HeueTkne n rmu6pmaHbie HeMpPOHHbIE
ceTu

AHHOTauMA: PaccMaTpuBatOTCA: MaTeEMaTUYECKME OCHOBbLI HEYETKMX CUCTEM, NMPENMYLLECTBA U a/irOPUTMBbI
06yYeHMsl HEYETKUX HEMPOHHBIX CETEN, HEYETKME CETU C FEHETUYECKOM HAaCTPOMKOM, SKCMEPTHbIE CUCTEMbI Ha
OocHoBe rmbpuaHbix HC.

KnroueBble cnioBa: cMMBOJ/IbHAs 06paboTka MHhopMaLuK, onpeaeneHne, NHTENNeKT, MaTpula BeCoB, U3BNeYeHUe
3HaHWI, 0606LLEHNE, MHOXECTBA, 3HAUEHUE, NepeMeHHas, hYHKLIMS, NPaBuIO BbIBOAA, IMHIBUCTUYECKAs!
nepemMeHHasi, UHTeprpeTaumsi, HeYeTKoe

MHOXECTBO, BXOAHOW, AManasoH, onepaTtopsl, Mpon3BeaeHne, BEKTOP, arpermpoBaHue, 3HauMMOCTb, CETb, reHepaTop
(DYHKUMI, YMHOXEHUE, PELIEHNE CUCTEMbI JIMHENHBIX YPAaBHEHWI, OXMAAEMOE

3HaueHue, BEC, Pa3MepPHOCTb, EANHMYHAs MaTpuua, rpagneHT, METOA HaucKopenLwero

Crycka, NpeaCTaBieHne, HeuyeTKasi SKCriepTHas CMCTeMa, TEPM, JIOMMYECKUN, BbIBOA, FEHETUYECKUM

anropuTM, MoAesb NPOEKTMPOBaHUS, aHaIn3, TOYHOCTb, SKCNepTHas

cUcTeMa, AesTenbHOCTb, MHCTPYMEHTAPUIA, KOHTPOSIIEP, ONTUMM3aLMS, peayKums, 6a3a 3HaHui, onepauun, CYB[,

MHTennekTyanbHble UHPOPMALIMOHHDbIE CUCTEMbDI B YC/10BUSAIX
HeonpeaesieHHOCTH U pUcCka

C NOMOLUbIO CHMBO/IbHON 06PabOTKN MHGOPMALIMHM HE YAAETCS PELUUTb NPUKIAAHbIE 334a4M MHOTUX MPeAMETHbIX
obnacreil, ecnu Anst HUX HEBO3MOXHO NOJTYYMTb MOJHYI0 UHOPMALIMIO U ECIIN UX OfIPEE/IEHME HEAOCTATOYHO
MosiHo. Takasi CUTyaUmust XapakTepHa Assi:

CJTOXHBIX TEXHUYECKUX CUCTEM;

CUCTEM SKOHOMUYECKOTO NSIaHMPOBaHWS;
CouMasnbHbIX CUCTEM 60/bLUIOW pa3MepHOCTH;
CUCTEM MPUHATUS PELUEHWI U T.1.

BbIXO40OM SIBNSIETCA MCNOMb30BaHNE CUCTEM, OCHOBAHHbBIX HA MATKUX BbIYUCIIEHUSIX, KOTOpblIe BK/IKOYaloT B cebsi:

HEYETKYO IOrMKY U BEPOSITHOCTHbIE BbIUUCIIEHUS;
HEMPOKOMMBIOTUHI - 06yYeHne, afanTauus, Knaccubukaums, CUCTEMHOE MOAENMPOBAHUE U MAEHTUDMKALUWS;

F€HETUYECKUE BbIYNCIEHUA - CUHTES, HaCTpOVIKa n onTMMn3aumna C NOMOLLbO CUCTEMATU3NPOBAHHOIO CﬂyanIHOFO
NOWUCKa 1 3BOJTIOLUNN.

3TW COCTaBHbIE YaCcTU HE KOHKYPUPYIOT APYr C APYroM, a co3AatoT 3PdeKT B3auMHOro ycuneHus (rmbpuaHsie
cUCTeMsbl). Hapsily ¢ TEPMUHOM "MSIrKue BbIYUCTIEHNS" UCMONb3YETCS TEPMUH "BbIUUCTIUTENbHBIN MHTE/LTEKT" -
Hay4HOe Harnpas/eHve, rae pewwakTcs 3a4a4n UCKYCCTBEHHOMO MHTENIEKTa Ha OCHOBE TEOPUM HEUYETKUX CUCTEM,
HENPOHHBIX CETEN U 3BOJTIOLMOHHBIX (FEHETUYECKUX) BbIYMCIIEHWA.

HeueTk1e HeMpPOHHbIE CETU C FreHETUHECKOKM HAaCTPOMKOI NapaMeTpoB (rMBpuaHbIE CUCTEMbI) AEMOHCTPUPYIOT
B3aMMHOE YCU/IEHME AOCTOMHCTB U HUBENMPOBAHNE HE0CTAaTKOB OTAE/bHbIX METO/0B!

