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M3BecTHOE B NCKYCCTBEHHOM MHTEIIJIEKTE IIOHATHE ‘‘BEPOSITHOCTHAS JIOTHKA™ HY>KAAaeTcs B 60Jjiee CTPOroM
ob6ocHoBaHuH. [IpeqaraeTcst HOBBIN MOAXOM K MOCTPOSHHIO BEPOSTHOCTHON JIOTHKY Ha OCHOBE pa3pabo-
TaHHOW aBTOPOM alreOphl KopTexeil. [JaeTcs KpaTKoe BBefieHUE B anre0py KopTexkei 1 0600I1al0Tcs ee
CBOIiCTBa, oOecneunBarolue 3hp(PeKTHBHOE pacnapalieMBaHie NPy MAlIMHHON peanu3alyuy alroOpuT-
MOB pelIeHNs 3a/1a4 JIOTHYECKOr o aHanu3a ciucTeM. PaccMaTpuBaloTCst METOJIbI PELLIeHNs IPSMOI U 00paT-
HOW 3a/1a4 BEPOSTHOCTHOT'O MOJCIAPOBAHMST JIOTHICCKHAX CUCTEM.

Beenenne. Anre6pa koptexeir (AK), B ocHOBe
KOTOpPOH JIeXaT M3BECTHBbIE CBOWCTBA JEKApPTOBBIX
npou3BefieHni [1], Oblsia pazpaboTaHa sl perieHus
HEKOTOPBIX 3a/lay MCKYCCTBEHHOTO WHTEJIEKTa, B
YaCTHOCTH, JIJISI MOJIETMPOBAHMS JIOTHIECKHUX CHCTEM
U YMEHBIIEHUSI TPYAOEMKOCTH alTOPUTMOB JIOTHYe-
ckoro BeIBoja [2, 3]. OcHoBbl AK 1 BO3MOXKHOCTH €€
WCMOJIL30BaHNS TPU BEPOATHOCTHOM MOJEINPOBa-
HHUH U3JI0KEHBI B [4—-6]. [lanbHeHIIIMe UCCIIeTOBaHUS
9TOW CHCTEMBI TIOKA3alld, UYTO KJIACcC pellaeMbIX Ha
€€ OCHOBE 337]aU MOXKET OBITH CYIIeCTBEHHO PaCIIIf-
peH. Kpome Toro, crpykrypel AK cpaBHHUTENBHO
JIETKO TPOTPaMMHPYIOTCS M 0OJIaJal0T €CTECTBEH-
HBIM TMapajuIeTN3MOM, MO3TOMY UX NpPUMEHEHWEe B
MIPOTPaMMHO-aNIMapaTHOM 00eCceYeHUH JIOTHIECKO-
rO W JIOTMKO-BEPOSTHOCTHOTO aHaN3a CUCTEM M03-
BOJISIET CYI[ECTBEHHO YMEHBIIUTH PAcXOfbl HA pa3-
paboTKy mporpamm u TpeOyemble BhIYUCIUTENbHbIE

pecypcehbl.

B cratbe gaercsa kpatkoe BBefcHue B AK c yue-
TOM KOPPEKTHPOBKH HEKOTOPBIX PAHEE BBEJECHHBIX
TEPMHUHOB, a TaKXKe pacCMaTPUBAIOTCI €€ BO3MOXK-
HOCTH NPU PELICHNH OOPATHOM 3a1auil IOTUKO-BEPO-
SITHOCTHOTO aHaju3a, T.€. BOCCTAHOBJICHUS BEPOSIT-
HOCTHBIX paclpefieeHuil IPOCThIX COOBITUI HA OC-
HOBE JIJAHHBIX O BEPOSITHOCTSIX CIOXKHBIX COOBLITHIA.
ITopoOHbIe 3a1aun ObLIM MOCTABIEHBI B paMKaX Be-
POSITHOCTHOH JTOTUKM [7-9].

1. OcHoBuble nonsitust u cTpyKkTypnl AK. AK co-
[EepXXUT psip onpepenenuil u 6onee 30 TeopeM, ¢ mo-
MOIIIbIO0 KOTOPBIX PELIalOTCs CIEAYIOMUE 3aJaun:

1) o6ocHOBBIBaeTCS ee N30MOP(U3M C TAKAMH CH-
CT€MaMi, KaK T€Opusi MHOTOMECTHBIX OTHOIIIEHUH 1
WCYNCIICHNE BbICKA3bIBAaHUI 1 IPEIUKATOB;

2) ocylIeCTBIsIETCSl IOTPYXKEHUE 3TOM CHCTEMBI B
BEPOSITHOCTHOE IIPOCTPAHCTBO;

3) pa3pabaTbIBaeTcs aaropuTMuueckast 6asza s
peleHns pa3HooOpa3sHbIX 3ajay JOTMYECKOro aHa-
nU3a CUCTeM (JIOTMYECKOTO BBIBOJA, IOMCKA KOP-

PEKTHBIX THUNOTE3 U “‘CKPBITBHIX aKCUOM™, BEpOSIT-
HOCTHOT'O aHaJn3a u T.1.).

YTtoObl He 0OpalaThes K IEPBOUCTOYHUKAM [2—6],
3[1€Ch BKpATIle NMPUBEJEHbI OCHOBHBIC MOHSITHUS U CO-
otHouieHus1 AK, HeoOXoauMBbIE 1151 HOHUMAaHUs BEPO-
ATHOCTHBIX COOTHOILIeHU#. Kpome TOro, Hamucanue
3TOrO pa3feia BbI3BAHO HEKOTOPBIM, Ha B3IISI]] aBTO-
pa, Oosee ynadyHbIM, K3MEHEHHUEM B IIPEKHEN TEPMHU-
HOJIIOTHUH.

B ocroBe AK nexxuT nonsitue ruOKOro yHuBepcy-
Ma. IlycTh 3aaHa COBOKYNHOCTH Pa3lIMYHbIX MHO-
>KECTB, Ha3bIBaeMbIX copmamu. Kaxgomy copTy
MIPUINCHIBAETCI HEKOTOPOE MHOXKECTBO MMEH (ami-
pubymos) (B mpepbiaynmx mnyommkammsx mo AK
BMECTO 3TOr0 T€pPMHHA MCIOJB30BAJICSl HE COBCEM
yAauHbII TepMUH “KoopauHaTta’”). [JomeHom Kaxmo-
ro aTpudyTa SIBISIETCS MHOXECTBO, PABHOE COOTBET-
CTBYIOILIEMY COpPTY. B MaTemaTnueckoil Joruke fo-
MEHaM aTpuOyTOB OTBEYAIOT OOJACTU ONpPEAEIEHNUS
nepeMeHHbIX. [ uOKuii yHusepcym COCTOUT U3 COBO-
KYITHOCTH YACMHbIX YHUBEPCYMOE — HEKapTOBBIX
MIPOM3BENICHNN TOMEHOB JJIs1 3alaHHON IOCIIe0Ba-
TenpbHOCTH aTpuOyToB. IlocienoBaTenbHOCTL aTpH-
OyTOB, OIpEAEJAIOIIUX [AaHHbI YacTHbIA YHUBEP-
CYyM, Ha3bIBAETCS CXEMOL OMHOULEHUS.

AK copepxutr Bcero 5 cTpykTyp (AK-06vek-
mo8): alleMeHTapHblil KopTex; C-koprex; C-cucre-
Mma; D-koprex u D-cucrema. AK-06BeKThI, chopmu-
POBaHHBIE B OJHOM M TOM K€ YaCTHOM YHUBEPCYME,
Ha3bIBAIOTCSI OOHOMUNHBIMU.

[Ipenmonosxkum, 9TO 3a/jaH YACTHBIA YHUBEPCYM B
BHJIe JIeKapTOBA MPOM3BENEHNAT S= X; X X, X ... X X,
MPOU3BOJIBHBIX MHOKeCTB. HarnsimHo SMoxkHO mpef-
CTaBUThb KaK HPOCHMPAHCMEO TIPU3HAKOB C ampuby-
mamu X;. [loMeHbI 3THX aTPUOYTOB COOTBETCTBYIOT
wikasam pu3HakoB. Torma B mpocTpaHcTBE S MOXKHO
cOpMHPOBATH CIEAYIOLIE NOACTPYKTYPHI:

1) npoexyuu — NOAIPOCTPAHCTBA, B KOTOPBIX UC-
MOJTB3YIOTCSl TONBKO OTAENbHbIE aTpUOYThI U3 MHO-
JKEeCTBa aTpubyTOB, 0Opa3yONUX S
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2) mexapToOBbI NPOU3BEJEHNS B 3alaHHOI cXxeme
OTHOIICHUS: 00Pa3yIOIIMI KOMIIOHEHTAMHU 3THX Jie-
KapTOBbIX IPOM3BEICHUI CIyXaT HEKOTOphIE IOf-
MHOXXECTBA MHOKECTB X;, IPE/ICTABJICHHBIX B 3ajlaH-
HOW1 CXeMe OTHOILICHUSI.

PaccmoTpuMm npumepsl aTHX nOACTPYKTYp. [1ycTh
S=XxYxZrme X={a,b,cd},Y={f g, h},Z={a
b, c}. IIpoekuusiMmu TaHHOTO MPOCTPAHCTBA MOTYT
OBITh AeKapTOBBI mpousBeneHnss X X Y, X X Z u T.1.
WM OIMHOYHBIE MHOXecCTBa, HanpuMep X. st mpo-
CTOTBI OY/IEM CUUTATD, UTO B 3TOU CUCTEME KaXKJIOMY
COPTY COOTBETCTBYET €IMHCTBEHHBIN aTpUOYT.

