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AHHoTaumuA. 3dPeKTUBHOCTL BHIMOSHEHUA OMepauni Haf He4yeTKOo MpeacTaBfieHHbIMU
OaHHbIMU (HEYETKMMM MHOMECTBaMM M OTHOLLEHUAMM) MpY MOLENIMPOBaHUMN 0O BEKTOB B YCITOBUAX
HeonpeaeneHHOCTU BO MHOIOM OMnpefesifAeTCcA CIOHOCTBIO OpraHn3aLMm HeYeTKUX BbIYUCTIEHUN,
KoTopas, KaK MpaBW/lo, OCHOBbIBAeTCA Ha MpedsfioxeHHoM J1. 3aje npuHUMUMe paclunpeHua
C UCMOSIb30BaHMEM YeTKOWM QYHKLMUM B KadecTBe oTobpareHua. [pu onpenenieHHbIX YCNOBUAX
onepaumu Hag GyHKUMAMU NPUHALNEKHOCTU HEYETKUX MHOMECTB M OTHOLLEHUI, 6a3supyloLLmecs
Ha NpuHUMnNe paclumpenus J1. 3age, paBHO3HaYHbI MHTEpPBabHbIM OrnepaLmaM Hag UX 0-YPOBHAMM,
KOTOPbIe BbIMUCAIOTCA CYLLLECTBEHHO npolue. [JoKa3aTenbCcTBO 3TUX pe3ynbTaToB 0CHOBbLIBAETCA
Ha TeopeMe X. HryeHa. B psfe paboT opraHu3aums HeYeTKUX BblUUCTIEHWUI 0606LLaeTcs Ha cryyan
HEeYeTKOro oTobparKeHUA Meay GYHKLMAMM NPUHALNEHKHOCTU HEYETKUX MHOMECTB U OTHOLLIEHWI
Ha ocHoBe 0606LLLeHHO0 NPUHLLMMAE HEeYeTKOro pacLuMpeHus. OOHaKo B 3TUX UCCNeA0BaHMUAX [0 CUX
rop He 6bina pelleHa nNpobneMa npeacTaBineHUsA U [OKa3aTesIbCTBa BO3MOMKHOCTU peanu3auum
3TOro NpUHLMMA Npu Nepexofe oT onepauuit Hag GYHKUMAMM NPUHALNEHKHOCTU HEYETKUX MHOMECTB
M OTHOLLIEHWUI K anbTepHATMBHBIM OMepaLmaM Hag UX 0-yPOBHAMU. B cTaTbe onmcbiBaeTcA peanunsaums
HEYETKOr0 0TOBPAKEHUA MEM Y HEYETKMMU MHOMECTBAMU U OTHOLLEHWAMW, OCHOBaHHasA Ha HeYeTKow
KOMMO3ULMK GYHKLIMIA NPUHAAIEKHOCTU HEYETKMX MHOMKECTB U HEUYETKMX OTHOLLEHWI. [pegnaraeTca
TpPaKTOBKa 0606LLeHHOr0 NMPUHLMMNA HEYETKOro pacliMpeHUs, OCHOBAHHOIMO Ha HEeYeTKoM
KOMMO3ULMM XapaKTepUCTUYeCKUX GYHKLMIM a-ypOBHE HEYETKUX MHOMECTB U OTHOLLIEHUIA, @ TaKKe
6a3uMpyoLLMIACA Ha 3TOM MPUHLMMNE METOA HEYETKMX BblUMCIEHW. [JoKa3aHo yc/I0BMe paBHO3HAYHOCTU
pe3ynbTaToB HEYETKOM KOMMO3ULIMKM HA OCHOBE ABYX PACCMOTPEHHbIX MOAX000B, @ TAKHKE BbINoSIHeHa
CPaBHUTESIbHaA OLLEHKA CJIOMHOCTM BbIYMCSIEHUIA U CTEMEHW Napanienv3Ma npu ux peanusauuu.
