OyJaeMo BiJKIagaTH YMCIIOBI eleMeHTH yHiBepcyma X < R 3rigHo 3 ix
MIPUPOIHOI0 YIOPSAKOBAHICTIO, @ B POJII OCi OpJIMHAT B MEPUIOMY BHIIAJKy BUKOPUCTOBYBATH 3BUYANHY
BiCh, sIKa OyZie yTpUMYBaTH 3HaUCHHS HEHANPSMICHHUX PiBHIB HAJIEKHOCTI o(x), X €X, YHOPIIKOBaHI 3Ti-
JIHO 31 CTPOTUM JIiHIHHUM nopsakom S, Ha M, a B ApyroMy — BiCh HalPSMIICHHX PiBHIB HAaJICKHOCTI

(nuB. puc. 2), Ha siKili OyAyTH BiIKJIaJaTUCh 3HAUEHHS HANPSAMIIEHUX PiBHIB HAJEKHOCTI V(X), yIIOPSAKO-
BaHI 3T1JIHO 31 CTPOTMM JIiHIAHUM mopsakom S, Ha M, (1).

PosrnsHeMo nepuii crnocié reoMeTpUYHOro 300pakeHHs CIa0KUX MHOXKHH AeTalbHile. BpaxoByio-
9H, 10 KOXKEH €JIEMEHT YHIBepCyMa MOKE MAaTH TUTHKH JIB1 HAITPSMIICHOCTI CBOTO PiBHS HAJICKHOCTI Clia-
OKiif MHOXWHI, a TIepIia KOOpAMHATA Ol HAPSMIICHOTO PiBHS HAICKHOCTI (O, ) MOXe HaOyBaTH 3HAYCHD
TiNBKH 13 Bigpizka [0; 1] He3anexHo BiJ CBO€ET HAPSAMIECHOCTI ®, OyZ€MO BUKOPHCTOBYBAaTH BiCh HEHAIl-
PSAMIICHUX PIBHIB HAJIEKHOCTI OJTHOYACHO TSI 300payKeHHSI SIK IO3UTHUBHO, TaK 1 HETATUBHO HAIPSIMIICHUX
PIBHIB HAJIEXKHOCTI, 300pakatoun rpadik GyHKINT ou(x) 3aIeKHO BiJl 3HAYCHHS HAIPSIMICHOCTI ®(X) Io-
pizHOMYy. Po3sriissHemMo mpaBmiia HepIioro croco0y reoMeTpUYHOrO 300pakKeHHsS CIaOKUX MHOXHWH ISt
JBOX BHIIAJKIB, KOJIM YHiBEpCYM X Ma€ MOTY>KHICTb KOHTHHYYMY, Ta KOJIH 111 MHOXKHHA € IUCKPEeTHO0. B

000x BUIIAAKaxX JIA T€OMETPUIHOTO 306pa)KeHH$I cnabkoi MHOKHHU A B X 6yz[eMo BUKOPUCTOBYBATH
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rpa¢ik ii ¢yHKLII HEHANPsIMIEHUX PiBHIB HAJICKHOCTI O 4, BUKOPUCTOBYIOUM Bich aOCIHC UIsl BigoOpa-
JKeHHSI €JIEMEHTIB YHIBepCyMa, a BiCh OpAWMHAT — JUIsSI 3HAYCHb HEHANPSMIICHUX PiBHIB HAJICKHOCTI. Y
BUTIAJIKy KOHTHHYAIBHOTO YHiBepcyMa X Ty 4acTHHY rpadika, sKa BiIMOBiJae eIeMEHTaM yHiBepcyMa 3
MMO3UTHUBHOIO HAINPSAMIICHICTIO PiBHIB HAJIICKHOCTI, OyIeMO 300payKaTh CYNIIHHOIO JIHIEIO, a Ty, SKa Bif-
MOBI/JIa€ CJIEMEHTaM 3 HEraTHBHOIO HANPSAMIICHICTIO — IMyHKTHPHO. B Toulii nepexoay rpadika i3 0JHOro
KJIACy HaIpPsIMICHOCTEH ClIa0K01 MHOKHMHH B iHIIUH OyneMo 300pakaT CTPIIKY, HAPSIMIICHY B CTOPOHY
BIIKPHTOI TpaHuIli Kinacy. Ha puc. 3 3a mumu nmpaBmiiaMyd HaBEICHO MPHUKJIA] T€OMETPUIHOTO 300paKeH-

Hsl KOHTHHYAIIBHOI CIIa0KOi MHOXKMHH | [ xla(x)+ |
xe[0;4) xel4;6] xe(6;10]

BU, mo X =[0; 10]. Hagani y Bumagky Takoro reoMeTpUYHOTO TIYMayeHHs CIa0Koi MHOKMHH OyIeMo

TOBOPUTH, 1110 cJ1a0Ka MHOXHHA 300pakeHa B HEHANPSIMICHUX a00 3BUYAiHUX OCSIX KOOPAMHAT.

xla(x) + x|a(x) 3a ymo-

. o(x) a(x)
0,8 1 0,8 1
0,6 - 06+ - - - - L
0.4 1 4mh 0.4 _—
0,2 7 /l \\ 0‘2 - . . L
0 ‘ S 0 T T T T T T T T T
012 34516738 9X 012 3 45678 9X

Puc. 3. Ilpukimax reoMeTpudHOro 300pa’ke€HHSI KOHTHHYa-
JIBHOT CTa0KOi MHOXKHHU B JIEKAPTOBHX OCSAX KO-
OpJuHaT

Puc. 3. MNpumep reomeTpnyeckoro n3odpaxeHnst KOHTUHY-
anbHoro cnaboro MHOXecCTBa B AeKapTOBbIX OCSX
koopauHaT

Fig. 3. Example of graphical representation of conti-

Puc. 4. Tlpukian reoMeTpUIHOTO 300paKeHHs AUCKPETHOT
CJIa0KOT MHOKUHH B JICKAPTOBUX OCSX KOOPAUHAT
Puc. 4. MNpumep reoMeTpuyeckoro n3obpaxeHus [uc-
KpeTHoro cnaboro MHOXEecTBa B [eKapTOBbIX
oCcsIX KoopAauHaT
Fig. 4. Example of graphical representation of discrete
poor set in Cartesian axes

nuum poor set in Cartesian axes

VY BHUNanmKy AUCKPETHOCTI yHiBepcyMa X Touku rpadika, sSKi BiAMOBIIAIOTH eJIEMEHTaM YHiBepcyMa 3
MO3UTHBHOIO HAMPSMIICHICTIO PiBHIB HAJICKHOCTI, OyJIeMO TO3HAYaTH KPAIKO, a TOYKH, SKi BiJIITOBiTa-
IOTh €JICMCHTaM 3 HETaTHBHOIO HAPSIMIICHICTIO PIBHIB HAJIEKHOCTI — THpe. Ha puc. 4 y BiAMOBIAHOCTI 10
IUX HPaBHII HaBeIECHO HPUKIIA CKIHYCHHOI crabkoi MHOKHUHU
0/06 +1]0,6 +2]0,6 +3]04"+4|04"+5]02"+6]|02"+7]02"+8]|0,6 +9]0,6 ++10]|
0,6 BX=1{0;1;2;3;4;5;6;7;8;9; 10}.