B npepenax npocTpaHcTBa Suiy KaKOU-InG0 €ro
OPOEKIUN MOXHO 33/laTh COOTBETCTBYIOIIME MOJ-
CTPYKTYPBI B BHJI€ I€KapTOBBIX pon3BeneHuil. Ha-
npuMep, B S B KauecTBe TaKOW MOJACTPYKTYPbI BbI-
cTynaet aekaptoBo npoussenenne RIXYZ] = {b, d} x
x {f, h} x {a, b}. 3necw Boipaxkenue [XYZ] siBisieTcst
cxemoii otHomenusi. Hetpynno y6eauthest, uto RO S
(CBOHMICTBO IE€KApTOBBIX MPOU3BEAEHNIT). AHATIOTHY-
HO HEKOTOPOE MOAMHOXECTBO 3JIEMEHTAPHBIX KOP-
Texell npoekuun Y X Z IpeficTaBUMO KaK AeKapTOBO
npoussenenne Q[YZ] = {f, g} X {a, c}. [JekapToBbI
MPOU3BECHUSI OTPaKaIOT MHOXECTBA 3JIEMEHTap-
HBIX KOPTEXEN — 3TH MHOXKECTBA MPH HEOOXOIUMO-
CTH MOXHO NEPEYNCINTbh, XOTS NMPH BBINOTHECHUN
onepanuii co crpyktypamu AK aTo HeoOs13aTENbHO.

DaemeHmapHwvLil Kopmexc — IEMEHT JeKapToBa
MPOW3BENICHUST WM €r0 MPOEKIHH, T.€. MOCIeIoBa-
TEINBHOCTH U3 3JIEMEHTOB, KasK/IbIil 13 KOTOPBIX MPH-
HAJJIEXUT JIOMEHY COOTBETCTBYIOIIETO aTpuoyTa.
Hanpumep, nekaproso npousseenne Q[YZ] = {f, g} x
x {@a, C} comepsKUT cieayroliee MHOKECTBO 3JIeMEH-
TapHbIx Koprexeii: {(f, a), (f, ¢), (g, @), (g, ©)}.

C-xopmeicem Ha3bIBaeTCsl KOPTEX, 3alaHHBIA B
MTOJTHOM NPOCTPAHCTBE WU B KaKOW-IHOO €ro mpo-
€K, ¢ KOMIIOHEHTAMH, 00Opa30BaHHBIMU IOJIMHO-
>KECTBaMH COOTBETCTBYIOIIMX JOMEHOB aTpPUOYTOB.
C-KopTexX MHTepIpeTupyeTcs: Kak AeKapTOBO IMPO-
N3BEICHUE 3THX KOMIIOHEHT, T.€. KaK HEKOTOPOeE
MHOXKECTBO 3JIEMEHTAPHBIX KOpTexXen. 111 0603Ha-
yeHns1 C-KopTeKel NCIONb3YIOTCS MpsIMble CKOOKH.
Hanpuwmep, npusepenHblie Bbiie oTHomeHus R u Q
MOXKHO TipeficTaBuTh Kak C-koprexu: RIXYZ] = [{b,
d} {f,h} {a b}]; QIYZ] =[{f, g} {a c}].

C-xopmednc, y KOMmopo:0 umeemcs xoms Ovl 0OHa
nycmas Komnonenma, aeéasemca nycmoim. B AK,
€CJIM pedb UAET O MOAENSAX NCUNCICHNS BbICKa3bIBa-
HUI WK DPEIUKaTOB, 3TO YTBEPKAECHUE MPHUHITO B
KayecTBEe aKCHOMBI, JIJI1 KOTOPON UMEETCS COOTBET-
CTBYIOIIIasi MHTEPIPETALsI, OCHOBAHHASI HA CBOWICT-
BaX /IeKapTOBBIX IPON3BE/ICHUN.

YT10o6bl O0OOLIUTH ONEpPALMH, KOTOPBIE YacTO
MPUXOAUTCS BBITIONHATH CO CTPYKTYPaMU € pa3HbIMU
cXeMaMH OTHOIICHHH, BBOJSITCS (PUKIMUBHBLE KOM-
nonenmui. OHY OBIBAIOT [IBYX BUOB, OJJHA U3 HUX UC-
noab3yetcs B C-koprexkax u o603Havaercs “*”. [Ipy-
ryro (pukTHBHYIO KOMIOHeHTY ([1), ygacTByrOmIyIo B
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D-kopTtexax, paccMoTpuM no3Hee. PUKTUBHBIE KOM-
MOHEHTHI “*”” 0003HAYAIOT MHOXKECTBA, PABHbIE JOMeE-
HaM COOTBETCTBYIOLUX aTpuUOyTOB, UX MOXKHO BCTa-
BUTH B ompefeseHHblii C-KopTesK BMECTO OTCYTCTBY-
IOIIUX aTpUOYTOB U TEM CaMbIM BBECTH B HET'O HOBbIE
atpubyTtbl. Hanpumep, C-xkoprexx Q[YZ] = [{f, g} {a,
C}] 3amuceIBaroTCs B cxeMe oTHouneHust [XYZ] B Bune
C-xoprexa [*{f, g} {a, c}], ucnmonn3ys PUKTUBHYIO
KOMIOHEHTY. [TockonbKy (pUKTUBHASI KOMIIOHEHTA B
Q orBeuaeT aTpubyTy X, TO CIpaBEIJInBO PaBEHCTBO
[(*{f.g} {a c}I=[{a b,cd} {f g} {a c}]

Ilepeceuenne opnoTumHbix C-KOpTexXed ocy-
LIECTBISIETCS IOKOMIIOHEHTHO: PE3YJIbTaTOM 3TOM
ornepanyu siBisieTcst C-KopTesk, cofepsKaluii nepece-
YeHHUs1 KOMITIOHEHT MCXOgHbIX C-KopTeskeid, OTHOCH-
IIUXCSI K OJTHOMY 1M TOMY 3Ke aTpu0yTy, Hanpumep [{b,
d} {f.h} {a b}l n [*{f g} {a c}I=[{bd} {f}{a}l.

PesynbraTom nepecedyenuss C-kopTexkeil MOXKET
0Ka3aThbCsl MycToe MHOXecTBO (mycToit C-KopTex)
[{b,d} {f,h}, {a b}] n [*{g} {a c}] =0, rak xax ne-
peceueHne BTOPHIX KOMIOHEHT 3Tux C-KopTexkei
o0pa3yeT ycToe MHOXKECTBO.

MHorue OTHOIIEHHMS, 3afJaHHble KaK MOAMHOKE-
CTBa fIeKapTOBa NPOUW3BENEHUs, HE BCErfga ymaeTcs
0TOOpa3uTh C MOMOIIBIO euHCTBeHHOro C-kopTrexa.
ITosToMy mnenecooOpa3sHO BBECTH YHHMBEPCAJIBHYIO
CTPYKTYpY, NOJy4YeHHYIO oObeguHeHnem C-kopre-
xkeit. C-crucreMoit Ha3bIBaETCA CTPYKTYpPA, SIBIISIOIIAS-
csl OO bEMHEHUEM ITPOU3BOIILHOTO YHCIIa OMHOTHUITHBIX
C-koprexeii. C-cucreMbl Tak ke, Kak 1 C-KopTexKu,
OTpaHMYMBAIOTCA NpsMbIMU cKOOKamu. Hanpumep,
JUTSL 3aJJaHHOT'O BBIIIIE IIPOCTPAHCTBA SMOKHO Onpefe-
JMTH HeKoTopoe oTHouIeHne P kak C-cucremy

{ad¢ * {b¢g
PIXYZ] = |{b,d {f,h {ad]|
{b.gd {gd {B

Iposepra exarouenus ognoro C-xoprexa (C) B
npyroii (C,) ocymectBisieTcst nHokoMnoHeHTHo: C, = C,
TOT/Ia W TOJBKO TOTNA, KOrja Bce KOMNOHEHTHI C,
BKIIFOYEHbl B COOTBETCTBYIOIIE KOMIOHEHTHI C,.
Ha ocHOBe CBOMCTB [€KapTOBBIX IPOU3BENCHUN
MOKHO OTIPE/IeIUTH YCIOBUSI, IPU KOTOPBIX 00 beH-
Henmne aByx C-koprexeinn C, u C, npeobpa3syercs B
onuH C-KopTeK. DTHX YCIOBHA fiBa!

Decm C,,0C, 10 C,0 C,=C,

2) ecu C, u C,, OTIIMYAIOTCS TONBKO B OffHOM (i-i)
komnoHente, To C, U C, BblpaxkaeTcs Kak OAWH
C-kopTeX, COXpaHSIOIMI HEM3MEHHBIMI BCE KOMIIO-
HEHTbI 32 UCKIIFOUCHUEM i-il, KOTOpasi CTAHOBUTCS PaB-
HOIl OO'BEIMHEHNIO COOTBETCTBYIOLIMX KOMIIOHEHT U3
C,uC,.

3Hasi, KaK MoxyunTh nepeceueHne C-Koprexei,
MOKHO C(POPMYIIMPOBATH AJITOPUTM JJIsI OTBICKAHUS
nepeceuenust C-koprexa ¢ C-cucremoir u C-cucre-
MbI ¢ C-cucremoit. [I71s1 9TOro HY>KHO TPEICTaBUTh
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C-kopresku Kak OObIYHbIE MHOXKECTBA, 3JIEMEHTAMU
KOTOPBIX SIBJISIFOTCST OTHOTUITHBIE 3JIEMEHTapHbIE KOpP-
tesku. Torga C-cucrema, copepskaras C-koprexku A,
B, ..., L, — o6bequHeHre 3TNX MHOXKeCTB. Mcxons u3
3TOT0, HCMOJIB3Ysl 3aKOHbBI aNreOpbl MHOXKECTB, B 4acT-
HOCTH 3aKOHBI INCTPUOYTUBHOCTH, HETPYAHO chOPMY-
JIUPOBATH AJITOPUTMbI BBIYUCIICHUS IePeCceYeHU CO-
OTBETCTBYIOIIUX CTPYKTYP.

Anroputwm 1. Pacuer nepeceuennsi C-kopre-
xa P ¢ C-cucremoin Q:

1) Beruncnuth nepecedenust C-koprexa P ¢ kax-
meM C-xkoprexkeM u3 Q;

2) U3 MOJYYEHHBIX Pe3yJbTaTOB MCKIIOYUTH My-
creie C-kopTexy;

3) u3 ocraBIIMXcs KopTexei copmupoBath C-cuc-
TEMY;
4) KoHel anropuT™Ma.