1. TpenctaBneHve 3HaHWUI B HEMPOHHbIX CETAX B BUAE MATPyL] BECOB HE NO3BONSAET O6bACHUTL PE3YNbTaThl
NpOBEIEHHOIO Pacno3HaBaHWsl MU NPOrHO3MPOBaHKWS, TOrda Kak B CUCTEMax BbiBOAa Ha 6a3e HEYETKUX
npaBun pe3ynbTaTbhl BOCMPUHMMAIOTCA Kak OTBETbI Ha BONPOCHI "noyemy?".

2. HelpoHHble ceTy 06y4aroTCs C MOMOLLBIO YHUBEPCANIBHOrO afiropuTMa, T.€. TPYAOEMKOE MU3B/IEHEHNE
3HaHWYi 3aMeHsIeTcs C6OpPOM AOCTATOUHOM MO 06beMy 06yvatoLlel BbI6OpKW. 1Sl HEYETKMX CUCTEM
BbIBOAA M3B/IEHEHNE 3HAHMY BKITIOYAET B Ce6S CIOXKHBIE NpoLecchl (hopManmsaumnm noHATUIA, onpeaeneHme
dJYHKLlMi/'I NPUHaANEeXHOCT!, cbopMMposaHme npaswun BbiBOAA.

3. HeueTkne HEMPOHHbIE CETM 0BYYAIOTCA Kak HEMPOHHbIE CETU, HO UX pe3y/NbTaThl OBbACHSAIOTCA Kak B cMCTEMax
HEeYyeTKoro BbiBOAA.

HeueTkne MHOXecTBa

MoHaTMe HeueTknx MHoXeCTB (fuzzy sets) kak 06061 eHme 06bI4HbIX (YETKMX) MHOXECTB 6bis10 BBeaeHo J1.3aae B
1965 r.. TpaaUUMOHHBIN CNocob NpeaCcTaBNEHUS SIEMEHTA MHOXECTBA < L COCTOUT B NMPUMEHEHUN
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XapaKTepnucTtnyeckon CbYHKLWIM j : “‘ ', KOTOpada paBHa 1, €CJT1 NIEMEHT NPUHAANEXUT MHOXECTBY 'l- , Wnn
paBHa 0B NPOTUBHOM Clly4ae. B HeueTKknx cuctemMax 3fieMeHT MOXET YaCcTUYHO NpUHaanexatb n|06omy MHOXXECTBY.

CreneHb NpUHAANEXHOCTN MHOXECTBY 1 , NPeAcTaBnsoLas coboit 0606LLEHME XaPAKTEPUCTUYECKON dyHKLUK,

pa(x) € [0,1]

y Lala)
HA3bIBAETCA CDYHKLI,MeVI NPUHaANEXHOCTUN ; : hl:* ', NpU4eEM

palae) =0 v A . palr)=1_

n O3Ha4a€eT OTCYTCTBME NMPUHAANEXHOCTU - MHOXECTBY , a NOMHYIO
NPUHAANEXHOCTb. KOHKDETHOE 3Ha4deHne qDYHKLlVIVI NPUHAANEXHOCTUN Ha3bIBAETCA CTENEHBIO NN KOBd)dJVILWIeHTOM
NPUHAANEXHOCTH.

JINHrBUCTUYECKMNE NnepeMeHHble

B TeopuM HEYETKNX MHOXECTB, MOMUMO NepeMeHHbIX LlVIdeOBOI'O TMNa, CywecTBYyOT JIMHIBUCTUYECKUE NEPEMEHHbIE
C npunmcbiBa€MbIMMN UM 3HAYEHUAMMU.

Myctb I oBo3HauaeT TemMnepaTypy. MOXKHO OMNpefenvTb HEUETKNE MHOXECTBa "oTpuLaTenbHas"”, "6nmskas K
Hon ]um{_«f ) Heuyal\ T )
I

Hyno", "nonoxuTensHas", xapaktepusyemble QyHKUMAMU NPUHAANEXHOCTH

[ (&
, Hrnoaox | ) . JIMHrBUCTUYECKan r1EpemerHHas "TemMnepatypa” MOXET NMPUHUMATL 3HayeHns "oTpuuarenbHas"

"6nu13Kkas K Hyno", "nonoxuTensHasn". @OyHKLMS HEYETKON NPUHAANEXHOCTU ABNAETCA HEMPEPbIBHLIM
NPUBAMKEHNEM NOPOroBOM (DYHKLMM TOUHOW MPUHALNEXHOCTM.

HeuyeTkue npasuna BbiBOAA

[lpaBusio BbIBOAG
ecm I 370 'l , TO Y 3To B

Ha3bIBAETCSl HEYETKOM UMMIMKALMEN l > I3 , ecnu 1 " Jlr)) - JIMHFBUCTUYECKUE 3HAYEHUS]
(3HAYEHWS JIMHIBUCTUYECKOH NIEPEMEHHOM), WAEHTU(MOULIMPOBAHHbIE HEYETKMM CMOCOBOM Yepe3 COOTBETCTBYHOLIME
(YHKUMM NPUHAANEXHOCTU AJ1S NEPEMEHHBIX.

