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OJ1HO M3 MPHUHIMITHATBHBIX MTOJOKEHHH CHCTEMHOMN One of the key provisions of the system fuzzy interval
HEYETKOI HHTePBaIbHOI MaTeMaTHKH — yTBepxkaeHne  Mathematics - the claim that the theory of fuzzy setsis
0 TOM, YTO TEOPHS HEUETKUX MHOXKECTB SIBJISETCS the part of the theory of random sets, thus, part of the
YaCThIO TEOPUH CITyYalHbIX MHOXKECTB, TeM cambiM —  probability theory. The article is devoted to the
4acThiO TEOpUH BeposiTHOCTEH. CTaThsl TTOCBSIIEHA justification of this statement. Proved number of
000CHOBAHUIO 3TOTO yTBepxKaAeHUs. JlokazaH psijg theorems that show that the fuzzy sets and the results
TeopeM, MOKa3bIBAIOIINX, YTO HEYETKHE MHOKecTBa 1 Of operations on them can be viewed as the projections
Pe3yJbTaThl ONEPAIMid Hall HUHMHA MOYKHO of random sets and the results of the corresponding

paccMaTpuBaTh Kak MPOEKIMHU CAydailHbIX MHOXECTB  Operations on them
1 Pe3yJIbTaTOB COOTBETCTBYIONINX OMEPAIMi HAJT
HUMU
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[IPOEKLIMS CJIYYAMHOI'O MHOXECTBA

B craree [1] chopMymupoBaHbl OCHOBHBIC HJICH CHCTEMHOW HEUETKOW
WHTEpBaJIbHOM MaTeMaTuku. Pa3zpaboTka 3TOr0 MEpCrHeKTUBHOTO HANpPABICHUS
TEOPETUYECKONU U BBIYMCIUTEIBHOW MATEMATUKHU MOAJEPKAHO CIELHAIUCTAMM,
B YAaCTHOCTH, Ha Bcepoccuiickoil koHpepeHuuu «dunocodpusi MmaTeMaTUKA —
2013» [2]. OqHO W3 NPUHIMITHAIBHBIX TOJIO0XEHUH cTaTthu [1] cocTOUT B TOM,
YTO TEOPUI0 HEYETKUX MHOXKECTB MOKHO paccMaTpuBaTh KaK 4acTb TEOPUU
CIy4YalHBIX MHOXECTB, TEM CaMbIM — KaK 4YacTb TEOPUH BEPOSITHOCTEH. A
MMEHHO, HEYETKHE MHOXKECTBA MOJKHO pPAacCMaTpuBarh KakK IIPOCKLIMU
CIIy4aliHBIX MHO’KECTB, IMOJOOHO TOMY, Kak 3a (YHKIHSIMH paclpeaeeHus
BUJIHBI CTy4alHbIE BEJIMYUHBI, TOPOXKIAIOIINE 3TH (DYHKIMU pacnpenenaeHus. B
HACTOSILLIEH CTAaTbe 3TO IPUHIUIIMAIBHOE IIOJIOKEHHE PA3BEPHYTO B BUJE
LEMOYKH TEOpEeM. XOTs B HACTOSIIEE BpEMsI IIPU PELIEHUN NPUKIAJHBIX 3a7a4

BCPOATHOCTHO-CTATUCTUYCCKUC MCTOABI 1 MCTOAbI TCOPHUHU HCUYCTKOCTH OOBIYHO
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paccMaTpUBAKOTCS KAaK pa3jIuyHble, MX BHYTPECHHE E€IMHCTBO 3aCIy)KUBACT

00CYXKIIeHUs] M TPUMEHEHHUS.

1. HeyeTKkHe MHOKeCTBA

B 1965 r. B xypHane «MHbopmanus U yrnpaBiIeHHE» MOSBUIACH CTAThS
Jlordu A. 3ane, npodeccopa napopmaruku Kanudbopauiickoro YHuBepcurera
B bepin, crienuaimcTa 1mo Teopun ypasieHUs CI0KHbIME cucteMami [3]. OnHa
Ha3bIBalach HENpUBBIUHO. «FUzzy Sets». Bropoe cioBo 3TOro Ha3BaHUS
NEPEBOAUTCS C AHTJIMHCKOTO S3bIKa IMPUBBIYHBIM MATEMaTHYECKUM TEPMUHOM
«MHOKECTBa», a BOT IMEPBOE€ HUKOI/A JO TE€X MOp B KHUOEPHETHUECKOM
JIUTEpaType HEe MCIob30Baiock. CormacHo cioBapro, «fuzz» - myx, MymiMHKa,
«fuzzy» - mymmcrteiii. Ha pycckmii si3pik TepmMuH «fUzZzy» mepeBOASsT ITO-
pa3HOMY: HEUETKWH, Pa3MBIThIH, pACIUIBIBYATHIN, peKE — TYMAHHBIH, MYIIACTHIA
U T.0.

YroObl oONpenenuTh HEYETKOE MHOXKECTBO, HAJ0 CHayajla 3a7aTh
COBOKYITHOCTb BCE€X TE€X JJIEMEHTOB, JJISi KOTOPBIX MMEET CMBICI T'OBOPUTH O
Mepe MX NPHUHAIEKHOCTH pPaccMaTpUBAEMOMY HEYETKOMY MHOXKECTBY. OTa
COBOKYITHOCTh HAa3bIBA€TCS YHHBEPCAIbHBIM MHOXeCcTBOM. Hampumep, nms
Yyclia 3€peH «Ky4HW» - 3TO MHOKECTBO HATypajbHBIX YHUCEN, AJI OMHUCAHUs
BUJIMMBIX YEJIOBEYECKUM TJIa30M IIBETOB — OTPE30K IIKAJBI AIEKTPOMArHUTHBIX
BOJIH, COOTBETCTBYIOIIUN BUANMOMY CBETY.

[Iycte A - HekoTOpoe yHHMBepcalbHOE MHOXKecTBO. IlogmHokecTBO B
MHOKeCTBa A XapaKTepu3yeTcsl CBOEH XapaKTepUCTUYECKON (DyHKIHEH
_jfl xI B
s (1)

10, xI B.

m (%)

Yro Takoe HeEYeTKoe MHOXKECTBO? (OOBIYHO TOBOPST, YTO HEUETKOE
nonMHo)kecTBO C  MHOXecTBa A XapakTepusyercs CcBoell  (yHKIuen

MPUHAIICKHOCTH M. : A® [0]]. 3HaueHHe GYyHKIIUU MPUHAIICKHOCTH B TOUKE X
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IMOKa3bIBACT CTCIICHb IIPHUHAAJIC)KKHOCTHU TON TOYKU HCYCTKOMY MHOKCCTBY.
HeyeTtkoe MHOXECTBO OIIMCBHIBACT HCOIIPECACIICHHOCTb, COOTBCTCTBYIOIIYIO
TOYKC X —OHAa OAHOBPCMCHHO U BXOJUT, U HC BXOJHUT B HCUCTKOC MHOXKCCTBO C.

3a BXOXJIeHHE - M (X) IIaHCOB, 3a BTOpoe — (1- m, (X)) 1raHcoB.
Ecnu GyHkius npuHaaieskHocTu m. (x) umeet Bua (1) nmpu HekoTopom B,

to C ecthb 00ObuHOE (ueTkoe) moamHOXKecTBO A. Takum 00pa3oMm, TeopwHs
HEUYETKNX MHOXKECTBO SBJIISIETCI HE MeHee OOIed MaTeMaTHYECKOU
JTUCHMIUIMHOM, YeM OOBbIYHAs TEOpHsl MHOXKECTB, TIOCKOJBKY OOBIUYHBIC
MHO)XECTBA — YAaCTHBIH ciaydail HeuyeTKnX. COOTBETCTBEHHO MOXHO OXHIATh,
YTO TEOpHUS HEUYETKOCTH Kak IeJoe 0000ImaeT KIACCHYSCKYH) MaTEeMaTHKY.
OmHako HIKE YBHAMM, YTO TEOPHS HEUETKOCTH B OIPEACICHHOM CMBICIEC
CBOAUTCS K TEOPHH CIYYaWHBIX MHOXECTB U TEM CaMBIM SIBIIICTCS YaCThHIO
KJIACCUYECKOH MaTeMaTuku. Jlpyrumu cioBaMu, IIO CTEHEHH OOITHOCTH
0oOBbIYHAsT MaTeMaTHKa M HedeTKas MaTeMaTHKa JKBUBaJeHTHBI. OaHako s
MPAKTUIECKOTO TIPUMECHCHHS B TCOPHH TIPUHATHUS PEIICHUI ONMMCAHUE U aHAIIN3
HEOIPEACICHHOCTEH C IIOMOIIBIO TEOPHUH HEYETKHMX MHOXKECTB BechbMa
TIJI0JTOTBOPHEI.

OOBIYHOE IIOJAMHOXKECTBO MOKHO OBLIO OBl OTOXIOECTBHUTH C €TO
XapaKTepUCTHUECKON (YyHKIMEH. DTOro MaTeMaTHKH HE JIEJal0T, MOCKOJIBKY
s 3a7aHusg QyHKIMK (B HBIHE MPUHATOM IIOAX0Jie) HEO0OXOIUMO CHavaia
3a7aTh MHOXKECTBO. HedeTkoe jke MoMHOXKECTBO ¢ (OpMaIbHON TOUYKH 3pCHUS
MOXHO OTOXJECTBUTH C €ro (pyHKIued npuHamiekHOCTH. OIHAKO TEPMHH
«HEUYETKOE ITOJIMHO>KECTBO» MIPEAOYTHTEIbHEE pu MTOCTPOCHUH
MaTEMaTUYECKUX MOJIEJIEH pEaIbHBIX SIBIICHUM.

Teopus HEUETKOCTH SBIISICTCS 0000IICHUEM HWHTEPBAIBHONH MaTEMAaTHKH,
B KOTOPOM ISl ONHCAHHS PEabHBIX OOBEKTOB BMECTO YHCET HCIOJb3YIOTCS

uHTEpBaibl. JlecTBUTENbHO, (GYHKIMS NPUHAIICKHOCTH
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:?L X1 [a,b],
¥0, xi [a,b]

m (X)

3aJ]aeT MHTEPBAIBHYIO HEOINPEICICHHOCTh — PO pacCMaTPUBAEMYIO BEIIMYMHY
W3BECTHO JIMIIb, YTO OHA JIGKUT B 3aJaHHOM HHTepBasie [a, b]. Tem cambim
ONKMCAHUE HEONPEICIICHHOCTEH C IOMOIIBI0O HEYETKUX MHOMKECTB SBIISCTCS
0oJiee 0OIIMM, Y€M C TTOMOIIbIO HHTEPBAJIOB.