Tenep mepeiaeMo 10 APYroro MOXKIMBOTO CIIOco0y FeOMETPUYHOI iHTeprpeTanii ciabkux MHOXKHH,
3TIHO 3 SIKUM B KOOPAMHATHIN cucTeMi aiis 300pakeHHs rpadika GpyHKIIT HanpsMICHUX PIBHIB V(X) y
podi oci opauHat Oyne BUKOPUCTOBYBATHCH BiCh HANpsIMICHUX PiBHIB HajexkHOCTI. 1o BimHOMIEHHIO 110
TaKOI'o CII0CO0y reOMETPUYHOI IHTEpIIPeTalii CIaAOKMX MHOXKHUH OyJ€MO TOBOPHTH, IO cja0Ka MHOXKHHA
300pakeHa B HANPSIMJIEHUX OCSIX KOOPIHHAT.

s Toro, mo6 migKpeciIuTH OCOOTUBOCTI HEraTUBHO HANPSIMIICHUX PIBHIB HAIEXKHOCTI Ta 30eperTu
OJTHOTHUITHICTh TEOMETPUIHOTO 300paKeHHsI CIA0KHX MHOXKHMH B HANPSMIICHUX Ta 3BUYAHHHUX OCSX KOOP-
IUHAT, Oynemo 300paxkatu rpadik GyHKUiT v(x) B HANPAMIEHHX OCAX KOOPJAMHAT JAJisl HETaTHBHO HAIPS-
MJICHUX PiBHIB HaJISKHOCTI ®(X) 32 TUMH X NMPaBUIaMH, SIKi MU 00yMOBHIM A5 QyHKUIT ol(x) B 3BUYAid-
HUX JICKAPTOBHX OCSIX.

Ha puc. 5, 6 B HanpsAMJICHUX OCSX KOOPJIMHAT 300paXkeHi Ti * caMi c1abKi MHOXKHMHH, K1 OyJIH MOKa-
3aHi B HEHANPSAMIICHHX OCSIX Ha puC. 3, 4.

38 BicHuK BiHHMLUbKOrO noniTexHivHoro iHcTuTyTy, 2006, Ne 4



EHEPIETUKA TA ENEKTPOTEXHIKA

. v(x) - v(x)
0,8" - 0,8"
0,6" " 0,6" 1
0,4 m 0,471 ° ot
0.2 0.2"1 T

. 1 1 0

0 ‘ ‘
0,8 0.8
061 . ot -]
0,41 ,I\ /\\ 0‘27_
0,21 , N .

0 — = O012345678910

012 345 67 8 910 X
X

Puc. 6. [Ipukiiag reoMeTpUIHOTO 300paXKEHHS TUCKPETHOT
¢1abKoi MHOKMHM B HAIPSMIICHHUX OCSIX KOOPAHU-
HaT

Puc. 6. Mpumep reomeTpuryeckoro n3obpaxeHust onc-
KpeTHOro crnaboro MHOXeCcTBa B HanpaBneHHbIX
ocsix koopaunHaT
Fig. 6. Example of graphical representation of discrete
poor set in directional coordinate axes

Puc. 5. [pukiag reoMeTpuIHOTO 300paXKCHHS! KOHTHHYA-
JIBHOT c7Ta0K01 MHOKHHY B HAIIPSIMIICHIX OCSIX
KOOpJUHAT

Puc. 5. Mpumep reoMmeTpryeckoro n3obpakeHms KOHTU-
HyanbHOro cnaboro MHOXecTBa B HanpaBneHHbIX
ocsix koopauHat

Fig. 5. Example of graphical representation of conti-
nuum poor set in directional coordinate axes

Sk Gaummo i3 puc. 5, rpadik HaOpSIMICHHX PIBHIB HAJEXKHOCTI CJIa0KOI MHOXHHHU

[ xla(x) + [ x|la(x)"+ [ x|oa(x) B HanpaMIeRHX OCSX KOODIMHAT Ma€ PO3PHBH
xe[0;4) xe[4;6] xe(6;10]

Koy X = 4 Ta x = 5, sKi 11 BUNAAKY MiACHOT QYHKIIl iHCHOTO apryMeHTy MH O Ha3BalM PO3pUBaMHU

nepuoro poxny. B Toii ke yac, B HeHanpsMIIEHHX OCsX 111 clabka MHOKMHA BHUIJIIZAa€ HenepepBHoto. Le

MOSICHIOETHCST TUM, 1[0 B 3BUYAHHUX JICKAPTOBUX OCSX BiCh OPJIUHAT € (DAKTUYHO BiCCIO HEHANPSMIICHHX

PIBHIB HaJIC)KHOCTI, KOKHA TOYKa SIKOI MOXKE BiIIOBIIaTH

17 V(x) JBOM Pi3HUM HampsMJICHUM PiBHSIM HaJISKHOCTI 3 OJHHUM i
TUM JK€ 3HAUYEHHSIM HEHANpsIMJICHOTO PiBHS Ta MPOTHJICK-

0,5 HUMH 3HAYEHHSIMU HarpsiMIIeHOCTi. ToMy B IIbOMY BHITa]I-
Ky MU (PaKTHYHO BHKOPHUCTOBYEMO 3aMicTh rpadika (QyHK-

0" uii v(x) rpadix QyHKIii o(x), i TUBKH crocid 300paXkeHHS
A r niHii rpadika TOBOPUTH MPO HAMPSAMIICHICTH BiIMOBITHUX

05 ,’E E\‘ piBHIB HaleXHOCTI. B Toil ke 4ac B HampsMIIGHHUX OCAX

’ /! A MK MHOXXMHOK TOYOK OC1 Op/IMHAT Ta MHOXXWHOK HAmps-

1. R4 M - MIIEHHX PIBHIB HANEKHOCTI NpocTopy M, icCHYye Giexuis.
0 5T 5 3 7 5 6 7 8 o ' ToMy KoKHa TOUKa OCi OPIMHAT Bi/IIOBIZA€ TIbKA ONHOMY
| ! HaNpsIMJICHOMY PiBHIO HaJIS)KHOCTI 1 HABIIAKU KOKEH OKpe-
1 -0(x) 5 ! MUH HalpsIMICHUH piBEHb HAJCKHOCTI BiJNOBIAE TLTBKH
N—" 3 . .
—_ OJIIHIH TOYIIi OCi OpAMHAT.

05 1 3 J0MOMOTOI0 pHUC. 7 MH MOYKEMO TaKOX II€PECBITIH-
’ THUCH B TOMY, III0 T€OMETPHYHE 300pakeHHs CIa0K0i MHO-
Y E=—— N = ABX= [0; 10], sxe BUTIAMAE HETIEPEPBHUM B Harl-

0 1 2 3 4 5 6 7 8 9 X DpIMIEHHX OCfAX, Ma€ pO3PHMBH B 3BHYAHHHUX OCAX

KoopauHat. Ha npoMy X pUCYHKY IOKa3aHa reOMETpHYHa
Puic. 7. TeoMerpiune 30GpakeHHs cliabkoi MHOXMHH — 1HTEPIIPETAIlil CHCTEMH HEYITKUX peamizaiiii  cimabkoi
B HANPAMIICHHX Ta 3BMMAHHUX OCAX KOO~  MHO)KHHH, SIK MHOXKHHHU TOYOK B HEHAIMPSIMIICHHX OCSX KO-
nuHaT: 1 —30Ha peanizariit i G3). T
Puc. 7. M eomeTpuyeckoe nsobpaxeHue cnaboro OpIMHAT, 5Kl 3a10BOJBHAIOTE yMOBH - laKy MHOXHHY

MHOXECTBA B HarpasreHHbIX U oBbiMHbIX  TOYOK Oy/IeMO Ha3MBAaTH 30HOI0 peaizamiii ciabKoi MHO-
OCSIX KOOPAMHAT: 1 — 30Ha peanuaaLmit

Fig. 7. Graphical representation of the poor KAHH. . .
set in directional and usual coordinate ,HOHIJH)HO BUKOPHUCTOBYBATU 061/IZ[Ba 3aITpOIIOHOBAH1
axes: 1 —zone of realizations BHILE CIOCOOM TEOMETPUYHOTO 300paKEeHHS CIaOKUX

BicHuK BiHHMLBKOrO NoniTexHiYHoro iHcTutyTy, 2006, Ne 4 39



EHEPTETWUKA TA ENEKTPOTEXHIKA

MHO>XHH, BUOMPAIOYX OJWH 13 HUX 3aJICKHO BiJl YMOB 3aj1adi, sSika Oyie po3B's13yBaTHCh, 400 TOH, B IKOMY
11e 300pakeHHs Oy/ie crpuiMaTHCh pocTimte. Bubip BUAYy ocel MOXKe 3aIeKaTh 30KpeMa BiJl TOTO, SK B
HUX BUTJISAaTUME TEOMETPUYHE 300paKeHHS CIIa0K0T MHOKUHU: PO3PUBHUM 4H HeriepepBHUM. Kpim To-
T0, SIKITII0 BUHUKHE HEOOX1HICTh B OTHUX OCSIX Pa30OM i3 CTAOKMMH MHOXKUHAMH 300pakaTH TaKOXK HEUIiT-
Ki MHOXXWHH, TO OYEBUIHO, 110 IIe MOIUTHHIIIE POOUTH B HEHANPSMIICHHUX OCSX, B SIKMX OCTaHHI OYIyTh
MaTH 3BHYaiiHe 300pakeHHsI. OCOOJIMBO 1€ CTOCYETHCS BHIIAIKY, KOJIU Pa3oM 3 TE€OMETPUYHHUM 300pa-
JKEHHSIM C€1a0K0T MHOXKMHH HEOOXIZHO MOKa3aTh OAHY a00 JeKilbKa ii HeUiTKUX peajizaliii abo 30HY
BCIX Ti peasizarii.