. ; o i
Yactb " L' 310 4 'l " Ha3bIBaeTCs ycnoBueM (Npeanocbinkon), a " Y 3To Jr' j " - cneacTBneM (3aK/TIOUYEHUNEM).

06061ermne pns N -MepHoro BekTopa I :

ll' n L2 3TO ll-} Messn LN 3To '-1-"‘.,T0 Y 3TO 1;5‘, l] 1-3 e
0603HayaloT BENMYMHbI COOTBETCTBYHOLMX KO3DPUUMEHTOB

ialx;), e =1,2,....,1 V, nuply)

ecnm A l 3TO o

Ay, B

NPpUHaANEeXxXHoCTn “

BoaMoxHa uHTEDIpETaLUMS . (2 )

B (hOpPME JIOrMYECKOro NPOM3BEAEHNS!
palx) = min;—y.  npalx;)

B chopMe anrebpanyeckoro npoun3seaeHus
pale) = I | jalz;)

(arpervpoBaHu1e NpeanocbIku).



)

Kaxkpoi uMnavkaumum l — B MOXHO NpUNUCaTb 3HaYEHME DYHKLMN NPUHAANEXXHOCTY HA-B\T,Y).

d)opMa JIOrM4ECKOoro npomsBeaeHuns

pasp = minipa(x), pp(y)}

copMa anrebpanyeckoro nNpovsBeseHuUs

fa-sp = palx)uply)
arpervpoBaHue Ha YpoBHe UMMMKauuu).

CucreMbl HeueTKkoro sbiBoga Mamaanuu-3age

DneMeHTbl TEOPUM HEUYETKMUX MHOXECTB, NpaBuna UMNINKALMK U HEYETKUX PacCy>XAeHW 06pasytoT cuctemy
HeYeTKOro BblBoAa. B HEN MOXHO BblAENUTb:

MHOXXECTBO MCMOJIb3YEMbIX HEYETKUX MPaBws;
6a3y AaHHbIX, COAEPXaLLy ONMUCaHUS GYHKUMI NPUHAANEXHOCTY;
MEXaHW3M BblBOAA M arpervpoBaHusi, KOTOPbIN (OPMUPYETCS NPUMEHSEMBIMM MPABUIAMU UMIIMKALMM.

B cnyyae TEXHUYECKOM peannsaunmn B Ka4ecTtBe BXOAHbIX N BbIXOAHbIX CUIHASI0B BbICTYNAOT U3MEpPSAEMbIE BETUUYNHDI,
OAHO3Ha4YHO conocTaBfidloWne BXOAHbIM 3HAYEHUAM COOTBETCTBYOLWME BbIXOAHbIE 3HAYEHUA.

[Ans obecneyeHnss B3aMMOAEWCTBUS 3TUX ABYX BUAOB BBOAMTCS HEUYETKas CUCTEMA C TaK HasblBaEMbIM
asncukaTopoM (NpeobpasoBaTenieM MHOXECTB BXOAHbIX AAHHLIX B HEYETKOE MHOXECTBO) Ha BXOAE W
aedasndurkaTopoM (NpeobpazoBaTeneM HEYETKUX MHOXECTB B KOHKPETHOE 3HAYEHME BbIXOAHOW NEpPeMEHHON) Ha
BbIXOZE.

dasuncdmkaTtop npeobpasyeT TOHHOE MHOXKECTBO BXOAHBIX AAHHBIX B HE\-4ETKOE MHOXECTBO, OnpeaesnieHHoe C
NOMOLLBI0 DYHKLMKN MPUHAANEXHOCTU, a~aedasndukaTop pewwaet obpaTHyto 3agady - popMUpyeT 0AHO3HAYHOEe
peLLeHNe OTHOCUTENIbHO BXO4HOM NEPEMEHHON Ha OCHOBaHWUM MHOMMX HEYETKMX BbIBOAOB, BbipabaTbiBaeMbIX
UCMOMHUTENbHBIM MOAY/IEM HEYETKOMN CUCTEMBI.
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MHGKECTRO MHOMECTRO
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Puc. 1. BbiBoA B HEYETKOM CUCTEME MpU Hanuuum M npasun

BbIx0oZHOM curHan Moaynsi BbiBOAA MOXET UMETb BUA -111" HEYETKMX MHOXECTB,
onpeaensoLnX J1arna3oH USMEHEHUS BbIXOAHOM nepeMeHHoW. [edasndukatop npeobpasyeT 3TOT J1ara3oH B OQHO
KOHKPETHOE 3HAYEHME, NPUHUMAEMOE B KQUEeCTBE BbIXOAHOrO CUrHasa BCEN CUCTEMDbI.