Anroputwm 2. Ouenka nepecedenusi C-cucre-
MbI P ¢ C-cucremoii Q;

1) BEIYMCIUTH TiepecedeHus Kaxaoro C-kopreska
m3 P ¢ kaxgpim C-koprekem u3 Q;

2) U3 NONY4YEHHBIX PE3yJIbTaTOM HCKIIOYUTH MY-
creie C-KOpTeXNY;

3) u3 ocraBumxcs Koprexei copmupoBath C-cuc-
TEMY;

4) KOHell anropuTMa.

B kauecTBe mpumepa paccMOTpPUM IepecedeHne
nByx C-cucrem, 3ajlaHHBIX Ha OINpENIeIECHHOM paHee
MpOCTpaHCTBE S (3TO O3HAYAET, YTO CHMBOJ ““*”” Ha

BTOpOI mo3unuu C-KopTexkell COOTBETCTBYET MHO-
xecTBy X, = { f, g, h})

{abd {f.hp {b

P[XYZ] =
{bd¢ * {ad
{ad * {bd

QIXYZ] = |{b,d} {f,h} {a |-
{b,¢ {ad {b

1. Beruucnsiem nepeceueHue Bcex map C-kopre-
3Kelt, coiepsKammuxcs B pa3Hbix C-cucremax:

tabd {f,1 {B]0 [{ad *{bg]
= fad {f.0h {B]

U;

[fab.d (.0 (8]0 [fad {f.0 {ag]
[{ab.d (1,1 {8] 0 [{b¢ (g {B]=0;
ib.g *{ag]n[fad * {bg] =0;
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[{b,c} * {a,c}] n [{b,d} {f h {a’c}] =
=[(B (1.0 {ag];
(6.9 * {ag]n[(bg (g {v] =0

2. N3 ocraBmuxcs HemycThix C-kopTeskeir ¢op-
mupyem C-cucremy:

{ad {f.hh {B |
{ {f.h {ag

Jlaske 3TOT CpaBHUTEIHLHO HECIOXHBIN MpUMEDP
MOKAa3bIBaET HAM HEKOTOPhIE BO3MOXKHOCTH YMEHb-
LIEHNS] TPYAOEMKOCTH aJITOPUTMOB 33 CUET UCIONb-
30BaHUSl aireOphl KOPTEXKEH: TOT Ke& Pe3yibTaT
MOXHO MOJIYYHTh, €CITH MPEIBAPUTEILHO TIEPEBECTH
ucxonnbie C-crucTeMbl B MHOXKECTBA 3JIEMEHTAPHBIX
kopTexeil. Ho mpu 3TOM TpymoOeMKOCTh BBIUHCIIE-
HUI yBenuuTcs, Tak Kak C-cucrema P copepxur 24
aJIeMeHTapHBIX KopTexka, C-cucrema Q — 20, a C-cu-
crema P n Q-8.

Ob6veounenus C-xoprexeir u C-crucreM BbIUUC-
JSIFOTCS HaMHOro Ipouie. st aToro Hago u3 o0b-
eUHSIEMbIX CTPYKTYp copMmupoBaTh HOBYIO C-cu-
cTeMy, BKIIIOJaromnyto Bce C-KOpTEXH 3THX CTPYyK-
Typ. Ilocne 3TOro B OTAENBHBIX CAydasiX MOZKHO
o6 bpenuHNTh HeKOoTOphle C-koprexku. Heobxomumo
TOJIBKO He 3a0bIBaTh, YTO pealu3yeMble alTOPUTMbI
00BbEIMHEHUSI W TNEepPEeceueHns, a TaK¥kKe IPOBEPKHU
BKJIIOUCHUSI CTPYKTYp AK HMEIOT CMBICT TONBKO B
TeX CIy4asix, KOrfia 3T CTPYKTYpPbl OHOTHUIIHbI UK
npeoOGpa3oBaHbl B OHOTUIIHBIE CTPYKTYpPHI C TIOMO-
1IbIO f0OaBIeHUsI (PUKTUBHBIX aTPUOYTOB.

PnQ=

Ecnu TpeGyeTcs BRIYMcauTh donoaxerue C-Kop-
Texa, TO, UCIONb3Ysl TPAAUIMOHHBIE METOAbI TEO-
pUM MHOTOMECTHBIX OTHOUICHHIA, HEOOXOIUMO BBI-
MIOJIHUTD CIEAYIONINE ONEPALN:

1) “pa3BepHyTh” (T.€. pa3JOXUTh HA ITIEMEHTAP-
Hble Koprexn) C-koprexx R m cooTBeTCTBYIOLIUI
€My YaCTHBIN YHUBEPCYM S

2) u3 “pa3BepHyTOr0” SHCKIIOYATH TOONHOYKE
BCE 3JIEMEHTapHble KOPTeXH, cofepxaluecs B R

SIcHO, 4TO Takas onepanys B o0IIEM cliydae BecbMa
TPYHJOEMKa, OfIHAKO OHa CYIIIECTBEHHO YIPOILAETCs, eC-
JIM BOCIIOJIb30BaThCsT HIDKECIIEYIOIIMMH COOTHOIIIEHH-
smu. OmnpepenuM cHaydana, YTO TaKOe OONOAHEHUE
Komnonermut C-kopmedica. Ecii MEOTOMECTHOE OTHO-
LIEHNE OIPEJENIEHO B MPOCTPAHCTBE, KaX/bIi aTprOyT
KOTOPOT'O NMPEACTaBIEH HEKOTOPbIM MHOXKECTBOM, TO
OUYEBUJIHO, UTO YHUBEPCYMOM J|j1s1 KOMIIOHEHTHI C-Kop-
TeXKa SIBIIIETCS IOMEH COOTBETCTBYIOIIETO el aTpuly-
Ta (JacTHBI YHUBEPCYM), & TOMOJTHEHNEM KOMIIOHEH-
ThI CIIy>KUT MHOXKECTBO, COfiepKalllee BCE IIEMEHThI
3TOr0 YaCTHOT'O YHUBEPCYMa, He TIPUHAJIEKallHe /laH-
Holl KoMnoHeHTe. Hampumep, B mpocTpaHcTBe S= X X
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x Y x Z3agan C-koprexxk R=[R; R, R;]. Torga coor-
BeTcTBeHHO R = X\R;; R, = \R,; Ry = Z/R,;.

Cnepyromas TeopeMa BbIBOIUTCSI U3 CBOUCTB Jie-
KapToBa npoussepneHus [1].

Teopewma. onoanenuem C-xkopmewa T = [R,
R, ... R\ asasemca C-cucmema

ﬁl* *
C: * ﬁz *
_* * ﬁn_

pasameprocmu N X N, 8 KOMOPOU Kax0as OUazoHaANb-
HAs KOMNOHEHMA 8blCMYnaem 0ONOAHEHUEeM COOM-
semcmsyrouyeii komnonenmnt C-xopmexca T, a ece
ocmanvHble KOMNOHEHMbL — PUKMUBHDILE.

Paccmorpum npumep. I1ycTh B yIOMSIHYTOM BbI-
e nmpoctpancTBe S= X X Y x Z 3anan C-koprex T =
=[{b,d} { f,h} {a, b}]. Torna ero gomosHeHNEM B CO-
OTBeTCTBHU ¢ TeopeMoit 1 6yaeT C-cucrema

[ X\{bd o« *
T= *  Y{f,nh  « =
* «  Z\{a b}

{a’c} * *
{d =
* * {c}

C-cucrembl, n3o6paxkatoiue gonoixHenne C-kop-
Texa Mo TeopemMe 1, MOKHO MPECTaBUTh KaK OfUH
KOPTE3K MHOXKECTB, MCIIOJIb3YsI ISl 0003HAYEHUS He-
pesepHympble TpsiMble CKOOKHW. Torma mosydaercs
PaBEHCTBO

= *

B {a,¢ = *
=1 {d =| 1{ad {d {g [
© (g

Takoe “cokpallieHHOE” TpeACTaBICHUE HUAro-
HanbHOU C-crcTeMbl 06pasyeT HOBYIO CTPYKTYpy AK,
KOTOpasi HasbiBaeTcsi D-xopmencem. OxasbpiBaeTcH,
9Ta CTPYKTypa HE TOJBKO IIO3BOJSIET KOMIIAKTHO
0TOOpa3uTh AuaroHanbHble C-CUCTEMBI, HO CaMOCTOSI-
TEJLHO UCTIONB3YETCs B HEKOTOPBIX ONEePaLSIX 1 ITONC-
KOBBbIX 3ampocax. Tepmuabl “C-xoprex” u “D-xop-
TexXX BbIOpaHBI HE CIyYailHO: B IPOCTENIIIEM CiTydae
C-KopTexX COOTBETCTBYeT KOHBIOHKIWH, a D-kop-
TeX — JMU3BIOHKINU OJHOMECTHBIX MpPEJUKaTOB C
pa3HbIME nepeMeHHbIMHU. Mcnonb3ys D-koprexu,
MOXHO c(hOPMHUPOBAThH €I OfiHY (ISITYIO) CTPYKTY-
py AK — D-cucremy.

D-cucmema — cmpykmypa, nooobnas mampuue, 8
CMPOKAxX KOMopoil Haxooamcs oOHomuntvte D-ikop-
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meixcu, Komopas UHMmepnpeniupyemcs Kak nepecedqe-
HUE MHOXM(eCme 34EeMEHNTAPHBbLX Kopmeyfceii, CO()epJIC(l-
uwuxcst 6 oamux D-Kopmeofcax.

M3obpaxkenne D-cucteMbl aHamornaHo m3obpa-
2KEHHUIO C-CI/ICTeMbI, TOJBKO BMECTO OOBLIYHBIX npsi-
MBIX CKOOOK HMCHOJIB3YIOTCS IepeBepHyThie. Hanpu-
Mep, fonoaeHne C-cucTeMbl

{abd {f.nt {b |
{bg + {ag

3aJJaHHON B MPOCTPAHCTBE S MOXKHO NPEACTaBUTH
kak D-cucremy

F[XYZ] =

X\{a b, d VW H 2z\{b
X\{bd Y+ 2Z\{agd

_] (9 {d {ag[
{ad O (B

Takum o6pazom, D-cucrema oOsoiicmeenna (o
3aKkoHaM fie Moprana) C-cucreMe u sSIBISIETCS nepece-
ueHuem D-kopTtexeil. Pa3paOoTaHbl aaropuUTMBbI
npeobpaszoBanus D-koprexeit u D-cuctem B 9KBuUBa-
neHTHbIe M C-crcTeMbl.

