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COBMECTHOE CTALIMOHAPHOE PACITPEAEJTEHUWE YN CJIA
3AABOK B HAKOIIWUTEJIE U B BYHKEPE ITEPEYITIOPAJOYEHWA
B MHOITOKAHAJIbLHOWM CUCTEME OBCJIYKMBAHUS
CIHEPEYIIOPAOIOYEHUNEM 3AABOK*

! P.B. Pazymuuk?

‘ A. B.IleunHkunH

AnHotamus: PaccmaTtpuBaeTcsl GyHKIMOHUMPYIOIIAs B HEMPEPHIBHOM BPEMEHU MHOTOKaHalbHAsl cUcTeMa 00-
CITy>KWBaHUS C HAKOMUTeJIeM OECKOHEUYHOW €MKOCTH M TIepeyropsaoueHneM 3asiBOK. B cuctemy moctymaer
MyacCOHOBCKMI MOTOK 3asiBOK, BpeMsi 00CIY>KMBaHUsI KaXIbIM MTPUOOPOM pacrpeeieHO MO 3KCIMOHEHIUab-
HOMY 3aKOHY C OHUM M TeM Xe MapameTpoM. [Ipu MOCTyMJeHUU B CUCTEMY BCEM 3asiBKaM MPUCBaMBAETCs
TOPSIIKOBBIN HOMep. Ha BbIXozme M3 cucTeMBbl COXpaHsETCs TTOPSIOK MEXIy 3asiBKaMU, YCTAaHOBJIEHHBIN TPU
BXOJI€ B Hee. 3asiBKU, 3aBepIUMBILIKME 0OCTYKMBAaHUE U HAPYIIIMBIIME YCTAHOBICHHbII MOPSIIOK, HAKATUTMBAIOTCS
Ha BbIXO/Ie cUCTeMbl B OyHKepe mnepeynopsinoueHus (BIT), KoTopblil Tak:ke UMEeT HEOrPaHUYEHHYIO EMKOCTb.
Haiineno coBMecTHOE cTalilMoHapHOE pacTpeieieHre Yrcia 3asiBOK B HAKOMUTeNe 1 CYMMapHOTO YHUCIIa 3as51BOK
B BIl B TepMMHAaX BBIYMCIUTEIBHBIX aIrOpUTMOB U mpousBomsimx ¢yHkumii (I1PD). IMpuBenaeHbl MpuMepbl
pacyeToB M0 MOJYYEeHHBIM COOTHOILIEHUSIM.

KiroyeBble ciioBa: MHOrojiMHeiiHasi cucTeMa MacCOBOTO O6C.Hy}KI/IBaHI/IH; NEpEynopAI0IYCHUE; CTallMOHApHOC

pacrpeesieH1e Yucia 3asiBoK
DOI: 10.14357/19922264140401

1 Bsenenwue

J1st GyHKIMOHUPOBAaHUS psiia MH(MOPMalOHHO-
TeJIeKOMMYHUKALIMOHHBIX CUCTEM U JJIs TIpeJocTaBIe-
HUSI Ha WX OCHOBE YCJIYr HEOOXOIMMO COOIIOAeHUE
TpeOOBaHMSI COXpAaHCHMS TOPSIAKA B TTOTOKE Tepea-
BaeMbIX cooOIIeHu#t. Pa3nuuHbie geiicTBUSI, HEOOXO-
IUMBIC U 9TOTO, MOXHO OOBEIMHUTDH B OTHO TTOHSI-
THE — TiepeynopsimodeHue. JUis usydyeHus: BIAUSTHUS
MepeyrnopsiioueHrsT Ha KadyecTBO (PYHKIIMOHUPOBaA-
HUsI THOOPMAITMOHHO-TeIeKOMMYHUKAITMOHHBIX CHC-
TeM K HACTOSIIIIEMYy BPEMEHH TIPEII0KEHO MHOXKECTBO
MoJIeleii, KOTOpBIe B CBOEI OCHOBE MCITOIB3YIOT METO-
Jbl U MOAEIN TEOPUU MacCOBOTo oOcayxkuBaHus. Mc-
clieayemMasi CUCTeMa OOBIYHO MpeACTaBisieTCs] B BUIE
CUCTEMBI UJIU CETU MACCOBOTO OOCTY>KMBAHUS C ONHUM
WK HECKOJbKMMM BXOMSIIMMHN ITOTOKAMH COOOIIIe-
HUl. DddeKT mepeynopsSaoueHusT 9acTO MOISTUPY-
eTcs C MOMOIIbI0 AonojHuTeNbHON ouepenu (BIT),
B KOTOpYIO TMOIMNajgaloT COOOIIeHUsI, 0O0pabOTaHHbIE
B CUCTEeME, U OKMAIOT TaM 10 TeX TMOop, MoKa MopsiIoK
CJIeIOBaHUS COOOIIEHWIA HeTb3sT OyIeT BOCCTAHOBUTD.
HexoTtopsiiit 0630p pabOT B 3TOM HaIIpPaBJIeHUU MOXHO
HaliTu B [1, 2], a HEKOTOPBIE TTOCTAETHNIE PE3yIbTaThl —
B [3—8].

Hacrosias pabota siBisieTcst pa3ButueM [9], B Ko-
TOPOIl paccMaTpuBaeTCsl CUCTeMa MacCOBOTO OOCTy-
xuBaHusl (CMO) ¢ niepeyrnopsiioueHrueM B BUAEe Map-
KOBCKOIf MHOTOKaHAJIbHOU CHCTEMBI OOCITYy>KMBAHMUSI
HEeOrpaHWYEHHOI eMKOCTH 1 OYHKEPOM ITepeyIIOPSII0-
YEHMSI, TAKXKE MUMEIOIIUM HEOTPAHUYEHHYIO €MKOCTb.
B [9] Obu1a monyyeHa cucTeMa ypaBHEHUII paBHOBeE-
CHUS 1711 COBMECTHOTO CTallMOHAPHOTO pacIpeneeHUs
YICJia 3asIBOK B CHCTEME U OYHKepe TepeyITOPSIIOUCHIS
1 TIPUBEIICHBI HEKOTOPBIEC PEe3YIbTaThl YMCIICHHBIX pac-
yeToB. OMHAKO HECOMHEHHBIN MHTEPEC MPEICTaBIISIIOT
JIBE 3a7]a4M, HEe OCBellIeHHbIE B [9], KOTOPBIE U SBISIOT-
Cs IpeIMETOM JaHHOM CTaTbU, a UMEHHO: pa3paboTKa
PEKYPPEHTHOTO aJITOPUTMa pacueTa BHIIICYITOMSHYTO-
IO COBMECTHOTO CTAIITMOHAPHOTO pacIipeIe/ICHNS 1 Ha-
XOXKIIEHUE 3TOTO pacmupeneaeHus B TepMuHax [1D.

CraTbsl OpraHM30BaHa TakKuM obpa3zoM. B paszm. 2
IIPUBOIUTCS MOAPOOHOE OTMCcaHNe CUCTEMEBI. B paszm. 3
JaeTCsl PEKYPPEHTHBII aJITOPUTM pacyeTa COBMECTHOTO
CTallMOHAPHOTO pachpeaeseHus, a B pa3a. 4 mokasa-
HO, KaK COBMECTHOE CTallMOHApHOE pacrpenesieHue
MOXHO Haiiti B TepmuHax [1®D. [TpuMepsl pacueTos,
MIPOBEJACHHBIX MO (popMysnaM pasm. 4, IpeaCcTaBIICHBI
B pasn. 5. B 3akmouennu cchopmyanpoBaHbl OCHOBHBIE
pe3yabTaThl paboTHI.

*PaboTa BbITIOJIHEHA TTpU YacTHuHOM roanepxkke PODU (rpoekt 13-07-00223).

"Mucturyr npo6aem nndopmatuku Poccuiickoil akazeMun Hayk

2 HeTUTyT MpobieM MHbOpMaTHKK Poccuiickoit akaneMun Hayk; PoccuiicKuii yHUBEpCHTET ApyX6bl HaporoB, rrazumchik@iece.org
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2 OnucaHue CUCTEMBI

PaccmorpuM  (pyHKIIMOHMPYIOIIYIO B HENPEPhIB-
HOM BpemeHu N -mmHelHyto (N > 2) CMO c¢ Ha-
KOITUTEJIEeM HEOTPaHUYEHHON €MKOCTH, BXOISIIUM
MTyaCCOHOBCKUM TIOTOKOM 3asIBOK MHTEHCUBHOCTU A
1 9KCITOHEHIIMAIBHBIM pacipeaesieHueM BpeMeHU 00-
CIIY>KMBaHUS 3asiBKU KaXKIbIM ITPUOOPOM C IapaMeT-
POM L.

[pu mocTymjieHny B CUCTEMY BCEM 3asiBKaM TPU-
cBamBaeTcs MopsinkoBbIii Homep. Ha Beixone nzs CMO
COXpaHSIeTCs MOPSIIOK MEXIY 3asiBKaMU, YCTAaHOBJICH-
HBII IPU BXOJIE B Hee. 3asiBKU, 3aBEPIIMBIINE 00CTy-
>KMBaHUE M HapyLIMBIIME YCTAHOBJIEHHBIM MOPSIOK,
HaKaTUTMBaloTCsT Ha BbIxone crcteMbl B BIT 1 mokumna-
10T CMO TOJIbKO TIOCTIe TOTO, KaK 3aKOHYUTCS 00CTy-
>KMBaHUE BCEX 3asIBOK C MEHBIIMMU HOMepamu. Takast
CMO HoCUT Ha3BaHWE CUCTEMBI C MepeynopsnoYeHU-
€M 3asIBOK.

[Npenmonaraercss Takke BBIMOJTHEHUE HEOOXOIM-
MOTO M TOCTATOYHOTO YCJIOBMSI CYIIIECTBOBAHUS CTAIIN-
OHapHOTO pexkxuMa GyHKImoHuposanus CMO

__p
=L <1,
P=N

e p = A/ .

3 AJITOpUTM HaXOXIEHUS
COBMECTHOI'O CTallMOHAPHOI'O
pacripeeneHus

ITpeanonaoxum, 4To Ha MpUOOpPaX HAXOAUTCSA N, N =
=1, N, 3agBok. Torna 3asiBKoit mepBOro ypoBHs Oynem
Ha3bIBaTh Ty U3 HUX, KOTOpasi B CUCTEMY MOCTYITUIA MO~
cJienHel, BTOPOro YPOBHS — MPEANOCAEIHEH, . . . , n-TO
ypoBHST — TiepBoii. [Ipu 3TOM ectm n = N (Bce Tpu-
OOpEHI 3aHATHI), To Haxoxsamuecs B BI1 3asBku, mmocTy-
MUBIIYE MEXIY 3assBKaM1 BTOPOTO U TIEPBOTO YPOBHE,
OyneM Ha3bIBaTh 3asiBKAMU MEPBO ouepeau, 3asiBKU,
MOCTYIUBILIME MEXIYy 3asiBKaMU TPEThero U BTOPOTO
YPOBHEU, — 3asiBKaMU BTOPOW OYEPENIMU, ..., 3aIBKHU,
MoCTynuBIlue Mexay 3asiBkamu N-ro u (N — 1)-ro
ypoBHeit, — 3asiBkamu (N — 1)-it ouepenu. Ecau xe
n < N, To 3asiBKaMM MepBOIi ouepean 0yaeM Ha3bIBaTh
3agaBku u3 BII, mocTynuBiime mocie 3assBKU MEePBOTO
YPOBHSI, 3asiBKAaMM BTOPOIT ouepeau — 3asiBKU, TOCTY-
MUBIIYE MEXIY 3assBKaM1 BTOPOTO U TIEPBOTO YPOBHE,
WUT .

IIpu n > N obGo3HauuM yepe3 p%), m=1N —1,
1 > 0, cTaMOHAPHYIO BEPOSITHOCTh TOTO, YTO B CUCTE-
Me Ha MpuOopax U B HAKOMUTEJIE HAXOAUTCS 1 3as1BOK,
a B BII umeeTcst B cymMme ¢ 3as1BOK TIepBOIi, BTOPOI, . . .,
m-i1 ouepenu. Yepes pf:Z-), m =1,n, i >0, 0603Ha-

YMM aHaJIOT'MYHYIO CTalMOHAPHYIO BEPOATHOCTL IPU

n =1,N —1. Yepes p,, n > 0, 0003HaYNM CTaIHO-
HapHYIO BEPOSTHOCTh TOTO, YTO B CUCTEME Ha MpuOO-
pax u B Hakonuresie (0e3 yuera uucia 3asaBok B BIT)
HaxomuTcs n 3asgBOK. (OYeBUOHO, YTO CTallMOHAp-
HBIE BEPOSITHOCTH P, OTIPEACIISTIOTCST TEMHU K& CaMbIMU
¢dopMysiamMu, 4YTO U B OOBIYHOIN MapkoBckoit CMO
M/M/N/oo (cM., Hapumep, [10]):

N-1 4 N -
p p
- L 1
Pbo <Z_O il +(N—1)'(N—p)> 3 ()
Z'p()v izlaNa
n={ " B @)
NIyNPo =P TpN P2 N A

Hakonewu, uepes py,;;, n > 1,7 > 0, 0003Ha4MM cTa-
LIMOHAPHYIO BEPOSITHOCTD TOTO, UTO B CUCTEME Ha MpPU-
Oopax 1 B HAaKOIUTEJIe HaXOAUTCs 1 3asiBOK, a B BIT —
1 3aBOK.

Wcnonb3yst mpuHIUI I100aabHOIO 0ajaHca, MOX-
HO BBIMKCATb CUCTEMY YpaBHEHUUN IS BEPOSITHO-
creit pf:z). st BeposiTHOCTEM pnl;i, n>N,i>0,
crpaBeJIMBbl ypaBHEHMSI:

P A+ Nu) = LA+ pusi (N = D, 0> N3 (3)

pi}i(/\ + Np) = pgzlll;i/\ + pgzl-il;zel:“ )

n>N, i>1. 4)
&

¢! .
i BepoatHoCTe py” q.;, ¢ > 0, CIIpaBeUTMBEI ypaB-
HEHUSI:

PN 10N+ (N = 1)) = py—aA + pn(N — D (5)
p%lm[A + (N = Dpu] = p%;)iflu, i>1. (6)

(1;) n=1N —2,i >0, cripaBen-

n;id

J1st BepOSITHOCTE p
JIVUBBI YpaBHEHUSI

PO+ 1) = pu A + Pl on, n =T, N = 2; (7)

pflli(k +np) = pleJ)rl;i”M + pg—il;i—l:“ )

n=1,N—-2, i>1.
(m)

n;t o

®)

JI1s1 ocTaqbHBIX BEPOSITHOCTEN P m=2,N—1,

CITpaBeITNBBI (DOPMYJIHI:

pff;%)(A + Np) = pﬁf’i)l;o/\ + pfﬁi?(N —m),

n>N; )]
(m) A N _ . (m) by (m—1) N —
pn;i ( + ,u) _pn—l;i +pn+1;i ( m):u’+
+ph e ymu, n> N, Q> 1; (10)
PR oA+ (N = 1)p] =
_ (m—l))\f (m—1) N — . 11
=PN_2,0N = +pN;() ( m)p;  (11)
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Py 11[/\+( l)u]:p%"}lﬁ/\jL
+ i DN =)+ pi_ymp, i =15 (12)
PG O+ np) = p LA+ e (n = m 4+ D,
n=m,N—2; (13)
P+ ) = pT TN+ U (0 — e+ D)+
(m+1)

i>1. (14)

Pemenue maHHOM CUCTEMBI YpaBHEHUIA TTO3BOJISIET
HalTH COBMECTHOE CTALIMOHAPHOE PACIIPEIEICHUE Dy,
4KCIia 3asIBOK Ha MpUOopax U B HAKOIUTENIE U CyMMap-
HOro urcJa 3asBoK B BI1 B Buze ciieyonmx paBeHCTB:

+pn+11 1m,uv n—m,N—Z,

(N-1)

Pnsi =DPpy; » n=N, 120,
poi=pl), n=LN-1,i>0.

AHanus cucteMbl (3)—(14) mokasaj, 4To BbIUUCIIE-
HHUE CTAllMOHAPHBIX BEPOSITHOCTEM pnrz) MOXHO TIPO-
BOJIWTH PEKYPPEHTHBIM 00pa30oM TIO CIIEAYIOIIeMY aj-
TOPUTMY.

AnropuTM | (AITOpuTM penreHus CHCTEMbI YPABHEHHIA
paBHOBeCHS1).

3adamov A\, pun.

Mg n > 0 paccuumams p,, no hopmyaam (1) u (2).
Paccuumame pg\}ll;o no gopmyne (5).

Msan > N paccuumams pﬁj;z) no gopmyae (3).

Mai>1
paccuumams pﬁlm no gopmyae (6).
onan > N paccuumamo pfllz no gopmyne (4).

Maan = N — 2,1 paccuumams pf}% no gopmyane (7).
Mism=2,N—1
paccuumams pgf,n_)l;o no gpopmyane (11).

onan > N paccuumams pil%) no gopmyane (9);

onai>1
paccuumams p%lmﬂ- no gopmyne (8);

ecau m # 2, daa j = 2,m— 1 paccuumams
@ no ¢o, 14);
PN—m+j—15i pmyne (14);
paccuumams pgf,"_)l;i no gopmyane (12);
(m)

daan > N paccuumams p,,.;” no gopmyae (10);

ecium # N — 1, das m = N — 2, m paccuumamsp
piﬁ)) no gopmyne (13).

B cBsi3u ¢ TeM, YTO BBIYMCIEHHE MOMEHTOB TIOCJIE
pacyeTta BEpOSITHOCTEH MO TIPEACTaBICHHOMY aJITOPUT-
MY MOXKET JaBaTh ITOTPEITHOCTH, B CJIEIYIOIEM pa3elie

HaxoIsaTcst GOPMYJIBI IJIST COBMECTHOTO CTAallHOHAPHO-
ro pacripeneiecHus B TepmuHax [1D.

4 Hcnoab3oBaHME TIPOU3BOASIIIAX
pyHKLMI

Cucrema ypaBHeHMi (3)—(14) mommycKaeT TaKKe pe-
mreHne ¢ nmomouipio M. JInsg HaXoXIeHUST TOTO pe-
LIEHUS TTOJIOKUM

fm(uvz) =

OGo3HAUNM Yepe3 U, = um(z), m = 1,N —1,
MUHUMAJILHOE peLeHNe YpaBHEHU

fm(uvz) =0,

M — A+ Np)u+mpz, m=1,N — 1.

A Np— A+ Np)? —
2\

AmApz

Uy, =

Bsenem [1D

Zwm,

0<z<1l, n>1, m=1min(n, N —1);

2= uNPM(z),
n=N

O<wu,z<1l, m=1,N-1,
U, KPOME TOTO, TTOJIOXKUM

o o 1
:7;\]’(1, an:]. -

— pu

PN -

Torna, ymHoxas (3) u (4) Ha z* ¥ cyMMUpysl IO
BCEM 4 OT HYJIsl 10 OECKOHEYHOCTH, ITOJIydaeM:

AP (2) + (N = Dpapsr +
+,LLZP,§+)1( ), n>N.

A+ Np)PO(2) =

YMHOXas rociaeaHee BbIPpa>K€HMUE Ha ’U,n_N n CYMMHU-

pys IO BCeM 3HaYeHUsSM n > N, TIOcje TIpUBEICHUS
ITONOOHBIX CIaraeMBIX UMEEM:

fl(u,z)P(l)(wz) ,uzP( )( ) —
— P (2) = (N = )u[P(u) — ] (15)

Tenepb yMHoxuM (9) 1 (10) Ha z* U TpocyMMUpyeM
IO BceM 3HauyeHMsIM i > 0. B pesynpraTe mpuxoguMm
K BBIPaXKEHUIO:

(A + Np) P (2) = AP™) (2) +
+ (N = m)uP( V(@) + muzP)(2), n> N.

YMHOXasl mocenHee BeIpaxxeHue Hau™ Y, moce cym-

MUPOBaHMSI 110 BceM n. > N ToJIydaeMm:

WHOOPMATUKA U EE TTPUMEHEHUWS Ttom 8 Bbimyck 4 2014 5
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Fn (1, 2) P (w, 2) = mpz PJ (2) = MuP™, (2) -
— (N = m)u[P" D (u, 2) = PJ" " (2)],
m=2N—1. (16)

W3 ypaBHeHuii (5) u (6) mocjie yMHOXEHUS Ha 2°
1 CYMMUPOBaHUSI IO BCEM 3HAUEHUSIM ¢ > () HAXOAUM:

(1) N2+ (N —1)upy
=0,
Hz (1)
— P . (17
+/\+(N—1)u v () a7

JelicTBYsl aHaJIOTMYHBIM 00pa3oM C YpaBHEHUS -
Mmu (11) u (12), kKak u ¢ ypaBHeHUsIMU (5) 1 (6), TPUXO-
JIMM K BBIPAKEHUIO:

- /\PJ(VT;)(Z) + (N - m),uPJ(vm_l)(z)

(m)
P = +
N-1(2) A (N —-1u
muz (m) B v
+7)\ ( —l)uPN (2), m=2,N—1. (18)

JoMHoxas ypasHeHus (7) u (8) Ha 2%, mocjie cyM-
MUPOBAHMSI 10 BCEM 3HAYEHUSIM ¢ > (0 uMeeM:

M1+ npuP; (2) B2 )

= P
)\—FTL,[L + )\—FTL,[L n—i—l(’z)v
n=1N-2. (19)

P (2)

Hakonerw, npon3Bosi aHAIOTUYHBIE TPe0Opa30Ba-
Hus ¢ ypaBHeHusiMu (13) u (14), monydaem:

APV (@) + (n—m+ DuPT(2)

Pm)(2) o +
MPZ (1) s
mpn_,’_l (Z), m—2,N—2,

n=m,N—2. (20)

VYpasHenus (15)—(20) mo3BoJISIIOT HAXOAUTD BbIpa-

xeHust st Beex 1D Pﬁm)(z), m=1N-1,n =

=1, N — 1, a TakKe COBMECTHOE CTAaIlMOHAPHOE pac-

IpefesiecHne PeKyppeHTHBIM obpa3zoM. [lomcraBiss

BBbIPAXEHUE IS P](Vlll(z) u3 dopmyinsl (17) B hopmy-

ay (15), monygaem:

p(l)(ujz):<|}u2_ Apzu } My

A (N =D N
ApN—2+ (N = 1)upy
— A
{“ AN D

+<N—1>u[P<u>—pN]]) / filwz), QD)

OTKyJIa M3 PaBEHCTBA HYJIO B TOYKE w1 (z) YACTUTEIS
U 3HaMeHaTeJIs1 MpaBoii yacTu hopMybl (21) ciaemyert:

PO(2) = (un (2) o2 + (N = Dpapw] +
O+ (N = Dp)(N = D [Plas () = pw]) [z [+
+ (N = D= (=) -

Tenepb, Bo3Bpalasick K hopmysne (17), moaydyaem Bbl-
paxKeHue ISt P](Vlzl (2):

P](Vlll(z) = ([Apn—2 + (N = 1)upn] +
+ (N = DlP(ur(2) = px]) [ A+ (N = 1) —
— Aug(z)) .

Hanee u3 paBeHcTBa (19) BeIpaxkaem PJ(V112(z) qe-

pe3 P](V211(z) W3 paBencrsa (18) BbIpaxkaem P](V211(z)
gyepe3 P](\,2 )(z) IMoncrasisst MoMydeHHOE BbIPaXKeHHE
JUTSI PJ(Vzll(z) B dopmyny (16), U3 paBeHCTBa HYJIIO
B TOYKE g JIEBO Y MTPABOM YaCTH TOTyIMBILETOCS pa-
BeHcTBa HaxomuM P (u, z). 3aTem u3 pasencrsa (19)
BbIpaXaeM P](Vllb,(z) uepes P](VQEQ(Z) U T

[Mpomomxkast aTy Tpolemypy, MOXHO HANTU COOT-
HOILEHUS AJs1 BeluMciaeHust Bcex 1D P,(Lm)(z), m =
I, N—1,n=1,N -1

C KaXxIpIM IIaroM BBIpaXeHue IIst odepeaHoin 1D
CTAaHOBUTCSI BCE CIIOKHEE, M B UTOTe MPHU OOJIBIIOM
quciie MPUOOPOB BBITTUCATH SIBHBIN BUI Beex [1D He
yoaetcst. TeM He MeHee HaxoxaeHue 3HadyeHuil 1D
B KaXIOW TOYKe 2z #* 0 MOXKHO CBECTH K ITOCJIEIO-
BaTEJIbHOMY PEIIEHUIO CHCTEM JIMHENHBIX YPaBHEHMIA.
Jlnst aToro o6o3Hauum uepe3 A, (z),n = 2, N — 1, mar-
puisl pazmepa (n+1) x (n+1), UMerolnye caemayonyo
CTPYKTYpY:

2pz 0 —2uz
As(z) = | —Aua(z) —pz A+ (N—=1Dp | ;
0 A+ (N =2)u -
nuz 0 —npuz
— At (2) 0 A+ (N—=1Dp---
@) =1 o 0 0
0 0 0
0 —z 0
0 A+ (N—-n)u 0
0 0
0 0
—3uz 0 )
A+ (N —n+2) —2uz
= A+ (N—n+1)u
0 -
n=3N—-1.
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CoBMecTHOE CTauMOHapHOE pacrnpeacacHUE Yncja 3asdBOK B HAKOIIUTEIC U B 6YHKCpC nepeynopAno4CHuMA

-

OmpeznenuM  BeKTOP-CTPOKU @y (z) M by(z) IUTMHBI
(n + 1) cnenyomunm o6pazoM:

an(z) = (P (), PJ (2), .

...,P?

—n+1(2)7P](Vlln(Z)) , n=2,N-1;

—

ba(z) = (O~ 2ulP D (us.2) ~ P ()] dow s +

+ (N =2l (2), (N = 2P (2)) 5

Ba(=) = (N = )PV (. 2) = PY (),

APN—1-n + (N — n)MPz(vlL—(n—z) (2),
(N = muPy V(=) (N =P (@),

(N = P g (2), (N = )P 0(2))
n=3N—-1.

Torna anroputm HaxoxneHust [1P cocrout B mocmue-
JIOBATEJIbHOM HayuHas C . = 2 PELIEHUM CUCTEMBI
JIMHENHBIX YpaBHEHU I

Tn(2)An(2) = b (2).

W3 ctpykrypsl MaTpuiisl A, (z), n = 3, N — 1, BuiHo,
YTO OHA HENMpPUBOAMMA U O0JAIaeT CBOMCTBOM Iua-
TOHAJILHOTO TIPE00JIaIaHus T. €. TIEPECTAHOBKOM CTPOK
U CTOJIOIIOB MOXHO JIOOUTBCS TOTO, YTO B KaxKIOW
CTPOKE MOJYJIb TUATOHATLHOTO dJIeMeHTa OyneT b0
CTpOro 00JIbIIIe, TMOO He MEHbILIe CYMMbI MOJYJIEH BCeX
OCTaJIbHBIX 2JIeMEHTOB B cTpoke. [TokaxeMm 31o. Ecnu
ONpENENUTh MaTpuULIbl epectanoBku PX u PE pasme-
pa (n+1)x (n+1) npu n = 3, N — 1 crenyroumm
o0paszoMm:

00---01 01---00
10---00 10---00
pL—1|:: s pPR—|:: s
00---00 00---10
00---10 00---01

to Marpuna PL A, (2)PE, n =3, N — 1, npumer Bux:

Py An(2) P =
A+ (N=n)p 0 0
0 npz —npuz .
0 —Aup(2) A+ (N = 1)p - -
0 0 0
0 0 0
—uz 0 0

0 —-A
0 0
0 0
—3puz 0
A+ (N =—n+2)u -2z
: -2 A+ (N —n+1)p

Jlerko BUAETH, YTO B KaXHIOW CTPOKE MOMYJIb AUATrO-
HaJIbHOTO 3JIEMEHTa JMOO CTporo 0oJibllle, MO0 He
MEHbIIIE CYMMBbI MOJYJIEH BCEX OCTaJIbHbBIX 2JIEMEHTOB
B cTpoke. Torma, Kak BbITeKaeT M3 CleAcTBus 6.2.27
B [11], y matpuust A, (2) cyliectByeT oOpaTHas u, 3Ha-
quT, cHcTeMa dn(2)An(z) = by(z) mpu z # 0 MMeer
eIMHCTBCHHOE pEIlIcHIUE.

5 IIpumepnl pacueToB

Ha ocHoBe moirydeHHBIX B pa3i. 4 pe3yIbTaToB ObI-
JIU TIPOBENIEHbI PACUEThl CPEAHEro U IUCIIEPCUU Yrcia
3asiBoK B BII, a Takxke koadduiimeHTa Koppeisiuu
yyciia 3asIBOK B HaKOIUTeJe 1 yucia 3asaBoK B bIT mis
PA3IMIHOTO YKCIIA TIprOOpPoB N 1 3HaYCHUI 3aTPY3KH
cucteMbl p/N. HarmoMHUM, YTO aHATOTMYHBIC TTOKA-
3areu ObUTM paccuuTaHbl B [9] Mo ompeneneHuio, Ha
OCHOBE CTallMOHAPHBIX BEPOSITHOCTEM, pacCUMTaHHBIX
T10 IPUBEICHHOMY BBIIIIE aITOpUTMY. [lasee MOXXHO BU-
JIeTh, YTO Pe3YJBTaThl, TIOJYIeHHBIC ¢ IToMoIIbio [1MD,
KaK 1 OXXHMIAJI0Ch, TIOJTHOCTHIO COBIAMAIOT C pe3yJIbTa-
TaMU, TIpeICTaBICHHBIMU B [9].

Ha puc. 1 oTpaxkeHo rnoBeaeHue 3HaYeHUsI CPEAHETO
yucoa 3assBoK B BI1 B 3aBUCHMMOCTH OT 3arpy3Ku CHUCTe-
MBI p/N. OTMETHM, YTO MOJYYSHHBIE B MPEIBIIYIIINX
pasmesax pe3yIbTaThl MO3BOJISTIOT PACCUYMTHIBATH TAKUE
XapaKTePUCTUKH, KaK CPeIHee YKCIIO 3asBOK TOJIBKO
B niepBoii ouepenu B BI1, B cymMe B 1mepBoii 1 BO BTO-
poii ouepensx B BIT (korma o06e ouepeau CylecTBYIoT),
B CyMMeE B II€pBOi, BTOpOWH,..., (N — 1)-il ouepe-

16
14 -
12
10 |-

> en

CpeHee Yo 3asiBOK

| |

8
6
4
3 -
0o,oo 0,25 0,50

p/N

0,75 1,00

Puc. 1 Ilosenenue cpennero uncia 3asBok B BI1 B 3aBucu-
MOCTH OT 3arpy3ku cucteMbl p/N: [ — N =4;2 —7; 3 —
N=9
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45
40 b
35 -
30 -
2,5
2,0 -
1,5
1,0 F
0,5 -

0.0 | |
0,00 0,25 0,50 0,75

p/N

> en
W N~

CpeHee 9uciio 3asBOK

1,00

Puc. 2 Tlosenenue cpenHero yucia 3asBOK B [IEPBOii oue-
penu B BIT (/), B cyMMe B mepBoii U BO BTOPOUl ouepesix
B BII (2), B cymMme B nepBoOii, BTOPOii U TPeTheil ouepessix
B BIT (3) B 3aBUCHMOCTH OT 3arpy3ku cuctemMbl p/N. HYucio
npudopoB N = 4

> en
w N~

Jucnepcus yncina 3asiBOK
N
S
T

1 I
0,50 0,75

p/N

0,25 1,00

Puc. 3 Tlosenenue nucrepcuu yncia 3as8oK B BIT B 3aBu-
CUMOCTH OT 3arpy3ku cuctemsl p/N: [ — N =4;2—7;3 —
N=9

0,30

> en
b~

0,25

0,20~

0,15F

KoadpdummeHT xoppesiym

0,00 * *
0,25 0,50 0,75

p/N

1,00

Puc. 4 Tlosenenue Ko GuLMEHTa KOPPETALNT YUCIA 3a-
SIBOK B HaKomuTesie U yncia 3asiBok B bI1 B 3aBucuMocTu ot
3arpysku cuctembl p/N: [ — N =4;2—7,3— N =9

nsx B BIT (korma kaxknmast U3 ouepeseii CylIlecTBYeT).
[ToBeneHue aHHbBIX XapaKTEPUCTUK B 3aBUCUMOCTH OT
3arpy3Ku CUCTeMBbI p/N st cinydass N = 4 mpencraB-
JIEHO Ha puc. 2.

Ha puc. 3 1 4 n3obpaxkeHo MOBeIeHNE TUCIICPCUHT
yucnaa 3asgBok B BIT u nmoBeaeHue KoadduirmeHTa Kop-
peJIsSILiMY YKciia 3asBOK B HAKOIUTEe U YKCIIa 3asiBOK
B BII cooTBeTCTBEHHO.

Bo Bcex pacuerax MHTEHCUBHOCTb OOCTY>KMBaHUS
3as1BOK [ TIPUHUMAaJIach paBHOM 1.

AHam3upyd rpacduk Ha puc. 1—4, CTOUT OTMETUTD
nBa MoMmeHTa. CpenHee uyncio 3asiBok B bIT He yxoqut
B 0ECKOHEUHOCTh C POCTOM 3arpy3ku (M Aaxe Mpu 3a-
Ipy3Ke OOJIbIIe SAMHMIIBI), YTO CIIeAyeT U3 (OPMYITBI
JIuttna. Yucio 3asiBOK B HAKOIIUTENE U YHUCIIO 3asIBOK
B bI BecbMa ci1abo KoppeupoBaHbl, ¥ C pOCTOM YMCIa
MpUOOPOB KOAGDMUIIMEHT KOPPEISIIMY YMEHbBIIAeTCs.

6 3axkioueHue

B Hacrosiieii padore paccMoTpeHa (QYHKIIMOHU-
pyloliasi B HEIPepbIBHOM BpEeMEHW MHOTOKaHaJIbHAsT
cucTeMa 00CTy>KUBaHHUSI C HAKOITUTEIeM OECKOHEUHOM
eMKOCTH M TiepeyrnopsiioueHreM 3asiBOK. B cucre-
My TIOCTYITaeT IyaCCOHOBCKUI MOTOK 3asiBOK, BpPeMsi
00CTY>KMBaHUSI KaXIbIM TTPUOOPOM pacrpeieieHo 10
SKCTIOHEHITMAJILHOMY 3aKOHY C OJHUM U TeM 3Ke Ta-
pametpoM. JI1s1 HAXOXKIEHUSI COBMECTHOTO CTallMO-
HapHOTO pacrpe/ie/IeHUs] YMciia 3asBOK B HaKOITUTEEe
U cymMMapHoro uucia 3asiBoK B BII momyueH pekyp-
PEHTHBII airopuTM. TakKe 1oKa3aHo, KaK MOXKHO Ha-
XOIMTh COBMECTHOE pacripeiesienne B TepmMuHax [P,
KOTOpBIE 00JIETYAIOT pacyeT ero MOMEHTOB.
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NHPOPMATUKA U EE NPUMEHEHUA, 2014. T. 8. Boin. 4. C. 11 19

MOAUGULIMNPOBAHHBIN CETOYHbLIM METO/1 PA3JIEJIEHUA
JUCITEPCUOHHO-CJIBUTOBbIX CMECEN HOPMAJIbHBIX

3AKOHOB*
B. I0. Koposnes!, A. FO. Kopuarun?

Annoramusa: OnuceiBaeTcs MOTUMDUIIMPOBAHHBIN IBYXITAITHBIN CETOYHBIN METOI pa3AeeHusT TUCTIEPCUOHHO-
CABUTOBBIX CMeceil HOPMaJTbHBIX 3aKOHOB, TIPEACTaBISIONINIT co0oii anbrepHaTuBy unictomy EM (expectation-
maximization) ajroput™my. Ha TepBoM 3Tarie 3TOro ajropuTMa CTPOUTCS JAMCKPETHAs allpOKCUMAIUs TS
CMENINBAIOIIETO PacIpeNiesieHrsl, Ha BTOPOM dTare MoadupaeTcss abCONMIOTHO HETpephIBHOE pacrpenesieHue
M3 3apaHee 3aJaHHOTO CeMeCTBa, HampuMep, 00OOIIEHHBIX OOPAaTHBIX rayCCOBCKMX 3aKOHOB, OJMKaiillee
K IMCKPETHOMY pacIpelie/IeHHI0, TTOJyIeHHOMY Ha mepBoM 3tare. OOCYXIaloTcsl BOITPOCH CXOMUMOCTH 3TOTO
NBYXATAIHOTO anroputMa. Jloka3zaHa MOHOTOHHOCTb CETOYHOTO UTEPAllMOHHOTO METONa, MCIOIb3yeMOro Ha
repBoM aTare. [TonpoGHOo 06CyXmaeTcsi BOIIPOC ONTUMAIBHOTO BEIOOPA MapaMeTPOB METO/Ia, IIPEKIE BCETO CeT-
KU, HAKMIbIBAEMOI Ha HOCUTEIb CMEIIMBAaIOIIEero pacrpenesieHus . C 3TOH Le/Iblo MPeIoKeHbl CTAaTUCTUIECKUE
OLIEHKYN KBAaHTWJIEH CMEIIMBAIoNIero pacrpenenenus. Db(eKTUBHOCTh METOIa WILTIOCTPUPYETCS TIPUMepaMu
KOHKPETHBIX BBIYUCIIEHUIA OLIEHOK ITapaMeTPOB 00O0OIIEHHBIX TUITEPOOIMISCKIX paCTIpeaeIeHU.

KiioueBbie ciioBa: cMmech pacnpeﬂeneHHﬁ BepOHTHOCTeﬁ; AUCIEPCUOHHO-CABUIOBAasA CMECh HOPMaAJIbHBIX 3aKO-

HOB; 00001IeHHOe TUTIepOomIecKoe pactpenenenne; EM-anroputM; ceTOUHbIN METO pa3neieHns cMeceit

DOI: 10.14357/19922264140402

1 Bsenenwue

[Tpu npakmuueckom perieHUY 3a1a41 MOJCINPOBA-
HUS ¥ ICCIIeTOBAHNS BOJIATIIIBHOCTH (M3MEHINBOCTH)
XaO0THMUYECKUX CTOXAaCTUUECKUX ITPOIIECCOB KITFOUEBBIM
9TATIOM SIBJISIETCS CTATUCTUIECKOE pa3neliecHNe CMecei
BEPOSITHOCTHBIX pacrpeneneHuil. 3amavya pa3neaeHus
cMeceil — CTaTUCTUYECKOro OLIEeHUBAHMSI MapaMeTpOB
cMecell BEpOSITHOCTHBIX pacIpeiesieHuii — B IeTassix
pa3obpaHa, HarpuMep, B KHure [1].

s pereHmsT 3a1aun pa3aeIeHUsT CMeceil BeposiT-
HOCTHBIX pacIpeneIcHUI TPaTuIIMOHHO UCIIOIb3YIOT-
csl UTepallMOHHbIe Tpoleaypbl Tuna EM-anroputma.
K coxanenuio, knaccuyeckuit EM-anroputm obaga-
€T PSIIOM CEPhEe3HBIX HENOCTATKOB MPU €ro MpuMeHe-
HUU K CMeCSIM HOPMAaJIbHBIX 3aKOHOB, 2 MMEHHO: OH
JIEMOHCTPHUPYET KpalfHIOI HEYCTOMYMBOCTH IO OTHO-
LIEHUIO K UCXOIHBIM JaHHBIM M HayaJbHBIM MPUOJIM-
SKEHUSIM.

7151 MpeoaoeHUsT 9TUX HETOCTAaTKOB MPENI0XKEHO
MHoro Moaudukauuit EM-airoputma (cM., Hampu-
Mmep, [1]). BMecTe ¢ TeM B yKazaHHOI KHUTE MPEIT0XKEH
¥ MICCTIeMOBaH MTPUHIINITATBHO HOBBIN — CETOUHBI —
MeTOoJ NMPUOVKEHHOTO PELIeHUSs 3aJauu pa3ieeHUs

cMmeceii. B pabore [2] moapoOHO MccieaoBaHbl BO-
IIPOCHI CXOAWMOCTH CETOYHBIX METOIOB pa3IeICHMS
cMecelt.

B cooTBeTCTBUM C TIOAXOAOM K CTaTUCTUUICCKO-
MY aHaJIM3Y XaOTUICCKUX CTOXaCTUIECKUX ITPOIIECCOB,
B YACTHOCTH K PELIEHUIO 3a1a4M JEKOMIO3ULIMHY BOJia-
TUJIBHOCTHM TaKMX IMPOLIECCOB, Pa3BUTOM B KHuUre [1],
B OOLIEM cJlyyae Ha MpakKTHUKe MPUXOOUTCS pellaTh
3amavyy pasiesieHrsT KOHEYHBIX CMeceld HOPMaJbHBIX
3aKOHOB C IIPOU3BOJILHO OOJIBIITUM YHCIIOM HEM3BECT-
HBIX TTapaMeTpoB (ITapaMeTpOB KOMITOHEHT M WX Be-
coB). M xoT$1 B 0ONBIIMHCTBE MPUIOXKEHU I BOZHUKAIOT
cMecu He 0ojiee 4eM C MSAThIO—CEeMbI0 KOMIIOHEHTAa-
MM, TaxKe TPU UCTTOJIb30BaHUM TAKUX CMECEi, CKaXKeM,
B 3aavyax aHajJaM3a U IMPOTHO3MPOBAHMUS (PMHAHCOBBIX
PUCKOB TIPUXOIUTCSI MOIETMNPOBATH TPACKTOPUIO TBH-
JKEHUSI TOYKM B MPOCTPAHCTBAX, Pa3MEPHOCTb KOTO-
PBIX COOTBETCTBEHHO JIEXKUT B mpeaenax oT 14 (mas
MSATUKOMIIOHEHTHBIX cMecei) no 20 (isi ceMUKOM-
ITOHEHTHBIX CMeceit), UTO CYIIIECTBEHHO YBEIMIMBACT
BBIYKMCIIUTEIbHbIE K BPEMEHHBIE PECYpChl, HEOOXOMM-
MBIC IIJIST TIPAKTUYSCKOTO PEIICHMST YKa3aHHBIX 3a/1a4.

ITocKOMBKY BO MHOTHX CUTYaIIUsIX (HaIIpuMep, IIpu
MPOTHO3UPOBAHMUU HA OCHOBE BICOKOUYACTOTHBIX JaH-

*Pabora nmomnepxana Poccuiickum HaydHbIM (oHIoM (ripoekT 14-11-00364).

lMakynbreT BHIMMCINTENTBHON MaTeMaTUKM U KMOEPHETHMKNM MOCKOBCKOTO TOCYIApCTBEHHOTO yHUBepcuTeTa M. M. B. JloMoHOCOBa;
WucTtutyT npo6iaem nHdopmatuku Poccuiickoit akageMun Hayk; victoryukorolev@yandex.ru

2MakyIbTeT BHIYUCIUTENBHON MaTeMaTUKM M KMOEPHETUKM MOCKOBCKOTO TOCYIApCTBEHHOTO yHUBepcuTeTa UM. M. B. JlJoMoHOCOBa;

sasha.korchagin@gmail.com
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HBIX) 3TH 3a1a41 HEOOXOIMMO PellaTh B pexXruMe, 0J113-
KOM K peaJbHOMY BpeMeHU, i co3naHusl 3hdheK-
THUBHBIX METOIOB CTaTHUCTUYECKOTO aHaJIi3a Ha OCHOBE
CMeETIIaHHBIX MOJIeJIeit Ha TICPBHIi TUTaH BHIXOIUT ITPO0-
JIeMa CHIDKEHUS pa3MEepHOCTH pellraeMoil 3a1aun, T. €.
rapaMeTpUYECKOro ITPOCTPaHCTBa.

OgHUM M3 BO3MOXHBIX ITOAXOJOB K CHUKEHHIO
pPa3MepHOCTH SIBJISIETCST allPUOPHOE CYXKEHHME KJIacCOB
IOITYCTUMBIX cMeceit. K rmpumepy, Ipu pereHn MHO-
TUX 3a1a4, CBI3aHHBIX C aHAJIM30M IIPOIIECCOB aTMO-
chepHOll WIKM TUTA3MEHHOU TYypOYJIEHTHOCTH, a TaK-
K€ TIPOIIECCOB, OMMCHIBAIOLINX SBOJIIOLIMIO Pa3TUIHBIX
(bMHAHCOBBIX MHIEKCOB, BBICOYAMIIYIO aIeKBATHOCTD
IIPOIEMOHCTPUPOBAIM MOMIEIN, OCHOBAHHBIC Ha JIVC-
IIepCHOHHO-CIBUTOBBIX CMECSIX HOPMAJTbHBIX 3aKOHOB.
Kiacc Takux cMeceit oueHb OOIIMPEH 1, B YaCTHOCTH,
BKJIIOUAET B ce0s1 00001IeHHbIE TUTIEpOOINYECKHE pac-
npeneaeHusi, Kotopble ObLIM BBeaeHbl O.-E. bapH-
nopbd-Hunscenom B 1977—1978 T Kak Kiacc crie-
IIUATBHBIX CABUT-MACIITAOHBIX CMeceil HOPMaJbHBIX
3aKoHOB [3, 4]. Ilycth o € R, § € R. Ecnu ¢hyHK-
LIMIO pacripeiesieHus 0000IEHHOTO TUTTePOOTNIeCKO-
ro 3aKOHa ¢ MapameTpamu «, 3, v, [, A 0003HaYUTh
Pap(z; a3, v, 11, A), TO TIO OIIPENETICHUTO

PGH(CC;OZ,ﬂ,V,,U,)\) =

o0

— /cb (u\/z_aﬁ parc(z;v, ) dz
0

zeR, (1)

rie ®(x) — cranmapTHasi HopMasibHast yHKIMsS pac-
TpeneIeHus:

pcrc(x; v, i1, \) — IIOTHOCTH 0000IIEHHOTO0 00PAaTHO-
IO rayCCOBCKOTO pacmpeneIeHUs:

para(x;v, u, \) =

= Al :10"_1exp{—l (H —l—)\x)} ,
2u’?K, (\/u_/\) 2 \x
z>0.
3aech v € R;
uw>0,A>20,ectur <0;
>0, A>0,ecimrv =0;
=0, A>0,ecimv > 0;
K,(z) — momubunupoBaHHas GeccesieBa (DYyHKIIUS

TPEThEro poja Mopsijika v:

K,(2) =

N =

T 1

/y”lexp{—E <y+ —>} dy,
2 Yy

0

z€C, Rez>0.

OOpatuM BHUMaHMe, 4yTo B (1) cMelIMBaHUEe MPOUC-
XOIUT ONHOBPEMEHHO U MO TapaMeTpy COBUTa, U 1O
MapaMeTpy Maciitaba, HO Tak KaK 3TU MapaMeTphbl
B (1) cBsI3aHBI XKECTKOW 3aBUCUMOCTBIO, TaK YTO Tlapa-
METp CABUTA CMEIIMBAEMOTO PacTIpeAeSIeHUsI TTPOTIOP-
IIMOHAJICH ero AUCIIepCcHH, To (pakTmIecKn cmech (1)
SIBJISIETCSI 0OHONAPaAMempu4ecKoil U T03TOMY Ha3bIBaeT-
¢Sl ducnepcuoHHo-c08ueo6oll (CM., Harmpumep, [5]).

HpyruM MOpUMepoOM JMCIEPCHUOHHO-CIBUTOBBIX
cMeceil HopMaJIbHbIX 3aKOHOB SIBJISIIOTCSI 000011IEHHbIE
JIMCTIEPCUOHHBIE TaMMa-pacIpeneieHusI, B KOTOPBIX
CMENIMBAIOIINMU SIBIISIIOTCST 0000IIIEHHbIE TaMMa-pac-
npeaeneHus [6, 7].

B yka3zaHHBIX cemelicTBaX CMeceil 4YMCIO Heu3-
BECTHBIX TIApaMETPOB PAaBHO TISITW WIM IIECTH (eciu
YUUTBIBaTh HeCIydailHblii cnBur). Bmecte ¢ Tem
y MOAOOHBIX MOJIeJIel UMEIOTCSl TOBOJIbHO CEPhEe3HbIE
TeopeTuyeckre 000CHOBaHUs: B pabotax [7, 8] moka-
3aHO, YTO yKa3aHHbIE MOMAEH SIBIISIOTCS aCUMITTOTH-
YeCKUMU aTpPOKCUMAIIUSIMU B TIPOCTOM TIpeAeTbHOMN
CXeMe CJIyJyailHOro CyMMUPOBAHMSI U TMOTOMY MOTYT
YCIIEIIHO MTPUMEHSITLCS ISl aHaJIM3a MPOLIECCOB TUMa
OCTAHOBJIEHHBIX CJIyJallHbIX OJy>KIaHU. DOTU BbI-
BOJIBI TTOATBEPXKICHBI CTATUCTUYECKUM aHAJIN30M BbI-
COKOYACTOTHBIX (PMHAHCOBBIX AAHHBIX, B pE3yJabTare
KOTOPOTO BBISIBIIEH CMHXPOHU3MPOBAHHBIN XapakTep
U3MEHEHUSI UHTEHCUBHOCTE! MOTOKOB 3asIBOK B CUC-
TeMax 3JIEKTPOHHBIX TOPTOB, UTO €CTECTBEHHO MPUBO-
JIUT K CUHXPOHU3MPOBAHHOMY TTOBEIEHUIO TIapaMeT-
poB caBura u Audby3un B COOTBETCTBYIONINX MOIETISIX
BHUIA cMeceil HOpMaJIbHBIX 3aKOHOB [9].

2  Onucanue MOaAU(pULIMPOBAHHOTO
CETOYHOI'0 METOJA pa3/IeaCHUS
JUCTIEPCUOHHO-CABUTOBBIX
cMeceld HOpMaJlbHbIX 3aKOHOB
U €ro CBOMCTBA

OKa3bIBaeTCsI, 9YTO CETOYHBIC METOMIBI pa3laeIeHUs
cMeceil TOBOJIBHO 3(D(EKTUBHBI HE TOJIBKO IPH pasie-
JICHU KOHEYHBIX CMeceil HOPMaJIbHBIX 3aKOHOB, HO
U MpU pa3ieieHUU IPOM3BOJbHBIX AUCIEPCUOHHO-
CIBUIOBBIX CMeceil HOpMajIbHBIX 3aKOHOB. IlosicHUM
CKa3aHHOE Ha MpUMepe 3a1aul OLICHUBAHUS ITapaMeT-
POB 000OIIEHHBIX TUTIEPOOIMUECKUX paCIIpeIe/IeHUH.

Jnst pellleHWs] 3amayd OLIEHWBAHMSI TapaMeTPOB
0000I1IEHHBIX TUTIEPOOIMYECKUX pacipenesieHuit Tpa-
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JIUIIMOHHO MCIIONb3YeTCSI METOMH, TMPEeMTOXKEHHbIN
B ctaTthe [10] 1 Mo CyTH SBASIOLIUIACS KJIACCUYECKUM
EM-anroputMoM, pUCIOCOOIEHHBIM K KOHKPETHOM
3amave, U, COOTBETCTBEHHO, HACTIEMYIOIINIA TIPUCYIINE
EM-anropurmMaM HETOCTaTKU.

PaccMoTpuM crenyroiuii anbTepHaTUBHBIN IBYX-
aTanHbli MeToa. Ha repBoM aTare Ha OJI0KUTETbHON
MOJIYTIPSIMOI  BBIIEIMM OCHOBHYIO 4YacThb HOCHUTEJS
CMEIIMBAIOIIETO PACTIPEIe]ICHHs, T. €. OTPAHUYCHHBIN
WHTEpBaJ, BEPOSTHOCTh KOTOPOTO, BBIYMCIECHHAS
B COOTBETCTBUU CO CMEIIMBAIOIINM pacIpeaeieH-
eM, MpakTUYecku paBHa enuHulle. Ha aToT nHTEepBaa
HaKWHEM KOHEUYHYIO CETKY, CoiepKallylo, BOZMOXKHO,
OYeHb MHOTO U38eCHHbIX Y3IIOB U1, ..., ur. CUuTas
rmapaMeTp CABUTA (3 paBHBIM HYJIO, TTPUOIU3UM UCKO-
Moe 00O0OIIIEeHHOE TUIIEPOOTMYECKOe pacrpeieieHne
KOHEUYHOI CMEChI0 HOPMaJIbHbIX 3aKOHOB:

PGH(:E7 041071/1/1'7)‘)%

K
T —
zg i —— |, R. (2
i:lp ( Vui) e @

B cmMecu, croguieil B TmpaBoii 4yacTU COOTHOLIE-
HUs (2), HEU3BECTHBIMU SIBJISTIOTCSI TOJIBKO MapaMeTphbl
P1y---,PK—1 1. Ilyctb 21, . . ., ,, — aHATM3UpPYEMas
BBIOOpKA 3HAYCHU CITydYaiiHOM BEJIMYMHBI C OLICHMUBA-
€MbIM OO0OOIIEHHBIM TMNEPOOJUYECKUM pacrpenese-
HueM. MTepalldoOHHBIN Mpollecc, Onmpenessionui ce-
TouHbIt EM-anroputm st JaHHOM 3agadu, 3amaeTcs

cienyoumm oopaszom. I1ycts pgm), e p%n_)l nalm™ —
OLIEHKM MapaMeTpoB p1,...,Px_1 U a HA m-i UTepa-
— (m) _ 1 _ptm) o m) g
y D = Dy Dy _1- O003HAUNM
my 1 xTj— al™uy, _
(m) (m)
(m) _ p; ¥
1) K ?
S pime
r=1

i=1,...,K; j=1,....n.

Torma, vcronb3ysl CTaHAAPTHBIE PacCyXKIEHUs, OIpe-
JeNSIoIINe BEIYMCIUTENbHBIE hopmynbl EM-anroput-
Ma JIsI TapaMeTPOB KOHEYHOU CMeCcH HOpMaJTbHBIX 3a-
KOHOB (cM, HampuMep, |1, pa3n. 5.3.7—5.3.8]), ciemyet
TTOJIOKUTh

(mt1) _ L X~ (m)
Pi —ngij v

Jj=1

i=1,... K. 3)

n

O6o3HaunMm T = (1/n) > x;. Mcnomnb3ys cooTHoLe-
j=1

Hue (5.3.24) B [1], ¢ yueToM OYEBHIHOTO paBEHCTBA

K
> gg;n) = 1 MOXHO 3aMETUTh, YTO YTOTYHECHHAsI OIICH-

1=1
Ka rmapamMeTpa « UMECT BU:

X
a(m-i—l) _ S — (4)
> i)"Y
=1

T.€. paBHa OTHOIIEHUWIO TeHEPaJILHOTO BBEIOOPOYHOTO
CpeIHETO M TEKYIIETO SMIUPUIECKOTO CPETHETO CMe-
LIMBAIOLLIEro pacnpeaeeHus, YTO BIOJHE COTacyeTcst
C TeM, YTO B COOTBETCTBUU C MPUBOJUMBIM HUKE COOT-
HollleHueM (5) B jaHHOM ciaydae EX = aEU.

B cuny monoroHHocTH Kinaccuueckoro EM-anro-
pUTMa CIIPaBeUTMBO CIIEAYIONIee YTBEPKIEHHNE.