B Mogenu BeiBoaa MamaaHu-3aae NpuUCyTCTBYIOT Cleaytowmne orneparoper.



ornepaTop NIOrM4Yeckoro Uan apudMeTUYEeCKoro Npou3BeaeHUs Ans onpeaeneHns pesynbTUPYIOLLEro YPOBHS
aKTMBALMK, B KOTOPOM YYUTLIBAIOTCA BCE KOMMOHEHTLI BEKTOPA YC/OBMS;

onepartop Norn4eckoro nnun apVId)MeTVI‘-IeCKOFO nponsBeaeHNAa Anga onpeaeneHnsa 3Ha4yeHna qDYHKLWIVI

NPUHAANEXHOCTUN And BCEW MMMNIMKaLuuK <
onepartop JIornyecKom CYMMbI KaK arperatop paBHO3Ha4HbIX pe3ynbTaToOB UMMJIMKALMN MHOIMMX NpaBul,;

N N s y
onepatop AedazndukaLmm, TPaHCPOPMUPYIOLLIMIA HEYETKMIA pe3ynbTaT /I B yeTkoe 3HayeHve = ,
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Marcumym

Puc. 2. lNpumep cucteMsl BbiBoga MamMaaHu-3age
£y, L9
Ha puc. 2 npeactaBneH cnocob arperMpoBaHns nNpy ABYX BXOAHbIX MEPEMEHHbIX -.

Norunueckoe rpoussegerne (onepatop TTLLTL ) ucnonbayerca kak ans arpernposaHus HEYETKMX NPaBun

OTHOCUTENIbHO KOHKPETHBIX NEPEMEHHBIX £Li , v =1, =, obpasytowmx sexrop L' , Tak n Ha ypoBHe

uMAMKaLMm A » IS ANSt OAVHOYHbIX NPABUN BbIBOAA. ArpErvpoBanme MNANKaLM, KacakoLmxcs
npasun [ w2 , MPOBOAMTCS C UCTONb30BaHWEM Jlorndeckoii cymmsl (onepatop /TLCLL ),

dasudpukartop

dasndumkaTop npeobpasyeT -\ -MEpHbIi BEKTOP L= ['! 1362y ...y &N

Xa ; palr)
pakTepusyemMoe yHKUMEN NPUHALIEXHOCTH .

HambonbLueit nonynspHOCTbIO NMOJb3YHOTCS (PYHKLMM FayCCOBCKOMO TWMA, TPEYroibHbIE U TpaneuenaanbHble
yHKUMK:

ObLwas cdopmMa rayccoBckon (yHKLMM
pa(x) = exp[—(z — ¢)* /o]
(* - LeHTp HeYETKOro MHOXECTBA,

T - ko3thULIMEHT LWMPOTHI.

B HEYETKOE MHOXXECTBO -'1 '



CUMMeTpUyYHasi TpeyrosnbHast (pyHKLMs
palz)={1l— |z —c|/d, npux € [c — d,c+d|;
0, st OCTANbHBIX T},

€ - yentp,

d - LMPHHa.

Tpaneuemnaanaﬂ yHKUMSA

pa(x) =10, npu x/gtz w x/lty;
I, ipuc—t/2 <z < c+ /2
s(z—x), npuc+t/2<x < 2
s(:

r—y), nmpuy <z <c—t/2;},

S - yron HakoHa.
Mpu l" —_ '” Nnosly4aeM TpeyronbHyto yHKLMIO.

Oedasuncdukarop

TpaHCchOPMNPOBATb HEYETKOE MHOXECTBO 1‘ t ( Y j o -I‘ lA—B (U } B TOYEYHOE peLleHne U MOXHO
MHOIMMK crnocobamu:

1. Jedasndukaums oTHocUTENbHO LeHTpa obnactu

Yo = / wy) -y -dy/ [ n(y)dy

wn

Yo = Z;:{.ml : ;m-/z plyi)

2. [ledbasndmKaLmsi OTHOCUTENBHO CPEAHEro LieHTpa
Z p(ci) - eif z ple;)

i=1,M i=1.M

roe Ci . ueHtp ¢ -ro HeueTkoro npaswna,

H ({ 1 ]I - COOTBETCTBYIOLLAS (OyHKLMS NPUHAANEXHOCTH.

3. [edasndukauns OTHOCUTENBHO CPEAHEr0 MaKCMMyMa



yv =Y  yi/m.
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roe 1Tl - konuuecTBo Touek, B KOTOPbIX / \ Yi, JIOCTUraeT MaKCUMasbHOrO 3HaUYEHUs.

tly) .
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4, BblIbMpaeTCs MUMHUMAsIbHOE M3 MaKCMMalbHbIX 3Ha4YeHUn = :

Ys - vauvenswee ns Y , NS KOTOPbIX A UH" = aL

5. BbI6VIpaETCF| MaKCUMasbHOe U3 MaKCUMasbHbIX 3HaYEHWI:

Yl - vansonbuee s Y , ANSt KOTOPbIX A Uﬁ" — Tax

Mopenb MamaaHu-3age KaKk YyHMBEpCaJibHbIW annpoKCcCuMaTop

MO,U,EJ'IVI HEeYEeTKOro BbiBOAa NO3BONAKOT OMNUCATb BleO,U,HOI;I CUrHan MHOroMepHoro npotecca Kak HeJ'IVIHel\/JIHyI'O
=19 \

CDYHKLIVIIO BXOAHbIX NEPEMEHHbIX d L ¢ 1 """"" M NnapaMeTpoB HeyeTKown CUCTEMbI, HanpuMep, npu