F =

ITonnaga ananorus Mexpay crpykrypamu AK u
opmynamu ucuucaenus npeouxamos Jerko goka-
3yema. PaccMOTpuM NI HEKOTOpPbIE OCHOBHBIE.
B ncuncnennn npegukatoB C-KOpTeKy B TPUBHAb-
HOM ciy4ae (KOTfia OTfeNbHbIe aTpUOyThl HE COOTHO-
CATCS C MHOTOMECTHBIMHM OTHOLICHUSIMHM) OTBEYaET
KOH'BIOHKIIVSI OMHOMECTHBIX NPEIUKATOB C Pa3HbIMU
nepeMeHHbIMA. Hanpumep, normdeckoi gopmyiie
H= P,(x) O P,(y) U Ps(2) coorBeTcTByeT C-KOpTEXK
PIXYZ] =[P, P, P;],tne P, O X; P, OY; P, O Z Or-
punanuio (opmyiasl H (Ouswronkyuu OTHOMECTHBIX
npegukaToB) “H = - P;(X) [k P,(y) L -P5(2 — D-xop-

tex P =] Py P, P3 [. [lycth AK-06beKT 0603Ha-
4aeT MONIECHBEHHO NONCHYIO POPMYNY.

AK-00BeKT, paBHBII HEKOTOPOMY YacCTHOMY
YHUBEPCYMY, UHTEPIIPETUPYETCS KaK MAGMOA0USL.
Henycroit AK-00BEKT yKa3bIBAET Ha 8bINOAHUMYIO
popmyay. dneMeHTapHbIN KOPTEXK, BXOASIINNA B CO-
craB Henycroro AK-o0beKkTa, COOTBETCTBYET 6bi-
noAHAUell NOOCMAHOB8Ke TOTUIECKON (OPMYITBI.

Ecmu B C-xkoprex mnm B C-cucreMy BBOAHTCS
UKTUBHBIA aTpubyT, TO 3Ta Mpoleaypa mompoOHa
M3BECTHOMY B MCUNCIICHUH IPEIUKATOB IPABUITY BbI-
BOJIa, KOTOPOE HAa3bIBAETCA Npasuiom 00600ueHusA.
Hanpumep, ecnmu AK-06bexT

{ag

G[XZ] =
{a,c,d} {b,¢c
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cooTBeTcTBYeT (popmyne F(X, Z) ncuucnenuns npenn-
KaToB, TO, 06aBUB B 3TOT AK-00beKT (pUKTUBHBIT
atpu0yt Y, nonydnm AK-o6beKT

{a,¢¢ » =«

{acd *{bdg

nis popmynsl UyF(X, 2) u3 F(X, 2) mo npaBuiy 0600-
[IEHUSI.

G,[XYZ] =

ITomumo onepanuii anredpsl MHOXXeCTB ¢ AK-00B-
EKTaMH BBOJATCS €Ile TPH onepavuu ¢ ampubymamus:
1) mepecTaHoBKa aTpUOYTOB W COOTBETCTBYIOIINX UM
cron6uoB MaTpuibl AK-o0bekTa; 2) nobaBieHne Ho-
BOro (pMKTUBHOTO aTpuOyTa; 3) aMMUHALUS aTpUOY-
Ta. VIcOoNHsIIOTCS TakKe [BE K6AHMOPHblE Onepayuu
[(X(P) u [X(P), koTOpBIE HE TOJNBKO PACHO3HAIOT TOX-
[ECTBEHHYIO JIOXKHOCTb MJIM BBIIOJIHUMOCTb HEKOTO-
PO CTPYKTYpPbI, HO B CIIy4ae BbIIIOJIHUMOCTH TI03BOJISI-
FOT NoNyynTh AK-00BEKT, COOTBETCTBYIOIINUIT JAHHO-
My BhIpaxkeHnt0. OnpepeseHHble KOMOMHAIMHI Onepa-
il ¢ aTpuOyTaMu U onepanuil anreGpbl MHOXKECTB f1a-
FOT BO3MOKHOCTb CPaBHUTENBHO JIETKO OCYIIECTBISITH
oOpailieHre, KOMIIO3ULUIO, COSMHEHUE OTHOILICHMI,
JIOTMYECKHX BbIBOJI U onepauuu ¢ kBaHtopamu. Ilo-
npoOHee 00 3TOM cM. B [4-0].

2. JKOHOMNS pPecypcoB NMPH MANIMHHOW peann3a-
mun crpykryp AK. BrrumciaurenbHast cloXHOCTb
onepanuil anreO6pbl MHOKECTB U IIPOBEPOK BKIIOYE-
HUSI 3aBUCHUT OT TOT'O, K KAKOMY KJlaccy CTPyKTYp OT-
HOCSTCSl Hcnodb3yeMmble npu 3ToM AK-00BEKTHI.
Hanpumep, nposepka BkitoueHus C-koprexa B C-cu-
C-TEMY BBIIIOJIHSETCS B OOILEM CITyyae C IOMOLIbIO ajl-
FOPUTMA  SKCIOHEHIMAIBHON  BBIYMCIUTEILHOMN
CIIOXXHOCTH, B TO BpeMsl KaK aJFOPUTM IPOBEPKHU
BkitoueHus C-koprexa u gaxke C-cucremnl B D-cu-
CTEMY UMEET MOJTMHOMHANIBHYIO CIIOXHOCTB. [1J1s pe-
aJTn3anud HEKOTOPBIX Onepanuil 1 IpOBEPOK Tpeby-
etca npeobpa3zoBanne AK-o6bekTa B 9KBHBAJIEHT-
Hblil eMy AK-00BeKT anbTepHAaTHMBHOrO Kjacca
(manpumep, C-cucremsl B D-cucremy minm Hao60poT),
yto 175t C- m D-cucTem mocTuraeTcst ¢ moMOIIbIO a-
FOPUTMOB 3KCIHOHEHIMANBHON ciaoxHocTH. Onepa-
uusa ponosiHeHus: AK-o0bekTa BO BceX Cllyyasx
00€eCTeYnBaeTCs allTOPUTMOM MTOJTMHOMHAAIBHON BbI-
YUCIUTEIBHON CIOXHOCTH, HO IPHU 3TOM CHCTEMa
npeobpa3yeTcs B anbTepHATUBHBIA Kiacc. Onepa-

KYJIHNK

uuu nepeceueHus: u o0nequHeHnss AK-06BekToB,
OTHOCSILIINXCS K OMHOMY KJIACCY, BBITIOTHSIIOTCS aJIro-
pUTMaMU IOJIMHOMUAJIBHOM CIIOSKHOCTH, HO €CIIUA OHU
OTHOCSITCSL K Pa3HbIM KJlaccaM, TO AJI 9TUX Oonepa-
uuii TpedyeTcs mpeoO0pa3oBaHUE OJHOIO U3 HUX B
Apyroi kiacc.

B 3apauax, KOTOpbIE N3BECTHBI B JIOTUKE KaK 3a/1a-
YH IEAYKTABHOTO BBIBOJIA, YAaCTO TPeOyeTcs MpoBepKa
BKJIFOUEHUs1 oqHOro AK-o0beKkTa B Ipyrou, a Takxke
HCIOJIHEHHE KBAaHTOPHBIX onepauuii. B Ta6:. 1 mpuse-
[eHbl pa3ianyHble coueTannsi AK-06bEeKTOB 1 3HAKOM
“+” moMeUYeHbl COYETAHUs, 7151 KOTOPBIX aJITOPUTMbI
peanu3anny COOTBETCTBYIOINX ONEPALNAN SBIISFOTCS
MMOJTMHOMMAJIBHBIMYI TP YCIIOBHHU, YTO BCE JOMEHBI
aTpuOyTOB ONMCBHIBAIOTCS MPOCTHIMA MHOXKECTBaMHU
(T.e. HEMHOrOMECTHbIMU OTHOIIeHUsIMU). [Ipn aTom
BO BCEX CIIy4asiX MPOBEpKa TOTO, COEP>KUTCS JIN 3a-
[aHHbLIN 3JIEMEHTAPHBII KOPTEXK B IIOOOU CTPYKTYpE,
TpeOyeT aJIrOPUTMA NOJUHOMHUAIIBHON CJIOXKHOCTH.

Opnako B pamkax AK paspaboTaHbl MeTOIBI
YMEHBUICHUSA TPYAOEMKOCTU IKCIOHCHIUAJIBHBIX IO
BBIUHCIATENBHON CIIOKHOCTH alITOPUTMOB, a TaKXke
METOfIbI PacllO3HaBaHMs YACTHBIX CIIy4aeB CTPYKTYP,
KOTOPBIC MO3BOJIAIOT BBINOJHUTE COOTBETCTBYIOLIUE
onepanyu, MpeoOpa3oBaHUs U MPOBEPKH 3a MOJINHO-
MuanabHOe Bpemsl. Ho axke B Tex ciydasix, Korjga HeT
BO3MO2KHOCTH HCHOJIB30BaTh aJrOpuTM MNOJAHOMU-
aJIbHOI BBIYMCIUTENBHON CIOKHOCTH, YMEHBIIEHUE
TpeOYyEMBIX BBIYMCIUTEIBHBIX PECYPCOB JOCTUTAET-
csl 3a cYeT ucnonb3oBaHus npucymero AK-o0bek-
TaM €CTECTBEHHOTO IapaJlJIEIn3Ma.

B ornnume oT TpafuMLMOHHBIX CTPYKTYP AAHHBIX,
NPUMEHSTIONAXCS TP MAIIMHHON peann3anyy JIOTH-
YEeCKOI'O U JIOTMKO-BEPOSITHOCTHOTO aHANIN3a CHCTEM,
crpykTypsl AK SBISIFOTCS Mampuyeno0oOHbIMU, ITO
lleJJaeT BO3MOXKHBIM TIPH COOTBETCTBYIOIIEH IPO-
rpaMMHO-aNMapaTHONW peanu3alid CPaBHUTEIHLHO
JIErKO YMEHBIIUTH TpeOyeMble BHIUUCIUTENbHBIE pe-
CYPCBI C TIOMOIIBIO pacnapalieIMBaHus ONePALHil.