Havano coBpeMeHHOI TeopuH HEUETKOCTH MOJIoXKeHO padoToit 1965 r.
aMEpUKaHCKOTO YYeHOTo asepOaimxaHckoro mnpoucxoxacHus JILA. 3age.
OCHOBHBIE OIPENEICHHS, aJTOPUTMbBI PACUYETOB M BBIPAKAIOIINE MX CBOMCTBA
TEOpEMBbI TPHUBEACHBI HIDKE. PacCyXIeHHsS IpeBHErpedecKkux Qmiocodos,
[Tyankape u bopens (moapodnee cM. [1]) 000CHOBBIBAIOT METOI0JIOTHIO TCOPHIO
HEYETKOCTH, HO KaK MaTeMaTWyecKas IUCIMIUINHA OHAa Havajach C pabOTHI
3anme. 3a nmecATWICTHS, MPOIICIIINE C IOSABICHUS CTaThbu [3], «IIyIIACTON»
TEMaTUKE TOCBSIICHBI THICSYHM CTaTeli W KHHT. BBIMOJIHEHO JOCTATOYHO MHOTO
KaK TCOPETHYCCKUX, TaK U MPUKIATHBIX padoT. [TosBHIOCH HOBOE HaIpaBJICHUE
B MPUKIIATHOW MaTeMaTHKE — TEOPUs HEUETKOCTH. BBIXOASAT MeXmayHapOIHbIC
HAyYHBIC KYpPHAIIBI, IPOBOAATCS KOH(MEPESHIINH, B TOM YHCJIE M B HAIlIeH CTpaHe.
B namreii ctpane koHmenus 3aae akTHBHO o0cyxaanach emie B 60-¢ u 70-¢ 1T,
OJIHAKO TepBasi KHHWra POCCHUHCKOrO aBTOpa IO TEOPUH HEYETKOCTH BBIILIA
b B 1980 1. [4].

JLLA. 3age paccMaTpuBaJl TEOPUIO HEYETKMX MHOYKECTB KAk ammapar
aHaJlM3a U MOJICITUPOBAHUS TYMAaHUCTHYCCKUX CHUCTEM, T.€. CHCTEM, B KOTOPBIX
y4acTBYeT dYelIoBeK. Ero moaxox ommpaeTcsi Ha NPEIINOCBUIKY O TOM, 4YTO
3JICMEHTAaMHU MBIIIJICHUS YEJIOBEKA SBIIIOTCS HE YHCIa, a JIEMEHTBI HEKOTOPBIX
HEYCTKMX MHOXXECTB WJIH KJIacCOB OOBEKTOB, ISl KOTOPBIX IEPEXOa OT
CIIPUHAICKHOCTH» K  «HENPHHAJICKHOCTH» HE  CKauykooOpaseH, a
HenpepbIBeH. B HacTosIee BpeMss METOAbl TCOPUH HEUYETKOCTH HCIOJIb3YIOTCS
MOYTH BO BCEX MPHUKIAMHBIX OO0NACTAX, B TOM YHUCJIEC TPU YIPABJICHUU

NpCAINpHUATHCM, KAYCCTBOM MPOAYKIHNH U TCXHOJOITMYCCKHUMH IMPOICCCAMMU. Her
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HEOOXOJMMOCTU CBSI3BIBATH TEOPUIO HEUYETKOCTHU TOJBKO C TYMAaHUCTUYECKUMHU
CHCTEMaMHU.

JLA. 3ame uCnonb30BaJl TEPMUHBI «TEOPHS HEUETKUX MHOMKECTB» U
«HEYeTKass JIOTHKa». Mbl MpEeanoYuTaeM TOBOPUTh O TEOPUHM HEUYETKOCTH.
TepMUH «HEYeTKasl JIOTHKa» HE SBJISETCI CHHOHUMOM K TEPMHHY <TEOpUs
HEUYETKOCTH», IOCKOJIbKY JIOTHKA — 3TO HayKa O MBIIIJICHUH YEJIOBEKa, a TEOPUs
HEUETKOCTH TMPUMEHSETCS HE TOJBKO [JIi MOJCIMPOBAHUS  MBIILUICHHUS.
Heuerkas J0ruka — 370 4aCTh TEOPUU HEYETKOCTH.

AnmnapaT TEOpUH HEYETKOCTH JI0BOJIBHO TpOMO3/0K. B kauecTBe nmpumepa
JaIIM OTIPENICJICHUS] TEOPETUKO-MHOKECTBEHHBIX OIEpalvii HaJl HEYETKUMU
MHokecTBamu. [lycts C u D — nBa HeueTKUX MOJAMHOMKECTBAa YHUBEPCAIHLHOTO

MHOXecTBa A ¢ (PYHKIMSAMU MPUHAMIECKHOCTH M (X)U M (X) COOTBETCTBEHHO.

[Tepeceuennem C I D, npousBenenrem CD, o6benuaeHneM C U D, oTpHIlaHUEM
C, cymmoii C+D Ha3bIBaloTCs HEYETKHE IOJMHOKECTBA A ¢ (YHKIUAMH

PUHA/IIICKHOCTH
Meio (X) = min(mg (x), My, (X)), My (X) = M () (), me(x) =1- me(X),

Meyp (X) = Max(My (X), My (X)), Me.p (X) = M () +m, () - M ()M, (x), xT A,
COOTBETCTBEHHO.

Jlns 3HaKOMCTBa CO cCHEHU(PUKOW HEUETKUX MHOXKECTB PaCCMOTPUM
HEKOTOPBIE UX CBOMCTBA.

B panmpHenmeM cyuTaeM, YTO BCE pPAacCMATPUBAEMBIE HEUYETKHUE
MHO>KECTBA SIBIISIOTCS OAMHOKECTBAMHU OJTHOTO M TOTO K& MHOXecCTBa Y.

3akonbl e Moprana s HeYeTKHMX MHOXecTB. Kak H3BECTHO,

3aKOHaMHU € MopraHa HAa3bIBAIOTCA CIICAYIOINNEC TOXKACCTBA anre6p1,1 MHOXECTB

AUB=AIB, AIB=AUB. (2

Teopema 1. J1;1s1 HEUETKUX MHOXKECTB CIPABE/IMBI TOXKIECTBA

AUB=AIB, AIB=AUB, (3)
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A+B=AB, AB=A+B. (4)

Jloka3aTeiabCTBO TEOpEeMbI 1 COCTOUT B HEMTOCPEACTBEHHOW MPOBEpKe (Kak
9TO CHENaHO HHXKE TMPH J0Ka3aTeIbCTBE TEOPEMbl 2) CHPaBEIMBOCTH
cootHomenuii  (3) u (4) mTyTeM BBIYUCICHWS 3HAYCHUH  (YHKIHA
MPUHAJJICKHOCTH YYACTBYIOIINUX B 3TUX COOTHOIIECHUAX HEUETKUX MHOXKECTB Ha
OCHOBE ONPE/ICIICHUH, TaHHBIX BBIIIIE.

ToxnectBa (3) u (4) HazoBeM 3akonamu Oe Mopeana On1 HeyemKux
MHOdMcecmg. B oTiaMyMe OT KIACCHYECKOro ciiydas COOTHouieHuit (2), oHu
COCTOSIT M3 YETBHIPEX TOKIECTB, OJIHA Iapa KOTOPBIX OTHOCUTCS K OINEpalusm
00bEeIMHEHUS U TIEPECEUCHUS, & BTOpas - K ONepaIusiM MPOU3BECHUSI U1 CYMMBI.
Kak u cooTHorienue (2) B aaredpe MHOXECTB, 3aKOHbBI j¢ Moprana B aireope
HEUETKUX MHOECTB MO3BOJISIOT MPE0OPa30BbIBATh BhIpAXKEHUSI U (HOPMYJIbI, B
COCTaB KOTOPBIX BXOJAT ONEpPALlUA OTPULIAHHUS.

JAucTpuOyTHBHBIM 3aKOH IS HEYEeTKMX MHOXkKecTB. Hekotopsie
CBOWCTBA oOmEpaluid HaJd MHOXXECTBAMH HE€ BBINOJHEHbl [JII HEUETKUX
MHOXecTB. Tak, A+Al A 3a HCKJIIOUCHHEM CcCiydas, Korma A - «4eTKoe»
MHOXECTBO (T.¢. QyHKIIUS MPUHAIICIKHOCTH MPUHUMAET TOJIbKO 3HadeHus O u
1).

Bepen nu nucTpuOyTHMBHBIA 3aKOH [IJIi HEYETKUX MHOXKecTB? B
JUTEpaType MHOTJA pacCIUIbIBYATO YTBEPXKIAETCSA, YTO «HE Bcerga». BHecem
MTOJIHYIO SICHOCTb.

Teopema 2. ]Ins moObIX HEUCTKUX MHOXECTB A, Bu C

Al (BUC)=(AIB)U(AIC). (5
B 10 e BpeMs paBEeHCTBO
A(B+C)=AB+AC (6)

CIIPaBCJIMBO TOI'Ja U TOJBKO TOr'’ld, KOTAa IIpU BCCX yT Y

(Ma(y)- my(y))m (y)me (y) =0.
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Hoxazamenvbcmeo. PUKCHpyeM MPOU3BOIBHBIN dimeMeHT yi Y. Jlis
COKpaIlleHUs 3aIucu 0003HaYNM a=m,(y),b=my(y),c=m.(y). JLotst
J0Ka3aTeNIbCTBA TOXKAeCTBA (5) HEOOX0IMMO MTOKA3aTh, YTO

min(a, max(b, ¢)) = max(min(a, b), min(a, c)). @)

PaccMOTpuM pas3nMuHbIC yHoOpsaodeHus Tpex uucen a, b, C. Ilycts
cHavana af£bf£c. Torma neBas vacte cooTHomeHus (7) ectb min(a,c)=a, a
npaBas max(a,a) = a, T.e. paBeHCTBO (7) crpaBeIuBO.

ITyctb b£afc. Torma B cootHomienuu (7) ciaeBa CTOMT min(a,c)=a, a
cipaBa max(b,a) =a, T.e. COOTHOIIEHUE (7) OIATH SIBJISCTCS PABEHCTBOM.

Eciu bEc£a, To B cooTHoreHuu (7) ciieBa CTOMT min(a,c) =c¢, a crpasa
max(b,c) = ¢, T.e. 00€ YacTH CHOBa COBHAAAIOT.

Tpu ocranbHble YyHOPSAOYEHHMS dYHCET &, b, C pa3dupaTh HeT
HEOOXOJUMOCTH, TOCKOJIBKY B cooTHomieHue (6) umciaa b u C BXomar
cummerpuuHo. ToxmecTro (5) mokazaHo.

Bropoe yTBepKaCHHE TEOPEMBI 2 BBITEKAET U3 TOTO, YTO B COOTBETCTBHUH
C OIPEICICHUSAMH OIEPAIMK HaJl HCYCTKUMHU MHOXKECTBAMH

My s.c) (Y) =a(b+c- bc) =ab+ac- abc

M,s. ac (Y) =ab+ac- (ab)(ac) =ab+ac- a’bc.
OTH 1Ba BEIPAXKCHHS COBIAIAIOT TOTA M TOJIbKO TOTJa, KOT/Ia, Koraa abe = abc,
YTO U TPeOOBAJIOCH JI0KA3aTh.
Onpeoenenue 1. Hocutenem HEUETKOrO MHOXKECTBA A Ha3BIBACTCA

COBOKYITHOCTH Bcex Touek y1 Y, st KoTopeix m, (y) > 0.