MCNoNb30BaHUN B KA4YECTBE arperatopa oneparopa anre6pamquKoro nponseeaceHna C I'IOCJ'IE;D,Y}OU.IEI\;I

aedasnbukaumen 0THOCUTENBHO CpeaHero LeHTpa. B Mmogenn MamaaHu-3aae kaxgoe us 4 J'I npasun
onpefensaeTcs ypoBHEM aKTUBALUM YC/IOBUS

M

pyi) = H frai(;)

j=1

i l Y i
roe Yi . 3HayeHne y , TPV KOTOPOM 3HayYeHue / l:j’ ] MakcuMmasnbHo. MycTb Yi _
~, )
LeHTp — | HeuyeTKOro MHOXecTsa 3aknioueHus | -ro npasuna ebiBoaa. Toraa aedazndnkaums OTHOCUTENBHO
CpeaHero UeHTpa faet

M N M N
Yy = [Z (Y;'[H,”.nl'_-ﬁ'_,}]']fz Hﬂ.h(-!'_ﬁ'
i=1 =1 i=1 j=1

MpuBeaeHHble GopMynbl Moaen MamMaaH1-3aae MMEeloT MOAY/bHYIO CTPYKTYPY, KOTOpas MaeanbHO NoaxoauT Ans
CWUCTEMHOrO MPEACTaB/EHUS B BUE MHOMOC/IOWHOMN CTPYKTYPbI, HAMOMUHAIOLLIEI CTPYKTYPY KNaCCUUECKUX HEMPOHHBIX
ceteit. Takue ceTv Mbl ByieM Ha3biBaTb HEUETKUMM HEMPOHHBIMU CETAMU. XapaKTepHON MX 0COBEHHOCTLIO ABMSETCS
BO3MOXXHOCTb UCMO/b30BaHMs HEUETKMX NpaBu BbIBOAA AJ1s1 pacyeTa BbIXOAHOro curHana. ObydeHue Takmx ceTen
CBOAWTCA K PacyeTy napaMeTpoB yHKLMK hasndukalmm.

Heuetkune cetn TSK (Takarun-CyreHo-Kanra)

£
Cxema BbIBOAa B Mogenn TSK npu ncnonb308aHuu ‘11.' npasun un -\ NepeMEHHbIX J nMmeet
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if (2 is AY)) (2208 Ay) ... (zy is AY)

N
then y; = pip + Zp,-l;-.r_}-.

j=1

Ycnosue {'* i 15 11" } peanuayetcs pyHKUMel dasudukaLmm

palxi) =1/(1+ ((x; — {.',-)/U,')L}Mjl.

Mpu M npasuiax arpermpoBaHHbIN BbIXOAHON pe3ynbTaT CeTU UMeeT BUA
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y(x) = Z w;yi(x)/ Z w;,
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Beca Ui WHTEPMPETUPYIOTCA KaK 3HaYMMOCTb KOMMOHEHTOB / A V) Torpa dopmyne (1) MOXHO NOCTaBUTb B
COOTBETCTBME MHOMOC/IONHYO HEMPOHHYIO CETh pUC. 3.
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Puc. 3. HeueTtkas HelipoHHas ceTb TSK

1. MNepBblIii cNoK BbINOAHSAET hasnduKaLmIo Kaxaonu nepeMeHHoN. 3To NapaMeTpuUecKknii cnowm ¢
(2) () qit)
c. o bt
napametpamy ./ J J, noanexawmmn agantaummn B npoLecce 06yyeHms.

2. BTOpOVi CNOW BLINONHSIET arperipoBanme OTAENbHbIX NEPEMEHHbIX, OMpeAensa

i
w; = [\.ar)
pe3ynbTupylolee 3HaqveHne KosdduumeHTa NpuHaanexHoCcTv b f AV png

BekTopa - (HenapameTpuueckuii cnoi).

3. TpeTwit cnoi - renepatop @yHkm TSK, pacCUnTLIBAET 3HAYEHMS
N
yilr) = Pio -+ E J!”r_x'r_.r‘
J=1
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B 3TOM cnoe Takxe NPON3BOANTCA YMHOXXEHMNE 'JI" \ " Ha ” i ’ Cd)OpMVIpOBaHHbIe B I'IpE,Cl,bI,CWLLI,EM cnoe. 3ﬂer

pij.r=12.... M, 3=12,...,1

afjanTaummn noanexar Beca
dyHkumo cnepcrteust mogenm TSK.

, onpeaensioLme



4. YeTBepThilt CIOM COCTABNAIOT ABA HEMPOHA-CYMMATOpPa, OfAMH M3 KOTOPbIX PacCUMTHIBAET B3BELLEHHYIO CYMMY

(z) wi,i=12...M

i
CUrHanoB Yk , @ BTOPOW - CyMMy BECOB (HenapaMeTpuyeckuit croin).

5. MNSATLINA CNOV U3 0QHOrO HEMPOHA - 3TO HOPMANM3YIOLWMIA C/IOM, B KOTOPOM BbIXOAHOM CUIHAM CETU arperupyertcs rno
dopmyne (1).