Mammnnas peanuzanusi AK-o0bEKTOB UCHOINb-
3yeT Napajuiesn3M Ha CIEAYIOINUX YPOBHIX: 1) KOM-
MOHEHT; 2) cTpok u 3) matpun. Ha yposre xomno-
HeHm MOKHO NIPEJICTABUTD IOMEHBI U MX MIOIMHOXKe-
CTBa B BHJIE€ COBOKYITHOCTHU JIOTHYECKHUX BEKTOPOB U
I peanu3aldy onepainuil anreOpbl MHOXECTB U
MPOBEPOK BKJIIIOUEHMS NPUMEHSTD JIOTHUECKHIE OIle-

Taomauna 1
HeiicTBue C-koprex C-cucrem D-koprexk D-cucrema

IIposepka BkitoueHunst C-kopreska + + +
IIpoBepka BkiroueHust C-cucreMbl + + +
ITpoBepka BkitoueHus: D-Kopreska + + +
ITposepka BkIrOUeHUST D-CUCTEMBI

KBanTopHas oneparms LIX + + +
KBanTopnas oneparust [X + + +

MN3BECTUA PAH. TEOPUSA 1 CMUCTEMBI YITIPABIIEHUSA  Ne 1

2007



BEPOATHOCTHAS JIOTKA

pauuu ¢ nenbiMu Bekropamu. Ha ypoene cmpok ypna-
eTcsl OfHOBPEMEHHO OCYIIECTBISATH ONEpalud HIN
IIPOBEPKHU BKIIFOUEHHS CO BCEMH ITapaMU KOMIIOHEHT
C- unu D-koprexeit. Ha yposre mampuy, MOXKHO OJI-
HOBPEMEHHO BBINOIHATH ONepanuu aareopbl MHO-
>KeCTB M IPOBEPKYU BKJIIOUEHUs MJIs1 MHOXKeCTBa Iiap,
9JIeMEHTaMH KOTOPBIX sIBJSIFOTCst ctpoku (C- wmmm
D-kopresxn) 3 paszubix AK-o6bekToB. Hampumep, mpu
BbIuncinennn nepecedenust C-cucrembl ¢ C-crcreMont
(cM. anropuTM 2) BCe UCNONb3YeMbIE B 3TOM alrOPUTME
oneparun nepeceuenus: C-koprexei MOXKHO 3aITyCKaTh
HapanjelbHo.

3. Jlornka 1 BepOsAITHOCTH. TE€pMUH “BEpOSITHOCT-
Has JIOTMKa~ TMOJy4us OONbLIOE pacHpOCTpaHEHUE
MIOCJIE BBIXO/a B CBET CTAThM N3BECTHOTO CIENUAIACTA
o uckyccrseHHoMy nHTemekty (M) H. Hunscona
[7]. Ero upesa Obuia mpopoizkeHa u pas3pura [8, 9].
B aTux 1 gpyrux nyOaruKanusx N0 BEpOSITHOCTHOM JI0-
TUKEe CTaBUJIach CIEAyIOIIas 3ajjaya: 3aaHbl OIEHKN
BEPOSAATHOCTENl HEKOTOPOTO MHOXECTBA COOBITHH,
[pecTaBIeHHbIX (POPMYJIaMHI UCUUCICHUS BbICKA3bI-
BaHMI, HEOOXOAUMO HalTU BEPOSITHOCTHYIO OLIEHKY
COOBITHS, MPEACTABICHHOTO JIOTMYECKOH (pOPMYIOi,
KOTOpasl OTINYAETCsl OT UCXOAHBIX. [Ipyroi acrexkT
COBMEIIEHUSI BEPOSITHOCTUM U JIOTMKH, Hampumep,
TOT, KOTOPBIN Peann30BaH B JIOTUKO-BEPOSITHOCTHBIX
metopax (JIBM) [10], roe BeposiTHOCTD (POPMYIT BbI-
YUCISAETCA MO BEPOATHOCTSIM 3HAYEHUH JIOTUYECKUX
MIEPEMEHHBIX, B 9THUX paboTax HE paccMaTpUBaC.
Kpowme Toro, ananus crareil [7-9] nokaseiBaet, 4ToO
pe3ybTaTOM COEAMHEHUs] KJIAaCCUYEeCKUX HOHATHI
“BEpOSITHOCTD” U “JIOTMKA” OKA3bIBAKOTCS HEKOTOPbIE
Hekyaccuyeckue norukd. Hamm ke mnpepmaraercs
paccMOTpeTh KOHLEMIUIO BEPOSITHOCTHON JIOTUKH B
KJIaCCMYECKOM BapHMaHTE 4Yepe3 MpU3My aiareOpnl
KOpTEXKel.

CoBMellleHUE MOHATHI “JIOrUKa” U “‘BEPOSATHOCTD
BBI3bIBAET HEMaJIO TpygHocTed. Ha mepsblil B3R,
3eCh Bce IPOCTO, €CIIH B3SITh 32 OCHOBY aKCHOMATUKY
BeposATHOCTH, npepnoxeHHyo A.H. Kommoropossmm
[11], B koTOpoOIii anreGpa coObITHI, HOTPYKEHHBIX B Be-
POATHOCTHYIO MEpy, COOTBETCTBYEeT anredpe MHO-
xecTB. Hanpumep, st coObITHil, IIpefCTaBICHHBIX
MHOxkecTBaMH A u B, BeposiTHOCTHas Mepa uX 00b-
€IMHEHMs] pacCUUTHIBACTCS KaK

p(AO B) = p(A) + p(B)-p(An B).

Takum oOpa3oMm, 1JIs1 TOYHOT'O BBIYUCIIEHUS BEPO-
sitHOocTH coObIThs A [ B momumo BeposiTHOCTeit P(A)
u p(B) Heo6xopmmo 3HaTE BeposiTHOCTEL P(A N B), ko-
TOpasi B paMKax HEKOTOPBIX OTPaHWYEHHIA, B YaCTHO-
cta P(A n B) < min(p(A), p(B)), He 3aBucut ot p(A) n
p(B). Eciim pm aTtom A n B # [J, To co6eitust A u B
3aBucuMbl. Ho ecnu npeacraButh, uTo Au B siBisiroT-
csl He MHOXKECTBaMHU, a pa3HbIMH JIOTHUECKUMHU TIepe-
MEHHBIMH, TO BEPOSTHOCTH U3 BIOHKITUN 3TUX COOBI-
THII OIpefiesieTcs: o hopmyie

P(AOB) = p(A) + p(B) — p(A)p(B),
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IUIsE KOTOPO# JIOCTaTOYHO 33JaTh TOJBKO BEPOSIT-
HOCTBL coOnITH A 11 B.

CrpammBaeTcsi, HOYeMy JIJIsl IOTHYECKUX COOTHO-
LIEHNI UMEEeT MECTO pyras METOIKa pacueTa Be-
POSITHOCTH, XOTSI MHOTUM HPEACTAaBISIETCs, YTO al-
redpa MHOXeCTB M OyieBa anreGpa m3oMopgHBI?
OTBeT Ha 3TOT BOMPOC OKA3bIBAETCS KIFOUEBBIM IIPH
COBMEIICHUU MOHATUH “noruka” u “BEpOSITHOCTH .
JIeso B TOM, YTO B KJIACCHYECKON JIOTHKE 3JIEMEH-
TapHble COOBITHS, OTBEYAIOIIUE Pa3HbIM JIOTHYE-
CKAM II€PEMEHHBIM, HECOBMECTHUMbI, MOTOMY YTO
mobasi mormueckasi popmyiia, copepskamias N cBo-
OOIHBIX NEpPEMEHHBIX, N30MOP(HA HEKOTOPOMY
N-MECTHOMY OTHOLICHHIO, U COOBITHS, COOTBETCTBY-
IOlIME pa3uyaroluMcs IIepeMEeHHbIM, INpUHAfJIe-
KaT pa3HbIM atpubyTraM. [pyrumu cioBamu, JIOTHU-
YecKne MepeMeHHbIe MOTYT OBbITh 3aBUCHMbBIMHU, HO
HE U3HayajibHO, a TOJIbKO IIOTOMY, YTO OHM COJEp-
KaTcsl B ONPEMIEJICHHON JIOTUYECKON hopmye, KO-
TOpasi ¥ OIpeaessieT 3aBUCUMOCTb MEXKAY HAMU.

AOCypaHOCTB (C TOYKM 3PEHUS MaTEMaTU4YECKON
JIOTMKW) MHOTO TIOAXO/la BUAHA U3 CIEeYIOLIEro Npu-
Mepa, KOTOPbIl MHOTJla NPUBOAUTCS B paboTax IO
BEPOSITHOCTHOM JIOTHKE: [ JIOTUIECKHUX MEpPEMEeH-
HbIX (HO He opmyn!) X u Y JaroTcsl BEpOSTHOCTH
p(x), p(Y) m p(X OY), npuueM MOCIETHSIST BEPOSIT-
HOCTb HE00513aTEILHO PaBHA MMPOU3BEICHUIO TIPEJIbI-
Rylux.

Omcroda ACHO, YWMO NpU NOPYICEHUU A02UHe-
CKUX CUCTeM 8 8ePOAMHOCIHOE NPOCHPAHCINGEO He-
06X00UMO YyUUMDBLEAMb, YO Pedb UOem O cucmeme,
UBOMOPEPHOLL 8 COOMBEMCMBUL C AKCUOMAMUKOLL
A.H. Koamozoposa anzebpe mHONMCECMB, HO NpU
IMOM CAMU MHONECBA NO CIPYKMYpe ABAAIOMCA
MHONCECMBAMU KOPIMeEXNCell, COOePHCAUUXCA 8 MHOR20-
MECMHbIX OMHOULEHUSAX.