3ayBa)XMMO TaKOX, IO OOWBA 3aPOIIOHOBAHI CIIOCOOU TE€OMETPUYHOTO 300paKeHHs CIaOKHX MHO-
JKUH MOXKHA OYEBHUIHO BUKOPHUCTOBYBAaTH Y BHUIAAKY Koimu X C R2. [pu iboMy 1711 300paskeHHs eJie-
MEHTIB yHIBEpCyMa MOBHHHI BUKOPHUCTOBYBATHCH JBI 3BUUAlHI OCi KOOPAHWHAT, a B POJi TPETHOI OCi, 3a-
JIEKHO BiA BHOpPAHOTO CHOCOO0Y TEOMETPUYHOTO 300pakeHHS, HEOOXIMTHO BHUKOPHICTATH BiAIOBIIHO
HEHanpsMIIeHY a00 HalpsIMIIEHY BiCh KOOP/IMHAT.

CnaGble MHOXECTBa U UX reoMeTpuYeckas MHTepnpeTauus

MoHaTne cnaboro MHOXeCTBa, BNepBble BBeAeHO aBTopamu B [2], a B [3] nokasaHO Kak MOXHO uC-
nonb3oBaTtb criabble MHOXeCTBa ANA MOAENUPOBaHWUS HeonpeaeneHHbIX napameTpoB CMOXHbIX CUC-
TeM. Cnaboe MHOXecTBO ecTb Gonee obwen n yHMBepcanbHOW MaTeMaTU4eCKON KOHCTPYKUMen B
CpaBHEHUM C HeYeTKUM MHOXecTBOM. [Ina ero copmanusaumm cHayvana BBefeHbl NMOHATUA: Mpo-
CTPaHCTBa HeHanpasBfieHHbIX YPOBHEN NpuHapnexHoctn M, (B oTnuyuMe OT cTeneHen npuHan-
NEXHOCTU B TEOPUN HEYETKUX MHOXECTB), KaK MHOXXECTBAa, KOTOPOe COAEPXUT HauMeHbLLniA minM,
Hanbonbwunii maxM, anemeHTbl OTHOCMTENIbHO HEKOTOPOro, 3a[JaHHOro B HEM, HECTPOroro fMMHeNHo-
ro nopsigka 1), ; HanpaBREHHOCTMU, KaKk CBOICTBA YPOBHS NPUHAOMEXHOCTU, KOTOPOE MOXET MPUHU-
MaTb OAHO M3 ABYX BO3MOXHbIX 3HAYeHWA U3 MHOXeCTBa HanpaBrieHHOCTEW YPOBHEW NnpuHan-

nexHocTun Mw:{+,—}, Ha KOTOPOM 3afjaH HeCTpOornih nuHenHbIn nopsdok D, Takow, 4To

Dw:{(+,+),(+,—),(—,—)}; NPOCTPaAHCTBA HanpaBmfeHHbIX YPOBHEN NpuHaanexHocTm M_ ., Kak

o ?

mMHoxecTBa M, =M, x M\ {(maxM ; mian)} C 3af1aHHbIM Ha Hel BUHapPHbLIM OTHOLLIEHNEM CTPOro-

[o R4
ro coBepLUeHHOro nopsaka S, Takum, 4to (1).
HlunaroHanbHble oTHowexua E,, E,, E,, Ha M,, M, , M, nNpuHATbI 32 OTHOLWEHUA paBeHCTBa

31EMEHTOB COOTBETCTBYIOLLMX MHOXECTB, @ UX AOMNOMHEHNs — 38 COOTBETCTBYIOLIME OTHOLLEHNS Hepa-
BeHcTBa. OTHowenna S, =D, \E,, S, =D, \E, n D,, =S, v E,, NMPVHATbI 32 OTHOLUEHNS CTPOroro

nopdaaka Ha MHOXecTBax Ma’ Mm N HEeCTpOororo nopsagka Ha M YTO eCTeCTBEeHHO And Teopumn ou-

om ?
HapHbIX OTHOLUEHWI. SNeMeHTbI MHoXecTBa M, SIBNSKTCS ynopsiioYeHHbIMM napamn (o, o), oe M, ,
e M, , ANs KOTOPbIX BBOAUTCS Takke Gonee NpocToe n yao6Hoe o6o3HaveHve o . B cnyvae ussect-
HOTO 3HAYeHUs! HaMpaBMeHHOCTe (Hanpumep o=+ U y =—) Byaem Takke nucatb (a,+), (B,—) v

OL+, |37 N Ha3bliBaTb YPOBEHb o* nonoxurensHo HanpaBeHHbIM, a YPOBEHb B7 — oTpuuaTtesibHO Ha-

npaBrieHHbIM.
B npocrteiiliem criyyae mcrnornb3yeTcs NpoOCTPaHCTBO HeHanpasneHHbIx yposHen M, = [0; 1] ¢ 3a-

JAHHBIMW Ha HEM eCTEeCTBEHHbLIMU OTHOLLEHWSIMU NOPSAKa >, > U 06paTHLIMUA K HUM <, <, a TaKkke aua-
FOHarbHbIM OTHOLUEHNEM = W ero AomofnHeHnem #. B aTom cnyyae M, =[0; 1]x{+, —}\{(1; —)} . Ons
ynobcrtsa otHowenuss S, D, E,, Ew Ha MHOXecCTBe Mm:{+, —}, a Takxe OTHoweHus S D

oo
E,., E,, Ha MHOXecTBe M, 6yaem 06o3Ha4aTb OAMHAKOBO C MOMOLLBIO 3HAKOB >, >, =, #, aHanoruy-

om !

HO COOTBETCTBYIOLLIMM OTHOLLEHWEM Ha MHOXECTBE [AE€NCTBUTENbHbIX YNCEN, @ OTHOLLEHWS, 06paTHbIe K
oTHoweHusim S, S,, u D,, D,,, — COOTBETCTBEHHO 3HaKaMi <, <.

oo ?