Cneocmeue meopemor 2. Eciii HOCUTEINM HEYETKUX MHOXeCTB B m C
COBMAJAIOT ¢ ¥, To paBeHCTBO (6) MMeeT MECTO Torja M TOJIBKO Toraa, koraa A4 -

KYCTKOC» (T.C. 06I>I‘-IHO€, KJIACCHYCCKOC, HC HG‘-ICTKOG) MHOMKCCTBO.
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Hoxazamenvcmeo. I1o ycnoButo m, (y)m.(y)t 0 mpu Bcex yl Y. Torma u3
TeopeMbl 2 cleayeT, uto mi(y)- m,(y) =0, T.e. m,(y)=1 mwiu m,(y) =0, uto u

O3HAYaeT, 4YTo A - YETKOE MHOKECTBO.

2. Teopusi HEUETKOCTH KaK YaCTh TEOPUH COYyYaiTHBIX MHOKECTB

Uro Takoe ciydaitHoe MHOecTBO? HauneM ¢ moHATHS cioydailHON
BETMYMHBI. OJTO BEJIMYMHA, 3aBUCANNAs OT ciydas, T.€. (QYHKIUS OT
aneMeHTapHoro wmcxona (coObitmst). CkaxeMm, pe3ynbTaT HaOJIIOACHHS,
3aBUCAIIUN OT CIyYalHBIX MPUBXOASAIINX (HAKTOPOB. A CilydailHO€ MHOKECTBO
— 3TO MHOXECTBO, 3aBUCsIIEE OT ciydasi. [[pyrumu cioBamu, pyHKIusi, 00JaCTh
ompeielieHNsT KOTOPOM — MPOCTPAHCTBO DJIEMEHTAPHBIX COOBITHH, a 001acTh
3HQYEHUH — COBOKYIIHOCTb MHOXECTB, HaIlpUMEpP, COBOKYIHOCTh BCEX
MOJIMHOYKECTB HEKOTOPOr0 KOHKPETHOI'O MHOXECTBA.

Ciy4ailHble MHO>KECTBA MCIIOJIB3YIOTCS BO MHOTHX MPUKIAJAHBIX 33/1adax
[5]. B ™onorpadusx [6, 7] ciydvaiiHble MHOXXECTBa HCIOJIb30BAIKMCH IS
MOJICJIMPOBAHUSl PACIPOCTPAHEHUs JIECHBIX MoXapoB. IlycTe moxap Havaics c
3aropaHus B ONPEACICHHONW TOUYKE. B ciienyronmuii MOMEHT BPEMEHH 3aropsATcs
HEKOTOPbIE U3 COCEHUX TOYEK. A HEKOTOphIE He 3aropsrca. Yepes3 yac oruem
OyZeT 0XBaue€HO HEKOTOpoe MHOXKecTBO. Dopma moxapa OyAeT ONUCHIBATHCA
CIIy4ailHbIM MHO>KECTBOM, 3aBUCAIINM OT BPEMEHMU.

Ot gero 3aBucuT opma noxapa? KoHedHo, OT TOT0, KaKk «yCTPOEH» JieC
— Kakh€ B HEM IOPOJIbI JAEPEBHEB, CKOJBKO CYXOCTOS, €CTh JIU €CTECTBEHHbIC
nperpajsl 1 orHs (py4YbH, OBparu), a TakiKe OT METEOPOJIOTHYECKUX YCIIOBUI
— KyJa IyeT BeTep, CKOJBKO OCAJKOB BBINNAJIO 3a IOCIEIHEE BpEMS, KaKOBa
TeMmreparypa BO3Ayxa... Bce 53T ycloBUS HEHW3BECTHbI B TOYHOCTH
HaOmonarento Ha camosere. [losTomMy [t HEro BIIOJHE €CTECTBEHHO
MOJEIUPOBATh PACIPOCTPAHEHUE TOXKapa C MOMOIIbI0O TEOPUU BEPOSITHOCTEM.
OTu Monenu, pa3pabOTaHHbIE HAa OCHOBE TEOPUU CIy4YalHBIX MHOECTB,

HAXOJSAT PUMECHEHHUE B JIECCHOM XO03sicTBE [6, 7].
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Teopust HEUETKMX MHOXKECTB CBOJUTCS K TEOPUU CITyYalHBIX MHOKECTB C
MOMOIIBI0 TOHITHS «IPOSKIMS CIydalHOro MHOXecTBa». C  KakabIM
CIIy4aiiHBIM MHO>KECTBOM MO>KHO CBSI3aTh HEKOTOPYIO (PYHKIUIO — BEPOSITHOCTh
TOTO, YTO BJIEMEHT MPHUHAJICKUT MHOXKECTBY. JTa (PYHKIHs 00JagaeT BCEeMU
CBOICTBaMH byHKIIH MPUHAIC)KHOCTH HEYETKOTO MHO>KECTBA.
CoOTBETCTBYIOIIEE HEYETKOE MHOXKECTBO M HA3bIBAIOT MPOEKIMEH HCXOIHOTO
clydyaiiHOro MHOKecTBa. (OKasbIBaeTCs, BEPHO M 0OpaTHOEe — i JIF0OOTO
Pa3MBITOIO MHOXECTBa MOKHO MOA00paTh CilydailHO€ MHOKECTBO Tak, YTO
BEPOATHOCTh MPUHAJJICKHOCTH DJIEMEHTa CIIy4allHOMY MHOECTBY BCIOJlY
coBmanaeT ¢ (yHKIMEH MPUHAIJIC)KHOCTH 3aJaHHOTO Pa3MBITOIO MHOXKECTBA.
[TonoObHOE COOTBETCTBHE MOXHO YCTAaHOBUTH TaK, YTO PE3yJbTaThl OmNepaluit
HaJ MHO>KECTBaMH TOK€ OYIyT COOTBETCTBOBATH JIPYT JPYTY.

Ectpb Bce oOcHOBaHuWS mojaraTh, 4YTO CBS3b MEXKAY Pa3MBITOCTHIO H
BEPOATHOCTHIO TO3BOJUT MPUMEHUTh B TEOPUM HEYETKOCTH METOJbl U
pE3yNbTaThl, HAKOTJIEHHBIE B TEOPHH CIIyYalHBIX MHOeCTB. M1 Hao0opoT, gact
BO3MOXKHOCTh MEPEHECTU MOHATHUS U MOCTAHOBKH 33Jad U3 MEPBOM TEOPUHU BO
BTOPYIO, UTO MOCIY>KHUT IIPOTpeccy B 00EHX.

[ToueMy e cCHEUMANMCTBI 1O HEYETKUM MHOXECTBAM  IOPOIO
«OTKpPEIIMBAIOTCS» OT TEOPUH BeposiTHOCTeH? OHA U3 MPUYMH — yCTapeBIIee
Ha TPY YETBEPTH BEKa MPEICTABICHUE O MATEMAaTHUKE CITydasi, COTJIACHO KOTOPOH
OHAa paccMaTpUBaeTCs KaK «HayKa O MAacCCOBBIX SBIJICHUSX». BEPOSTHOCTh
MBICITUTCSl KaK IpeAesl 4acTOThl, a CIy4ailHOe COOBITHE — Kak TO, KOTOpOe
MOXET IPOU30MTH, @ MOXKET HE MPOU30UTH. BCE ATO — OTTOJIOCKH TAJIEKOTrO
IPOIUIOT0, KOIJa TEOpHsl BEPOATHOCTEW HEIOCTAaTOYHO OTAeNsjIach OT ee
npuiiokeHuii. HerHe oHa ommpaeTcsl Ha YeTKYI0 CUCTEMY aKCHOM, OOBIYHO — Ha
akcuomatuky A.H. Kommoropoa. B 1933 r. wum onyGnmkoBaHa
OCHOBomoJararomias MoHorpadus [8], 3amokuBIIAs Hay4YHbIE OCHOBBI
COBPEMEHHOW TeOpHH BEpOSATHOCTEN. TeopeMbl B HEll JOKA3BIBAIOTCS TOUYHO TaK

XKC, KaK U B JTI000M APyrom pasiaciic MaTrTCMaTHUKH, 0e3 BCAKHX CCBIIOK Ha
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CBOWCTBa peanbHOrO0 MHpa. Ee BBIBOABI MOTYT MNPHUMEHATHCS IPU aHAIU3E
BEChbMa Pa3JIMUHBIX PEabHBIX SIBICHUM — KaK MAaCCOBBIX, TaK U TaKUX, TJI€ HET U
peun O MacCcoBOCTH U 4acTtoTe. VIMEHHO TakKOBblI MHOTHME PaCILIBIBYATOCTH,
«HEYACTOTHYI0» MPUPOAY KOTOPBIX CHEUUATUCTBI MO HEYETKHUM MHOKECTBaM
3a4acTyl0 PacCMATPUBAIOT KaK MPUYMHY HECBOJUMOCTU K TOHSTHSIM TEOPUHU
BEPOSTHOCTEM.

Pazbepem moapoOHee CBSI3M MEXAy TEOpUEH HEUYETKOCTH W Teopuew
CIIy4alHbIX MHOKECTB.