Teopema 1. [lycmb y3abl uy, ..., UK CEMKU PA3AUUHDL,
Heompuyamenvivl U uzeecmunvl. Toeda umepayuoHHbLil
npouecc (3)—(4) seasemcss MOHOMOHHBIM, M. €. Kaxucoas
€20 umepayusi He YMeHbUAem Ueaeyio CeMOUHYI0 QyHK -
Yuro npagoonododus

L(pl, e
n K Di
- Hj:l Zi:l ;i v

3ameuanne 1. B paszm 5.7.4 xaurm [1] mokasa-
HO, 4YTO TIpM KaXIOM (DUKCHPOBAHHOM 3HAUYCHUU
rmapaMeTpa « CeTOYHash (GYHKIUS TMpaBIONOg00Ns
L(p1,...,pKk-1,Q; X1,...,&,) BOTHYTa MO apryMeH-
TaM pi,...,Px—1. 1103TOMY Ha KaxXIOM IIare Urepa-
IIMOHHOTO TIpoIlecca BMECTO COOTHOIICHUS (3) MOXHO
HCIIOJIB30BaTh JII000Ii Oosiee OBICTPHIN aATOPUTM MaK-
cuvumsan - byHKUMH  L(py, ..., pr_1, o™z,
...,Ty) TIO TMIEPEeMEeHHBIM D1, ...,px—1. Harmpumep,
OLIEHKU BECOB pP1,...,PK MOXHO HCKaTh METOIOM
yciaoBHOro rpaaguenTa [1, 11].

apKaa;Ila"'axn):

m
Ij — Oé( )UZ

N

TakuM o6pa3oM, Ha MEPBOM 3Talle IOJIyd4aloTCsI
OIICHKM TapaMeTpa o U BECOB BCEX Y3JI0B u; KOHEY-
HOM CETKM, HAKMHYTOW Ha HOCHUTENIb CMEIIMBAIOIIETO
00001IIEHHOTO 00pPaTHOIO TayCCOBCKOIO pacrpeesie-
Hust Poig(z; v, i1, A).

Ha Bropom sTame ocraercsi IPUMEHHUTbh Ka-
KON-TMOO0 CTaHOAPTHBIA METON TOATOHKUM 0000-
IIEHHOTO OOPaTHOTO TayCCOBCKOTO paclpeae/ieHUs
Pcig(z; v, i, \) K SMIIUPUYECKUM TaHHBIM THUIIA TH-
crorpamMmbl (u1,p1),..., (uk,px). Hanpumep, mna-
paMeTphl v, f U A MOXHO OILIEHUTb, MUHUMU3UPYS
COOTBETCTBYIOLIYIO CTATUCTUKY XM-KBaapaT. Miam xe,
HaIrpuMep, MOXHO PELIUTh 3a1a4y HAUMEHbIIUX KBaJl-
paToB:

(V" A") =
K [ Q/2u ’
= arg Eﬂri pi — perc(u; vy, A)du|
=1

(1/2)(wi-14ui)

rne ug = 0; ug 41 = oo.
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Ha npaktuke xopolive pe3yabTaThl TTOKa3aa Moja-
XOJI C pellieHUeM 3aJauyll HauMEeHbIINX KBaapaToB. Jis
MoucKa napaMeTpOB MCIOAb30BaJICS aArOpUTM Nns2sol,
OINMMCcaHHBIN B KHUTE [12]. YKa3aHHBIN aJTOpUTM JI0-
CTYIIeH BO MHOTUX CTaTUCTUYCCKUX ITaKeTaX, OTJIM-
YaeTcsl BBICOKUM OBbICTPOJAEHCTBUEM U BO3MOXKHOCTBIO
MpU XKeJIaHUU 3aJaBaTh pa3yMHble MHTEPBaJIbI AJIS TTO-
HcKa MapaMeTpoB.

3 O npakTU4YECKOM BbIOOpPE CETKU
Ha IIEPBOM 3Tarle
MOIU(PULIMPOBAHHOTO CETOYHOTO
METOAA pa3acaeHUs
JUCTIEPCUOHHO-CABUTOBBIX
cMecei HOpMaJlbHbIX 3aKOHOB

EcTtecTBeHHO, YTO MPM MCITOIB30BAaHNH YKa3aHHO-
IO NBYX3TalTHOTO MeToAa B JAMHAMUYECKOM pexXUMe
KpaliHe BasKHbIM CTAHOBUTCS BOIIPOC O BbIOOpE HAa00-
Jiee 3(pHeKTUBHBIX U OBICTPOACCTBYIOIIMX UM CIEHHbBIX
MpOLEAYp U UX MapaMeTpoB. B 4yacTHOCTHU, UCKITIOUM-
TEJBHYIO BaXKHOCTH IIPHOOPETACT TIPaBUIIBHBIN BHIOOD
CeTKM Ha TIepBOM 3Tame. PaccMOTpuM 3TOT BOIIPOC
noapoodHee.

®opmallbHO paccMmaTpyBaeMasi 3ajada BBITJISIIAT
TaK: TI0 HAONOTAaeMBIM 3HAYCHUSIM X1, ..., T, TPe-
OyeTcsl TTOCTPOUTh CTAaTUCTUUECKYIO OIICHKY BEepXHEH
TPaHUIBI KBAaHTWJICH 3aJaHHOTO TOPSIAKA CMEITBa-
JOILIeTO 3aKOHA TaK, YTOOBI KAK MOXKHO TOUHEE OLIECHUTh
HOCUTEJIb CMEILIMBAIOILIETO pacipeaeieHus.

B nanbHeitiiem OyneM cuuTath, U4TO X1, ..., Ty —
He3aBUCHUMBIC peai3alliy CIyIaifHOM BETMIMHBI X =
= YVU + aU, tne Y — ciydaiiHasi BeJM4YMHA CO
CTaHIAPTHBIM HOPMaJbHBIM pacrpeneieHuem, a U —
He3aBUCHUMasl OT Hee cllydaliHast BeJIMYMHA C 0000IIeH-
HBIM OOpaTHBIM rayCCOBCKMM pacripeaeaeHueM. Torna,
OYEBUIHO, paclpeneiecHne CAyIaifHOW BeNIMIMHBI X
nmeetr Buna (1). Ilpemronoxum, 4TO y CiIydaifHOMU
BeTMYUHBI U CYIIEeCTBYIOT MOMEHTHI TIEPBBIX IBYX IT0-
psinkoB. Torma, Kak HECJIO0XXHO BUIETD,

EX =EY -EVU + aEU = oEU . (3)

ITpu 3TOM MO YCHUJICHHOMY 3aKOHY OOJIBIINX YHCEN
C BEPOSITHOCTBIO eiMHNLIA T — EX (n — o0), Tak uTO
1py GOJIBIINX N CIIPABEITNBO TPUOIMKEHHOE PaBeH-
c¢tBo EX ~ T m ¢ yuetoM (5)

EU ~ (6)

Q=

Jlanee, oueBUIHO,

EX? = EY?.EU + 2aEX - EU®/? +
+o’EU? = EU + &*EU?. (7)

ITosTomy, 0603HaUUB

2

nostyyaeM mpubimxeHHoe paBeHcTBo EX? ~ m?2, tak

4TO ¢ yueToM (6) 1 (7) nMmeeM:
U~ (m2 - ?) . )

Ecnu napameTp e MUBBECTEH, TO JIsI ONIPEACIICHUS BEPX-
Hel rpaHUlbl ©* CETKU, HAKUIbIBAEMOI HAa HOCUTEb
pacrpeneneHus ciiydaifHo BeJIudrHbl U, MOXHO 3a-
JIaTh MAJIOE MOJIOXKHUTEILHOE YUCIIO € U BOCTIOJb30BaTh-
csl TpebOBaHUEM

PU>u")<e. )

A JUIS TapaHTHMPOBAHHOTO BBITIOJHEHUS TpeboBa-
HuA (9) MOXXHO MCITOJIb30BaTh HEPaBEHCTBO MapKoBa:

EU?

PU > u*) <

OTKyIa C yueToM (8)

nimn

(10)

Ecnu xe mapameTp «, Onpeaesiioluii acCuMMeT-
pUIO pacrpeaeieHus cliydyaiiHOM BeJIMYMHBbI X, He-
U3BECTEH, TO MOXHO BOCIIOJIb30BaThCS CIIEAYIOLIUMU
paccyxaeHussmu. O603HaYUM

17'7.
n — — 1107
q nz (: <0)

=1

rie 1(A) — unnukatopHast hyHKIIMsSE MHOXeCTBa (CO-
obiTHsI) A. [1py 9TOM IO YyCUIIEHHOMY 3aKOHY OOJTBIITUX
qKces ¢ BEPOSITHOCTBIO eaMHuIa ¢, — P(X < 0)
(n — 00), TaK YTO MpH OOJIBIIKX N CIIPABESIIMBO MTPH-
OJIM>KEHHOE PaBEHCTBO

qn =~ P(X <0).

P(X <0) /<I>
0

)

(—av/u) parc (w; v, i, A) du =

® (—a\/ﬁ) . (12)
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[penmonoxum cHavana, 4to ¢, < 1/2. Ecmu n mo-
CTaTOYHO BEJIUKO, TO MOXHO C OOJIbIION CTENeHbIO
YBEPEHHOCTU YTBEpXAaTh, YTo Torrax > 0 u —a < 0,
T.€. & > 0 1, CTaJIO OBITh, HA MOJOXUTEIBHOU MOTYOCH
3HaueHuit aprymenTa u dyHkuust ®(au) BOrHYTA, T. €.
BbInykia BBepX. Torma u3 (11) u (12), aBaxasl mpu-
MeHsIs1 HepaBeHCTBO MeHceHa, B ciJly MOHOTOHHOCTHU
dyHkuum ¢ nosyyaeM:

1_qnz1—Eq>(—a\/ﬁ):Ec1>(a\/ﬁ) <
gcp(aE\/U) gcb(a EU). (13)

Ecmu Tertepps mst ¢ € (0,1) cuMBOJIOM v; 0003HAYHUTH
t-KBaHTWIb CTAHIAPTHOTO HOPMAJIBHOTO 3aKOHA, TO
u3 (13) u (6) BEITEKAET «ITPUOIMKEHHOE HEPaBEeHCTBO»

Vi—q, < aVEU,

T. €.

vl,qn\/a
vz

V11—
o 2 qn ~

VEU

0,15
a, =03

Oy = 0,3332

e

0,101 ;

IInoTHOCTH

=4

S

(93]
|

0,00 ‘

0,20
o, =30
Oy = 3,2134

0,154 _

0,10~

IInorHoCTH

0,05

0700 I I I I

15 20 25 30
(6)

o
[T
—
S

OTKyJa MOJIy4aeM, UTO TIPU JOCTATOYHO OOJIBIIUX 7,
2

Y1—q,

—

o> (14)
Ecau Temepp 3amaTh Majgoe MOJOXHUTEIBHOE YHCIIO &,
TO JJIs1 OTpenesieHus] BepXHeil TpaHuIbl ©* CeTKHU, Ha-
KUIBIBAEMOM Ha HOCUTEJIb PACTIPEAECTICHUS CIIydJaliHOMI
BeJIMYMHBI U, MOXHO BOCIIOJIb30BaThCsl TpeOOBaHMU-
eM (9), 1151 rapaHTUPOBAHHOTO BRITIOTHEHHST KOTOPOTO
c yueroM (6) u (14) MOXXHO UCITI0JIb30BaTh HEPABEHCTBO
MapkoBa:

2 * g €,
vl_qnu

OTKYyAa OKOHYATCJIIbHO BBITCKACT OLICHKA

@ (15)

’Ul_q”E

*
u ~

B ciyyae ¢, > 1/2, eciu n IOCTAaTOYHO BEJHKO,
TO MOXHO € OOJIBILION CTENEHbIO YBEPEHHOCTU YTBEPK-
nath, YTo0 T < 0 M —a > 0, T.e. Ha MOJIOXUTEIbHOM’

055 7 aol’ = 0’5
) Oy = 0,4164
0,4 5\
. A
S 034 \
z \
S ! \
= 024 ’ \
0.1
050 - | | |
2 0 2 4 6
(6)
0,15
’ a, =03
Oy = 0,2959
20,10
5
o
jant
=
o
=
= 0,05
0300 T [ | [ 1
-10 0 10 20 30
@

Puc. 1 Tpumepsl mpuMeHeHUS MOTU(DULIMPOBAHHOTO ABYX3TAITHOTO CETOYHOro EM-anropurma utst TOATOHKH 00006IIeH-
HOTO TUTIEPOOTUIECKOTO pacIpenesieHrst K MICKyCCTBEHHBIM AaHHbIM, § = 0: (a) n = 1000, « = 0,3, v = 1,3, p = 1,6,
A=0,2;(0)n=1000,a=05,v=1, u=1,A=3;(6)n=1000,a =3, v =1,3, u = 1,6, A = 2; () n = 10000, o = 0,3,

v=13, =16 \=02
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B. 0. Kopoaes, A. I0. Kopuaeun

MOJIyOCH 3HaYeHMIT aprymeHTa u pyHKIms O (—au) Bo-
rHyTa, T.€. BbIMykJa BBepx. Torma u3 (11) u (12),
JIBaKIIbI TIPUMEHSIST HepaBeHCTBO MeHceHa, B C1Ty MO-
HOTOHHOCTHU (GyHKUINU P rToaydaem

qn ~ E® (—a\/ﬁ) <o (—a EU) ,

OTKyJa BbITEKaeT
Vg, < —aVEU, T.e.

«HpI/I6J'[ M2KCHHOEC HEPaBCHCTBO»

Yan_ vg, V|
VEU V7

" IIpru JOCTAaTOYHO OOMBIINX 1.

—Oé}

Vg
lof > 2.

|z|
Jlns orpeneseHus BepXHeil rpaHuubl u* CeTKM, Ha-
KU/bIBAEMOI Ha HOCUTEJIb PACIIPEAEIIEH U CydaiitHON
BEJIMYMHBI U, CHOBA 3a4a1M MaJIO€ IOJIOKUTEIILHOE

(16)

0,4

o, =03
Olege = 0,3062

0,3 £

0,2

ITnoTHOCTE

0,1+

030 - I I I

0,5

o, =08

0 0 = 0,8138

0,3+

0,2+

ITnoTHOCTE

0,1

030 I I I I I I I

(8)

YUCJIO € U TTOTpeOyeM, YTOOBI ObLIO CIIPaBEITUBO YCI0-
Bue (9), WIS TapaHTUPOBAHHOTO BBIMOJHEHUSI KOTO-
poro ¢ yuetoMm (6) m (16) uCIOIB3yeM HEpPaBEHCTBO
MapkoBa 1 TOT (pakT, 4TO sign¥ = sign o Ipu JocTa-
TOYHO OOJIBIINX N

Pw>u)< T n Lo L
u au |a|u
N2
<O <.
v, u

B cmiry cuMMeTpMYHOCTH HOPMAJIBbHOTO pacrpemeie-
HUSt vy = —v1_¢ JUist 06oro ¢ € (0,1), mostomy U?n =
= v%_qn U B ciIyvae ¢, > 1/2 cootHormrenue (17) cHoBa
MPUBOJUT K olieHKe (15).

CripaBeUIMBOCTH pay HEOOXOIMMO OTMETUTD, YTO
oueHkH (10) u (15) saBASAIOTCS 3aBBILIEHHBIMU, HO OHU
TapaHTUPYIOT, 4TO (1 — £)-ITOYTH-BeCh HOCUTEIb Pac-
TpeAesIecHns CIIydaifHOi BeMWMuWHBI U OyImeT JieXaThb
BHYTpU uHTepBaia [0, u*].

0,5
a, =05
04 :}ﬂ O = 0,5067
E 03 \
o
E U
é 0,2
0,1
0,0 \ 1 T \
2 0 2 4 6 8
(0)
0,30
o, =13
0,25 _ (S :1,2925

IInotHOCTH
=
&
|

L
2 0 2 4 6 8 10 12
Q)

Puc. 2 Tlpumepsl npuMeHeHNsT MOAM(ULIMPOBAHHOTO ABYX3TAITHOTO ceTouHOoro EM-anroputMma a1 MoAroHKY 06001IeH-
HOTO TUMEePOOJNYECKOTO pacipeaeSieHUs K UCKYCCTBEHHbIM AaHHbIM, . = 10000, 3 = 0: (a) « = 0,3, v = 2, u = 2, A = 2,5;
6)a=05v=1L,pu=1,A=3;68a=08r=13,u=16,A=2;C)a=13,r=2,u=2,A=25
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MOI[I/I(I)I/IHI/IPOB&HHLIﬁ CETOYHBIN METOJ pasaciacHusa AIMCIEPCUOHHO-CABUTOBBIX cMmecent HOPMaJIbHbIX 3aKOHOB

4 PCBYJ’ILT&T bl YN CJICHHBIX
OKCIICPUMCHTOB

[IpuBoaMMBbIE B JaHHOM pa3jefie rpaduku ULTIo-
CTPUPYIOT KauyeCcTBO pabOThl MOTUGMUIIMPOBAHHOTO Ce-
TOYHOTO METONa pa3leeHus] TUCIIePCUOHHO-CIBUTO-
BBIX CMecell HOPMaJIbHBIX 3aKOHOB Ha TIPUMEpPE €ro
MPUMEHEHUsT K OIEHWBAHUIO TIapamMeTpoB 0000-
IIEHHBIX TUIMEPOOSUYECKUX paclpeaesieHuid ¢ ucC-
MOJIb30BaHMEM YKa3aHHOTO ajIrOpUTMa BbIOOpa CETKU
C YMepeHHbIM uuciaoM y3ioB K = 40. 1 Bbl-
YUCICHU WCITONTb30BAINCH MCKYCCTBEHHO CTEHEPH-
poBaHHbIE BEIOOpKM 00beMOB 1 = 1000 1 n = 10000
C pa3HbIMU HaOOpaMM MapaMeTpoB, 3HAYEHUS KOTO-
pPbIX yKa3aHbl Ha pucyHkax. Ha puc. 1 u 2 uzobpa-
JKEHbl TMCTOrpaMMBbl (Cepble CTOJOUKMU) U Tpaduku
WCTUHHOUW TUIOTHOCTH (IITPUXOBBIE JTMHUM), TPOME-
JKYTOYHOU OIIEHKW, TOJTy4YeHHOU ceTouyHbiM EM-an-
TOPUTMOM (TTYHKTUPHBIE JIMHUN) U UTOTOBOI OIIEHKHU
(HenpepbiBHBIe TuHUK). Ha puc. 1 u 2 Takke ykasa-
Hbl 3HAUEHUSI MOJYYSHHBIX OLIEHOK mapameTpoB. Kak
BUHO U3 MPUBOAUMBIX PUCYHKOB, MapaMeTphbl «v Olle-
HUBAIOTCSI 0Y€Hb TOYHO. TOUHOCTH OLIEHOK OCTAIbHBIX
MapaMeTpOB YIOBIETBOPUTENbHAS U MOXET OBITh TIO-
BBIILIEHA 34 CUET MCITOJIb30BaHUs 00Jiee YaCThIX CETOK
U 60Jiee YyBCTBUTEJbHBIX KPUTEpUEB OCTAaHOBKU EM-
ajqropuT™Ma Ha nepBoM atane. CieayeT OTMETUTb, YTO
axe B TeX CIIy4yasX, B KOTOPBIX HaOIIOMAIOTCS 3a-
METHBIE PACXOXIEHUS OLIEHOK MapaMeTpoOB U UX TOY-
HBIX 3HAYECHUI, OLIEHKU CaMUX TJIOTHOCTEH TOBOJBHO
TOYHBI.
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A MODIFIED GRID METHOD FOR STATISTICAL SEPARATION
OF NORMAL VARIANCE-MEAN MIXTURES
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1-52 Leninskiye Gory, GSP-1, Moscow 119991, Russian Federation
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Federation

Abstract: A modified two-stage grid method for statistical separation of normal variance-mean mixtures is described
as an alternative to a pure EM (expectation-maximization) algorithm. At the first stage of this algorithm, a discrete
approximation is constructed to the mixing distribution. At the second stage, the obtained discrete distribution is
approximated by an absolutely continuous distribution from a predetermined family, say, by a generalized inverse
Gaussian distribution. The convergence of this two-stage procedure is discussed. The monotonicity of the grid
procedure used at the first stage is proved. The problem of the optimal choice of the parameters of the method is
discussed in detail. First of all, the problem of the optimal choice of the grid thrown on the support of the mixing
distribution is considered. Statistical estimators are proposed for the quantiles of the mixing law. The efficiency of
the method is illustrated by examples of its application to the estimation of the parameters of generalized hyperbolic

distributions.

Keywords: mixture of probability distributions; normal variance-mean mixture; generalized hyperbolic distribution;

EM-algorithm; grid method of separation of mixtures
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NHPOPMATWUKA W EE MPUMEHEHUSA, 2014. T. 8. Buin. 4. C. 20 31

O ®OPMAJIN3ALNU ITOHATHUA TOKCUYHOCTHU ITOTOKA 3AABOK

HA ®PNUHAHCOBbBIX PBIHKAX*
A. B. Yeprok!

Aunnoramusa: PaccmarpuBaeTcss MUKPOCTPYKTYPHasi MOJIeJTb TIOTOKOB 3asiBOK Ha (DMHAHCOBBIX PhIHKax. B kaue-
CTBE MHTETPAIbHOTO MHANKATOPA TEKYIIETO COCTOSTHUSI KHUTH 3asIBOK MCTIONB3YeTCs [UcOaTaHC MOTOKA 3asBOK.
Jljist aHanu3a CBOMCTB TEKYIIErO COCTOSIHUSI KHUTHY 3asiBOK UCTIOJIb3YeTCSl MOJIe)b ArchanaHca MmoTokKa 3asiBoK,
HMMelolasl BUI JBYCTOPOHHErO Ipoliecca puckKa, M3BECTHOrO B aKTyapHOM MaTeMaTHhKe KakK ITpoIecc pHcKa
co ciyvaitHeiMu TipemMusiMu.  MccienyeTcsl MOHATAE TOKCUYHOCTU TIOTOKA 3asiBOK Ha (DMHAHCOBBIX PBIHKAX.
[MoHsITHEe TOKCUMYHOCTH ITOTOKA 3asiBOK Ha (DMHAHCOBBIX PhIHKAX (hOPMaJIM3YeTCs] C IMTOMOIIBIO BEPOSTHOCTEM
repeceyeHus1 IPOLIeCCOM auchalaHca TTOTOKOB 3asiBOK (DPMKCHPOBAHHBIX YPOBHEM. BBOMSTCS MOHSATHSI MIHO-
BEHHOTO PO TOKCMYHOCTH 1 0aiieCOBCKOTO 1 KBAHTUJILHOTO TIOKAa3aTeNiell TOKCUYHOCTU. DTH IMoKa3aTeIn
PACCUMTBIBAIOTCS IS ABYX MOJIEIBHBIX TUTIOB ITOTOKOB 3asIBOK, B [IEPBOM M3 KOTOPBIX 3asIBKM MMEIOT eMMHWYHBII
00bEM, BO BTOPOM — 00bEM 3asIBOK SIBJISIETCSI CITy4aliHbIM U UMEIOILIMM MOKa3aTeJbHOE pacIipeieieHue.

Knrouesbie cioBa: (hpruHaHCOBbIE PHIHKM; KHUTA 3asIBOK; TIOTOK 3asIBOK; TUCOATaHC MTOTOKA 3asIBOK; HEOIaromnpu-
SITHBII OTOOP; TOKCUYHOCTD; ITyaCCOHOBCKUI TIPOLIECC; 0000IIEHHBIN TTyaCCOHOBCKUII IPOIIecC; ABYCTOPOHHU

TIpOo1ECC pUCKa, IMPOLICCC prUCKa CO CJIy‘-IaﬁHBIMH NPEMUAMU; BEPOATHOCTD PAa3OPCHUSA

DOI: 10.14357/19922264140403

1 Bsenenue

AKTHBHOE pa3BUTHE 3JICKTPOHHOM TOPTOBIM Ha
(bMHAHCOBBIX PBHIHKAX BBHISIBUJIO HEOOXOTMMOCTDH aHa-
m3a OMPKEBBIX BBICOKOYACTOTHBIX NAHHBIX IUIS
Oosiee MIyOOKOr0 MOHMMAaHMSI PBHIHOYHOUW MUKPO-
CTPYKTYPHI, Ha KOTOPYIO OKa3aJu OTPOMHOE BIMSTHUE
KOMITAaHWUM, 3aHUMAaloIecss aBTOMAaTH3UPOBaHHBIM
BBICOKOYACTOTHBIM TpEeUIUHTOM (OHU (hOPMUPYIOT
1m0 70%—80% nHeBHOTro 000pOTa HA BEIYIIMX MHUPO-
BBIX IIJIOIIAOKaX). DTH BbICOKOYACTOTHBIC CHUCTEMBI,
KaK TIpaBWIO, SIBJISIIOTCS MapKeT-MeiKepaMu — II0-
CTaBIIMKAMU JIMKBUIHOCTU TOCPEACTBOM pa3Mellle-
HHUS TIACCUBHBIX (JIMMUTHBIX) 3asBOK Ha Pa3IMIHBIX
VPOBHSIX 3JICKTPOHHOI KHUTH 3asgBOK. IlocTaBImmK
JIMKBUIHOCTY, BHICTABUBIIMN MTACCUBHYIO 3asBKY, HE
MMEET BO3MOXKHOCTH BJIMSITh Ha BPEMSI €€ UCITOJTHEHUST
(pazymeeTcsi, KpoMe Kak CHSTh 3asiBKY). MapkeT-Meii-
KepBI 3a4aCTYIO He IIPOTHO3UPYIOT B IBHOM BHIIE TMHA-
MUKY PBIHKA, a UCTIOJIB3YIOT ITYMOBYIO COCTABJISIOIIYIO
PBIHOYHBIX TBVKCHUIA.

CreneHb 3G (MEKTUBHOCTH AESITSIHHOCTH MapKeT-
MEIKEepOB CBsI3aHa C KOHTPOJIEM PHCKa OKa3aThCsl
¢ OOJIBIIIMM KOJTMYECTBOM KYTUIEHHBIX VTN ITPOTaHHBIX
KOHTPAKTOB, YTO HANpPSIMYIO 3aBUCUT OT MX CII0CO0-
HOCTH KOHTPOJMPOBaTh 3(PDeKT HeOIarormpusITHOTO

oTOopa (adverse selection) B OTHOIIEHUN ITaCCUBHBIX
3a51BOK.

[IpakTuku, Kak MpaBUIO, OMUCHIBAIOT MPUHLIMIT
HeOJIaroNnpUsITHOTO OTOOpa KaK «eCTECTBEHHYIO TEH-
JIEHITAIO CJIUIIKOM OBICTPOTO MCITOTHEHMS ITAaCCUBHBIX
3asIBOK B TeX CUTYyaIMsIX, KOTIa OHU JOJDKHBI MCITOJI-
HSITbCSI MEJIEHHO, 1 HA00OPOT: MCIOJHSTHCS CIUII-
KOM MEIJIEHHO B T€X CUTyallMsIX, KOTIa OHM JOJIKHBI
HUCTIOJIHUTBCS ObIcTpo» [1]. DTa MHTYUTUBHAS dop-
MYJIIPOBKA COTJIACYSTCSI ¢ PAHHUMM MUKPOCTPYKTYP-
HBIMA MOJENSIMU pBIHKa [2—4], B KOTOPBIX MH(OP-
MMPOBaHHBIC TPEUIEPHI ITOTYyIAIOT ITPEUMYIIECTBO HAl
HEeuHGOPMUPOBAHHBIMU YYaCTHUKAMU pbIHKA. [ToToK
3a51BOK CUMTAETCSI TOKCUYHBIM, KOTIa TPOUCXOIUT 3P~
¢exT HebJaronpusiTHOro ordoopa MapKeT-MeiKepoB,
ITOCTAaBIISTIONINX JTUKBUIHOCTbD.

B pabGorte [5] npemioxeHa sMnupuueckasi mpole-
Jlypa OlLIEHKW TOKCUYHOCTU TOTOKA 3asiBOK Ha OCHOBE
aHanus3a MHpopMauuu o cdeakax. B mpennaraeMoii
cTaTbe paccMaTpuBaeTcsl 60jiee TOUHbIN MOIXOM K 13-
MEpEHHNIO0 TOKCUIHOCTU PBIHKA, MCITOIB3YIOIINIA BCIO
JIOCTYTTHYIO WH(DOPMALIUIO 0 nomoke 3asi60K (He TOb-
KO caMU CAEJIKA, HO TakXKe U TOCTAHOBKM/CHSTUS
3a51BOK) Ha OCHOBE aHAJIMTUYECKOI Mojeau Tpollec-
ca aucbasiaHca IOToKa 3as1BOK, paCCMOTPEHHOI paHee
B paborax [6, 7].

*Paborta BbITIOJIHEHA ITpU YacTU4HoOI noaaepxke PODU (npoekr 14-07-00041a).
! ®akynETeT BHIUMCANTENHLHOM MaTEMATUKK U KUGEpHETHKNM MOCKOBCKOTO TOCYIapcTBEHHOTO yHMBepcuTeTa uM. M. B. JloMoHOCOBa;

Euphoria Group LLC; a.v.chertok@gmail.com
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(0] (I)OpMa.TII/BaL[I/H/I ITOHATHUA TOKCUYHOCTHU IMOTOKA 3asABOK Ha (I)I/IHaHCOBBIX PbBIHKax

2 Mognens moToka 3aaBOK

2.1 Tepmunosorus

Ha snekTpoHHBIX phIHKaX OMpxKeBast 1ieHa (huHaH-
COBOTO MHCTPYMEHTA B €€ KJIAaCCUUYEeCKOM MOHUMaHUU
SIBJISIETCS] PE3YJIBTUPYIOILEH, MHTErpaJbHOM XapakTe-
PUCTUKOU CHCTEMBbI TOPTOB, KOTOPasi ONUCHIBAETCS U -
HaMUKOW TaK Ha3blBaeMOU kuueu 3aseok (limit order
book), mpencrassionieit co6oit MHGOPMAIINIO O BCex
aKTyaJIbHBIX HA TAaHHBIA MOMEHT TMPEITOXKEHUSIX O M0~
KyMKe 1 IpoAaXke MHCTPYMEHTA IO Pa3IMYHbIM LIeHaM

(puc. 1).
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100
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Puc. 1 Kuura 3asBoK B HEKOTOPbIi MOMEHT BpeMeHU. Bbico-
Ta CTOJIOMKOB paBHAa CyMMapHOMY O0beMY JIMMUTHBIX 3asIBOK
Ha COOTBETCTBYIOIIEM IIEHOBOM ypOBHe: / — MOKYIKW; 2 —
MPOIAXHU

HI/IHaMI/IKa KHHWTIH 3adBOK OINPEACIACTCA TPEMA TN -
IIaMM 3as4BOK, KOTOPbIC YYaCTHMKM PpbIHKa MOTYT OT-
IIPaBUTHb Ha PbIHOK:

(1) aumumnasn 3asiBKa 0003HAYAET XeJJaHUE KYMUTb
(TTpomaTth) 3agaHHOE KOJMYECTBO aKIIMii 110 IeHe
He BbIIIe (He HUKE) 3aJaHHOM, TIPU 3TOM TaKasi
3as1BKa HeMeIJIEHHO J00ABISIETCS B KHUTY 3asIBOK;

(2) pviHounas 3asiBKa o0OO3HayaeT KejlaHUe KYIMUTb
WM TIPOAaTh 3aJaHHOE KOJMUYECTBO aKIUi 10
JIy4llleil LeHe, MPeACTaBIeHHON B KHUTE 3as1BOK,
OCJIe Yero HeMeJIEHHO TTPOUCXOIMT CIEIKa;

(3) 3asgBKa Ha ommery 0003HAUAET HAMEPEHUE OTMe-
HUTh CYIIECTBYIOIIYIO JUMUTHYIO 3as1BKY, ITOCJIE

YEro OoHa yaajadeTCd M3 KHUI'M 3asdBOK.

bonee dopmanbHO, B KaXablii MOMEHT BpeMEHU
nHOOpMaIIMS 0 MIEPBBIX d = 5 YPOBHSAX KHUTH 3assBOK
MIpeACTaBIsIeT COOOI MacCUB
b b b
book = (bl,al,vl,v2, ce V70, VT, VY, ,vfo) ,
roe by — Jydinas 1ieHa Ha TOKYIKY (01) Ha TeKyIIUi
MOMEHT (KpaTHasi MUHUMAaJIbHOMY IIIary eHbI §); a; —

Jiydiias lieHa Ha MpoAaxy (ack) Ha TeKyIIUi MOMEHT
(KpaTHas MUHMUMATBHOMY IIAry LeHsl §); vl > 0 —
CyMMapHbIf 00BEM 3as1BOK 10 LieHe b; (TTpY 3TOM aBTO-
Matudecku b; = by — (i — 1)d); v¢ > 0 — cyMMapHBIid
00BeM 3asBOK TIO 1IeHE a; (TP 3TOM aBTOMATUYECKU
a; = a1 + (’L - 1)5)

Bcerna BeimosHsieTcs ycnoBue by < aj, Tak Kak
MHaye COOTBETCTBYIOLIME 3asiBKU TOKHBI OBITh CBE-
JIEHBI B CIENKY, BenmuuHa p = (1/2)(by + a1) 0ObIMHO
Ha3bIBACTCS MUOnpaiicom, a BeIUIMHA s = a1 — by Ha-
3BIBAETCS CHPedoMm.

2.2 JInHaMMKa KHUTH 3asIBOK

[MoTokKn 3assBOK MOJIEIMPYIOTCSI C MCIIOJIb30Ba-
HUEM HE3aBUCHUMBIX ITyaCCOHOBCKMX IIPOLIECCOB —
MPOLIECCOB BOCCTAHOBJICHMSI C 3KCITOHEHLIMATbHBIMKA
pacrpene/ieHUsIMM MHTEPBAJIOB MeXIy BOCCTAHOBJIE-
HUSMU (KaK 3TO CAeIaHOo, HAIIpuMep, B padoTax [8, 9]):

— JIMMUTHBIE 3asiBKM Ha TMOKYIMKY (Mponmaxy) Mpu-
XOISIT Ha 1IEHOBOI YPOBEHb, PacIOJIOXKEHHBIN Ha
DPACCTOSIHUM ¢ OT JIydllleil KOTMPOBKU MPOTUBO-
ITOJIOKHOTO THTIA, B HE3aBUCUMbIE MOMEHTHI Bpe-
MEHU, MMEOIIMe 3KCIIOHCHIIMAIbHOEe pacIipere-
JIeHue ¢ TIapamMeTpoMm /\;r(/\i_ ) (oMrpmyecKue
ucciaenoBanus [10, 11] mokaspIiBaloT, YTO CTEMEH-
Hblil 3aKOH A\ = k/i® sBIsieTcst xopouueii ar-
MPOKCUMALIUEN);

— PBIHOYHBIC 3agBKU Ha TTOKYIIKY (IIPOIaxy) IIpH-
XOIAT B HE3aBUCHUMBIC MOMEHTBI BPpEMCHU, NMC-
IOIIME 3KCMMOHCHIIMAJIbHOEC pacrnpeacjacHue C Ia-
pameTpoMm 4 (17 );

— 3a4BKM Ha OTMEHY JIMMUTHOTO OpJIepa Ha MOKYT-
Ky (TIpOfIaxXy), HAXOANIETOCS HA IMUCTAHIIMY i OT
JIydIIeli KOTUPOBKH TOTO XK€ TUIIA, TIPMXOJISAT C 4ac-
ToToii 05 (6;).

PaccmoTpuMm [1Ba myacCOHOBCKMX mporecca N T (1)
1 N~ (t) c MHTEHCUBHOCTSIMUA COOTBETCTBEHHO

A =pt YN+ 0
AT =T Y A+ 6

Mo cBoeit cytu mporteccsl N1 (t) u N~ (¢) coorser-
CTBYIOT MH(MOPMALINY O YMCIIe 3asIBOK OT MOKYIIaTeeit
Y ITPOJABLIOB COOTBETCTBEHHO, IPUIIIEIIINX K MOMEHTY
BpeMeHU t. byieM Takke cuuTarh, 4TO 0ObeMBbI 3asIBOK
OT TIOKyTIaTesNeil ¥ MPOJaBLIOB — He3aBUCHUMBIE OJITHA-
KOBO pacrpeneaeHHbIE BeTMYNHBI X;r n X, ¢ QyHk-
uusiMu pacripenenenust G(t) u F(t) cCOOTBETCTBEHHO
W He 3aBUCAT OT TiporieccoB N (t) u N~ (t).
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3 Ilpouecc nucbanaHca NOTOKa
3a9BOK U €T0 CBS3b C LIEHOM

[MonsiTne nucbananca MOTOKA 3asIBOK BBEIEHO B pa-
oote [12], okoHYaTedbHBI BapuaHT KoTopoi [13]
onyoiaukoBaH B 2014 1. B paborax [6, 7] He3aBUCH-
MO 3TOT Xe€ TPOIECC MCCIEAOBAJCS TOMA Ha3BaHUEM
npouecc 0600uleHHOU UeHbl.

B pa6orax [6, 7] B KauyecTBe MaTEMaTHYECKOIN MO-
JIeJTA DBOJTIONUHY TIpoliecca arcbaaaHca MoToKa 3asiBOK
OBLIO MTPENIOXKEHO UCIOIb30BaTh ABYCTOPOHHUI MPO-
llecC pucka — CreluuaJbHbIl 000OIIEeHHBIN (com-
pound) nmyaccoHoBcKuit npouecc. Craeayst 3ToMy MOa-
xony, 3adukcupyeM Mablii uHTepBat Bpemenu [0; 7],
B T€UEHUME KOTOPOTO TTapaMeTPhl pacIipeieIeH i, OTTH -
ChIBAaIOIIMX OOBEMBI 3asBOK, U WHTEHCUBHOCTU IIO-
TOKOB 3asIBOK OIHOTO THIIa OCTAIOTCSI MOCTOSTHHBIMU
v usBectHbiMu. st ¢ € [0, 7] myete N (t) u N~ (t) —
KOJTMYECTBA 3asBOK, TPUIIEAIINX OT TMOKymnaTenei
U TIPONABIIOB COOTBETCTBEHHO B TEUEHME WHTEpBa-
na Bpemenu [0,¢] — He3aBUCUMBIE IMYaCCOHOBCKUE
MPOLIECCHI ¢ MHTEHCUBHOCTAMU AT > 0 m A~ >
> 0 (ENT(t) = ATt, NT(0) = 0, EN~(t) = ¢,
N=(0)=0). Oycrs X;" u X; ,i=1,2,..., — 00beMBI
3as1BOK, TIOCTYIIAIOIINX OT TIOKYTAaTeIeil 1 MpoaaBIioB
COOTBETCTBEHHO — JIBE HE3aBUCUMBbIE MTOCIEI0OBATEThb-
HOCTU HE3aBUCUMBIX U OIMHAKOBO B KaXXIOU Moce-
JIOBaTEIbHOCTHU pacipeeIeHHBIX CIyJyaifHbIX BETUUYUH
¢ dynkuumsmu pacnpenenenus G(z) u F(z) cooTBer-

CTBEHHO, HE3aBUCHUMBIX OT ITyaCCOHOBCKHUX MPOLIECCOB
N*(t) u N~ (t). [Monoxum

N~ (%)

dNoX o= > X5

i=1 j=1

1 OTIPEIIeINM TIPOILIeCcC ducbaranca nomoka 3as1680k Q(t)
Kak

Q) =Q" (1) —Q (1)

DTOT Tpoliecc SIBISAETCS HaMHOro 0Oojiee 4YyB-
CTBUTEJILHBIM MHAMKATOPOM (IoKa3aTesieM) TeKyllle-
IO COCTOSTHUSI KHUTH 3asIBOK, IMOCKOJIBKY MHTEPBAJIbI
BpEMEHU MEXIY IOCIeI0BATEIbHBIMU U3MEHEHUSIMU
COCTOSIHUI KHUTH 3asiBOK OOBIYHO TaK Majibl, YTO M3-
MEHEHUsI LieHbl (MMUIIpaica) 0 CpaBHEHUIO ¢ HUMU
SIBJISTIOTCSL pEIKUMHK COOBITHSIMU. [loaToMy Tipolecc
LIEHBI SIBJIICTCSI HAMHOTO 0OoJjiee I'pyOBIM IOKa3aTe-
JIeM, XapaKTePU3YIOILMM KHUTY 3asiBOK, U IaeT rpyboe
1 BeCbMa OrpaHMYEHHOE OMMCAaHMe IMHAMUKU PhIHKA.
BMmecte ¢ TeM Tiporiecc mmcOanaHca ITOTOKOB 3asiBOK
YYUTBIBAaET HE TOJBKO TEKYIIKE 3HAYEHUS] HAVUTYJLINX
LIEH TTOKYITKW W TIPOJaXKW, HO W BIMSTHUE COOBITHIA
«B TJIyOMHE» KHUTW 3asiBOK U TOTOMY MEHSIETCS CY-
LIECTBEHHO OBICTpEe M I103BOJISIET MHTEPIIOJIMPOBAThH
JUHAMUKY PbIHKA MEXIY U3MEHEHUSIMU LIEHbI, B 4aCT-
HOCTH OTCJICKMBATh CUTYallMH, CBSI3aHHBIE C TOKCHY-
HOCTBIO ITOTOKOB 3asIBOK, T. €. YpeBaThle HEOOOCHOBAaH-
HBIMUY TPEHJIAMHU B IIOBEICHUH LIEHBI (puC. 2).

1,3055

1,3050
g
>
=
B
=
1,3045
1,3040 1 1 1 1
10:00:12,730  10:00:12,902  10:00:13,075 10:00:13,248 10:00:13,421 10:00:13,594 10:00:13,766
Bpewms

Puc. 2 [vnamuka nydiieid neHsl nokynku (1), jydineid neHsl npogaxu (2) u npolecca aucbaiaHca IOToKa 3aaBoK Q ()
B TeueHue 1 ¢ (3) ¢ momenTa 10:00:12,730 01.07.2014 (drrouepc Ha naaekc PTC)
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(0] (I)OpMaJ'[I/BaL[I/H/I ITOHATHUA TOKCUYHOCTHU IMOTOKA 3asABOK Ha (I)I/IHaHCOBBIX PbBIHKax

B pa6ote [13] ¢ moMolibio TUHEHHOM Moaen

SE+A) =S50 _ QuI+d) |
5 D ‘

OBLITIO TIOKA3aHO, UTO TIpoliecc auchaiaHca MoToKa 3a-
SIBOK () (1) IMeeT CUITBHYIO CBSI3b C BBICOKOYaCTOTHBIMU
M3MEHEHUSIMU TIeHbl (DMHAHCOBOTO akThBa S(t), Mmo-
CTPOEHHOI 1O LIeHaM CIEJIOK, TIe 6 — MUHUMAaJIbHBIN
hIar 1eHsl (TUK UeHbl), €(t) — Oenbiid ym u D(t) —
Mepa TIIyOMHBI KHUTH 3asiBOK (KOJIMYECTBO 3assBOK Ha
JIydieM Ompe/acke). DOMIMPUICCKUN aHAIN3 BBICO-
KOYACTOTHBIX JTAHHBIX JIJIS aMePMKAHCKMX aKILIMi1 MO~
TBepXIaeT HAIMYMe JIMHEHHOM CBsI3U: KO3 OUIIMEHT ¢
oueHuBaetcs Mexny 0,1 u 1 1 oka3pIBaeTCd CTATUCTU-
yeckW 3HaYMM B 98% citydaeB. Hanmuume takoro poja
CBSI3W TO3BOJISICT HAIPSIMYIO MCCIIeIOBaTh CBOMCTBA
npoliecca arcbanaHca MoToKa 3assBOK U COOTHOCUTD MX
CO CBOWCTBaMH TIpoliecca HeHbI S(t).

B pa6orax [6, 7, 14] ¢ HOMOIIBIO MpeaeTbHBIX
TEOPEM JUTSI IBYCTOPOHHUX MPOIIECCOB PUCKA OB TTO-
JIy9eHBI aCUMIITOTUYECKHE AITMPOKCUMAIIAN JJIST TTPO-
ecca aucbaraHca oToka 3asiBoK ()(t) u ero pacrpe-
JEJICHUIA.

4 IIpoduiab MTHOBEHHOM
TOKCUYHOCTH MMOTOKA 3asIBOK

Kak yxe ObL10 CKa3aHO BhILIE, TTOTOK 3assBOK CUM-
TaeTcsl TOKCMYHBIM, KOTJa OH OKa3bIBaeTCsl HebJaro-
MIPUSITHBIM IIJISI MapKeT-MeUKepOB, TTPEIOCTABIISTIONINX
JIMKBUIHOCTH B KHUTE 3as1BOK. B pabote [5] mpemio-
>KeHa TPolIeaypa OLCHKM TOKCUYHOCTH IMOTOKA 3asTBOK
Ha OCHOBe aHajn3a UHGopMaluu 00 UHTEHCUBHOCTHU
W HaIpaBJICHNU cdeqok (HAIIpaBJICHUE CHCIKHA OIpe-
nessieTcsl B 3aBUCHMOCTH OT TOTO, KTO SIBJISIICSI ee
WHUAIIMATOPOM — TIOKYTaTeNIb WIM TIpoaaBelr). B maH-
HoIt paboTe OyneT pacCMOTpeH 00Jiee TOYHbII MOIXO/,
K U3MEPEHNIO0 TOKCUYHOCTH TMOTOKA 3asiBOK, MCITOJIb-
3YIOIIMI BCIO JOCTYMHYIO MH(POPMAIINIO O 3asiBKax (He
TOJBKO CaMM CIEJIKI, HO TaKXKe M IIOCTAHOBKM/CHSITHS
3as1BOK).

YTto06b1 (popManTn3oBaTh MOHITHE TOKCUUYHOCTH TO-
TOKa 3as1BOK, JUTSl Hayajia pacCCMOTPUM ITpoliecc nucoa-
JlaHca ToToka 3as1BoK Q(t) = Q1 (t) — Q (t) B npexn-
nojioxenuu, uro EQ(t) > 0, T.e.

MEXT > ATEXT,

YTO O3HAYAET MPEMMYINECTBO TIOKYITaTeNlei Hajl TIPO-
JaBLAMM B paMKax uHTepBana [0, T]. Tlpeanonoxum,
gro Q(0) = 0.

Jlist u > 0 paccMOTPUM BEPOSITHOCTD

0<t<T

et 1) =P (im0 > -u)

T. €. BEPOSITHOCTb TOTO, UTO TpaeKTOpHs mporiecca Q ()
B TeyeHWe MHTepBaia BpemeHu [0, 7] meIuKoM Oymer
HaxOIUThCsl HEe HUXE YPOBHS —u, a TaKXKe aHao-
TMYHYIO TIPEIEbHYIO BEPOSITHOCTh Ha OECKOHEYHOM
MHTepBaJie BPEMEHM:

t>0

el =P (1 (@0 - Q (1) > —u) -
- Jm s (uT)

BeposATHOCTD ¢4 (1) OTIMCHIBAET BEPOSTHOCTH TOTO, UTO
TIPU HOAOJNCUMEAbHOM TPEH]IE TIPOLIECC MrcOataHca Hi-
KOTIa He JOCTUTHET OMmpuyamenbho2o ypoBHs —u MPH
YCIIOBUU, YTO MAapaMeTphI IIOTOKa 3a1BOK (AT, \™, G (x)
u F(x)) ocratotcst HeU3MEHHBIMMU.

Onpenenenne 1. DyHKIMIO ¢+ (1) OyIeM Ha3bIBATh APO-
(punem MeHOBEHHOU MOKCUMHOCMU TIOTOKA 3asIBOK.

BBeneHHass TakuMm o0Opa3oM XapakKTepucThuka —
MpoduIb MTHOBEHHOI TOKCUYHOCTU MTOTOKA 3asIBOK —
(opMaIbHO COBMANACT C 8EPOIMHOCHbIO HEPA30PEeHUs
B KJIACCMYECKON MOIEIN KOJUIEKTUBHOTO PHCKA CO
CIyJIailHBIMU TIPEMMSIMH, pacCMaTpUBaBIICHCS, Ha-
npumep, B padorax [15—17]. B HeKOTOpbIX MCTOU-
HUKax (CM., B YaCTHOCTH, [18]) cmpaBeainBo oTMeue-
HO, UTO MHTEpIpeTalusl 3TOro rokasareiss UMEHHO
KaK BEPOSITHOCTH (DM3MUECKOTO Pa30pPEHMST CTPaxo-
BOM KOMITAHUM HEKOPPEKTHA, ITOCKOJIBKY M3HadYalIhb-
HOE TIPEATIONIOXKEeHEe 0 HEM3MEHHOCTH OCHOBHBIX TTa-
paMeTpOB MOTOKOB CTPAXOBbIX MPEMUI U CTPaXOBbIX
BBITIAT B TeUeHUE OECKOHEUHOI'0 MHTEepBasia BpeMEeH!
3aBeIOMO He BBITIONHSETCs. TeM He MeHee 3Ta Xapak-
TEPUCTHKA SIBIISICTCST YIOOHBIM ITOKa3aTejieM TEeKyIIei
3((peKTUBHOCTU pabOTHI CTPAXOBOII KOMIIAHUU U ME-
€T CMBICJI HEKOei OLIEHKU KauyecTBa TEKYIIET0 COCTO-
STHUSI TTapaMeTPOB CTPAaXOBOU NeATebHOCTU. TOYHO
Tak Xe Mpoduib MFTHOBEHHON TOKCUYHOCTH TOTOKA
3asIBOK SIBIISICTCST YIIOOHO MHTEPITPETUPYSMBIM ITOKAa3a-
TeJIeM HEYCTOMUYMBOCTH TEKYIIETO COCTOSTHHUS TTOTOKOB
3a51BOK.

W3 pabor [15, 16] cienyer

Jlemma 1. Qyukyus npoguns MeHo8eHHOU MOKCUYHOCIU
nomokxa 3as160k i (u) y0ogaemeopsem unmezpaibHOMy
VPABHEHUI)

u

(AT +2A7) pa(u) = A~ /cpi(u —v)dF(v) +

0
oo

+ AT [ or(u+v)dG(v).
/

Ecau R — pewenue xapakmepucmuueckoeo ypagHeHus

A+ (Ee—RXl+ - 1) AT (EeRXf - 1) —0,
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Pt (u) =

npu smom oy (u) =1 — e v,

5 ToKCWMYHOCTBH MMOTOKA 3aIBOK

ITpodniTb TOKCMIHOCTH IIPEACTABIISIET COOOM PhyHK -
yuro, apTyMEHTOM KOTOPOU SIBJISICTCST YPOBEHD u. DTO
3aTPYAHSIET CpaBHEHUE TOKCUYHOCTU MOTOKOB 3asBOK
Ha pa3HbIX yUaCTKOB PbIHKA, TOCKOJIbKY, BOOOILE rOBO-
psi, B MHOXECTBE (DYHKIIMIA HeJIb3s] BBECTU OTHOLIEHUE
ropsiaka. [loaTomy XoTenoch OBl MMETh HEKWIT WH-
TETPaJIbHBIN TTOKa3aTe b TOKCMIHOCTH, BhIPasKaeMbIil
OIHUM YuCJOM. [l MOCTpOeHUsT TaKOTO MoKa3aTesist
MOKHO BOCITOJIb30BaThCsI OAHUM U3 ABYX MOIXOA0B.

5.1 baiiecoBckuii moaxon

Boiaenum Hekuil  «xapakKTepUCTUYECKUi» ypo-
BEHb g, IEPECEYEHNE KOTOPOTO MOXKET UMETH CEPHE3-
Hble mocienctsust. [lyctb w(x) — HekoTopasl TUIOT-
HOCTb pacIpeieJIeHUsI BEPOSITHOCTEH, oOamaronias
CBOWCTBaMU

/w(x) dx =1; /xw(x) dx = ug . (1)
0 0

Omnpenenenne 2. baiieCOBCKIM ITOKa3aTeIIeM MeHOGEH-
HOU MmoKcuyHocmu TIOTOKA 3asIBOK 93[7“”) Ha3bIBaeTCsI Be-
JIMYKHA

Giw) = Giw)(uo) = /tpi(u)w(u) du .
0

IMo cytu mokazareib MTHOBEHHOW TOKCHYHOCTU
MOTOKA 3asiBOK 1 €CTh MaTeMaTHMYeCKOe OXUIAHUEe
«cjtydaitHoro» mpoduisi MTHOBEHHON TOKCHUYHOCTU
v+ (U), tne U — HeoTpUIlaTeIbHasl CITydailHasT BeJIH-
YMHA C TUIOTHOCTBIO pacnpeneieHust w(x) U UMerolast
MaTeMaTH4ecKoe OXHUIAHUE Ug.

B cmyyae, xorma EQ(t) < 0, te. MEX] <
< ATEX|, 4TO 0O3HaYaeT NPEeUMyLIECTBO MPOLABLIOB
Ha[ noKymnareasiMu Ha untepase [0, T'], BMecTo ¢4 (u)
Oy/ieM paccMaTpuBaTh BEPOSITHOCTh

px(u) =P(sup (Q(t) —Q (1) <) =

t>0
— l'm %) l
T—>1 00 (U, ) ’

KOTOpasl OMMUCHIBAET BEPOATHOCTh TOTO, YTO IIPU OM-
puyamensHoM TPEHJIE TpaeKTopus Tpoiecca Q(t) He

MPEBBICUT HOA0JICUMEAbHbII YPOBEHb U TIPU YCIIOBUH,
4TO TIapaMeTphbl MOToKa 3asiBOK (AT, A\™, G(x) u F(z))
OCTalOTCSl HEUBMEHHBIMU.

B TakoM ciiyyae B KauecTBe 0aiileCOBCKOTo MmoKasa-
TeJIsI MTHOBEHHO# TOKCHYHOCTH TTOTOKA 3as/BOK ) BO3b-
MeM BeJIMYMHY

0% = 0 o) = [ o wpuw) du.
0

5.2 KBaHTMIILHBIN TTOOXOL,

IMpu ycmoBum EQ(¢) > 0 Ha mpomexytke [0,T]

3aukcupyeM HekoTopoe 0 < o < 1.
Onpenenenne 3. KBaHTUJIBHBIM (-TTOKa3aTeJIeM MIHO-
BEHHOM TOKCUYHOCTH IIOTOKA 3asBOK Ha3BIBACTCS
TaKO¢ MHMHHMAaJIbHOE 3HAYCHHWE ¢4, IIPA KOTOPOM
0+(q+) = o

TakuMm 00Opa3oM, MPH HATWUYUU ITOJOXKUTEILHOTO
TpeHpa y mpornecca (1) KBAaHTWIBHBINA (-ITOKA3aTeNb
MTHOBEHHOM TOKCHMYIHOCTH — 3TO HACTOJBKO MWHM-
MaJIbHOE 3HAa4eHUE (¢4, YTO BEPOSITHOCTH TOTO, UTO
Tpaekropusi rpoiiecca Q(t) Ha untepsaie [0, 7] uenu-
KOM TIPOMIET BBIIIIE YPOBHS — (-t , OOJIBIIIE UV paBHA (.
Yewm OGosnbliie 3HaUeHUE ¢, TeM 00Jiee TOKCUYEH MOTOK
3asIBOK OT ITOKYITaTeJIeH.

[To anajgorMM ¢ MPeabITyIINM ITYHKTOM TIPY HaJIN-
yuu y ipotiecca Q(t) OTpuIaTeIbHOTO TpeH A (T. €. TIPU
yenosun ATEX < ATEX[) a-KBaHTWIbHBII MOKa-
3aTeJIb MTHOBEHHO! TOKCUYHOCTH g+ OTPENENseTcs U3
ypaBHeHUS ¢+ (g+) > «. Yem Oonblue 3HaYeHUE ¢,
TeM OoJiee TOKCMYEH ITOTOK 3assBOK OT IIPOMaBIIOB Ha
untepsaie [0, T].

6 Momeu IMTOTOKOB 3a9BOK

B HeKOTOpBIX ciydasX yaaeTcsi HampsMylO BbI-
YUCIUTh MPOMWIb MITHOBEHHOM TOKCUYHOCTH IIOTO-
Ka 3asiBOK. AHAaJIOTM MOjeJeil, MPUBEIeHHbIX HIXE,
paccMoTpeHbI B padote [15] B pamkax moaenu Kpame-
pa—Jlynabepra co CTOXaCTUYECKUMU MPEMUSIMU.

6.1 Mounenb pbIHKa C 3assBKAMU e AMHUYHOTO
o0beMa

PaCCMOTpI/IM HpOCTeﬁMYIO MOJECJIb PbIHKA, IA€ IMo-
TOKU 3aBOK UMEIOT €IUMHUYHBIA Oﬁ’BeM, T. €.