MeHHO 3TO OOCTOSITENBCTBO, SIBHO WIIM HESIBHO
yunTbiBaeMoe B AK u JIBM, He yuuThiBaeTcs B pas-
JINYHBIX BEPCHUAX BEPOATHOCTHOMN Jioruku. IIpenmo-
JIOKEHHE O TOM, YTO COOBITHS, COOTBETCTBYIOIINE
Pa3HBIM JIOTHYECKHAM IIEPEMEHHBIM, MOTYT OBITH 3a-
BUCHMBIMHU caMH IO cebe, T.e. 63 yueTa CBSI3bIBalo-
el UX JOrnYecKoil (popMyibl, O3HaA4YaeT Hapylle-
HUE 3aKOHOB MaTeMaTH4YeCKOM JIOoruku. [Ipyroe ge-
J10, KOT/ia peub UeT O caMux (popmMyiiax, B KOTOPBIX
yCTaHABJIMBAETCS 3aBUCUMOCTDb MEX/Y pa3InYHbIMA
NEPEMEHHBIMH, WIK O Pa3HbIX JOTHYECKUX (POpMY-
J1aX, KOTOPbIE MOTYT ObITh 3aBUCUMBIMU TOJIBKO IIPH
YCIIOBUH, YTO OHU COfiep>KaT XOTs ObI OfIHY OOIIYIO
ISl HAX CBOOOJHYIO TIEPEMEHHYIO.

4. BeposiTHOCTHBI aHanm3 cucteM Ha ocHoBe AK.
PaccmoTpiM MeTORBI BEPOSITHOCTHOTO MOAEITMPOBAHUS
¢ nomoipo AK 6o5ee nogpo6HO. OCHOBHBIM CTPYKTY-
poobpazyromymM monsitueM AK siBnsiercs: C-KopTek.
Ecmu um3BecTHBI BEpOSITHOCTHBIE MEpPbl KOMIIOHEHT
C-koprexa, To Mepa camoro C-kopTeska BBIUHCISASTCS
KaKk TMPOM3BEJIeHne Mep ero KOMIOHeHT. Tak, Korja
C-koptex R = [A B C] 3agan B u3MepuMbIx aTpuly-
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TaxX U MEPbI €Iro KOMIIOHEHT paBHbI COOTBETCTBEHHO
H(A), 1u(B) u u(C), To

H(R) = H(A) u(B) u(C).

Ecnu peus ueT o norpy>KeHnu JOTu4ecKux gop-
MYJI B BEPOSITHOCTHOE IPOCTPAHCTBO, TO BCE aTPUOY-
ThI IPOCTPAHCTBA, B KOTOPOM 3ajjaHa COBOKYITHOCTb
AK-06bekTOB, IMeIOT Mepy 1, a Bce AK-00BbeKThI
9TOr0 MPOCTPAHCTBA — MEPHI, HE NpeBbIIatonue 1.
OTO COOTBETCTBYET BEPOSITHOCTHOI Mepe He TONBKO
10 YUCIIOBBIM COOTHOLIEHUSIM, HO ¥ TOTOMY, YTO CH-
creMa COOBITHI, MOfenupyeMbIX ¢ moMoubo AK,
n3oMopHa anredbpe MHOXKECTB.

ns Beruucnennss mep AK-oO0BbEeKTOB, OTIHYAIO-
muxcst oT C-koprexeit, He0OXOANMa X OpPHO20HA-
audayus, T.e. TIpeoOpa3oBaHNe B SKBHUBAJEHTHYIO
C-cucremy, B KOTOpOH IepeceueHue 000l mapbl
C-kopTeskeit o6pa3yeT MmycToe MHOKECTBO. MeTObI
OpPTOTOHANM3alUu NPOU3BOJBHBIX AK-00BEKTOB
pa3paboTaHbl; nogpoOHee 0 HUX — B [2—6]. [1pn aToMm
Mepa opToroHanbHoi C-cucTeMbl B TOUYHOCTH paBHA
CyMMe Mep BceX cofiepskamuxcsi B Heil C-KopTexeii.
Kpome Toro, ycranoBneHa ciaeayroliasl 3aKOHOMep-
HOCTB: OPMOROHAAUIAUUA NO3B0AAENT HE MOAbKO
noozomosumv AK-o6vexm K pacuemy e20 eeposam-
HOCMU, HO 80 MHORUX CAYUAAX CYULECIBEHHO YMEHD-
Wums mpyo0oemKoCmy BblHUCACHULL NPU peuleHuU
opyeux 3a0ay (Hanpumep, npu peuleHul 3a0ail 8bi-
ROAHUMOCTMUL).

Ecin AK-06bekT — oTtoOpaxenue (opmysa mc-
YHCIIeHNs BbICKa3bIBaHMIA, TO OH 3a/laH B YHUBEPCyMe
{0, 1}", rme N— 9amcIo JoTHIeCcKuX MepeMeHHBIX (hop-
myabl. Kaxkppiii cronben C-koprexka uinm C-cucre-
MBI “TIpuBs3aH’’ K ONpeAeIeHHON JOTnuecKol nepe-
MmenHo. CTon6Iry ¢ HomepoM K cooTBeTCTBYET iepe-
MEHHas Xy, JUTepany X, B popmyse — cocrosue 1 B
AK-o6bekTe, a murepany — X, — cocrosiaue 0. Kax-
mass crpoka (C-koprex) B C-cucreme oOTBevaeT
KOH'BIOHKIIUU (PpOPMYJIbI, BBIPAa’KEHHOW KakK JIHN3b-
FOHKTHBHasi HopManbHasg ¢opma (JHP). Ecim B ka-
KOM-THOO KOHBIOHKTE OTCYTCTBYIOT II€PEMEHHBIE,
BXOJISIIIIME B cOCTaB (hOPMYIIbI, TO BMeCTO HUX B C-KOp-
TeXKe BCTaBIsgeTCsl (PUKTUBHAS IIepeMeHHas “*”.

IIpumep 1. Ilycts 3asana opmymna ucamcie-
HUSI BbICKA3bIBaHUM

ITockonbKy 37€Ch TP JTOTHYECKUX MEPEMEHHBIX,
TO 3Ty (POPMYITy MOXKHO MPEACTaBATH Kak AK-06b-
ext Q B yuuBepcyme {0, 1}3

{3 =« {0
Q=1+ {0 {1

{g {1 =

IanHas opmyna u coorBeTcTByroImi et AK-005-
eKT SIBJISTFOTCSI OPTOTOHANbHBIMY, MO3TOMY Q Hero-
CPEACTBEHHO BBbIpa3MM B BEpPOSITHOCTHOH Mepe.
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IIycts B AK-06BeKkTe Q BEposiTHOCTH COOBITHI 3a-
MaHbI TaK: [); — BEPOSITHOCTDL COOBITHS | B i-M aTpuoy-
Te, 1 — pj — BeposITHOCTH coObIThst O B i-M aTpubyTe.
YuuteiBas, uto Mepa C-KopTesKa paBHa IpOM3Beie-
HUIO MEP €ro KOMIIOHEHT, a Mepa opToroHanbsHoi C-
CHCTEeMBI — CyMMe Mep cofepsKaiuxcs B Heit C-kop-
TEXEN, MOIYyYUM

P(Q) = Pu(1—p3) + (1—p)ps+(1—py)p,. (4.2)

B JIBM koHcTpykuus (4.2) Ha3bIBaeTCd 6eposam-
HocmHotli ¢yHryueii (B®) dopmynsr (4.1). D1y
(pyHKIHMIO MOXHO TakKe BBIBECTH U3 OPTOTOHANb-
HOl C-cucTeMbl C NOMOIIBIO 3aMEHbl 3JIEMEHTOB
KOMIIOHEHT Ha COOTBETCTBYIOIINE UM BEPOSTHOCTH U
npeobpa3oBaHMs CUCTEMBI B MOJAMHOM. Ha nepBbIit
B3IUIS KaxeTcs], 4To cTpyKTypbl AK — numis gpyroi
croco6 BbIpaXkeHus ISl Tornaeckux popmyn. OnHa-
KO TPH yCIOXHEHUU Mofiesielt (B YaCTHOCTH, IIPH Ie-
pexofie K cucTeMaM C MHOTHUMH COCTOSIHUSIMU) C TIO-
Mombo AK oKa3pIBaeTCsi BO3MOXKHbBIM CYLECTBEH-
HO YIOPOCTUTH aJTOPUTMBbI pelleHus psijla 3aaad,
paccmaTpuBaeMbIx B JIBM. Kpome Toro, B AK npn
NOTPY>KEHUU B BEPOSATHOCTHOE NPOCTPAHCTBO BBO-
IUTCS TOHATHE ‘“‘ypaBHEHHE perpeccun’, KOTOpoe
MO3BOJISIET OCYIIECTBUTH IOCTAHOBKY U PEIICHHE 3a-
pay BepossiTHOCTHOH joruku no H. Hunscony. Ecau 6
8ePOAMHOCMHBIX pYHKYUA muna (4.2) cuumamo P
He QUKCUPOBAHHBIMU YUCAAMU, A NEPEMEHHBIMUL, MO
makue popmyavl A6AAIOMCA MOYHBIM YDAGHEHUECM
pezpeccuut Coomeemcmeyoueli 102U4ecKoli popmy-
Abl. [10Ka3aTenbCTBO 3TOrO YTBEP>KACHUS NpUBEfe-
HO B [5]. PaccMoTpuM mpumep cucteMbl ¢ MHOTUMUA
COCTOSIHUSIMH.

IIpumep 2. Ilycrs

R= {alvaZ} {b11b3}
{ag {by, b}

— oproronanbHasi C-cicTeMa ¢ TPeMsl COCTOSTHUSIMHE, 3a-
llaHa B IPOCTPAHCTBE {8, &, &3} X {b;, b,, b;} ¢ BeposT-
Hoctsvu P(@) 1 p(b), mpi 9ToM P(as) = 1 - p(@y) — P(ay)
u p(b;) =1 - p(b,) — p(b,). Torga BeposiTHOCTL COOBI-
THs, BhlpaxkeHHOTO AK-06bekToM R, mpu mopcra-
HOBKE HEOOXOJMMBIX BEPOSTHOCTEN Oy/IeT paBHa

P(R) = (p(a1) + p(a))(1-p(by)) +
+(1-p(a;) - p(a;))(p(by) + p(b,)).