HeueTkne MHOXkeCTBA KaK NPOEKIHMH CJIYYaWHBbIX MHO:KecTB. C
caMoOro Hayajia TOSIBJICHHS COBPEMEHHOW Teopun HedeTkocTd B 60-e¢ TT.
HAYaJIOCh OOCYXK/IEHHE €€ B3aMMOOTHOIIICHHM ¢ Teopueil BeposiTHocTe. Jleno B
TOM, YTO (YHKIMS TPUHAIICIKHOCTA HEYETKOIO MHOMXKECTBA HAIOMHHAET
pacopeneneHue BepoATHOCTEW. OTiMyue TOJBKO B TOM, 4YTO CyMMa
BEPOSATHOCTEH MO BCEM BO3MOMKHBIM 3HAUCHHUSAM CIYYalHOW BEIMUYUHBI (MM
WHTETpaJjl, eCJIM MHOKECTBO BO3MOXKHBIX 3HAYCHUI HECUETHO) Bceryia paBHa 1, a
cymMMa S 3HaYeHHUH (DYHKIUH MPUHAIICSKHOCTH (B HEMPEPHIBHOM Cilydae -
UHTErpadl  OT  (YHKIMH  OPUHAMISKHOCTH)  MOXKET  OBITh  JIFOOBIM
HEOTPHUIATEIbLHBIM YUCIOM. BO3HUKAET UCKYIIEHUE TPOHOPMHUPOBAThH (DYHKITUIO
NPUHAIICSKHOCTH, T.C. pa3aeiuTh Bce ee 3HadeHus Ha S (mpu S t 0), 4yToOBI
CBECTH €€ K PACHpeC/ICHUI0 BEPOATHOCTEH (WM K IUIOTHOCTH BEPOSTHOCTH).
OnHako CHEeNHAIKUCTBI IO HEUETKOCTU CHPABEIMBO BO3PAKAIOT IIPOTUB TAKOTO
«IPUMUTUBHOT0» CBEJICHUSI, HIOCKOJIbKY OHO ITPOBOJAUTCS OTAEIBHO JJI KaXIO0M
pa3MBITOCTH (HEYETKOTO MHOXKECTBA), M ONPEACICHUs OOBIYHBIX ONEpalui HaJ
HEYETKMMHU MHOKECTBAMHU C HUM COTJIaCOBaTh HENb34. [lociieinee yTBepKIeHHE
o3HayaeT ciaenyromee. [lycTh ykazaHHbIM 00pa3om mpeoOpa3oBaHbl (DYHKIIHU
NPUHAIJIEKHOCTH HEYETKUX MHOXecTB A u B. Kak mpu 3Tom npeoOpasyrorcs

byHKIMM ~— TpuUHAIeKHOCTH Al B,AUB,A+B,AB?  VYCTaHOBUTH  3TO

HEB603MOICHO 6 npuHyune. HOCHGI[HCC YTBCPKACHHUC CTAHOBHUTCA COBCPIICHHO

SACHBIM ITIOCJIC paCCMOTPCHUS HCCKOJBKUX ITPUMCPOB IIap HCUCTKUX MHOXKCECTB C
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OMHUMHM W TEMH >C CyMMaMH 3HaueHHH QYHKIMHA MPUHAIICKHOCTH, HO
pa3IMYHBIMU Pe3yIbTaTaMH TEOPETUKO-MHOKECTBCHHBIX OINEpAIldii HAal HHUMH,
NPUYEM U CYMMBbI 3HAUCHUH COOTBETCTBYIOMIMX (DYHKIMH MPUHAICHKHOCTH TSI
9TUX PE3YJIbTaTOB TEOPETHKO-MHOKECTBEHHBIX OIEPali, Hampumep, is
HIepeceUYeHUl MHOKECTB, TAKXKE Pa3IHYHbI.

B paboTax 1m0 HEYETKHM MHOYECTBaM JOBOJIBHO YacTO YTBEPXKIACTCS,
YTO TEOPUS HEUYCTKOCTH SIBIIIETCS CaMOCTOSTEIBHBIM Ppa3[eiioM IPHKIIAIHOM
MaTeMaTHKH U HE UMECT OTHOIICHUS K TCOPHH BEPOSTHOCTEH (CM., Hampumep,
0030p auteparypbl B MoHOrpadusx [4, 5]). ABTOpbI, CpaBHHBABIINE TEOPHUIO
HCYETKOCTH M TEOPUIO BEPOSITHOCTEH, OOBIYHO MOAUYEPKUBAIIN PA3THUNE MEKITY
9TUMH 00JAaCTAMU TEOPETUYECKUX M TMPHKIATHBIX HcciaeaoBanuii. OObIYHO
CPaBHHMBAIOT aKCMOMATHKY M CPaBHUBAIOT 0OJiacTH mpuiiokenuii. Hamo cpasy
OTMETHTh, YTO apryMeHThl MPH BTOPOM THIIC CpPaBHEHHH HE HMEIOT
JI0Ka3aTeIbHON CHIIbI, TOCKOJIbKY IO TOBOAY TPaHUI] MPUMEHHUMOCTH JaXe
TaKOM [JABHO BBIJACIHBINEHCS HAy4HOH O0JIACTH, KaK BEPOSTHOCTHO-
CTaTUCTHYECKUE METOJbI, MMEIOTCS Pa3iuuHble MHeHUsA. M ¢ apudmernkoit He
ayumie. WTor paccyaeHud OIHOrO M3 HaumOojiee M3BECTHBIX (DPaAHITY3CKUX
MaTeMaTHKOB AHpu Jlebera mo MmoBOAYy TPaHUI] IPUMEHHUMOCTH apH(PMETHKH
TaKOB: «Apu(MeTHKa MPUMEHUMa TOIJa, KOrja OHa MPUMEHHMa» (CM. €ro
MoHorpaduro [9, ¢.21-22]).

[lpu cpaBHEHHH Pa3IUYHBIX aKCHOMATHK TCOPHHM HEUETKOCTH M TCOPHHU
BEPOSATHOCTECH HETPYAHO YBHJIETh, YTO CIIMCKH aKCHOM paziindarorcs. M3 aroro,
OIHAKO, OTHIOAb HE CJEIyeT, YTO MEXKIy YKa3aHHbBIMH TEOPUAMHU HEIIb3s
YCTAHOBHMTH CBfA3b, THIIA W3BECTHOI'O CBEJCHHUSA CBKJIMIOBOH T€OMETPHH Ha
IUIOCKOCTH K apudmeTnke (TOUHEe K TCOPHM YHMCIOBOM cHUCTeMbl R? - cMm.,
Hanpumep, MoHorpaduro [10]). HamoMHuMM, YTO 3TH JBE aKCHOMATHKH -
CBKJIMIOBOM T'€OMETPUHM M apu(METHKHM - HA TEPBBIM B3IJIA] BECbMa CHUJIBHO

paznnyaroTcs.
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MoOXHO TOHATH  JKEJAHWE HHTY3UACTOB HOBOTO  HAINPABJICHUS
MOAYEPKHYTh MPUHIMINAIBLHYIO HOBU3HY CBOEro HaydyHOro ammnapara. OaHako
HE MEHEE BaXHO YCTAHOBUTH CBSI3M HOBOTO MOJXOJIa C pPaHEE W3BECTHBIMH.
PaccmoTpyM MeTOI CBEIEHUSI TEOPUM HEUETKUX MHOXKECTB K TEOpHH
CIIy4allHbIX MHOKECTB.

Onpeoenenue 2. [lycte A= AW) - cryuatinoe nOOMHONICECBO KOHEUHO20
MHoxcecmea Y. Heuerkoe MHOXKECTBO B, omnpeneneHHOe Ha V, Ha3bIBaeTcs
npoeknuei A u ooo3nayaetcs Proj A, eciu

my (y) =P(yl A) (8)
pu Bcex yl V.

OueBUIHO, KaXIOMY CIy4alHOMY MHOXECTBY A MOXHO IOCTaBUThH B
COOTBETCTBUE C TOMOIIBI0 Gopmyinbl (8) HedeTkoe MHOXecTBO B = Proj A.
Oxa3bIBaeTcsi, BEpHO U 0OpaTHOE.

Teopema 3. Jlns nr000r0 HEYETKOTO ITOAMHOXKECTBA B KOHEUHOTO
MHOXECTBa YV CyILIECTBYET Clly4ailHOE MOJIMHOKECTBO 4 MHOXKECTBa ¥V Takoe,
yro B = Proj A.

Jlokazamenvcmeo. JOCTaTOYHO 3a4aTh PACIPEOCIEHUE CIYYalHOTO
mHoxectBa 4. Ilycts Vi1 - Hocutens B (cM. ompenenenue 1 Boimre). bes

OTrpaHUYEeHUs] OOLIHOCTH MOKHO CUUTaTh, 4TO Y, ={V,, Y,,..., Y.} TPH HEKOTOPOM

M ¥ 3JIEMEHTHI V1 3aHYMEPOBAHbI B TAKOM MOPSIKE, YTO
0<my(y,) £ My(Y,) £ ... £ M (Vi)-
BBenem MHO)eCTBa
Y@ =Y,Y(2) ={ Vs reees Yo} ees YEO) ={ Y reees Vi } oo Y(M) ={y, .}

[Homoxum

P(A=Y([D) =ms(y1), P(A=Y(2)=my(y,)- ms(¥)s--os

P(A=Y(1) = m (%) - My(Yea)seos P(AZY (M) = My (V) = M (Vi a)s
P(A=/) =1- my(y)-
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JInsg BceX OCTalbHBIX TMOAMHOXeCTB X MHOxecTtBa ¥ monoxkum P(A4=X)=0.
[Tockonbky asteMeHT Y; BxoauT Bo MHOKecTBa Y(1), Y(2),..., Y(t) u He BXOmuUT BO
mHOXkecTBa  Y(t+1),..., Y(M), To M3 mpuBeaeHHBIX BbIlIe (HOPMYJ CICAyeET,
groP(y, T A)=m,(y,). Ecim y1Y,, To, oueBumno, P(yl A)=0. Teopema 3
JTIOKa3aHa.

Pacnipenenenue ciry4aliHOro MHOKECTBA C HE3aBUCUMBIMU DJIEMEHTAMH,
Kak ciemyet u3 [11], HOJHOCTBIO ONpeaeIIeTcs ero mpoekiuei. /s KoHeuHOTo
CIIy4aifHOTO MHO’KECTBa OOIIETo BHA TO HE Tak. J[JIs yTouHEeHUs CKa3aHHOTO
MOHAI00UTCS CIIeYIONIasl Teopema.

Teopema 4. ]Jlns cinydallHOTO TOJAMHOXeCTBa A MHOXeCTBa ¥V wu3
KOHEYHOTO YHCIIa 3JIEMEHTOB HaOOPHI YHCeN

P(A=X), X1 Y, uP(XI A),XIY,

BBIPAXKAIOTCS OJIUH Yepe3 APYromu.

Jlokazamenbcmeo. Btopoil Habop  BbIpaxaeTcsi 4epe3  IMepBbIA
CJIeYIOUM 00pa3oM:

P(XT A= § PA=X).

XXi X
DneMeHThl TIEPBOTO Ha0Opa BBIPA3UTh YEPE3 BTOPOM MOXKHO C TOMOIIBIO
dbopMyIibl BKIIIOUEHUN U UCKITIOYEHUN U3 (hOopMaIbHOM JIOTUKH, B COOTBETCTBUU
C KOTOpOW
P(A=X)=P(X T A)- §PXU{yBT A+ P(XU{y,y,} T A-..£PYI A).

B sT0ii opMyiie B mepBoii cymme y mpoOeraeT BCe 2JIeMEHTh MHOKeCcTBa Y\X,
BO BTOPOUl CyMM€ NEPEMEHHBIE CYMMHUPOBAHUS )1 M V2 HE COBIIAJIAIOT M TAKXE
mpoOeraroT 3To MHOXecTBO, W T.a. Ccblnka Ha (QopMylly BKIIOUEHHH WU
UCKJIFOYEHHUH 3aBepIIaeT JOKa3aTeIbCTBO TEOPEMEI 4.