PX/=1)=PX, =1)=1.
B aToMm ciyuae

NT(t) N~ (t)

Qt) = Z 1- Y 1=N'(t)-N"(1).

i=1 i=1
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HecMmoTpst Ha 0ueBHIHO MAcaTBHBIN XapaKTep TaAKOTO
MpuMepa, OH UMEET pPeaTbHbIN MTPaKTUIECKUIA CMBICIT,
TTOCKOJIBKY TP 3TOM CTAHOBUTCS BO3MOXXHBIM YIUTHI-
BaTh YMCTble MHTEHCHUBHOCTHU IIOTOKOB 3asIBOK U OT-
CJIEXUBATh BIMSIHUE MX COOTHOLIEHHUS (mucOaiaHca
WHTEHCUBHOCTEI TMOTOKOB 3asiBOK) Ha TOKCUYHOCTh
curyauuu. bojee Toro, B TakoM ciiyyae paccMaTpH-
BaeMbIl TIpollecc aucbaaHca MOTOKOB 3asiBOK Q(t)
SIBJISIETCSI TIPOCTEHIIMM IIPOLIECCOM POXICHUS U TH-
Oenn, pasIu4Hble XapaKTePUCTUKUA KOTOPOTO MOXHO
KCCJIEI0BATh CIIELMAIBHO pa3paboTaHHBIMU JIJISI TOIO
MeTOJIaMU.

Ecnu A4 > A_, To mokynaTeau npeodjagaroT Hal
MPOJABLIAMU U XapaKTePUCTUIECKOE YpaBHEHIE NMEET
BUI:

A leF—1]+x [ef-1] =0,

otkyna e = A\t /A~ wm eff = 1. Tlo nemme 1 ma
u > 0 umeem
A7 u
Pt(u) > 1— (/\—Jr) i p(o0) =1.
PaBeHcTBO ¢4 (1) = @4 ([u]) oueBrmHO. st TIETBIX U
WHTETpaJbHOE YPaBHEHUE MTEPEXOINT B PA3HOCTHOE!

M+ (u+1)— (A7 + A1) i (W) +Aps (u—1) =0, (2)

OTKyJa
)\_ u
px(u) =C1+ Cy = , C1=¢(c0)=1.

Kouncraury C» HaiineMm Ipu MOACTAHOBKE B ypaBHE-
aue (2) u = 0:
_ i AT
(N p(0) = Apl1), Co= S
OTKyZa IoJIy4aeM, 4To Mg « > 0 MpoduIb MTHOBEH-
HOW TOKCUYHOCTH UMEET BUIL:

oiu) = pe(ful) = 1 (%)MH |

6.1.1 bBaiiecosckuii nokazamenb MeHOGCHHOU
MoK CcUYHOCMU

Komb ckopo mccienoBaTelb MOXET caM Ha3HAuYaTh
YPOBEHB 1, OTHOCUTEIIBHO KOTOPOTO OYIYT PaCCUNTHI-
BaThCS XapaKTePUCTUKN TOKCMIHOCTH TTOTOKA 3asIBOK,
OymeM paccMaTpuBaTh uy Ha MHOXECTBE HaTypasib-
HBIX YMCeN, a B KadyecTBe MYHKIMU w () MOXKHO BbI-
OpaTh (PYHKIIMIO TIJIOTHOCTU BEPOSITHOCTU pacrpene-
sneHus IlyaccoHa (OTHOCUTENbHO CUMUTAIOLIEH MEphI),
TaK:Ke OMpeaeICHHYIO Ha MHOXKECTBE HAaTypaJIbHBIX UM -
cent. st ymo6eTBa 0603HaYMM 7 = A~ /AT, mpu aTOM
r < 1 (puc. 3). B takom ciyuae

lof ___________ e
__-l:----‘I _____ [ ]
0,8:__1-""5 )

) et 3
30’6:---: E
041 ;

0 =0 _
02~ P~

i o
0.0 | i | | 9"'0-—-()._._(5_ 5
1 2 3 4 5 6 7 8 9 10

u

Puc. 3 ®yukuust npodusist TOKCHIHOCTH MOTOKA 3asiBOK
»+(u) B MOETM PBIHKA C SIMHUIHBIMU MTOTOKAMU 3asiBOK
IS pa3HBIX 3HaYeHuid 1 = A\~ /AT I —r = 2/5; 2 — 1/2;
3 — r = 2/3. LtpuxmyHkTipHast Kpusas: GyHKUusI w(u) —
TUTOTHOCTH (OTHOCHTEIBHO CYMTAIOIIEH MepBI) TyacCOHOB-
CKOTO pacrhpeneseHus Co CPETHUM ug = 3

7}% v =1—pre "o i —(Tuo)k =
k!
k=0
=1—petolr=1)
Ha puc. 4, a uzobpaxen rpapuk TOKCUYHOCTHU B 3aBU-
CUIMOCTH OT 3Ha4eHWit r = A~ /AT mia dukcuposan-
HOTO 3HAYeHUS Uy = 3 B YCIOBUSX ITOJIOXUTEITHLHOTO
tperga (AT > A7). UYem MeHbllUe 3HAYEHUE T, TEM
TOKCUYHEe PbIHOK. W HampoTuB: PBIHOK HETOKCHU-
yeH, Korma AT = A7, T. e. HabII0HaeTCs OaTaHC MEXIY

ITOKYIIaTCJIAMU U ITpOJaBLIaAMU.

6.1.2 KeanmuavHblil nokazamenb MCHOBEHHOIL
MOKCUMHOCMU

Jnst 3amanHoro v € (0,1) KBaHTWJIBHBIN MTOKa3a-
TeJIb MTHOBEHHOM TOKCUYHOCTH — DTO TaKOE€ MUHU-
MajibHOe ¢+ € N, mpu KOTopoM

oir(ge)=1—r%= > q,

OTKyIa

ax(0) = { Inr

3aMeTuM, 4To Npu © = 1 ar-KBAaHTUJILHBII TTOKa3aTeJb
MTHOBEHHOW TOKCUYHOCTHU HE OIpeiesieH U B TaKOM
cJlydae roJjiaraeTcsi paBHbIM HYJIIO.

Ha puc. 4, 6 Ha rpacduK HaHeCEeHBI pa3TNYHbIE 3HA-
YeHMST KBAaHTUJIBHOTO TIOKa3aTelsl MTHOBEHHOM TOK-
CUYHOCTM TIOTOKA 3asIBOK B 3aBUCUMOCTHM OT 3Haue-
Husg 7 = A~ /AT Ha npomexytke [0, T]. TokcMYHOCTD
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1,0

ToxcnyHOCTH
=) =)
> )
T T

=
~
T

=4
[\
T

0,0 ! ! ! ! ! ! ! !
01 02 03 04 05 06 07 08 09 1,0

7

()

TokcnuHOCTH
\:_i \.N \.N
[ () W

—_
[

=
(W)

0,0 ! ! ! ! !
01 02 03 04 05 06 07 08 09 10

r

)

Puc. 4 Tpaduku nokasareseii TOKCMUHOCTH B 3aBUCMMOCTH OT 3HaueHusi 7 = A\~ /A (a) Gaitecockuii moaxon; (6) KBaH-

TUJIBHBIN MOIXO/T

ITOKyIIaTesieli MaKCMMallbHa TP MaJIbIX 3HAYCHUSIX 7
1 OM3Ka K HYNIIO TIpU HAJTWIMK OajlaHca MEXIy I10-
KyIIaTeJsIMA 1 TIpomaBlaMi. MOHOTOHHOCTH 000OMX
rpacMKOB 1O 7 ITOATBEPKIaeT OOOCHOBAHHOCTH WC-
MMOJIb30BaHUsT 04 M ¢4 B KayecTBe IoKasaTejieil TOK-
CHYHOCTH TTOTOKA 3asIBOK B CJTy9Iae MOJIEIN PhIHKA C 3a-
SIBKAMH €TUHUIHOTO 00beMa.

6.2 Mogenb pblHKa C 9KCITOHEHIMATbHBIMU
00beMaMU 3asIBOK

ITycTh 00BEMBI 3asIBOK MOKYMAaTeNIeil U TTPOJABIIOB
UMEIOT 3KCITOHEHIIMaIbHOE pacrpeneaeHue (puc. 5),
T.€.

Git)y=1—e"; F{t)=1-—e"".
1o e
0.8 i -
061 '
9— . 1
0.4} v B
10N
.// RN
0.2*/-} RN
! i N,
/ ' S
0.0'1 1 | | I~. =1 | 1 | |
0 1 2 3 4 5 6 7 8 9 10

Puc. 5 ®yukums npodusist TOKCUYHOCTH @+ (1) B MOZEIH
PBIHKA C 9KCITOHEHIIUATbHBIMU 00beMaMy 3asBOK JIIsI pa3-
HbIx Ha6opoB (AT, A7 b,a): 1— (3,1,2,1); 2— (5,2,2, 1);
3— (1,1, 1, 3). lTpuxnmyHKTHpHAas KpUBasi: BecoBast (DyHK-
ums w(u) — MIOTHOCTL raMma-pacrpenenenus I'(ud, ug?t)
npu up = 2

B ciygae, Korma IoKyImaTenu MmpeodIagaloT Hal Ipo-
maBiiamMu, T.e. AY/b > A7 /a, xapakrepucTHYecKOe
ypaBHEHHUE NMEET BU:

b a
+ - —
A {ZH—R 1}—’—)\ [a—R

otkyma R = (Ata—A"b)/(AT + A7) mim 0, a npopusib
MTHOBEHHOI TOKCUYHOCTH TTOTOKA 3asiBOK [15]

TN <_A+a——Abu>
P O e TP U T

—qzm

B cirygae, Korma IipomaBITbl IIpeo0IagatoT Haf IMTOKyITa-
TEJISIMU,

(a+b)AT

o (u) = mexp <—L)\+au> .

AT+

6.2.1 baiiecosckuii nokazamenv MCHOGEHHOU
MoKCcU4HOCMU

Ha mHoxkecTBe hyHKINI w(w), YIOBIETBOPSFOLIINX
yeaoBusiM (1), paccMoTpuM (DYHKIIMU, YIOBICTBOPSI-
OIIME TAKKE YCTIOBUIO

!ﬁm@m_

T.e. obecreuuBapIlue €IMHUYHYIO AMCIIEPCUIO CO-
OTBETCTBYIOIIEN CIydaliHOM BEIWYUHBI, WMEIOILIECH
¢dbyHkumio w(u) B KauecTBe IUIOTHOCTU CBOETO pac-
npeneaeHus.

s BIuMcaeHus: 6aiieCOBCKOTo MOKa3aTessi MTHO-
BEHHOI1 TOKCUIHOCTU BO3bMEM B KauecTBe w(u) TUIOT-
HOCTb TaMMa-pacnpeiesieHUs

00 2

l/xw@ﬂdm =1,

0

3)
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1 e—u/@

08 T(k)’

w(u) =u

rae I'(k) — ramma-dyHkuus Ditnepa:

—+oo

I'(k) = / th=te=tdt.

0

[TockoJIbKy MaTeMaTU4eCcKoe OXUAaHUEe W TUCTIePCHsT
cllydyaiiHou BeJnurHbI U, UMEIoLIei ramma-pacrpeae-
nieHue, paBHbI kO 1 k62 COOTBETCTBEHHO, TO C YUETOM
yenoBuii (1) u (3) 3HAYEHUS k 1 6 OmpenenstoTes 13
ypaBHeHni kO = ug m k6% = 1, otkyma k = v u 6 =
= ua 1

JIist ynoOcTBa 0003HAUUM

(a+Db)A™

+ _ —
a4 b _Ae—Ah
AT+ X7 )a

B = oo 0 @

BaitecoBckuii moka3aTelb MTHOBEHHON TOKCUIHOCTHU
paBeH

05 (ug) = / o (w)w(u

0

) du =

el efu/ﬁ

0% T'(k)

EP R /e‘(”“}*l)“u’“—l du =
0

= du:

(1 — 5877“) U

O*T (k

[t—ﬁfjlu] =1-

oo

/e _ th-1 0

(9w+1’fr ) 97+1)’f 1 Oy +1
_s

(67 + 1)*

dt =

=1-

Ilocne nmoacraHoBKM k 1 0 I10JIy4acM 3HA4YCHUE T10Ka-
3aTCIIAd

p

1 -7
(yugt +1)™

0+ (ug) =

6.2.2 Keanmunbuwlii nokasamenb MeHO8CHHOI
MoKCu4HOCMU

st 3amaHHOrO (v € (07 1) KBaHTUIIBHBIN TTOKa3a-
TeJIb MTHOBEHHOI TOKCHMYHOCTHM — DTO TaKO€ MUHU-
MaJjibHOE ¢, TP KOTOPOM

pi(ge) =1—Pe %™ > «.

Tak Kak (yHKIUS @ SBJISIETCSI HEIIPEPBIBHOM 110 ¢4,
TO JaHHOE HEPAaBEHCTBO MOXKET ObITh 0OpaIlleHO B pa-
BEHCTBO, OTKY/Ia ITOJlydaeM

Ing—In(1—a)

q+(a) = ~

3aMeTM, 4TO 0aiieCOBCKUIT M KBAaHTWJILHBIN TTO-
KazaTead TOKCUYHOCTHU SIBJSIIOTCSI MOHOTOHHBIMU 110
KaXXIOW U3 BEJIMIUH 0 1 .

7 PeanbHble TaHHBIE

B naHHOM pasiesie OMHMChIBACTCSI CTPYKTYpa JaH-
HBIX O TTOTOKAX 3asIBOK, Ha 6a3e KOTOPBIX MOXHO MPO-
BECTU BATMAALINIO MOJIEIH, TIPEIUTOXKEHHOM B ITaparpa-
e 6.2.

Jlajiee OIEHWM TapaMeTpsl MOTOKA 3asBOK AT,
A7, b U a B pexuMe CKOJB3SIIIEr0 OKHA U PacCuu-
TaeM GYHKIMY TTPOGUIsi MTHOBEHHOW TOKCUYHOCTH,
a TakKe M0Ka3aTeJIM MITHOBEHHOW TOKCUYHOCTH TTI0TO-
Ka 3asBOK 0(t) M ¢(t) B pexXuMe peabHOrO BpeMEHU
1 IPOAHATU3UPYEM a[IEKBATHOCTD TOJYYSHHBIX Xapak-
TePUCTHK.

7.1 Onucanue aHHBIX

PaccmaTtpuBaloTcst JaHHbIE O TTOTOKAaX BCEX 3asBOK
(IMMHUTHBIX, PRIHOYHBIX 1 3asTBOK Ha OTMEHY) Ha mep-
BBIE d = 5 YpOBHEM KHUTH 3asIBOK (bblouepca Ha MHIEKC
PTC (Poccuiickoit TOproBoit CHCTEMBI) 3a TIepuox ¢ 1
o 30 mrons 2014 . DTn JaHHBIE JAIOT JOCTYIT K CaMoit
JIeTaTbHOM MH(POPMAIIMU O PEIHOYHBIX TOpraX B OTJIN-
4yue OT JaHHBIX 0 caeiakax u KotupoBkax (TAQ, Trades
and Quotes), KOTOpbIE YACTO MCMOJb3YIOTCS JIJIsT aHa-
JIN3a BBICOKOYACTOTHBIX TAHHBIX W COCTOSIINX U3 IICH
1 00BEMOB CHEJIOK (UTO COOTBETCTBYET TOJBKO PhI-
HOUHBIM 3asiBKaM B TIOTOKE BCEX 3asiBOK), a TaKXkKe
nH(pOpMaLMU O lLieHEe U 00beMe JYYIIUX KOTUPOBOK
Ha MOKYIIKY Y MPOoaaxy (T.€e. TOJIbKO TMepBbIii ypOBEHb
KHHUTH 3asIBOK) C IIPOCTaBJICHHBIMA MOMEHTAaMM Bpe-
MEHMU.

B TtaGmmiie mpuBeneH MpuUMep JAaHHBIX O TTOTOKE
3agBOK sl (pbroyepca Ha nHaeke PTC u o Tom, Kak
BBITJISIAEN Cpe3 KHUTH 3asiBOK TTOC/Ie TPUX01a COOTBET-
CTBYyIOIIEH 3asgBKM. 3ameTnM, 4To Ha peiHKe FORTS
MIPUCYTCTBYET BCETO IBa THUIIA 3asIBOK: JTUMMTHEIC (L)
1 3asgBKM Ha oTMeHY (C), a MexaHU3M PBIHOYHBIX 3a-
SIBOK YYaCTHUKM PbIHKA PEaJu3yloT CaMOCTOSITeJIbHO
(oTmpaBisiss TUMHUTHBIC 3asiBKM C LIEHAMM, TapaHTH-
PYIOIIMMU X MOMEHTaJbHOEe MCIOJHeHue). TeMm He
MEeHee MMeeTCsI BO3MOXHOCTD OLICHUTH ITapaMeTPHI TT0-
TOKOB PBIHOYHBIX 3asIBOK B paMKax IIpeiaracMoif Mo-
JIeJId, paccMaTpuBas 1151 9TOTO TMTOTOKU TUMUTHBIX 3a-
SIBOK, KOTOPbIE MPUBOIMIIM K CAETKAM.
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[Tpumep maHHBIX O TTOTOKE 3asIBOK TS (hblouepca Ha nHaekc PTC

Bpemst Tun | Onpepauust | Llena, ye. | O6bem | b1, ve. | a1, ye. | o8 [ of |05 | 0§ | 08 | 0§ | 0f | vf | o8 |08
10:02:36,444 | L IMokymka 130020 2 130040 | 130050 | 2 | 4 | 22|23 |54 |22|81|31|759]20
10:02:36,445 | L | Tlpomaxa 130070 1 130040 | 130050 | 2 | 4 |22(23|55|22|81|31|759]20
10:02:36,465 | C | Tlokymka 130040 1 130040 | 130050 | 1 | 4 [ 22|23 |55]|22|81|31[759|20
10:02:36,473 | L IMokymka 130050 3 130040 | 130050 | 1 | 1 {22(23|55|22|81|31|759]20

7.2 Ilpouenypa oLieHKH ITapaMeTPOB

Pa3obbeM OOuMH M3 pacCMaTPUMBAEMBIX TOPIOBBIX
naHei (1 miosst 2014 ) Ha BpeMeHHbIe MHTEPBAJIbI C I11a-
roM 7 = 15 ¢. TIpyu 3TOM MCKITIOUYMM WMHTEPBAJIBI
BpeMeHHu B 5 MuH Topros (¢ 10:00 mo 10:05), a Takxke
B nocienHue 5 MuH ToproB (c 18:40 mo 18:45), mo-
CKOJIbKY OHM XapaKTePU3YIOTCs aHOMAaJIbHBIMU BCILJIE-
CKaMU BOJIATUJIbHOCTH, €1a00 MOAJAOIIENCs aHAIU3Y
B paMKax IpeICTaBJIeHHON Mojieu. BHyTpH Kaxmoro
T-UHTEpBaJIa ITPOBEIEM OLICHKY MapamMeTpoB AT, A7, b
M a COIJIACHO MOJIEIN PhIHKA ¢ 9KCIOHEHIIMATbHBIMU
obbeMaMU 3asIBOK, IpenjioXeHHO! B maparpade 6.2.
Pesynbrar olleHKM mapaMeTpoOB B PEXUME peaabHOTO
BpeMEHU U300paxeH Ha puc. 6.

7.3 TlokazaTtenn TOKCUIHOCTU

Ha ocHoBe oueHOK g AT, A\~ , b 1 @ MOKHO BBIUHUC-
Tk 3 U 7y, a 3aTeM TOCTPOUTH TpadUKM mokasaresieit
MTHOBEHHOU TOKCUYHOCTH ITOTOKA 3as1BOK 0 (o) M q(cv)
I1s1 GUKCUPOBAHHBIX g U v B peKUME PeaibHOTO Bpe-
MeHHU (puc. 7) U MIEHTUDULIMPOBATh yYaCTKU, HAa KOTO-
PBIX IESITETLHOCTD MTOKYTIATeIeil WK TTPOaBIIOB ObLIa
ToKcuuHOU. [IpuKinagHbie uccaenoBaHus IEMOHCTPU-
PYIOT TOCTATOYHYIO 3HAYMMOCTh TAHHOTO TTOKAa3aTest
IISI CBOEBPEMEHHOI WACHTU(hUKAIIMU YIaCTKOB He-
OJIaronpusITHOro 0T00pa MapKeT-MeMKepoB.

400

7\(#’
200

A

-200 -

-400

-600 1 1 1 1
0 20 40 60 80

T

|
100 120

8 3axkiouyeHue

B manHOI1 paboTe paccMoTpeHa MUKPOCTPYKTYPHASI
MOJEeINTb PEIHKA, B KOTOPOIT ITOTOKM 3asTBOK MOIETNPY-
I0TCSI ITyaCCOHOBCKUMU TpOlLieccaMy ¢ TTOCTOSIHHBIMU
MHTEHCUBHOCTSIMU (Takasi amImpoKCUMaIlvsi BO3MOXK-
Ha Ha HeOOJBIIMX BPEMEHHBIX MHTepBajiax). B Ka-
YeCTBE MHTETPAIbHOTO MHANKATOPA TEKYIIETO COCTO-
STHUST KHUTU 3assBOK TIPUMEHSIICST TUCcOalaHC TTOTOKa
3asBoK (order flow imbalance), KOTOPBIil MCIIOIB3YeT
HE TOJIbKO TeKYIIIME 3HAYSHUST HAUTYYIIUX LIeH MOKYTI-
KU U MPOoAaXu, HO U BIMUSIHUE COOBITUM «B TITyOUHE»
KHUTH 3aIBOK 1 TTOTOMY MEHSIETCSI CYIIIECTBEHHO OBICT-
pee ¥ TTO3BOJISICT MHTEPIIONPOBATh TMHAMUKY PBIHKA
MEXIY U3MEHEHUSMU LIEHBI, B YaCTHOCTU OTCJIEXKU-
BaThb CUTYyallMM, CBSI3aHHBIE C TOKCUYHOCTHIO IMOTO-
Ka 3asBOK. B pamKkax paccMOTpeHHOIl MOJeNu ObLIU
BBEIEHbI TaKWe MOHSATUSI, KaK MTHOBEHHBII TTPOoGhUIIb
TOKCUYHOCTH, a TaKKe 0aileCOBCKMI U KBAaHTWJIbHUIA
ITOKAa3aTeNIM TOKCUIHOCTH, PACCUYNTHIBAEMbIe Ha OCHO-
BE MapaMeTpoB, OMUCHIBAIOIIMX MOTOKU BCEX 3asBOK.
DT MokazaTesId pacCUMTBIBAIOTCS [UIST IBYX MOJIEIb-
HBIX TUMOB MOTOKOB 3asIBOK, B MEPBOM U3 KOTOPbIX
3asIBKM UMEIOT eAMHUIHBIN 00heM, BO BTOPOM — 00b-
€M 3asIBOK SIBJISICTCS CIIyJalfHBIM M MMEIOIIAM ITOKa-
3aTellbHOe pacripeneneHue. s mociemHel M3 OBYX
Mojesiell Oblla MpoBeleHa Balualivsl Ha peasbHbIX
naHHbIX (dbroyepc Ha uHaekc PTC) u 6bu1u mocTpo-
eHBI TT0Ka3aTeJId TOKCUIHOCTU B PEXXMME pPeaabHOTO

20
10 nn ; h ‘

a
-10+

|
100

b;a

120

Puc. 6 Ouenka mapameTpoB AT, A7, b 1 a B peXuMe peabHOTO BpEMEHHU (Cepblii LIBET — MHTEPBaJIbl J10BEPUs), OCh T —
HOMeEp COOTBETCTBYIOIIETO T-MHTepBaja ((priodepc Ha uHAeKe PTC, nHeBHas ceccus 01.07.2014)
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Puc. 7 Tpacdwuku 5 u ~, paccuntaHHbIX 110 hopmyaam (4),
0aiieCOBCKOTO M KBAHTUJIBHOTO MMOKAa3aTeeil TOKCUYHOCTU
B peXMMe peaslbHOTO BpeMeHHU, OCh & — HOMEP COOBETCTBY-
ouiero 7-uHTepBana (pwroyepc Ha uHaekc PTC, nHeBHas
ceccus 01.07.2014)

BpeMeHHU. [lpenoxkeHHass METOAMKA pacueTa IoKa3a-
Tejleil TOKCUYHOCTH Ha OCHOBE MHMOPMALIMK O TIOTO-
Kax BCEX 3asBOK SIBIISICTCST TIEPCIIEKTUBHOU U MOXKET
OBITH pacIpocTpaHeHa Ha MOJEIU pbIHKA C HEOIHO-
POIHBIMU UHTEHCUBHOCTSIMU IIOTOKOB 3asIBOK.

ABTOp CTaThy BbIpaxKaeT OrPOMHYIO 0JIar0AapHOCTD
CBOEMY HayYHOMY PYKOBOIUTEIO TTpodeccopy Bukro-
py OpbreBruy KoposieBy 3a 1ieHHbIE UIeH U 3aMeYaHUsl,

a TakKe CTyleHTaM (paKyabreTa BEIUMCIUTEIBHOW Ma-
TeMaTuKu 1 kubepHetuku MI'Y um. M. B. JlomoHoco-
Ba [lappe Hukonaituyk u [enane XaseeBoii 3a MoMolIlb
B IIOIFOTOBKE MaTepuajia CTaThH.
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ACUMIITOTUYECKUE CBOMCTBA OLIEHKH PUCKA B 3AJAYE
BOCCTAHOBJIEHHUA N30bPAXKEHUA C KOPPEJIMPOBAHHbBIM
LHTYMOM IT1P1 ObPALLIEHWU ITPEOBPA3SOBAHWA PAJJOHA*

A.A. Epomrenxko!, O. B. [llectakos?

Abstract: B mocnemHue roapl BeiiBIET-METONbI, OCHOBAHHBIE HA PA3JIOKEHUU TMPOEKIMI M0 CMEeUaTbHOMY
6a3ncy ¥ MoCeayoleil poLenaype MoporoBoii 06paboTKM, MIMPOKO MCIIONB3YIOTCS TPU PEIIeHNH 3a1ad pe-
KOHCTPYKITMY TOMOTpadrIecKux n300pakeHnii. X MpuBIeKaTeIbHOCTh 3aKJII09aeTCsl, BO-TIEPBBIX, B OBICTPOTE
aJTOPUTMOB, & BO-BTOPBIX, B BOBMOXHOCTH PEKOHCTPYKIINHU JIOKAJTbHBIX YIaCTKOB N300paXKeHUsI TI0 HETIOJTHBIM
MPOEKIIMOHHBIM AaHHBIM, YTO MMEET KJTI0UeBOe 3HAUeHUe, HAlpuMep, IS MEAUIIMHCKUX TPUIOXKEHUH, Tae
MalKMeHTa HeXeNlaTeJbHO MOABepraTh JUIIHEH 103e 00IydeHUsT. AHAaIu3 TOrPElTHOCTEN 3TUX METOIOB Tpe/-
CTaBIIsIET COOOI BaxKHYIO TTPAKTUIECKYIO 3a/1auy, TOCKOJIBbKY TTO3BOJISIET OLIEHUTh KAYeCTBO KaK CaMUX METOIIOB,
TakK U UCMOJIb3yeMOro obopynoBaHus. B pabote paccMmaTtpuBaeTcst 3amavya olleHKH (DYHKIIWU MPU OOpaleHun
oneparopa PamoHa B Monei ¢ KOppeIMPOBAaHHBIM IIyMOM. KcclienyloTesi acCMMIITOTUYECKUE CBOMCTBA OLIEHKU
prcka TpU TIOPOTOBOI 00paboTKe KO03Gh(MUIIMEHTOB BENBIET-BeTIET-pa3noXkeHus: GyHKIUN M300pakeHMsI.
[MpuBoxsTCs yciaoBUsl, IPU KOTOPHIX MMEET MECTO aCUMMTOTHYECKass HOPMAaTbHOCTh HECMEIIEHHOU OIeHKM
pucKa.

KoiroueBble cj1oBa: BeiiBIIEThI; JIMHEHHBIN OMHOPOIHBINA OnepaTop; MpeobpazoBaHue PagoHa; moporosast oopa-

60TK3.; HECMCIICHHAas OLCHKA pUCKa, KOppeJ’alOBaHHHﬁ HIyM; aCUMIITOTUYECKadA HOPMaAJIbHOCTb

DOI: 10.14357/19922264140404

1 Bsenenue

MeTombl CTATUCTUYECKOTO aHajIM3a J4acTo IIpuMe-
HSIIOTCSI i1 pellleHus 3ajay, B KOTOPbIX JaHHbIE Ha-
OI0AI0TCST HE HAMPSIMYIO, BYACTHOCTU JIJIs 33724 KOM-
MTBIOTEPHOI TOMOTpad, CBSI3aHHBIX ¢ 0OpaIllleHNEM
npeobpasoBaHusi Pagona. Tomorpaduueckue METOAbI
PEBOTIOIMOHU3UPOBATI MEIUITMHCKYIO THAaTHOCTHKY,
ITOCKOJIbKY TO3BOJIMJIN «YBUIETh» BHYTPEHHUE Opra-
HbI 4YeJioBeKa, He ToABepras mnalyeHTa OIMacHOCTH.
OTU METOIbI MPUMEHSIIOTCS TAKKe B T€OJIOTUU, acTPO-
HOMWHU, CEHCMOJIOTUH, 3JIEKTPOHHON MUKPOCKOITHNH,
MUAaTHOCTHUKE TIIa3Mbl, XUMUUA ¥ BO MHOTUX JIPYTUX
obsactsix. PaccmaTpuBaeTcs cienyolias MOAeb:

X=Rf+~z,

rne R — omneparop PamoHa; f — uckomas yHKIMS
U300pakeHUsl; z — KOPPEJIUPOBAHHBIN LIIYM C HyJe-
BbIM MaTeMaTUYECKUM OXUIaHUEM.

Js TOro 4TtoObl «OUUCTUTL» LEJEBYIO (DYHKLIMIO
(1300paskeHMe) OT IIyMa, UCTIONIB3YeTCsI TOPOroBast 00-
paboTka K03 (UILMEHTOB BEUBJIET-BEHUTIIET-Pa3IokKe-
HUS HaOIoAaeMbIX JaHHbIX. Hamuuue mryma npuBoguT

K TtorpentHocTsIM. OIIeHKM 3THX TTOTPeITHOCTe (puc-
Ka) U UX CBOMCTBA B MOJEJSIX KOMITbIOTEPHOI TOMO-
rpauu ¢ He3aBUCUMBIM LIIYMOM MCCJIEA0BAINCh B pa-
oote [1]. [Toka3aHo, UTO IPK OIpeaeIEHHBIX YCITOBUSIX
OIIeHKa pHrCcKa 00JIamaeT CBOMCTBAMU COCTOSITETbHOCTH
1 aCUMIITOTHYECKOIT HOpMaJIbHOCTH. B maHHOIT pabo-
Te UCCIeAyeTCsl aCUMIITOTUYECKOE MOBEICHUE OILIEHKU
pUCKa B MOEIH CO CTAllMOHAPHBIM KOPPETMPOBAHHBIM
LIYMOM.

2 IlpeobpaszoBaHue PagoHa:
BEUBJICT-BEUIJICT-PA3JIOKECHUE
(pyHKUIMMU

Onpenenum omnepatop PamoHa R kKak Habop WH-
TErpajioB OT MYHKIMU f ITO0 BCEBO3MOXHBIM TTPSIMBIM
TUTOCKOCTH:

(Rf)(s,0) = | f(z,y)dl,
!

raec

Lsg={(z,y): xcosh +ysinh —s =0} .

*Pabora BbITIOTHEHA MTpH (hrHaHCcoBoi ognepxxke PH® (tipoekt 14-11-00364).
MockoBckuii rocynapcTBeHHbI yHUBepcuTeT UM. M. B. JloMoHOCOBa, (DakyabTeT BBIYMCIUTENLHOM MAaTeMAaTUKU U KMOEPHETUKHU,

Kadeapa MaTeMaTUUECKOM CTaTUCTUKM, aeroshik@gmail.com

2MocKOBCKUii TOCYIapcTBeHHbIN yHuBepcuTeT uM. M. B. JloMoHOCOBa, (haKy/ibTeT BHMUCIMTENHHON MATEMATHKU U KUGEPHETUKH,
Kadeapa MaTeMaTUYECKOM CTaTUCTUKK; MHCTUTYT nipobsieM nHdopmatuku Poccuiickoii akaneMuu Hayk, oshestakov@cs.msu.su
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ACHUMIITOTHYECKHE CBOMCTBA OLIEHKU PpHUCKaA B 3a1a49€ BOCCTAHOBJIICHUA I/I306pa}KCHI/I${ C KOppEJIMpOBaHHBIM IIIYMOM

3agaya ToMorpacduu — BOCCTaHOBUTH (DYHKIIMIO
10 HabopaMm ee JTUHENHBIX UHTETPAJIOB, T. €. BOCCTAHO-
BUTH f 1o Rf. Jlns perieHust 3Toit 3a1a4r BOCTOJIb3Y-
eMCsI METOJIOM BEeIBIIET-BeMTIEeT-pa3ioxeHus [2].

Iycth 3amanbl ¢(x) U Y (x) — OTLHOBCKUEI U MaTe-
pPUHCKUI BeWBNETH. Torma MOXXHO OTIPEAeNTh:

1/13[}]]917]62 (z,y) =27¢(27x — k1)y(27y — ka) ;
BB (@y) = 292 — k)@Y —ks); ¢ (1)
VB (e,y) = 292 — k) (2T — k),

CeMeiiCTBO {1/)[ i kz} 06pasyeT OPTOHOPMUPO-
’ X5k ,ke

BaHHbIi 6asuc B L2(R?). Unnekc j B (1) HasbIBaeTCs
MaciTaboM, a MHICKCHI k1 U ko — caBuramu. DyHK-
1S ¢ NOJKHA YIOBIETBOPSTH OMpPeNeIeHHBIM TPeOo-
BaHUSIM, OJHAKO €€ MOXHO BbIOpaTh TAKUM 00pa3oM,
YTOOBI OHA 00JIafaa HEKOTOPBIMHU TTOJIE3HBIMU CBOIA-
cTBaMU, HarpuMmep Obl1a I epeHIupyeMOoit Hy>KHOE
YUCIIO pa3 M MMella 3afaHHoe Ynuciio My HYJIeBbIX MO-
MEHTOB [3], T. e

o0

/ thap(t) dt

— 0o

k=0,...,My—1.

B nanHoli paboTe nmpearnonaaraeTcs, YTo UCIONb3YIOTCS
BeliBeTel Meiiepa [4] ¢ HOCTaTOUHBIM KOJIWYECTBOM
HETIPEPBIBHBIX TTPON3BOIHBIX.

BeiiBner-pasnoxeHue QYHKINT f UMeeT BUI:

f = Z <f’ wj['?lllyk2>wj[f\l]€1-,k2' (2)
Agsk1,ke

Ha mpakTuke B 3amade Tomorpacdmu GpyHKOusg f
OObIYHO 3aJaHa B JOMCKPETHBIX OTCYETaX Ha Kpy-
re. be3 orpaHuyeHuss oOLIHOCTU OyAeM CUYUTATh,
YTO 3TO KPYT €AMHUYHOTO pajaudyca ¢ LEHTPOM B Ha-
yaje KoopaumHaT. bymeMm paccMaTpwBaTh «pacTsSHY-
Ty1o» Bepcuio GyHkuuu f(Nz, Ny) = f(x,y). Hna
MHUCKPETHBIX BEUBIIET-KO3(D(GUIINEHTOB CITPAaBEITNBO

[A] A
i ~ 27 <f’ ¢4£'7/]€17/€2>

Jken ks . Takxe morpedyeM, 4TOOBI
¢yHKIMS f ObUTa paBHOMEPHO peryjspHoit mo Jium-

LIUILY C HEKOTOPBIM napameTpom 0 < v < 1:
v/2
) = flez )| < O — 2ol +lyr —al’)

rne C' — HeKOTopasi KOHCTaHTa.
KOHCTaHTa A Takasi, uto [4]:

Torma cyiecTByeT

Wi A-27
1 = 2j(’¥+1) ’

j k1, k2

3)

Hna oOpaimieHust omneparopa PagoHa omnpenenum
BelmIeTsl [2]:

A — A
€£71117/€2 =1 1R1/}4£'7/]€1,7€2 ) 4)

rae I — nmortentman Pucca: 17g(w) = |w|?§(w). Ds
BEWTJIETOB CIPABEITMBO COOTHOIICHME:

(R 4] = (1l L)

KOTOpOE TO3BOJISIET UCIOJb30BaTh B pa3ioXeHUU (2)
TOJIKO MTPOEKLIMOHHBIE JaHHBIE U TEM CaMbIM Tpeia-
raet MeToj oOpalleHus nmpeodpa3zoBaHust PagoHa.

3  Mouenb TaHHBIX

IMpeanoaoxuM, 4TO MPOESKIIMOHHBIE JTaHHbIE W3-
Mmepsitotest ipu (s, 0) € [—1,1] x [0,w]. Ilycrs {e; j,
i,j € Z} — crallMiOHapHBIA TrayCCOBCKUII MpOILIECC
C KOBApMaLMOHHOI IOCJIEIOBATEILHOCTBIO Ty, =
= cov(e; j,€itk j+p). s BBIOOPKU C pasMepamu
n = m MOJENb MPOCKIIMOHHBIX TAHHBIX C IIYMOM BbI-
DIISIUT CIEIYIOINM 06pa3oM:

n=27.

CTpyKTypa KOBapHMalliy IIymMa Uil IIpeoOpa3oBa-
Hus PagoHa noyKHA oTpaXkaTb TUIIMYHYIO CUTYaIMIO:
Ha MpakTUKe MPOEKILUU ISl Pa3HbIX YIJIOB PETUCTPHU-
pyIOTCS He3aBMCHUMO ApPYr oT apyra. B paccmarpu-
BaeMOl MOAENM OLIMOOK MONYyJaroTcsl He3aBUCUMBIE
HaOIIOAEHUS B C/Tyyae pa3HbIX YIJIOB U CTAllMOHAPHBIN
rayCCOBCKMI IIIYM C HYJIEBBIM MaTeMaTUYECKUM OXU-
MAHWEM, KOHEYHOUN AUCHEPCUEN U KOBAPUALIMOHHOM
MMOCJIEIOBATELHOCTRIO 7's ~ A~ (0 < a < 1) mis
OJIMHAKOBBIX YIJIOB.

Kak u B omHOMepHOM ciydae [5], co3maeM st paB-
HOMEPHBIX OTCYETOB HabJonaeMoe mose mnpu (s, ) €
€[-1,1] x [0,7]:

[n(s+1)/2] [n6/x]
Yo(s,0)=—5 > > Yi;j=RF,(s0)+
i=1 j=1

n

[n(s+1)/2] [n0/x]

T Y. D i
i=1 j=1
rue
| (1721 06/ % in
Fn(s,e):F > Rf( L+ =, ;>

i=1 Jj=1

MIPEICTaBISIET COO0I CyMMapPHbBIil «CUTHA» T1OJIS.

Monoxum H = 1—a/2, H € (1/2,1) u onpeneanm
npo6GHOe GpoyHOBCKOe nBUXeHue By (s) — rayccos-
cKUit mpoiiecc Ha R ¢ HyJI€BBIM CPeIHUM M KOBapua-
LUOHHOU (hyHKLIMEH

r(s,t) = Mz

(s + s —[s —t1*7), s,t R,
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raec

—T'(2—2H) cos(mH)

Jlanee mo aHaJOruy ¢ MOJIENbIO, OMMUCAHHOI B [5],
paccMaTpuBaeM HePePLIBHYIO allIIPOKCUMAIINIO;

Y (s,0) = RF(s,0) +n~(FT9/2:B 1 (5,0),  (5)

rie 7 = /2A/((1 — @)(2 — @)) — HOPMHUPOBOYHBIIi
MHOXMTENb, KOTOPbIA 0€3 OrpaHWdYeHUs OOIIHOCTU
najee 6yz[eM CUMTATh PaBHbIM eaunuie, RF(s,0) =

f fRf (t,q) dtdq, a B’ (s,0) — cnyqaiinas pyHK-
~10
IIWsSI, KOTOpasl I KaXXaoro (pUKCcHpoBaHHOTO yria 6
MpeAcTaBiIsieT co00il APOOHOE OPOYHOBCKOE IBMXKE-
Hue By (s) 1 UMeeT HeKoppeIMpoBaHHbIE MpUpalie-
HUs 110 6.
ITpumenss K (5) BeirneT-pasnoxeHue, moaydaeM:

v D = [RE €N, [ 02 (B €,
{Y §J[,k1,k2} <f77/13[‘:\111,k2>+" (1e)/2 [B/ afgj\lll,kz}

Ilepexonst K MMCKPETHOMY BEMTIIET-IIpeoOpa3oBa-
HMIO M BCTIOMUHAs, 4To n = 27, Mo aHaIorum ¢ auc-
KPEeTHBIM BEIBJIET-TIpe0Opa3oBaHEM TIOJy4aeM MO-
JIeNTb TUCKPETHBIX BEUTIIET-KO3(DGDUIIMEHTOB:

X A

Dhke = 1Dk, gy 20707720

€jker k2

rae
A A
ug}gﬁﬁz =2’ {Rf’ §£)111ka:| )
A
€£7/]€1,k2 [B/H’gj[,f]ﬂhkz} - /5[ k17/€2 B’y .

W3 (1) u (4) nosyyaeM BbIpaxkeHUs ISl Ipeodpa-
3oBaHUit Dypbe BelreT-PYHKIMIT ITO0 TIEPBOMY apry-
MEHTY:

1]
€Mk (w,0) = ] -
x $(27 7w cos 0)1h(2 T wsin ) ;
9= gi(k1 cos O+kz sin 6)2 7w

9= pi(k1 cos O+kz sin 6)2 7w 5

R (w,0) = |w| -

x (277w cos 0) (2 T wsin ) ;

X

€8 1w, 0) = |w| -

X 12)\(2*3'11) cos 9)121\(2”'11) sin ).

27jei(k1 cos O+kasin0)2 T w %

PaccmoTtpuM koBapmuanuio Ko3GpGUIMEHTOB MOJENH,
Hanpumep st (A1, \2) = (3,3). TIpoBemem wuHTe-
TPUPOBAHUE TI0 YIJIy W BOCIIOJB3YeMCSI CBOMCTBAMU
By (s) [5]. be3 orpaHn4eHusT OGIIHOCTH CYMTAEM, YTO
j > i. 0603HauuM A = j — i. Umeem

(3] (3] —
‘ cov (ijkl_’kyXiylhb) ‘ =

[eY <3
} 201~ )J// ]kl kz zl]l 12(w g) x
2iz(l*@t),] // 27j7iw2 X
T

ei((kl cos O+ka sin )27 — (I cos 0412 sin 6)2~ ) w

X |w|~(A=) dwd@’ =

X

x (27w cos B)1h (2 wsin A) x

x (2w cos B)1h (2~ wsin 0) jw|~ =) dwdf| =

(coemaem 3aMeHy w’ = 27w 1 nepeiieM OT MONAPHBIX
KOOPAMHAT K IEKaAPTOBBIM: w1 = w cos #, wy = w sin )

ZL 2(170()‘] . 2’L’0¢7A X
™

% //ei((k12’A—l1)w1+(k22’A—l2)w2) %

1+a)/2 5~ e —
2 St w2 ws) x

x ‘wf —i—wz]
x (w1 (ws) dwydws | <

(BOCTIONB3yeMCSI  CIIEIYIONIMM CBOWCTBOM BEWBIETOB
Meiiepa [5]: npu mo0oM HatypaibHOM My cyle-
crByeT KoHcraHTa Cpy, > 0 Takas, 4ro [¢(w)| <

M
< O [w|™o lwesupp(@))

2
C]Wo 2(1 a)J 27,01 A

/ / ei((k127 Al wi4(ke272 —la)ws) o

supp )supp )

|’LU + w2 |(1+a)/2 92— QAA{g(w w )IL[O ~

<

=

X z/J(wl)zZ(wg) dwldw2 S

(mpeamnoyioXkuM, 4TO BbIOpaHHBIN BeiiBaeT Meiiepa
MMEET JIOCTAaTOYHOE YKCJIO HEMPEPBIBHBIX l'IpOI/I3BOI[—
HBIX, 4TO0BI YHKIMA g(w1, ws) = |w? + w3|(1T)/2x

x 27 28Mo (1) g ) Moa)(wy )1h(wo ) MMena My HeTTpepbIB-
HBIX ITIPOM3BOIHbIX I10 w1 Y Wa, U BOCIIOJIb3YEMCsI CBOM-
cTBaMU obpaTHOTO IpeodpaszoBanust Dypbe)

S 2(170()‘] . 2’i0¢ . 27(1+2M0)A x
C//

ko278 =M k272 0y

My

¢ HeKoTOpoit KoHcTauToit C” > 0.
OTIeNbHO BBIIENUM Ciydait ki - 272 = [4 1 ko X
x2~A = [,. MOXHO TT0Ka3aTh, 4YTO B 3TOM CJIyJae

‘cov (X[/\]l . x )’ < C, . 9/(1-a)tia—(2Mo+1)A
Jsk1,k27 —

01,02
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¢ HekoTopoit KoHcTtaHToi C. > 0. AHaJOrMYHO pac-
CMaTpPUBAIOTCS CIIydau, Korma k1 -2~ 2 = i nky- 272 =
= [9 BBITIOJTHEHBI HE OMHOBPeMEHHO. BapuaHThI Apyrux
KOMOUHALUH (A1, A2) PACCMATPUBAIOTCS] AHAJIOTUYHO.
O6o3naunm M’ = —(2M; — 2My — 1) u BbiGe-
peMm My Tak, yro M’ > 0.
Torna

By (A
‘cov (Xj7k17k27Xi7l17l2)‘ <

c'. 2J(17a)+ia7(2M0+1)A npu ky - 9-A _ ll,
ko 272 =1y
o(1—a)J+ia—M'A
’ﬁ npu ki - 272 =1
|ka — 2%1,|
< 2(1—a)J+ia—]\4/A (6)
— npu ky - 272 =1y
M )
|ky — 280
2(1—a)J+io¢—M'A
! MHaJe
Iky — 220 | ™ [y — 220"

¢ HEKOTOPOit KoHcTaHToi C’ > 0.
Hucnepcust njist Ko3(h@UIIUEHTOB MOJEIN UMEET
BULL:

03,5 = Cra - 20707 . 20, (7)

rae koHcranTta C) , 3aBUCHUT OT TapameTpa « W BbI-
OpaHHOTrO BeliBeT-6asuca.

4 TloporoBasi 06paboTKa 1 OLieHKa
pucka

CMBICTT TIOPOTOBOI 00pabOTKM KO3(PDUILIMEHTOB
BEUBJIET-BEUTIET-pa3IOKEHUST 3aKI0UaeTcsl B yuaje-
HUU IOCTATOYHO MaJeHBKUX KOA(DOHOUIIMEHTOB, KOTO-
pble cumTaloTcsl rymoM. bymeMm paccmarpuBaTth Tak
Ha3bIBAEMYIO MSITKYIO TOPOTOBYIO OOpabOTKy C TIO-
porom T} j, 3aBucAlMM OT ypoBHA j. K kaxmomy
k03 duLMeHTy npumeHseTca QyHKuus pr, [ (r) =
= sgn () (|z| =T\, ), T.e. Npu TaKoil MOPOroBOi
00paboTKe KO3 UIMEHTHI, KOTOphIE I10 MOIYJIIO
MeHblIe ropora 7'y ;, OOHYJIAI0TCA, a ADCOIOTHBIE BE-
JIMYMHBI OCTAIbHBIX KO3(POUIIMEHTOB yMEHbILIAIOTCS
Ha BeimuuHy nopora. [lorpeirHocTs (M pUcK) Msir-
KOl MOPOroBoii 00paboTKM OIpeAeseTcs CAeIyIOIUM
o0pa3zoMm:

X}fg17k2))2 . (8)

B [6] mpemrtoxeHo ucmonb3oBath mopor 1) ; =
=/21n22%0, ;, Ha3BaHHBII YHUBEPCAIbHBIM. B nanb-
HelilreM OyIeT MCIOJIb30BaThCsl MMEHHO TaKOW BUIL

— PTy; (

nopora. B BblpaxeHuu (8) MpUCyTCTBYIOT HEU3BECT-
HbIe BEJIUYNHBI ”j/,\kl, kp» TTOOTOMY BBIYMCIUTD 3HaYe-
Hue Rjy(f) Henmb3st. ODHAKO €ro MOXHO OIIEHUTb.
B kauecTBe OIleHKM pUCKa MCTIONb3YyeTCS CIeAylomias
BeJIM4uHa [4]:

27 _1

ZZB: [( akl,k2)2=TA,j=0A,j], 9)

z, T, cr) = (x — ‘72)1\1\ST + (02 + T2) 1>
Benmunna R 7(f) sABJIsIeTCS HECMEILIEHHOM OIIEHKOMI
st Ry(f) [4]. B pabore [1] ucciempoBaniuch acum-
MITOTMYECKUE CBOMCTBA OlleHKH (9) B MOzeIN C He3a-
BUCUMBIM IIYMOM. bBbIJIO TTOKa3aHo, 4TO IMPU OIpe-
JIEJIEHHBIX YCIOBUAX IJIaJKOCTH 3Ta OLIEHKA SIBJISIETCS
COCTOSITEIbHOI U AaCUMIITOTUYECKM HOpMaibHOM. [la-
Jiee OyIeT UCCIIeOBAHO aCUMIITOTUYECKOE ITOBEACHIE
orieHKH (9) B MOIENMM TaHHBIX C JTOJITOCPOYHOM 3aBH-
CHMOCTBIO, pACCMaTPMBaEMOM B JaHHOM padore.

MLA
HM o

roe F

~—~ O

5 BcnomoraresbHble pe3yabTraThbl

BBezem crienyioliee 0003HaYeHUE AJIsI TOCTIEI0BA-
TeJILHOCTEN: a; ~ by, eCln Jlim (ay/by) =1.
— 00
Jemma 1. Jas awooix 0 < oo < Luy > (14 a)”
gvinoansemes D% = DR, (f) ~ C - 2*7, 2de koneman-

ma C 3aeucum om « u 8b10paHHO20 eelienem-basuca, HO
He 3asucum om QynKyuu cuenana f.

HokazatenbcTBO. [lockonbky v > 1/(1 + ), TO
1/(1+~) < (1 +«a)/(2 + «). Boibepem p”’ Tak, uro
1/(14v) <p” < (1+a)/(2+a)up”J —uenoe ancio.
Torma B cuiy (3) u[j”\}%h — O0mmsaBecex j:p'J <j<J
rpu J — oo. Pazo0beM BeipaxkeHue (9) Ha ABE CYMMBI:

e RS
= ZF{(Xj,kl,kz) =T%-7"°“J] *
. 23 w2
+ F[(Xj,kl,kg) ,T>\7j,0)\)j:|.

IMockompKy cymiecTByeT KoHCcTaHTa C'r > 0 Takasl, 9To
2
(Al . 1—-a)J . 9j
r |:(Xj,k1,k2) T UAJ':| < Cpj - 20797 2% 10
TS0 HepBOﬁ CYMMBI UMEEM:

pJ2i 1271

39 S5 3p SI[C N RENEN] | E

7=0k1=0k2=0 A=1

p’J2i 1271

S5 35 39 3 W ECCIIETE

j 0]61—0]62 0A=1
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;D”J 3

<Cp- 2(1 a)J j- 2j(2+a) < C};J . 2J(l—a+(a+2)p”) (10)
J=0 A\=1

[

¢ HekoTopoit KoHcTaHToi C' > 0. danee,

27

DR;(f) = Z Z Z Z {( Jk, k) =TAJ’0AJ] +
J—12"—12"—1

3 J- -1 3
+ 3% Z Z Z Z Zcov (F [(X}’)i]lz) ,Tm,%,i] F [(XM )2,TA2J-,UA2_J-D .

Jik1,k2
’LOll OZQO —k2 0)\2

TJIe BO BTOPOI CyMMe TIpenmoiaraeTcst, 9to (A1, 4,11, 1) # (e, j, k1, ka)
CyMMy IHCITEPCHIA Pa300bEM Ha IBE CYMMBI:
pJ2i—19 N ) 12 )
SN Sor () ]+ 5SS Sor[(x8) B
§=0 k1 =0 ky=0 A=1 J=p'" J+1 k1 =0 ky=0 A=1

IMockonbky p” < (14 «)/(2 + «), u3 (10) cneayet, 4yTo TIepBasi CyMMa UMeeT MEHBIIIHIA MTOPSITIOK, YeM BTOpast
51 BTOpOii B cuity BeiOOpa rmopora u (7) cripaBeiIuBO

127 9 J—-1 29-121-1 3 9
ol o~ BY _
23222whm@@4-z:zzszm—
J=p"" J+1 k1=0 k=0 A=1 J=p"" J+1 k1=0 ka=0 A=1

— 2],1 2J

—12/—
/ 4J
g E E Cl 20 0’ —|—u77k17k2 ~ g E g 2010 ~(C, -2
G=p"' J4+1 k1 =0 ko =0 G=p"' J4+1 k1 =0 ko =0

rne C; u C!, — HEKOTOpbIe MOJIOXUTENbHbIE KOHCTAHThL. Jlanee mepeiiieM K cymme koBapuaimii B (11).
AHAJIOTMYHO CYMME IUCIIEPCU nMeeM:
J-120-12"~-1 3 J-127-12/-1 3
r X[)‘l] 2 T F X[>\2] 2 T ~
cov idida ) oM O] Gik1ka ) A2, TAad -
i=0 1;=0 l5=0 A1 =1 j=0 k1 =0 ka=0 Ao—=1

S 515 55 35 20 b 3p o U (N g B

UsBectHo, uTo cov (X2,Y?) = 4EXEYcov (X,Y) + 2cov? (X,Y), ecnu Bektop (X,Y) MMeeT AByMepHOE

HOpMaJIbHOE pacripenesienue. Tak e, Kak B padote [ 7], MOXKHO IToKa3aTh, YTO aCUMIITOTHKA TIEPBOTO CIaragMoro
MeHbIIIe BTOPOTO, a [IJIsl BTOPOTro B cuily (6) CipaBeIMBO

12° 27 —

LY S S ST e (s -

401,027 “7 g,k ke
i=p"’ J+111=0 lo=0 A1 =1 j=p"’ J+1 k1=0 ko=

3 3 -1 2t-120-1J-1—i 2itA_q 2itA 1
_ [A1] [A2]
=) > Z Z Z > > o (kB XD <
— — > // —
A1=1Ao=1i=p"" J+111=0 lo= =0 b1, A=0; lot1, A=0;
1= 2=
0, A>0. 0, A>0.

—120—1 [2'—1 21 —Iy

"2 . 927 (1-a)g2ia
S Z DD +

62M1 521%1
i=p’’ J+111=0 l2=0 51=1 d2=1 1 2

J—i—12ttA_191tA_

* Z Z 92/(1=0)  g2ia 9—2M'A C"1(ky 752]\24A11, ko # 2A122]\)4
A=1  k1=0 k2=0 }k1_2All} 1 }k2—2A12} f
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—12°—1 [2'—14

20—y

— ("2 .92J(1-a) Z 2% Z Z Z 52Ml Z 52M1

i=p J+1 —01,=0 \ 6=
+ ilwfj 127% " awra_ 1k # 2% ks # 280)

A=1 k=0 k=0 k1 — 2A11|2M1 |/€2 - 2Al2|2M1
2 62J(1—a) ia S & 2M'A r o # 251 1) et 1 (ko # 2815)
C 2 Z 2 Z Z HO + Z 2- Z A 2My Z A 2M+

i=p" J+1 11=0 1=0 |/€1 — 220 famo |k2 — 220
J-1 J—i-1 Jo1
~(C"?. 22](1—(1) Z 22i(a+1) Hy + Z 2—21\4/AH1 ~ (2. 22J(1—a) Z 22i(a+1)H ~ Cg . 24J,

i=p’ J+1 A=1

i=p" J+1

rne Hy, Hy, Hy u C!/ — nOJOXUTENbHBIE KOHCTAHTBI
(B ciyuae k272 =, wm ko2 2 =15 B MpUBEIESHHBIX
BBIKJIaIKAX BMECTO COOTBETCTBYIOLLIMX ClaraeMbIX MUC-
TOJIb3YETCA MepBast, BTOPas WM TPEThsl OLEHKM 13 (6)).

OGberHSISI Pe3yJIbTaThl, mojyyaem, uto DR ;(f) ~
~ (247 Jlemma mokazaHa.