Wcnonb3oBaHwe npegnaraeMoro 0606LLLEeHHOr0 NPUHLMNG HEYETKOMO pacLUMpeHns 1 6asumpyioLLerocs
Ha HeM MeTo[a HeYETKUX BblUMCIIEHWI NO3BOJIAET CYLLLEeCTBEHHO YNPOCTUTbL M pacnapasnsiennTb
peanunsaLmio HeYeTKUX BbIYUCTIEHWUI NPU MOAENIMPOBaHUM B YCIIOBUAX HeoNpeae/leHHOCTM 3a cYeT
NCMOJIb30BaHMA HEYUCNOBbLIX (JIOrMYECKMX) onepaLuin Hag 3HaYeHUAMKU XapaKTepPUCTUHECKUX
GYHKUMIA a-ypoBHEN HEYETKMX MHOMECTB M OTHOLLEHU BMECTO BbIYMCIIUTESIbHBIX Ornepauuin Hag
OeNCTBUTENbHBIMU 3HaYeHUAMMU QYHKLA NPUHALNEHKHOCTU 3TUX HEUYETKUX MHOMECTB U OTHOLLEHWUIA.
MonyyeHHble pe3ynbTaThl ABMAIOTCA Pa3sBUTUEM TEOPUM HEYETKUX BbIYMCIIEHUIA U BOCTpebOBaHbI
anA addeKTUBHOM peanmsaumuy onepaumin Haf HeYeTKo NpeacTaBeHHbIMU OaHHBIMU B 3a4a4ax
MoenMpoBaHuA 06 bEKTOB M NPOLLECCOB B YC/TOBUAX HEOMNpeaeIeHHOCTU.
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Abstract. The effectiveness of operations on fuzzy presented data (fuzzy sets and relations)
in the tasks of modeling under uncertainty conditions is largely determined by the complexity of
fuzzy computing, which, as arule, is based on L. Zadeh’s Extension Principle using a crisp function.
Operations on membership functions of fuzzy sets and relations, based on the Extension Principle,
are equivalent to interval operations on their a-levels, which are much simpler to computing. The
proof of these results is based on Theorem H. Nguyen. The implementation of fuzzy computing
is generalized to the case of a fuzzy mapping between membership functions of fuzzy sets and
relations based on the Generalized Fuzzy Expansion Principle. However, the problem of representing
and proving the possibility of implementing the Generalized Fuzzy Expansion Principle in the
transition from operations on membership functions of fuzzy sets and relations to alternative
operations on their a-levels has not yet been solved. This paper describes the implementation
of a fuzzy mapping between fuzzy sets using a fuzzy relation, based on an approach to the fuzzy
composition of membership functions of fuzzy sets and fuzzy relations. An alternative approach
to the interpretation of the Generalized Fuzzy Expansion Principle is proposed, based on the fuzzy
composition of characteristic functions of a-levels of fuzzy sets and relations, as well as the method
of fuzzy computing based on this principle. The paper proves the equivalence of the results of fuzzy
composition based on the two approaches considered, as well as a comparative assessment of
the complexity of computing and the degree of parallelism in their implementation. The use of
the proposed Generalized Fuzzy Expansion Principle and the fuzzy computing method based on
it makes it possible to significantly simplify the implementation of fuzzy computing by using non-
numerical (logical) operations on the values of characteristic functions of a-levels of fuzzy sets
and relations instead of computational operations on the real values of the membership functions
of these fuzzy sets and relations.
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BsepneHue

OOJBIIMHCTBE HCCIIEIOBAHUM, I10-
CBSIIEHHBIX HEUYETKOMY aHallu3y
U MOJEJUPOBAHUIO, OPraHU3ALUS
BBLIUMCIIEHUH HaJl HEYETKUMH MHOKECTBAMHU
Y OTHOLIEHHUSIMM OCHOBBIBA€TCS HA Ipea-

noxxennom JI. 3ane (L. Zadeh) mpunnumne
pacmupenus (o6ob6menus) (Extension
Principle). icnonb30BaHue 3TOTO MPUH-
[[MI1a TTO3BOJIET PACUIUPUTH BBIYHCICHUS
HaJI YeTKUMH MHOXKECTBaMH Ha 00JacTh
HEYETKUX MHOXECTB C HCIIOJb30BaHUEM
0OBIYHOMN, YeTKONH (DYHKIIMU B KadyeCTBE
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