UTo6bl MoNy4nTh reomeTpruieckoe nsobpaxeHue aekapToBoro npousseneHus M, x M, vcnonbayem

[eKapToBbl ock koopauHart. Mo ocy abcumucc OTMNOXUM NPOCTPAHCTBO HeHanpaBneHHbIX YPOBHEW Npu-
HagnexHoctn M, = [0; 1], a mo ocx opanHAT — CHW3Y BBEpX [Ba 3reMeHTa NpPOCTPaHCTBa HanpasieH-

HOCTEN B MNOPsiKe WX BO3PaCTaHWUA COMMacHO CTPOroMmy MMHenHoMy nopsaky S, Ha M, (1). B Takom

cny4yae npoCTpaHCTBO HanpaBJ1€HHbIX ypOBHeVI npuHagnexdHoctn M cocTosuwee 13 ynopAagodeHHbIX

o ?
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oeM, v He codepxallee napsl (1; +), Bynet nsobpaxaTsca BCEMM TOUKaMKU OT-

nap (a,u)), aeM,,
pe3ka I'IpﬂMOVI, pacnofioXXeHHOro Ha ypoBHe HanpaBJ1€HHOCTU + U BHYTPEHHUMU U nesow npeueanoVI
TOYKaMu OTpe3Ka, pacrnoJyioXKeHHOro Ha ypoBHe OTpMLlaTeﬂbHOVI HanpaBJ1eHHOCTU (pVIC. 1)

MpeaenbHble TOYKU BEPXHENO OTPEe3ka Ha 9TOM PUCYHKE OTBEYaloT Todkam (min M, ; +) u (max M, +)

npoctpaHctBa M, . MNpaBasa npedenbHas ToYKa HWKHEro oTpeska He BXOAMUT B MPOCTPaHCTBO M, (06
3TOM rOBOPUT CTpenka C NMpaBOW CTOPOHbI 3TOr0 OTpeska), a feBas rpaHuua 3Toro oTpeska oTBevyaeT
Toyke (min M, ; —) npoctpaHcTea M, . HanpasneHne Bo3pacTaHus 3Ha4YeHU HanpaBneHHbIX YpoBHew
NPVUHaANEXHOCTU COrMacHO CTPOroMy NMHENHOMY nopsaky S, Ha M., NOKasaHOo Ha PUCYHKE MyHK-

TUPHBIMU CTPESIKaMW.
BBenem noHATME OCU HanpaBfieHHbIX ypOBHeﬁ NPUHaANeXHOCTU, Kak eANHOro oTpeska npsMon,
TOYKM KOTOPOro B3aMMHO OJHO3Ha4YHO OTBEe4YalT BCEM dN1eMEeHTaM NpoCTpaHCTBa Mocu) n ynopanodeHbl

crnesa Ha MnpaBo COrfacHoO CTPOroMy NMUHenHoMy nopsaaky S, Ha M, . U3 puc. 1 BuaHo, 4to nsobpa-

YKEHHbIN Ha 3TOM PUCYHKE HWKHWUIA OTPE30K 6e3 NpaBon NpeAernbHON TOYKM U BEPXHUIA OTPE3OK C 0ben-

MW NPefenbHbIMU TOYKaMU MOXHO COEAUHUTL HEMPEPLIBHO Tak, YTO NieBasl rpaHuLa BEPXHEro oTpeska,
. + o o o

koTopas oTBeyaeT Touke min M, = 07, cTaHeT ogHOBPEMEHHO NMPaBOW MPeAenbHOV TOYKOW HUXKHEro

oTpe3ka. B pesynbTate Mbl NONy4YMM OCb HanpaBrieHHbIX YPOBHEN NpUHaAnexHocTu (puc. 2). Hanpas-
neHve BO3pacTaHWs 3HaYEHW HarnpasBfieHHbIX YPOBHEN MPUHALJIEXHOCTU COrMacHO CTPOromy IMHEN-
HOMy nopagky S,, Ha M, nokasaHo Ha pUCYHKe MYHKTUPHOW CTPEnKoWn.

CnabbiMm MHOXeCTBOM /Z\ B yHumBepcyme X B [1] HasBaHO MHOXECTBO YMOPSAOOYEHHbIX nap
{(x, vA(x))|xeX, 7 :X—>Mm}, a BEKTOPHY0 YHKUMIO v, — YHKLMEWN HanpasneHHbIX YpOBHeW

NPWHaANeXHOCTH, Unu NpocTo chyHKUMen ypoBHen cnaboro MHoXecTBa ,Z\ ®PyHKUNIO YPOBHEN NPOU3-
BOMbHOTO craboro MHOXecTBa ,Z\ MOXHO MpeacTaBuTb B BuAe napbl YHKUMA a,: X > M,
oy 1 X — M, Takux, 4to (2).

MepByo MYHKUMIO Napbl O. 4, KOTOpasi CTaBUT B COOTBETCTBUE KaXKOOMY 3MeMeHTy yHusepcyma X
HEKOTOPbI HEHaNpaBMEHHLIN YPOBEHb NPUHAANEXHOCTU, OyaeM HasbiBaTb (PyHKLMEN HeHanpaBrieH-

HbIX YPOBHeN criaboro MHoxecTBa A, a Apyryilo (yHKUMIO napbl o, , KOTopas 3ajaeT TeM CambiM
3MemMeHTaM HanpaBrieHHOCTb UX YPOBHEWN NpUHagnexHoCTn — pyHKLUMeln HanpaBneHHocTel cnaboro

MHoxXecTBa A. Takum o6pasoM yHKLIMIO YPOBHEI crnaBoro MHOXecTBa A MOXHO NpeCTaBUTb B Bek-
TOPHOM BUAE, Kak (OYHKLIMIO V4, UMK B KOOPAVNHATHOM — Kak napy PYHKUNA (o, @y ) -

Mexay cnabbiMM U HEYETKMMM MHOXECTBaMM MOXHO YCTaHOBUTb CBA3b, €CNN NPUHATL, YTO cdop-
MUPOBaHHOE B HEKOTOPOM YHMBepcyme crnaboe MHOXeCTBO onpegensieT Ans KaxOoro aneMeHTa yHu-
BepcymMa OJHOCTOPOHHIOK rpaHuULy BO3MOXHbIX 3HAYEHUWW ero CTeneHu MNPUHAAMEXHOCTU ele He
CchopMMPOBaHHOMY B 3TOM YH/MBEPCYME HEeYEeTKOMY MHOXeCTBY. [1py 3TOM NONOXUTENbHO HanpasneH-
Hble YPOBHW NPUHAASIEXHOCTU 3a4al0T MUHUMAanbHO BO3MOXHbIE 3HAYEHWsI CTENEHeN NPUHaaNexXHoCTw,
a oTpvUaTenbHO HanpaBneHHble — UX MaKCUMarbHO BO3MOXHble 3HayeHus. CornacHo Takon UHTeprnpe-
Tauum HanpaeneHHbIX YPOBHEW NpUHaAnexHocTu B [3] BBEAEHO NOHATME peanusaunn criaboro MHoXxe-

cTea. Peanusaumei cnaboro MHoxectBa A B X HasBaHO HeyeTkoe MHOXecTBO A B X, dhyHKUMS npu-
HagnexHoctn p,: X — M, KoTopon ygosnetBopsieT ycrosusim (3).
Bce HeveTkne MHOXecTBa B X, KOTOpble yAOBMNETBOPSIOT YCIOBMAM (3) COCTaBNAT CUCTEMY HEYeT-

KNX peanunsauun R(,Z\) cnaboro MHoXecTBa A.

PaccmoTprM Bo3MOXHbIE CNOCOObLI FeOMETPUYECKON MHTEpNpeTaumm cnabbiXx MHOXECTB U UX CUCTEM
HeYyeTKNx peanusaumii. M13BeCcTHO, 4TO HeYeTKME MHOXeCTBa B X MMEIOT reoMeTpuyeckoe n3obpaxeHue
B BuAe rpacuvka dyHKLMM NpUHaAANexXHoCcT Ang cnyyas, korga X <R, unn X < R2, roe R — mHOXxe-
CTBO AENCTBUTENBHbIX Yncen. bbino 6bl yaobHO Npy 3TUX e YCNOBUAX UMETb FrEOMETPUYECKYHO UHTEP-
npeTtaumio cnabbix MHOXeCTB. [Inga aToro cnydasi npu ycnoeun, 4to X < R, MoxHo Obino 6bl 3agaBaTh
NOMNOXUTENbHO HamnpaBSieHHbIE YPOBHU MPUHAAIEXXHOCTN NOSNOXKUTENBHBIMW 3HAYEHUAMW OCY OpAMNHAT,
a oTpuuaTenbHO HamnpaBleHHbIE — OTpUUATENbHLIMU 3HA4YeHUsIMKN 3Ton ocn. Ho gns Gonee obLiero Bu-
[a MHOXeCTBa HeHanpaBsneHHbIX YpoBHeln npuHaanexHoctn M, R, korga B €€ coctaB BOWAYT He
TONbKO MOMOXMWTENbHbLIE, HO U OTPULATESNbHbIE YMCMOBbIE 3HAYEHMS, STOT CMOCOO reoMeTpu4eckoro
n3obpaxeHus cnabbix MHOXECTB CTaHET HenpuemnembiM. Kpome TOro ynopsgo4eHHOCTb YMCeN Ha Yu-
CNOBOW MpPSIMON, Kak Mbl BUAENW Bbllle, COBMagaeT C YNOopsA0O4YEHHOCTbIO TOSMbKO NOSMOXUTENBHO Ha-
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NnpaBrieHHbIX YPOBHEN NMPUHAANEXHOCTU U HE COBMNadaeT C YNopsgo4YeHHOCTbIO OTpMLATENIbHO Hanpas-
NeHHbIX. Mo3TOMy Anst reOMeTPUYECKOro N306paxeHnst PYHKLUMN YPOBHEN cnaboro MHOXeCTBa fanblue
npeanaraeTcs Ucnob3oBath ABa Apyrux Gonee yHuBepcarnbHbix cnocoba.