Takum 0bpasoM, B npouecce 06yyYeHns: MPONCXOAUT YTOYHEHUE MapaMeTPOB TOJIbKO NEPBOro (HETMHENHOrO) U
TpeTbero (JIMHEMHOro) CNOEB.

T6puAaHbLIA anropmTm o6yueHnss HeUueTKUX ceTen

I'IapaMeprl, noanexatimne agantauuun, pasaenatoTca Ha ABe rpynnbl:

)
; L JIMHENHOIO TPETbEro Cros,
BTOpas COCTOUT U3 NapaMETpOB HEeNNHENHOM CbYHKLlVIVI NPUHaANEXHOCTU NEPBOIro Cnos.

nepsas COCTOMT M3 NapaMeTpoB

YTo4HeHWe napaMeTpoBs NpoBOAUTCS B ABa 3Tana.

Ha nepBoM 3Tane npu dmKcauum onpeaesneHHbIX 3HaYeHWn NapaMeTpoB GYHKLUM NPUHALNEXXHOCTU NMYTEM pELUEHUS

CHUCTEMbI JIMHEIHBIX ypaBHEHIT paccunTbiBatoTcs napametpbl ¢ -/ nonuHoma TSK.

Mpy U3BECTHBIX 3HAYEHUAX DYHKLMM NPUHAANEXHOCTM Npeobpa3oBaHne, peann3yeMoe CEThbio, MOXHO NpeacTaBUTb
B BUAE
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W px (N+1)M
Pa3MepHoCTs MaTpuLbl paBHa \ , PN 3TOM 0BbIYHO KOIMYECTBO CTPOK (KOMMYECTBO
Bbl60p0K) 3HauuTeNbHO 6onblue KonnyecTea cTonbuoB. PeleHre 3TON CUCTEMBI ypaBHeHVIVI MO>XHO NMOJTY4UTb 3a

OAWH LWar npu noMoLlun ncesaoOUHBEPCUN MaTpULbl I 1( .
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I'IceBAOVIHBepCVIH ManVllel 3aK/1IO4AEeTCHd B peLIJeHVIVI 3a4a4n MMHUMKU3aUUn
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N pij.1=1,...1
Ha BTOpOM 3Tane (nMnHerHble napameTpsbl . - (OMKCUPOBaHbI) pacCUUTLIBAKOTCS
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W rpagmeHT UeNesoit hyHKLMK \ ) Mo napameTpaMm NepBoro cnos. Ecnv npuMeHseTcs mMeToq Hanckopesiuero
criycka, 7o hopMybl aganTaumm NpUHUMaloT BUL
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roe Tl o6o3HauaeT HoMep ouepenHoit MTepaLmK.

Mocne yTOYHEHWs! HENMMHEWHBIX NapaMeTPOB BHOBb 3anycKaeTcsi MPoLEeCcC aganTauumn IMHeHbIX napaMeTpoB TSK
(NepBbI 3TaM) U HENIMHEWHBIX NapaMeTpoB (BTOPOIA 3Tam). 3TOT LMK NOBTOPSIETCS BM/IOTb 0 CTabUnmnsaumm Beex
napameTpoB rnpotiecca.

Msarkas akcnepTHasa cucrema

PaccMOTpUM apXWUTEKTYPY M OCHOBHbIE CTPYKTYPHO-(YHKLIMOHA/bHBIE PELIEHNMSI MSITKOM 3KCNepTHOM cucteMbl (M3C).
Ans onpeaenenns M3C conocTaBuM MOHSITUSI HEYETKOM M MSITKOM 3KCMEPTHBIX CUCTEM. B OMMCaHWM apXuTeKTypbl
M3C 6yaem MCronb30BaTb TPU NPU3HAKA: CNOCOD M3B/ICYEHNUS 3HAHNM, TPEACTAB/IEHHME 3HAHWIN; 0BPaboTKy 3HAHWM.
MepeuncneHHble NpUsHaKky co3aatoT 06Lyto "KOOpAMHATHYIO" CETKY OMMCcaHus.

OnpepeneHue MSArKoOun 3KCﬂepTHOﬁ cucrembl. CpaBHeHuMe HEeYeTKOWU U MArKoM
IKCNEePTHbIX CUCTEM

Hevetkue sxcriepTHble cuctembl (IC) UCNONb3YIOT /IPEACTAB/IEHME 3HAHWUI B (DOPME HEUYETKMX NPOAYKLMIA

W JIMHIBUCTUYECKUX rTepeMeHHbIX. OCHOBY NPEeACTaBNEHUS JIMHIBUCTUYECKOH TEPEMEHHOM COCTaBNSET TEPM C
yHKUMElN NpuHaanexHocTh. Cnocob 06paboTku 3HaHUI B HeYeTkuX IC - 3TO SToruyeckmii BbIBOJ NO HEYETKUM
npoayKumsaM. Oco6eHHOCTbIO HeueTkoi IC sBnseTcs cnocob usenedeHnst hyHKUMIA NPUHAANIEXHOCTH, KOTOPbIi