B cootBercTBUM ¢ TeopeMod 4 ciy4ailHOE MHOXECTBO A MOXHO
XapakTepu30BaTh HE TOJIBKO paclpeiesieHueM, HO W HabopoM uucen

P(X 1 A),XI Y. Barom Habope P(£i A)=1 a apyrux CBsi3eil THIA PABEHCTB

Her. B oror Habop Bxomar umcima P{y} 1 A)=P(yl A), cregoBareibHo,

http://€j .kubagro.ru/2013/08/pdf/39.pdf
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(duKcalys MPOSKIUU CIy4alHOro MHOXECTBa JKBUBaJeHTHa (ukcanuu K =
Card(Y) mapamerpoB u3 (2%1) mnapameTpoB, 3aJalolUX paclpeeleHne
ciydaiitHoro MHoOXectBa A4 B obOmeMm ciaydae. (3mech cumBosiom Card(Y)
0003HaYEHO YHCII0 3JICMEHTOB MHOXKecTBa Y.)

Byner nmosie3Ha ciieyromnas TeopemMa.

Teopema 5. Eciu Proj A= B, To Proj A=B.

JIns  10Ka3aresibCTBa JOCTATOYHO BOCIOJIB30BATHCS TOXKICCTBOM W3
TEOpUM  CIIy4aiiHBIX MHOXKeCTB  P(A=X)=P(A=X), dopmymoil  mis
BEPOSITHOCTH HakpbiThss  P(yl A), ompejaeneHHeM OTPHUIAHHS HEYETKOIO
MHOKecTBa U TeM, 4To cymma Bcex P(A=X) pana 1. Ilox dopmymoit mis
BEPOSTHOCTH HAKPBITHS HMMEETCS B BHUAY CJEIYIOIIEE YTBEPIKICHHE. YTOOBI
HAWTH BEPOATHOCTh HAKPBHITHUS (UKCUPOBAHHOTO »JJIEMEHTa ( CIy4alHbIM

ITIOAMHOXECTBOM S KOHEYHOr0 MHOKECTBA Q, JOCTAaTOYHO BBIYHCJINTH

Pl S)=R{w:qgil Sw)})= Q P(S=A),

Adi A A 2°
rJIc CyMMHpOBaHHWE HACT IO BCeM TMOAMHOXKecTBaM A MHOXecTBa Q,
cojiepKalum (.

Ilepeceuenusi U MPoOU3BeAEeHUSI HEYETKUX M CJHYyYallHBIX MHOKECTB.
BreisicHuM, Kak omnepainuy Haj ClIydyalHbIMHM MHOXKECTBAMU COOTHOCSITCS C
omepanusaMy HaJ UX IpoeKuusMu. B cuimy 3akonoB ne Moprana (teopema 1) u
TEOPEMBbI S JOCTATOYHO PACCMOTPETh OMNEpaIUI0 TEPECEUCHUS CIIyYalHbIX
MHOXECTB.

Teopema 6. Eciu cnydaiiHple MOAMHOXeCTBa A1 U Az KOHEUHOTO
MHOECTBA ¥ HE3aBUCHUMBI, TO HEUYETKOE MHOXKECTBO Proj(A C A,)) sBisercs
NPOM3BEACHUEM HEUCTKMX MHOXecTB Proj Az u Proj As.

Hokaszamenvcmeo. Hajno nmokasars, 4to mjs Jiroboro yi Y

P(yl ACA)=P(yl APyl A). (9
[To dhopmyite a1 BEpOATHOCTH HAKPBITHS TOYKH CITYYaiHBIM MHOKECTBOM (CM.

BBIIIIC)

http://€j .kubagro.ru/2013/08/pdf/39.pdf



http://ej.kubagro.ru/2013/08/pdf/39.pdf

Hayunsiit s)xypran KyoI'AY, Ne92(08), 2013 rona 15
P(yI AACA)= aP(ACA)=X) (10
Xyl X
JIerko TIpOBEpHTH, YTO pACIPEACIICHHE IEPECCUCHHs CIydalHBIX MHOXKECTB

A C A, MOXHO BBIPa3UTh YE€PE3 HUX COBMECTHOE PACIPEACICHHUE CICHYIOIIUM

obpazom:

PAGCA =X)= A&  PA=X,A=X,). (11)

X1, X9: X, C X=X
N3 coornomenmii (10) m (11) crmemyeT, YTO BEPOSTHOCTh HAKPBITHS IS
MEPECCUCHUS CIyYalHBIX MHOXECTB MOXHO NPEJICTaBUTh B BHUJIC JBOMHOU

CYMMBI

Pyl ACA)= & a PA=XA=X). (12

Xl X X, % X CXp=X
3aMeThM TCIICPb, YTO IIPpaBYIO 4YacCTb (bOpMyan (12) MOJXHO IICPCIINCATh

CJIeTYIOUM 00pa3oM:

a  PA=X,A=X,). (13

Xp, X6 X6 X,
JeictBurensHo, hopmyna (12) otnuuaercs ot Gopmynsl (13) mumib TeM, 4TO B
HCH CrPYNIOUPOBaHbl WIEHb, B KOTOPBIX II€PECCUCHUE IEPEMEHHBIX
CYMMHpPOBaHHUS X, C X, MPUHUMACT IMOCTOSTHHOE 3Ha4YeHKE. BOCI0Ib30BaBIINCH
OMpe/cICHUEM  HE3aBHCHUMOCTH  CIIyYallHBIX ~ MHOXKECTB M IPABHIIOM
TIEPEMHOKCHHS CyMM, TToJTy4aeM, uto u3 (12) u (13) BeITeKaeT paBeHCTBO
- & o e o 0
Pyl ACA)=ta PA=X)E a PA=X)z
Xyl Xy Xyl X, g
J11s1 3aBepIICHUS JOKa3aTeIbLCTBA TEOPEMBI 6 IOCTATOUHO €Il pa3 cocaaThCs Ha
bopMyITy a1 BEpOSITHOCTH HAKPHITHSI TOUKH CIIydaiiHBIM MHOXKECTBOM.
Onpeoenenue 3. Hocurtenem ciydaitHoro MHoxkectBa C Ha3bIBaeTCs
COBOKYITHOCTh BCeX TeX dyeMenToB y1 Y, mist kotopsix P(yl C) > 0.

Teopema (. PaBeHCTBO

Proj(AC A) =(Proj A)C (Proj Ay)
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BCPHO TOraa M TOJIBKO TOI'la, KOrJa IICPCCCUCHHC HOCHUTEIICH CJ'Iy‘-IElfIHBIX

MHOkecTB A C A, u A C A, mycTo.
Jokazamenbcmeo. HeoOX0MMMO BBISICHUTB YCIIOBHUSI, IPU KOTOPBIX
P(yl A CA)=min(P(yl A) Pyl A)). (14
[Tosoxum
P =P(YT AGA).p, =P(yl ACA) p,=P(yl ACA).
Torna paBeHncTBO (14) CBOIUTCS K YCIOBHIO
P, =min(p, + p,, p, + p;). (15)
ScHo, uto cootHomeHue (15) BBIMOIHEHO TOTJa M TOJBKO TOI/Ia, Koraa pops=0

npu Bcex yl Y, T.e. HE CyHIECTBYET HH OJHOTO 3jJeMeHTa Y, | Y Takoro, 4ro
OJHOBpEeMEHHO P(y, 1 R(;Az)>0 u P(y,l Aic;g)>0, a 2TO JKBHUBAJICHTHO

IyCTOTE IEPECceYeHHs] HOCHTENeH CilydaiiHbIX MHOXkecTB A CA, u A CA,.
Teopema 7 noka3aHa.

CeeneHne 1moCjeA0BATEJILHOCTH  ONEPAlMii  HAJA  HEYETKUMHU
MHOKECTBAMH K IOCJAEJ0BATEJbHOCTH ONepauuid Haa Cay4YaiHbIMU
MHOKeCTBAaMHU. BpIllie MNOJlydeHbI HEKOTOPBIE CBS3M MEXKIY HEYETKUMHU H
ClydaliHBIMU MHOKeCTBaMu. M3yueHue 3tux cBszeit [4, 5] Hauamoch ¢ BBEJACHHUS
CIIy4allHBIX MHOKECTB C IIEJIbI0 Pa3BUTHSA M OOOOIICHMs ammapaTa HEYETKUX
MHOxkecTB JILA. 3anme. Jleno B TOM, 4TO MAaTeMaTHUYE€CKUM amnmapaTr HEYETKUX
MHOKECTB HE€ IIO3BOJISIET B JIOJDKHOW MEpPE YUYUTBHIBATh PA3JIMYHBIC BAPUAHTHI
3aBHCHMOCTH MEXIy IMOHATUAMU (0OBEKTaMH), MOJCIUPYEMBIMH C €ro
MOMOIIBI0, HE SBJISIETCS JOCTAaTOYHO THOKWMM. Tak, JJIs omucaHusl «OOIIei
YacTU» JIByX HEYETKUX MHOXKECTB €CTh JIMIIb ABE ONEPALUU - IPOU3BEICHUE U
nepeceuenue. Ecnu mnpuMeHsieTcs mepBas M3 HHMX, TO (DaKTUYECKH
MPEAnojaraeTcs, YTo MHOXKECTBA BEAyT ce0si KaK MPOEKIIMH HE3aBUCUMBIX
CIIy4aliHBIX MHOXECTB (CM. BbIlle TeopeMy 6). Ormepars mepeceucHus TakKe
HAKJIQJbIBACT BIOJIHE OIMPECICHHBIE OTPAHUYEHHS HA BUJ] 3aBUCUMOCTH MEKY

MHOXECTBaMHU (CM. BBIIIIE TeOpeMy /), IPUYEM B OTOM Cilydae HaHJCHBbI Jaxe
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HEOOXOJMMBIC U JIOCTATOUYHBbIE ycloBHUsA. JKenmaTenabHO MMETh OoJiee IMIUPOKHE
BO3MOXXHOCTH JIJISI MOJICIUPOBAHMS 3aBUCUMOCTH MEXIYy MHOXKECTBaMHU
(monsTHAMH, 0OBeKTamMu). lMCHosbp30BaHWE MAaTEeMAaTHYECKOrO — armapara
CITy4allHbIX MHOECTB TIPEIOCTABISET TaKWe BO3MOKHOCTH.

[leas cBeAcHUS TEOPUM HEYCTKUX MHOXKECTB K TEOPHH CIyYalHBIX
MHOXXECTB - 3a JII0OOH KOHCTPYKIIMEM W3 HEYETKUX MHOMXECTB YBHJICThH
KOHCTPYKIIMIO U3 CIyYalHBIX MHOECTB, OINpPEICSIONIYI0 CBONCTBA MEPBOM,
aHAJIOTUYHO TOMY, KaK 3a IUIOTHOCTBIO PACTIPEICICHHS BEPOSTHOCTEH MBI
BUJIUM Cly4yaiiHylo BennuuHy. [IpuBeneM pe3ynbTaThl MO CBEICHHUIO alTeOphI
HEUYETKUX MHOXKECTB K aJireOpe CiiydaliHbIX MHOXKECTB.