Ha ocu abcumce mbl Bcerga byaem oTknagbiBaTb YMCOBLIE 3NeMeHTbl yHuBepcyma X — R cornac-
HO MX eCTEeCTBEHHOW yNopsgOYEHHOCTU, @ B POSIM OCU OpAMHAT B NEPBOM CrlyYae MCnorib3oBaTb 00bly-
HYyl0 OCb, koTopas OygeT cogepxaTb 3HA4YeHWUs HeHanpaBfEHHbIX YPOBHEW MNPUHALNEXHOCTM o(X),
X € X, ynopsijo4eHHbIe COrMacHO CTPOroMy NuHenHomy nopsgky S, Ha M, a BO BTOPOM — OCb Ha-
npaBrieHHbIX YPOBHEN NPUHAANEXHOCTU (pUC. 2), Ha KOTOPON ByayT OTKNaAbiBaTbCA 3HAYEHME Hanpas-
NEHHbIX YPOBHEW NPUHAONEXHOCTUN v(X), yNopaAoYEHHbIE COrMacHo CTPOroMy NMHENHOMY Nopsaaky S,
Ha M, (1).

PaccmMoTpum nepBbIit cnocob reoMeTpruyeckoro n3obpaxeHusi cnabbix MHOXecCTB Gonee geTanbHo.
YunTtbiBasi, YTO KaXkabl SNIEMEHT YHMBEPCYMa MOXET UMETb TOSNbKO ABE HanpaBfieHHOCTU CBOErO YpPOB-
HSA NPUHaZNEeXHoCcTn cnaboMy MHOXECTBY, a NepBas KoopAuHaTa « HanpaBfiEHHOro YpPOBHS MpuHag-
NeXHocTn (o, ®) MOXET MPUHMMATb 3HAYEeHUs1 TONbKo M3 oTpeska [0; 1] He3aBMCMMO OT CBOEN Hanpas-
NeHHOCTM », BygemM Mcnonb3oBaTb OCb HEHaMNpPaBIiEHHbIX YPOBHEW NPUHAAMNEXHOCTM OLHOBPEMEHHO
AN n30bpaxeHuns Kak MonOXUTENbHO, Tak U OTPMLATENBHO HaNpPaBEHHbIX YPOBHEN NMPUHALIEXHOCTH,
n3obpaxan rpadmk pyHKUMN o(X) B 3aBUCMMOCTM OT 3HAYEHWUs] HanpaBrieHHOCTU ®(X) NO-pasHoMy.
PaccmoTpum npasuna nepBoro cnocoba reoMeTpuyeckoro n3obpaxeHunss cnabblx MHOXECTB AN OBYX
cny4vaes, korga yHuBepcyMm X MMeeT MOLLUHOCTb KOHTMHYYMa, M Korga 3TO MHOXECTBO AMCKpeTHo. B

oboux cnyyadax and reometTpuHeckoro VI306pa>KeHVI$| cnaboro mHoxectBa A B X 6yﬂ,eM MCnoJs1b30BaThb
I'paCbVIK ee beHKLWIVI HeHanpaBJ1I€HHbIX ypOBHeVI NMPUHAANEXHOCTU O 4, UCNOJb3YA OCb abcuucc gns

OoTODOpaXeHMs1 3reMEHTOB YHMBEpPCYMa, a OCb OpauHaT — ANS 3HAa4YeHMI HeHarnpaBrieHHbIX YPOBHEN
npvHagnexHocTn. B cnyyae KoHTMHyanbHoro yHuBepcyma X Ty 4yacTb rpadumka, KoTopasi oTBevaet
anemMeHTaMm yHMBepcyma C MonoXMTENbHON HanpaBneHHOCTLI0 YPOBHEWN MpUHaAnexXHocTn, byaem mnso-
OpaxxaTb CNIIOWHON NNHWEN, a Ty, KOTopas OTBEYaeT 3fieMeHTaM C OTpuLaTENbHOW HanpaBneHHOCTbIO
— NYHKTUpHOW. B Touke nepexoda rpaduka u3 ogHoOro Knacca HanpasfieHHOCTeln cnaboro MHOXecTBa B
opyron 6yaem usobpaxaTb CTpernky, HanpaBfieHHY B CTOPOHY OTKPbITOM rpaHuubl knacca. Ha
puc. 3 cornacHo 3TUM npaBwunam NpuMBEAEH NPUMEP FEOMETPUYECKOrO M300paKeHUs KOHTUHYarnbHOro
cnaboro mHoxectsa [ x|a(x) + [ x|a(x)"+ [ x|a(x)" npu X =[0; 10]. B pansHeiwem
xe[0;4) xe[4;6] xe(6;10]

B CIly4Yae Takoro reoMeTpu4eckoro ToNkoBaHus cnaboro MHoxecTea 6yaeM roBoputb, YTo craboe MHo-
)KeCTBO M300pakeHo B HEHaMNpaBMeHHbIX UK OBbIYHbIX OCAX KoopauHaT.

B cnyyae guckpeTHOCTM yHMBepcyMa X TOYkM rpadhmka, KoTopble OTBEYaloT afieMeHTaM YHMBEpPCYMa
C MONOXMWTENbHOW HaNpPaBNEHHOCTLIO YPOBHEN NPUHALNEXHOCTH, Byaem o0003Ha4yaTb TOYKOM, @ TOYKM,
KOTOpble OTBEYAlOT SfIEMEHTAM C OTpuUaTENbHOM HanNpPaBfEHHOCTLI YPOBHEW MPUHALNEXHOCTU — TU-
pe. Ha puc. 4 B COOTBETCTBUM C 3TUMKU NpaBunamu NpyMBeneH NpumMep KOHeYHOro craboro MHoXecTBa
0|06 +1|06 +2|06 +3|04"+4|04"+5|0,2°+6]0,2°+7|0,2"+8|0,6 +9|0,6 +10|0,6°
BX={0;1;2;3;4;5;6;7,;8;9; 10}.

Tenepb nepengemM KO BTOPOMY BO3MOXHOMY CMOCOOY reomMeTpuyeckon MHTeprnpeTaumm cnabbix
MHOXECTB, COrflacHO KOTOPOMY B KOOpPAMHATHOW cucteme Ansi u3obpaxeHus rpadmnka pyHKUMKN Ha-
NnpaBrieHHbIX YPOBHEN v(X) cnaboro MHOXeCTBa B poONiM OCU opauvHaTt OyaeT Mcnonb3oBaTbCA OCb Ha-
NpaBfieHHbIX YPOBHEN NPUHAANEXHOCTU. 10 OTHOLLEHMIO K TAKOMY CNocoby reoMeTpUYEeCKon NHTepnpe-
Tauum cnabbix MHOXecTB Byaem roBopuTb, YTO criaboe MHOXECTBO M300pakeHO B HanpaBreHHbIX
ocsX KoopAauHar.