CBOANTCS NGO K CTAaTUCTUYECKMM METOZIaM MOCTPOEHUS, MO0 K METOAY SKCMEPTHBIX OLeHOK. Msrkoi 3C (M3C)
6yaem HasbiBaTb HeueTKyto OC, KoTopas obnagaeT cneaylowmmMm 0cobeHHOCTAMM:

UCMONb3YET CTaTUCTUYECKME [aHHbIE, KOTOPbIE MHTEPMPETUPYET Kak 06yvatoLme BbIGOPKM Af1s HEYETKUX
HENPOHHLIX ceTel;

NpeacTaBnsieT 3HaHUs B BUAE JIMHIBUCTUYECKUX NTEDEMEHHBIX ((DYHKLMI NpUHaANEeXHocTH - O), HeYETKUX
MPOAYKUMIA 1 0BYYEHHbIX HEMPOHHBIX CeTel. PefyKLMs MHOXECTBA HEYEeTKMUX NpoayKLMiA,HacTpoiika M v 6asbl
MpaBuUA BbINOMHSETCS C MOMOLLbIO reHeTuYeckux anroputmos (MA).

MSArKMMM Ha3bIBalOT BbIYMCIIEHMS, COUYETAIOLIME TEOPUIO HEUYETKUX CUCTEM, HEMPOHHbIE CETU, BEPOSTHOCTHbLIE
PACCYXXAEHUSI U FEHETUYECKUE a/IropUTMbI, N 0bnafatolme CuHepruyecknm acdekToM; cnefoBaTenbHO, MSArkom
3KCMEePTHOM cUCTEMOM HasbiBatoT IC, COYETAIOLLYIO NEPEUNCTIEHHBIE TEOPUM Paan TOro Xe 3ddeKTa B3aUMHOro
YCUNEHMS.

PaccMOTpUM BO3MOXKHbIE NpUMeHeHWst MOC B aBTOMATU3MPOBaHHOM MPOEKTUPOBaHUW. OBO6LLEHHON MOAE/BI0
MPOEKTUPOBAHMS ABNAETCA UEPAPXUUECKM-BI0UHBIN METOM, CYLLHOCTb KOTOPOro CBOAUTCS K AEKOMMNO3ULIMKN (DYHKLIMIA
C Nnoc/eayoLLMM BbIAENEHUEM UEPAPXUIA CUCTEM U NoAcUCTEM. MpoeKTMpyeMas cucTeMa hopMUPYETCS C MOMOLLbIO
CMHTE3a TaKMX NOACUCTEM. AHa/iM3 B XO[le aBTOMATU3MPOBAHHOIO NMPOEKTUPOBAHMS 06bIYHO 3aK/OYaETCs B TOM, YTO
HEeOBXOAMMO PacCMOTPETb YC/IOBUS SKCMJTyaTalmm 6yayLieil CUCTEMbI UK ee OKPYXKEHWSI, KOTOPOE ABNSETCA
CNOXHOMN cucTeMol (HanpuMep, Ans 3KOHOMUYECKMX MHAOPMALIMOHHBIX CUCTEM OKpY>atollas cpeaa - 3To
coLManbHO-3KoHOMMYecKas cpefa). KpoMe aHanusa oKpyxarollei cpeabl B XoAe NPOeKTUPOBaHWUsS NMPUXOANTCA
BbINOMHATb GHA/IM3 PE3YNLTATOB PUINUECKMUX MU YNCTIEHHBIX SKCMEPUMEHTOB U MMUTALIMOHHOMO MOAEIMPOBAHMS.
MOXXHO BbIZENUTb Ba OCHOBHbIX NPUHLIMMA SKCMEPTHOW AEATENBHOCTM B XOAE NMPOEKTUPOBAHMS.

1. cxoaHble AaHHbIe AN aHanusa NpeacTaBnisioTcs B BUAE KaYECTBEHHOIO OMNUCaHUS CTPYKTYPHO-
CDYHKLIVIOHaI'IbHOI'O peWweHna n B Bnae COBOKYNHOCTU BPEMEHHbLIX PAAOB CUCTEMHbIX NMEPEMEHHbIX OKPY>XXEHUA.

MpuHLUMN "KOHCTPYKTUBHOMN HEOMNpeAeneHHOCTU" YTBEPXKAAET, YTO TOYHOCTH U CMbICT MPOTUBOPEYaT ApYr APYrY,
HauvHasl C HEKOTOPOro MOMeHTa aHanv3a. Eciim B TEXHMKE BaXKHbIMU SIBSIOTCS BCe 6Onee TOYHbIE U3MEPEHMS, TO B
XO/ie aHanM3a 3KCMepT OTKa3bIBAETCH OT TOYHbIX LMMP B MOJb3Y HEYETKUX, HO COAEPXKATENbHbIX OLEHOK, KOTOPbIE
OCMBIC/IEHbI U MO3BOJISIIOT MPUHSATL MPOEKTHOE WU YTNPaB/IEHYECKOE PELLEHME.