JlokaxkeM elle OIHO CBOMCTBO AIMITUPUIECKUX BEHT-
JeT-Koa(pGuLMeHTOB. [OBOPSIT, YTO MoOCaeI0BaTe/lb-
HOCTb cllydailHbIX BennuuH {Y;}5°, obnamaer cBOIi-
CTBOM p-TIepEMEIIMBAHUS, €CIIU IS QYHKUIUU

|corr (Y3, Y5))

p(m) = sup

i,J:li—j|>m
crpaBeuBo p(m) — 0 mpum — oo.

2
Jlemma 2. [Ilocaedosamenvrocno {F {(X 7[-7’\417@) ,

Ty ;, O.A,j:| }, A=

1,2,3,j = 0,...,J — 1,k =

=1,...,2 ko =1,...,27, obnadaem ceoiicmeom p-ne-
pemMewueans, npuuem 045 HeKOmopoii NOAONCUMENbHOI
koncmanmot C,

Cy
W 051 21eMeHmo8
m
m) < Ha o0nom yposne (i = j);
p(m) < c, 5
N e 151 INeMEHMO8
HA pa3HbIX YPOGHSIX.

HoxazatenbcTBo. CHayajga pacCMOTPUM (PYHK-
uuo p(m) wis pasHeix KosbduueHtos X l[ l]l ;, Ha
OJIHOM YpPOBHE 1.

s HekoTopoit KoHcTaHTel C, > 0 mpu ki # Iy
U ko # lo IMeeM:

F X[)\l] 2 T . 1R X[)‘2] 2 Ty . )
cov i,l1,l2 9 A1,170A1,Z ) i,k1,k2 ) )\27170)\2,1

p(m) = sup
0<i<J 1, ol \2 Dol )2
>\1’>\2,:1’2’3’ DF (Xi7[17[2) 7T)\1-,i7 OX,i DF (Xi)kl)kz) 7T>\2,’i7 OXa,i
|k1—11|>m,
k1,k2,l1,l2:
L ‘k27l2|>m.
_ i —2M- —2M
22J(1 a)'22m|kl_ll| 1|k2—12| 1
< sup c, <
0<i<.J—1, [ohod
r 3 K3
ki1—l1|>m,
k1,k2,l1,l2: Fa=tal
L Vi}z—l2|>m.
— 1 —2M —2M-
_ 22J(1 a).22za|k1_ll| 1|k2_l2| 1
> sup P — - >
0<i<J—1, 22J(1 a) . 92ia
‘kl—l1|>m,
k1,k2,l1,l2:
L Vi}z—l2|>m.
1 C
< sup C < - . (12)
—= P 2M 2M, — 2M
0<i<J—1, [y — 177 ke — 1) (m+ 1)=*1
|k1—11|>m,
k1,k2,lq,l2:
L ‘k27l2|>m.

Cnyyau k1 = [; unm ko = [ paccMaTpUBAIOTCSI AaHAJIOTUYHO.

WHOOPMATUKA U EE TPUMEHEHUHS Ttom 8 Bbimyck 4 2014 37



A. A. Epowenko, O. B. lllecmaxos

Hanee paccMOTPUM (DYHKIIMIO TTepeMEeIIMBaHUS U 3JIEMEHTOB

)2 [A2] 2
F (Xi,lhlz) yDaaiy Oagi| 5 I (‘XJ'JClJCz) 1 Taasjr Oxa i

Ha Pa3HBIX YPOBHSIX i, j : j > i, —i = A > 0. Paccmorpnm ciyuaii k1272 # [,

cov (F [ (Xl[)l‘i]l2

2 [A2] 2
) 7T)\1,i70'>\1,i 7F (Xj7k17k2) 7T)\2,j70-)\2,j

27A7512‘Z

plm) = sup <
et pF | (XP ) 1 sona | DF [ (X221 ) 1 o0
0<in 2 <2t 1,0< ks ks <29 —1 YA dokuka ) 0 E A2 Thasd
‘k1~27A75l1|,|k2-27A75l2‘.
92/(1-a)  g2ia  9-2M'A ‘(kl = 280,) M (y — 280,) P
<
= j_iiuAp>m7 Co 9T(1—0) gia oI(1-a)  5(itA)a =
0<l1,15<2" —1,0<ky ko <27 —1,
[k1-27 2 £l |, ka2 7 2 £l
C,.272M'A C C
< - - < L = p ) 13
= j_iiuAp>m7 oha = j_iiuAp>m) 9ARM Fa)  o(m+1)(2M +a) (13)

0<ly,l2<2"—1,0<ky ka <27 -1,
[k1-27 2 £l |, ka2 7 A £l

0<ly,15<27—1,0<ky ka <27 -1,
[k1-27 2 £l |, ka2 7 2 Al

AHAJIOTUYHO pPAacCMaTPUBAIOTCS CIy4au, KOTHA BbI-
TMOJIHEHO XOTs 6Bl OJHO U3 paBeHCTB |k - 274
‘kz L9278 = 12’

W3 (12) u (13) cienyet yTBepKIEHUE JIEMMBbI.

=11,

6 OcHOBHast TeopeMa

JlokaxkeM aCUMITTOTMYECKYIO HOPMaJIbHOCTD OIIeH -
KU pHUCKa.

Teopema. [lycms 0 < o < 1 u ¢hynxyus f pagnomepro
peayasipua no Junwuyy ¢ napamempom v > (1 + o)=L,
Toeoa npu nopoeosoii 06padbomie ¢ yHUBePCAaabHbiM NHOPO-
eom T’ j umeem mecmo cxo0uMocms HO pacnpeoeseHuro:

Ry(f) — Rs(f)

1
DJ = N(07 ) ?

J — 00, (14)
20e D% = C2%, a koncmanma C 3asucum om o u 6vi-

bpamnHoeo eetisrem-basuca.

HoxkazatenbcTBo. W3 semmbl 1 ciemyeT, 4To
DR, (f) ~ D% = C - 2%/, Pazo6beM Bbipaxkenue B (14)
Ha JIBe CyMMBI, KaK 1 B JiemMe 1:

Ry(f) = Ry(f)

D;

p’J2i 1271

LEE S (e

7=0k1=0k2=0 A=1

2
TA,.,-,UM} —EF[(XJ[._’A,LV,Q) ,TA,j,aA,jD +

127

(2 TS (e

j p”J-’rl kl Ok2 0A=1
T EF|(x™ V.1
AgrOxg |~ Gokikz ) AT ONG ’

e 1/(1+7v) <p” < (1+a)/(2+ «). Torna Bcren-
ctBue (10) mepBast cyMmma CTpeMUTCS K HYJIO T1. B.
N3 nemmbl 2 crienyer, 4TO MOCIENOBATEIbHOCTh

wo)?
F (Xm kz) Dol b A = 1,23,

=0,....,J -1,k =1,...,29, ky =1,...,27, obnana-
€T CBOWCTBOM p-TIepeMEIIUBAHUS 1, CICIOBATEIHHO,
o0J1amaeT CBOMCTBOM (v-TiepeMeITnBaHus [§].

Hanee, meiicTBYS, KakK B JIeMMe 1, MOXXHO ITOKa3aTh,
4TO

j =

1291

LS YT S

J j=p" J+1 k1 =0 ka=0 A=1

2 2
T)\_’j,a')\_’j:| —EF [(XJ[)}L kg) 7T)Hj,a')\_’j:|> =
127

LS TS ser|(xi)

J j=p/" J4+1 k1=0 ko =0 A\=1

[)\] 2 ! . 4J
TA.',CTA.'(X- )}Ssupfliéoo
J J Jik1,ka J>0 (- 2%7

sup
J>0D

= sup
J>0 D

Taxske MOKHO TTOKa3aTh, YTO BBITTOJTHEHO YCJIOBUE
JIunpe6epra: mist nodoro € > 0
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Asymptotic properties of risk estimate in the problem of reconstructing images

1291

Ly YY)’

J j=p" J+1 k1 =0 ka=0 A=1

2
TA,.,-,@J} EF[(XJ[,ilb) ,TA,j,aA,jD x

)
< 1(|F|(X0Lw)  Dusons| -

a2
— EF (Xj,khkz) ’ T)\-,jv ON,j

> ED,]) —0,
15)

J — oo.

HeﬁCTBHTeHbHO , TIOCKOJIBKY

2 .
'F {(X}f,lhk?) ,TAﬂj,aAﬂj] <T2, =22%0}, =

=Choj- 2707 . i

¢ HexkoTopoit kouctautoit Cy o, > 0 D% ~ (' - 247,
TO HauMHasi C HeKOToporo J Bce MHIUKATOPHI B (15)
0o0palamTcs B HOMb.

Takum oOGpa3oM, BBIMOJHEHBI BCE YCIOBUS TEOPE-
MBI 2.1 13 paboTsl [9] U cIipaBemIMBa CXOOMMOCTD TIO
pactipenencHmio (14). Teopema qoxa3aHa.
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Abstract:

In recent years, wavelet methods based on the decomposition of projections in a special basis

and the following thresholding procedure became widely used for solving the problems of tomographic image
reconstruction. These methods are easily implemented through fast algorithms; so, they are very appealing in
practical situations. Besides, they allow the reconstruction of local parts of the images using incomplete projection
data, which is essential, for example, for medical applications, where it is not desirable to expose the patient to
the redundant radiation dose. Wavelet thresholding risk analysis is an important practical task, because it allows
determining the quality of techniques themselves and the equipment which is used. The present paper considers

the problem of estimating the function by inverting the Radon transform in the model of data with correlated noise.
The asymptotic properties of mean-square risk estimate of wavelet-vaguelette thresholding technique are studied.
The conditions under which the unbiased risk estimate is asymptotically normal are given.
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AHAJIN3 METOK B CKPbITbIX KAHAJIAX*

A.A. Tpymo!, H. A. Tpymo?, E. E. Tumonuna?

Annoramusi: PaccmaTpuBaeTcsi KJ1acC CKpbITBIX KaHaJIOB, MOCTPOCHHBIX Ha OCHOBe MeToK. [lpeamnosaraercs,
UYTO BBISIBJICHUE CKPBITOrO KaHajia BEAETCSI KOHTPOJEPOM HMCKIIIOUUTEIbHO CTAaTUCTUUECKUMU METOJaMU. DTO
3HAYUT, YTO PEIKO BCTPEUAOIIMECS U YacTO BCTPEUaIOIINecs JMHIBUCTUIECKIE KOHCTPYKIIMU Ui KOHTpoJiepa
HepazIMYMUMBbI. [J1s1 Hero BaxXHO, YTOObI MepeaaBaemMasi o KaHaly Mocje10BaTeIbHOCTb CUMBOJIOB He coJiep:Kaia
3alpeToB, HE COOTBETCTBYIOIIMX BEPOSITHOCTHON MOJIEIN JieralibHbIX cooOuieHuii. OcCHOBHas mpobiema Mnpu
obecrieueHNM HEBUIMMOCTU TaKMX KaHAJIOB COCTOMT B TOM, YTO IIPW BCTpaMBaHUM METOK MOTYT BO3HUKAaTh
3arpeThbl BEPOSTHOCTHOM Mepbl, OMMChIBAIOLLICH JIeraibHYI0 niepenavy. B paboTe nmpenioxeH MeTOI MOCTPOSHUS
METOK, KOTOpbIe HE MOTYT BBISBJISITbCSI KOHTpoJiepoM. biarogapsi TakoMy MOCTPOSHUMIO METOK CKPBIThIN KaHas

HEBUIUM.

KiioueBbie ciioBa: CKPBITBIC KaHaJIbI; I/IH(I)OpMaHI/IOHHaH 6630HaCHOCTB; METKU, MOPOXAAOIINE CKpBITbIﬁ KaHal;
HEBUAMMOCTb METOK; MAaTEMATUUYCCKUE MOACIN CKPBITLIX KaHaJIOB

DOI: 10.14357/19922264140405

1 Bsenenue

B pabote paccMaTpuBaeTcst Kiacc CKPBIThIX KaHa-
JIOB, MOPOXIEHHbIX MeTKamu [1, 2]. B manbpHeiimem
3TOT KJIACC CKPBITHIX KaHAJIOB OyIeM Ha3bIBaTh KJlac-
coM A.

CKpBITHIE KaHAJIBI KJTacca A YyCTPOSHBI CICAYIOIINM
obpazoM. Ha mpueMHOM M TepemaiolieM KOHIIAX
CKPBHITOTO KaHaja CYIIECTBYIOT CHMHXPOHHO paboTa-
OIIIE CUETYUKU, KOTOPbIe (DUKCUPYIOT YCIIOBHOE Bpe-
Ms. Yaiie Bcero 3To BpeMsl BBIYMCIISICTCS B JTMHAX
coobmeHuit Mexnay MeTkamu. Kaxmoe cooOiieHue
orpenesiseTcsl IByMsI MeTKaM1 — HadaJoM W KOHIIOM
COOOIIeHUSI, a IJIMHA COOOIICHUS MEXIY METKaMU,
WJIY YCIIOBHOE BPEMsI, SIBJISIETCST KOJIOM TTepeiaBaeMOro
co00111eHrsI. MeTKU TOJIKHBI OMHO3HAYHO UIEHTUDU -
LIMPOBATLCSI Ha TPUEMHOM KOHIIE CKPBITOIO KaHaja,
B IIPOTMBHOM CJIydae MOXET BO3HUKHYTH IIIyM, T.e€.
cboit mpu mpueme coobmeHust. C Opyroif CTOPOHHI,
XOPOIIIO 3aMETHBIE METKH SIBJISTIOTCS IPU3HAKOM pabo-
TBI CKPBITOro KaHajia. [103TOMy METKM JOJKHBI ObITh
ceaHbl MAKCMMaJTbHO HEBUIMMBIMM ISl KOHTPOJIM -
PYIOIIETO TIepeaavy CyobheKTa.

Takum 00pa3oM, KaHajbl Kiacca A MpenbsBISIOT
MIPOTUBOPEYMBEIC TPeOOBAaHMS K CBOeMY (popMHUpoOBa-
HUIO: METKU ITOJDKHBI OBITH OMHO3HAYHO OIIPEICIIs-
eMBbIMU U HeBUAUMBIMU. B paborax [1, 2] paccmoTpe-
HBI TIPUMEPBI pa3pellieHsT yKa3aHHOTO IIPOTUBOPEYMSI.
Tak, B pabdote [1]| mpemiaraeTcsi MeTon Nepeaadyu Me-
TOK TT0 HEHAOJIOMaeMOMY, CHUHXPOHHO paboTafIeMy

*Pabora yactuyHo noaaepxana PO®U (rpoekt 13-01-00215).

KaHaiy. Eciam caMo cooOIlleHre IpencTaBisIeT CO-
0011 TToCIIeNOBaTEIPHOCTh OUTOB, TO METKH SIBJISTIOTCST
U3MeHeHueM (opMbl MepeaBaeMoro CUrHajga, KoTo-
poe B peaibHO paboTaOIIMX TEXHUUYECKUX YCTPOHCTBAaX
He HaOmomaeTrcs. OmHakKo Mpu oOpabOTKe CUTHAJIOB
B TIpoIleccope, The HaXOOWUTCS areHT (IIporpaMMHO-
armapaTHasl CyIIHOCTh, IIPUCYTCTBYIOIIAs B MHUKPO-
Ipolieccope M SIBIISIOMIASICS OTIPAaBUTENIEM YUIM T10-
JlyyaTesieM B paboTe CKPBITOrO KaHajia) MoJrydaTesst
C00011IeHMs], U3BMEHeHNEe (DOPMBbI CUTHAJIa JIETKO OOHa-
pyXuBaeTcs Ha (GU3NIECKOM YPOBHE.

B pa6ote [2] mpuBeaeHbl TPUMEPHI APYTUX CIOCO-
OOB TIOCTPOEHUST CKPBHITHIX KaHAJIOB Kjacca A B IO-
OaTbHOIT CETHM, OCHOBAHHBIX Ha CKPBITON CHHXPO-
HU3aIlUM JIETATBbHBIX KaHAJIOB Tepeaadr COOOIIeHMIA.
Kpome Toro, mis coobmeHnit, KOTOPhIE XOPOIIo MO-
JETUPYIOTCS CIIydaliHON paBHOBEPOSITHON IOCeI0Ba-
TeJbHOCTBIO, B 3TOI paboTe OMMCcaH METO TOCTPOEHMUSI
HEBUIUMBIX CKPBITBIX METOK.

B naHHoOI1 paboTe MpOBOAUTCS UCCAENOBaHUE BO3-
MOKHOCTHU MOCTPOEHMST METOK /ISl CKPBITHIX KaHAJIOB,
HCTIOJIB3YIOIINX MOJICIIN COOOIIEHUI, KOTOPBIC OTTICHI-
BalOTCSI CIIyJalfHBIMM TIpOIIeCCaMU, HE SIBJISTFOITMMM-
Cs CIAyJailHBIMU PaBHOBEPOSITHBIMM ITOCJICIOBATEh-
HOCTSIMU.

IMosichuM 1TocTaHOBKY 3amaun. B pabore [3] mo-
Ka3aHo, YTO Jaxe TMpU MOJCJIMPOBAHUM METKU CITy-
YaliHBIM TPOLIECCOM, TOJHOCTBHIO COOTBETCTBYIOLIUM
MOJIeJIU TIepelaBaeMOT0 JIETaIbHOTO COOOIIEHUS, BO3-
HUKAIOT 3ampeThl [4, 5], OOAHO3HAYHO BHISBIISIONINE

"MucrutyT npobaem undopmaruku Poccuiickoit akazeMun HayK; (aKyaETeT BHIUMCIUTENLHON MaTeMAaTUKU 1 KHOepHeTHKH MoCKOB-
CKOTr0 TocynapcTBeHHOro yHuBepcutera uMm. M. B. JlomoHocoBa, grusho@yandex.ru

2WuctutyT npobieM nHpopMaTukn Poccuiickoii akageMun Hayk, info@itake.ru

3UucTuTyT npobieM mHdopMaTHKN PoccuiicKkoil akageMun Hayk, eltimon@yandex.ru
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CKpBITHIN KaHan. Ilpu 3TOM MeTKM, Ompeaesiounme
COOOIIIeHNE U3 CKPBITOTO KaHasia Kiiacca A, sBISIIOTCS
BCTaBKaMU B JIeTaJIbHOE COOOIIEHUE. 3arpeThl BO3HU-
KaloT B CUJTy HAJIMU WS 3aBUCUMOCTEN MEX Ty 2J1eMeHTa -
MU CIyYaliHOM ITOCIEI0BATEIbHOCTH, MOIEIMUPYIOIIECH
JierajbHoOe coodieHre. MeTka B (hopme BCTaBKU B CITy-
YaiiHyI0 TIOC/eA0BaTeIbHOCTh MOXKET HApyIIUTh 3TU
3aBUCUMOCTH, TOPOXIasl 3alpeT B clydaitHOU moce-
JIOBATEJIbHOCTU, KOTOPBI HE MOXET MPUCYTCTBOBATh
B peaJibHON peau3aluu JeraibHOro COOOIEeHMUSI.
OCHOBHOI pe3yJIbTaT pabOTHl 3aKJII0YacTCs B Jie-
MOHCTpAILMM TOTO, KaK COIIacoBaTh CTaTUCTUYECKUE
XapaKTEePUCTUKU CIIyYaliHOTrO Tpolecca, MOIEIUpPY-
IOIIIETO JIeraJIbHOE COOOIIEHUE, W CBOMCTBA METKH,
KOTOpast SIBJISIETCS KJIOUOM, U3BECTHBIM Ha TPUEMHOM
U TiepeamiieM KoHlax KaHaua. [lokazaHo, 4To KOH-
TpoJep, KOTOPBIN peaau3yeT MOMCK 3aIlpeToB B CJy-
YaifHOI TocCJIea0BaTeIbHOCTU, HAXOAUTCS B XyALLIEM
MOJIOKEHUU, YeM OpTaHMU3aToOp CKPHLITOrO KaHaja, 1Mo
JIByM npuuunHaM. [lepBasi mpuuyrHa COCTOUT B TOM, UYTO
OpraHM3aTop CKPBITOrO KaHayIa TPaAULIMOHHO MTPEAIo-
JlaraeTcsl 3HalUIKUM aJIrOpUTMbI KOHTpoJsiepa. Bropas
MPUYMHA KPOETCS B TOM, YTO KOHTPOJIED /IS BbISIBJIE-
HUSI CKPBITOTO KaHajla BEIHYX/IEH UCIO0JIb30BaTh 0oJiee
IJ1yOOKME 3aBUCUMOCTU JIETAIbHBIX COOOIEHUI, YeM
KCIIOJIb3YEeT OPraHU3aToOp CKPHITOrO KaHaja.

2 Marematuyeckasa MOJIENb
CKpBITOIrO KaHaJjia

Mycts X = {x1,...,x,} — KOHEYHOE MHOXECTBO,
X™ — nmexkaprtoBo npousBeneHue X, X — MHoOXe-
CTBO BCEX ITOC/IeIOBATEIbHOCTEH ¢ JIeMeHTaMM 13 X .
IIycte A — 370 0-anrebpa Ha X °°, mOpoKIeHHAs 1M~
JIMHAPUIECKUMU MHOXeCcTBaMU; A Takke SIBIISICTCS
OopenieBCKOoi o-ajaredpoii B TUXOHOBCKOM MPOU3Be/Ie-
HuM X °°, tne X UMeeT TMCKPETHYIO TOMoJIornio [6, 7].

Ha (X*°, A) onpeneneHa BeposiTHOCTHasi Mepa P.
[Mpennonoxum, uro P, sBiseTcs mpoeKiueir Mepbl P
Ha IepBBIe 1 KOOPAMHAT ITOCTIeI0OBaTeIbHOCTEM 13 X °°.

3anpemom [4, 5] B Mepe P, Ha3bIBacTCSI BEKTOP
7, € X!, 1 < n, Takoii uTO

P, (@ x X" =0.

Mycts 7 € X! 3anper, a I;_; MOJydeHa
13 T; oTOpachkIBaHWEM ITOCiIeaHeil KoopanuHatel. Ec-
ma Py (Z;—1) > 0, TO T; Ha3bIBACTCS HAUMEHbUIUM
3anpemom |4, 5].

Ecnu T, aBnsercsa 3amnperoM B mepe P, TO UIs
moObIX [ < s < n 1 s JIIOOBIX BEKTOPOB T's, HAUMHA-
IOLINXCS C T, UMEEM

Ilycts Ts € X° u ans moboro n > s U J1I00OTo
T, € X", eCclu T ABISACTCS YaCThIO Ty, P, (T,) = 0.

BekTop T s Ha3pIBaCTCSA MUHUMAAbHbIM 3anpemom [8],
€CJTU JTI000M BEKTOP Ty, Py (Ty,) > 0, TIOCITE TPUTTUCHI-
BaHUS B KOHIIE HEJIOCTAIOIINX 3HAKOB M3 BEKTOPA T
CTAaHOBUTCSI HANMEHBIITNM 3aIlIPETOM.

Mepy P 6yneM Ha3bIBaTh MOJIEJIbIO JIETAIbHOTO CO-
obueHus. [lanee OyaeM mpearnosaraTb, YTO Bce 3arpe-
TBI Mepbl P ONpenessTioTCsT MUHUMAJIBHBIMU 3aITpeTa-
MM 1 KOJIMYECTBO MUHUMAJIBHBIX 3aIIPETOB KOHCUHO.

R A

Mopaenb cKpbITOro KaHajia

PaccmoTpuM cirenyronnyro Momeiab CKpPBITOTO Ka-
Hana (cM. pucyHok). Kowmmbiorepbsl A 1 B cBsizaHbI
OJHOHAIpaBJIeHHbIM KaHaioM OoT A K B. BwixomHas
MOC/Ie0BATEeIbHOCTh KOMIbIOTEpa A MPOXOIUT 4Ye-
pe3 arenrta A’ (IIpOrpaMMHO-aIIapaTHYIO CYIIHOCTD,
(YHKIIMOHMPYIOITYI0O B KOMIIBIOTEPHOM cpeme He3a-
METHO JUTS TTOJTh30BaTelIicii M CPEACTB 3alllUTHI), KO-
TOPBI CTPOUT CKPBITBIM KaHall M MepeaaeT Mo HeMy
BMECTE C JierajibHOI nH(opMaleit UMeIoIIyocs y He-
TO CKphIBaeMylo mHdopmMainio. Ha mprueMHOM KoHIIe
nHMOpMaIIs U3 KaHaJIa IIPEeXIe BCeTo MoIagaeT areH-
Ty B’, KOTOPBIi1 pacio3HaeT CKPHITHII KaHaJ, CYIUTHIBA -
€T CKPBITYI0O MH(POPMALIMIO, YHUUTOXKAET CeIbl CKPbI-
TOro KaHaja W TmepenaeT KoMmIbioTepy B jeranbHyto
nHpopMaumio. U — KOHTpoJiep nepeaavyn B KaHaJe.

Bynewm cunTaTh, 4TO KaK IPOTUBHUK, TaK M KOHTPO-
JIep, VINYIIWI CKPBITBIC KaHaJIbl, MOTYT M3y4aTh CBOW-
cTtBa P CTaTUCTUYECKUMM MeTogaMu. I[IpOTMBHUK —
OTIIPABUTEb COOOIIICHNST M TIPOTUBHUK — ITOJTyJaTellb
COOOIIIEHUS] UMEIOT OOIIMe KITIOYM B BIIE MHOXECTBA
METOK M HEKOTOPBIX OTpaHNICHII HAa MECTa MX TTOSIBITC-
HUs. MeTKU MpencTaBisioT cob0oit Habop BEKTOPOB
B aiipaBuTe X, MMEIOMMNX UISI TIPOCTOTHI OIHY JUTH-
Hy k. CooOIIeHNS TIepeIaroTCs KOIOM, KOTOPHIH ITpeI-
CTaBJIACTCS JUIMHAMM JICTAJTbHOTO COOOIIECHMST MEXKITY
IBYMSI METKaMM. MeTKa Hadaja CKPBITOTO COOOIIe-
HUSI BCTaBJISETCS B JieraJibHOE COOOIIeHWe Ha OJHO U3
JIOMMYCTUMBIX MECT, OIpeaeaseMblx KJouoM. MeTka
OKOHYAHUS CKPBITOTO COOOIIEHUS CTABUTCS B (PUKCU-
POBAaHHOM MeCTe JICTaJTbHOTO COOOIIEHMST Ha paccTo-
SSHUU OT TIOCJICTHETO CHMBOJIA BXOIHOW METKU Tak,
YTOOBI pacCTOSIHE MEXIY METKaMU COOTBETCTBOBAJIO
KOJY.

HorryckaeTcs, YTO BEKTOPHBI, COOTBETCTBYIOIIWE
MeTKaM, MOTYT MOSIBISITbCSI B JIETaJIbHOM COOOIIEHUU
cly4aifHO. DTO MOXET MPUBECTH K COOI0 CKPBITOI Tie-
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AHanu3 MEeTOoK B CKPbITBIX KaHaJlaX

penayu. B cBs3M ¢ 3TMM Ha METKM HaKJIAJbIBaIOTCS
cieayone orpaHUYeHHUs:

— BCPOATHOCTD cnyqaﬁmoro OABJICHUA METKH
JIOJIKHA OBITh KaK MOXKHO MCHBLIC,

— METKH JOJIKHBI BBIOMpPAThCsl TAKUM 00pa3oM, 4To-
OBl He ITOMYCTUTH ITOSIBJICHUS 3aIIPETOB BEPOST-
HOCTHOM Mephl P.

3 TlocTpoeHue METOK
JJI1S HEBUJIMMOTO CKPBITOTO
KaHaia

[Mpeamnonoxum, 4TO BCE CKPhIBAEMBIE COOOIIIEHMST
WMEIOT KOHEUHYIO ITMHYy He Oosee N. DTO 3HAYUT,
YTO HAYMHasl ¢ HEKOTopoi WInMHbI Ny > N (C yuyeToM
OrpaHWYEHUI Ha Hayajo CKPbIBAEMOTO COOOIIEHMS)
clyJyaiiHasi TIOCJeloBaTeIbHOCTb, COOTBETCTBYIONIAS
JIETaJIbHOMY COOOIIEHUIO, OYIET CTPOUTHCS B COOT-
BETCTBUU C BEPOSITHOCTHBIM pacIipe/ieIeHueM, aHalo-
TUYHBIM UCXOIHOMY Tipoiieccy P.

OnHaKo 3TO HE 03HAYAET, YTO CKPBITHIN KaHAI He-
BO3MOKHO BBISIBUTh. EciuM BCTaBKM MOPOXIAIOT 3a-
MPeThl BEPOSITHOCTHOU Mepbl P [4, 5], TO CKPBHITHIA
KaHaJl BbISIBJISIETCSI OMHO3HAYHO. 3HAUUT, BEPOSITHOCTh
BBISIBJICHUST CKPBITOTO KaHasla paBHA BEPOSITHOCTH TI0-
sIBJIEHUSI 3anpeta Mephbl Py, . BeposiTHOCTB cityyaitHOTo
TTOSTBJIEHUST METKU JITUHBI Kk HE MEHbIIIE BEPOSTHOCTH
MOSIBJIEHUSI TaHHOTO BeKTopa B Mepe Py . 3a UcKIoue-
HUEM BBIPOXKIEHHBIX CIy4yaeB, MOXHO CUMUTaTh, UYTO
C MOMOIIIbIO BbIOOpA Kk 3Ta BEPOSTHOCTH MOXET ObITh
cAenaHa Kak YroIHO MaJIOif M OTBeYaeT TpeOOBaHUSIM
TTOMEXO03alIUIIEHHOCTU CKPBITOTO KaHama.

JIJist TIPOCTOTHI PACCMOTPUM BO3MOKHOCThH CKPBI-
THS ofiHOI MeTKu. OGO3HAYMM ee uepe3 BEKTOp b =
= (b1,...,bx), a MecTO ee BcTaBku — t. [1ycTh MUHU-
MaJIbHBIE 3aMPeThl Mepbl P MpeacTaBUMBbI CIeTYIOIIM -
MU BEKTOpaMU:

..................... (1)

rae Bce a;; € X. Jlig IpOCTOTHI [ajee TOJOXKUM
m; =m,1=1,...,8.

Onpenenum Bo3MoxHoOcTH KoHTposepa U. KoH-
tposiep U 3HaeT pacrnipeneneHue P, 3HaeT Bce 3arpeThl
Mepbl P 1 MOXET UX OTCJIeXXMBaTh B peaJbHOM Bpe-
MeHu. KoHTposiep He 3HAeT BCTaBKy b M MECTO ee
pacrionoxenust ¢t. Konrtponep U He aHamusupyer
CEMaHTHUKY, II03TOMY JUISI HEro MaJlOBEpOsSTHbIC
1 BBICOKOBEPOSITHBIE TIOCJIEI0BATEIbBHOCTY OTMHAKOBO

SIBJISTIOTCST IOTTYCTUMBIMU. VICXONST U3 3THX MPEAIoso-
keHuil, KoHTposiep U BBISIBISIET CKPBITBIN KaHaI C TM0-
MOIIIBIO HAXOXKICHUsSI MUHUMAJIbHBIX 3aITPETOB B TIepe-
IaBaeMoil TIOCIIeI0BATETbHOCTH.

Mycts T = 2(1), 2(2), ..., z(t — 1), z(t),...) — 1e-
rajbHas mocienoBatenbHocTh, a T = (z(1), z(2),. ..
coox(t — 1),b1,. .., bg, z(t),...) — mocienoBaTeIb-
HOCTb CO BCTaBKOI1. BO3MOXKHOCTB TOSIBIIEHUS 3aTpeTa
B TTOC/ICIOBATEIBHOCTU T’ OMPEIEIISIETCS] TEM, UTO XOTSI
ObI OMH 13 BEKTOPOB

x(t—k+1),2(t—k+2),...,2(t —1),b1;
x(t—k—+2),2(t—k+3),...,2(t—1),b1,ba;

bk x(t)x(t+1) x(t o 1) ..........

npuHamwiexut (1). B apyrux mecrax mocienoBaTesb-
HOCTHU T’ TOSIBJIEHUE 3AIIPETOB HEBO3MOXKHO IO OIpe-
nenennio Mepel P. Eciau B mociemoBaTebHOCTH T
HEe TIOSIBUJIOCH 3aMPETOB, TO JTI000I HAavaIbHBIN ydac-
TOK 3TOI TTOCIIEIOBATEIBHOCTH SIBIISIETCST OTTYCTUMBIM
BEKTOPOM U €ro BeposiTHOCTh Oojbiie 0 B Mepe Py.
[Toatomy koHTposiep U He MOXET BBISIBUTH CKPBITHII
kaHai. OTcrofia cieayeT cienyronee

Vreepxkaenue 1. Kontposnep U He BBISIBIISIET CKPBIThIN
KaHaJl TOra 1 TOJIbKO TOTAa, KOTla HU OIMH U3 BEKTO-
poB (2) He comepKUTCSI B MHOXKECTBE BEKTOPOB (1).

Takum obGpa3zom, IJis1 OpraHM3aluMU HEBUIAUMOTO
CKPBITOTO KaHaJla MeTKa b 10JKHA GbITh BHIOpaHa Taxk,
YTOOBI BBITIOJIHSIOCH IOCTATOYHOE YCJIOBUE YTBEPXKIIE-
Husl 1 pu mobom gomyctuMom Z. Ilpu 3Tom opra-
HU3aTOP CKPBITOIO KaHajla MOXET OMpeneuTh MUHU-
MaJlbHbI€ 3aIpeThl TOJbKO CTAaTUCTUYECKHU, HaOJI01ast
3a nepeaaBaeMbIMU TTOCAeA0BaTEIbHOCTIMU. 17151 3TO-
ro Mepa P J0JKHA yIOBAETBOPSTH AOTOTHUTEIbHBIM
orpaHuyeHusiM. Hampumep, ciaydaiiHas mocienoBa-
TEJIbHOCTD T NOJKHA ObITh 3PTrOIMYECKOM.

Ho naxe ecy opraHu3aTop CKphITOTO KaHajla 3HaeT
MUHUMaJbHbIE 3aMIPETHI, TOCTPOEHUE METKHU, YIOBJIE-
TBOPSIIOLIEH YTBEpXKIeHUIO 1 ISl BceX T, SIBISIETCS
CJIOXKHOM 3amaveii.

OmHaKO MOXHO TIPEIJIOXKUTD YIIPOIIEHHBIN METO
pelleHMsT TTOCTaBIeHHON 3aJayld TOCTPOEHUSI METKU
JIJIST HEBUAMMOTO CKpbIToro KaHana. IlycTh opraHusa-
TOP CKPBITOTO KaHaJla HallleJl MUHUMMAaJlbHbI€ 3aTpeThl.
PaccmoTrpuMm MHOXKecTBO C' OMTpaMM BUIa

¢ ={(allel?). = T5}U
Tornma cipaBeaIMBO CleaylolIee

VYTBep:kaenue 2. Ecinu masa no0oil mociaenoBaTesb-
HocTH T B Bektope (z(t — 1),b1,ba, ..., bk, z(t)) HeT
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6I/Il"paMM N3 MHOXECTBA C, TO CKpBITI:Iﬁ KaHaJl HC BbI-
ABJIACM.

HNokazatenbcTBOo. Ecmu B Bektope (z(t —
—1),b1,ba,...,bk, 2(t)) He BCTpeUyatOTCs: GUrPAMMBbI U3
MHOxecTBa C, TO B IIOCJIEN0OBATEILHOCTA T HE BCTPE-
qaloTCs 3aIpeThl 13 MHOXecTBa (1). B camom mere,
TOSIBJIEHWE 3allpeTa BJIeYeT TOsIBJIeHUE OUrpaMM M3
MHoxecTBa C'. Eciiu BcTaBKa He TTOPOXKIAeT 3alIpeToB,
TO COTJIACHO YTBEPKJICHUIO | KOHTPOJIEp HE BBISBIISIET
CKPBITOTO KaHasa. YTBepXaeHNe 2 ToKa3aHo.

OmHako co3maHne METKH, UCKITIOUAIOIIei TOsIBIIe-
HHe OurpamMM u3 MHoXecTBa C' IJIST BCEX ITOCIEIO-
BaTeJIbHOCTE T, MOXET OKa3aThbCsl HEBO3MOXHBIM.
B sTOM cnyyae MeTKy MOXHO cJenaTh CJIOXHOIA,
a MMEHHO: MeTKa b He JOJKHA COJepKaTh 3aripe-
IIEHHBIX OuTpaMM 13 MHOXecTBa C. 1T HemomyIe-
HUS TIOSIBJICHMST 3aIIpellleHHOM OUTpaMMBI Ha KOHIIAX
BCTaBKM MOXKHO BBECTU JOTIOJTHUTEIbHbIE CUMBOJIBI 10
U TIOCJIe METKU, KOTOPbIe HE HECYT coaepKaTeJbHOM
nHGOpMaLMU, HO UCKIIOYalOT BO3MOXHOCTD TOSIBJIEe-
HUS 3aTpellleHHBIX OMTpaMM Ha KOHIIAX BCTABKU. DTHU
He3Havalllre CUMBOJIBI BBIOMPATOTCS MIJIST KaXKIO KOH-
KPETHOI MOCIeI0BaTeIbHOCTHU T.

IIpenrroaoxum, 9TO OpraHU3aTOP CKPHITOTO KaHaja
3apaHee CKPBITHO BbIOpaJ MOMEHT t. 3aTeM OH CTaTh-
CTUYECKU Hallesl BCe HaMEHbIINE 3alpeThl B OKPECT-
HOCTH 3TOrO MOMEHTa BPEeMEHU, UCIOJb3ys pa3inuy-
HBIE pean3alliy IepenaBacMbIX coobmeHmii. Torma,
HCTIOJNIB3YS ONMMCAaHHBIN METOI TTepexoaa K OurpaMmam,
MOKHO MOCTPOUTH METKY, KOTOpast He TopoXKaaeT Har-
MEHBIIIMX 3aMpeTOB, CBSI3aHHBIX CO BCTABKON METKU
B MoMeHT t. Takoii kaHaj Oynet HeBuaum ajst U.

4 3akiIoyeHue

WHTeHCMBHOE WCTIONB30BAHUE MHOTOAT€HTHBIX
CHCTEM JIJISI CKPBITOTO KOHTPOJISI KOMITBIOTEPHOM Cpe-
JIbI TpeOyeT pa3pabOTKM HEBUAMMBIX CKPBITHIX KaHa-
JIOB JIJISI OpraHM3allMM KOJIJICKTUBHOM JeSITeIbHOCTH
areHTOB. YsI3BUMOCTH MTPOCTHIX MIPOTOKOJIOB OOIIIEHMST

areHTOB MOXET MPUBECTU K MOJIHOW HehTpaiun3aluu
cucteM KoHTposisi. [loaToMy HeoOXOAMMO CTPOUTH
MPOCThIe, A0Ka3aHO HEBUAMMBIE CKPBITbIe KaHasbl.
PaccMmoTpeHHbIE B cTaThe CKPBIThIE KAHATBI TIPOCTHI,
HO MOTYT JIETKO BBISIBJISITHCSI TIPY HETIPABUIBHOUM Op-
raHuzanuy MeTok. IlpenyoxeHHbINI B paboTe METO.
MO3BOJISIET AeJIaTh METKM HEBUAUMBIMM, KOTJA UX TTO-
HCK BEIETCSl CTAaTUCTUYECKMU METOJaMU.
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seldom or often met are indiscernible for the control subject. For control subject, it is important that the sequence
transmitted through the channel does not contain the bans which do not correspond to the probability model of
legal messages. The main problem for supporting invisibility of such channels consists in the fact that there can be
bans of the probability measure describing a legal transmission when embedding tags. In the paper, the method for
creating tags which cannot be detected by the control subject becomes suggested. Thanks to such creation of tags,

the covert channel becomes invisible.
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BKJIFOYEHUWE HOBBIX 3AITPETOB B CIYUAMHBIE

IMOCIEAOBATEJIBHOCTHW*

A.A. Tpymo', H. A. Tpymo?, E. E. TuMonuna®

AnnoTtamusa: PaccMmarpuBaeTcs 3agada MOPOKIECHUST OMHUX BEPOSITHOCTHBIX Mep Ha MPOCTPAHCTBE OECKOHEUHBIX
MOCJIeIOBATEIPHOCTEN Hall KOHEYHBIMU aihaBUTaAMM C o -areOpoit, MOPOXKICHHON MUIMHIPUISCKUIMHU MHO-
JKECTBaAMU, M3 IPYTMX BEPOSITHOCTHBIX MEp Ha 3TOM mpocTpaHcTBe. [Ipu 3TOM HOBasi BEPOSITHOCTHAs Mepa
YCTpPOEHA TaK, YTOOBI ONMpeAesIcHHBIM 00pa3oM COKpalllaTh MHOXECTBO AOMYCTUMBIX TPACKTOPHUIA CIydaiiHbIX
rmocaenoBaTeIbHOCTe. HemomycTuMOCTh TpaeKTOpuit onpeesisseTcss B TEPMUHAX CITeIMDUKAIINT HAMMEHbBIITUX

3aIpeToOB.

KioueBbie cioBa: cnyqaleLIe TIOCJICA0BATCIIbHOCTU,; 3aIIPETHI BEPOATHOCTHBLIX MEP; MOPOXKIACHNUE BEPOATHOCT-
HBIX MEP; CTATUCTUYCCKUE 3a1a4Yn Ha CJIy‘-IaﬁHBIX MOCIE€A0BATCIIbHOCTAX

DOI: 10.14357/19922264140406

1 Bsenenue

B cucremax KoHTposst ”H(OpMaLMOHHOM Oe30mac-
HOCTH Y MPU MOUCKE CKPBITHIX KAHAJIOB YaCTO BO3HM-
KaeT 3ajmavya IToMcKa aHOMaJIMii B HaOJIIogaeMoit Ciry-
yalfHOI mociiemoBaTebHOCTH. OIHUM M3 OCHOBHBIX
WHCTPYMEHTOB B PELIEHUM TaKMX 3a1a4 sIBJISIETCS Ma-
TeMaTuyeckasi craTuctuka. OJHaKO MPU HEHYJIEeBOM
OIMOKE MPUHSTUS pellleHUs 00 aHOMaJuu HaOJIro-
JIeHNe Tpoliecca MOPOXIAET OOJIBIIIOE YHMCIIO JIOKHBIX
TpeBor [1], KOTOpBIe 3aTPYIHSIOT WX IealoT HeBO3-
MOXHBIM aHaJdn3 TIpUYWH aHoManwit. I coaydaii-
HBIX ITPOLIECCOB C IMCKPETHBIM BPEMEHEM 1 KOHEUHBIM
MHOXEeCTBOM COCTOSIHMI HaiileH MoaXo/ ISl TpOBep-
KU TIOCJIENOBAaTEIbHOCTA TUIIOTE3 O paclipeie/ieHNN
MIPOEKIINI BEPOSITHOCTHBIX Mep Ha IIPOCTPaHCTBE Oec-
KOHEYHBIX TTOC/IEI0BATEIbHOCTE, TIpU KOTOPOM BEepO-
SITHOCTb JIOXKHOM TpeBOTM Bcerma paBHa Hyito. [lpu
5TOM C POCTOM pa3MepHOCTeil BEpOSITHOCTh MpPaBUJIb-
HOT'O pellIeHUsI O HAJTMIMU aHOMAJTUI CTPEMUTCS K €11 -
HUIIE. DTOT ITOIXO OCHOBAH Ha 3aIIpeTax BEPOSITHOCT-
HBIX Mep [2, 3].

B npenpiayiux uccaenoBaHusix [2, 3] 6b110 BBene-
HO oIpe/iesIeHre 3arpeTa 1JIsi BEpOSITHOCTHOU Mephbl Ha
KOHEYHOM TPOCTPaHCTBE. 3alpeT 03HavyaeT Mocaen0-
BaTeJIbHOCTh, NMEIOIIYIO HYJICBYIO BEPOSITHOCTh Ha KO-
HEYHOM TIPOCTpaHCTBe. bbITo TToKa3aHo, 9YTO BBEICHUE
TTOHSITUS 3aIipeTa MOJIe3HO JUISl PEIIeHUsT YKa3aHHBIX
BBILLIE 3371a4. 3aMPeThl ITO3BOJISIOT ONMPEICISITh KPUTU -
YeCKKMe MHOXECTBA CTATUCTUIECKUX KPUTEPUEB IPOC-
TEUIINM JJIT BBIUMCIIEHUs criocooom [2]. Bbeimm mo-

*Pabora yactuyHo noaaepxana POOU (rpoekt 13-01-00215).

Ka3aHbl HEOOXOAMMBIE U JOCTATOUYHbIE YCIOBUS CyIIIE-
CTBOBaHUSI COCTOSTEBHON MTOCIeI0BATEIFHOCTU KPH-
TEepHEB, B KOTOPBIX BCe KPUTUUSCKIE MHOXKECTBA CTa-
TUCTUUECKUX KPUTEPUEB ONMPEALISIOTCS C MOMOILbIO
3arnpeTos [3].

CratucTiiecknue KpUTEpPUU, OCHOBAaHHBIC Ha 3a-
nperax, 00JaJalT BaXKHBIMU OCOOEHHOCTSIMU. Bepo-
SITHOCTU JIOXKHBIX PEIeHWI paBHBI HyM0. Tak Kak
KPUTUYECKHE MHOXKECTBA CTATUCTUUECKUX KPUTEPHEB
OTPEeaEISIIOTCS] TOJbKO 3alpeTaMu, TO 3TU KPUTEPUU
ONMHAKOBHI JIJIT BEPOSITHOCTHBIX MEP, MMETOIITNX OIH -
HaKOBBIE MHOKECTBA 3aIIpeTOB (T.€. 3TO POOACTHBIC
KpuTepuu). B cirygae mpoBepKU THIIOTE3 COCTOSITEIThb-
HOCTb OMpeessieTcs TeM YCIOBUEM, YTO BEPOSITHOCTh
MOSIBJIEHUST XOTsI ObI OHOTO 3aIlpeTa Mpu ajikTepHaTUBE
CTPEMUTCS K eANHULIE.

PaccmoTpuM 3amady BHECEHUS 3aIIpeTOB B CITydaii-
HYIO TTOCJIeIOBATEIbHOCTb.

IMpuBenem crnenyronmii npumep [4]. Jas moucka
CKPBITBIX KaHAJIOB B CIIyJalfHYIO TTOCJIEIOBATEILHOCTD
BHOCHUTCA 3arpeT. [Ipm 3ToM opraHM3aTOpPHl CKPBITO-
ro KaHajia He 3HAIOT O BHECEHHOM 3aIIpeTe, ITO3TOMY,
Koraa B HaOJogaeMoit Mocieq0BaTeIbHOCTU HaOJII0-
JaeTcs 3arpeT, KOHTPOJIEP OIpeaessieT, UTo (hyHKIIUO-
HUPYET CKPBITHII KaHaJ.

B pa6orte [4] Ob110 TTOKA3aHO, YTO APYrUe CTaTUCTH -
YeCKME METObI, OTIMUHBIE OT METOJ0B, OCHOBAHHBIX
Ha 3alpeTax, OYeHb YYBCTBUTEIbHbI K M3MEHEHMSIM
BEPOSITHOCTHBIX MOJejeli, MO3TOMY CTaTUCTUYECKUE
MpOLEAYPbl MOMCKA CKPBITHIX KaHAJIOB HEOOXOANMO

"MuctutyT npobaem undopmaruku Poccuiickoii akanreMun HayK; GakyIsTeT BHIUMCIUTENLHOM MAaTeMATUKK ¥ KUGepHeTUKH MocKoB-
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CTPOUTH Ha POOACTHBIX MPOILEAYPaX, YUUTHIBAIOIINX
TeTEpPOTeHHbI XapaKTep IOCAeA0BaTeIbHOCTEN Tie-
pelaBaeMbIX COOOLIEHUI.  YCI0BUSIM pOOACTHOCTHU
VIOBJICTBOPSIIOT CTAaTUCTUYECKHUE METOIBI, OCHOBaH-
HBIC Ha 3aIpeTax.

IlycTh mMcxomHas ciydyaifHasi Tocaea0BaTeIbHOCTD
omnpejejeHa ¢ MOMOILIbIO BEPOSITHOCTHOM Mepbl P
Ha TIPOCTPaHCTBE OECKOHEUHBIX IOC/Iea0BaTeIbHO-
CTeli ¢ o-anredpoit, MOPOXKAEHHON HWIMHAPUIECKUMU
MHOXecTBaMU. [IpoeKuu 3Toil Mephl YIOBICTBOPSI-
JOT YCIIOBUIO COTJIACOBAHHOCTHU, T.€. paclpenesieHue
ouepenHoro (n + 1)-ro 3Haka B MOCJIeI0BaTEIbHOCTU
BBhIpaXKaeTcs Yepe3 YCIOBHOE pacrpenesieHue MosiBiie-
HUSI 3TOTO 3HaKa MPH YCIIOBUU TTOSBICHUS TIPEIBILY-
IIUX 1 3HAKOB ITOCJIEIOBATEILHOCTA M OE3yCIOBHOTO
pacripeie/ieHNsT 3TUX 7 3HAKOB. BHeceHWe 3arpe-
Ta He JOJDKHO HapyllaTh YCJIIOBME COTJIACOBAHHOCTH,
MHaye Mepa Ha MPOCTPaHCTBE OECKOHEUYHBIX Tocje-
JIOBATEJIbHOCTE MOXET OINpeaeasaThCsd HEKOPPEKTHO.
B paccmarprBacMOM MeTOIe YCIIOBHBIX paciipenesie-
HUI 1711 BHECECHMST 3aIIpeTa HEOOXOIMMO OIIepUpOBaTh
BEPOSITHOCTSIMM BCEX HAYAJIbHBIX YIACTKOB CIyJaitHOM
MocCeI0BaTeIbHOCTH.

B pabote paccmaTpuBaeTcs Ipyroil crocod BHe-
CeHHUs 3allpeTa B CIIyYallHYIO TIOCJICIOBATEIBHOCTD.
DTOT METOI OCHOBAaH Ha KOPPEKTHOM OIIpEIeICHUHN
HEKOTOPBIX MHOXKECTB (DYHKIIMI U YIUTHIBACT CITCIIM-
pUKaM HaMMEHbBIIMX 3alPETOB, KOTOPHBIE TOJIKHBI
MPUCYTCTBOBATh B HOBOI MOCTpOeHHOM Mepe. B mpen-
JIaTaeMOM METOIE COXPAHSIFOTCS YCIOBUS COTIaCOBaH-
HOCTH, UTO TTO3BOJISICT UCITOIb30BaTh TeopeMy Kapare-
onopu [5] 06 0HO3HAYHOM TIPOJOJIKEHUN MEPHI.

CraTbsl UMEeT CeAYIOIIYI0 CTPYKTYpy. B pasn. 2
MPUBOISITCS OMpeneseHus U Mpeablayline pe3yJibTa-
Tel. Pasznmen 3 omnpenenser yciaoBusl s cydas,
KOTZa BEpPOSTHOCTHAs Mepa TeHEePUPYeTCS COTjac-
HO 3aIaHHOM cIieIMDUKAIINN HAMMEHBIITNX 3aIlIPETOB.
B pasn. 4 npuBogUTCST IPUMEP MCITOJIB30BaHUS JOKAa-
3aHHBIX YCJIOBUIl. B pasn. 5 kpaTko aHaIU3UpPYIOTCS
YCJIOBUSI CYIIIECTBOBAHUSI COCTOSTENbHOM TMOC/Iea0Ba-
TEJIbHOCTH KPUTEPHEB UISI Mep, TIOCTPOCHHBIX B TIPH-
Mepe.

2 OcHOBHBIE ONpeeeHMS
N NIpeablaymmre pe3yjbTaThbl
Ilycts X;, 7 = 1,2,..., — KOHEUYHbIE MHOXECTBA,

I X; — nexkaproBo npousseneuue X;,i =1,2,...,n,
i=1
X °° — MHOXECTBO BCeX IMOCJIe10BaTe/IbHOCTEM, TIe ¢-1

aneMeHT npuHamiexut X;. [Tycts A — 310 o-anredbpa
Ha X°°, mopoxXaeHHas UWJINHIPUYSCKMMU MHOXe-
cTBaMHM; A TakxKe SBISIETCST OOpeJIeBCKOM o -aliredopoit
B TUXOHOBCKOM TIpou3BeneHun X °°, rae X; UMEKT
JIVCKPETHYIO ToroJjoruto [6, 7].

Ha (X °°, A) onpeneneHa BeposiTHOCTHast Mepa P.
[Mpennonoxum, uro P, sBisieTcs mpoeKieir Mepbl P
Ha MPOCTPAHCTBO KOHEYHOMEPHBIX BEKTOPOB, ITOPOXK-
JEHHBIX TIEPBBIMU 7. KOOPIMHATAMM TOCJIEIOBATEb-

[ee]
I Xi. ddcHo,
1=n+1

Hocteit U3 X °°. Obo3zHauum X° =

n
uro st Kaxkaoro B, C [[ X;
i=1

P,(B,) =P (B, x X2°) .

Ilyctb D,, — HOCUTENb Mepbl P, :

n
Dp =&, € [[Xi Pu(dn) >0
i=1
O6o3HaunM A,, = D, x X°°. TIlocienoBareib-
HOCTb A,,, n = 1,2, ..., HEBO3pacTaoas u

n—oo

Ap = lim A, = ﬁAn.
n=1

MHoxecTBO AP 3aMKHYTO B TOITIOJIOTMM TUXOHOB-
CKOTI'O ITPOU3BECACHUA 1N ABJIACTCA HOCUTEIIEM MECPDBI P.

ko

Ecn o e [ X, 1o &%~V nomyuaerca uz o)
i=1

OTOpaChIBAHNEM TTOCIEIHEH KOOPINHATBI.

Onpenenenne 1. 3anpeTom B Mepe P,, Ha3bIBaeTCs BEK-
k
top ¥ € [] Xi, k < n, TaKoit 4To
=1

P, | w® x H X; | =o0.
i=k+1

Ecmn Py (@%V) > 0, Tow*) nasbisaercs nau-
MEHDIINM 3aIPETOM.

Ectu w®) sasercst 3ampetom B Mepe P,, To-
roa g Jmoobix k < s < n U JI00BIX TOCJIENOBa-
TeJbHOCTEH ©°), HAYMHAIOLIMXCS C TIOCIEI0BATE b
Hoctn M) | mmeem:

P, (w<5>) ~0.
JleificTBUTENIbHO, ecin P, (w<k)) =0, 10

P (w“f) X X;;O) ~0;

Pla®x ] XixX2)=0.
i=k+1

W3 atoro crienyert, 4yTo

P, (@) = P (3 x X&) <
<p

o®) x H Xix XX ) =0.
i=k+1
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n
Ectu cymectByer @) € I1 X; takoe, wuro
i=1

P, (w(">) = 0, TO CYIIIeCTBYeT HAUMEHBIIIMI1 3aTIpeT.

Ilycts m1st Bcex m Hocutenau Mmep P, coBmagaror

n
¢ [I X;. Torma Hocutens Mepbl P coBnamaer ¢ X °°.

i=1
[Ipenmonoxum, 4To 3amaHa creluduKas UCXOTHbIX
HauMeHbmux 3anpetoB v = {v/,n = 1,2,...}, tue
v/, — 4MCIIO HAUMEHBLIUX 3aMPETOB IJIMHBI 1. B Me-
pe P. Ilyctb 3amaHa HoBasl crenuduKalusi, orpe-
JesieMast JOTIONTHUTEIbHBIMA OTPaHWMYCHUSIMUA UV =
= {vn,vn > v),,n =1,2,...}. 3amaya COCTOUT B TOM,
YTOOBI, UCITONB3YsT Mepy P U cneludukauuu v u v’
MOCTPOUTH BEPOSITHOCTHYIO Mepy () Ha MPOCTPaHCTBE
(X°°,.A), y KOTOPOii MHOXKECTBO HAMMEHbBIIINX 3arpe-
TOB O0MamaeT crenudnKanyeit v. J1mg mocrpoeHus
CHayajia IMOCTPOMM COIJIACOBAHHYIO CUCTEMY BEpOSIT-
HOCTHBIX Mep @, m = 1,2,..., Ha TIPOCTPAHCTBAX,
onpeesIeMbIX MPOoeKIUAIMU X °° Ha IMepBble N KO-
OpIMHAT. DTU MEpHI OIPENeIIIIOT aIlINTUBHYIO Mepy
Ha anre0pe MUIMHAPUISCKIX MHOXECTB, KOTOpas II0
teopeme KapaTeomopu OymeT OmHO3HAYHO OIPEIEIITh
Mepy @ Ha (X°°,.A). Hanee OymeMm 00O3Ha4aTh Ye-
n
pe3 D, n=1,2,..., D! C [] X;, Hocutenu mep P,
i=1
uepe3 d], — MOIIHOCTU 3TUX HOCUTesNeii, a uepe3 D,,,
n
n=12,..., D, C [] X;, Hocutenu mep @), 1 yepe3
i=1

d;, — MOIIIHOCTH 3TUX HOCUTEJIEH.