Insa Toro, 4to6bl NOAYEPKHYTE OCOOEHHOCTU OTPULIATENBHO HaMNPaBIEHHbLIX YPOBHEN NPUHAONEXHO-
CTM N COXPaHUTb OOHOTUMNHOCTb FEOMETPUYECKOrO N306paxkeHNss cnabbiX MHOXECTB B HanpaBreHHbIX U
00ObIYHbIX OCSIX KoopauHaT, byaem nsobpaxaTtb rpacdmk QyHKUUKM v(X) B HanpaBneHHbIX OCAX KOOpAMHaT
Ona oTpuuaTenbHO HanpaBfeHHbIX YPOBHEN NPUHAANEXHOCTU (X) NO TeM Xe npaBuiam, KoTopble Mbl
NpUHANK 4na QYyHKUMK o(X) B 0BbIYHBIX AEKAPTOBbIX OCAX.

Ha puc. 5, 6 B HanpaBneHHbIX OCAX KOOpPAWHAT n300paxeHbl Te e camble cnabble MHOXeCTBa, KOTO-
pble 6binM NokasaHbl B HEHanpaBIeHHbIX OCsIX Ha puc. 3, 4.

Kak Bugyum wn3 puc. 5, rpadmk HanpaBneHHbIX YPOBHEW NPUHAANEXHOCTM craboro MHoXecTBa

[ xla(x) + | x|oc(x)+ + [ x|a(x) B HanpaBreHHbIX OCAX KOOPAMHAT MMEET PaspbiBhbl
xe[0;4) xe[4;6] xe (6;10]
npy x =4 n x = 5, KOTOpble ANdA criyyas 4ENCTBUTENbHOM (PYHKLUUN OENCTBUTENBbHOrO aprymeHTa Mbl Obl
Ha3Banu paspbiBaMu NepBoro poaa. B ToT e Bpemsi, B HEHaMNpPaBreHHbIX OCSIX 3TO cnaboe MHOXECTBO
BbIFMSANT HEenpepbiBHbIM. OTO 0OBACHSAETCA TEM, YTO B OBObIYHbIX A4EKapTOBbIX OCAX OCb OpAUHAT eCTb
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haKTM4eCKn OCbl0 HeHanpaBreHHbIX YPOBHEW MPUHAANEXHOCTH, KaXaas ToYKa KOTOPOW MOXeT OTBe-
YaTb ABYM PasHbIM HanpaBneHHbIM YPOBHSAM MPUHAANIEXHOCTN C OQHVMM U TEM Xe 3Ha4yeHUeM HeHa-
NPaBiEHHOrO0 YPOBHS M MPOTUBOMOMNOXHBIMWA 3HAYEHUSIMU HanpaBneHHOCTU. [loaTomy B 3TOM crnydyae
Mbl (haKTU4ECKMN MCMONb3yeM BMECTO rpadumka yHKunn v(x) rpacdumk dyHKumMm a(x), n Tonbko cnocod
n3obpaxeHns NMHUK rpadpmka roBOPUT O HaMPaBIEHHOCTN COOTBETCTBYIOLUMX YPOBHEN NMpUHAOMNEXHO-
cTu. B TOT e Bpemsi B HanpaBreHHbIX OCAX MEXAY MHOXEeCTBOM TOYEK OCU OpAMHAT M MHOXECTBOM
HanpaBneHHbIX YPOBHE NpuHagnexHocTn npoctpaHctea M, cyuwectsyeT buekums. Moatomy Kax-

Aasa To4YKa oCcuM opAuHAaT OTBEeYaeT TOJIbKO OAHOMY HanpaBleHHOMY YPOBHIO NMPUHAANEXHOCTU U Hao60-
poT KaXkdbl OTAENbHbIN Hal'lpaBJ'IeHHbIVI YpPOBEHb NPUHAANIEXHOCTN OTBEYaET TOJIbKO O[HOWN TOYKE OCK
opauvHar.

C nomoubto puc. 7 Mbl MOXEM TaKxe y6eD,VITbCF| B TOM, 4YTO reomeTpuyeckoe M306pa)KeHVle cnaboro

MHoxecTBa A B X = [0; 10], KOTOPOE BbIFMSANT HEMPEPbIBHLIM B HAMPaBMEHHbIX OCSIX, UMeeT paspbiBbl
B 0ObIYHbIX OCSAX KOOpAMHAT. Ha 3TOM Xe puCyHKe nokaszaHa reomeTpuyeckasl MHTeprnpeTaums CUCTEMBI
HeYeTKUX peanusaumnin cnaboro MHOXXeCTBa, Kak MHOXXECTBA TOYEK B HEHAMNPaBIEHHbIX OCAX KOOpAUHAT,
KOTOpble yAOBNETBOPSAIOT ycnoBusiM (3). Takoe MHOXeECTBO Tovek byaem Ha3biBaTb 30HOW peanusauumn
cnaboro MHoXxecTBa.

Llenecoobpa3sHo 1cnosb3oBaTth 06a NpeanoxeHHble Bbille criocoba reoMeTpruyeckoro n3obpaxkeHus
cnabblx MHOXECTB, BblOUpasi oavH U3 HUX B 3aBMCMMOCTM OT YCIOBUI 3adaun, koTopas 6yaeTt pelwlaTtb-
Cs1, UNK TOT, B KOTOPOM 3TO M30bpaxeHue OyaeT BocnpuHMmaTtbesa npolle. Boibop Buaa ocelt MOXeT 3a-
BMUCETb B YACTHOCTW OT TOrO, KaK B HUX BOyaeT BbIrMsaeTb reomeTpuyeckoe nsobpaxeHme cnaboro MHo-
KeCTBa: paspblBHbIM UK HenpepbiBHbIM. Kpome Toro, ecnn BO3HUKHET HEOBXOAMMOCTb B O4HMX OCHAX
BMeCTe CcO cnabbiMy MHOXeCcTBaMu M3obpaxaTb TakKe HeyeTkue MHOXeCTBa, TO OYeBMAHO, YTO 3TO
uenecoobpasHee genatb B HeHanpaBrieHHbIX OCAX, B KOTOpbIX nocregHue 6yayT uMmeTb 0bbluHOE U30-
BpaxeHune. OcobeHHO 3TO KacaeTcs cryyas, kKoraa BMecTe C reomeTpuyeckumMm nsobpaxeHnem cnaboro
MHOXeCTBa HeOOX0AMMO NokasaTb OAHY UMM HECKONbKO €ro HeYeTKMX peanu3auui unm 30Hy BCeX ero
peanusauun.

3ameTm Takke, 4To 06a nMpeanoXxeHHble crnocoba reoMeTpu4eckoro nM3obpaxeHus cnabbiXx MHO-
KECTB MOXHO OYEBUHO MCMONb30BaTh B Cryyae korga X < R . Mpu aToM Anst U306paxeHunst anemeH-
TOB YHMBEPCYMA AOIMKHbI MCMONb30BaThCA ABE 0ObIYHbIE OCM KOOPAMHAT, a B PONv TPeTben ocu, B 3a-
BMCMMOCTU OT BbIOpPAHHOrO crnocoba reoMeTpuyeckoro n3obpakeHus, HeobxoaMMO MCMnosb30BaTh
COOTBETCTBEHHO HEHAMPABMNEHHYIO UMM HaNpPaBlEHHYO OCb KOOPAMHAT.