Onpeoenenue 4. BepositHoctHoe mpoctpanctBo {Q, G, P} HazoBem
JIEMMMBIM, €CIH I Jr00oro wm3Mepumoro MHoxkectBa X1 G m  mro6oro
MOJIOKUTEIBHOTO 4YMclia a, MeHbinero P(X), MOXHO YyKa3aThb H3MEPHMOE
MHOKecTBO Y | X Takoe, yro P(Y) =a.

Ilpumep. Ilyctb W - eIMHUYHBIM KyO0 KOHEYHOMEPHOTO JIMHEHHOTO
npoctpancTBa, G ecTh curma-anreOpa OOpeleBCKMX MHOXKECTB, a P - mepa
Jle6era. Torma {Q, G, P} - nenmumoe BEpOSITHOCTHOE MPOCTPAHCTRO.

Takum oOpa3om, AeIMMOE BEPOSTHOCTHOE MPOCTPAHCTBO - ITO HE
sKk30TUKA. OOBIYHBIN KYO SBISETCS IPUMEPOM TaKOTO MPOCTPAHCTRA.

JlokazatenbCcTBO  CHOPMYJTUPOBAHHOTO B TPUMEPE  YTBEPKIACHUS
MPOBOJIUTCS CTAaHJAAPTHBIMH MaTeMaTHUYeCKUMHU mpueMamu. OHM OCHOBaHBI Ha
TOM, YTO H3MEPUMOE MHOKECTBO MOKHO CKOJb YTOJHO TOYHO MPUOIHU3UTH
OTKPBITBIMH MHOXECTBAMH, TIOCIEAHUE TPEACTABISIIOTCS B BHJE CYMMBI HE
0oJiee YeM CYETHOTO YHCJIa OTKPBITHIX IIAPOB, a JJIs IIapOB JIEIUMOCTh
IPOBEPSIETCS HEMOCPEACTBEHHO (0T Irapa X Teno oobeMa a < P(X) oTAenseTcs
COOTBETCTBYIOIIEH MJIOCKOCTHIO).

Teopema 8. Ilycth nmaHpl CiydailHOE MHOXECTBO A Ha JICITUMOM
BEPOATHOCTHOM mpoctpaHcTBe {Q, G, P} co 3HaYeHHMsSIMH BO MHOXECTBE BCEX

IIOAMHOXKECTB MHOXKECTBA Y "3 KOHEYHOTO 4YHCia DJIEMCHTOB, M HCYCTKOC
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MHOxkecTBO D Ha Y. Torga cymectBytor cinydaitieie MHOXKecTBa C1, Ca, C3, Cy
Ha TOM € BEPOSTHOCTHOM MPOCTPAHCTBE TAKUE, YTO
Proj(ACC)=B¢D, Proj(ACC,)=8BD, Proj(AEC,)=BE D,
Proj(AEC,)=B+D, ProjC =D, i =12,34,
rne B = Proj A

Loxaszamenscmeo. B cuiy cripaBemlJIMBOCTH 3aKOHOB Ji€ Moprana mis
HeueTknXx (cM. TeopeMy 1 BbIII€) W IS CIyYalHBIX MHOXECTB, a TaKKe
TeopeMbl 5 Bhimie (00 OTPHIIAHUAX) JOCTATOYHO JOKa3aTh CYIICCTBOBAHHUEC
cay4daitHbIx MHOKeCTB C1 u Co.

PaccMoTpum  pacnpeneneHue BEpOATHOCTEM BO MHOXKECTBE BCEX
MOAMHOKECTB MHOXECTBA Y, COOTBETCTBYIOIIEE ClydailHOMy MHOxecTBy C
takomy, uro Proj C = D (oHo cymectByer B cmiry TeopeMbl 3). [loctpoum
ciy4daiiHO€ MHOXkeCTBO (2 C YKa3aHHBIM pPACHpPEICICHHEM, HE3aBUCHUMOE OT A.
Torma Proj(AC C,) = BD mo teopeme 6.

[lepeitnem k moctpoeHuto ciaydyaitHoro mHoxkectBa Ci. Ilo Teopeme 7
HEOOXOJMMO M JIOCTaTOYHO OIpEAeIuTh CilydallHoe MHOXkecTBO C,(w) Tak,

uto6b1 ProjC; = D u nepeceuenre HocHTeNeH CIIydaiiHBIX MHOXKECTB AGC, U
AC C, 65110 IyCTO, T.€.

p, =P(yl ACC)=0
st YUY, ={y:my(y) £my(y)} u

p, =P(yl ACC,)=0
syl Y, ={y:my(y)® my(y)}.

[Toctpoum C,(w), UCXOAS U3 3aJAHHOTO CIy4aWHOTO MHOXECTBa A(W).

IIycts y, 1 Y,. UcKmo4uM 3IEMEHT )3 U3 AW) IS CTOJIBKHX DIIEMCHTAPHBIX
COOBITUH W, YTOOBI IS TOJYYEHHOTO CIyYalHOTO MHOXKecTBa A (w) OBLIO

CIIpaBCIJIMBO PABCHCTBO

P(y,T A)=my(y,)
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(MMeHHO 3[1eCh MCIIOJIB3YETCSA IEIMMOCTH BEPOSTHOCTHOTO MPOCTPAHCTBA, Ha
KOTOPOM 3aJIaHO ClTydaliHOe MHOXKeCcTBO A(Ww)). It y ! y,, OYEBUIHO,

P(yl A)=P(yl A).
AHQJIOTUYHBIM 00pa30M TOCJIEIOBATEILHO MCKIOUaeM ) U3 A(W) I Bcex

y1 Y, u mob6asasiem y B A(w) st Bcex yl1 Y,, MeHsisl Ha KakaoM mary P(yl A)
TOJIBKO JUIS Y =Y, TaK, 4YTOOBI

P(y, T A)=my(y))
(scHo, uyto mpu paccmorperuu Y, 1 Y,CY, ciay4aiilHOE MHOKECTBO A (W) He

mensiercs). IlepeOpaB Bce 3jeMeHTHI Y, MOJNYyYUM CIydaiiHOE MHOXKECTBO

A (W) =C,(w), 1JIT KOTOPOTO BBITOTHEHO TpebyeMoe. Teopema 8 nokazana.

OCHOBHOM pe3yJIbTaT O CBEICHUN TEOPUH HEYETKUX MHOMXECTB K TCOPHUU
CIIy4allHbIX MHOYKECTB JIA€TCS CICIYIOIIEH TEOPEMOI.

Teopema 9. Ilycty B,,B,,B,,...,B, - HEKOTOpbIE HEUETKHUE TTOJIMHOKECTBA
MHOXKECTBa Y M3 KOHEUHOIO 4YHCJIa JJIEMEHTOB. PaccMoTpuMm pe3ysibTaThbl
MOCJIEIOBATEILHOTO BBITIOJHEHUSI TEOPETUKO-MHOKECTBEHHBIX OTIEpaLINil

B™ =((...(B,0B,)0B;)o...)oB, ,)0B,, m=12..t,

IJ€ 0 - CUMBOJ OJHOM W3 CJICAYIOIINX TEOPETUKO-MHOXKECTBEHHBIX Omeparuit
HaJl HEYETKMMHU MHOXECTBAMU. IepecedeHue, Mpou3BeJcHUE, OOBEIUHEHHUE,
cymMa (Ha pa3HBIX MECTaxX MOI'YT CTOSITh pa3HbIe CUMBOJIBI). Torma CymecTByOT

CIy4aiiHbI€ MMOJMHOXKECTBA A, A,, A,,..., A TOTO XK€ MHOKECTBa Y Takue, 4yTo
ProjA =B, i=12,..t,

¥, KpOME€ TOTO, pE3ylbTaTbl TEOPETUKO-MHOMXECTBEHHBIX ONEPaAlUil CBS3aHBI
AHAJIOTHYHBIMU COOTHOIICHUSIMHU

Proj{((...(AAA)AA)A.)DAA DAA}=B", m=12...t,
rJe 3HaK A O3HaYaeT, 4YTO Ha pacCMaTPHMBACMOM MECTE CTOUT CHMBOJI
nepecedeHusi C CaydalHBIX MHOXKECTB, €CJIM B onpeseiacHuu B ctout cuMBom

MepeCCUCHUA 501041 CHUMBOJI IMPOU3BCACHMA HEUYCTKUX MHOXKECTB, u
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COOTBETCTBEHHO CHUMBOJ OOBEIWHEHUs E ciaydallHbIX MHOXeCTB, eciu B B™
CTOUT CUMBOJI 00bEAMHEHUS UJIK CUMBOJI CYMMbI HEUETKHUX MHOXECTB.
Kommenmapuu. Ilosicaum conepxanue teopeMsl. Hanpumep, ecnu
B° =(((B, +B,)C B,)B,) E By,
TO
(AAA)AA)AA)AA =((AEA)CA)CA)EA.

Kak coBMecTUTH CIpaBeIJIUBOCTh AUCTPUOYTUBHOTO 3aKOHA ISl CIyYaHHBIX
MHOECTB (BBITEKAIOIICTO U3 €r0 CIPaBEATUBOCTH JIJISI OOBIYHBIX MHOXECTB) C
TEOpEeMOM 2 BBIIIE, B KOTOPOM MOKa3aHO, YTO JJIsi HEYETKUX MHOYKECTB, BOOOIIE

roBops, (B,+B,)B,! BB, +B,B,? Jleno B TOM, 4TO XOTS B COOTBETCTBHH C

TeopeMor 9 Mg MOOBIX TPEX HEUETKHX MHOXKECTB Bi, B2 1 B3 MOXKHO yKa3aTh
TpH CIy4aillHbIX MHOXECTBA A1, A2 1 A3 Takue, 4To
Proj(A)=B, i=123 Proj(AE A)=B+B, Proj(AEA)CA)=8,
rae
B® = (B, +B,)B,,
HO TIPH 3TOM, BOOOIIIE TOBOPS,
Proj(ACA)* BB,
U, KpOME CIIy4aeB, YKa3aHHBIX B TEOpEME 2,
Proj((AE A)CA)* BB,+B,B,

Hokaszamenvcmeo Teopembl 9 mpoBoguTcs mo uHAykKumu. [lpm t = 1
pacnpeneneHue Ciay4yalfHOro MHOXKECTBA CTPOHUTCS C IMOMOIIBI0 TEOpEMbI 3.
3aTeM KOHCTPYUPYETCS CaMO CIIy4YalHOE€ MHOXECTBO A1, OINpPENEIECHHOE Ha
JCTAMOM ~ BEPOSITHOCTHOM MPOCTPAaHCTBe (HETPYAHO TPOBEPUTh, YTO Ha
JNEJIUMOM  BEPOSITHOCTHOM  IIPOCTPAHCTBE MOXHO IIOCTPOUTH CIIy4anHOE
MOJIMHOYKECTBO KOHEYHOTO MHOKECTBA C JIIOOBIM 3aJaHHBIM paclpeieieHHEM
UMCHHO B CHJIy JCIIMMOCTH IpOCTpaHCTBa). Jlajee ciydaiiHbie MHOXeCTBa A2,