B pa6ote [3] moka3zaHo, uro unucina d,,n = 1,2,...,
OIHO3HAYHO CBSI3aHBI CO CIeIMOUKALMCH v CIIedy-
JOIIMMMHU COOTHOIICHUSIMMU:

n n
Vlei+"'+anlmn+Vn+dn = Hmi- (D
i=2 i=1
s Bcexn = 1,2,...

Takum 06pa3oM, HEOOXOAMMO MOCTPOUTD COTIACO-
BaHHOE CEMEICTBO BEPOSITHOCTHBIX Mep { Q) }, MoIIl-
HOCTU HOCUTEJell KOTOPBIX OMHO3HAYHO OTIPENeSICHbI
cooTHOIeHUIMH (1).

3 TlopoxaeHue BEpOSITHOCTHBIX
MEp C 3aJaHHOM CcrieupUKaLen
HAMMEHBIIUX 3aIlIPETOB

Mycts {Dn, Dp € Dy, Dy € 11X n =
= 1,2,...} — HekoTopoe C€M€I7ICTB(;:1MHO)KCCTB,
y;El[OBJ'IeTBOpHIOH.II/IX (1), T, — IPOM3BOJIBHBIN 3JTEMEHT

11 X;. Anst moGoron, n = 1,2, ..., onpenenum GyHK-
L
110

n
Int1: Dpg1 — HXi
=1

ciaenywonmM obpazom. Ias MoObIX Tpy1 € Dy,
n

Tpt1 = Tnl, THE Ty, € [[ Xi, @ € Xp41, ONIpenensieM
i=1

In+1 (En—i-l) =Ty -

Kpome (1) nHa MHOXecTBa {D,,} HAIOXUM Cliey-
JOIIIME IBa OTPAaHUYEHUSI, CBSI3aHHBIX C GYHKIUSIMU Gy, .

Hns moboron, n =1,2,..., U MOOBIX Tp1 € Dy
In+1 (Tnt1) € Dy (2)
gn_;,_l N Dn_;,_l E’ Dn . (3)

[lo anamorun c GYHKUUSIMU ¢, OIPEHCNSIIOTCS
dbyHKUMY by, VTS TTOCITIEOBATEIBHOCTH MHOXeECTB D!,
Tak, 4To s Jtoboro n, n = 1,2, ..., U JIOOBIX T,x €
€ D4

hnt1 (Tnz) =T

Jlemma. ITycmy P — eeposmuocmuas mepa Ha (X °°, A),

V' — cneyugurkayus naumenvwux 3anpemos, {D!} —

nocumeaumep P, d,, = |D.,|,n=1,2,... Toeda dasn V',
{D.}, {d.,}, {hn} 6binoansiomes coomnowernus (1)—(3).

JdokazateabcTBO. Brimoanenue (1) mokazaHo
B [3]. ITo onpenenenuio Vz, 11 = Tnx € Dy, 4

hn-i—l (En—i-l) =Tp.
ITo OIPEaACICHUIO D;H—l nMmeeMm:
Pn (fn_;,_l) > 0,

0< Pn+1 (Tn+1) =P (Tn+1 X Xri?i-l) =
=P (Tp x {z} x X39,) <
<P (T x Xn x X21) =P (T x X°) = P (Tn) -

Orciozia cienyert, 4To T,, € D),. DTo 10Ka3bIBaeT CoOT-
HoteHue (2).
Eciu T, € D/, uVz € X,, 1 BbITIONHSIETCS

Pn+1 (EnI) = 0,

TO Ppt1 (T, Xnt1) = 0, 9TO MIPOTUBOPEUUT COTIIACO-
BaHHOCTU Mep P, u P, 41:

Pn+1 (Eann+1) =P, (En)

1 MPEearoNoXeHuto, urto P, (T,) > 0. 3Hauut, cyiie-
CTBYET Takoe x, uTo P, 1 (Tpx) > 0, T.€. Tpx € Dy, 4.
3T0 J0Ka3bIBaeT cooTHoIeHuE (3).
Bo3bMeM  TIPOM3BOJIBHYIO — TOCJIENOBATEIbHOCTh
CIOPBEKTUBHBIX GYyHKIUH f,, : DI, — D,,,mn=1,2,...
Kaxnas Takas dyHkuus nopoxnaet Ha D,, U, ciie-
n
JoBateibHO, Ha || X; BEPOSITHOCTHYIO Mepy @, C HO-

=1
curenem D,,.
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BxiioueHue HOBBIX 3a11peTOB B CJ'[y‘-IafIHLIC MOCJIE€A0BATCIbHOCTU

Torma mnsa Bcex n GYHKUUM §p1 U MEPBI Q41
n
nopoxnator Ha [[ X; BeposiTHOCTHbIE MephI ()], ¢ HO-
i=1
cutenssmu D,, (3T0 cienyeT U3 CIOPbEKTUBHOCTH fi,+1
U gnt1)-
Teopema 1. ITycmo 3a0ano npoussoavHoe cemeiicmeo ge-
posmubix mep {Q,} ¢ nocumensmu {D,,} u cemeitcmeo
@yuryui {g,}, yooeremeopsiowux ycaogusm (2) u (3).
Cemeticmeo éepossmuocmubix mep {Q.,, } aeasemes coena-
COBAHHBIM CEMeLICIBOM Mo20a U MoabkKo moeda, Ko2oa
04151 6cex n bINOAHAIOMCA paseHcmea Qn, = Q.

HdoxaszatenbcTBO. JoKaxeM IOCTaTOYHOCTD. st
COTJIACOBAHHOCTH Mep TOCTATOYHO, YTOOBI MIJIST JTIOOBIX

n
T e H X;
=1
Qn (Tn) = Qn+1 (E’IMX’H,-‘,-].) .
N3 xoneuyHoctHn BEPOATHOCTHBIX CXEM

Z Qn+1 :En

r€EX 41

Qn+1 (Tn, Xnt1)

Ilo onpeneneHuo

Q, (Tn) = ZQn+l Tn)

(Tnz)EDy 41

= Qn+1 (Enu Xn-i—l) .

Qn-'rl (gn-‘rl I"

:Z Qn-‘rl (fﬂx)

r€EX 41

ITo ycmoBuio TeopeMsl

n
st o0ObIX T, € [[ X;. Otciona ciemyet, 4to st
i=1

n
MOOBIX Ty, € [ X;
i=1

Qn (Tn) = Qn+1 (E’IMX’H,-‘,-I) .
JlocTaTouyHOCTh AoKazaHa. JlokaxkeM HeoOXomu-
Moctb. Eciu {Q),} — corimacoBaHHOe CeMENCTBO Be-

n
POSITHOCTHBIX MEp, TO IS IIOOBIX Ty, € [ X;
i=1

Qn-i-l (Env n+1) Qn (xn) .

n
Kpowme toro, ajist mobbix T,, € [[ X;
i=1

Qnt1 (9;];1 (Tn)) =

- Qn+1 (Ena

Q:z (En) =

n—i—l)

Teopema moKazaHa.

CewmeiictBo yHKLMI { f,,} ¥ BEpPOSITHOCTHAST Me-
pa P oposKIaroT CeMeCTBO BEPOSITHOCTHBIX Mep { @, }
¢ Hocutensimu {D,, }. Tlyctb dyHkimu {g,} ynosie-

TBOPSIIOT ycioBus (2) u (3). Toraa cripaBeiMBO ClIeLy-
Iolllee YTBEPXKACHUE.

Cnencrue 1. CemeiictBo dyukuuii {f,} u Bepost-
HOCTHast Mepa P TOpOoXIaloT eIMHCTBEHHYIO BEpOSIT-
HOCTHYIO Mepy () TOT/Ia ¥ TOJIbKO TOT/Ia, KOTAa TSl BCeX
n = 1,2, ... BBEIMOJHSETCS PABEHCTBO @, = Q..

Teopema 2. /115 co21aC08AHHOCMU MHONCECMEA 6EPOAM -
Hocmubix mep {Qn}, nopoxcoennvix gynxuyusmu { fn}
u npoekyuamu mepvl P, docmamouno, umobwsr ghynxyuu
{gn} yooeasemeopsau coomumowernusm (2) u (3) u dasn
6cex n. OblAU KOMMYMAMUBHbL CACOVIOUiLE OUAZPAMMDL:

D/ hn+1 /
n

n+1
.fn l l fn—i—l (4)

In+1
Dn — Dn+1

Hoxa3zatenbcTBo. Kaxmas dyukums f,, umepa P,
Ha D/, nopoxnaoot Ha D,, BEpOSITHOCTHOE pacrpe/iesie-
Hue @,. B cuity corylacoBaHHOCTU MPOEKIUit Mepbl P
Kaxnasi GyHKUMS h,41 TOpOXOaeT mepy P, U3 Me-
pol P,y1. [loaTOMy MOXHO cYuTaTh, 4To Mepa (),
MTOPOXKIeHA U3 MePhl P, {1 C TIOMOIIbIO KOMIIO3UIINHT
oTOOpaxkeHu (fr, * hpi1).

B cBow ouepenb, byHKUUS fr+1 U Mepa P,
MOPOXIAIOT pacrpeiesieHue BEposITHOCTEH (41
Ha D,y;. Ota Mepa U (GYHKIUS ¢,41 MOPOXKIAIOT
mepy Q! Ha D,, T.e. mepa Q) Ha D, mopoxueHa
nu3 Mepbl P, 1 C TIOMOIIBIO KOMITO3UIINK (DyHKIIUHI
(g1 * fosr)- Mo yeroBuIo (4) dyRKIHK (£ * Ari1))
U (gnt1% fnt1) coBnanaot. CrenoBaTeIbHO, 3TH (PYHK-
MU ¥ Mepa P, 1 TopoXaaloT Ha D,, OTHY U TY Xe Mepy,
T.e. Q, = Q). Otciona u u3 Teopemsl 1 ciemyer co-
[JIACOBAHHOCTh CeMeiicTBa BEPOSITHOCTHBIX Mep { Q) }.
Teopema mokazaHa.

4 IlpuMep OpoOXACHUS
BEPOSITHOCTHBIX MEP
C 3ajlaHHO¥ crielduKalein
HaMMEHbIIKMX 3alIPETOB

Myete v = {v; = 1,i =
={0,1,...,m

Ha X °°. Tycrb anemenTsl || X; nekcukorpaduyecku
i=1

b X =
— 1}, m > 2, u P — paBHOMepHasi Mepa

YIOPSITOYCHEI.

IMpuBenemM nmpuMep MOCTPOEHUST Mephl () cO CIie-
nuduKaueil HauMeHBIINX 3aIlIPeTOB ¢ MOMOIIBIO
MOJX0Aa, OITMCAHHOTO B pasm. 3.

n
B kaxaom mHoxectBe B, C [[ X; ectb HAUMEeHb-
i=1
I BEKTOP T,, C TOUKU 3peHU JIEKCUKOTrpaIecKo-
ro nopsijaka. Tpedyemyto Mepy OyaeM CTpOUTb MHIYK-
TUBHO. B D HamMeHBIIMM 3aripeToM OyaeM cuuTath 0.
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Oyukums fi; orobpaxaer X1 B X1\{0}. Ilpenmnomno-
XKUM, 4TO ompeneneHsl D, u f,. Onpenenum D, ;.
[MycTh ¥ — HaMMeHbIIWI 31eMeHT B D,,. B MHOXe-
ctBe D,, X X, 11 ONpenennmM HAaUMEHBIINI 3ampeT —

(z20). Monoxum

Dig1 = (D x Xpi1) \{(T50)} -
[TocTporM CIOpPhEeKTUBHYIO (DYHKIIHIO

n+1
Ha
frt1: H X; = Dpyr.

i=1
n+1

Jlist mo0bIX (Tpx) € [ X, KpoMe Tex, y KOTOPBIX
i=1

frn (Tn) = 7% ux = 0, nonoXUM

fr+1 (@Tnz) = (fn (Tn) ) € Dp X X1
O0603HaUNM ySf ), i =1,...,k, Bce 3JIeMEHTbl MHO-
xectBa f, (T ). Onpenenm

fn-i-l (_511)70) = (59“1) € D, x Xn+1.

OrmernM, uto (Zo,1) — HAMMEHBIINI SJIEMEHT
B D,+1. Ilo ompenenenuto f, — 3TO oTOOpaxeHUe
n
I1 X: na D,,. Tostomy f, 1 orobpaxaer X"*! na
i=1
Dyi1 = (D x X,11)\{Z%,0}. ITo mocTpoenuio D,, ;1
u3 D,, u u3 (1) cieayert, 4to v/,4+1 = 1 ¥ OTOT JAEMEHT
pases (79,0).

JokaxkeM KOMMYTAaTHBHOCTH muarpamMm (4).
TTOCTPOEHUIO [y, Y Ay yq JUTS TIOOBIX € Xy 41

i1 (79,2) =70

Ilo

IIO3TOMY
(Fo# hi) (7, 2) =70
Mpuz, #739,i=1,...,k,
(fn * hns1) (Tn, @) = fr (Tn) -
Hanee
Fos1 (yS?,o) = (@.1) € Dyy, i=1,....k;

(fn-i—l * Ont1) (gg)vo) = fn (ygzl)) = T(v)z
751 a71eMeHTOB (yﬁf),x), x#£0,i=1,...,k,
Jnt1 (?S)J) = (fn (?S)) J) = (), 7) € Dpya .
[Mostomy npu x # 0

(fn+1 * gn+1) (ﬂg),x) = T?z

Ipu z,, # yﬁ?, 1 =1,...,k, T0 ONpeneNeHUuIO fn4+1
UMeeM, 4TO sl TIOObIX « € X 41

(fn+1) (Tnv I) = (fn (Tn) x) € Dpyr.

Torma nmo mocTpoeHUo

(gn+1 * fn+1) = (fn * hn+1) .

KommyTtatuBHOCTh 1uarpamMm (4) mokasaHa.

Orclofa cieayeT CyllecTBOBaHME Mephl () Ha
(X, A) co cnenmdukanyeil HAMMEHBIINX 3aPETOB
v={y;=1,i=1,2,...}.

5 ITlpuMeHeHMe K aHaTIU3y
COCTOSITeJIbBHOCTHU

W3 cootHOMmEeHM (1) moryyaeM COOTHOIIICHUS:
dn+l_mn+ldn+yn+1:07 n:1727"' (5)

IMycte P — paBHOMepHast Mepa Ha (X °°, A). To-
n

r1a otHomeHue dy, / [] m; ecTb BeposITHOCTD MHOXe-
i=1

crBa D,, B mepe P,.

Hnst cietmbukamu v = {v; = 1, i = 1,2,...}
u3 (5) I8 HEKOTOPOTro MOJIOXUTEIBHOTO £ MOoJydyaeM
CJIEAYIOIIME COOTHOLIEHUS TIPU My, > 3, n = 1,2, .. .

n
n

[[mi

i=1

[Ipu n — oo mpenen 3Toi BEpOSITHOCTU paBeH Be-
posiTHOCTH P HocuTesnst Ag Mepbl

>e>0.

P(AQ)Z€>0.

M3 HeoOXOAMMBIX 1 JOCTATOYHBIX YCAOBUI [2] cy-
ILIECTBOBAHUSI COCTOSATENbHBIX IMOCIeI0BaTEIbHOCTEM
KpUTEPUEB, OMpeAe/sieMbIX 3ampeTaMu, IJIsl TpoBep-
ku runores Hy,, : @, npotus H; , : P, ciledyet, 4To
TaKMX ITOCJICIOBATEIEHOCTE KPUTEPHEB HET.

6 3axkiouyeHue

[MonyyeHbl YCIOBUSI KOPPEKTHOIO ITOCTPOEHMS
JIOTIOJTHUTETbHBIX OTpaHUYEHM I Ha CITydaiiHyIo TTocie-
JIOBATEJbHOCTH C TTIOMOIIBIO CITeLMMUKAIIMA HAMMEHb-
mux 3anpeToB. KoppekTHoe MmocTpoeHue CTOXacTH-
YeCKMX MOJEeJIei MO3BOJISIET UCII0Ib30BaTh B aHAIU3E
CTATUCTUYECKUX [JAHHBIX XOPOIIO pPa3paboTaHHBIA
arrmapat TeOpUW CIyYalHBIX TI0CJeIOBaTeIbHOCTEM
1 TIPOLIECCOB.
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OB ONITUMAJIbHOM JOCTABKE I'PY30B TPAHCITOPTHBIM
CPEACTBOM C YYETOM 3ABUCUMOCTU CTOMMOCTHU
ITEPEBO3OK OT 3AI'PY3KU TPAHCITOPTHbBIX CPEACTB

I[TO HECKOJIbKUM HUKINYECKUM MAPILIPYTAM*

E. M. Bponmrreiin!, I1. A. 3enén?

Annoramusa: PaccMartpuBaetcst 3amaua mOCTPOEHUST MapIIpyTa JOCTaBKU IPY30B TOTPEOUTENSIM OT OTHOTO TIPO-
u3BoauTes (6asbl, ckiaaa) TpaHcHopTHbIM cpeacTBoM (TC) ¢ MUHMMAIbHBIMU 3aTpaTaMu Ha nepeBo3ku. [Tpu
9TOM YUYMTHIBAETCS 3aBUCUMOCTh CTOMMOCTH TPAHCIIOPTUPOBKY OT 3arpy3ku TC u kauectBa noporu. [Ipeamnomna-
raercst, uro TC MOXeT Bo3BpalaThest Ha 6a3y 1uist 1o3arpy3ku. [locTpoeHa cOOTBETCTBYIOIIAsT MaTeMaTIIecKast
Mozesnb. JUts cayvast JMHEeHO 3aBUCMMOCTY CTOMMOCTH ITPOe3/a OT 3arpy3KHM MosTydeHa TMHEeHHasl LIeT0YMCIIeH-
Hast MoJienTb. 17151 peleHrsT TIOCTaBIeHHOU 3aauy Hapsiay ¢ TOUHBIM aJITOPUTMOM TIPEIIOKeHa MOIUMDUKALIVST
WU3BECTHOTO 3BpucTHIecKoro anroputma Kimapka—Paiita. [IpoBeneH BEIYNCIUTENBHBIN 9KCIIEPUMEHT.

KiroueBbie ¢i0Ba: 3BPUCTUYECKHI aITOPUTM; MIOCTPOSHUE MapIIpyTa; TPAHCIIOPTUPOBKA; 3a7ada MapIIpyTHU3a-

uuu
DOI: 10.14357/19922264140407

1 Bsenenue

CucreMaTnyeckoe M3y4eHUE ONTUMM3AIIMOHHBIX
3agay TpaHcrnopTHoit soructuku (Vehicle Routing
Problem, VRP) Hauanocs ¢ pa6otsl [1]. 3a mocien-
HUe ToJIBeKa MOCTaBIeHO MHOXECTBO 3a/1ay 3TOT0 TU-
Ma, pa3BUTHl KaK TOUHbIE, TaK U IBPUCTUYECKUE Me-
Tombl perieHnsI. YacTHBIM CilydaeM MOTOOHBIX 3amad
SIBIIAETCS M3BECTHAs 3amada KOMMUBOsKepa. Kiac-
crbUKaAINSI ONMTUMU3AIMOHHBIX 3a1a4 TPAaHCTIOPTHOMN
JIOTUCTUKY TIpUBENeHa, Hanmpumep, B [2].

3amada, paccMaTprBaeMasl B TaHHOM paboTe, Imepe-
knukaetcsa ¢ CVRP (Capacitated VRP), B atux 3ama-
yax yYMTHIBAIOTCS OrpaHUYeHUsT Ha BMeCTUMOCTh TC
(cM., Hampumep, [3]). B OoabLIMHCTBE ciyyaeB Mpu
ITOCTAHOBKE 3a/1a4 MapIIPyTHU3alIMU CTOMMOCTh TPAHC-
TIOPTUPOBKMU SIBJIIETCS QPYHKLIMEH, 3aBUCSILEN TOTBKO
OT PacCTOSTHUSI MEXY TOPOJaMU.

B pabote [4] mpennaraeTcs IpW ITOCTaHOBKE 3a-
Ja4y MapIIpyTU3aluy YYUTBIBATb PSII TOTTOJTHUTEIbHBIX
¢akTOpOB, YaCTh U3 KOTOPBIX paccMaTpyBaeTCsl B Ha-
crosiiieit padore. B yacTHoCTH, mipeamnoaraeTcs, 4To
CTOMMOCTB TPAHCTIOPTUPOBKM 3aBUCHT OT 3arpy3Ku TC
W COCTOSTHUS JOPOTH.

PaccmarpuBaemas 3amada siBisietcst NP-TpymHOIM,
KaK 0000IIIeHIEe 3a1a91T KOMMHUBOSIKEpa, B CBSI3U C YeM
TOYHBIE METOIBI MPUMEHUMEBI JIMIIb IIPW MaJIbIX pa3-
MepHocTsx 3aaad (MeHee 10), a 3HAYUT, aKTyaJdbHOU

*Pabora BeITosiHeHa 1pu nopaepxkke PODU (ripoekr 13-01-00005).

3aJa4en SABIISIETCS paSpaGOTKa OBPUCTUYCCKNX METO-
JOB €€ PCIICHMUA.

2 IlocraHoBka 3amauu

Ipy3 crexyetr mOCTaBUTH MOTPEOUTEISIM M3 MMYHKTA
npousBoactBa TC rpysonoabeMHOCThIO (). W3BecT-
HbI 3HAYEHUS ¢; — TOTPEOHOCTU B Ipy3e ¢-Io MyHKTa
rorpeonenus (¢ = 1,...,n), n — IUCIO ITyHKTOB T10-
TpebneHus. s eqnHooOpa3us OyneM CUMTaTh MyHKT
MpOMU3BOACTBA (0a3y, CKJ1aa) HyJIeBbIM MyHKTOM. [1pen-
nojaraercs, 4yto TC, 10cTaBUB I'py3 B HEKOTOPBIE ITyHK-
ThI, BO3BpAllaeTCsl Ha 0a3y v 3arpyKaeTcsl AJ1s1 JOCTaBKU
JPYTUM TTOTPEOUTEISIM.

Jdoporu MeXmy IMyHKTaMH XapaKTePU3YIOTCS IBY-
Ms IOKa3aTesIMU: PacCTosiHUEM l;; (i,7 = 0,...,n)
U KOI(DPULUMEHTOM CIOXHOCTU JOPOTU k;; MEXIY
nyHKTamu ¢ U j. PaccrogHue [;; MOXET 3aBHCETb
OT HaIIpaBJICHUS OBIDKCHUS (HAIIpUMEp, €CTh TOPOTH
C OTHOCTOPOHHUM JIBMKEHUEM), KOA(MMUILMEHT CIOXK-
HOCTH TOPOTH BIIMSIET HA PACXOJI TOIIMBA, €TO BETNIM -
Ha TakKe MOXET 3aBUCETh OT HaMpaBJIeHUs MaplIpyTa
(mpuMep: TTOABEM B TOPY WJIU CITYCK C TOPHI) [5].

KaxmpIil TyHKT moceInaeTcs B TOYHOCTH OIWH pa3
(ne momyckaetcst split delivery [6]). OuyeBuaHO, 4TO
3amavya MMeeT pellleHre TOrna M TOJBKO TOTIa, KOorma
BMecTUMOCTh TC He MeHblIe MOTPEeOHOCTU B Tpy3e

1Vbumekuit rocyrapcTBeHHbII aBUALIMOHHbII TeXHUUECKUIT YHUBEPCUTET, bro-efim@yandex.ru
2YumcKmii rocyrapcTBeHHBIN aBUAIIMOHHBII TeXHNIeCKHil yHUBepcuTeT, pz1988@yandex.ru
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B KaXJIOM M3 ITyHKTOB MOTpebsieHus. Yuciao LuKIOB,
3a KOTOpbIE TTPOMCXOAUT JOCTaBKa, HE TTPEBOCXOIUT n.
bynewm cuurtath, YTO OHO PaBHO 72, HO CPEIU HUX MOTYT
OBITh MYCTHIE.

Ipenmnonaraetcst M3BECTHOW 3aBUCUMOCTH f(q)
pacxofia TOIUIMBA Ha eAMHUILY MYTH JOPOTU CTaHAApT-
HOTO KayecTBa.

DyHKIMS pacxoia TOTUTMBA B 3aBUCUMOCTH OT Beca
TepeBO3MMOTO Tpy3a SIBJISIETCST BO3pacTaolieil 1 (Kak
MPpaBUJI0) BOTHYTOI Ha BCeM UHTEpBajie 00JacTH Orpe-
nenenust yukimu [0; Q).

Bsenem OyneBbl TiepeMeHHBIC ij (1,5, t =
= 0,...,n), paBHble | TOrma U TOIBKO TOTAA, KOTna
CJIEYIONIUM TIOCJIE ¢-TO TYHKTAa Ha TYTH CJIeTOBAHUS
TC B t-M 1uKIE SIBASIETCS j-U MYHKT. JLOJKHBI BBITON-
HSTBHCS CJEAYIONIUE YCIOBUS:

SoXlh=> Xl=1,t=1,...,n; (1)
i=0 j=0
J=1,...,n; ()
t=1 7=0
S > X! i=1,...,n. (3)
t=1 1=0

Orpannuenue (1) o3HauaeT HaIMUME B KaxKIOM
LIMKJIE OJHOTO MyHKTa TMoTpedneHus (uau 0as3bl 1Jist
HyJIEBOro Mapiipyta), u3 kotoporo TC mormnangaer He-
MOCPEACTBEHHO Ha 0a3y, 1 POBHO OJHOIO MYHKTa IO-
TpebseHns (MIn 6a3bl 11T HyJIeBOTO MapIpyTa), B KO-
toperii TC BeIe3XkaeT ¢ 0a3nl; orpaHndeHus (2) m (3)
OIUCHIBAIOT YCIIOBUE OMHOKPATHOTO MOCEIICHUS KaXkK-
JIOTO MYHKTa MOTpeOeHUSI.

BBezieM 1ieiouMCieHHbIe TiepeMeHHble vf (4,1 =
= 1,...,n)), UMEIOLINE CMBICI HOMEPOB MMOTpeOUTE-
JIel B TTOPSIAKE TIPOXOXKICHUS B t-M ITUKIIE, COMepKa-
IIEM BCE MTyHKTHI, 3a UCKITIOYEHUEM HaYaJIbHOTO:

1< <ZZ Loit=1,...n; (4
1=0 5=0
(Uf )—i—nXt n—1, i,5,t=1,....,n. (5)

W3 ycioBuii (4) u (5) ciemyeT OTCYTCTBUE TTOIIAK-
JIOB.

BBeneM, HakoHell, OYJIeBbI nepemeHHHe Z!., paB-
Hble | TOroa U TOJNBKO TOrHa, Korma vl > vf (i,s,t =
=1,...,n). OrpaHMYeHNs HAa BBEIEHHbIE TEPeMEHHbBIE
HMMEIOT CJICAYIOIIMI BUI:

nZl, >l -l i st=1,...,n. (6)

DTO ycioBUe obecrieunBaeT BBHIMOJHEHUE paBeH-

crBa Z!, = 1 mpu vl > vl

Jlist oGecriedeHust paeHcTBa Z!, = 0 mpu vl < v}
t

3aMETHM, YTO YMCJIO BEJIMYMH v}, MeHBH_II/IX vt, paB-
HO v} — 1. Takum 0Opa3oM, BBHINOJIHEHUE HYKHOIO
CBOICTBa 00CCITEYNBACTCS PaBEHCTBAMMU:

ZZfS:U’;—l,s,tzl,...,n. 7
i=1

Ol"paHI/I‘IeHI/Ie Ha BMCCTUMOCTD:

Z Z quth =@

1=0 j=0

L t=1,....n. (8)

Lenbio sBASIETCSI MMHUMM3ALIMAS
TPaHCITOPTUPOBKY:

pacxoaoB Ha

R

n

Z thsql lijkij — min . (9)
s=0

>

t=1 j=0 i=0

I
(] =

3 JluHelHada UeJoYnciieHHasd
MOJIEITh

[Ipenmnonoxum, 4ToO CTOUMOCTb TPAHCITOPTUPOBKU
SIBJISIETCSI JIMHEWHON (hyHKIIME OT Macchl NepeBO3U-
MOTO Ipy3a:

fla) =vg+w.
Torma mnpu coxpaHeHuu yciaoBuii (1)—(8) ueneBas
byuaxkmms (9) mpuMeT BUI:

n

i i > X1 ZEaslijki; +
s=0 5=0 ¢=0
+w Z Z

t=1 j=0 i=

"
M=

R(X)

~
Il
—

n

ijlijkij — min . (10)
0

s mpuBeneHus 1ejieBo (pyHKIIUU K JIMHEHHON
dopme BBemem GyneBbl mepemennbie P = X[ Z[
(i,j,8,t = 0,...,n). DTO yCIOBHE PAaBHOCWIBHO BBI-

TMOJIHEHUIO CJIEYIOIEN CUCTEMbl HEPABEHCTB:

P> XL+ 2, —1,i,j,s,t=0,...,n;

©js

)

Pztjs<X1tja i,j,S,tZO,...,?’L; (12)
P, < Zj,, i,j,8,t=0,..., (13)

Torma neneBast pyakmus (10) mpuMeT BUA:

> Z > Plgalihi; +
=037 1=0
twd YN

t=1 j=0 i=

"
NE

R(X

~+
Il

—_

[

(14)

t .
ijlijkij — 1111 .

(=)

Kak umcno mepeMmenHbIx 3amaun (1)—(8), (11)—
(14), Tak ¥ YUCIO OrpaHWYEHUI HMEIOT MOPSIIOK
O(n?).
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OO0 onTUMaTBLHOI TOCTaBKE T'PYy30B TPAHCIIOPTHBIM CPEACTBOM C YYETOM 3aBUCUMOCTU CTOMMOCTU IIEPEBO30OK OT 3arpy3Ku

4 MoaupuuupoBaHHbBIN AJITOPUTM
Knapka—Paiita

15t perieHUst 3aga4u ObLT MOAUGUIIMPOBAH 3BPH-
ctrnaeckuit anroput™ Kimapka—Paiira [7, 8]. JocTonH-
CTBaMU METOMA SIBIISIIOTCSI €rO TIPOCTOTa, HAIEKHOCTh
U TUOKOCTb.

OrmieM OCHOBHBIC WIS aJITOPUTMA.

Meton Knapka—Paiita siBisieTcsl uTepalliOHHBIM,
MpUYeM Ha KaXIOW WTepaluy OCYIIECTBISETCS TO-
MbITKA CpalllMBaHUs ABYX LUKIMYECKUX MapIIpyTOB
10 OTIpeIe/ICHHBIM TTpaBmiIaM. MoanduKaims MeTona
Krnapka—PaiiTa 3aKimrogaeTcss B BO3MOXHOCTU BapbH-
poBaHUsI TTYOMHBI CpallliBaHUsI MAPILIPYTOB P, a TAKKE
B y4YeTe 3aBUCUMOCTU CTOMMOCTH TE€pPEeBO3KM OT Ha-
MpaBJeHUs TPOXOXISHUST 1UMKIa. B KiaccuyeckoM
anroput™me Kiapka—Paiita rinyouna p = 0.

WM3HauanbHO reHepupyloTcsl n UMKIOB Buga 0—i—
0 (: = 1,n). Ha xaxmoM M3 MocienyolUX IIaros
paccMaTpUBaIOTCS BCEBO3MOXKHBIC TOITYCTUMBIC TTaphl
IIUKIIOB (T. €. TaKKe, TSI KOTOPBIX CyMMapHasl 3arpy3Ka
HE TIPEBOCXOINT (), IUTST KaXKIIOU M3 KOTOPBIX CTPOUTCST
He Oosiee 8 UKIIOB Tipu p = 0 U He Oosiee 16p LUK~
JIOB Mpu p > 1 cleaylolyM o0pa3oM: KaxIblii U3
HOBBIX LIMKJIOB COCTOUT U3 HAYaJbHOTO U KOHEYHO-
ro oTpe3ka (IUIMHOI He 00Jjiee p) OMHOTO U3 IIMKIIOB,
3aTeM MPOXOAUTCS BTOPOU LUKI (O6e3 HyJIeBOil Bep-
ILIMHBI), 3aTeM TPOAOJIKAETCS ABMXKEHUE 10 TIEPBOMY
Huky. [Tpy 9ToM yuyuThIBaeTCsl BO3BMOXHOCTh U3MEHE-
HUSI HaMpaBJeHUs ABUXKEHMS 110 KaXXJIOMY U3 LIMKJIOB
Ha TIPOTUBOITOJIOKHOE, TTIOCKOJIBKY 3a/1aua He IIPEeIIo-
JIaraeTcsi CMMMETpUIHON U 3arpy3ka TC 3aBHCHUT OT
TTOPsITIKa TTPOXOXACHUS ITYHKTOB.

HanpumMep, cpauiuBaHue UMKIOB G, a3, ..., a5
wai, a3, . .., aj, (CUCKTIOUEHHOI HyIEBOM BEPIIMHOIA)
MIpY eIMHUYHBIX HAYaJIbHOM ¥ KOHEYHOM OTpe3Kax Ja-
eT CJICAYIOIINE LIUKIIbI;

O,G%,a%,ag,...,aiwaé,...,a}ﬂ,O'
O,a},aiz,aiz_l,...,a%,a%,...,a}ﬁ,o;
O,a,lﬂ,a,lﬂfl,...,a%,a%,a%,...,aiz,a%,O'
O,a,lcl,a}clfl,...,a%,ai,aiflw..,a%,a%,o

Elle yeThipe UMKiIa BOZHUKHYT MpU H00aBICHUU
YacTU BTOPOTO LIMKJIA MEXAY MyHKTaMU a,l€1 u a}ﬁ_l.
3areM MepBbIii U BTOPOM LIMKJIBI MOXHO MOMEHSTb
MEeCTaMM, TOTJa TTOJTYYNM ellle 8 IINKIIOB.

B kaxgom ciayyae BBIYMCISIETCS Pa3HOCTb MEXIY
CYMMOI1 pacXoJIoB Ha JOCTaBKY I'Py30B IO OTAEIbHbIM
LUKJIAaM 1 pacX0J0B Ha JOCTAaBKY I'PY30B I10 UX 00bea1-
HEHUIO U BBIOMpaeTcss O0beAMHEHHbBIN LIUKJI, IJIST KO-
TOPOT0 3Ta pa3HOCTb MakcumasbHas. [1Ipu aToM B MO-
nubukanuu anroputMma Knapka—Pafita mnsa kaxmoit

nmapbl LUKJIOB MepedupaloTcsl BCe BO3MOXKHbBIE Bapu-
aHThI UX CpallMBaHUS MPU BCeX 3HAUYCHUSIX TIYOUHBI
cpamuBaHus oT 0 10 3aJaHHOTO M0JIb30BaTe/IeM 3Haue-
Hug p. Tlpouecc npekpamiaercsl mpyu HeBO3MOXHOCTU
MATBHEHUINEeTo CpalliBaHWs IIMKIIOB VWJIM OTCYTCTBHU
raphbl LIUKJIOB, cpallliBaH1e KOTOPBIX BBITOAHO [7, §].

S BpruMcauTeNIbHBINA SKCOEPUMEHT

3amaga (1)—(8), (11)—(14) pemramach AByMsI CITO-
cobaMU: TOYHBIM METOIOM M MOIUGHUIIMPOBAHHBIM
anroputMoM Kitapka—Paiita, KoTopble ObLIN peanu-
30BaHbI B cpene Scilab-4.1.2. TlockosbKy Ha 3amayax
C Pa3MEpPHOCTSIMU N > & BpeMsl PEILICHUsT JUHEUHOMN
LIEJTOUYMCIICHHOM 3a1aul 0Ka3aJI0Ch BeChMa ITPOIOJIKI -
TEJTBHBIM (B HEKOTOPHIX CIyJasx 6osee 45 4), cpaBHe-
HUE aJITOPUTMOB MPOU3BOIUIIOCH LIS CTyYaiiHO CreHe-
PUPOBAHHBIX 3a1au NpU pasMepHocTsx n = 4, 8. Jla
Kaxa0i pa3MepHOCTH ObLIO peleHo mo 20 3aaay Kax-
IIBIM 13 aJITOPUTMOB.

[eHepalmsT TeCTOBBIX MTPUMEPOB OCYIIECTBISIACH
IUTST 3HaYeHu i rpyzononbeMHocti TC @ € [1,5, 5] (T);
9JIEMEHTbhl MAaTPUILbl L TMPOTSKEHHOCTU NOPOT MeX-
[y TIyHKTaMU T€HEpUPOBAJIUCH U3 AManasoHa L;; €
€ [1, 100], i,5 = 1,n (KM); DJIEMEHTBI MATPHIIbI KO-
3G GUITMEHTOB CIIOKHOCTH TOPOT MEXKIY ITyHKTaMU Te-
HEPUPOBAIUCH 1IEBIMU U3 AuManasoHa [1, 5]; BeKTOp
MOTPeOHOCTE! MYHKTOB B Ipy3e T€HEPUPOBAICT U3
nuamasoHa ¢; € [300, 1500] (kr). PyHKIMS pacxona
TOIIMBA I McIojb3yemoro Tuia TC 3amaHa ITom-
HOMOM TIEPBOI CTEIIEHW OT BEeMWUYMHBI 3arpy3ku TC
B Busie f(q) = 15+ 3q.

Bce creHepupoBaHHbIe 3a1a4u ObLIM peLIeHbl TPU
MOMOILM TOYHOTO aJITOPUTMA, a TaKXKe C MOMOIUIBIO
MoauduimpoBaHHoro anroput™Ma Knapka—Paiita pu
3HAYCHNU TapamMeTrpa p = 3. JIJIs Kaxkmoro 3HaYeHMUS
n = 4, 8 B TaGINILIE IPUBEAEHBI PE3YIIBTATH YACIEHHO-
IO 9KCIEpUMEHTa — CpeJHNe 3HaUeHUs OTKJIOHEHMSI
OT ONTUMAJILHOTO 3HAUEHUs pacxoja TOIUIMBa, CPe.l-
Hee BpeMsl paboThl TOYHOTO ajiIrOpPUTMa U MOAUDULIM-
poBaHHoro anroput™ma Kiapka—Paiita. Taxkke mpu-
BEICHBI CBEIECHUS O JOJie 3amad, pelleHre KOTOPBIX
agroputMoM Kiapka—Paiita coBmajao ¢ oNnTmMaib-
HBIM.

Kaxk BuaHO 13 Tabau1bl, MOAUGULIMPOBAHHBIN aj-
roputMm Knapka—PaiiTta Ha HEOOIBIINX pa3MEPHOCTSIX
ITOKA3BbIBACT XOPOIIIME PE3yJIbTaThl. BBUMCIMTETEHOE
BpeMsI, 3aTpadylBacMOe TOTHBIM aJITOPUTMOM, OKa3bI-
BaeTcsl HeMpueMJieMo BeJIUKo (bosee 27 4 yxe pu n =
= 8), B TO BpeMsl KaK BbIUYMCIUTEIbHOE BpeMsl, 3aTpa-
yrBaeMoe MOAMMUIIMPOBAHHBIM aiaroputmMoM Kirap-
Ka—PaiiTa, ocTaeTcs IpreMIIEMBIM ITPH CYIIIeCTBEHHOM
YBEIMYCHUN Pa3MEPHOCTHU

PucyHoK uimocTpupyeT 3aBUCUMOCTb BPEMEHMU pa-
0OTHI 3BPUCTUYECKOTO AITOPUTMa OT Pa3MEPHOCTHU 3a-
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PCByJIBTaTLI YUCJIICHHOI'O SKCIIEPUMEHTA

TouHblit anroput™ MoaudunrpoBaHHbiil anroput™ Kinapka—Paiita
n Cpennee BpeMst Cpennee BpeMst Cpennee otkinonenue | CoBmageHus pe3yabTaToB
paboTHI aJiropUTMa, ¢ | paboThl AITOPUTMA, C | pacxoja TOIuBa, % ¢ ontumMymom, %
4 2,70 17,57 3,08 85
5 13,74 20,82 4,47 75
6 213,85 24,36 3,04 65
7 6050,91 46,40 9,15 50
8 100 084 54,60 14,26 25
12000 MOJIy4aeMBbIX pE€3YJIbTaTOB OT TOYHO HAMIEHHOIO OITH -
10000 - Myma.
8000 -
Jlutepatypa
< 6000 patyp
1. Dantzig G. B., Ramser J. H. The truck dispatching prob-
4000 lem // Management Sci., 1959. No. 1. P. 80—91.
2000 L 2. bponwmeiin E.M., 3auxo T.A. JleTepMUHUPOBAaHHBIC
ONTUMU3ALMOHHbBIE 331291 TPAHCIIOPTHOM JIOTUCTUKM //
0 N R R | ABTOoMaTHKa 1 TeneMexanuka, 2010. Ne 10. C. 133—147.

A R N
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
n

3aBUCUMOCTb BBIYUCIUTEbHOTO BpEMEHU PAOOTHI MOAUDU-
kauuu anroputma Knapka—Paiita oT pazMepHOCTH 3a1a4

Jaun. ITo ropusoHTaNIM yKazaHbl 3HAYEHMST . — pas-
MEpHOCTH 3aJadM, TI0 BEPTUKAIM — CPEeIHee BPeMs
BbluMCeHUs (B cekyHaax). Kaxk BumHO, npu yBenau-
YEeHUU pa3MePHOCTU BpeMsl pabOThl MOAM(PUILIUPOBAH-
Horo ainroputMa Knapka—Paiita Bo3pacTaeT, omHaKoO
TOYHBIN aJITOPUTM Ha UACHTUYHBIX PAa3MEPHOCTSIX pa-
0oTaeT HeCpaBHUMO JOJIbIIIE.

6 3axioueHue

PaccmarpuBaemasi nipoGiemMa SBJISIETCS aKTyallb-
HOW TIpuKJanHoi 3amaueit. IlomyyeHHBIE pesynbTa-
Thl TIO3BOJISIIOT CJeiaTh BBIBOA O 11€J1eCO00pa3HOCTHU
UCTIOJb30BaHUsl Moaudukauu anroputma Kinapka—
Patita nist pelieHust 3aga4m TPaHCIIOPTUPOBKU I'PY30B
¢ yyetom 3arpy3ku TC nmsg CHUXEHMUSI OTKJIOHEHUS

3. Ralphs T. K., Kopman L., Pulleyblank W. R., Trotter L. E.,
Jr. On the capacitated vehicle routing problem // Math.
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METO/ IMTOBBILIHEHUA SOPEKTUBHOCTU PELUEHWA 3AJAY
BEPOAATHOCTHOM BEPUDGUKALIMU BEIYUCIUTEIBHBIX
N TEJTEKOMMYHUKALIMOHHBIX CUCTEM*

A. M. Muponos!, C.JI. Dpenkenn?

Annoramusa: PaccmaTpuBaeTcst mpobiemMa CHIDKEHUST TPYIOEeMKOCTH BePOSITHOCTHOM BepudUKaluy mpu mpo-
E€KTUPOBAHUM BbIYMCIUTENbHBIX cucTeM. [locTaBiieHHas Leb TOCTUTaeTCsl PenyKIIMeil BEPOSITHOCTHBIX CUCTEM
nepexonoB (BCIT), monenupyooumx npoektupyeMbie cuctembl. Bepudukarms BCIT 3akiiouaeTcst B BBIYUCICHUT
WCTUHHOCTHBIX 3HaYEHMIT (hOPMYJT BEpOSITHOCTHOI TeMrtopanbHoit toruku (PCTL, Probabilistic Computational
Tree Logic) B HauanbHbIX cocTosiHusix BCII. Penykius BCIT BbinoHsI€TCS MO aAropuTMy yaaleHUs 9KBUBAJIEHT-
HBIX COCTOSIHUIA, B pe3yJibraTe paboThl KoToporo nosydyaetcs takast BCI, y KoTopoii Bce CBOICTBa, BbIpaxkaeMble
dopmynamu Joruku PCTL, coBnanmatot co cBoiictBamu ucxogHoit BCII.

KioueBbie ciioBa: BepI/I(I)I/IKaHI/IH; BEPOATHOCTHBIC CUCTEMBI IIEPEXOOO0B; BEPOATHOCTHAA TEMITOPAJIbHAA JIOTUKA,

penyKLsl BEpOSITHOCTHBIX MOzieJeit
DOI: 10.14357/19922264140408

1 Bsenenue

1.1 ITocranoBka 3agauu

HeobxomuMocTh B BepOSITHOCTHOM BepubUKaLIUN
MPOEKTOB LM(POBBIX CHUCTEM BO3HUKAET JMOO TpU
MTPOEKTUPOBAHUY CUCTEM CO CTOXACTUUECKUM TTOBeIe-
HHMEM, HalpuMep MHOTOKaHAJIbHBIX TeJIeKOMMYHUKA-
LIMOHHBIX CUCTEM, JIN0O B ClIyJasiX, Korma y pa3padboT-
YyKa €CTh OCHOBaHME T0JlaraTh, 4TO MPOEKTUpyeMast
crucrteMa B paboyeM peXrMe MOXKET ObITh IMOABEpPKe-
Ha Pa3IMYHBIM He CIenr(GUIMPOBAHHBIM TIPU TPO-
eKTUPOBAHWM OIIMOKAM M CIIydailHbIM CcOOSIM Kak
BHYTPEHHEU MTPUPOIIBI, TAK U MTHULIMMPOBAHHBIX BHEIII-
HUMU BO3IEUCTBUSMM. [TOCKOIBKY TOYHO JIOKaan3a-
1Mst ¥ (DyHKIIMOHAIBHBIE TIOCSICTBYS HATMIUST TAKUX
OIMMOOK anpuopy He M3BECTHBI, WX MOXHO IOIIbI-
TaThCsl XapaKTepU30BaTh BEPOSTHOCTHIO TIPOSBICHUS
B pe3ysibTaTtax paboThl U, COOTBETCTBEHHO, TOBOPUTH
0 BeposTHOCTHOI Bepudukanuu. Haubonee pac-
MPOCTPAHEHHBIM TTOIXOMOM K (hopMajbHOI BeposIT-
HOCTHOU Bepudukauuu sisiercs Probabilistic Mod-
el Checking [1, 1. 11], HOTONHSIOMMIA TPOBEPKY
COOTBETCTBUS (hOPMAIBHOM crielinUKaIuU TPOSKTH-
pyeMoii cHUCTeMbl ee CBOMCTBaM (properties) BbIYUC-
JIEHMEM BEPOSITHOCTEW BBIMIOJTHEHMSI 3TUX CBOMCTB.
B naHHOM ciiyyae TIpOEKTUPYeMbIE CUCTEMbI OMUCHI-
Batotcst Monesibto BCII, KoTopast ucrosb3yeTcst B aj-

roput™Max (GopMaabHOUM BepU(PUKAIINN, OCHOBAHHBIX
Ha mpoBepke Momeneir (Model Checking). Omna u3
[JIAaBHBIX ITPOOJIeM UcHob3oBaHus Probabilistic Model
Checking, Kak 1 mpounx GopMaJbHBIX METOIOB CIIEIIU-
¢uKaunm, COCTOUT B UX BLIYMCIUTETbHOM CIOKHOCTH,
U MIO3TOMY CHUXKEHME pa3Mepa COOTBETCTBYIOLIMX MO-
Jieseit, B YaCTHOCTH MaTPHII TeX MJIM MHBIX TTIEPEXOIOB,
SIBJISIETCS] BAXKHEUIIIMM (DaKTOPOM PEaTM3yeMOCTH CO-
OTBETCTBYIOIIMX METOJOB.

B HacTosimieit pabore paccMaTpuBaeTcs 3agava pe-
nykiuu BCII, 1enblo KOTOpoii SIBISIETCS MOHMXKe-
HUE cJIoXHOCTH Bepudukannu cBoiicts BCII, Bbipa-
JKaeMBIX (GOpMyIaMi BEPOSITHOCTHOM TeMITOpabHOM
snorukn PCTL. BeposTHOCTHBIE CUCTEMBI TTEPEXOI0B
MPEeACTaBISIOT COO0M ONMH U3 Harubosiee IUPOKO UC-
MOJIB3YEMbBIX KJIACCOB MOJENel TUCKPETHBIX TUHAMU-
yeckux cucreM. [Touarue BCII aBisgercs 00001eHEM
MMOHATH LIlen MapKoBa [2], KOTopoe HaIllIO IIIMPOKOe
IIPUMEHEHNE B €CTECTBEHHBIX M TYMaHUTApHBIX Hay-
kax. [Tonsitue BCIT MoXHO paccMaTpuBaTh TakKe Kak
YaCTHBIN Ciydail TOHSTUSI BEPOSITHOCTHOTO aBTOMa-
Ta [3]. [1aBHOI OTAMYUTEIbHOI OCOOEHHOCTBIO TTOHSI-
st BCIT ot moHsTHIT et MapKoBa 1 BEPOSITHOCT-
HOTO aBTOMaTa SIBIIICTCS HAJIMYKME BBIPA3UTEIHLHOTO
Jloruyeckoro ¢opmanusma, IMo3Bossioliero ddex-
TUBHO ONMUCHIBATh pPa3UUHbIE CBOWCTBA TOBEICHUS
BCII. B kayectBe Takoro dopmain3Ma BbICTyMa-
eT BeposITHOCTHas1 TeMmmopanbHas nornka PCTL [4,

*Pabora BbInoHeHa py YacTuHO nmoanepxke PODU (mpoext 12-07-00109).
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MeTtoa noBbILIEHUS 3(1)(1)6KTI/IBHOCTI/I peIICHMA 3ada4 BepOHTHOCTHOfI BCpI/I(I)I/IKaL[I/II/I BbIYMCIUTCIIbHBIX CUCTEM

5], KoTopasi TpeacTaBisieT COO0OM BEPOSITHOCTHBIN
aHaJIOT TeMITOPaJIbHON JIOTUKU BETBSIIErocs Bpeme-
uHu CTL [6], ucnonb3ymoleiics s crnenudukamu
CBOWCTB MapaJlIeIbHBIX ¥ pACTIPEIEIEHHBIX IPOTPAMM,
u siBTsteTCsT 9 PEKTUBHBIM MHCTPYMEHTOM JIJIST OTIHCa-
HUS Pa3IUYHBIX CBOMCTB MUCKPETHBIX BEPOSITHOCTHBIX
JTUHAMUYECKUX CUCTEM.

®opwmyiel toruku PCTL mMoryt oTpaxkars pa3ind-
HbIE BEPOSITHOCTHBIE aCTIEKTHI TIOBEACHUST aHATN3UPY-
€MBIX CHUCTEM, K YUCITY KOTOPBIX OTHOCSITCSI, HATIPU-
Mep, 4acTOTa BBITTOJIHEHUS TeX WU WHBIX ACHCTBUI
WIN TIEPEXO/IOB B aHAIM3UPYEMbIX CUCTEMaX, BEPOSIT-
HOCTb OTKa3a KOMITOHEHTOB aHaJM3UPYeMbIX CUCTEM,
BEPOSITHOCTHBIN XapakTep B3aMMOJECHCTBUS aHATTU3U-
pYeMOIi CUCTEMBI C ee OKPYXEHUEeM, HalpuMep: Jac-
TOTA TIOCTYTUIEHUST BXOJHBIX 3alPOCOB WJIM COOOIIIE-
HUIi, YacToTa TMOJIyYeHUs] MCKaXKEHHBIX COOOIIECHUI
(I IPOTOKOJIOB Tepefaynd COOOIIEHUI B KOMIIbIO-
TEPHBIX CETSIX) U T. 1.

B nanHoi1 paboTe yTOYHSIIOTCSI OCHOBHBIE (DOpPMY-
JIMPOBKU U IEMOHCTPUPYETCSI HA HOBOM TIpUMEpE pe-
leHue 3amadu, chopMyaupoBaHHOU B [7], a UMEH-
Ho: mpeobpaszoBaHue BCII nmpoekTupyemMoii cucTeMbl
B akBuBajieHTHYI0 BCII ¢ MeHbIIMM 4YUCIOM COCTO-
sHuil. [Ton 9KBUBaJIEHTHOCTHIO TTOHUMAETCSI, YTO pe-
3yJIBTAaThl BeprUKAIINY UCXOTHOW 1 peIylIUPOBAHHON
Mozieu OymayT OMUHAKOBHI.

Hexkotopsie moaxons! K penykunuu BCIT uzyyanuce
B Pa3MYHbBIX padoTax Mo BEPOSITHOCTHOI BepudbUKa-
1IMY, OMHAKO B 9TUX MCCAEAOBAHUSIX ObUIM PacCMOT-
PEeHBI UL YacTHbIe MeToabl penykuuu BCII, takue
KaK PeAyKIIUsI YaCTUIHBIX TOPSIKOB [8, 9] u pemyk-
11151, OCHOBaHHasl Ha MOHSATUU CUMMETPUM MHOXECTBa
cocrosgauit BCIT [10, 11]. JlaHHBIE METOAbI MOXHO
3(bGbeKTUBHO UCT0JIb30BaTh Jullb Juist BCIT noctaTou-
HO CIMENMATbHOTO BUAA: KaK MPaBWJIO, 3TO BEPOSIT-
HOCTHBIE MOJIETM TapaJuUIeTbHBIX U pacTpeaeIeHHBIX
TPOTpamMM.

1.2 CoBpeMeHHOE COCTOsSTHME TTPOOIEMBbI
BEPOSITHOCTHOI BepupHUKALINU

IlepBble anrOpUTMbI BEPOSITHOCTHOM BepuduKa-
LM OBbLIU TIpeasiokeHbl B 1980-¢ rr. B paboTax [12—14].
JlaHHBIC aJNTOPUTMBI OBUTM TIpeIHAa3HAYeHBI IJIST Be-
pudUKaIM KaueCTBEHHBIX BEPOSITHOCTHBIX CBOMCTB
(T. €. TAKMX, KOTOPHIE BBITIOJTHSIOTCS C BEPOSITHOCTHIO |
unu 0). 3aTemM 3TU alrOpUTMBbI ObLIM 00OOILEHBI Ha
cllydail BepuduKalu KOJIMYECTBEHHBIX BEPOSITHOCT-
HBIX CBOMCTB (B crieliu(UKaLUU TAKUX CBOICTB MOTJIO
MIPUCYTCTBOBATH JTI000€ 3HAUCHUE BEPOSITHOCTH). DTH
aJTOPUTMBI OBUTM M3JIOXEHBI B padorax [4, 15, 16].
IIporpamMMHBIe pealn3aluy 3TUX aJTOPUTMOB OBLIU
npencraBieHbl B padotax [17, 18].

[lepBble TIPOMBIIIEHHBIE CHUCTEMbBI BEPOSITHOCT-
Hoi Bepudukaiuu 6su1n pazpadoransl B 2000-x T [19,
20]. DTH cUCTEMBI YCIIEIIHO MPUMEHSIIOTCSI BO MHOTMX
00JIacTSIX, TaKUX KaK aHAJIM3 PacTIpeAe/IeHHBIX aro-
PUTMOB, TeIEKOMMYHUKAITMOHHBIE TTPOTOKOJIBI, KOM-
MblOTEepHast 6€30MacHOCTb, KpUNTOrpaduIecKme mpo-
TOKOJIbI, MOJIETUPOBAHUE OUOJOTMYECKUX MPOLIECCOB.
C UCTOJIb30BaHUEM 3TUX CUCTEM Bepr(bUKALIMU ObLITN
0OHapyXeHbI YSI3BUMOCTA W aHOMAJIbHbBIE TTOBEIECHUSI
aHAIM3NPYEMBIX cUcTeM (TToapooHee cM. B [21]). Tlpu
TTOMOIIIN CUCTEM BEPOSITHOCTHOM BepU(DUKAITUN MOTYT
OBITb BBIYMCJICHBI TaKMe XapaKTePUCTUKH IPOTpam-
MHBIX CUCTEM, KaK, HallpUMep, BEPOSTHOCTb BTOPIKE-
HUSI 3IOYMBIIIJIEHHUKA B KOMITBIOTEPHYIO CETh, MaTe-
MaTU4YecKoe OX1IaHne BpeMEeHH OTKJINKA BeO-cepBuca
U IpyTue KOJMYECTBEHHbIE U KaYeCTBEHHBIE XapaKTe-
PUCTUKU.