Poor sets and their geometrical interpretation

The notion of poor set was introduced by the authors for the first time in [6]. In [7] is shown
how to apply the poor sets for the simulation of the indetermined parameters of complex sys-
tems. Poor set is more general and universal mathematical construction in comparison with the
fuzzy set. To formalize a poor set, the following concepts where introduced: space of non-
directional levels of membership M, (in contrast to the grades of membership in the theory of
fuzzy sets) as a set which contains minimal min M, and maximal max M, elements relatively to
some linear order D, predefined on this set; directivity as a property of level of membership
which can take one of two possible values from the space of directions of membership levels
M, :{+, —} on which the non-rigorous linear order D, is determined, when

D, = {(+ +),(+ —),(—,—)}; space of directional levels of membership M,, as a set
My, =M, xM,\ {(max M,; mian)} with the determined binary relation of rigorous perfect order

S for which (1).
Diagonal relations E_, E,, E,, Ha M,, M,, M, are accepted as the relations of the ele-

ments’ equality of the corresponding sets, and their complements — as corresponding relations of
inequality. Relations S, =D, \E,, S, =D, \E, and D, =S 6 VE,, are accepted as the rela-

tions of rigorous order on sets M,, M, and non-rigorous order on set M, correspondingly which is
natural for the theory of binary relations. Elements of set M, are ordered pairs (a, m), aeM,,

oeM, , for which more simple and convenient notation a® is introduced. In case of known val-
ues of directions (for example o=+ Ta y=-) we will write (o,+), (B,—) or o, p~ and call

level ot a positively directed and level B~ — negatively directed.
In the most simple case, the space of non-directional levels M, = [0; 1] with the defined on it
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natural relations of order >, > and opposite to them <, <, and also diagonal relation = and its
complement = are used. In this case M,,, =[0;1]x{+, —}\{(1 -)}.

For convenience, we will denote the relations S, D, E,, Em on the set M = {+, —}, and al-

E E,. on the set M, equally and analogously to the corres-

o’ am

so the relations S,,, D,,,
ponding relations on the set of real numbers with the help of sings >, >, =, =. Relations, inverse
to the relations S, S,, and D, D, we will denote with the help of signs <, < correspond-
ingly.

To find the geometrical representation of the Cartesian product M, x M, we will use the Car-
tesian coordinate axes. Along the axis of abscissas we will set the space of non-directional levels
of membership M, = [0; 1] and along axis of ordinates — from bottom to top two elements of

space of directions in ascending order according to the rigorous linear order S, on M, (1). In this
case the space of directional levels of membership M, which consists of ordered pairs (a, 0)),
aeM

on the level of direction + and all inner and leftmost points of line segment on the level of negative
direction (Fig. 1).

Limiting points of upper line segment on this figure correspond to the points (min M, ; +) and
(max M,, +) of space M, . Rightmost point of the bottom line segment does not belong to the

o< M, and do not holds pair (1; +), will be represented by all points of the line segment

o’

space M, (this is denoted by the arrow on the right side of this line segment) and leftmost
boundary of this point corresponds to the point (min M, ; —) of space M, . Direction of growth of
the values of directional levels of membership according to the rigorous linear order S, , on M,
is denoted on the figure by the dotted arrows.

We introduce the notion of axis of the directed levels of membership, as the unique line seg-
ment, the points of which one-for-one answer all the space elements M,,, and are ordered from the
left to the right, following the strict linear order S, on M. Fig. 1 shows that the lower section with-
out the right limiting point, and the upper section with both limiting points can be connected continu-
ously, and the left boundary of the upper section, which answers to the point min M = 0 will simulta-
neously be the right limiting point of the low section. In the result we get the axis of the directed
levels of membership (Fig. 2). Direction of growth of the values of directional levels of membership
according to the rigorous linear order S, on M,, is denoted on the figure by the dotted arrows.

In [1] the set of ordered pairs {(x Va (X))lXEX, vai X —> Mm} is called a poor set A inside
the universe X and vector function v, is called a function of directional levels of membership or
simply function of levels of poor set ;\ Function of levels of the arbitrary poor set i\ can be
represented by the pair of functions o, : X - M, 0, : X — M, for which (2).

The first function of the pair a4 which for each element of universe X brings in correspondence
some non-directional level of membership, we will call a function of non-directional levels of

poor set ,Z\ The second function of pair w, assigns for the same elements direction of their lev-

els of membership. We will call this function a function of directions of poor set 2\ Thus func-
tion of levels of poor set A can be represented in vector form as a function v, or in coordinate
form as a pair of function (o4, @4 ).

A connection can be established between poor and fuzzy sets, assuming that the poor set,
formed in some universe define for each element of universe single-sided boundary of possible
values of its level of membership to the non-formed yet in this universe fuzzy set. The positively
directed levels of membership determine minimal possible values of levels of membership and
negatively directed — their maximal possible values. According to such interpretation of directional
levels of membership, there had been introduced a conception of realization of poor set [3]. Poor

set A in X which membership function p,: X — M, satisfies the conditions (3) is called realization
of poor set A in X.

All fuzzy sets in X, which satisfy conditions (3), form system of fuzzy realizations R(A) of poor

set A.
Let's consider the possible ways of geometrical interpretation of poor sets and their systems of
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fuzzy realizations. It is known that fuzzy sets in X have geometrical representation in the form of
membership function graphic when X cR, or X < R2, where R — set of real numbers. It would

be convenient to have a geometrical interpretation of poor set under the same conditions. In this
case under condition that X R it is possible to specify positively directed levels of membership
using positive values of ordinate axis and negatively directed — using negative values of this axis.
But in case of more general form of set of non-directional levels of membership M, cR, when it

contains not only positive but also negative numerical values this method of geometrical repre-
sentation of poor sets will become unacceptable. Besides as we have seen above ordering of
numbers on the numerical axis coincides only with ordering of positively directed levels of mem-
bership and do not coincide with ordering of negatively directed ones. Because of that two other
more universal methods of geometrical representation of functions of levels of poor sets are pro-
posed. Along axis of abscissas we will always measure the numerical elements of universe
X <R according to their natural order and use in the first case in the role of axis of ordinates a
usual axis which will hold values of non-directional levels of membership a(x), xeX ordered ac-
cording to the rigorous linear order S, on M,. In the second case in the role of axis of ordinates
we will use axis of directed levels of membership (Fig. 2), along which we will lay off values of di-
rected levels of membership v(x) ordered according with rigorous linear order S, on My, (1).
Let's consider the first method of geometrical representation of poor sets in more details. Tak-
ing into account that each elements of universe can have only two directions of its level of mem-
bership to poor set and that first coordinate « of directed level of membership (a, ®) can take its
values only from segment [0; 1] independently of its direction ®, we will use axis of non-directional
levels of membership simultaneously for representation of both positively and negatively directed
levels of membership drawing graph of function a(x) differently depending on value of direction
o (x). Lets consider the rules of the first method of geometrical representation of poor sets for two
cases: when universe X has power of continuum and this set is discrete. In both cases to geomet-

rically represent poor set A in X we will use graph of its function of non-directional levels of
membership o, . We will also use the axis of abscissas to measure the elements of universe and

axis of ordinates — measure the values of non-directional levels of membership. In case of con-
tinuous universe X we will represent with a solid line part of the graph which corresponds to the
elements of universe with positive direction of levels of membership and with a dotted line — part
which corresponds to the elements with negative direction. In the point of transition of graph from
one class of directions of poor sets into the other we will show arrow, directed towards the side of
the open set boundary. According to those rules example of geometrical representation of the
poorset [ x|a(x) + | x|oc(x)+ + [ x|a(x) provided that X =[0; 10] is shown in
xe[0;4) xe[4;6] xe (6;10]

Fig. 3. From this point on in case of such geometrical interpretation of poor set we will say that
poor set is shown in non-directional or usual coordinate axes.

In case of discrete universe X points of the graph which correspond to the elements of uni-
verse with positive direction of levels of membership we will designate with dot, and points which
corresponds to elements with negative levels of membership — with dash. In Fig. 4 according to
this rules an example of finite poor set0 | 0,6 +1| 0,6 +2|0,6 +3|0,4"+4|04"+5]|0,2" +
+6|0,2°+7]02"++8|0,6 +9]0,6 +10]0,6 BX={0;1;2;3;4;5;6;7;8;9; 10} is shown.