As, ..., At CTPOMIM TIO HHIYKITUY C TIOMOIIBIO TeopeMbl Teopema 9 moka3aHa.
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3ameuanue. TlpoBeneHHOE T0KA3aTEIBCTBO TEOPEMbl 9 TPOXOIUT U B
ciydae, Korja npu onpesneiacHun B ncrmonp3yroTes oTpuIlaHus, TOYHEE, KPOMe
B™ panee BBeIEHHOTO BHJA MCIOJB3YIOTCS TaKkKe TOCIEIOBATEIHLHOCTU
pe3ynbTaTOB TEOPETUKO-MHOXKECTBEHHBIX OIEpalui, OdYepeqHON Imar B

KOTOPBIX UMCCT BHUA

B"=B"™'0oB, B'=B"™'0B, B'=B"'0B

m

m? m*

A WMEHHO, CHayalla NpU IOMOINK 3aKOHOB Ja¢ MopraHa (Tteopema 1 BEIIII€)
IPOBOIUTCS IpeoOpa3oBaHue, B Pe3yjabTaTe KOTOPOTO B IOCIIEI0BATEIBHOCTH
B™ ocTaroTcst TONBKO OTPHIAHUS OTACIBHBIX IMOAMHOMKECTB M3 COBOKYITHOCTH

B,,B,,B;,..., B, @ 3aT€éM ¢ MOMOUIBIO TEOPEMBI D BOOOIIE yAaeTCsl U30aBUTHCS OT

OTPHUIIAHHUI U BEPHYTHCA K YCIOBUAM TEOpPeMbI 9.

WTak, B HACTOSAIIEM pa3ieiie OMMCAHBI CBSI3U MEXIY TaKUMH 00BEKTaMHU
HEYHCIIOBOW TTPHUPOJIbI, KAK HEUETKHE U CITydallHbIe MHOXKECTBA, YCTAHOBJICHHBIE
B HAIlICH cTpaHe B mepBoii nojoBuHe 70-X ro1oB, HaunMHas ¢ pabotel [12]. Yepes
HECKOJIbKO JIET, a MMEHHO, B Hadaie 80-X rojoB, OJM3KHE MOAXOAbl CTaJIH
pa3BuBaThCcs W 3a pyoe:xom. OmHa u3 pabor [13] HOCHUT mpHUMedaTenbHOE
Ha3BaHue «HedeTkne MHOXKECTBAa KaK KJIACCHl AKBUBAJCHTHOCTH CITyYalHBIX
MHO>KECTBY.

B 3KOHOMETpUKE M MPUKIATHON CTAaTUCTUKE pa3paboTaH psJ METOAOB
CTATUCTUYCCKOTO aHalM3a HEYETKUX JIAHHBIX, B TOM YHCIICE METOIbI
KJIaCCU(UKAIINU, PETPECCHH, MPOBEPKH THUIIOTE3 O COBNAJCHUM (QYHKIUH
INPUHAUICKHOCTH 110 ONBITHBIM JaHHBIM M T.JI., NPUH 3TOM OKa3alluCh
MOJIC3HBIMHU OOIIIKE MOIX0bl CTATUCTHKU 00BEKTOB HEUMCIIOBOM MpHupo sl [11].
MeTomoorHYecKne W TMPHUKIAIHBIE BOMPOCH TEOPHH HEUYETKOCTH IIHPOKO

oOcyxnatorcst B auteparype. [Ipusenem mpumep.
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3. HeueTkmnii 3KCnepTHBII BHIOOP B KOHTPOJLUIMHIE NHHOBALMIA

OO6CcyIuM OJHO TMPUMEHEHHE SKCIEPTHBIX TEXHOJOTUM, pa3pabOTaHHBIX
HA OCHOBE TE€OPUHU HEUETKOCTH.

B Hacrosmiee BpemMs aKTHBHO pa3padaThiBaeTCs MOIXOJ K YIPaBICHUIO
WHHOBAIIMOHHBIMHU TIPOCKTaMHU, OCHOBAaHHBIM HAa METOIOJOTUU KOHTPOJUIUHTA.
OnHOM W3 TJABHBIX TPUYMH BO3HUKHOBEHUS U BHEAPCHUS KOHIICTIIIHH
KOHTPOJUIMHTA ISl pa3pa00TKN MHHOBAIMI HA MPOMBIIUICHHBIX MPEITPUATHSIX
cTaja HEOOXOJIMMOCTh B CHUCTEMHOW WHTETrpallid pa3IMYHBIX aCIEeKTOB
VIOPaBJICHUS HMHHOBAITMOHHBIMH TPOCKTaMU. KOHTpOIMHT oOecreunBacT
METOJMYECKYI0 M WHCTPYMEHTAJIbHYIO 0a3zy i TMOJJEPKKH OCHOBHBIX
GyHKIMA MEHEIDKMEHTA: TUIAaHWPOBAHUS, yueTa, KOHTPOJII U aHalln3a, a TaKKe
OIICHKH CHTYAIUH JUIs PUHATHUS YIIPaBICHYSCKUX perneHui [14].

Ortanbl KOHTPOJIMHra uHHOBamui. CormacHo [15], KOHTpPOJIIMHT
WHHOBAIIMH BKJIIOYAET B ceOs:

- OIIEHKY pPeaIn3yeMOCTHU MPOEKTA,

- uHGOPMAIMOHHYIO  TOJJICPXKKY  IUJIAaHUPOBAHUS  pa3paboTKH
WHHOBAIIMOHHOTO TIPOEKTA;

-  uHGOOPMAIMOHHYIO TOAJAEPKKY KOHTPOJISI HaJ OCYIIECTBICHUEM
WHHOBAIIMOHHOTO TIPOEKTA;

- ”TH(POPMAITUOHHYIO TTOJICPKKY (PYHKITUN aHATH3A.

Ha mepBom sTame KOHTpOJUIEpYy MpOeKTa HEOOXOJAMMO OTBETHUTh Ha BOIPOC:
JOCTHTHET JIM TPEINPHUATHE MOCTABIICHHBIX TIEpe HUM IIeJIel, €CITA TMPUCTYITUT
K peanuzanuu mpoekrta. llenn mpoekTa - Kak M LETU camMoro MpeanpusiTHs,
JOJDKHBI WMETh SICHBIM CMBICIH, pPE3yJbTaThl, MOJYYCHHBIC TPHU JTOCTHKECHUHU
eI, JO/DKHBI OBITh W3MEPUMBI, a 3aJlaHHbIe OrpaHuYeHHs (10 BPEMECHH,
paMkaMm OrO/DKeTa, BBIJCICHHBIM pecypcaM M KauyeCTBY IOJy4aeMbIX
PE3yJIbTATOB) BBIMOJHUMBI. ECiM MpHU peanu3anuu MpoekTa oOIIepupMeHHBIC

oejim HC AOOCTHUTal0TCA, TO IIOAPA3ACIACHUC KOHTPOJUIMHIA BBIpa6aTBIBaeT
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NPEeMIOKEHUsT 00  albTepHATHUBHBIX BapuaHTax peaju3allud  IPOEKTa,
CITIOCOOHBIX yIOBJIETBOPUTH TTOCTABJICHHBIE ETTH.

Ha »Tom sTare Bo3HHKaeT 3a/1a4a BEIOOpa BapraHTa pealn3alliy MPoeKTa,
MO3BOJISIONIETO JOCTUYb 001Ie(prpMEHHbIE TIENTH.

Jns pelieHus 3TOM 3a/1aun MOYHO BOCITOJIb30BaThCS
SKOHOMETPUYECKUMU METOJIaMH. OJKOHOMETPHUKA - 3TO HayKa, HW3ydaromas
KOHKPETHBIE KOJUYECTBEHHBIE M KauE€CTBEHHBIE B3aUMOCBSI3M IKOHOMUUYECKUX
O00OBEKTOB M TPOIECCOB C IMOMOIIBI0 MAaTEMAaTUYECKUX U CTATUCTUYECKUX
METOJOB M MOJIENIel, MOATOMY HMEHHO B 3KOHOMETPHUKE CIEAYyEeT MCKATh
METO/IbI JIJIs1 peIIeHUs MTOCTABICHHOM 3a/1auH.

Kaxnplil npeaoKeHHbId BAapUaHT pealu3aldd IPOEKTa HMEET CBOM
npeuMyiiecTBa W Hemoctatku. OH  MOXET  XapaKTepU30BaThCAd  Kak
KOJIMYECTBEHHBIMU SKOHOMHYECKUMH IOKa3aTeNIIMH, TaKUMH, KakK 3aTparthl,
NOCTYIUIEHUST W JAp., TEXHUYECKUMHU TMOKA3aTeNsIMH, OIUCHIBAIOIIUMHU
XapaKTePUCTUKU KayecTBa pazpadaThIBAEMOI0 MPOYKTa, TAK U KAYECTBEHHBIMU
MOKA3aTeNsIMH, BBIPAKEHHBIMU B BHUJI€ TEPMHUHOB, HAIpPUMEpP, KPOIICYHBIH,
MaJICHbKUU, CPETHHM.

[lenecooOpa3HO BBIAETUTH ATAJIOHHBIA BapUaHT peald3allid MPOeKTa U
€ro XapaKTePUCTUKU. XaPAKTEPUCTHKU MOAOUPAIOTCS TaKUM 00pa3oM, YTOOBI
MPOEKT OBbUT ONTUMAJIBHBIM C TOYKH 3PECHHUS TPEABSIBIAEMBIX K HEMY
TpeboBanuii. UTOOBI CpaBHUTH BapHaHTHl peaTU3allUd MPOEKTA C ATATOHHBIM
BapUAHTOM U BHIOpATh M3 HUX JIYUIIIUMA, MOKHO MPUMEHUTh YKOHOMETPUUYECKHE
METOJIbI, OCHOBAaHHBIE Ha  alrOpUTMax aHaJu3a KAueCTBEHHBIX W
KOJIMYECTBEHHBIX JaHHBIX. Takue MeToIbl MOIpoOHEE PacCCMaTPUBAIOTCS HIKE.

Ha  BTOopoM  »3Tame  ocymiecTBisercs  pa3paboTka  IUIAHOBO-
OpTraHU3alUOHHBIX MEpOIPUSTHHN. [Toapaznenenue KOHTPOJUIMHTA
pa3pabaThiBa€T METOJUKM U HWHCTPYMEHTHl IUTAHUPOBAHMS, HAWITYUYITUM
o0pazoM MoAXoAsIIME B JAaHHBIX YCIOBUAX W oOecreuuBamolye Haubosee

TOYHBIC Pe3yabTarhl. [I0ArOTOBICHHBIN IUIAH MPOBEPSAETCS HA PEATU3YEMOCTD,
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3aT€M PEIIAIOTCs BOIPOCHI, CBA3aHHBIE C KOOPIWHALMEN YYACTHUKOB IPOEKTA, C
opraHu3anuel UH(POPMAIMOHHOTO IOTOKAa, C OpraHu3anue pabor u
HA3HAYECHUEM OTBETCTBEHHBIX.