HawnbGonee monyasapHoi mMpakTUYECKON cUCTeMOit
BEPOSITHOCTHOI BepudUKallMi B HACTOSIIEE Bpe-
Ms gBigetcsa cuctema PRISM [22], paspabotaH-
Has Ha (akyJabTeTe KOMIbIOTepHbIX Hayk Oxcdopm-
ckoro yHuBepcuteTa (BenukoOpuTtaHusi) B TpyIIie
Quantitative Analysis and Verification moa pykoBoj-
ctBoM MapTthl KBsitkoBckoit. MHbopmaius o nesi-
TEJILHOCTU 2TOU TPYIIIBI TIPEACTaBIeHa Ha BeO-caiiTe
http://qav.comlab.ox.ac.uk/.

2 BeposTHOCTHBIE CUCTEMBI
MepPeXoI0B

2.1 TloHsiTME BEPOSATHOCTHOMN CUCTEMBI
Mepexoi0B

[Ipenronoxum, YTO 3agaHO KOHEYHOE MHOXKe-
cTBo AP, 371eMeHTBI KOTOPOro Ha3bIBAlOTCSl aToMap-
HbIMH yTBepxKaenuamu. Hioke sanuchk 24T o603Havaer
MHOXECTBO BCEX MOAMHOXeCTB AP.

BepositHocTHas cucTrema mepexonoB (Ha3bIBaeMast
TakxKe B aHraosi3blyHOU sutepatype Discrete Time
Markov Chain) — 310 yeTBepka D Buaa

D=(S,s",P, L),

KOMITOHEHTbI KOTOpOI7I NMCIOT CH@,E[YIOH.II/II;'I CMBICJT:

(1) S — MHOXECTBO, 3JIEMEHTBI KOTOPOrO Ha3bIBa-
1otcs coctostausavu BCIT D;

(2) s € S — BbIIETEHHOE COCTOSAHUE, HA3BIBAEMOE
HavaIbHBIM cocTostniem BCIT D

(3) P — dynkuus Buga P : S x S — [0, 1], Ha3biBa-
eMas ¢yakmmeii nepexona BCIT D u ynoBieTBopsi-
folast yenopuio: Vs € S Y P(s,s') = 1. Ina

s’es
KaXKIOW Tapel (s1,s2) € S x S uucno P(sq,s2)
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MTOHUMAETCA KaK BEPOATHOCTL TOTO, YTO €CJIU
B TEKYIIMI MOMEHT BpeMeHU DD HaXOIUTCA B CO-
CTOSIHUM 51, TO Y€PE3 OMMH TaKT BpeMeHU D OyneT
HAXOIUThCSI B COCTOSIHUM So. Eciin P(s1, s3) > 0,
TO GyJeM Ha3bIBATH TPOUKY (S1, 2, P (81, S2)) me-
PEXO0IOM U3 S B S3 C BEPOSITHOCTBIO P(s1, $2).
Huxe 3amich $1 — So SBISIETCS APYTUM 06O-
3HAYEHUEM Iepexona (s, s2,a);

(4) L — dyukums Buna L : S — 2P HasbiBaemas

OLIEHKOM, KOTOPAs UMEET CIIEAYIONINIA CMBICIT: TSI

KaXIIOTO COCTOSIHUSA s € S M KaXIOr0 aTOMapHO-

ro yTBepXKIeHUST p € AP yTBepXIEeHNE p CUUTA-

eTCSI MICTHHHBIM B S, €ClT p € L(S), 1 JI0XKHBIM B s,

ecmu p & L(s).

BeposSITHOCTHYIO CHCTEMY MepeXooB YIOOHO pac-
CcMaTpMBaTh Kak MOMEUEHHBIN rpad, BepLIMHAMU KO-
TOPOTO SIBJISIIOTCSI COCTOSIHUS, TIOMEUECHHBIE DJIeMEH-
Tamu MHOXecTBa 24T kaxnas BepmHa s € S UMeeT
MeTKy L(s) ¥ JUIst KaXIou mapsl (s1, s2) € S x S Takoid,
qro P(s1,s2) > 0, rpad comepXuT pedpo U3 s1 B So
¢ MeTKoit P(s1, s2).

2.2 CnyuaiiHble QYHKIIAU

IMycte X 1Y — nBa KOHEYHBIX MHOXECTBA.
Cayyaiinoii pynkmueii (CP) n3 X B Y HazbIBaeTcs
Mpou3BoJibHas GyHKIUS f BUOa

f:XxY —[0,1] (1)

takas,utoVz € X > f(x,y) =1.
yey

st mo6bix © € X u y € Y 3HaveHue f(z,y)
MOXHO MHTEPIPETUPOBATH KaK BEPOSITHOCTh TOTO, UYTO
CO f orobpaxaer x B Y.

Cnyuaitnas dyHkums (1) Ha3bIBaeTCsl AeTePMUHH-
POBAHHOW, €CJTU JUTST KaXX/IOTO x € X CYIIeCTBYET elMUH-
CTBeHHbIN y € Y, Takout uro f(z,y) = 1. Eciu f —
nmerepmuHUpoBaHHass C® Buma (1) m z,y — Takue
aneMeHTbl X 1Y COOTBETCTBEHHO, uTO f(z,y) = 1, TO
OyJieM TOBOPUTb, UTO f OTOOPaKaeT = B ¥.

Ecm f — COu3 X BY', To 6ynem 0603HaYaTh 3TOT
dakT 3anuceio f @ X - Y. bynem HasbiBaTh X 00-

nactoio onpeneenus CO [, a Y — obmacTbio 3HAYEHMIA
Coh f.

JJ1st Kaxkmoro KOHeYHOro MHoXecTBa X 3amuch id x
o0o3HavaeT nerepMuHUpoBaHHYI0 CP X — X, KOTO-
pas oroOpakaeT Kaxablii x € X B .

2.3 Martpulibl, COOTBETCTBYIOIIIVE
CJlydaliHbIM (DYHKIIMSIM

Ecmu CO f umeer Bung f : X — Y u Ha MHOXe-
T

ctBax X M Y 3agaHbl YIOPSIIOUEHUs UX DJIEMEHTOB,
KOTOpPbIe UMEIOT BUI (X1, ..., %m) U (Y1,...,Yn) CO-

oTBeTCTBeHHO, To C®D f MOXHO TNPeICTaBUTh B BUJIE
MaTpuilbl (0003HaYaeMOM TEM XKe CUMBOJIOM f)

f(xlvyl) f(xl,yn)
f= : : : 2
f(xmayl) T f(xmayn)

Hixe 6ymem otoxmectsisate CO f ¢ maTputieii (2).

Bynem npeamnonaratk, 4To sl KaXKI0TO0 KOHEYHOTO
MHOXKeCTBa X, SIBJISTIOIIEroCsl 00JIaCThIO ONpeAeIeHUS
WM 00JIaCThIO 3HAYEHUI KaKoi-JIM00 U3 paccMaTpH-
BaeMbix CD, Ha X 3amaHO (PUKCUPOBAHHOE YIIOPSIIO-
YeHUe ero 3JIeMEHTOB. TakuM 00pa3oM, IS KaxKIoin
paccmaTtpuBaemoit CD cooTBeTCTBYIONIAS €l MaTpUIia
onpejesieHa OMHO3HAYHO.

Hna xaxmoin CO f : X - Y ¥ npou3BOIbHBIX

x € X,y €Y Oynem Ha3bIBaTh
— CTpOKY (f (@, 1), - - - f (2, yn)) MaTPHIIBI f — CTPO-
KO 7;
f(‘rla y)

— crouber MAaTpHUIIHl [ — CTOJIOIOM Y.

f(@m,y)
Eciu fug—COBuna f: X — Y,g9:Y — Z,
TO X KOMIO3UIMENH HA3bIBACTCS C(IT) f9:X —T> Z,
omnpezesisiemMast ClieylolnM 00pa3oM: i

VeeX (f9)@) Y f@y) g2, O

yeyY

[lo ompemeneHuio mMpou3BeAcHUS MaTpwIll u3 (3)
CJIeIyeT, YTO MaTpuua f - g SIBJSIETCST TPOU3BEICHUEM
Matpull f u g.

2.4 CnyvaitHble YHKLIUU,
COOTBETCTBYIOLINE BEPOATHOCTHBIM
cucreMam I1epexoa0B

IMycts 3amana BCIT D = (S,s°% P,L) u crniucok
3JIEMEHTOB MHOXECTBa S UMEET BUJL (81, . . ., Sp ).
Byzem ucronb30Bath ciieayorine 0003HAUCHMSI.

1. CumBoui 1 03HaYaeT MHOXKECTBO, COCTOSILIEE M3 OJ1-
HOTO 3JIeMeHTa, KOTOPKIi OyneM 0003HaYaTh CUM-
BOJIOM e.

2. Jlng Kaxaoro COCTosiHUS s € .S 3anuch I, 0003Ha-

yaeT nerepmMuHupoBaHHyto C® Buma I : 1 — S,
T

0TOOpaXalolIylo 3JeMEeHT ¢ € 1 B COCTOSIHUE §
BCII D.

3. Jlig xaxmgoro n > 0 o6o3HaumMM 3ammcbio P CO
Buga P" : S — S, onpenensieMylo MUHAYKTUBHO:

r

po def idgu¥Vn >0 P P™ . P. HerpyaHo

BUJIETD, YTO MaTPULBI, cooTBeTcTBylolme CO P!,

1 def
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WUMeIOT clieayfonnii Bua: P — enqHUYHAsS MaTpH-
mauVn > 0 Marpuua P™ aBisieTcsl n-ii CTENeHbIO
MaTpuubl P.

Inst 106X 1 > 0, s1,82 € S uncno P"(sq1,s2)
MOXHO TIOHMMATh KaK BEPOSITHOCTb TOTO, UTO €CJIU
B TeKymunii MmoMeHT BpeMeHn BCIT D Haxomurcsd
B COCTOSIHUM S1, TO 4epe3 n TaKTOB BpeMeHu [
OyIeT HaXOAUThCSI B COCTOSIHUU So.

3 Jloruka PCTL

Jlornka PCTL — 310 TeMITopaibHasl IOTHKa, Tpe-
Ha3HaueHHas sl (opMaIbHOTO OMUCAHUSI CBOWCTB
BCII. Jloruka PCTL 6b11a BBegeHa X. XaHCCOHOM
n b. JIxxoHccoHoM B paborte [4].

3.1 ®opmyasl joruku PCTL

B onpenenenun mouaTus dopmyisl joruku PCTL
OyiaeM ucnojb3oBaTh MHOXecTBO AP aroMapHbIX
YTBEPXXACHUU, BBEICHHOE B pasMl. 2.

®dopmyner nornku PCTL pensgrcsa Ha aBa Kiacca:
StateFm — dopmyas cocrosianii — 1 PathFm — cop-
Myl myTeit. Dopmyssl u3 kinaccoB StateFm u PathFm
Oynem o603HaYaTh CUMBOJIAMU ¢ U (v COOTBETCTBEHHO
(BO3MOXHO, C MHAEKCaMU), a (hopMysTy MPOU3BOJBLHO-
IO BUJIa — CUMBOJIOM f (BO3MOXHO, C MUHAEKCOM).

Kiaccwr StateFm n PathFm onpenensiorcst cnemy-
IOLIMM 00pa3oMm.

StateFm:

1. Kaxnoe aromapHoe yTBepxxaeHue p u3 AP saBnsiet-
¢ hopmynoit u3 StateFm.

2. CumBoabl T u L gaBiugercss dopMylaMu U3
StateFm. JlaHHble cMMBOJIBI 0003HAYalOT TOXK-
JIECTBEHHO WCTUHHOE W TOXIECTBEHHO JIOXHOE
YTBEPKICHUE COOTBETCTBEHHO.

3. Ecnmu 1 1 w2 — dopmynsl u3 StateFm, To cre-
IVIOIINE 3HAKOCOUETAHUS SIBJISIOTCST (hopMyIaMu
u3 StateFm: —p1; o1 A p2; 01V 925 91— 925
P1 < P2.

4. Eciu
— A\ — (pyHKUMOHAJIbHBIIA CUMBOJI, KOTOPOMY CO-

OTBETCTBYeT (pyHKIMSI (00O03HAUaeMast TeM 3Ke
CUMBOJIOM) BUJa

A 0,1] x [0,1] — {0,1};
— a —ygucio u3 [0, 1];
— «a — dopmyna u3 PathFm,

TO 3HaKoco4YeTaHUe Pa o ABisieTcss hopMynoit us
StateFm.

PathFm:

1. Eciu f — dopmyna noruku PCTL, To 3HaKocoue-
taHue X [ aBisiercsa popmyroit u3 PathFm.

2. Ecnu 1 1 o — dbopmyasl us StateFm, To criemy-
IOlIe 3HAKOCOUETaHUsI SIBJISTIOTCS (hopMyIaMu U3
PathFm:

(a) ©1US"py, TIE N — HATYPAbHOE YKCIIO;
(6) p1Uepo.

3. Ecin o — ¢popmyna uz PathFm, To 3HakocoueTa-
HUe —a saBisieTcs popmynoit uz PathFm.

B zanucu popmyn n3 PathFm moryTt ucnosib3oBath-
cs1 cuMmBoOJIEL F 1 G, KOTOpEIE SIBISTFOTCST COKpAaIlleHUEM
3HakocoueraHuit T U u —F— cooTBeTcTBeHHO (T.e€.,
HarpuMep, 3HakocodeTanust Fo n G<"« 0603HavaIoT
dopmyiel TUa 1 —F<"—q COOTBETCTBEHHO).

3.2 3nauenus ¢popmyi joruku PCTL
B COCTOSTHUSIX BEPOSITHOCTHBIX CUCTEM
TIePEX0IOB

IMycts D = (S, s°, P, L) — nekoropas BCII.

J71sT KaskIoTo COCTOSTHMS s € S M KaxXmoit hopmy-
a6l f mormku PCTL ompenenero 3HaueHne GOpMyITHI f
B COCTOSTHUU $, KOTOPOE 0003HAYAeTCsT 3aIUChio s( f ), U

(1) ecmu f € StateFm, To s(f) € {0,1}

— B ciyvae s(f) = 1 dopmyna f cuutaercst uc-
TUHHOM B s;

— Bcayvae s(f) = 0 dopmyna f cauTaeTcst JT0X-
HOM B s;

(2) ecnu f € PathFm, to 3Hauenue s(f) siBisiercst
qucioM u3 [0, 1] 1 MHTepIpeTUpyeTcs: Kak Bepo-
SATHOCTB TOTO, YTO (hopMyJia [ UCTUHHA B COCTOSI-
HWU S.

It kaxxmoit hopmyasl f noruku PCTL 6ymem 060-
s1(f)

3HAyaTh 3anuchio S(f) BeKTOp-cTosbel :

3naueHus ¢opmya jgoruku PCTL B cocTosiHUsIX
BCII ompenensitorcss MHAYKIMEN IO CTPYKType ¢dhop-
MYJI B COOTBETCTBUH C M3JIaraéMbIMU HIDKE TTpaBUjIa-
MU. B oHUX U3 3TUX MpaBWII ONpeesIseTcs 3HaYeHUe
s(f), B mpyrux — ormpezesietcst BeKTop-cronoerr S( f)
1eJuKoM. B aTux onpeaeneHusx OyneM UCIoIb30BaTh
ciemyrone 0003HAYCHMST:

Uy U1
— 17151 M0ObIX BeKTOpoB U =

Un Un
u3 [0, 1]" 3anmucu max(U, V) u U o V 0603Ha4YaoT
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max(uy, vy ) Uy - 1

BEKTOPbI E n COOTBET-

max Uy, Un,) Up - Up

CTBEHHO.
— ecii A 1 B — MaTpulbl MOPSIIKOB N X 1L U N X
X 1 COOTBETCTBEHHO C KOMIOHeHTamMu u3 [0, 1],
TO 3anmuch [A* - B] 0603HaYaeT MaTpuiLy, mojayda-
€MYI0 3aMEHOI BCEX HEHYJIEBbIX KOMIIOHEHTOB A
u B na 1 u soraucienuem (Y. A?) - B, rme cio-
i>0
XeHMe TIOHUMAETCs KaK IU3bIoHKIMs (T. e. Y A’
i>0
SIBJISIETCSI KOHEYHOI).
IIpaBuna onpenenenus 3Ha4eHUI HOPMyYIT JIOTUKA
PCTL B cocrostnusix BCIT uMeroT cienyronnii BUI:

— Jlnsg xkaxporo p € AP

5(p) def J1, ecmupe L(s);
0  wuHaue;
= s(M= 1, s(1)=o;

def def
— s(=f) = 1=5(f),s(p1 Np2) = s(p1) - 5(p2) UT. .
(T. €. 3HaUEeHUS (OPMYJT KOMMYTUPYIOT C OYyJIeBbI-

MU OTepalvsIMM);

— $(Paq) def A(s(a),a);
def

- S(Xf)=P-S(f);
— IycThb v, = 01 US" 5 (e n > 0). Toraa

S(a0) = S(p2)
Vn>0S(an) 4 max (S(p2), S(p1) o SXap-1)) -

— nyctb o = ¢1Ups. Torma S(«) onpenensiercs
CUCTEMOM JIMHEMHBIX YPAaBHEHUIA

S(a) =
= max (S(p2), [P - S(p2)] 0 S(p1) o (P~ S(a)))-

4 Merton PEAYKIINU BEPOATHOCTHBLIX

CHUCTEM IIEPEXOA0B

4.1 3apgaya peayKIMU BEPOSITHOCTHBIX
CHUCTEM TIepeX0/IOoB

Ecnu ananusupyemast BCIT umeer Gosbiioil pas-
Mep, TO aHaJIu3 €€ CBOMCTB, BbhIpaxkaeMbIX (hopMyIamMu
qmoruku PCTL (1.e. BeIUMcIeHNEe 3HAYCHU (HOpMyI
smoruku PCTL B coctostHUsx 31011 BCIT), MOXeT OBITH
CBSI3aH C TPYAHOBBITIOMHUMBIMY TPEOOBAHUSIMU K BbI-
YUCIUTEbHBIM pecypcaM, € UCMOJb30BaHUEM KOTO-
DBIX MPOM3BOAMUTCS ITOT aHAIU3. B ¢BSI3U ¢ 3TUM mpe-
CTaBJIsSIeT OOJIBIIYIO aKTYaIbHOCTh ITpo0JieMa penyKIIuu
BCII, T.e. ynageHuss 4acTu COCTOSIHUI M TIEPEXOIOB
anamsupyemoit BCIT ¢ Takum pacdyeTom, 4TOOBI TTO-
syquBiias BCIT Obl1a 5KBrUBaJIeHTHA UCXOAHON B clie-
JIYIOIIEM CMBICJIE: IJIs1 KaxkIoi (popMyJibl COCTOSTHUI f

soruku PCTL dopmyna f UCTUHHA B HAYaJIbHOM CO-
crostnuu ucxogHoi BCIT Torpa u Tonbko Torna, korna
OHa UCTMHHAs B HAYaJIbHOM COCTOSIHUY PeAylIMpOBaH-
Hoit BCII.

OcHoOBHas uzaes IpeajiaraeMoro B HaCTOSIIEH pa-
oote metona peaykuuu BCII ocHoBaHa Ha MOHSITUU
9KBUBaJIeHTHOCTU cocTtossHuit BCII: 6yneM Ha3biBaTh
COCTOSIHUSI 3KBMBAJCHTHBIMM, €CJIM 3HAUE€HUs BCeX
dopmyit torukn PCTL B 3THX COCTOSTHUSIX COBITaIAOT.
Anroput™m penykuun BCII mpencraBisieT co00ii BBI-
YUCJICHNE KJIACCOB 3KBUBAJICHTHOCTH COCTOSTHUI aHa-
susupyeMoii BCII u ynaneHue sKBUBaJIeHTHBIX COCTO-
STHUMA.

4.2 DKBUBaAJIECHTHOCTb BEPOSITHOCTHBIX
CHUCTEM TIepexXo/IoB

ITycTb 3ananel xse BCIT:
D; = (SiasgvpiaLi) (221,2) (4)

ByneM Ha3pIBaTh COCTOSHUSA S; € S1 M S € So
3KBUBAJEHTHBIMH, €CJTU JIJIST KaxKmoi (popMyIIBl f JToTH-
ku PCTL BepHO paBeHCTBO s1(f) = s2(f).

Ecau cocTosTHUS 1 M So SKBUBAJICHTHBI, TO OyIeM
0003HavYaTh 3TO 3aIUCHIO S ~ So.

Bynem naswBate BCIT D 1 D, Buma (4) 3kBHBa-
JenTHbIMH, ey ) ~ 9. Eciu BCIT Dy u D 9KBU-
BaJIEHTHBI, TO OyaeM 0003HayaTh 3TOT (PaKT 3aMUCHIO
Dy ~ Ds.

Ecmu BCII D1 n D5 coBriagaior u .S — MHOXKECTBO
MX COCTOSTHUI, TO OMHApHOE OTHOLIEHUE Ha S, COCTO-
silee U3 BeeX map (81, S2) TAKUX, UTO S1 ~ Sg, SIBIISIETCSI
OTHOIIICHNEM 3KBHBaJeHTHOCTA. bymem obo3HavaTh
5TO OTHOILIEHNE CUMBOJIOM ~,

OTHOIIIEHNE ~ MOXET OBITh HAlEHO MPU ITOMOIIN
aJiropuTMa, u3jlaraeMoro B raparpadge 5.3.

4.3 Penykuusi BEpOSITHOCTHBIX CUCTEM
MEepPexXoI0B

4.3.1 3adaua pedykyuu 6eposmHOCMHbIX CUCTEM
nepexo0doe

IMycte 3amana BCITI D = (S,s°, P, L).

3anpaua peaykuuu BCIT D 3akitoyaeTcsi B TOCTPO-
enn BCII D’, xoropasd sKBUBaJIeHTHa DD W 4YKCIIO
COCTOSTHMM KOTOPOM MEHBIIE, YEM YMCIIO COCTOSIHUIA
BCII D.

M3znaraemblii B HACTOSIIEM TTyHKTE aJlTOPUTM pe-
nykiuu BCIT siBasieTcst BepoSITHOCTHBIM 00001IEHUEM
aJiIropuT™Ma peayKIUu AEeTEPMUHUPOBAHHBIX aBTOMa-
ToB. Mmess maHHOTO ajropuTMa OCHOBaHA Ha OTOXIC-
CTBJICHUY Hepa3MMIUMbIX cocTostHT BCIT:

(1) anropuT™ BBIUMCISET KJIACCH S1, ..., S, pa3ou-
€HUST MHOXKECTBA S, COOTBETCTBYIOIIETO 9KBHBA-
JIGHTHOCTH ~;
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(2) BCII D npeobpasyercs myTeM yaaJleHUsI COCTO-
SIHUI B KJaccax Si, ..., Sk (M COOTBETCTBYIOIIIE-
o TnepeornpeneaecHus: GyHKIMU Mepexoaa) 10 Tex
TOp, TI0OKa HE OCTAHETCS 1O OTHOMY COCTOSTHUIO
B KaXX/IOM U3 3TUX KJIACCOB.

B pesynbrare aTUX y#ajgeHU NoOJydaeTcs MCKOMast
BCIT D'.

4.3.2 [locmpoenue pasduenust MHONCECMBA COCIMOSHUI
peoyyupyemotl 6epoSmHOCIHOLL CUCMeMbl
nepexo0doe

Paszouenue mHoxectBa S coctosguuiit BCI1 D =
= (S, 5% P, L), COOTBETCTBYIOLIEE OTHOIIEHUIO IKBH-
BAJICHTHOCTH ~, BEIYUCJISIETCSI CICAYIOIINM 00pa3oMm:

(1) BbluMcisieTcs pasdbueHue L0, cooTBETCTBYIOLIEE
OTHOILECHUIO 9KBUBAIEHTHOCTH { (51, 52) € SX.S |
L(s1) = L(s2)};

(2) 3aTeM paboTaeT LMK, COCTOSIILIMIA U3 CAEAYIOLINX
II1aroB.

ITycTh nist HeKoToporo ¢ > 0 onpeaeaeHbl

— OTHOLIEHME SKBUBAJIEHTHOCTH p';

— COOTBETCTBYIOLIEE eMy pa3bueHue 7, KOTo-
poe COCTOMT U3 KJIaCCOB S1, ..., .5).

06o3HaunM 3anucamMu Xt , . . . EZ CTPOKU MaTpU-
LBl 7*, COOTBETCTBYIOIICH IEeTEPMUHUPOBAHHOMN
CO7': 85— X, mpy, ..., ) — CrUCOK dop-
My Takux, uto Vj = 1,...,k  S(¢j") = XL
OrnpenenuM OTHOILEHUE SKBUBAJEHTHOCTU p't!
Ha S:

p,H_l dZEfpim{(Sla‘SQ) c S2 | \v’j = ]_7...,]3
sl(Xsﬁ?) = 52(X¢; l)} :
Paz6uenne Xit1,

Huto pitt
30M:

COOTBETCTBYIOIIIEE OTHOIIIE-
, MOXXHO TTOCTPOUTH CJICAYIOIINM O0Opa-

— BBIUYMCIISIIOTCA BeKTOp—CTOJ'[6L[BI
S(Xpj) =P} (5)

(Kaxxablit U3 KOTOPBIX, KaK HETPYIHO BUAETD,
SIBJISIETCSI CYMMOI HEKOTOPBIX CTOJIOLIOB MaT-
puibl P: miug kaxaoro j = 1,..., k BeKTop-
crosberr (5) SIBJsIeTCS CyMMOI TaKUX CTOJIO-
LIOB s MaTpULbl P, [UIs1 KOTOPBIX S € S;);

— xJacchl pasbuenusa LT momyyarorca myrem
U3MeJTbUEHNS KJIacCcoB pa3dueHus L: B onuH
U TOT Xe Kiacc pasbuenus L1 momamaror
TaK1e COCTOSIHUS, TSI KOTOPBIX COOTBETCTBY-
JOIlIMe UM KOMITOHEHTHI BEKTOPOB (5) coBIa-
JaloT 1 Kaxnoro j = 1,..., k.

Bo3MoxkHBI 1Ba cityyasi:

(a) ¥t = X%, B a10M Ccityyae MCKOMoe pa3ou-
€HME ~ HalJAEHO: OHO COBIAAAET ¢ X

6) % #£ Y1 B aToM cityyae yBeIMYMBaeM i

Ha | m Bo3BpalmmaeMcs B Havajio IIMKIIA (T.e.
BBITIOJIHSIEM 111aT 2 C YBEIMYEHHBIM 3HAUCHU-
eM 1).
HeTpynHo BHMIeTh, 9TO TaKMX BO3BpAICHUA
MOXET OBITHb HE OOJBINEC YMCIIa 3JIEMEHTOB
MHOXecTBa S (Tak Kak pa36buenne L1 apmsi-
eTcsl U3MeJIbYeHneM pazoneHus X°).

4.3.3 Yoanenue sxeusearenmuuix cocmosHuil

U3 8EPOSIMHOCMHBIX CUCEM Nepex0008
IMycts BCII D = (S, s°, P, L) conepXut napy 9KBu-
BaJIEHTHBIX COCTOSIHUIA 51, So, TIE 51 # sU. Onpenenum

BCII ot
Dy = (81,8, P, L), (6)

rne S; dZEfS\ {s1},Vs,s" € S1;
daef | P(s,5") + P(s,51), ecims’ = sy;

Pi(s,s') =
(s, 5) P(s,s), ecnu s’ # so,

Vs e Sy Li(s) dZEfL(s).

Takum o6pazom, MaTpulia P; mojydyaercs U3 mat-
putsl P miprubaBiIeHNEM K CTOJIOIY So CTOJIONA S1 M yIa-
JICHUEM CTPOKU $1 U CTOJIOIA s1, a MaTpuua L moiy-
yaeTcs U3 MaTpullbl L ynajeHueM CTPOKH S1.

Bynem roopute uto BCII (6) monywaercss w3
BCII D mryteM ynajieHusi COCTOSHHS S1, SKBUBAJEHTHOTO
cocrosnuio so. Ilo onpenenenuio BCII (6) kaxmnoe ee
COCTOSIHUE SIBJIsIeTCsl Takke U coctossHueM BCIT D.

J1st Kaxxaoro s € S1 M Kaxnon ¢hbopMysbl f J0ru-
k1 PCTL Gynem o6o3Havath 3anucsimu sp (f) v sp, (f)
3HaueHMsT popmyIsl f B coctossanu s B BCIT D u D co-
OTBETCTBEHHO U 3anucsiMu Sp(f) u Sp, (f) — BekTOp-
CTOJIOIIBI 3HAYeHU popmyisl f B coctostHUsIX BCIT D
1 D1 COOTBETCTBEHHO.

Teopema 1. ITycmo BCIT (6) noayuaemcs uz BCII D

nymem yoanenus COCMosHUs S1, IKUBANEHIMHO20 COCMO-
anuro sz. ToedaV's € S1 sp,(f) = sp(f).

4.3.4 Onucanue anreopumma pedyKuyuu 6eposmHoCmMHOU
cucmembl nepexo0os

Teopema 1 sBisIeTCSI 0OOCHOBAaHUEM U3JIaraeMoro
Hke anroput™a peaykuuu BCIT D = (S,s°, P, L).
DTOT aJITOPUTM UMEET CIASAYIOIINIA BU/.

1. Breruncisiercs: pa3doreHne MHOXKECTBA COCTOSIHUI
BCII D, cooTBeTCTBYIOIIEE OTHOIIEHUIO SKBUBA-
nentHocTH RE ~ (1J1s1 3TOTO BBITIOJTHSIOTCS AeHi-
CTBUSI, U3JIOXKEHHBIE B 11. 5.3.2).
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2. Wckomas BCIT D’ ctpoutes myTeM yaajaeHus Co-
crostHuii u3 BCIT D u nepeonpeneneHus GyHKINU
repexoia U OTHOUIEHUST R ciieayoimnM o0pa3oMm:

(a) ecnu oTHoIlIeHWe R COmEpXKHUT mapy (si,S2),
TaKyIO UTO §1 # Sy U 3 # s°, TO BBIGEPEM TTPO-
M3BOJIBHYIO TaKyIO Mapy (s1, s2) U mpeodpasy-
eM KomrtoHeHTHI BCIT D onmchiBaeMbIM HITKE
obpasoMm. bynem nznarath gJaHHoe Mpeodpas3o-
BaHUE B TepMUHAX rpaca, COOTBETCTBYIOIIETO
BCII D (mannsliii rpag 0ynem odo3HavyaTh TeEM
XKe cuMBoJIoM D):

(i) ecm tpad D comepXuUT pedpo C HAYAIOM
B HEKOTOPOIT BepIIMHE S M C KOHIIOM S2, TO
JaHHOE pedpo ynajisieTcs, a K MeTKe pedpa
C HayaJIoM B s U C KOHIIOM B s1 NMpUOaBIsieT-
¢Sl 4MCII0, paBHOE METKE yIaJeHHOTO pedpa.
JlaHHas orniepalius BbITTOJHSIETCS A0 TeX Mop,
ITOKa MMEIOTCST pedpa ¢ KOHIIOM B So;

(ii) BeplIMHA So yoausieTcs U, KpoMe TOro, yaa-
JISIIOTCSI BCe pedpa, BIXOMSIIIME U3 9TON Bep-
LIV HEL;

(iii) m3 R ymansroTcs Bce Taphl, CoIepKalie So,
M OCYIIIECTBIISIETCS TIePEeX0 K Iary 2a;

(6) ecnm Kaxmas mapa, Bxodsias B IR, UMeeT BUI,
(s, $), TO paboTa 3aBepIaeTcs.

S5 Ilpumep peaykuuu
BEPOSITHOCTHOM
CUCTEMBI TIEPEX0J0B

B aTOM paznene paccMaTpuBaeTCsl IpUMEp PeayK-
LIMY BEPOSITHOCTHOM MOJIEJTN TTPOTOKOJIA Iepeaadr Co-
00IIIeHUI Yepe3 HeHANeXKHBII KaHall CBSI3U, B KOTOPOM
TepechlIaeMbIe COOOIIICHIS MOTYT TIPOIagaTh VTN MC-
KaxaTbCsI. [IpOTOKOJ MpeacTaBisIeT COOOM CHCTEMY,
COCTOSIIIIYIO M3 JBYX areHTOB — OTIIPABUTENIS W T10-
JIyJaresisi, a Takke KaHajla, B KOTOPBI TTOMEIIaoTCs
COOOIICHMSI, TTepechlIaeMbIe OT OJHOTO areHTa JIpyro-
My. IIpenmomaraercst, 9To (aKT MCKAKCHMS TOTyda-
eMBIX COOOIIEHU MOXET OBITh YCTAaHOBJICH, W €CJIU
HCXOIHOE COOOIICHUE HE MOXET ObITh BOCCTAHOBJIEHO
U3 VMCKaXEHHOTO, TO OTIIPAaBUTENb IOJyJYaeT CUTHAI
0 HEOOXOIMMOCTH MOBTOPHOM TMOCBIJIKM 3TOTO CO00-
meHuns1. Kak TobKO cOOOIIeHNE YCTISIITHO TOXOINUT 0
TTOJTyJaTesist, OTIIPABUTEIIO MOCHIIACTCS CUTHAJ TIOMI-
TBEePKICHUS YCIIEITHOTO TOJIyYCHUS M OH TIePEXOIUT
K OTIIpaBKe clienytolero coobuieHus. [Ipeamnoaraer-
Csl, YTO CHTHAJIBI W TIOATBEPKACHUS OTIIPABUTEIIO HE
MIPOITagaloT M He MCKaXKaIOTCsI B KaHalIe.

IpachoBast Momes b 3TOTO IPOTOKOJIA MMECT BUI,
TIpeACTaBICHHBIN Ha puc. 1.

w

O——C)——=

A

-
-

0,7 1 0,7

0.2 0.8
(51 )
>\

0,3 0,3

-
(52

@:

Puc. 1 Tpadosas Momenb MpoToKoa nepeaayrt CooOmeHni
yepes HEHANEXKHBII KaHaJl CBI31

Ilepexomsl B 3TOM rpacde HMEIOT CICHYIONTNIA
CMBIC]T.

1. Hepexoz[ So i> S1 3aKII0YacTCAd B ITOJTYYEHHNU OT-
IIpaBUTEJIEM OT BHEIITHETO UICTOYHUKA COO6H.I€HI/I$I,
KOTOPOEC JOJIKHO OBITh nepeaaHo 4€pe3 KaHaJ I10-
JIydareino.

0,8
2. Hepexoz[ S1 — S2 3aK/IOYaCTCAd B INOMCIICHHNU
COOOILIEHUST B KaHaJ OTIIPaBUTECJIEM, MPUYEM CO-
o0lIeHMEe B KaHaJle He UCKaXKaeTcs.

0,2

3. Tlepexon s; — s4 3akjoyaeTcsl B MOMEILIEHUU
COOOIIEHNST B KaHaJl OTIIPABUTENIEM, TIPUYEM CO-
OOIIIeHNE B KaHaJIEe MCKAXKAETCH.

4, Hepexoz[ 59 0—>3 S§1 3aKJII04YaceTCda B IMOTEPE HEUC-
KaXXeHHOTO COOOIIEHUsI B KaHaje U TOChLJIKE OT-
IIPaBUTCIIIO CUTHaJIa O HEO0O0XOIUMOCTU HOBTOpHOﬁ
nepeaadyu.

5. Tlepexon s, 3 $1 3aKJII0YAETCS B MOCHUIKE OTIpa-
BUTEJTIO CUTHAJIA O TOM, YTO MCXOTHOE COODILEeHE
He MOXKET OBITh BOCCTAHOBJIEHO U3 MCKAXKEHHOTO
COOOILEHNS M JOJIKHO OBITH ITEPENAHO MTOBTOPHO.

0,7
6. Ilepexon so — s3 3aKJIIOYAETCs B Iepegadye Herc-
KaxKeHHOTO COOOIIEHUS U3 KaHaJIa ITOJIyJaTeio.

0,7
7. l'lepexozt S4 — S5 3aKIIOYacTCd B BOCCTAHOBJIC-
HUU UCXOTHOTO COOOILEHMS U3 UCKAXKEHHOTO U TTe-
p€aay€ BOCCTAHOBJCHHOIO COOOILLIEHUS nojyya-
TEITIO.

8. Tlepexomsl s3 ER So U S5 ER S0 3aKJTIOYAIOTCS B ITO-
JIyYEHUN COOOIIEHMS TTOJIyYaTeIEM U ITOCBIJIKE UM
OTITPABUTEITIO YBEIOMJICHMST O TOM, UTO ITOJTydeHIE
COOOILEHUS OBLIO BHITOJIHEHO YCIELIHO.

OnHO M3 CBOWCTB IMPOTOKOJA, MPEACTaBIEHHOTO
MOJeJblo puc. 1, 3aKiItoyaeTcs B TOM, YTO KaxkIoe CO-
o0llleHre, TOJIydeHHOE OTMIpaBUTEIEM OT BHEIITHEro
HMCTOYHMKA, OYIET ¢ BEPOSITHOCTHIO > (0,9 mOCTaBJICHO
IoJIyJaTeito He Ooyiee 4yeM uepe3 S5 eAWHUII Bpeme-
Hu. g ¢opMaibHOIrO MpeacTaBieHUs] 3TOrO0 CBOM-
cTBa OyaeM moJjarath, UYTo MHOXeCcTBO AP aToMapHBIX
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MeTtoa noBbILIEHUS 3(1)(1)6KTI/IBHOCTI/I peIICHMA 3ada4 BepOHTHOCTHOfI BCpI/I(I)I/IKaL[I/II/I BbIYMCIUTCIIbHBIX CUCTEM

YTBEPKIEHUI COCTOUT U3 OIHOM MEPEMEHHOM p U 3TA
rnepeMeHHasl IPUHUMAET B COCTOSTHUU S (cM. puc. 1)
3HaueHMe 1, a B OCTAJIbHBIX COCTOSIHUSIX — 3HaYeHue 0.
Takum o6pazoM, MHoxecTBO 24F cocTonT n3 nByx ane-
MmeHtoB: () u {p}. Byaem 0003HAYaTh 3TU IIEMEHTHI
cuMBosaMu 0 1 1 COOTBETCTBEHHO.

®opwmyna jsoruku PCTL, coorBercTByloIast yka-
3aHHOMY BBILIE CBOCTBY, UMEET CAEAYIOLINIA BUI;

G((—p) — P>0.9(F=°p)), (7)
rJie CUMBOJI > 0003HavyaeT (PyHKIMIO BUIa
>:10,1] x [0,1] — {0,1},

KoTopasi coroctasJsieT nape (a, b) € [0, 1] x [0, 1] ane-
MeHT 1, eciiv a > b, 1 0 nHayve.

Ananusupyemast BCII nonyyaetcs us rpaga, rnpea-
CTaBJIEHHOTO Ha puc. | MPUMUChIBAHUEM K KaXXIOU ero
BepIInHe s MeTKU L(s), KoTopasi paBHa 1, eciin s = s,
n 0 mHaue. Iy BRIYMCIICHUS 3HAYCHUST (OpMYIIHI (7)
B cocTostHUAX 3Toii BCIT MOXHO MCITOIB30BaTh OITH-
CaHHBII BBIIIIE METO PEAYKIIHH.

Marpuny P, cooTBercTBylouryto aaHHoit BCII,
MpeJACTaBUM B BUJIE CIEIYIONIEH TaOIUIIbI;

L [[so] s [ s2 [ ss ] sa [0 ]
] [0] 1 ]O0]O0] 0O
5110 0 |08 0 |0,2]0
52 [0 03] 0 [07] 00
55 1] 0] 0 0] 00
520 03] 0 [07] 00
55 1] 00000

BoluncieHue 5KBUBaJIGHTHOCTU ~ JIJIT aHAJIU3UPY-
emoit BCIT mponcxoauT caeayommuM oopa3oMm.

1. BblumcnseTcsl oTHOLIEHNE 3KBUBaJeHTHOCTH p°,

KOTOpOE COCTOMT M3 BceX map (s1,s2) € S x S,
VIOBJIETBOPSIIOIIMX paBeHCTBY L(s1) = L(s2).
IMo mpennonoXeHUO 3HAYCHHE p B Sp PaBHO |
1 BKaxXIoM s € S (rme S — MHOXECTBO COCTOSTHU I
anammsupyemoii BCIT), Takom 9TO s # s, 3HaUe-
Hue p paBHO 0, T.e. L(sg) = 1 u Vs € S\ {so}
L(s) = 0. CnenosatenbHo, X° cOCTOMT U3 ABYX
KJIACCOB:

{so}, {s1,52,53,54,55}. (8)

2. Marpuua 7°, cooTseTcTByIOLIas NETEPMUHUPO-

BanHoit CD 70 : S — X0, umeer BuUI:

S0 0
51
52
53
54
S5

OO OO —
e e e e

3arem Bbrumcisierca Marpuua P - 70, JlanHas maT-
pulia OyaeT UMEeTh STy BUI:

S0
51
52
53
S4
S5

)

ol = el == ] )

O = O | = —

[To maTpuiie (9) HETPYATHO BHIYUCIUTH OTHOIIIE-
HHEe p' M COOTBETCTBYIOIEE €My pa3bueHue Y'.
W3 onpeneneHns OTHOIIEHUS p! HEMOCPEICTBEH-
HO CJIEAYET, YTO COCTOSTHUS S U s’ HAXOMSTCS B OfI-
HOM 1 TOM e KJIacce pa3oreHus X' Toraa 1 TolNbKo
TOT/Ia, KOTJIa OHU 002 HAXOMSITCS B OMTHOM U TOM Xe
KJ1acce u3 crucka (8) u, KpoMe TOro, CTPOKU Ma-
Tpu1ibl (9), COOTBETCTBYIOIINE COCTOSIHUSAM S U 8,
COBITA/IAIOT.

Pas6uenue X! GymeT coCTOATh M3 TPeX KJIAacCOB
(M3MeNbUUTCS BTOPOI Kitacc B (8), a mepBbIii Kj1acc
OCTaHETCsl TeM Ke), 3TU KJIaCChl UMEIOT CJIEIyI0-
K1 BUI;

{80}3 {51382754}3 {83755}' (10)

1

. 3aTeM BBIYUCISIETCS marpunaa 7w, COOTBETCTBY-

jolas aerepMuHuposanHoit CO 7! @ § — Xl
ks

OHa BBITJISIAUT CIIEAYIOIINM 00pa3oM:

S0 1 0 0
S1 0 1 0
S92 0 1 0
s3 110101
S4 0 1 0
s5 11001

HpOI/I3BeI[eHI/Ie P - 71 BBITJISIAUT TaK:

S0 0 1 0
S1 0 1 0
s5 00,307
S3 1 0 0
s2110]0,3(0,7
S5 1 0 0

[Tocie aToro, AEiCTBYS TaK Xe, KaK U B IIPEAbIAY-
1IeM MYHKTE, BBIUMC/ISIEM KJlacchl pa3dueHus %2,
COOTBETCTBYIOILETO 3KBMBAJEHTHOCTH p?. Ta-
KHUX KJIACCOB OYIEeT YeThIpe (M3MEIBUYUTCS BTOPOi
kiacc B (10), a mepBBI M TPETUI KJIacChl OCTa-
HYTCSI TEMU 3Ke), 9TU KJIACCHI UMEIOT CIICAYIOIINI
BMI:

{S()}, {81}, {82,84}, {83,85}. (11)
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4. 3aTeM BBIUMCISIETCS MaTtpuua 7T2, COOTBECTCTBY-

folas gerepMuHupoBaHHoit CPD 72 : § — ¥2:
r

so |l 1101010
s1{f0] 11010
S92 0 0 1 0
s3 {00071
S4 0 0 1 0
s5 || 010071

[MpousBeneHme P - w9 UMEET CIACIYIOIINIA BUI:

s1|l0] 0 | 1] 0
s21/01031]0]0,7
ss |11 0 10| O
s41/01031]0]0,7
ss |11 0 10] 0

Hanee, meiicTBys Tak 3Ke, KaK W B IPEIbIIyIIEM
MYHKTE, BBIUMCIIAEM KJIACChl pas3bueHus L3, co-
OTBETCTBYIOLIETO 3KBUBaJEHTHOCTH p°. Herpyn-
HO TIPOBEPUTBH, YTO KJIACChl pa3bueHuss L° Oy-
IyT UMETh TOYHO TaKO#l Ke BUI, UYTO M KJIACCHI
SKBUBAJIEHTHOCTU pazoueHus Y2, DTo 03HAyaerT,
YTO MCKOMOE pa3dueHue MHOXecTBa S Ha Kjac-
Cbl 3KBUBAJEHTHBIX COCTOSIHUII MOCTPOEHO, OHO
umeet Buza (11).

Tenepb MOXXHO MPUCTYMUTH K YAAJEHUIO U30BITOY-
HBIX COCTOSTHUI (TaK, YTOOBI CPEIA OCTABIIIMXCS COCTO-
STHUI OBIJIO POBHO IO OIMTHOMY COCTOSTHHIO M3 KasKIOTO
KJacca akBuBasieHTHOCTH (11)). HeTpyaHo BUAETh, UTO
MOXHO YIAJIUTh COCTOSIHUS S4 U s5. [locne ymaneHust
JIAaHHBIX COCTOSIHUI Tpad, MpeacTaBlIeHHbIN Ha puc. |
MPUMeET BUJ, TIPpeACTaBIeHHbI Ha puc. 2.

0,3

Puc. 2 Monuduumposanuslii rpad puc. 1

Takum oOpa3oMm, 3agaya BbIYMCICHMST 3HAYEHMIA
dopmyibl (7) B coctostHusix BCIT (cMm. puc. 1) cBonuTcs
K 3amavye BBIYMCICHUS 3HaUYeHUM opMyibl (7) B co-
crostansIX BCIT (cM. puc. 2), 9T0 TpeOyeT BHITTOTHECHUS
MEHBIIIETO YMCJIa OTlepallnii, YeM 3amada BIYUCICHUS
3HaueHui opmyJibl (7) B coctossHusix ncxonHoit BCIT.

6 3axkiouyeHue

B HacTosieii paboTe M3JI0XEH aJrOpuTM pPeayK-
uuu BCII, uaest KoToporo 3akiioyaeTcsl B yaaJeHUU
U30BITOYHBIX COCTOSIHUI. PesynbraTroM nmpuMeHeHUst
atoro anaroputma sasiercst BCII, uucno coctosiHuit
KOTOPO HEe MPEBOCXOIUT UMCJIAa COCTOSSHUN UCXO[-
Hoit BCII m Bce cBoiicTBa KOTOPOH, BBIpaskaeMmble
dopmymamu nornku PCTL, coBImamaioT co cBOiCTBA-
mu ucxogHoit BCII. Mpest anropuTma 3akirodyaercs
B MOCTPOEHUM MOCJIEI0BATEIbHOCTU BIOXEHHBIX pa3-
OMeHuil MHOXecTBa cocToaHMil ncxonHo BCII. An-
TOPUTM MOCTPOECHMUSI MOCIEN0BATEILHOCTH pa3oueHu i
MHOXKECTBA COCTOSIHMM 3aKaHUMBAeT CBOIO padoTy,
KOTIJa 3Ta MocjeI0BaTeIbHOCTh CTaduIn3upyercs. Pe-
nykiyst BCIT BeIMOMHSETCS METOAOM YAaIeHUST 9KBU-
BaJICHTHBIX COCTOSTHUI U IIEpEOTpeeIeHUSI BEPOSTHO-
creil mepexona. Ha npumepe rokazaHa BO3MOXKHOCTb
MPUMEHEHUS TPEAJIOKEHHOro aJIrOpUTMa K 3aja4ue Be-
POSITHOCTHOI Bepu(pUKaLMU MTPOTOKOJIA MepeIaun Co-
OOLIEHMIT yepe3 HeHaJeXKHbIM KaHal CBSI3U, B KOTO-
POM TiepechljlaeMble COOOLIEHWSI MOTYT MpoIaaaTh Uin
MCKaXXaTbCd, ¢ BO3MOXHOM KOppeKIMeil NCKaXKeHUs.
OTMETHM, YTO B pe3yjIbTaTe TaKOW PEeIYKIIMU MOXKET
royanthest BCII, KoTopast, XOTS 1 He COIEPXKUT pa3-
JIMYHBIX DKBUBAJEHTHBIX COCTOSIHUI, TeM HE MEHee,
MOXET He SBJISTbCSI MUHUMAJIbHOU MO YUCIY COCTO-
sanit cpenn Bcex BCII, 3KBMBaJCHTHBIX MCXOTHOMU
BCII. B cBg3u ¢ 3TUM BCTaeT BONPOC OO aJlTOPUT-
M€ HaXOXIEeHUS MUHUMAJIbHOM IO YUCIy COCTOSIHUM
BCII, skBuBanentHoit 3agaHHoii BCII, u uccneno-
BaHUU €AMHCTBEHHOCTU Takoii MuHuManbHoil BCII
(C TOYHOCTBIO 10 MOAXOASIIUM 00pa3oM cHOpMYIUPO-
BaHHOTO MOHSATUSI u3oMopdusMa). Takke mpencran-
JISIET MHTEpeC uccieaoBaHue MpobdjeM MUHUMU3ALIUU
JIPYTUX KJIACCOB MOJEJeil, CBSI3aHHBIX C BEPOSITHOCT-
HOIt BepuduKalueii, B YaCTHOCTM MUHUMU3ALIMU Map-
KOBCKUX PELIAOIINX MTPOLIECCOB.
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Abstract: The paper considers the problem of reduction of probabilistic transition systems (PTS) in order to reduce
the complexity of model checking of such systems. The problem of model checking of a PTS is to calculate truth
values of formulas of temporal probabilistic computational tree logic (PCTL) in the initial state of the PTS. The

INFORMATIKA I EE PRIMENENIYA — INFORMATICS AND APPLICATIONS 2014 volume 8 issue 4 67



A. M. Mironov and S. L. Frenkel

paper introduces the concept of equivalence of states of a PTS and represents an algorithm for removing equivalent
states. The result of this algorithm is a PTS such that all its properties expressed by formulas of PCTL coincide with

those of the original PTS.
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QPAJIBIITEKCTbI: KTACCUPUKALNA U METOIbI OITO3HAHUA
TEKCTOBBIX UMUTALIMN U JOKYMEHTOB C TIOAMEHOM

ABTOPCTBA*

M. 0. Muxees!, H.B. Comun?, W.B. Tanmuna®, O.B. 3omorapes?, E.b. KozepeHko®,

10. . Mopo3zosa®, M. M. Illlapuun”’

AH]-IOTa].ll(Iﬂ: COBpCMCHHOC TEKCTOBOEC MPOCTPAaHCTBO, BKIIKOYast MHTCpHCT, OI'POMHO U ITOCTOAHHO ITOIMOJHACTCA
HOBBIMM TeKcTaMu. Bce TekcToBble JOKYMEHTbBI MOXKHO paB6I/ITB Ha JIBe OoJblIne TPYIIIIbI: <<Il06pOCOBCCTHLIC
TEKCTbI» U TO, YTO MOXHO Ha3BaTb «(baflbUJTCKCTaMI/I»‘ K HacTodlEMY BPEMECHU MHAYCTPUA (baJ'lI)UJTCKCTOB
anoGpena CTOJIb MacCOBO€ pacCrpoCTpaHEHUEC, YTO BO3HUKACT HACTOATCIbHAA HOTpC6HOCTb MU3Yy4CHUA I3TOIO
SABJICHUA U paBpa6OTKI/I TIEVICTBEHHBIX METOJIOB 06Hapy}KCHI/IH MOIOOHBIX TEKCTOBBIX JOKYMEHTOB. ]_lCJ'Ib HacTo-
SIIEN CTaTbU COCTOUT B TOM, YTOOBI JaTb aICKBATHOEC OITMCAHUEC ITOHATHUA (baJ'lI)UJTCKCTa Kak HH(DOpMaL[I/IOHHOFO
1 TMHIBUCTUYECKOTIO (I)CHOMCHa 1 OPEaIOKUTb HEKOTOPLIC MOAXO/AbI K OITO3HAHUIO TAKUX TCKCTOB.

KinioueBblie cioBa: MopoxaeHWe TEKCTa; 00paboTKa eCTeCTBEHHOTO sI3bIKa; CTATUCTUYECKUI aHaIn3 SI3bIKOBBIX

00BEKTOB; IJIarMaT; TUMOI0TUsI (hasIbIITEKCTOB
DOI: 10.14357/19922264140409

I Yro Takoe anbuTekcT?

3agaya ucciaenoBaHUsl, MPEACTaBICHHOIO B JaH-
HOI1 cTaThe, COCTOUT B TOM, YTOOBI HAWTHU TTOAIAOIIIH -
ecs TIpOBEpKe IPHM3HAKU (PaTBIITEKCTOB W 1O HUM
chenaTh BBIBOOBI O CTETICHW WX JCTUTUMHOCTH. [
3TOTO ITOCTapaeMcsl BBISICHUTH CMBICIT TTOHITHI «I100-
DPOCOBECTHBIN TEKCT» U «banbiTekcT». [loa modbpo-
COBECTHBIM TEKCTOM (TEKCTOBBIM TOKYMEHTOM) OyneM
ITOHMMATh TeKCT, HECYIITNI KaKyl0-JIM00 COIepKaTehb-
Hy1o nHpopmanuio. K 1o0pocoBeCTHBIM TEKCTOBBIM
JIOKYMEHTaM OTHOCSITCSI TeKCThl Pa3IMYHbIX XKaHPOB:
Xy[OXKeCTBeHHas, HayyHasi, MHXXEeHEepHasl TuTepartypa,
MaTepualibl B CPENCTBAX MacCOBO MHGbOpMalIU, CO-
obieHus Ha popymax MHTepHeTa, B cOLUMAIBHBIX Ce-
TSIX ¥ IIPOYME TEKCThI, MMEIOIINE XOXICHIE B COBpE-
MEHHOM ITOTOKE ITOKYMEHTOB M OTHOCHMMBIC K TOYHO
OIpee/IEcHHOMY aBTOPY WJIX UCTOYHMUKY.

CosznaHue 10KyMeHTa, UMEIOIIEeT0 JOCTaTOYHO BbI-
COKYIO CTeIIeHb MMPU3HAHMS B OOIIIECTBE, TPeOYeT 3Ha-
YUTETBHBIX TPYIOBBIX U (PMHAHCOBBIX 3aTpaT. I1osTo-
MY Y HEITOOPOCOBECTHBIX aBTOPOB BO3HUKAET COOJIa3H
JIOOUTBCS aHAJIOTUYHOTO COLIMaIbHOTO 3 deKTa ¢ mo-
MOIIbIO TEKCTOB, MOPOXKIEHUE KOTOPBIX TPeOYeT ro-

pa3no MeHbIIUX ycunuit. [TomoOHbIe TeKCThI U OyaeM
Ha3bIBaTh (pajblITEKCTAMU.

MartepuajioMm KCClieIoBaHUi, MPOBOIUMBIX aBTO-
paMmu, SIBJISIIOTCSI TOJTbKO €CTECTBEHHO- SI3bIKOBBIE TEKC-
ThI, KOTOPBIE PACCUMTAHBI HA TIPOUTEHUE WX JIIOIHbMU
(a He mporpamMmMamm ). TeKCThI Ha UCKYCCTBEHHBIX SI3bI-
Kax (HampuMep, Ha s3bIKaX MPOrpaMMUPOBAaHUSI) He
paccMaTpuBaloTcs. TepMHH «100POCOBECTHBIN TEKCT»
OTHOCHTCSI K CITOCOOY TIOPOXKICHUS TEKCTa, a He K UH-
(opmannu, comepxkaieiics B TOM WM WHOM BbICKa-
3bIBAHUU, U €€ UCTUHHOCTH.