M3n0XeHHbII TOX0 OTPaXKaET NPAMYIO 3A0aUy
JIOTUKO-BEPOSITHOCTHOT'O aHAJIN3a, KOIya IIpH 3aaH-
HBIX BEPOSITHOCTSIX 3JIEMEHTAPHBIX COOBITHN BBITIOJN-
HSIETCSL pacyeT BEPOSITHOCTU CIOKHOTO COOBITHS.
B o6pamnoii 3a0aue mocTaHOBKA WHAsl — HA OCHOBE
MaHHBIX O BEPOSITHOCTSX HEKOTOPBIX CIOXHBIX CO-
OBITHIT Hy>)KHO PacCUNTaThb BEPOSITHOCTH 3JIEMEHTAp-
HBIX COOBITHI, IOCIIE YETO MOXKHO MOJYYUTh BEPOSIT-
HOCTH JIPYTHX CIOXHBIX cOObITHIL. K HIM OTHOCSATCS
3aJjauyl, peliaeMble B BEPOSITHOCTHON Joruke. Pac-
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CMOTpPUM IpUMeEp, NpuBefeHHbINA B cratbe H. Humnb-
cona [7].

IIpumep 3. [JaHa COBOKYIHOCTb COOBITHI, 3a-
manHbIX popmynamu A u A [ B ucumncienus BbicKa-
3pIBaHmi, ipu ToM P(A) = p; u P(A O B) = p,. Tpeby-
eTcs OLEHUTH BeposiTHOCTD P(B) cobniTus B.

3apgauy Oygem pemath Mmetogamu AK. imerorcs
BCErO fIBE JIOTHUecKue nepeMenHnle A u B, kotopsele
B JaHHOM cJy4ae SIBJISIFOTCS TaKxXKe 3JIeMeHTapHbIMU
coObITHsIMU. IIpeanonoxnm, 4To BEpOITHOCTb 3THX
coObITHI paBHA cooTBeTcTBeHHO P(A) m pP(B). U3
yCIIOBUS 33jauy clefyeT, 4To P(A) = p,. Bbipa3um 3a-
maHHble popMysbl B cTpykTypax AK, mcnonnsys
yausepcym {0, 1}%

A=liy -l B=l gl

AOB = AOB = {O {1 = {{0} * }
{3 {1
(3meck D-koprexk, coorBeTcTBYIOmUil popmyne A [ B,
npeobpa3oBaH B OpTOroHaIbHYIO C-crcTreMy).

Ha ocHoBaHmm 3TOrO 3ammiineM BEpOSITHOCTHBIE
¢opmynbl gng coosiTuit Au A B

P(A) = pi; P(AOB) = (1-p(A))+
+p(A)p(B) = p..
ITonyuunace cucrema U3 AByX ypaBHEHUI:
P(A) = pu;
(1-p(A)) + p(A)p(B) = p,.
OTKypa HECTIOXXHO BbIBECTH

p;+p,—1
P1 .

B nanHoil 3agaue HaiijlcH TOYHBIA OTBET, B TO Bpe-
M Kak B [7] OTBET BBITJISIUT KaK HEPABEHCTBO P, +
+p —1=spB)<p,.

B o0wem cinydae anropuT™ peuieHus 3afad Bepo-
SITHOCTHOW JIOTWKHU cienyronmii. [lycte umeroTcs nc-
XOfHBIE Jormaeckue ¢opmyibl F; ¢ 3aaHHBIMI BEpPO-
stHocTsivu P(F;) u popmyna G, BeposITHOCTb KOTOPO
p(G) TpebyeTrcst BbIumMcIuTh. Torna HEOOXOMUMO BBI-
MOJIHUTH CIEAYIOLIYIO MOCIEA0BATEIBbHOCT ONepa-
107070

1) popmynbr F; u G npeobpasyroTcsi B OpTOro-
HanbHbIe C-CcHCTEeMBI;

2) Aas KaXmol M3 3THUX CHUCTEM COCTaBIISIETCS
ypaBHeHue perpeccuu E(F) u E(G);

3) bopmupyeTcs u penraeTcst cucTeMa ypaBHEHUN
{E(F)};

4) ecniu cucrema ypaBaenwmii { E(F))} nmeer enun-
CTBEHHOE PELICHUE, TO OJyYEHHbIEC 3HAUCHUS NTepe-
MEHHBIX MOficTaBIsIIOTCs B hopmyny E(G) m Haxo-
AUTCSI TOUHBII OTBET.

p(B) =
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B 3amaue Hunbcona metopamu AK 6611 monyueH
TOuHbI 0TBeT. HO Takas cutyanust BO3MOKHA HE BO
Bcex ciydasx. PaccMoTpum npumep.

ITpumep 4. [JaHbl BEpOATHOCTU COOBITHIA, ONU-
CaHHBIX JIOTHYECKUMU (DOpMYJIaMU:

p(AOB) = a; p(AOB) = bh.

Haiitu ouenky p(A) u p(B). Beipasum 3apaHHbIC
COOBITHS B CUCTEME KaK OpTOroHasbHble C-CHCTEMBI:

- {3 *|.
AOB- N1 {B[= [{0} {1}},
AOB=[{1} {1}].
ComnocTaBuM CUCTEMY YpaBHEHUI:
p(A) +(1-p(A))p(B) = &;
p(A)p(B) = b.

Pemas mannyto cucremy, moJIy4uM

a+b+.J(a+b)®=4b
p(A) = (g D) —4b,

— 2
o(B) = atb¥ (621+b) —4b_

BuiHO, YTO HACTOSIIIME PEIICHUs HE JArOT OJfHO-
3HAYHBII OTBET B TEX CIYYastX, KOTJA TOIKOPEHHOE BbI-
paxenue He paBHO 0 (310 Bo3MOxHO 1ipH P(A) Z p(B)).
Ecnu yauThiBaTh, 4TO 006€ UCXOMHBIE (DOPMYJITBI CUM-
METPUYHBI, TO TaKasi HEOTPEIEJICHHOCTh ObLIa Tpe-
pelieHa yCIoBUsIMY 3a/1avuu.

JlJ1si mpMBEEeHHBIX MPUMEPOB MOKHO UYUCICHHO
MIPOBEPUTH BBIKIAJIKU, €CIH MOCTPOUTH COOTBET-
CTBYIOIIUE MM BEPOATHOCTHBbIE Mopenu. Tak, mist
npuMepa 4 BEpOSITHOCTHAs MOJieNlb OyfeT Clefyro-
IIei: MyCTh OMHOBPEMEHHO OpPOCAIOTCS IBE MOHETHI,
IPH 3TOM WM3BECTHBI BEPOSITHOCTU BBINACHUSI XOTS
ObI offHOTO Tepba (3TOMYy COOBITHIO COOTBETCTBYET
¢opmyna A [0B) u rep6a B iByx 6pocanusx (popmy-
na A [1B). 3nas BeposiTHOCTD BhITIaieHNsI rep6a (st
IpaBUIbHBIX MOHET — (.5), MOXHO 11O 3aKOHAaM T€O-
pUM BEPOSITHOCTH TOJCUYATATh BEPOSTHOCTH ITHX
cnoxxHubIX coopiThit: P(A OB) =0.75; p(A OB) = 0.25.
IMoacranoBKa TaHHBIX 3HAYEHWI B IPUBE/ICHHBIC BbI-
me popMmyibt Ayt P(A) u p(B) maeT npaBUILHBIA OT-
BET. AHAJIOTUIHYIO POBEPKY MOKHO IIPOU3BECTH U
s ““HEMpaBUIIBHBIX  MOHET, KOIJla BEpPOSITHOCTHU
BbINajieHns rep6a oraugatores oT 0.5.

BeposiTHOCTHBIE COOTHOIIEHUS, Oy4aeMble Ha
ocHoBe AK, MO3BOJISIOT HE TONBKO OLEHUBATH BEPO-
ATHOCTB CJIOXHBIX COOBITHI IIPU 3a[JaHHBIX (PYHKIH-
SIX pacnpefeseHus: COObITHI B KasKAOM aTpuOyTe, HO
U pemaTh 00paTHYIO 3aia4y BEpOSITHOCTHOT'O aHAJIH-
3a — OLIEHUBATH TUIbI U IIapaMeTpbl MaPIUHAIBHBIX
pacipefiesieHni, T.e. pacupefielIeHuii B aTpuoyTax u
HEKOTOPBIX NPOEKIUSIX.
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Tao6auna 2
& & a b, b, by
[0, 2.8] [1.7,3.4] [3.4,5.5] [4.3,6.4] [0, 2.3] [1.4,3.2] [2.3,5.0]
Taoanna 3
N r r3 r's l'e Iy
0, 1.7) (1.7, 2.8) (2.8,3.4) (3.4,4.3) (4.3,5.5) (5.5,6.4) 6.4,7)
Taémuna 4 3
) I KaXKAOro KBAaHTA € BBIYMCIUTH 3HAUYCHUE
a o o o BEPOSITHOCTH [);, UCTIONB3YSI B KA4eCTBE HUKHUX W
- BEPXHHUX IPEAETIOB MHTETPUPOBAHUS 47151 P(X;) KOHIE-
0, 1.4) (1.4,2.3) (23,3.2) (3.2,5) BbIE TOYKHM 9TOrO KBaHTA, PaBHbIE 3HAUYEHHSIM T1apa-

CHavana pacCMOTPHUM CIEAYIONIIYIO ITOCTAaHOBKY
3a/lauyn: cUCTeMa TMpefcTaBleHa B cTpyKTypax AK
WU B BHUIE CUCTEMBbI JIOTUYECKUX (PYHKUUU, U OIS
KaXJI0l NEPEMEHHON M3BECTHO PaCHpEeicHUE Be-
posTHOCTU. B MHOrOMEPHOM IIPOCTPAHCTBE pacipe-
[cJeHNne B aTpuOyTax WIN B HEKOTOPBIX MPOEKIHIX
3TOr0 MPOCTPAHCTBA HA3bIBACTCS MAPUHAALHBIM
pacnpedeneruem. HeoOXOIMMO BBIYHCINTE pacipe-
[CJICHUE BEPOSTHOCTU CAMOH CUCTEMBbI U OLEHKY
YCTOMYMUBOCTH 3TOTO pacrpefieseHus. 3agaul Tako-
ro pofia 4acTO BO3HUKAIOT IIPU OLIEHKE HAJIEKHOCTHU
1 6€30NaCHOCTU CTPYKTYPHO CJIOXKHBIX CHUCTEM U B
JIOTHKO-BEPOATHOCTHOM YIIPABJIEHUN PUCKOM B OM3-
Hece u TexHuke [12]. Jlorndyeckue cCUCTEMBI, B KOTO-
PBIX PELIAOTCS 3TH 3afa4yd, MOXKHO, UCIOJb3Ys pa-
HEE BbIBEJICHHbIE COOTHOIIECHUS, NMpeoOpa3oBaTh B
u3mepumsle cucrembl AK.