Ha tperbem sTane ycTaHaBIMBAETCS BpPEMs IPOBEACHUS KOHTPOJIBHBIX
MEpOIPUATUNA, CBSI3aHHOE C BBINOJIHEHUEM ONPENEICHHBIX OJOKOB padoT.
Br16upatorcsi HOJKOHTPOJIbHBIE TTOKA3aTeNH, XapaKTepu3ytomie puHaHcoBoe u
OpraHU3AlMOHHOE COCTOSIHUE TMPOEKTa. Y CTAHABIMBAIOTCA JOMYCTUMBIE
OTKJIOHEHHs BBIOpaHHBIX MOKa3aTesied, IPEBBIIIEHHE KOTOPBIX MOXKET MPUBECTU
K HEratuBHbIM mociencTBusM. IIpoBoautcs yueT mokaszaTened, QuKcanus
OTKJIOHEHMI. BBIABISIIOTCS MPUYMHBI U BUHOBHUKH OTKJIOHEHUH.

Ha 3akiarounTenbHOM 4YETBEPTOM JTalle IOApa3/IesieHue KOHTPOJUIMHIA
OLICHMBAET BIIMSHHE BBISBJICHHBIX OTKJIOHEHUM Ha JalbHEWIIWE IIaru
peanu3aluuy MpoeKkTa. BhIsSCHSET, KaK BBISBICHHBIE OTKJIOHEHHUS MOBIMSUIM Ha
OCHOBHBIE YIIPABIISIEMBIE [TAPAMETPHI IPOEKTA.

[Io OKOHYaHHIO IMKJIA KOHTPOJUIEP MPOEKTa MOJrOTABIUBAET OTYET C
IpEJIOKEHUEM BapUAHTOB pELIEHUS BO3HUKIIMX MPOOJeM U H3MEHEHUEM
IUIAHOBBIX BEJIUYMH HA CIEAYIOIIHN IEPUO.

JKOHOMETPHYECKHUE METObl CpaBHeHUs M BblOOpa. Ha nepBom sTane
KOHTPOJUIMHIa HMHHOBalMil HEOOXOJUMO pelIMTh 3a7ady BbIOOpa BapuaHTa
peanu3alnuu MpoekTa. BeiOOp Mexay BapuaHTaMU OYEBHUACH, €CIM OJUH W3
BApUAHTOB Jy4ylle JpPYyroro IO BCEM pacCMAaTpUBAEMBIM IOKa3arensiM. B
peabHBIX CUTYyalUsIX BHIOOpa BapUaHThl OOBIYHO HECPABHUMBI - IEPBBIN JTy4llle
0 OJHHMM IIOKa3aTessiM, BTOpOWM - mo Apyrum. Jljis cpaBHEHHUs BapUaHTOB
1eJIeco00pa3Ho mpuberaTh K SKCIIEPTHBIM TEXHOJIOTHIM [16].

Opna rpynma BSKCIEPTHBIX TEXHOJOIMH HalleJieHa Ha BbIABICHHE
OOBEKTUBHOTO YIOPSAOYEHHUSI BAPUAHTOB B pPE3yJIbTaT€ YCPEIHEHUS MHEHHM
sKcrepToB. MCmonb3yloT pasziuyHble CIOCOOBI pacdyeTa Ha OCHOBE CPEIHUX

panroB (mpexae BCEro CpeaHHX apUPMETHYeCKHMX u MeawaH). Jlus
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MOJEIUPOBAHUS PE3YJIbTATOB IMAPHBIX CPABHEHUW MPUMEHSIOT TEOPHUIO
Jr0cuaHoB. JIJIsl SKCIIEPTHBIX OLIEHOK HaxosT Meauany Kemenu, u T.1.

Hpyrasg rpynmna -SKCHEPTHBIX TEXHOJIOTUW HalleIeHa Ha TOJIyYeHUe
K03 PHUIIMEHTOB BECOMOCTH (BaXKHOCTH, 3HAYUMOCTH) OTACIIbHBIX MTOKa3aTeICH.
HTorosas oueHka BapuaHTa peaju3alMd MPOEKTa IMOIY4YaeTcsi B pe3yibTaTe
CYMMHMPOBaHMSl NPOU3BEACHUN 3HAYEHUW MOKA3aTEJIE HAa COOTBETCTBYIOLIHME
koa(hduimenTsl BecoMocTu. MHorma 3T KOA(P(OUIMEHTHl  OIEHUBAIOTCS
DKCIIEPTAMM HAa OCHOBE HEPApXUUYECKOM CHUCTEMBI IOKasareneu. bonee
000CHOBAaHHBIM  SIBJISIETCS  AKCIEPTHO-CTATHCTHYECKUN  METOJ, COTJIACHO
KOTOpPOMY Ha OCHOBE 00ydYaroleid BBIOOPKH BOCCTAHABIMBAETCS 3aBUCUMOCTD
MEXK]ly MOKa3aTeJsIMU BapuaHTa peaju3allid MHHOBALIMOHHOTO MPOEKTa U €ro
WTOTOBOW OLICHKOM.

HUcnoab3oBanue TeOopuM HeuyeTKOCTH. JIJIsi CpaBHEHUSI BapUaHTOB
peanu3anid MHHOBAITMOHHOTO TPOEKTa W BBHIOOpAa M3 HHUX JIYYIIEro MOXKHO
UCIIOJB30BaTh  MOJAXOJl, OCHOBAaHHBIM Ha  ONHMCAaHUU  KAUYECTBEHHBIX
XapaKTEPUCTUK HEUYSTKUMH MHOKecTBamMu. Omnuiiem ero [15].

IMycts S={S,i =1, 2, ..., N} — MHOXXECTBO, COCTOsIIIECE U3 N BapUAHTOB
peanu3anuy WHHOBAIIMOHHOTO MPOoeKTa. J[JIs KaXI0ro BapuaHTa § OnpenencHo
m xapakrepuctuk Qjj, ] = 1, 2, ..., M. B 3aBUCHMOCTH OT KOHKPETHBIX YCIOBHIA
Ha0Op XapaKTEPUCTUK MOXKET MEHSITHCS.

Heo6xoauMo BBIJIEIUTH STAJOHHBIA BapHaHT peaju3allid MPOEKTa S, U
ero xapakTepucTuku Qp. XapaKTepUCTUKH NOAOMPAIOTCA TaKuUM 00pa3oM,
YTOOBI MPOEKT OBLT ONTUMAIBHBIM C TOYKH 3PEHUS MPEABSIBIIEMBIX K HEMY
TpeOOBaHUM.

TpeOyercs mpopaHXUpPOBATh HMMEIOIIMECS BapHAHTBHl S pealn3aluu
WHHOBAI[MOHHOTO MPOEKTa MO 3aJaHHBIM IM XapaKTEPUCTUKAM Ha COOTBETCTBHE
ATaJIOHY.

Jlnst kaxoit xapakrepucTuku Qjj, COrnacHO paccMaTpuBaeMoOl METOAMKE,

CTPOUTCSI HEYCTKOC MHOXKECTBO Qij,i :O,n,j:],_m. Jlist  3TOrO CHavana
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ONpEACIAIOTCS BO3MOXKHBIE 3HAYEHMsI TEPEMEHHOW Xj, YAOBIETBOPAIOIINE
xapakrepuctuke Q. Ilpeamomaraercs, 4TO OHHM COCTaBISIOT OTPE3OK Xij.

Onpenensercs cepeauna (j u nonymupuna (paguyc) d; >0 orpeska Xij: Takum

o0pazom,

Xi :l_qij - dij;qij +dij _

Jnst onucanust kputepus Qj MOTYT NMPUMEHSATHCS pa3nvHble (QYHKIUH
NpUHAIISKHOCTH. B cooTBerctBuHM ¢ [16]  wcmonb3yeM — (YHKIHIO

NPUHAIJIC)KHOCTH CICAYIOIICTO BHUIA.

Hcxons u3 mocTpoeHHs: MHOKECTBA Xjj, B TOUKe (jj QYHKIUS UMEET MaKCUMYM,
B mpejenax MHOXecTBa Xj; (QyHKIUS MPUHAAJICKHOCTH NPUHUMAET 3HAYCHHUS
6onbuie 0,5, a BHE Xj;— MEHbIIIE!

m, :G, ® [01]

m; (qij ): 1

m, (xj)3 05 U x1X;

B pe3ynbTaTe nosyyaem HEUETKHE MHOKECTBA

Qij :{Xj |mj(xi)}’ i:m j=1m

onuceiBaonue kputepuu Q.

YtoObI omnpenenuTh, B KAKOM Mepe XapaKTepUCTHKa BapuaHTa S OJM3Ka
XapaKkTEpPUCTUKE JTAJIOHHOIO BAapHaHTa Sy, BBIYMCIIIOT CTEIIEHb PAaBEHCTBA Vij
COOTBETCTBYIOLIMX HEUETKUX MHOXKECTB!

v, =max min(m (x; ) my (x; )
G

I

3HaueHHEe MAKCUMHUHA JOCTUTaeTcs B TOYKE mepecedeHus  (QyHKIMMA

IPMHAUIEKHOCTH:
Vi =m (Xii )
1

rae

http://€j .kubagro.ru/2013/08/pdf/39.pdf



http://ej.kubagro.ru/2013/08/pdf/39.pdf

Hayunsiit s)xypran KyoI'AY, Ne92(08), 2013 rona 27

* qijdoj +qojdij . a . P
i =———, i=Ln, j=1m
] doj +dij :L J :L

[Ipown3Bens B3BELICHHOE I'OJIOCOBAHUE, MOIYYAOT UHTETPAIIBHYIO OLEHKY
Vi COOTBETCTBUSI COBOKYITHOCTH XAPAKTEPUCTUK BApUAHTA pealM3alMM ITPOEKTa

S COBOKYINHOCTH XapaKTCPUCTHUK 3TAJIOHHOTO BapHaHTa .

rac

37ech a; SABJIAETCSA BECOM j-TO KPUTEPHS U MOKA3hIBAET YPOBEHb €T0 BaKHOCTH.

[Ipu oOCyX)aeHUH pa3TUYHBIX TMOAXOJAOB K BHIOOPY HAWIYIIETO
BApHUAHTA Peav3allii WHHOBAIMOHHOIO MPOEKTa MHOT/AA MPOTUBOIOCTABISIOT
BEPOSTHOCTHO-CTATUCTUYECKUE MOJIEIA U METOAbl TEOpUU HeueTKocTH. C
000CHOBaHHOM BBIIIE METOAOJOTMYECKON TOYKU 3PEHHUS BEChbMa BaXKHO, YTO

TAKOC IIPOTUBOITIOCTABIICHUC JIMIIICHO OCHOBaHU.
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