TakuM 006pa3zoM, MOCTaHOBKA MpPOOIEeMbl (halbliI-
TEKCTOB HE BBIXOIUT 3a PaMKHU aHajIM3a eCTeCTBEHHO-
SI3LIKOBOT'O TEKCTOBOT'O MPOCTPAHCTBA.

st orto3HaHMS (haIbIITEKCTOB MTPUMEHSIIOTCS YKe
HapaOOTaHHBIC HaydHbIE METOIBI, B YACTHOCTU METO-
Il CTAaTUCTUYECKOTO M CTPYKTYPHOTO aHaju3a JIMH-
TBUCTUYECKUX OOBEKTOB, TCOPHHN MH(MOPMAIINH.

HTtak, (axpIITeKCT — 3TO TEKCTOBBIN ITOKYMEHT,
KOTOPBIIf MAacKMpYyeTCsS ero cosmaTelleM II01 J00po-
COBECTHBIN TEKCTOBBIN TOKYMEHT, TIPH 3TOM JC/Iaf0TCs
MTOITBITKA U3MEHUTB TEKCT JIJIsI TOJTyYeHUSI HY>KHOTO CO-
CTaBUTEJTIO COIIMATLHOTO M 9KOHOMUYECKOT0 3dhpekTa,

*Pabora BbITIOTHEHA ITpY (hrHaHCOBOM Toanepxxke PODU (tipoekT 13-06-00402).
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OJTHAKO ero «(abIINBOCTE» MOXKHO OMPEICTUTE ITyTeM
TEKCTOJIOTMYECKOTo aHaIu3a.

Hcnonb3oBaHue ¢hajablITEKCTOB MOXET ObITh 00-
YCJIOBJIEHO Pa3HbIMMU LIEJISIMU: OTO MOXUIIEHUE YYXKOTO
TEKCTa, WJIN TularuaT; 0opr0a 3a BBICOKME PEUTHHTH
WHTEPHET-CATOB (a 3HAYNT, BHICOKYIO ITOCEIIAeMOCTh
CaliTOB M, COOTBETCTBEHHO, JIYUIIIyI0 peKIamy Tpem-
CTaBJIEHHBIX Ha HUX TOBapoB). MoryTt ObITh U OoJiee
CJIOXKHBIE cllydau, Hampumep danbcudukanus, T.e.
BbIJaya CBOEro COOCTBEHHOTO TEKCTa 3a UyXKOU, MpU-
HaJUIeXallnii 3HAMEHUTOMY aBTODY.

Crenyet MogYepKHYTh, YTO KaKue Obl 111U HU CTa-
BWJINCH, (ATBINTEKCThI, OE€3yCIOBHO, BeCbMa HeXesa-
TeTbHBI. B psifie ciydaeB 3ampeT Ha MCIIOTb30BaHUE
GaTbIITeKCTOB HOCUT MPaBOBOI XapaKTep, HAIpUMep
B CJlyyae Iuiaruara ujiu KoHTpadakTa, KOTOpble Hapy-
1IaI0T WIK YIIEeMJSIIOT aBTopckue npaa. Ho u B Tex
CITy4asix, KOrJa IpaBOBBIX 3aTIPETOB HET, (haTbIIITEKCTHI
CYILLIECTBEHHO YXYAIIAT MH(MOPMALMOHHYIO 3P deK-
TUBHOCTb, 3acOpsiss MH(GOPMAITMOHHOE TTPOCTPAHCTRO
TeKCTaMM HU3KOTO KauyecTBa U AC30PUEHTUPYs MOUC-
KOBBIE CUCTEMBI.

K Hacrosiiiemy BpeMeHU WUHAYCTpUs hablITeK-
CTOB IpHoOpena CTOJIb MacCOBOE paclpocTpaHEeHUe,
YTO BO3HMKAET HACTOSATEIbHAsT MOTPEOHOCTh M3yde-
HUSI 9TOTO SIBJICHUST ¥ pa3pabOTKU AeICTBEHHBIX METO-
TTIOB OOHAPYXEHMST TTOMOOHBIX TEKCTOBBIX JIOKYMEHTOB.
DaKkTUYeCK Mbl CTAHOBUMCSI CBUAETEISIMU BO3HUK-
HOBEHMSI HOBOW OTpaciu WMHGOPMaTUKM (TTOKa ellle
He UMerolIeli O0LIEeMPUHSITOro Ha3BaHusl), TPeIMEeTOM
U3YYeHUST KOTOPOT SIBIISTIOTCS (DASTBIITEKCTHI.

B Hacros11e# cTaThe pacCMaTPUBAIOTCSI HEKOTOPHIE
TIepBOHAYAIIbHBIE ACTIEKTHI TTPOOJIEMATUKH (haTbIITEK-
ctoB. OOBEKTOM DPACCMOTPEHUST SIBISIIOTCS JTIOOBIE
€CTECTBEHHO-S13bIKOBbIE TEKCThI, TOCTYITHbIE B 3JIEK-
TpOHHOM Buze. [IpenMeToM sBIsIeTCS UCKITIOUUTEb-
HO MHMOPMAIIMOHHBII aCTIEKT MPOOJIeMbl — U3YYeHUE
(anpITeKCTOB KaK MHPOPMALIMOHHOTO Y JINHTBUCTH -
4yecKoro heHOMeHa.

2  Tunonorus ajblITEKCTOB

Tunosioruto ¢aablITEKCTOB HAYHEM C Haubosee
pacrpocTpaHEeHHOro TUMa — IularuaTa, T.e. TpUcBa-
WBaHUS aBTOPCTBA Ha 4yyxXoil TeKcT. OObIYHAsT 1eNb
TJIaruaTopa — He3aCTy>KeHHO TPUCBOUTH ce0e orpe-
NIEJIEHHYI0 KBAJTM(UKAIIUIO WIN TIOMYJISIpHOCTh. Kpyr
MJIarMaTopoB IIMPOK ¥ pa3HOOOpa3eH: TYT M KOMTMPOBa-
Hue (MOJHOE WJIM YAaCTUYHOE) UYKUX XyI0KEeCTBEHHbBIX
WIX HayYHBIX MPOU3BEACHUU, TYT U (BO3HUKAlOIIEe
Kak CJIeICTBUE TIEPBOT0) He3acly>KeHHOe TIPUCBOCHE
YUYEHBIX CTETIeHEel U 3BaHUIA, TYT U NU3HAYAIBHO HE 3a-
MeuaeMoe HEKPUTUYHOE «CITUChIBAaHNE» CTYIEHYECKUX
KypcoBbIX paboT. [liaruat moMumo Toro, 4to obeciie-

HUBAET KBATM(MUKALIMOHHBIE 3BaHUS, PE3KO YXYAIIaeT
3(HEKTUBHOCTh YUeOHOTO Tpoliecca, MPOCTO SIBAsIeT-
csl OOMaHOM, Pa3HOBUIHOCTBIO KPaXkKu U TIOTOMY HeJlo-
MMYCTUM.

Ilnarmat — gOCTaTOYHO CIOXHOE SIBJIEHUE, U TMO-
3TOMY ceifuyac B OOIIECTBE HET YETKOTO MOHUMAaHMSI,
YTO CUMTATh IJIaruaToM. 2KeCTKO yCTaHOBUTb T'paHUILy
Iiaruata HeBO3MOXKHO, M Ha 3TOT CYET CYIIECTBYIOT
pasHble MHEHHSA. DTO MOHATHE 00s3aTeIbHO OymeT
«TlJJaBaTh» B 3aBUCUMOCTU OT MOPAJbHBIX YCTAHOBOK
001IeCTBAa U €ro TEXHUYECKUX BO3MOXHOCTeN. Kpome
TOrO, HEBOOPYKEHHBIM IJ1a30M BMIHO, YTO CTEIEHU
TiaruaTa pasJIM4Hbl: OT JOCJIOBHOTO KOIMMUPOBAHMUS 10
3aMMCTBOBAHUS TOJbKO HIOAHCOB caMoil uaeu. Buabl
U CTETIEHU TIjlarMara, KOHe4YHO, TpeOYIOT TIIATEIbHOTO
U3ydeHus: U 6osee moapoOHoi nx kogudukauuu. Ho
Ha3peJsia HeOOXOAMMOCTb BBEACHUST U pa3IuUeHUs 10
KpallHEeil Mepe NBYX YPOBHEU Iuiarmara: <«XeCTKOro»
IiaruaTa, Tof, KOTOpbIM TOHMWMAaeTcsl Tpyboe KOIu-
pOBaHUE TOCTATOYHO OOJILIIMX (PparMeHTOB TeKCTa,
U «MSITKOTO» TUlaruata, Koraa BOpyeTcsl uaesl mocpe-
CTBOM T€M WJIK UHBIM CITOCOOOM CKOPPEKTUPOBAHHOTO
(M OTIMYHOTO OT OPUTMHAJA) TeKCTa.

Inaruar ciaenyet oTaM4yaTh OT KOHTpagakTa — He-
CaHKIIMOHMPOBAHHOIO KOIMUPOBAHUS UYXHX TEKCTOB
(6e3 mprcBOeHMS aBTOPCTBA). TeKCTOBEIN KOHTpahaKT
ceilyac 04eHb pacHpoCTpaHEH, MOCKOJbKY OH MOXKET
CYIIIECTBEHHO TTOBBICUTh PEHTUHT MHTEPHET-pecypca.
IToaToMy ero BeIsIBIeHUE U OOpbOA ¢ HUM TaKKe SIBJISI-
FOTCS BECbMa aKTyaJIbHOM 3a1a4deil.

Hpyroit Oonblioil kKiacc (ajbIITEeKCTOB — «Te-
HEpaHTbl», T.€. TEKCTbl, MPAKTUYECKU TOJTHOCTHIO
CreHepupoBaHHbIE KoMIlbloTepoM. OObIUHas 1Ieb
BBEIACHUS Te€HEpaHTOB — TMOBBLILIEHUE peHTUHra
B MOMCKOBBIX cUcTeMax. [eHepaHThl MHOTAA MpeaHa-
3HAYaloT JUIS MPOYTEHUS JIOAbMU — B OTOM cCiydae
OHU JIOJKHBI TTPEACTaBISITh COOON OCMBICIEHHbIE TEK-
cTtel. OmHako Mo OojblIel YacTWM UX Ha3HAauYeHUEe —
BBECTU B 3a0JyKAeHUE MPOrpaMMHYI0 cuctemy. Jlst
3TOr0 B COOTBETCTBUU C aITOPUTMAMM MOMCKOBBIX Ma-
ILIMH TPUMEHSIETCS JIMOO TeHepalivst MHOTOUMCJIEHHBIX
TEKCTOB C OIPeIeIEHHBIMU KIIOUEBBIMU CJIOBAMU (3TO
TaK Ha3bIBa€Mble «IOpBEU»), JUOO BCTpavBaHMUE Ta-
KMX OJIOKOB KJIIOUYEBBIX CJIOB B MOCEIIaeMble CTpaHU-
1Ibl. AHAJIOTMYHbBIE MAHUMYSILIUY BBITTOJTHSIIOTCS U CO
CChlIKaMu Ha caiTel. Eciau mepBblil TUN TeHEpaHTOB
(ms momeii-moTpeduTeNeit KOHTeHTa) MOKHO Ha3BaTh
«OCMBICJIEHHBIMM T€HEpaHTaMM1», TO BTOPOM TUT TTOJTY-
YUJI Ha3BaHUE «CTe€HEPUPOBAHHBIN LIYM», TTOCKOJIbKY
MOJOOHbBIE TEKCTHI CUJILHO 3alllyMJISIIOT MH(OpMaLr-
OHHOE TMpocTpaHCTBO. OTMETUM, YTO BCE TMPUEMBI
BeO-craMa WM «Cre€HEpUPOBAHHOTO IIyMa»: «CKpbl-
TBI TEKCT», «KJIOAKMHI», «CCbUIOYHBINA CllaM», «I0p-
Bell», «peAUPEKT», «CBOMUHI» U Ap. [1—4], — xopo1io
U3BECTHBI MTPOrpaMMUCTaM, 3aHUMAIOIIMMCS ITPOJIBU -
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KEHUEM CalTOB, KaK «4epHbBIE» U «CEPble» METOJbI X
packpytku. K coxkajleHHMIo, CTOJIb HEKOPPEKTHBIE Me-
TOIBI cefiyac MpUOOpeTaIoT Bce OoJibliiee U OoJblliee
pacripocTpaHeHuUe.

OTMETHM, YTO METOAMKU MaIIMHHOM TeHepaluu
(baspIITEKCTOB YaCTO COYETAIOTCS C TIIaTuaToM (KOH-
TpachakToMm). C omHOW CTOpPOHBI, caM ILIaruar
(a TouHee, €ro COKPBITHE) YaCTO pean3yeTcsl MyTeM
aBTOMATMYECKOM 3aMeHbl HEKOTOPBIX CJIOB Ha CHMHO-
HUMBI (C 1LIeJIbI0 3aTPYAHUTh OOHApYXEeHUE Tiaruara).
A ¢ Ipyroit CTOPOHBI, OCMBICIIEHHBIE TEHEPAHTHI 4YaCTO
WCTIONB3YIOT (hpasbl W TIeJbIe TIPENIOKEHUS U3 Me-
fomuxcst B MIHTepHeTe UCTOUHUKOB. [loaTomy mmeer
CMBICJI pacCMaTPUBATBh €111€ OMMH TUTI TEKCTOB: «TUOPH-
IIbl», couyeTalollre B cedbe XapaKTepUCTUKU IJIaruaToB
U TeHepaHTOB. OTMETUM, YTO TUOPMIBI, €CIM UX Ka-
YEeCTBO IOCTATOYHO BBICOKO, MOTYT IPUHOCUTD TIOJTb3Y
" He SIBIAThCs (pampimTekctamu. Hampuwmep, kK Ta-
KUM TUOpUIAM, TEHEPUPYIOIIMM BIIOJHE OCMBICICH-
HbI€ TEKCThI, IPUHAUICKUT pa3paboTaHHast OMHUM M3
aBTOPOB HACTOSIIIEH CTaTbU CUCTEMA aBTOMATUYECKOTO
noctpoeHus sHuukIoneanin Keywen [5].

3 IIpocTpaHCTBO OLICHKU
¢anbIITEKCTOB

st ono3HaBaHUsl (aJbIITEKCTOB U YCTaHOBIIE-
HMSI MX TUIIOB HeoOXoauma pa3paboTKa KpUTEpHUEB
U XapaKTEePUCTUK, IOIMYCKAIOIIMX MX OOBEKTUBHOE
omnpeaeiaeHue. SBiaeHue ¢GaablITEKCTOB HACTOJIbKO
HETPUBUAJIEHO, 4YTO BBIOpATh €IWHCTBEHHBIN YHU-
BepCA/IbHbI KPUTEPUIl [UIsI OLIEHKM TaKHUX TEKCTOB
HeBo3MOxHO. [loaTomy ImpemiaraeTcsl OLICHUBATh
(hasIbLITEKCTHI C TTOMOILBIO CUCTEMBI KPUTEPUEB, KY-
Ja BXOOSAT. OPUTMHAJIBHOCTh, HATYPaJbHOCTH, JIMH-
IBUCTUYHOCTh YW WHMOPMATUBHOCTH (COKpAIIEHHO
OHJIN). PaccMoTpuM KOOpAMHATBI 3TOM CUCTEMBI
1 B3aMMOOTHOLIEHUE €€ KOMIIOHEHT.

JIBa TIepBBIX KPUTEPUST — OPUTHHAIBHOCTD U HATY-
PaJIbHOCTh — 00pa3yioT ABYMEPHYIO CUCTEMY KOOPAM-
HAaT.

OpUTrHMHAIBHOCTD €CTh CBOMCTBO TEKCTOBOI'O JOKY-
MEHTa TEKCTYaIbHO WJIK UICHHO He 3aBUCETh OT APYTUX
HMMEIOIIMXCS B UH(POPMALIMOHHOM IIPOCTPAHCTBE TEKC-
TOBBIX TOKYMEHTOB. Hawmbosiee BaxkKHOM TYT SIBJISIET-
Csl OPUTMHAJIBHOCTh MH(MOpMAaIK, HOBU3HA ComepKa-
HUSsI, KOTOPBIE W JOJKHBI BEIPAXXaThCs B TEKCTYaTbHOM
YHUKAJIBHOCTH.

OpUTMHAIBHOCTb MOKET OBITh MPEACTaBICHA B BU-
I HETIPEPBIBHOM «IIKAJIbD», UBMEPIEMOI B IOJISIX WIK
MIPOIIEHTAX, ITOCKOJBKY ITOIABIISIONICE OOJNBIIMHCTBO
TEKCTOB OPUTHHAJIBHO JINIIb B KAKOM-TO CTEIIEHU 1 He-
M30€KHO CONEPXKUT OMPEACICHHYIO J0JI0 3aUMCTBO-

BaHHBIX (hparMeHTOB. [IprueM noja parmeHTaMu 1o-
HUMAaIOTCSl HE OTAEJIbHbIE CJIOBA, a TOCTATOYHO JJIMH-
HbI€ YaCTU TEKCTa.

Pazymeercs, naneko He Kaxaoe 3aMMCTBOBAaHUE
TEeKCTa SBJIETCS IUIarMaTOM WA KOHTpadakToM.
B orpoMHOM 4ucie ciayyaeB KOIMMPOBAHUE YYXKOTO
TEeKCTa He BJeYeT HeraTWUBHBIX MOCJIEACTBUI WU Ja-
K€ XKeJlaTeJIbHO, TaK KakK MOATBEPXKIaeT aKTyaJIbHOCTh
HUCXOJHOTO TeKcTa. [loaToMy B KpUTEepUil OpUrrHaIb-
HOCTH TOMUMO MTPOLIEHTA 3aMMCTBOBAHU I BXOIST MPU-
3HAKW CUTYyallud, CUTHAIM3UPYIOLIME O HAJTUYUU WJIU
OTCYTCTBUM IlJIarMata wiu KoHtpadakra. Hampumep,
(hakT myOIMKaIMK Yy>KOro TeKCTa Mmoj UMeHeM U (a-
MWINEN My0amKaTopa 6€3 CCbUTKY HAa UCTOYHUK SIBJIS -
eTcsl HanboJiee OYEBUIHBIM MTPU3HAKOM HAIMYUS TJ1a-
ruata. [lockoybKy 3T NMpU3HAKU BJIEKYT MPABOBBIE
MOCJENCTBUS, TO UX UIEHTUDUKALIUS SIBIASIETCS OTHOMN
13 BaXHBIX 3a1ay u3ydyeHus danbiirekctoB. C apy-
IOl CTOPOHBI, KaK YK€ yKa3blBaJIOoCh, Y Tjlaruara HeT
YETKOU rpaHULIbl, U MOTOMY CHOPMYJIUPOBATH UX pa3
1 HaBCETJa HE MPEICTABISIETCS BOZMOXHBIM.

HatypanbHOCTh  BBIpakaeT KauyecTBO  TeKCTa
B CMbIC/IE €ro MPUOIMKEHUSI K €CTeCTBEHHOMY, Ha-
MUCAHHOMY YEJIOBEKOM XYIOXECTBEHHOMY, HAyYHOMY
WIA TeXHUYECKOMY TeKcTy. HaTypaJbHOCTb MPOTH-
BOIIOCTABJISIETCSI HEKOPPEKTHOCTU, MCKYCCTBEHHOCTHU
TEKCTAa, YTO CBA3aHO C HEAABHO MOSBUBILIMMUCS U HbI-
HE IIMPOKO MPUMEHSIOIIMMUCS METOJaMU aBTOMATU-
YeCKO KOMMBIOTEPHOI FreHepalliu TEKCTOB.

I[To MHeHUIO aBTOPOB, HATYPaJbHOCTb SIBJISIETCS
BaXXHEUIIEH XapaKTEPUCTUKOW MMEHHO B KOHTEKCTE
paccmotpeHust danbiTekcToB. OHA MO3BOJISIET UACH-
TUGULHUPOBATH U OTCEUBATh MHOTHE BUAbI HEKOPPEKT-
HBIX T'eHepaHTOB. [leJo B TOM, 4YTO KauyeCTBEHHOE
aBTOMAaTMYECKOe TMOPOXKIECHUE TEKCTa SIBJISIETCS Of-
HOW U3 TPYIHENIINX HAYYHBIX TPOOJIEM U TPeOyeT ISt
CBOEI peanun3aluu OOJIBIINX PECYPCOB, B YACTHOCTHU
¢dunaHcoBbrix. Ho, kak yTBepxkmaercs B pabote [1],
MOPOXIEHWE TeHEPaHTOB BBITOJHO TOJBKO B Ciydyae
3aTpaThl HA HUX HE3HAUUTEJIbHBIX cpeAcTB. I[loaTo-
My HATypaJbHOCTb T€HEPAHTOB HEU30EXKHO SIBIISIETCS
HEBBICOKOU (XOTsI, BEPOSITHO, TIOCTETIEHHO OyIeT yBe-
JINYUBATBCS ), YTO U MOXKET CIYXXKUTh UX UAEHTUDULN-
pyIOIIUM Mpu3HakoM. OTMETHUM, YTO HATypaJbHOCTb,
KaK U OPUTMHAJIbHOCTb, MPEIACTaBISIETCS] HEMPEPhIB-
HOM LIKaJION.

BBonst moHgTHE HATYpPaJIBHOCTU, aBTOPBI Mpeciie-
JIOBaJI LeJIb 1aTh UHTETPAIbHBINA KPUTEPUI KayecTBa
TeKcTa. AHATU3UPYS STOT KPUTEPUIA, MOKHO 3aMETUTD,
YTO HATYPaJIbHOCTb — CJIOKHOE MTOHSITUE, UMEIoIIIee IO
KpailHe Mepe IBE COCTABILIOIINE: TMHTBUCTUYECKYIO
1 uHpopMaTUBHO-coaepxkaTenbHyto. [loaToMmy HaTy-
PaTbHOCTh UMEET CMBICI MIPENCTABIIATh KaK CyNepIo-
3ULIMIO IBYX YACTHBIX KPUTEPUEB — JIMHTBUCTUYHOCTU
1 UHMOPMATUBHOCTH.
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JIMHTBUCTUYHOCTH — 3TO SI3IKOBAST IMTPAaBUILHOCTD
TeKCTa, COOTBETCTBME 3aKOHAM SI3bIKa, BKJIIOUasl JIeK-
CUKY, MOP(OJIOTHIO, CUHTAaKCUC, CEMaHTUKY, TTparMa-
TuKy. CTelleHb HapyIICHNS IMHTBUCTUIHOCTH MOKET
OBITh pa3Hasl: HAYMHAsI C OTCYTCTBUSI OOIIE TEMBI 1 TT0-
TEePU CBI3HOCTHU COOOIICHMS TTPY COXPaHEHUN CMBICTIa
OTIEBHBIX MPEUTOKEHUI U BIUIOTH 0 TEKCTa, COIEpP-
Kallero 0eccBSI3HbII HA0OP JIEKCeM.

MHbopMaTUBHOCTh €CTh CBOMCTBO TEeKCTa Mpea-
CTaBIISITh COOOI OCMBICIICHHOE TSI YeJIOBeKa COO0IIIe-
Hue. OTMeTHM, YTO B TOHSITHE MHMOPMATHBHOCTH
BXOISIT MAJeKO He BCe comepXKaTelbHbIC IapaMeTphl
coob1ieHus1. B yacTHOCTH, cOOOIIEHNME MOXET OBITh
WCTUHHBIM WIH JIOXKHBIM, MOJIOXKUTEIBHBIM WJIN Hera-
TUBHBIM, IIPOBOKAITMOHHBIM MJIM HEUTPATbHBIM — BCE
9TO B TTOHATHE WH(POPMATUBHOCTH HE BXOIMT, a BXO-
AT JUITb WHOOPMAITMOHHAS HACHIIIIEHHOCTDh TEKCTA.
Paszoupass moHsitue MH(MOPMATUBHOCTA, MHOTUE aB-
TOPBI YKa3bIBAIOT Ha €ro CYOBEeKTUBHBIN XapakTep —
MH(MOPMATUBHOCTh TEKCTA 3aBUCUT OT YPOBHS 3HAHWMA
BocrpuHuMarolero [6]. besycioBHo, 310 Tak. Ho atoT
daxT He ymaysieT MHTeTpaJbHBIX OILEHOK WH(OpMa-
LIMOHHOM HACBIIIEHHOCTH TEKCTa, TaKMX KaK MHAEKC
LIUTUPYEMOCTH.

Takum o6Opaszom, cucrtema kputepue OHIIN,
Ha OCHOBaHWM KOTOPBIX IPEIITOIaraeTcss M3ydeHue
(aJTbIITEKCTOB, BBITVISIANT TaK, KaK 3TO TOKa3aHO Ha
puc. 1.

-
=

OpPIFI/IHaJ'ILHOCTB

HarypansHoCTh

Puc. 1 Cucrema kpurepues oueHkn danbiurekctos OHJIN

Crnenyer otMeTuTh, uto cucteMa OHJIN oGna-
JaeT 3HAYUTEJbHON TUOKOCTBhIO MpU €€ MPUIoXKe-
HUM K pa3JIMIHBIM YaCTHBIM 3aJadyaM WCCIICIOBAHMS
dampmTeKcToB. Tak, MPUMEHSISI OTACIBHBIC KPUTCPUH,
MOXHO HE3aBHCHMMO WCCIIeIOBaTh. IUIarMaT M KOH-
TpadakT (OpUTUHABHOCTD), OOLIYIO TPUOJIUKEHHOCTh
TeKCTa K «<HOPMaJIbHOMY, YeJIOBEYeCKOMY» (HaTypasib-
HOCTb), SI3bIKOBYIO MPaBWJIbHOCTh TeKCTa (JTMHIBU-
CTUYHOCTb) U MH(MOPMALMOHHYIO 1IEHHOCTb TEKCTa
(uH(popMaTuBHOCTb). MOXHO paccMaTpuBaThb TEKC-
Thl B JBYMEPHOM IIPOCTPAHCTBE OPUTMHAIbHOCTh—
HaTypaJbHOCTb, OPUTMHATIbHOCTb—IMHIBUCTUYHOCTb,

]
Ed
s) «Msrkuit
3 TUIaruar)
g Jlob6pocosecTHbIe
2 [Inaruar TEKCThI
EVS («OKeCTKHIH
TJIaruar)
T'ubpuas
«OCMBICIICHHBIC TCHEPAHTHI|

«CreHepnpOBaHHBIH IIIyM»

[
|

OpUrHHATIBHOCTh

Puc. 2 OcHoBHble THIbI (DaNbIITEKCTOB B IIPOCTPAHCTBE
OPUTUHATBHOCTb—HATYPATbHOCTh

OPUTMHAJIbHOCTb—UH(MOPMATUBHOCTb. Hakowner,
MOXHO abCTparupoBaThCsl OT MPOOJIeM KOMMPOBaHUS
U TIIarvara, McciaeaoBaTh TEKCT B 00jiee MPUBBIUHBIX
IUIST JIMHTBACTAa KOOPAMHATAX JTUHTBUCTUIHOCTb—WH-
¢opmatuBHOCTh. Hampumep, paccmoTpeHue npooJie-
MBI B KOOpPIMHATaX OPUTHMHAJIBHOCTh—HATYPaJbHOCTh
MO3BOJISIET HAMVISIAHO TPEACTABUTH OCHOBHBIE THIIBI
danpirekcToB (puc. 2.) Ipu 3TOM Kaxkaplit TUM TeK-
CTOB 3aHMMAET CBOIO HUIITY.

J10OpOCOBECTHBIE TEKCThI XapaKTEPU3YIOTCS U BbI-
COKOW CTEMeHbI0 OPUTMHAJIBHOCTU, W JTOCTaTOYHO
BBICOKOI HATypaJbHOCThIO. HeKoppeKTHBIE creHepu-
pPOBaHHbBIE TEKCThI («CT€HEPUPOBAHHBIN LITYM») OTIM-
YalOTCSl OT JIOOPOCOBECTHBIX TEKCTOB TOPa3a0 MEHb-
1Ielt CTeTneHbIO HaTypalbHOCTU. Ml HaKOHEII, TUTaruaThl
(«KecTKue») OTIIMYAIOTCS OT JOOPOCOBECTHBIX TEKCTOB
ropasio MeHbIIEH CTENEeHbIO OPUTUHAIBHOCTH.

OTMETUM, YTO TPaHMIBI MEXIY TUITAMU HEJIb3s
CUNTATh XECTKUMH — THIIBI OTYACTH TIEPEKPHIBAIOT
IIPYT Ipyra ¥ TUTAaBHO TIEPEXONsIT OOWH B Apyroii. Tax,
MeXIy (paJgblITeKCTaMU U J0OPOCOBECTHBIMM TEKCTa-
MU JIEKUT «HEUTpajbHasl IOJIoca» — TEKCThI, 3aHM-
Malolye MPOMEXKYTOUHOE IMOJIOXKEeHHEe. DTy MOJIoCy,
C OIHOM CTOPOHBI, 3aHUMAIOT «MSTKUE IUIaruaThl»,
a ¢ IPYTOii — «OCMBICIICHHBIE TeHepaHThI». [I0CKOJIBKY
IJIST CO3MAHMS TIJIaTMaTOB YacTO MCIIONB3YyeTcs IPo-
IrpaMMHas TeHepalus TeKCTOB, TO BO3HUKAIOT BCEBO3-
MOXKHBIE THOPUIBI.

HeobGxoaumo ykasaTb, 4TO BCe IpeIIOXKEeHHBIE
KPUTEPUU, XOTS U SIBISIOTCS MHTYMTMBHO SICHBIMMU,
HO 3KCIUTAIMPOBATh X U TIPUBSI3aTh K ONpeAeIEHHBIM
JIETKO BBIYMCIISIEMBIM MapaMeTpaM JOKYMEHTa OKa3bl-
BaeTcs HempocToil 3amadeii. I[loatomy HeoOXxommma
pa3paboTKa KOHKPETHBIX METOAOB M CHUCTEM OLEHKU
9TUX KpUTepUeB. B IByX mocieayooiux pasaeaax Ha-
CTOSIIIIECH CTaThU MPEJIaraloTCsi HEKOTOPhIE COO0pake-
HUS Ha 3TOT CYET.
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4 MeToabl OLIEHKU
OPUTMHAJIBHOCTHU TEKCTOB

IIpexae Bcero, OTMETUM, YTO OPUTMHATBLHOCTH
TEKCTa BBISBIISIET JiIoOasi cucTeMa OOHapyKeHMs Tlia-
ruata (COII), Tak 9TO B HACTOSIIIMIT MOMEHT OIleHKA
OPUTMHAJIEHOCTH TEKCTOB HEpa3phIBHO CBS3aHA C CO-
3manueM COII. PaccMoTprM HECKOJIBKO TIPUMEPOB.

Pacnipoctpanennast y Hac B Poccuu cucrema «e TXT
AnTuruiaruat» [7] oleHMBaeT OPUTMHAJIBHOCTD B ITPO-
1eHTax. [lpuHUOMI pabOTHl CUCTEMbI — CpaBHEHUE
TekcTa ¢ 6230l JaHHBIX OPUTUHAIBHBIX TEKCTOB. DTOT
MPUHIIMIT JaJIeK OT COBEPLIEHCTBA, MOCKOJbKY MOMI-
IepXXNUBaTh B aKTyaJbHOM COCTOSTHMU TaKyio 0a3y
TEKCTOB — 3ajadya TPYIHOBBITIONHMUMAS. XOTs, KakK
VTIBEep:KIaeTCsI, CUCTeMbI, OCHOBAaHHBIC Ha IPUHITUATIC
COIOCTaBAeHUsI C 0a30if JaHHBIX, YCIELIHO paboTa-
10T. [IprMepoM MOXKET CITy>KUTbh MHTEpHET-cepBuc Tur-
nitin, pa3paboTtaHHbIii B YHuBepcutere Podepra Top-
nmoHa 3 AbepauHa (Llotnanmus). Oommit o6beM 6a3bl
TeKkcToB — 25 Th, mpuyeM 0a3a MOITOJTHSIETCS CO CKO-
pocThio 40 MJTH HOBBIX CTPaHMIL B IEHD [§].

HMMeroTcst CHUCTEMBI, KOTOPBIE OCYIIECTBIISIIOT
MOUCK TEKCTOB-aHaJoroB Tmpsimo B HMHTepHere,
Hanpumep:  Advego Plagiatus (http://advego.ru/
plagiatus), Praide Unique Content Analyser II
(http://www.nado.su/downloads.html), oHmaitH-cep-
BUCBHI www.miratools.ru, www.istio.com.

OTMeTHM, 4YTO TMapaiIeIbHO C 3TUM CYIIECTBY-
€T TakXKe M HECKOJIBKO <«aHTUCHUCTEM», TIOMOTa-
IOIMX HeTOOPOCOBECTHRIM aBTOpaM Iipeomonets COII.
K Takum mporpamMmmam OTHOCSITCS, Hampumep, Ipo-
rpaMMbl Smartrewriter pro (http://www.paixan.pd/
raskrutka-bloga/predlagayu-vam-programmu-dlya-xoro
shego-rerajta/) u Antu ITnarmar Killer (http:// an-
tiplagius.ru/), HatleleHHast Ha «OOMaH» CUCTEMBI «AH-
Turiaruat».  YToObl 3amMacKupoBaTh TIarvar Iof
OPUTMHAJIbHBIN TEKCT, TPOU3BOISATCS CAECIYIONIME TTpe-
00pa30BaHusl TEKCTOBBIX (hPAarMEHTOB:

— 3aMCHa CJI0OBa Ha CMHOHUMMNYHOEC €MY CJIIOBO,

Jlo0aByIeHEe HOBBIX CJIOB;

— YAaJICHUE CJIOB,

pa3bueHre OMHOTO MPeITOKEHMS Ha IBa;

00beIMHEHNE IBYX TTPEIJIOKEHUI B OTHO.

B 1eiom MOXKHO chenath BBIBOZ, YTO ceifyac Be-
JIeTCS HEIIyTOYHasl BOWHA MEXIy pa3padoTYMKaMu
CHCTEM aHTHMIUIarMaTa 1 IJIaruaTtopaMu, KOTOphie K30~
OpeTaloT Bce 0oJiee M30LIPEHHBIE CIIOCOOBI «YHUKAIK-
3aummn» Tekera. [Toka «rmrarmaTyukaM» yaaercst pado-
TaTh C OIEPEKEHUEM.

ITockonbky paboTa Mo BBISIBJIEHUIO TJIardaTa CBs-
3aHa C MHOXECTBOM TOHKHMX MOMEHTOB, TPEOYIOIINX

BMeIlIaTeNIbCTBa CIIEIMAINCTa BBICOKON KBaM(UKa-
LI, TO MUMEET CMBICI TOBOPUTh O paboueM MecTe
«@HTUIUIaTMaTopa», T.€. 0 KOMIUIEKCE IMPOrpaMMHBIX
CPeInCTB, OOBEAMHEHHBIX B €IMHYIO CHUCTEMY, KOTO-
past faBasia Obl BO3MOXKHOCTb CIIELUATUCTY BOCIIOIb30-
BaThCs TEMU WJIA WHBIMUA WHCTPYMEHTAMU JIJ1sT Haubo-
Jilee TOYHOTO OIpeAesIeHUsI CTENeHN OPUTUHAIBHOCTH
JIoKyMmeHTa [9].

5 Metoanl onpeneaeHus
JIMHTBUCTUYHOCTU
1 MTHPOPMATUBHOCTU TEKCTOB

Kax yxe ykasbIBajioCh Bbllll€, HATYPaJIbHOCTb T€K-
cTa SBJsIETCSl 0000IIAIONIMM KPUTEPUEM, KOTOPbIA
pasbuBaeTcsd Ha 1Ba Oojiee CHeUMaTIbHBIX: JUHIBU-
CTUYHOCTb U UH(OPMATUBHOCTb.

Hackonbko u3BeCTHO aBTOpaM, KaKUX-TO 3aBep-
IIEHHBIX pealbHO ACHCTBYIOIIMX CUCTEM, OLEHUBa-
IOIIMX JMHTBUCTUYHOCTh TEKCTa, He cyliecTByeT. Of-
HAKO METOIbl JUHIBUCTUKU AKTUBHO MCMOJIb3YIOTCS
IS BBISIBJIEHUSI HEKOPPEKTHBIX TeHEepaHTOB. Tak,
B paborte [10] ncronb3yeTcs psiI IMHTBUCTUYECKIX Me-
TOMIOB JIJIsST OOHAPYKEHUsI «IOPBEEB» — TEKCTOB, UMM~
TUPYIOIMX HATypaJibHbIE TEKCThI, HO SIBSIOLIUXCS UC-
KYCCTBEHHBIMM U COIEpKallluX OOJbIIOe KOJUYECTBO
KJTIOUEBBIX CJI0B U181 TOBBILIEH S TOMCKOBOTO PEUTHUH-
ra onpeaeIeHHOM peKJIaMHOM CTpaHUIIbI.

Ouenka nH(GOPMATUBHOCTH TEKCTA SIBIISICTCS BECh-
Ma CJIOKHOI 3amaveit. it ee perieHus MOXET ObITh
MpUBJIeUeHa Cleaylolasi TUIoTe3a: JOKYMEHT UMeEeT
TeM 6oJiee BhICOKYI0O MH(MOPMATUBHOCTb, YeM OOJIbIIIe
MMEEeTCsl CChIJIOK Ha HEero WM YyeM yalle OH TOoABep-
raeTcs KOppeKTHOMY LMTUpoBaHMI0. KoHeuHo, 3Ta
TUIOTe3a HEe TapaHTHUPYET BbISIBAEHUS BceX MHOOp-
MaTUBHBIX TOKYMEHTOB. OQHAKO MX OCHOBHYIO MaccCy
MOXKHO OMPEJETUTh C €€ TOMOIIIBIO U, 00JIee TOTO, MOX-
HO OLIEHUTh CTENMeHb MH(POPMATUBHOCTH KOHKPETHOTO
nokymeHTta. Ha ocHoBe 3Toil TMIIOTE€3bl OJHUM M3
aBTOPOB HACTOSIIEH paboThl ObLI pazpadoTaH METO/
OLIEHKU WH(pOPMATUBHOCTU, pEaJU30BaHHBIM B aB-
TOMATU3UPOBAHHOM CUCTEME TMOCTPOCHUSI TEKCTOBBIX
sHuukionenuit Keywen [11]. CyTb MeTona — B OTbIC-
KaHuM B cpene MHTepHeTa MHOXKECTBA TEKCTOBBIX J10-
KYMEHTOB, CBSI3aHHBIX C OMPEIEJeHHON MpeaMeTHOMN
00J1aCThI0, U BBIYMCIEHUU WX PEMTUHIOB Ha OCHOBE
KOPPEKTHOTO UX LIUTUPOBAHUS. DTOT PEUTUHT U MPU-
HUMaeTCs 3a OLIEHKY MH(OpMaTUBHOCTU TekcTa. Ta-
KO METOI CPOJHU YCTAHOBJIEHUIO PEUTUHIrA CAUTOB
B MOMCKOBBIX CHUCTEMax C MCITOJIb30BaHMWEM HMHJAEKCa
LIMTUPOBAHUS, HO KacaeTcsl OH He CalTOB, a OTIE/b-
HBIX JOKYMEHTOB. HecOMHEeHHO, TaKo¥ MOAX0d MOXKET
JaThb B OOJIBILIMHCTBE CJIy4yaeB BIIOJHE MpPUEeMJIEMBbIi
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pe3yabTaT, MOCKOJbKY MyOJMKaALMs HayYHBIX CTaTel
B OTKPBITOM J0CTyne B MHTepHeTe MpuoOpeTaeT Bce
OOJIBLIYIO OMYJIIPHOCTh. OTYACTH 3TO CBI3aHO C TEM,
4YTO, KaK IoKaszaj uccienoBaTesib U3 BubHioca Asb-
rupaac Ayiipa [8], Takue paboThl HUTUPYIOTCS HAMHO-
ro akKTHMBHEE, YeM JIOCTYIHbIE IO TUIaTHOM MOATNUCKE
WU B OMOIMOTEKE.

Crenyert, 0IHAKO, OTMETUTh, YTO IUTUPYEMOCTh 10-
KyMEHTa JaJIeKO He BCEerjaa UAEHTUYHA ero nHdopma-
LIMOHHOM LIeHHOCTU. Harnpumep, TOJbKO 4TO Ony0/v-
KOBaHHas CTaThsl, Coiep:Kalliasi HOBble HAyYHbIE UEH,
MOXKET IO 3TON METOAUKE MOJYYUTh HUZKUIN PEVUTHUHTL.
ATpUOPU LIEHHOCTb 3TUX HOBBIX WJEW HEW3BECTHa,
U MO3TOMY JOJDKHO TIPOWMTU OMpe/ieIeHHOE BpeMs, 3a
KOTOpO€ HayyHOE€ COOOIIECTBO OLIEHUT UX U «IIPOro-
JjjocyeT» MO0 3a HUX — YBEJIMYEHUEM HUHAEKCA LU-
TUPYEMOCTH, JIMOO MPOTUB HUX, OCTABUB CTaThlO O€3
ccputok. OTcrona BUaHa OTpaHMYEHHOCTh PEUTUHTOBO-
ro TMoaxoAa, KOTOPbIil olieHUBaeT MH(POPMATUBHOCTD
B CTaTUKe, HE YUUTHIBAsI AMHAMUKNA MUH(OOPMALIMOHHBIX
npoieccoB. B ¢BsI3u ¢ 3TUM BCTaeT rpobdsema ornpese-
JIEHWSI BDEMEHU «OTCTOSI» JOKYMEHTA, T. €. BpeMEHHOTO
MPOMEXKYTKA, 32 KOTOPbI HAyYHOE COOOIIECTBO «ITPO-
ToJIOCYeT» 3a HEro CBOMMMU CChIJIKAMMU.

6 IlepcrieXTUBBI JAJTBHEMIITNX
UCCJIeJOBaHUMN

MozkHo YKa3aTb Ha HECKOJIbKO HaHpaBJ’[eHHfI JaJlb-
HEWINX UCCIENOBAHUA (I)EUTBHJTGKCTOB.

1. HeobGxonuMo TMpoAoJKUTh UCCAEAOBaHUE WX TH-
nojiorun. CeroaHsi UH(GOPMAILIMOHHOE COOOIIIe-
CTBO MMEET JIeJIO TOJIbKO C OIMMMCAHHBIMU B CTaThe
Pa3sHOBUIHOCTIMHM (haIbIITeKCTOB. HO He mcKimo-
YeHO, YTO B OyIyIIIeM TTOSIBSITCS APYTHUE Pa3HOBUI-
HOCTU — Be/Ib BBECTU B 3a0JIyXIeHUE YeIoBeKa
(MM cucTeMy) M TOJIYYUTh OT 3TOTO OMNpenesieH-
HBII BBIUTPBIII MOXHO CaMBIMU Pa3HBIMU CITOCO-
Gamu.

2. YBenuueHwue yncia TUTIOB (I)EU'[I)]_H—I[OKYMeHTOB I10-
Tpe6yeT BBCACHHM A HOBBIX KPUTECPUEB OLICHKU B 10-
TOJJHCHUE K YK€ IMPECATOXKECHHDBIM.

3. HeoGxomuMo pa3pabortath 3(DOEeKTUBHBIE METO-
IIBI OIIEHKU YKe BBIIBIeHHBIX KputepueB OHJIN.
BuacTHOCTH, TYT MOTYT OBITh UCIIOIb30BaHbI METO-
JIbl KOMITBIOTEPHOTO CEMaHTUUECKOro aHanu3a [5].

4. JlanbHeiei 3agadeit MOTJIO ObI CTaTh IMHTBUCTH -
yeckoe M MH(POpMALIMOHHOE OMUCAHUE METOHOB,
KOTOPBIMU MOJB3YIOTCS «3aKa3uYMKWU» U «MCHOJ-
HUTEIU» (QaNbIITEKCTOB, U BHIPAOOTKA PeKOMEH-

JALnii 01st ux 3(GEKTUBHOTO BISIBJICHUS U yCTpa-
HEHUsI.

5. Heobxoguma pa3paboTka IpakKTUUEeCKU YIOOHBIX
1 2 GEKTUBHBIX TPOrPaMMHBIX CPEICTB OOHapY-
JKEHUST U 00e3BpeXrBaHus (haabliTeKcToB. B Oy-
JIIIEeM MOXHO 3KAAaTh TOSIBIEHUST KaK CHCTEM,
paboTalonMx aBTOMAaTUYeCKW, TaK M «paboumx
MeCT aHTHUILIaruaTopa», IPEeIOoCTaBJISIONINX Ha-
0Op MHCTPYMEHTOB, CITOCOOCTBYIOLIMX BBbISIBIIE-
HUIO DaBIITEKCTOB.

ITpobGriema ¢hanbllIIOKyMEHTOB TOJIbKO CTABUTCS Ha
MOBECTKY JHsI. ByneM HanesThest, 4To, Kak B CBOE Bpe-
MsI ¢ KOMITBIOTEPHBIMM BUPYCaMU, 3Ta TTpobJjieMa OyaeT
€O BpeMEeHEM YJIOBJIETBOPUTENILHO pellleHa.
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BU3YAJIN3ALUNA PE3YIIBTATOB JJIA METOOA CKOJIB3ALLIEIO

PA3AEJEHUSA CMECEUN*

A. K. Topuenun!

Annoramusi: Meton ckogbasiiero pasaeneHusi cmeceir (CPC-meron) npeacTasisieT co00i MOIIHBIM MHCTPY-
MEHT aHaJIM3a CTOXaCTUYECKUX IIPOLIECCOB PA3IUYHOM MPUPOAbl. VIMEHHO Ha OCHOBaHUU SKCIIEPTHOM OLIEHKHU
pe3yJIBTaToB, MOJYYEHHBIX B X0e paboThl MTepallMOHHBIX npolienyp CPC-MeTona, GbUT MOTydeH Psil BaXKHBIX
pe3yJIBTaToB B (hM3KMKE TYpOYJICHTHOM IIa3Mbl, MMPOM3BEIECHO YTOUHEHE MaTeMaTHYECKUX Moaeeil (PyHKIIMO-
HUPOBaHUsI (PMHAHCOBBIX PHIHKOB. 3a4acTyIO Kaxkaasl TPyIIa KUCCIeq0oBaTe/Ieil TOTOBUT PE3YJIBTAThI B YIOOHOM
IUtst cebst hopmare, YTO 3aTPYAHSIET IKCIIEPTaM CPaBHEHHME M WHTEPIIPETALIMIO Pe3yJbTaTOB, OCOOCHHO eClu
peyb UACT O TECTUPOBAHUU OJHOUM MOIEIM Ha MPUHLIUIUATBLHO PAa3HOPOIHBIX BEIOOPKAX M3 OTIIMUHBIX MEXKIY
€00011 ITpeaMeTHBIX 00JacTeii. B HacTosIIe paboTe IpeacTaBaeHo yIo0HOe IJIs MCCIeq0BaTe IsI-9KCIIepTa Cpe/i-
CTBO BM3YaJIbHOTO OTOOPaKeHUST OILICHOK MTapaMeTPpOB MOJIeJieil, He 3aBHCsIIee OT UCIIOIb3yeMbIX IS PACIETOB
METOJIOB.

KiroueBbie cji0Ba: METOJI CKOJIB3SIIIETO pas3ieieHe CMeceil; MoTb30BaTeIbCKU MHTepdEiic; cMec HOPMATbHBIX

pacnpeﬂeneHHﬁ; BECPOATHOCTHBIC MOICIIN, HHTCHJICKTyaJILHLIﬁ aHaJIN3 JaHHbIX

DOI: 10.14357/19922264140410

1 Bsenenue

H1st 00HAPYKEHUS U OTCIICKUBAHUS M3MEHEHUI BO
BPEMEHU B CTPYKTYpe (POPMUPYIOIINX CTOXaCTUUECKIX
MPOLIECCOB YCIEIIHO MCMOJb3yeTCsl TaK Ha3bIBaeMbIi
CPC-meron [1]. TlpumeHeHuMe maHHOTO MeToAa IJIs
MPOBEAEHUST UCCIENOBAHUI B 00J1aCTU (DU3UKU TYypOy-
JICHTHOM TI71a3MBI (CM. , HAIIpuMep, padoTy [2]), TaHHBIX
¢ (bmHAHCOBBIX PBIHKOB (CM., HaIlpuMep, cTaThio [3])
MMO3BOJIMJIO TOJYYUTH PsIi BaXKHBIX, TPUHLIAMHUATIBHO
HOBBIX PE3YJbTaTOB (B YaCTHOCTH, BIEpBbIE YAAI0Ch
ONpeaeUTh YUCIO MPOLECCOB, KOTOPhIe (DOPMUPYIOT
HMOHHO-3BYKOBYIO TypOyJIeHTHOCTH [4]). Ilomydenue
IMONOOHBIX PEe3yIbTaTOB HA OCHOBAaHWM aHAJIN3a ITOPT-
PeTOB BOJIATUJILHOCTH [ 1] OBLIO OB HEBO3MOXHBIM 0€3
SKCIIEPTHBIX OLIEHOK CIeLUaJUCTOB M3 objacTeil —
MOCTaBIIMKOB JaHHBIX. B TO Xe Bpems mpu peanu-
3alMM OOIIMX TPUHLMIIOB OOPAa0OTKM C TMOMOIIBIO
CPC-MeToma KaxXmblii McClienoBaTeNlb TPHUICPKIBA-
eTCs CBOMX IpeAcCTaBiIeHU 00 ymoOcTBe oToOpaxke-
HUSI pe3yJIbTaTOB, YTO, OE3yCIOBHO, HE CITOCOOCTBYET
VHUBEPCAJIbHOCTU rpapuuecKoro BbIBOJA AJISI pa3iny-
HBIX TIPEAMETHBbIX obsacTeil. B Hacrosiieit padorte
IIpeJIaracTcs HOBOE CPeACTBO BU3YaTIM3alliM, YIUTHI-
BaroIriee Bce ocodeHHocTH M ToHKocT CPC-MeTona,
npeajarailinee MaKCUMaJbHYIO HArJISIAHOCTh U YIIPO-
1IAI0IIee MHTEePIPETALMIO PE3YIbTATOB 151 LIMPOKOTO
Kpyra CreuuaavdcToB B 00JACTU WHTEIEKTYaJlbHOTO
aHa/IM3a TaHHBIX.

2 OCHOBBI METO/Ia CKOJIL3IIIETO
pasneJIeHus cMecei

B pamkax CPC-meToaa TpaauliMOHHO UCTIOIb3YeT-
¢Sl MHOTOMEpHasi MHTepIpeTalisl BO BpeMEHU TaKOTo
BaKHOTO MapaMeTpa CTOXaCTUYECKHUX MPOLIECCOB, KakK
BOJIATUJILHOCTD. [Ipearomaraercst, 9To BOJATUIIBHOCTh
MOXXET OBITh pa3iokKeHa Ha TaK Ha3bIBaeMble TUHA-
MUYECKYI0 U AU GY3MOHHYIO KOMITOHEHTHI, KOTOPhIE
MO3BOJISIIOT OTCEXUBATh MOSIBAECHUE PA3TUUHBIX 1O
cBoeit mpupoae a3(p@pekToB B MOAeIU (HampuMep, TpeH-
JIOBYIO COCTABJISIOIIYI0O M COBOKYITHOC BJIMSIHME 3Ha-
YUTEILHOTO YHMCJIa CIyJdalHBIX (PaKTOPOB Ha OCHOB-
Hoii mpomecc). C momompilo CPC-meToma Kaxkmast
U3 YKa3aHHBIX COCTABJISIOLIMX MOXET ObITh TMpeacTa-
BJIEHA B BUIE COBOKYIMHOCTHU Pa3IMYHbIX KOMITOHEHT,
00BIYHO COOTBETCTBYIOIINX OTIPEIeTICHHBIM peaTbHBIM
rporueccam.

[Ipenmonaraercs, 9To MOICIMPOBAHNUE CTOXACTHU-
YECKMX MPOLIECCOB OCYIIECTBIISIETCS C TOMOILIBIO 0000-
IIeHHBIX TTpoueccoB Kokca co ckaukamu, UMEIOIUMU
KOHEUHYIO AUCTIEPCUIO, TaK KaK TaHHbIE MOJEIH SIBJISI -
IOTCS B OTIPEICICHHOM CMBICIIC HAMIYIIINMU JIJIST atl-
IMPOKCUMAIINY HEOTHOPOIHBIX XaOTHUECKUX TTOTOKOB.
Taxkum 006pa3oM, 3aaya CTaTUCTUYECKON PEKOHCTPYK-
LIMU pacripeAesieHUii MPOLECCOB CBOAUTCS K OLIEHKE
MapaMeTpOB HEU3BECTHOIO CMELIMBAIOILIETO pacipeae-
seHus. JJIst KOPpeKTHOCTH PeIleHUsT TaHHOM 3a1aun,

*PaboTa BHITIOIHEHA MTPYU YaCTUYHOI (hrHaHCOBOM monaepxkKe rpaHTa [1pesunenta Poccuiickoit @enepanun MK-4103.2014.9.
"Muctutyt npobaem undopmaTiku Poccuiickoit akageMun Hayk; MOCKOBCKHMIA TOCYIapCTBEHHEII TEXHIUECKUi YHUBEPCUTET Pajyio-

TEXHUKU, JIEKTPOHUKHM U aBTOMATUKK; agorshenin@ipiran.ru
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Bmyaﬂmaunﬂ PE3YABTATOB IJIAA METOAA CKOJIL3ALICTO Ppa3acaCHUA cMmecent

a TakKe C 1eJIbI0 YIPOIIeHUs BUIa KOHEYHOM Moje-
JIA, TIPOBOJUTCST alllTPOKCUMAIIUST KOHEYHBIMU CIBUT-
MacIITaOHBIMU CMECSIMU HOPMaJIbHBIX 3aKOHOB. [lpun
9TOM TaKoe TTPUOIMKeHE HEM3BECTHOTO pacTpeese-
HUST €CTECTBEHHBIM 00pa30M MPUBOIUT K MHOTOMEP-
HOU MHTEepHpeTalu BOJATUIBHOCTU (MOApoOHee 00
9TOM — B KHure [1]).

Wrak, B pamkax CPC-meTona npeamnoyiaraetcst, 4To
HEW3BECTHOE pacripeie/ieHre HeKOTOPOTo Tpotiecca Z
MOXHO TIPEICTAaBUTh B BUJE:

k
Fy(z) =Y p;Fi(x), (1)
=1

t— ai)Q

1 (

r€ER,a; €R,0;,>0; (2)

k

Zpi 1, pi=0. (3)
i=1

Mogenp Bunma (1) Ha3bIBaeTCsI KOHEYHOUM CMECHIO
pacnipenenenuii F;(x). B uactHoctu, ecinu F; () ornpe-
nensitores: hopmyiamMu Buzaa (2), TO TOBOPST O KO-
HEYHBIX CMeCSIX HOpMaJbHbIX 3aKOHOB. [lapameTpsl
P1,. .., Pr Ha3BIBAIOTCS BecaMU KOMIIOHEHT Fi(z),. ..
..., F.(x), Ipy 5TOM MpeAIoaraeTcsi ClipaBe/IMBOCTh
yenoBus (3). IMapamertp k B TIipUBeIeHHBIX BEITIE (Dop-
MyJIaX — KOJIMIECTBO KOMITOHEHT CMECH.

[paBytoyacts (1) c yaetoMm (2) u 0603HaueHUS P ()
JUJIS1 CTaHAAPTHOM HOpMaJIbHOM (hYHKIIMS pacripeaeie-
HUSI MOXHO TIepEIcaTh B BUIIE:

gj

z—V
=E®
(%)

e Tmapa ciayJaiHbeIX BeauuuH U, V MMeeT TMCKPEeTHOe
pacripeiesiecHre

P((U,V) = (0i,a:)) = pi,

BonatmibHOCTD ecTeCTBEHHO OTOXKIECTBUTD C BEJTMYN -
HOM

Fy(z) =P(Z < z) = gpiq) (I_ai) -

1=1 k.

geeey

DZ =DV + EU? 4)

(wm VDZ; o chpaBemTMBOCTH CAMOTO TMPENCTAB-
neHust (4) moagpodHee cM. KHUTY [1]). [Tpu aToM Benu-
yuHa DV B dopmyse (4) 3aBUCUT TOJBKO OT BECOB D;
U MIapaMeTpPOB CIIBUTA a; KOMIIOHEHT, a MOTOMY Xapak-
TepU3yeT Ty YaCTh BOJATUJILHOCTU, KOTOpast 00yC/IOB-
JIeHa HaJIMYMEM JIOKAJIbHBIX TPEHIOB, T. €. TMHAMUYE-
CKYI0 KOMITOHEHTY BOJIATWJIbHOCTU. Benmunna EU?