ITycte Kaxpaplit aTpuOyT HEKOTOPOH COBOKYIIHO-
ctu AK-00BEKTOB IpefcTaBIe€H KOHEYHOU CHUCTe-
MoOii coObITU. BO3MOXKHBI 1Ba BapuaHTa 3alaHusl CU-
CTEMBI COOBITUH B aTpudyTe X;:

1) B Bupie a1eMeHTapHOI CUCTEMBI (T.€. CUCTEMBI
MIOMTAPHO HECOBMECTUMBIX COOBITHUI);

2) Ha HENpPEepPBLIBHOM paCHpefieJICHUH BEPOSTHO-
creit P(X) B (popMe KOHEYHOTO MHOXKECTBA Iepece-
KaIOIIUXCsl B 00IIEM ciiydae MHTEepBajoB (&, b,), roe
a,, b, — 3Hauenus mapameTpa X, u g < by.

Jl1st mepBOroO BapuaHTa IOCTATOYHO CONIOCTAaBUTh
KaxJIOMy COOBITHIO €r0 BEpOATHOCTb. BTOpOi Bapu-
aHT MOXHO CBECTHU K IMIEPBOMY C IMIOMOIIBLIO CIEYIO-
11097 @115]0)1(S11% ) &

1) mpousBectu asaemenmapuaayuro CuctreMsl {(a;,
b))} uaTepBanos napamerpa X; (T.e. B KaXOM aTpu-
OyTe BBIMOJHUTHL pa30UeHHe CUCTEM COOBLITUH Ha
MHO3KECTBO TOMApHO HETePeCeKAOIINX s MHTePBa-
JIOB — KBAHMOB);

2) npeo6pa3oBaTh UCXOJHYIO CUCTEMY COOBITHIA B
AUCKPETHYIO, COOTHECS € KaX/[bIM UCXOAHBIM COOBbI-
THEM HEKOTOpPOE MHOXKECTBO KBAHTOB, OOBEMHE-
HHUE KOTOPBIX PABHO 3TOMY COOBITHIO;
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MeTpa X;.
Ecnu aTa mponenypa BBINOIHEHA [N KaskKAOTO

aTpubyra AK-06beKkTa, TO pacyeT ero BeposiTHOCTU
BEJETCA B TAKOM MOCIENOBATEIbHOCTH:

1) ocymectBasgerca oproroHanuzanus AK-o0sb-
eKTa;

2) AK-06BeKT npeobpa3yeTcsl B MMOJTMHOM, B KO-
TOPOM KaXK[OMY KBaHTY HPHUIUCHIBAETCSI COOTBET-
CTBYIOIIIEE 3HAUCHNE BEPOSITHOCTH.

ITpumep 5. Cucrema 3ajaHa B IPOCTPaHCTBE
X XY, rme arpubyThI IpeCTaBICHBI B BUJie MHTEPBa-
70B, ipu 3ToM X = [0, 7] u [0, 5]. I3BecTHBI Takke
IUIOTHOCTH pacnpenesienus Bepositaocreit f,(x, d;, )
u fy(y, d,, &) Ha arpubyrax, rue d,, e, d,, € — napa-
METpBI pacnpefesieHuil. B aToii cucreme onpepene-
HO coObITHE B Buje AK-00bekTa

{a} {bj}
RIXY] = |{a, a} {b} |:
{ag {b3

rae a;, bj — UHTEpBalbl, 3aiaHHble B Ta0x. 2. HeoOxo-
IUMO OTPEAETUTh MOCIEeAOBAaTEIbHOCTh PacueTOB
JUTSI BEIYUCIICHUSI BEPOSITHOCTH cOObITHS R,

JlJ1st pelieHnst 3a1a4d JOCTATOYHO MCHOJIB30BAThH
TOJILKO OTKPBIThle WHTEpBaibl. B mHTepecax aje-
MEHTapU3alii CUCTEMbI MOCTPOUM BO3pACTAFOIIIHE
PSAABI TPaHUI] MHTEPBAJIOB B aTpudyTax: aius X: 0; 1.7;
2.8;3.4;4.3;5.5;6.4;7,mnsaY:0;1.4;2.3;3.2; 5. Torna
cchopMupyeM cIeyroIe MHOXECTBA 3JeMeHTap-
HBIX UHTEpBaANOB ig aTpuOytoB X (Tabdm. 3) m Y
(Tabu. 4).

ITocne 3aMeHbl MHTEpPBAJOB Ha COOTBETCTBYIO-
L[E€ UM MHOXKECTBA KBAHTOB TOJIyYNM

a; ={ryr; a={r,rg; a;={r,rg;
ay = {rsrq;
b, ={a,a}; b,={da3; b;={ds0qs.

2007



BEPOATHOCTHAS JIOTKA

TTocne mopcTaHOBKY B MCXOHYIO C-cricTeMy HMeeM

{rurd  {dual
R= {ryrarsrd {003 |-
{rarg {ds a4

HJ1st KaXK70ro KBaHTa I WJIH O BBIYMCITUM BEPOSIT-
HocTb. Hanpumep,

3,4

p(rs) = _[ f.(x, dy, &) dx.

Teneps MOXXHO IPUCTYIHUTH K OPTOTOHAIM3ATAN
COOTBETCTBYIOIIUX CIOXKHBIX COOBITHH. [I7151 cOOBI-

tust R paccuntaem R u mocie npeo6pasosanns R B

oproronaneryto C-cucremy Haiiem p(R) = 1 — p(R).
Torpa (IpOMeKyTOYHBIE PACYETHI HE TIOKA3aAHbI)

{rararsrerad {ad
{rara {a
{rira {ad

{riuryrarergd {ad

pufl
1

3aTeM, NOJACTaBIIsIsl BEPOSITHOCTH KBAHTOB M HC-
nonb3ys TeopeMbl AK, IpUXOANM K BBIPasKEHUIO

P(R) = 1-p(R) = 1—-((p(rs) + p(rs) + p(rs) +
+p(re) + p(r7)) p(ay) + (p(rs) + p(rs)) p(az) +
+(p(ry) + p(r7)) p(ds) + (p(ry) + p(ra) +
+p(rs) + p(re) + p(r7)) p(ds))-

IIpu pemenun oOGpaTHOH 3ajjauyM AJIsl CHCTEM C
MHOTHIMH COCTOSIHUSIMA TOYHOE pEIIeHUEe CHCTEM
ypaBHEHUI BO3MOXKHO HE BCETNa, TaK KaK YUCIIO Te-
PEMEHHBIX B yPaBHEHUSIX PErPECCUU COMOCTaBUMO C
YUCIIOM BCEX KBAHTOB M MOXKET MPEBBIIIATH YHCIIO
ypaBHeHuil. Tak, B npuMepe 5 4ncIo KBAHTOB B aTPH-
6yTe X paBHO 7, ClIeloBaTENbHO, YICIIO HEN3BECTHBIX
MmapaMeTpOB TOJBKO IS 3TOro aTpuOyTa OymeT Ha
eAuHNIy MeHblle, T.e. 6. OmHAaKO 3ajaya MOXET
OBITH pellleHa MPUOIUXKEHHO, €ClIA €€ MPEeACTaBUTh
Kak 3ajavy anmpokcumanun. [lomyctuMm, aTpuodyT X
pasneneH Ha k; kBanToB (K; > 2). Torma Gygem cum-
TaThb B KAYECTBE HEU3BCCTHBIX HC BCJIMNYUHBI KBAaH-
TOB, a TUITBI U TAPAMETPhI HEMPEPBIBHBIX pacnpefe-
JIEHU! BEPOSATHOCTH JJIs1 Kaxpaoro arpudyra. Yucno
apaMeTpoB pacrpefesieHnii OObIYHO HE IpEBbIIA-
eT JIBYX — OHU U OyIyT HEM3BECTHHIMHU BEIIMUNHAMI.
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J17151 X OI[EHKU MOYKHO HMCIOJIL30BaTh METObI ONTHU-
MHU3aIUH, B KOTOPBIX YIPABISIOIINME BO3JEHCTBUS-
My OyAyT TUIOBI U MapaMeTpbl MaprHHANBHBIX pac-
npefaesieHnil, a 1ueneBon PyHKIuen — 0000IIeHHBIN
rmapameTp, HapuMep cpefgHee 3HaueHue aOCOIOT-
HBIX OTKJIOHEHHUI MEXAY pacueTHbIMHU M (paKkTHue-
CKUMHU 3HAUYCHUSIMU BEPOSITHOCTEH WCCIeqyeMbIX
CIIOKHBIX COOBITHUI.

3akmouenne. Vcrnonbp3oBanne AK mo3Bosser
peuaTh IpsMYyIo 1 0OpaTHYIO 3aiauy BEPOSITHOCTHO-
r0 aHalin3a JIOTUYECKUX CHUCTEM B MHOTOMEPHOM
[POCTPAHCTBE, HE OrPAHMYMBAACH KAKUM-JIUOO OfI-
HUM KJIaCCOM pacmpepeneHuil. B kayecTtse Mapru-
HaJILHBIX paclpeesicHuil NMpU PEUICHUH NPSIMOU U
0o0paTHOH 3alaull MOXKHO HCIOJb30BaTh HE TOJIBKO
HOpMaJIbHOE pacipefielieHne, HO 1 I000e pyroe.
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