Now let's proceed to the second possible method of geometrical interpretation of poor sets ac-
cording to which in the role of axis of ordinates axis of directional levels of membership will be
used in the coordinate system for representation of graph of function of directional levels v(x) of
poor set. We will say that poor set is shown in directional coordinate axes against such method of
geometrical interpretation of poor sets.

To emphasize distinctive features of negatively directed levels of membership and retain uni-
formity of geometrical representation of poor sets in directional and non-directional coordinate
axes we will represent graph of a function v(x) in directional coordinate axes for negatively di-
rected levels of membership w(x) according to the same rules that were described for function
a(x) in non-directional axes.

The same poor sets that were shown in the non-directional axes in Fig. 3, 4 are shown in di-
rectional axes in Fig. 5, 6.

As is seen from Fig.5 graph of directional levels of membership of poor set
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[ xla(x) + | x|a(x)+ + [ x|a(x)  in directional coordinate axes has discontinuity
xe[0;4) xe[4;6] xe(6;10]
at x =4 and x = 5, which we would call discontinuity of the first kind in the case of real function of
real argument. At the same time in the non-directional axes this poor set looks continuous. This is
explained by the fact that in usual Cartesian axes axis of ordinates is in fact an axis of non-
directional levels of membership each point of which can correspond to the two different direc-
tional levels of membership with the same value of non-directional level and opposite values of di-
rection. Because of that in this case we in fact use instead of graph of function v(x) graph of func-
tion a(x), and only manner of representation of graph line says about direction of corresponding
levels of membership. At the same time there is a bijective correspondence between the set of
points of axis of ordinates and the set of directional levels of membership of space M, in direc-
tional axes. Because of that each point of axis of ordinate corresponds to single directed level of
membership and vice versa, each separate directional level of membership corresponds only to
single point of axis of ordinates.

With the help of Fig. 7 we can make sure that geometrical representation of a poor set A in
[0; 10] that looks continuous in directional axes has discontinuity in non-directional axes. The
same figure shows geometrical interpretation of system of fuzzy realisations of poor set as set of
points in non-directional coordinate axes that satisfy condition (3). We will call such set of points
realization zone of poor set.

It is appropriate to use the above suggested methods of geometrical representation of poor
sets choosing one of them according to conditions of the problem which is being solved or choos-
ing the one which makes perception of poor set more simple. Choice of axes’ kind can in particu-
lar depend on either it will allow a geometrical representation of poor set to be continuous or dis-
continuous. Besides when required to show in same axes both poor and fuzzy sets the choice is
obviously for the non-directional axes which allows a fuzzy sets to have usual representation.
This concerns especially in the case when together with geometrical representation of a poor set
one or several fuzzy realizations of it or its realization zone must be shown.

It is also necessary to mention that both suggested methods of geometrical representation of poor

sets can obviously be used in case when X < R2. In this case both axes for coordinates of elements

from X must remain usual and in the role of the third coordinate axis directional or non-directional co-
ordinate axis must be used according to selected method of geometrical representation.

BucHoBKH

BBeneHO MOHSATTS OCi HANPSAMIICHUX PiBHIB HAIEKHOCTI, SK T€OMETPUYHOI IHTEPIpETAIlii MpoCTOpy
HaIMPSMJICHUX DPIBHIB HAJICKHOCTI CIIA0KMX MHOXKHH. 3aIllpOIIOHOBAHO JBA 3PYYHUX JISI BUKOPHCTAHHS
CIOCOOHM FeOMETPHUYHOTO 300pakeHHsI CIa0KuX MHOXKHH. B o1HOMY 3 IMX CHOCOOIB BUKOPHCTOBYETHCS
BiCh HaNpsMJICHUX PiBHIB HAJIE)KHOCTI, 5IKa BPaxoBYye 0COOIMBOCTI OiHAPHHUX BiAHOLICHH MOPSAAKY B IIPO-
CTOp1 HAMPSIMJICHUX PIBHIB HaJICKHOCTI. ToMy 1€l croci0 € HaRIpUPOAHIIINAM JJIs CTA0OKHUX MHOYKHH.

[lokazano, sik MO>kKHa 300pakaTu claOKi MHOKMHH B 3BHYAMHUX JEKapTOBHX OCSIX KoopauHat. Llei
cnocid 300pakeHHs € 0cOONIMBO AOLIIBHIM, KOJIM BUHUKAE HEOOXIIHICTh MOKA3aTH B OJHUX OCSX OJIHO-
YacHO cJTa0Ki Ta HEeYiTKI MHOXHMHH, 30KpeMa HEUiTKi peanizaiii, a00 30Hy HEUITKHX peaji3allii ciabkoi
MHOXHHHU.

BBeneni reomeTpuuHi 300paxkeHHs claOKUX MHOKHH CHPOLIYIOTH Ta MOJETLIYIOTh CIIPUHHSTTS, PO-
3yMIHHSI Ta BUKOPUCTaHHS TeOpii CIa0KMX MHOXHH, SIK HOBOTO YHIBEpCAIBHIIIOTO 3aC00y MOJCTIOBAHHS
CKJIaJHHUX CHCTEM B YMOBaxX HEBU3HAYCHOCTI JaHUX.

BbiBOAbI

BBegeHo NoHSTUE OCKM HanpaBfeHHbIX YPOBHEN MPUHAANEXHOCTH, KaK reoMeTpUYeckon UHTepnpe-
Tauum NPoCTpaHCTBa HanpaBMEHHbIX YPOBHEN NPUHAANEXHOCTU cnabbix MHoxecTB. [peanoxeHo aga
YOOOHbIX ANs UCMoNb3oBaHWs cnocoba reomeTpuyeckoro n3obpaxeHnst cnabbix MHOXecTB. B ogHom 13
3TUX CNocobOoB NCMONb3YeTCA OCb HanpaBEHHbIX YPOBHEN NPUHAANEXHOCTH, KOTopasi y4nTbiBaE€T OCO-
GEeHHOCTN BMHAPHbIX OTHOLLEHMWI MOpPsiAKa B NPOCTPAHCTBE HanpaBeHHbIX YPOBHEN MPUHAANEXHOCTH.
MoaTomy aTOT cnocob siBnsieTcs Hanbonee ecTeCcTBEHHbIM ANs CrabblX MHOXECTB.

MokasaHo, kak MOXHO M306paxkaTb crnabble MHOXEeCTBa B OObIYHbLIX AEKAPTOBbLIX OCAX KOOPAMHAT.
O710T cnocob nsobpaxeHns ocobeHHO LienecoobpaseH, Koraa Bo3HMKaAeT HeobXxoauMMOCTb NokasaTb B
OAHNX OCAX OAHOBPEMEeHHO cnabble 1 He4yeTkue MHOXecCTBa, B YaCTHOCTU HeYyeTKne peanunsauunmn, nnm
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30HY HEYETKUNX peanmsaumﬂ cnaboro MHoXxecTBa.

BBegeHHble reomeTpunyeckmne M306pa)KeHVI$| cnabbix MHOXEeCTB ynpowarT “n obneryatot BocCnpwu-
ATne, NOHMMaHue 1 UCnoJsib30BaHNe Teopun cnabbix MHOXeCTB, kak HoBoro Gonee yHuBepcarnbHOro
cpeactea MoaenmMpoBaHUA CIlIOXHbIX CUCTEM B YCITOBUAX HeonpeaeneHHOCTU AaHHbIX.

Conclusions

The concept of axis of directional levels of membership as the geometrical interpretation of
space of directional levels of membership has been introduced. Two convenient methods of geo-
metrical representation of poor sets are suggested. One of the methods uses axis of directional
levels of membership which takes into account the distinctive features of binary order relations in
space of directional levels of membership of poor sets. That is why the method is more natural for
poor sets.

Method of representation of fuzzy sets in usual Cartesian axes is shown. This method is es-
pecially appropriate in case when both poor and fuzzy sets must be shown in the same axes.

The suggested geometrical representations of poor sets simplify the perception, comprehen-
sion and usage of the poor sets theory as a new more universal means of simulation of complex
systems under conditions of data indeterminacy.
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