Msrkas 3KcrepTHasg cuMcTeMa [oMmkHa NpeaocTaBUTb UHCTPYMEHTANbHYIO M MHAOPMALIMOHHYIO Cpefly AN SKCNepTHOW
AEATENbHOCTU B X0/ MPOEKTMPOBaHUst. MHCTpYMeHTbI Ans pa3paboTku MIC AomKHbLI NPeACTaBnsTb coboit
COBOKYMHOCTb Pas/iMuHbIX NMPOrpaMMHbIX MPOAYKTOB, 06bEANHEHHBIX SIOrMKON paboThkl. MokaxeM, uto MIC,
ABNAOLIANACH MHCTPYMEHTANbHOWM CPeaoii MPOEKTUPOBLLMKA, NMO3BO/SET BbIMNOIHUTL B aBTOMaTU3MPOBAHHOM peXuMe
BCE 3Tarbl 3KCNEPTHOW AesTenbHoCTU. ECnn paccMaTpuBaTh SKCMNEPTHYIO JEITE/IbHOCTS Kak yrpaBneHne 06beKkToM,
TO UHCTPYMEHTAPMI SKCNEPTM3bI MOXXHO MCMOMb30BaTh Kak CUCTEMY YMPaBNEHUs], @ UMEHHO - HEUETKUIA KOHTPO/I/IED.

MpeancraBneHne 3HAHMW B MANKOM 3KCnepTHOM cucrteme. CopgeprkaHme 6as3
3HaHUM M AAHHbIX MAIKOM 3KCNEePTHON CUCTEMDbI

Ecnu ucnonb3oBaTb HeueTkyto HC Ha aTane u3s/1eyeHms 3HaHmi, T0, KpoMe yHKLIMIA NPUHAANEXHOCTU U HEUETKMX
NpoayKLWiA, NOPOXAAETCA COBOKYMHOCTb 06yUeHHbIX HC, KOTopble BXOAST B 6a3y 3HaHWI

M3C. Onrumusauyms (PEAYKLNS) MHOXECTBA U3BNEUYEHHbIX NMPaBM/ BbINOMHAETCA Ha OCHOBE MEHETUYECKOr0
anroputMa.

ba3za 3HaHmi MIC pormkHa coaepXxaTb CrieayroLlme YacTu:

(YHKUMM NPUHAANEXHOCTY;

HEYETKME NPOoaYKLIMK;

06y4eHHble HEYETKME HENPOHHbIE CETH;

NpoLeaypbl MHTEPMPETaLMM XPOMOCOM FEHETUYECKUX arOpUTMOB;
(YHKUMM ONTUMANbHOCTW.

PaccmoTtpum npo6r|eMy npeacTaBneHnsa nepeyHmncnieHHbIX COCTaBHbIX YyacTeil B KOMMbIOTEPHbLIX UHTENNEKTYaIbHbIX
cucrtemax. Ecnm d)yHKL/Mﬂ NPUHaANEXHOCTU XapaKTEPU3YETCA TaKUMU MaTEMAaTUYECKUMU CBOl\/'ICTBaMM, Kak



HenpepbIBHOCTb, BbIMYKNOCTb (YHUMOAANbHOCTB), TO @yHKLMA NPUHAAIEXHOCTM MOXET BbITb NpeacTaBneHa
napameTpr30BaHHOM yHKUMeN (opMbl. Hanbonbluee pacnpocTpaHeHWEe MOAYYUIN YeTbipe BUaa MyHKUMIA GopMbl:
TpeyronbHas, TpaneumeBnaHas, KonokonoobpasHasi 1 curMomaanbHas, KOTopble ONpeaenstoTcs TPOWKOM, YETBEPKOM
W [BOMKON NapaMeTpoB COOTBETCTBEHHO. HeKOTOpbIE Or7epaLsm HEYETKON anrebpbl COXPAHSIIOT YHUMOAAMBHOCTb MpK
MCMoNb30BaHMM TpaneumeBnAHOMO NpeacTaBieHns hyHKUUA NPUHAANEXHOCTM, NO3TOMY

pe3ynbTaTbl 0rIepaLyM TaKKe ABNSOTCS YETBEPKOWN NapaMeTpoB. []peqCcTaB/ieHne HEYETKUX NPOAYKLMI ynpoLlaeTcs
B CBSI3M C TEM, YTO NOPSIAOK 06paboTKM HEYETKMX MPOAYKLUMI HE BaXKEH U HE BIIMSIET Ha XO4 BbIBOAA

pesynbTaTta. /lpegcras/ieHmne HeYeTKON HEMPOHHOW CeTH iBNsieTCs Bonee CoXHOM NpobnemMon, Tak Kak onmcaHne
cTpykTypbl HHC He nMeeT cMbicna 6€3 HelMpoMMuTaTopa COOTBETCTBYIOLLEN apXUTEKTYPbl HEYETKMUX HEMPOHHbIX
ceTel, T.e. HEMPOMMUTATOP ONPEeAENseTCs Kak COCTaBNAWas YacTb MexaHu3Ma BbiBoga Msirkor 3C. ns
opraH13aummn XxpaHeHus 3HaHun M3C MOXXHO MCMONb30BaTb Kak CYB4, Tak U cneumanbHble popMaThl.