B (4) 3aBUCUT TOJILKO OT BECOB p; U MapaMeTpOB Mac-
mTabda («koadhduiineHToB nudbhY3Un») 0; KOMIOHEHT
U MOTOMY XapakTepusyeT Tuddy3MOHHYI0 KOMITOHEH -
Ty BOJTATWJIBHOCTH.

CraTuctuyeckue 3aKOHOMEPHOCTH TOBEACHUS
CTOXaCTUYIECKUX TTPOIIECCOB 3a9aCTyIO M3MEHSIIOTCS BO
BpEMEHU HEPETYSIPHBIM 00pa3oM, Pe3yJIbTaTOM UYEero
SIBJISIETCSI OTCYTCTBHE YHUBEPCAIBHOTO CMEIITBAIOIIIE-
ro 3akoHa. TakuM oOpa3oMm, 4YTOObI M3YYUThb AUHA-
MMKY U3MEHEHUSI CTaTUCTUUYECKUX 3aKOHOMEPHOCTEH
B TTOBEIICHUH MCCIIEAYeMOTO XaOTHUECKOTO IIpoIlecca,
3amavya CTaTUCTUICCKOTO pasaeIeHNsT KOHETHBIX CMe-
celi HOpMaJIbHBIX 3aKOHOB JOJDKHA OBITH TOCIIEIOBA-
TeJbHO pellieHa Ha WHTepBajiaX BpeMEeHU, TTOCTOSIHHO
CABUTAIOLIMXCSI B HAINIPaBJAEHUU «aCTPOHOMUYECKOTO»
BpeMeHU. Taxkue nHTepBaibl B paMkax CPC-merona
IIPUHSITO HAa3bIBaTh OKHAMU 1 TIPOBOINTH OLICHUBAHUE
HEM3BECTHBIX TTapaMeTPOB Ha KaXKIOM M3 TTOJIOXECHUI
okHa. OOBIYHO pa3Mep OKHa (T. €. KOJMUYECTBO COCTaB-
JISIIOIIMX 3JIEMEHTOB) BbIOMpaeTCs 3apaHee U He U3Me-
HsIeTcs B TIpoliecce paboThl. s moayyeHust Harbosee
TOYHOI KapTHHBI OKHO Ha KaXKIOM IIIare «CIBUTAeTCSI»
TOJIBKO Ha OIWH 3JIEMEHT BBIOOPKU. DTO ITO3BOJISICT
OTCJIEAUTh MOMEHT (POPMHUPOBAHMSI VJIM MCUYC3HOBE-
HUS TOW UM MHOM KOMITOHEHTHI.

Hecomuennsim noctomHcTBOM CPC-MeTOona siBys-
€TCsl BBISIBIEHUE OOBEKTMBHO CYILIECTBYIOIIUX AU(D-
(by3MOHHBIX ¥ TMHAMUYECKUX KOMITOHEHT BOJIATHJIb-
Hocth. TakuM oOpa3oM, cHayaja aBTOMATHUYECKU
BBIICIISIIOTCS KOMITOHEHTHI, (DOPMUPYIOIINE CTOXaCTH -
YeCKUA TIporiecc (CO CTaTUCTUIECKON OIIEHKOM MX T1a-
paMeTpoB), W JIMIIb 3aTeM BO3HMKAET 3aJaya MoucKa
COOTBETCTBUSI BBIIEJICHHBIX KOMIIOHEHT IMPEeAMETHOMI
obysacTi. DTO MO3BOJIIET U30eraTh MPEAroJoKeHUS
0 MaJIoi1 3HAYMMOCTH (MK HA000POT — 3HAYNTETLHOM
BKJIaJI¢) TOTO MJIM MHOTO SIBIICHUS Ha 3TaIle allphopHO-
TO aHaJIN3a.

3 TpeboBaHUs K rpapuyeCKOMY
BbIBOJY METOJ1a CKOJIL3SIIETO
pas3lesieHus cMecel

[Tpu npakTruyeckoii peanusanuu CPC-meTona Bo3-
HHUKaeT 3aaya 0TOOpaKeHUs M3MEHSIOIINXCS BO Bpe-
MEHU ITWHAMHWYEeCKOW M mudGy3NMOHHONH KOMITOHEHT.
I[ToMuMO 4YMCIIEHHOTO 3HAYCHMSI COOTBETCTBYIOIINX
MapaMeTpoOB Ha KaXIOM Iare Kaxmias olleHKa MMeeT
CBOI1 BeCc, KOTOPHBIi He CBsI3aH C aOCOMIOTHON BeJIMYU-
HOIl oTOOpaXkaeMoro Irapamerpa, HO KOTOPBIM Takxke
HeoO0X0aMMO TPOIeMOHCTpUpPOBaTh Ha rpaduke. [Ipu
pabore ¢ CPC-MmeTOomoM Ha TIEpBBIN IIaH 3a4acTyio
BBIXOAUT IKCIIEPTHAS OIIEHKA Pe3yJIbTaToB, MOJTY4YeH-
HBIX B aBTOMaTUYECKOM peXuMe, a MTOTOMY KauyeCTBO
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rpauyeckoro BbIBOIA IMPUOOPETAET MEPBOCTEIIEHHOE
3HaueHue.

st oroOpakeHUsT pe3yabTaToOB TPAAUIIUOHHO [1]
HCTIONIB3YIOTCS IBYMEPHBIC IpahMKM, B KOTOPHIX KaK-
IOt TOYKE IO OCU abCIMCC COOTBETCTBYET TEKYyIee
MOJIOKEHUEe OKHa, a M0 OCU OPAUHAT OTKJIaAbIBAOTCS
3HAUEHUSI OLIEHOK, MOJYYeHHBIX HAa JaHHOM 1are. JIist
M300pakeHNsT BeCOB Ha TpadrKax MCIIOIb3yeTcs IIBe-
TOBas IKaJja ¢ TUIABHOU Tpamaiieil OT TeMHO-CHHETO
JIO TEMHO-KPAaCHOTO, TIPX 3TOM T10 CIIeIIMaIbHOMY TIpa-
BUJTy KaXIOMy Becy U3 cermeHTa [0, 1] cTaBUTCS B CO-
OTBETCTBHUE 1IBET MO IKane RGB. OgHako npu pabdoTe
C peaJbHBIMU JAaHHBIMU YaCTO BO3HUKACT MHOXKECTBO
OIICHOK C HEOOJBIINMMHU BecaMM, KOTOPEIE CKOpee OT-
HOCSITCS K «IITyMaM», T. €. TIOTPEIITHOCTSIM BEIYMCIICHUI,
U HE HECYT 3HAUMTEIbHON CMBICIOBON HArpy3Ku, HO
3aTPYAHSIOT KOM(OPTHOE BOCTIPUSITUE OCHOBHBIX KOM -
MOHEHT. [IJ1s1 mpeoaosaeHus: TaKoi CJI0XHOCTH MOXHO
HCTIONIB30BaTh pa3IMIHbIC CIToco0bl. Hampumep, ocy-
IIECTBIISATh OTOpAChIBaHWE KOMITOHEHT ¢ HEKOTOPHIM
BecOM TIpu BBHIBome rpacdukoB. Ho Takas «pwisrpa-
LIMs» BBIBOAA, OYEBUIHO, MOXET CYLIECTBEHHO U3Me-
HUTh CaMU pe3yJbTaThl, TaK KakK Jajieko He BO BceX
CHUTYaIISIX MOXHO KOPPEKTHO YCTAaHOBUTH IOPOT OT-
CEUYCHMUS IIJIT BeCOB. BO3MOXKHO TIpH pCOBaHUM TOYEK
HCTIONIB30BaTh TaKOW ITapaMeTp, KakK IIPO3pavyHOCTb,
OJIHAKO TIpU TUMNorpadCcKoil nevyaTu Takux rpapukon

MOTYT BO3HUMKATh OINpeIeJeHHbIE CIOXHOCTHU, TaKXkKe
yXyAliarolme BocnpusaTue nHpopMmauuu. B HacTo-
SIEN cTaThe MPEIIOXKEeHO pellieHre MPo0JeMbl, OCHO-
BaHHOE Ha OIIpeleSICHNN pa3Mepa BHIBOIMMOI TOUKHU
B 3aBUCMMOCTH OT Beca COOTBETCTBYIOIIETO ITapaMeTpa,
aMMEHHO: pa3Mep KaXk10i TOYKH IMTpU pUCOBAHWM 3a/a-
etcst popMyoit (pl(-m) - Sizemax |, TIE pl(-m) 0003HauaeT
BeC KOMITOHEHTHI ¢ HOMEpPOM 4 Ha m-M UTepalllOH-
HOM 1are, a Size.x — HEKOTOpoe 3apaHee 3aJaHHOE
MaKCHUMaJibHOe 3HaUeHUE pa3Mepa BEIBOAUMOI TOUKH.
Kpowme Toro, makcuManbHblil pa3mep Sizey,.x Bapbu-
pyeTcsT IS pa3HBIX pa3MepoB BHIOOPOK: ST Oolee
ITUHHBIX PSIIOB Pa3yMHO MCIIOIB30BaTh MEHBIIIEe 3Ha-
yeHue, YTOObl OTAEIbHbBIE TOUKU HE CIMBAIUCH APYT
¢ Ipyrom (0COOEHHO 3TO BaXKHO MPU PUCOBAHUN 00b-
€KTOB C OJIM3KMMM 3HAUYEHUSIMU OLIEHOK TapaMeTpoB
U BECOB).

4 Onucanue QPYHKUMOHAIbHBIX
BO3MOXXHOCTEMW IIPOTPAMMHOTO
MPOIYKTa

[epeiinemM K onmMcaHUIO BO3MOXKHOCTEH CpeacTBa
Bu3yanuzanuu pesyisratoB manst CPC-meroma. Ha-
YaJIbHBI 9KpaH MPH 3aITycKe MPUIIOXKEHUS TIPeICTaB-
JIeH Ha puc. 1.

Mpadomk oLeHoK NnapameTpoB
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Puc. 1 Bun HayaabHOTO 9KpaHa MPUIOXKEHMS
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BI/I3yaJII/I3aL[I/IH PE3YABTATOB IJIAA METOAA CKOJIL3ALICTO Ppa3acaCHUA cMmecent

Obnactp «'paduk omeHOK mapaMeTpoB» («Fig-
ure») TMpeJHa3HaueHa MJisd  HEMOCPEeNCTBEeHHOM
BU3yaJIM3allM1 OLICHOK, MOJIyYeHHBIX C TIOMOIIbIO Ka-
Koro-i1nbo merona. B Hauase paboThl 06e ocu ITpoMap-
KnpoBaHbI B tuana3oHe ot 0 1o 1 ¢ marom 0,1. OmHako
MpU OTPUCOBKE aKTyaJlbHOro Tpaduka 00O3HAYEHUSI
OyIyT aBTOMaTUYeCKU BbIOPpAHbI B COOTBETCTBUM C TaH-
HBIMU.

Knomnka ¢ Hagnucelo «Pycckuit» («English») mo3-
BOJISIET BBIOMPATH SI3BIK MHTepdeiica (IT0 yMOTJYaHUIO
YCTAHOBJIEHO OTOOpaXkeHWe Ha PYCCKOM SI3bIKe, Ha-
’KaTue Ha KHOIIKY M3MEHSIET BCe HAAMMCHU Ha aHIJIO-
SI3bIYHBIE BAPUAHTBI), COAEPKUMOE OCTAIbHBIX MOJIel
TIpH TIEPEKITIOYCHU He M3MEHSETCsI, 00JIacTh BEIBOIA
rpacduKa He IepeprCcOBBIBACTCS, HE TIPOMCXOINT I10-
BTOPHOTO BbIBOJIA 3HAYEHUIA OIICHOK.

bnok «Imamazom smemernTOB» («Gap for win-
dows») 3a7a€eT 06J1aCTh BbIBOJA OLIECHOK 0 BPeMEHHOM
OCH, COOTBETCTBYIOIICH KOJMYECTBY CIBUTOB OKHA
B CPC-Mmetone. Hammpumep, eciii ecTh HEOOXOIUMOCTD
paccMOTpeTh KpyIHee OTAEJbHYI0 00JacTh WM aHa-
JIM3UPYEMBIA PSII CIMIITKOM OOJIBIION (OLIEHKY CIMBa-
J0TCS1), TO MOXXHO OTOOPa3UTh TOJIbKO YacTh JaHHbIX.
B kagecTBe 3HaYCHMIT ITO YMOIYAHUIO MCIIOJB3YeTCS
aTIa30H OT IIEPBOTO IO COTOTO SJIEMEHTA.

brnok «lmamaszon BrBOma mapamMeTpoB» («Param-
eter gap»)3agaeT 00JacThb BbIBOJA 3HAYEHU I OLIEHOK.
7151 pa3HbIX JaHHBIX TOJy4YaloTCsl pa3HbIe MO MOPsII-
Ky OIICHKM, KpOME TOTO, TMHAMMYecKasi KOMITOHEHTa
MOKET MPUHUMATh W OTpHIIaTeIbHbIe 3HaueHU. [l
yno0cTBa MacIITaAOMPOBAHUSI I KOPPEKTHOCTH BbIBOJA
napaMeTpoB U TMpeaHa3HayeH JAaHHbIK 0ok, B kaue-

CTBE 3HAYEHUI MO YMOJTYAHUIO UCIIOIb3yeTCsl auarna-
30H ot 0 110 1.

Tabmuna «Omemxu mapamerpos» («Estimations
of parameters») oToOpaXaeT TOJHBINI HaboOp olle-
HEHHBIX ITapaMeTPOB M3 0JIOKA «[IuamnazoH 5JIeMEeHTOBY,
KOTOPBI XpaHUTCS B (paiisie, aapec (MMs1) KOTOPOTo 3a-
naetcs B nojie «vs daitma» («Filename»).

[lo yMmonuaHuio mpearnosnaraerTcs, 4TO OTOOpa-
xaercst auddy3nonHast kommoHeHTa («Diffusive
component»), OMHAKO B OJIOKe «Bsi6op Tuna rpadpuxas
(«Type of figure») 3TO MOXHO M3MEHUTHb, BHIOpAB
TUHAMUYECKYI0 KOMIMOHEHTY («Dynamic component»).
Haxartue kHonku «Refresh» OCyIlIECTBUT KOPPEKTHOE
00HOBJICHHE (JIMOO TIEPBUYHOE M300paXkeHne) rpadu-
Ka B COOTBETCTBHUU C BELIOPAHHBIMM HACTPOIKAMH C TT0-
MOIIIBIO CIIeIIMabHO pa3paboranHoro ajst CPC-mero-
Jla aJIrOpUTMa PUCOBAHMSI.

5 Ilpumepnt

B HacrosiieM pazzaesne pacCMOTPUM ITPUMEPBI ITPH-
MEHEHUS Pa3pabOTaHHOTO CPEICTBA BU3yaTU3aIINH TSI
peasIbHBIX JaHHBIX. B MaHHOM cilyyae He CTaHEM yje-
JIITh BHUMaHWE TIPEIMETHBIM 00JIaCTSIM, KOTOPBIE BbI-
CTYIaJIM B POJIM ITOCTaBIIMKOB BHIOOPOK, a COCPEIOTO-
YUMCSI UCKIJTIOYMTENIBHO Ha IEMOHCTPALIMY OTTMCAHHBIX
BBIIIIE BO3MOXKHOCTE TPOTpamMMBbI.

Ha puc. 2 uzobpaxenHa auddy3moHHasg KOMIIO-
HEHTa JIUISI HEKOTOPOTO psiia ¢ Ha3BaHWEM Params.
BriBoa ocytiecTBisieTcs s mosioxkeHuit okoH ot 4000
110 9000, Tpy 5TOM rpaHUIIbI TApAMETPOB YCTAHOBJIEHbI
or0mo1,1-10%

padhuk oyeHok napameTpoB

OueHku napameTpos

T B | % | & | ® | ® || &

1 | 62928004 61028e-04 62727e-04 68146004 68144e-04 60932e-04 6627304 60821
I 2 | 6.1166e-04 62756e-04 6.0907¢-04 6.0888e-04 6.0879-04 6.8409e-04 6.0937e-04 673861
|3 | 4156105 16601005 4.0920e05 14113005 1412205 24561e-05 9.3673e-06 24309
4 | 15597605 4.0559e-05 17918005 24436e-05 24446e-05 12764605 24571e-05 4.0645
5 05925 04358 05030 01207 01209 08939 01049 O
6 04075 05642 04970 08793 08791 01061 0851 O

e

0

Wma daiina Params

BoiGop T1na rpadi

® [lucpcpyanoHHas KOMMOHeHTa

O PBuHammnyeckas KOMNOHeHTa

‘ {
6500 7000 7500
Bpems (Homep okHa)

T = = 3
4000 4500 5000 5500 6000

8000 8500 9000

Pyccruit or | 4000 Ao 9000

BbiBOAA
‘ ’7 or 0 Ao 1.1e-4 ‘ {

Refresh

Puc. 2 Tpumep BoiBoma 1rddy3MOHHOI KOMITOHEHTBI U1 HEKOTOPOTO psiza Params
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Figure
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Estimations of parameters
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Puc. 3 Ipumep BbIBOA AMHAMUYECKON KOMITIOHEHTBI U1l HEKOTOPOTo psia Pl (aHI0s3bIYHbIA BApUaHT uHTEpdEiica)

B maHHOI CUTyalMy pacyeThl MPOBOAUINCH C BbI-
COKOIf TOUHOCTBIO (C TOPOrOBBIM 3HaueHueM 1012 nis
KPUTEPHS OCTAHOBA), IJISI MAKCUMAaJIBHOTO KOJTMIECTBa
KOMITOHEHT B CMECH MCITOJIh30Bajlach BEIMINHA k = 2.
BusyanbHO 4eTKoO BBIACHSAIOTCA ABe (OPMUpPYIOLINE
KOMIMOHEHThl — TeMHO-KpacHasi U COCTaBJeHHas U3
TOYEK pa3HbIX LIBETOB (TOJYOOI, 3eJeHbIi, XENIThIi,
opamkeBbIif). 1IlyMOBBIe KOMITOHEHTHI C OYeHb Ma-
JICHBKUMHM BecaMU TTPaKTUICCKU OTCYTCTBYIOT, HATIPH-
Mep MOXHO BBIIEIUTH BCETO HECKOIBKO HEOOIBIITIX
(HaIIOMHMM, YTO BEC U pa3Mep TOUYKU TSI PUCOBAHUS
B pa3pabOTaHHOM CPEACTBE BU3yaJIM3allMi TECHO CBSI-
3aHbl) OTMETOK Mexay aeneHusiMu 5500 1 6000 Ha ocu
abcuucc. B takoii cutyanmu Kakasi-nmoo puisrpauust
TMAHHBIX TS YIyJIIeHUs BU3yaJIbHOTO BOCIIPUSITHUS He
Tpedyercs. B okHe «OlieHKH MapamMeTpoB» OToOpa-
>KaeTcsl TabJIMYHOE MpeacTaBieHue MapaMeTpoB, IIe
MepBbIe BE CTPOKM COOTBETCTBYIOT 3HAUYECHUSIM [IJIST
MTUHAMMYECKONM KOMITOHEHTHI, TPEThs 1 UeTBEpTasT —
mdGy3NOHHOM, a TIATas W IIecTast CTPOKHM COAepKaT
U3MEHSIOIIMECS] BO BpeMEHU 3HaUeHUS BECOB.

Ha pwuc. 3 n3obpaxkeHa nuHaMu4IecKass KOMITOHEH-
Ta BOJATWJIBHOCTH IJISI IPYTOTO psima ¢ MMeHeM P1.
BbIBOI OCYyIIECTBIISIETCS OT TIEPBOTO MOJOXKEHUSI OKHA
no 3HaueHus: 4800, mpu 3TOM T'paHUIIbl MTapaMeTPOB
onpenensiorcs nrarma3oHoMm ot —0,08 mo 0,08. Takke
OTMETHUM, 9TO PHUC. 3 IEMOHCTPUPYET BapUaHT BHIBOIA
C QHTJIOSI3BIYHBIMM HAIITUCSIMMU.

Jlnst maHHOTO psiIa B Ka4eCTBE MAKCUMAaILHOTO KO-
JIMYECTBa KOMITOHEHT MCITOIb30BaJIOCh 3HAUCHUE k =
= 6, a BBIYUCIIEHNS TPOBOAWINCH C TOYHOCTBIO 107,
Ha rpacuke mprCyTCTBYIOT OT IBYX IO TPEX OCHOBHBIX

82

KOMIIOHEHT, TIPY 3TOM 00IIasi KapTHHA CYIIECTBEHHO
JIOTIOJTHSIETCS] ITYMOBBIMU cocTaBisiionumMu.  OnHa-
KO MCITOJIb30BaHME TOYEK HEOOJBIIOrO pa3mepa s
3HAYCHMI ITapaMeTpOB ¢ MaJbIMU BecaMU TIO3BOJISIET
aHaJM3MPOBaTh MPUBENEHHBIN rpaduk 6e3 mpoBee-
HUSI KaKO-T1M00 (pUIbTpaliii 1OCTAaTOYHO YBEPEHHO.
Tabnuua B okHe «OLeHKU MapaMeTpoB» MOCTPOeHa To
TOMY Xe TIPUHITUITY, KaK 1 JIJI51 TIPEIIIECTBYIONIETO Tpa-
¢uka, HO TeTeph TMANAa30H CTPOK MJIT TMHAMWYECKOMN
KOMITOHEHTBI — 1—6, mrg qnddysnoHnHon — 7—12,
a cTpoku 13—18 cOOTBETCTBYIOT BecaM.

6 3axkioueHue

CpenctBo BU3yadu3allMU CO3[aHO C TOMOIIbIO
BCTPOEHHOTO $13bIKa TPOrpaMMUPOBAHUSI CHUCTEMBbI
MATLAB 1 OpMeHTUPOBAHO Ha paboTy ¢ (aitnamu Gpop-
MaTaMAT. OnHaKO He IpeaCTaBIsIeT KAKNX-JIM00 CIIOXK-
HOCTEel 9KCIMOPTUPOBATh JaHHbBIE U U3 TEKCTOBBIX (haii-
JioB TXT, Tabnui CSV. DTO MO3BOJISIET OCYIIECTBIISITh
pacueThl ¢ MMOMOIIbIO METOJ0B, pPealM30BaHHBIX C MO-
MOIIIbIO TTPOM3BOJIBHBIX SI3bIKOB MPOrpaMMMPOBAHUS
(HampuMep, CIeIMaIN3UPOBAHHBIX, JOCTATOYHO HU3-
KOYPOBHEBBIX — JLJISI TTIOBBIIIIEHUSI CKOPOCTU BbIUMCIE-
HUI1), a 3aTeM paboTaTh C YIOOHBIM CPEICTBOM BU3ya-
JIU3ALMU.

DTO 0COOEHHO BaxkKHO UISI TPYMIT UCCIeaoBaTeNei,
OCYIIECTBIISIIOIINX 00pabOTKY pa3IUuuHbIMU (TIpUYEM
U C MPOTpaMMHOI, M ¢ MaTeMaTUYeCKOW TOUYKMU 3pe-
HUSI) crocobaMu, Tak KakK oOllMe UTOroBbIe Tpaduku
OyayT yHU(pUIIMPOBaAHbI 32 cUeT eAMHOT0 MHTepdeiica.
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A visualization of estimators in the method of moving separation of mixtures

IIpenycMoTpeHa BO3MOXHOCTb aBTOMAaTUUYECKOIO
coxpaHeHus obiactu rpaduka B daita PNG, 4To yno0-
HO IJIsSI TIpENCTaBJIeHUsI Pe3yJbTaTOB B paMKax Ipe-
3eHTallUi, XypHaJbHbIX ITyonukauuii. Takum oGpa-
30M, pa3pabOTaHHOE CPEACTBO BU3YAIM3AIIUN MOXHO
HUCIOIb30BaTh HE TOJIbKO B KauyecTBE PEIIeHUS s
MPOBEJICHUST MHTEJIJIEKTYaJIbHOTO aHaIu3a JaHHbIX, HO
U BCIIOMOTaTeJbHOTO MHCTPYMEHTA MOATOTOBKM OTYe-
TOB TI0 HAyIHBIM W TPAKTUIECKNM HCCIICIOBAHMSIM.
Kpome Toro, ommcanHoe B pabOTe CPEeICTBO BU3YaIH-
3a1IMK 00J1aaeT MHTYUTUBHO ITOHSITHBIM BU3yaJIbHBIM
uHTepdeiicoM, a MoToMy MOAOUIET KaK ISl TTPOIBU-
HYTBIX TOJIb30BaTeNei, TaK W UIST TeX, KTO TOJbKO
HaunHaeT n3ydyeHue Bo3MoxkHocteit CPC-meTona.

st pazpaboTaHHOTO MporpaMMHOro kKomga B Poc-
MMaTeHTe ITOJIYICHO CBUAETEILCTBO TOCYIAPCTBEHHOM
peructpauuu nporpamm st 9BM «Cpenctso Bu3sya-
JIN3ALIMU Pe3yIbTaTOB IJISI METO/Ia CKOJIb3SIIIEro pase-
JieHust cmeceii» (aBrop TopmennH A. K., Ne 2014661369
o1 29.10.2014).

B kauecTBe BO3MOXHOTO ITyTH JAJbLHEHMIIETO pa3-
BUTHUS CO3IAaHHOTO MPOIYKTAa MOXHO OTMETUTb BO3-
MOXXHOCTb MCIIOJIb30BaHUsI MHTepdeiica B KauyecTBe
0a30BOro MOJIYJIS AJIsI TOCTPOEHUST MHGMOPMALIMOHHOM!
TEXHOJIOTV, MHTETPUPYIOIIEH METOIBI BU3YaTHU3aIluN
C MHCTPYMEHTapHeM OLICHUBAHWS HEM3BECTHBIX TTapa-
MeTpoB Moneu. Pa3zpaboTka TaKoro IMakeTHOTO pelle-

HUS TIPEICTABIISIET COOO0I COBEPIIEHHO CAMOCTOSITE b~
HYIO ¥ B JOCTaTOYHOM CTEITEHU TPYIOEMKYIO 3a1auy.
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mathematical models for the functioning of financial markets were refined. In most cases, research teams present
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Ob SPTOHOMMNYECKUX 3ABUCUMOCTAX
MEXIY ITAPAMETPAMU CUTYALLMOHHOI'O 3AJIA
C UCITOJIb3OBAHWUEM U30OI'HYTOI'O KOJUIEKTUBHOI'O 5KPAHA

A.A. 3anapunssiit!, K. . Yynpakos?

Annoramusa: PaccMoTpeH TOaXon K OTpenesieHno 3aBUCUMOCTENl MeXIy TapaMeTpaMy CUTYallMOHHOTO 3aja:
pa3Mepamy TTOMEILeH s, YUCIOM HabmoaTesneil, ”HOOPMAIIMOHHOW eMKOCThI0 KOHTEHTA (KOJTUYECTBOM 3Ha-
KOB) M LIMPUHOM 3KpaHa. DTU 3aBUCUMOCTH IMO3BOJISIIOT PACCUUTATh HEU3BECTHbBIN MapaMeTp CUTYallMOHHOTO
3aJla TIPY M3BECTHBIX APYTMX C BHITIOJHEHWEM TPeOOBaHWI TOCYTApCTBEHHBIX M MEXIYHAPOAHBIX CTAHIAPTOB
1o aproHoMuke pabounx mect. [IpennoxxeHHbIe GOPMYITBI TPUMEHUMBI U TSI U30THYTBHIX 9KPAHOB, OTPeIessi-
eMbIX B paMKax CTaTbM YIJIOM KPUBU3HBI (3 (U151 1uiockoro 3kpaHa 3 = 0). JlaHHbIA mapaMeTp MOXeT ObITh
WHTEPIPETUPOBAH KaK YroJl HAaKJIOHA MEXIy TUCIIIesIMU B TToNMaKpaHe. Hanure 3Toro mapamerpa mo3BosisieT
OLIEHUTH 3(PHEKTUBHOCTH UCTIOTH30BAHMST M30THYTHIX 9KPAHOB B COCTaBE CUCTEM OTOOpaxkeHUsT MHMOpMaInu
KOJUIEKTMBHOTO MCIoJib30BaHUs. [IpennoxkeH oOUIMil MOAXOM K ONpeneeHNI0 KOTUYECTBa pabounX MeCT st
KOJUIEKTUBHOTO 9KpaHa, KOTOPBI MOXET ObITh MPUMEHEH JJIST X Pa3TMYHbBIX B3AMMHBIX PACITOIOXKEHUIA.

KmoueBbie ciioBa: I/I30FHyTI)II71 3KpaH KOJUIEKTUBHOTI'O IT0JIb3OBAHM; CI/ITyaHI/IOHHHﬁ 3all; I[I/ICTIGT‘{epCKI/Iﬁ IYHKT,
OPTOHOMUYECKUE 3aBUCUMOCTU, 001acTh KOM(l)OpTHOFO Ha6J'IIOI[CHI/IH; yroj KpMBM3HbI 9KpaHa, BUICOCTECHA,

osMaKpaH; 3G heKTUBHOCTD; ONPaBIaHHOCTb LIEHBI
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1 Bsenenwue

OnbIT co3gaHust cuTyaluoHHBIX LeHTpoB (CLI)
0003HaYMJI LEJbI psil Tpo0sieM, KOTOpble TpensiT-
CTBYIOT pa3pabOTKe M BHEAPEHUIO HOBBIX TEXHOJIOTHIA
B mpoliecc yrnpaBiieHus [1—4]. DTu TpyIHOCTH MOTYT
BO3HMKATh B pe3yJjbTaTe HEAOCTaTOYHOIO MpUMEHEe-
HUsI CUCTEMHOTO TOIX0Aa MPU MPOEKTUPOBAHUU, KO-
raa MMerIumicss GYHKIIMOHAT MPUKIaIHbIX CPEICTB
HE TOAKPETUIEH MOCTAaTOYHOM TEXHOJOTMYECKON WU
TEXHUYECKOI 6a30i1 1 HA00OPOT. 3HAYNTEITHLHOE YUCIIO
npobsieM co3naHus u BHeapeHus: CLI BbI3BaHO yesio-
BeUeCKMUM (haKTOpOM: TIJIOXOM MOTHUBALME! MepcoHaia
Ha o0yYyeHre HOBBIM MpolieccaM U cj1aboit 3auHTepe-
COBaHHOCTBIO TTIEPBOTO JuIa [3, 6].

BaxxHo moHuMath, 4To Jr0bast mpobiemMa, Oyab TO
TeXHUYECKAasT MM OpTaHU3aIIMOHHAsI, MOXET CTaTh y3-
KMM MeCTOM B obecrieueHun (pyHkunonuponaHust CL]
B TpeOyeMbix pexumax [3, 7]. s BbIsIBIEHUS TaKUX
Y3KHX MECT HEOOXOUMbI CUCTEMHbBIE OLIEHKHU 3 beK-
tuBHOCTH CII, KOTOpHIE MODKHBI YINTHIBATH OIIECHKH
BCEX €T0 OTIEIbHBLIX KOMITOHeHTOB [8]. Ilpm sTom
B paMKaX TeXHUYECKOTO M IKCIUIyaTallHOHHOTO KOM-
TMOHEHTOB BaXKHYIO POJIb UTPAIOT SPTOHOMUYECKUE TT0-
KazaTesil, TaK KakK OHU OINpeaesstoT 3¢h(GeKTUBHOCTh
mojib3oBaTesibckoro nHTepdeiica B CLI. Dpronommye-
CcKHre TpeOboBaHMS K cUCTeMaM OToOpakeHUs1 MHGOp-

MalWU SIBASIIOTCSI BAXKHBIMU C TOYKHU 3pEHUS HE TOJIBKO
obecrieueHrst KOM(pOPTHBIX YCJIOBUM pabOTHI, HO U 00-
nee 3¢ (GEKTUBHOTO MCITOIH30BaHUS ITPOCTPAHCTBEH-
HOTO M MaTepuabHOTO pecypcea [9, 10] .

OnHuM 13 HarboJsiee 3aMETHBIX HalpaBJIeHU B pa3-
BUTUM CPEACTB OTOOpakeHWs MHGMOPMAIIUU SIBISIET-
CsI MPUMEHEHNE TaK Ha3bIBAEMBIX U30THYTHIX 9KPAHOB
(curved screen), peaiM3yeMbIX Ha OCHOBE TEXHOJIOTUM
OLED (organic light-emitted diode), mwupoko mpu-
MEHSIEMOI JIJIT MOOWJIBHBIX YCTPOMCTB. OTMETHUM,
YTO MAes TAaKUX «M30THYTBIX» WM BOOOIIE HEIIOC-
KUX 9KPaHOB HE HOBA: TTOMUMO KMHOTEATPOB HETLIOC-
Kue 9KpaHbl MOXHO BCTPETUTh W B IUCTIETYEPCKUX
nyHkTax. [TpousBonurenu npodeccuoHaTbHbBIX MTOTM-
9KPaHOB U BUIEOCTEH MPEeNyCMaTPUBAIOT BO3MOXKHOCTh
CO3[IaHUsI U30THYTHIX SKPAHOB 3a CUET B3aMMHOTO T10-
BOpOTa MEXIy OTAETbHBIMU nuCIiesiMu. BMecTe ¢ Tem
ONIYTUMBIX MTPEUMYIIECTB, KOTOPHIE NAIOT U30THYTHIE
9KpaHbl, MPOU3BOAUTENN U UX MapKETOJIOTU CHOopMy-
JupoBath He cMoru [11].

B HacTosmieil crathe chenaHa IOMBITKA BOCIIOJN-
HUTb 3TOT Tpobed.  PaccMoTpeHBI MeTomMdecKue
ITOAXOIBI K OTIPEIeICHUIO 3aBUCMMOCTE MEXIy pa3-
MepaMM TIOMEIlEHUsI, pa3MepaMu BKpaHa, YUCIOM
HabonaTeneil U XxapakTepucTUKaMu OToOpaxkaeMo-
ro KOHTeHTa, chopMyIupoBaHHbIE B padboTtax [9, 10],
IIPUMEHMUTENIFHO K M30THYTOMY 2KpaHy. IloxydeHHBIE
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3aBUCMMOCTU TIO3BOJISIIOT MOJyYaTh OLEHKU 3hheK-
TUBHOCTU MPUMEHEHUSI U30THYTBIX 9KPAaHOB B CHUCTeE-
MaX KOJUIEKTMBHOTO oToOpaxxeHust nHdopmaruu CILI.
bosnee toro, B oTJMuYMe OT M3BECTHOTO OLEHOYHOIO
MOJIX04a TI0 yKe peaM30BaHHBIM KoMIuTeKcaM B [12]
npeajaraeMblii B CTaTbe IOAXOA MpeaycMaTpUBaeT
MOCTPOEHUE CUCTEMBI «IMOMEIIeHNe—3KpaH—Ha0I0-
JaTe/ii» B CTPOTOM COOTBETCTBUM C HOPMATUBHO-TEX-
HUYECKOM 023011, OIpeneisieMoil CyIeCTBYIOIIMMU rO-
CYyJapCTBEHHBIMU W MEXIYHapOAHBbIMU CTaHAApTaMu
B YaCTU 9PTOHOMUYECKUX HOPM.

2 O6wmwmit nogxoa. TepMuHbBI
1 OIpeIesIeHUS

Coszmanne u 00OpyIOBaHUE CHUTYaIlMOHHOTO 3ajia
TIOJDKHO Cpedy IMIPOYNX TpeOOBaHWIT OITMPAThCs Ha Cy-
IIECTBYIOIINE CTaHIAPTHI 10 3PTOHOMHMKE, IEUCTBY-
fomre Ha Tepputopur P®. BoJbIIMHCTBO yKazaHUIA,
collepXXalluxcss B cTaHIapTax, OCHOBAaHO Ha OCOOEH-
HOCTSIX Y€JIOBEYECKOTO BOCIIPUSITUSI M TIOTOMY MOXET
CIIYKUTb TIPAaKTUICCKNM PYKOBOICTBOM IIPU OCHAIIIe-
HUU TIOMEIIeHU. DTO OTHOCUTCSI M K CpeACTBaM
otobpaxeHust uHdopmanuu. Iloaxon, chopmyaupo-
BaHHBIN B [9, 10] 1 ucnonb3yemblit B JaHHOI cTaThe,
onupaercs Ha cTaHaapThl [13—19].

O cylIecTBOBaHMY CBSI3E MEXITYy OCHOBHBIMM ITa-
paMeTpaMM CUCTEMBI «ITOMEIIeHNe— TN CIIIei—Ha0II0-
JaTesn» MOXHO CYIMTh Ha OCHOBAaHUM CJIEIYIOIIETO
npruMepa. YBelaudeHue MH(GOPMAIIMOHHON €MKOCTH
KOHTEHTA 3a CUET YMEHbIIIEHUSI CAMBOJIOB He3aMe T -
TEJTLHO MPUBEACT K YMEHBIIICHHUIO IIPOSKTHOTO PACCTO-
STHUST HAaOMIONeHNs. DTO, B CBOIO OYepenhb, YMEHBIIIUT
pabouyio TIolIaab HaOMIOAEHMSI, a CeloBaTebHO,
M KOJIMYECTBO IMEepCOHaia, KOTOPhIi MOXeT paboTaTh
B HEM OJTHOBPEMEHHO.

Ha ocHoBaHuUM pekoMmeHmauuii, chopmMyIupoBaH-
HeIX B [13—19] u BBImeneHHBIX B [9, 10], MOXHO
MPUCTYITUTh K (POPMHUPOBAHMIO B3aMMOCBSI3EH MeEX-
JIy OCHOBHBIMHM TTapaMeTpaMy CUCTEMBI «[TOMeIIeHe—
9KpaH—HaOmogaTean». Jlanee B pabote OyayT UCITOJb-
30BaHBI CJICAYIOIINE TEPMUHEI 1 0003HAYCHUS:

D — IpoeKTHOE pacCTOsIHUE HAOIONEHUS, U3MepsI-
€TCsl B MeTpax. ODTO PacCTOSIHME WM IUara3oH
PACCTOSTHUIM MEXIy 9KPaHOM M IJla3aMU HaOJIro1a -
TeJseid, TIPU KOTOPOM M300pakeHUe COOTBETCTBY-
eT TpeOOBaHUSM pPa3d0OPUMBOCTU M YIOOOYMTA-
€MOCTH;

N — KOJIWYECTBO JIIOAeH, KOTOpPbIE JOKHBI OHO-
BPEMEHHO PabOTaTh C KOJUIEKTMBHBIM 3KPAaHOM,
TToJTy4asi ¢ Hero BU3yasbHy10 MH(MOPMAaIHIO B KOM-
(bOpPTHBIX yCIIOBHUSIX;

() — IraMeTp ITOMEILEHMsI, OTPAHMYEHHOTO CTEHAMMU.
B OoablIMHCTBE ciydyaeB TOMEIIEHUE SIBISIETCS
MPSIMOYTOJIbHBIM, a B paMKax CTaTbd, 00OOIIEH-
HO, — BHITYKJIbIM. Ilapamerp () — MaKCHMab-
HOE U3 PACCTOSTHUI MEXIy ABYMST IIPOU3BOTBLHBI-
MM TOYKAMH TTOMEIIECHUSI, U3MEPSIETCST B METpax.
B HekoTophix 3amavax () MOXET ObITh OTpaHUYe-
HO MCKYCCTBEHHBIM 00pa3oM BBUIY OCOOEHHOCTE
TeOMETPUM MTOMEIIEHUSI, TPYITITUPOBKY HabJTIoma-
Teneir.  OTMETUM pasHUILy MEXIY ITPOSKTHBIM
paccTosgHueM HabmoaeHus D M IuaMeTpoM IIo-
MeteHus (). TlepBuIil TapaMeTp XapaKTepu3yeT-
CsI CBOMCTBAMHM CUCTEMBI «dKpaH—HaOIIOmaTe N>,
a BTOPOl — MCKITIOUNTEIHLHO CBOMCTBAMU TTOME-
meHus. SIcHo, 9To D He MOXeT IIPEBOCXOINUTH ()]

W — MakKcuMaJbHOE pPACCTOSHHE MEXIYy OBYMS
TOYKAMU 3KpaHa B TOPU3OHTAJIBHOM TUIOCKOCTH,
«IIOCKasT» IMMpUHA 3KpaHa. 711 mIockoro skpa-
Ha W COOTBETCTBYET €Tr0 IIUpPHUHE, a IJIST KPUBO-
IO — PACCTOSTHUIO MEXXIY ero KpasiMu. Mi3amepsieTcst
B MeTpax;

I — HeobOxoauMasi cTaTuyHas MHGOPMallMOHHAs eM-
KOCTb OTOOpa’kaeMoro KOHTeHTa — MaKCHUMalb-
HOE KOJINYECTBO 3HAKOB MJIM CUMBOJIOB, KOTOPhIE
TTOJKEH OTOOPA3UTh AUCTUICH B OJHOM Kalpe Wi
HETIOABMXKHOM M3o0paxkeHun. Ompenensercs Ha
OCHOBAHMM 3aay CUTYallMOHHOTO 3aja U WHbIX
MPWIOKEHUN U 00bEMOB 0TOOPaKaeMOro KOHTEH-
Ta. M3MepsieTcss B KOJMYECTBE OTOOpakaeMbIX
3HAKOB,

« — MaKCHUMAaJIbHbIN CTSITMBaeMBblil yroj (yrioBoit
pa3Mep 2KpaHa) Mo TOPU3OHTAIM, OrpaHUYUBaE-
MBIl YPOBHEM KOHLEHTpaLUU HAOMIOACHUS

u30eHymblll 3KpaH — DKpaH, CeYeHHe KOTOpO-
0 B TOPU3OHTAJIBLHOU IUIOCKOCTH SIBIISICTCST IIy-
Toil HEKOTOPOM OKPYKHOCTH. TakKe ITOm M30-
THYTBIM 3KpaHOM OyaeM MOHMMAaTh IMOJUIKPaH,
COCTaBJICHHBIN U3 TUIOCKUX MMCILICEB OAMHAKO-
BOTO pa3Mepa M pPacIoOJIOKEHHBIX JIPYr K Jpy-
Ty TIOI OMHUM YIJIOM (OMCKPETHOE MPHUOJIKEHIE
K OKPYXHOCTH). B pamKax maHHOI pabOTHI B BEp-
TUKAJTbHOM TUIOCKOCTH 3KPaH CUUTAETCS TUIOCKUM;

(3 — yron, onpenessiomuii KpuBM3HY (M30THYTOCTh)
9KpaHa. OmpenensieTcs KakK IMOJOBUHA JIyTH, KO-
TOPYIO CTSTUBAET 9KpaH Ha COOTBETCTBYIOIICH eMy
OKPYXKHOCTH. Takoe oIpeaeieHre SKBUBAJICHT-
HO yIJly HaKJIOHA MeXIy OTAECJbHBIMU AUCILIESI-
MM B cllyyae IMOJMdKpaHa U3 TUIOCKMX JMCILIEEB.
IMonoxurenbHble 3HaUEHUS (3 COOTBETCTBYIOT CJTy-
Yafo, KOTma HaOI0IaTe/IM pacIIoIOXKEeHBI B TOM e
YaCcTH TIPOCTPAHCTBA, YTO U IIEHTP OKPYKHOCTH,
Ha KOTOPYIO JIOXKUTCSI TOPU3OHTAJbHOE CeueHue
9KpaHa, WM 3KpaH, «BBIMTYKJIbIA OT HabJogaTe-
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06 OPTOHOMMUYECKUX 3aBUCUMOCTAX MEXKIY IMapaMEeTpaMU CUTYyallMOHHOI'O 3aJia C UCIIOJIb30BAHUEM M30IHYTOI'O 3KpaHa

Jist». OTpULiaTeIbHbIe 3HAYeHUS (3, COOTBETCTBEH -
HO, — KOTJIa 9KPaH «BBIMYKJIbII K HAOIIOAATEITIO».
Ecnu g = 0, To aKpaH IJIOCKUIA;

OKH — o6nactb KOMGOPTHOrO HaOMIOOEHUS —
00J1aCTh TIPOCTPAHCTBA, IJe BHITTOJHEHBI PEKO-
MEHIAIMM MEXIYHAPOIHBIX Y TOCYIapCTBEHHBIX
CTaHIAPTOB TI0 0OOPYIOBAHUIO PAOOYMX MECT Ha-
OJTIOIEHUSI ¢ KOJUIEKTMBHOTO 9KpaHa.

3 TlocTtpoeHue obJacTu
KoM@opTHOro HabIOaeHUS
1 UCCJIeIOBaHMUE €€ CBOMCTB

I1o ananoruu c pesyasratamu [9, 10] ¢c yueToM orpa-
HuueHuit [13—19] OKH B ciiyyae M30rHyTOro skpa-
Ha OyIeT TakKe SIBIAThCS (PUTYPOIi MepeceueHusT He-
CKOJIbKMX objiacteit (puc. 1).

PaccMoTpuM Takyro crcTeMy KOOpAWHAT, OCh a0-
CIIMCC KOTOPOW MPOXOANT Yepe3 KpaitHue TOUYKU SKpa-
Ha, a OChb OPIWHAT SIBJSIETCS OChIO CUMMETPUM IIJIsT
5KpaHa M HalrpaBJieHa B CTOPOHY Habmomareneii. Exm-
HUIIA U3MEpeHUs 110 0bemM ocsiM paBHa 1 M. C 1o-
MOIIBIO CPEACTB aHAJIMTUYECKON T€OMETPUM BHIUMC-
JIMM KOOPIAWHATBI OCHOBHBIX TOYEK, KOTOPBIC OYIyT
y4acTBOBATh B JaJIbHEHIIINX OLIEHKAX:

O1 — ueHTp Aesoro kpyra: O1 ((D/2)sin — W/2;
(D/2)cos 3) ;

Os — ueHtp npaBoro kpyra: Oy (W/2 — (D/2) sin f3;
(D/2)cos 3);

l; — mpsiMast, BBIXOAISIIIIAS M3 IEBOTO Kpasi 9KpaHa Mojl
yriaoM a K OY;

lo — mpsiMasi, BBIXOJSINAs U3 MPaBOToO Kpasi IKpaHa
nof yrioM a K OY;

K — neBbrii Kpaii akpaHa: K (—W/2; 0);
L — nipaBwlii kpaii 9kpana: L (W/2; 0) ;
M — Touka nepeceyeHus IPsSIMbIX 1 U lo:
M (0; (W/2) ctg (o + B)) 5
A — BepXHsIsl TOUKa MepeceveHust KPYroB:
A(0;(D/2) (cos B+ V1= (C—sinB)? ) ) ;
B — HWKHSISI TOYKA ITEPeceveH st KPYToB:

B (0; (D/2) (cosﬁ— V1- (C—sinﬁ)2)) ;

F — Touka mepecedyeHMs MNpsIMoOl [, u TIpa-
Boro Kkpyra, orauuHas or L: F(—(D/2)x
X (2sin(a + f) cosa — C); D cos(a + [3) cos o) ;

E — Touka TmiepeceyeHHMs TIpsIMOW [; U Jie-
BOro Kpyra, omamyHas ot K: E((D/2)x
X (2sin(a+ B)cosa — C); D cos(a + ) cos ) ,
rie C' — OTHOILIEHHUE «IUIOCKO¥» IIUPUHBI 9KpaHa
K MIPOEKTHOMY PAaCCTOSTHUIO HAOMIONCHUSI:

W
C = D (1)
Kak Oyner nmokasaHo Jajnee, OHO 3aBUCUT OT UH-
(hopMallMOHHOIT €MKOCTH KOHTEHTa I, OTHOLIe-
HUs k BBICOTHI 9KpaHa K IIMPUHE, OTHOLICHUS p
LIMPUHBI 3HAaKa K ero BBICOTE U yIJIa v, CTSATUBA-
€MOT0 OTHUM CUMBOJIOM.

KpuBonuHeiHblii  YeTbipeXyronbHuk AFME
u ectb OKH, mapamMeTpbl KOTOPOi#l MO3BOJISIT OLIEHUTD
KOJIMYECTBO PabOUYUX MECT, KOTOPbIE MOXKHO PacroJio-

KWUTh B HEil, a TakKKe IMMPUHY 3KpaHa, KoTopas Ipu

S |

N\

Puc. 1 O6nacts KoMPOPTHOro HAGMIOAEHUS SKPaHa
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9ToM ToTpebyetrcs. CorjacHO MeToauke, chopMyIu-
poBaHHOIi B [9, 10], a5 OLIEHKU KOJMWYeCcTBa pabouunx
MeCT U IIMPUHBI IKpaHa HEOOXOAMMO PacCUMUTATh IJIO-
manab OKH 1 ee mepuMeTp, HO cHavajla HEOOXOIUMO
OITPENIEITUThH YCIIOBUSI, IIPY KOTOPHBIX 3Ta 001aCTh OyIeT
HemycToil u OyneT mpuoOpeTaTh pasivuyHbie (OPMBI.
YeThipexyroJbHUK OYyAeT BBIPOXKIEHHBIM, €CIU Kpy-
ru ¢ ueHtpamu O; u Oy He OyAyT mepeceKkaThcs, T. €.
TOYKM A m B He OyIyT CyIIecTBOBaTb. DTO YCIIOBHE
SKBUBAJICHTHO HEPAaBEHCTBY

1-(C—sinB)? <o0. )

Jlayiee mojlaraeM, 9T0O 3TO HEPABEHCTBO BBHITTOJIHEHO.
PaccMoTpuM B3aMHOE paciioioxkeHne Touek A, B
u M . BO3MOXXHBI TpY TPUHIUIINATIBLHO Pa3HBIX CITydast:

1. Touxa M naxooumcs évtme mouxu A. DT0 yCIOBUE
SKBHMBAJIEHTHO CUCTEME HEPaBEHCTB!

C > cosfBtg(a+ ) = Ry;

, 3
C > 2sin(a+ F)cosa = Ry.

B aToM ciyuae peiienuit Het — OKH BeipokneHa.

2. Touxa M npunadaexncum ompesky [A, B]. 310
YCIIOBME DKBUBAJIEHTHO HEPABEHCTBY:
C<R,. )

B stoMm crygyae OKH orpannuena nyramu AE, AF
u otpe3kamMu ME, ME (ocHOBHOI1 citydaif).

3. Touxa M naxodumcs nuxce mouxu B. D10 ycrnoBue
SKBUBAJICHTHO CHCTEME:

C > Rsy;

(%)
C<R;.
B arom cinyyae OKH orpanmuena ayramm ADB,
TIpUHAUIeKAIIMMU JIEBOMY U IpaBOMy Kpyry. Pe-
IIEHWE 9TOW CUCTEMBI CYIIIECTBYeT, Korna Ry > Ro
wi 2a + 3 > 7/2.

B cnyuae 2 momiaab M MepUMETP KPUBOJIMHEN-
HOI'O YETBhIPEXYTOJIbHMKA MOIYT ObITh PACCYMTAHBI 10
dopmynam:

2
SokH = % Kcosﬁ—Cctg(a—i—ﬁ)—i—

n 1-4c_sm5y)@mma+gn%a_cn+
+ {2a+ 8 — arcsin(C — sin 3) —

— sin(2a + 3 — arcsin(C' — sin ﬁ))}} : (6)
Poxn =D {Cosa—m-i—%c—i-ﬁ—
— arcsin(C — sin ﬁ)} . (7

B ciryyae 3 momans u nepumerp OKH MoryTt 66ITh
paccuuTaHbl o hopMyaam:

2

SokH = DT {2 arcsin/1 — (C' — sin §)2 —
-2(C - sinﬁ)m} S (@®)

Poxn = 2D arcsin /1 — (C' —sin 3)2. )
3ameuanue 1. JlaHHbIe (DOPMYJIbI BBIOJHUMBI TPU
JIOOOM B3aMMHOM PaCITOJIOXEHUN OKpyxkHOCTel, OY
U TIPSIMBIX /1 ¥ [3 B paMKax OrpaHUYEHUH, 3aJaHHBIX
CITydastMUu.

3amevanue 2. @opmyiibl (2)—(9) AeCTBUTEIBHBI U TSI
OTPUILIATEIBHBIX 3, T. €. CydaeB, KOTrJa 9KpaH BBIITYKJI-
BIil K HAOJTIOIATEIISIM.

3ameuanue 3. B ciygae 2 ipu § = 0 (3KpaH IIOCKUIA)
opmys (6) 1 (7) mpruoOpeTaloT BUIL Pe3yIBTaTOB, TTO-
JydyeHHBIX B [9, 10], HO B OT/IMYME OT HUX SIBISIOTCS
TOYHBIMM, TaK KaK He IMpeHeOperaroT MaJbIMU Cjiara-
€MBIMH, KOTOPBIC IJIT HETIJIOCKOTO CIydast MOTYT CTaTh
CYIIIeCTBEHHBIMM.

3.1 KoanyecTtBo pabouynx MeCT B 001aCTH
KOM(POPTHOTO HAOIOACHUS

PacueT konuyecTBa pabounx MeCT, KOTOPbIE MOTYT
OBITh pa3MellleHbl B 00J1aCTU KOMMOPTHOro HabJ0/1e-
HUS, TODKEH OMUPAThCS Ha CIIOCO0 MX pa3MeIleHUSI.
Hampumep, 17151 TOCTpOSHMST CUTYaIIMOHHOTO 3aJ1a, TIe
B IICHTpe OyIeT HaXOMWUThCS OBAJBHBIN CTOJ, pacdyeT
OyIeT 3aKJIIo4aThCsl B OMpeIeJeHUM MaKCUMaJabHOTO
pa3Mepa Takoro crojia TMpU 3aJaHHBIX OrpaHUYEHU-
SIX TIO0 XapaKTepHUCTUKAM 3KpaHa 1 MHGOPMAIIMOHHOMN
€MKOCTH KOHTEHTa, OTOOpakaeMoro Ha Hem. B [9,
10] paccMoTpeH crmocod paBHOMEPHO-TIJIOTHOTO pac-
npeaeaeHust paboynux MeCT — «CeTOUHbI». CorjaacHo
MeTOJUKeE, MpeaaoxeHHoi B [9, 10], konuyecTBo pado-
YUX MECT B 00J1aCTU KOM(POPTHOTO HAOTIOAEHUST MOXET
OBITH OIIEHEHO CBEPXY CJICAYIOIIEH BeTMIMHOM:

V2 P
N=B+T =22 Z 4. 1
+ 1,82S+3,6+ (10)

Dusnyeckunii CMBICIT ¢IMHUIIBI, BXOISIIEH OTHUM
M3 cllaraeMbIX B 3Ty (OpMyJly, B TOM, 4TO Jaxe eCu
OKH BbIpoxk/aeHa B TOYKY U €€ ILIOIIAAb U IEPUMETP
PaBHbI HYJIIO, TO BCE PABHO B 3TY TOYKY MOXKHO I1OCa-
IIUTh XOTS1 Obl OMHOTO HaOmomatesss. Takxke oOpaTum
BHUMaHME Ha TO, 4TO HCIOJIb3yeMasi B IOJYYCHUU
3TOM oLleHKU popmysia [Trka mo cBoeit cyTn cMelnBa-
€T pa3MEPHOCTU — BBIBOAUT Oe3pa3MepPHYIO BEJIUYMHY
u3 M2 U M.

®opmyna (10) maeT OLIEHKY CBepxy IUIST Cydast
paCIOJIOXKEHUS pabOYNX MECT PABHOMEPHO IIOTHO —
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B BEpIIMHAX TPEYroJbHOM ceTKM. JIJIsT Ipyrux ciydaen
pacIioyioXkeHus1 paboyrx MecCT HeoOXOOUMO OIlpele-
JIUTD JPYTYIO TTOIXOMSIIYI0 (DYHKIIHIO

N = N(Soxkwu, Poks) -

Hanvuwme Takoit dyHKIMM OJs1 IPYTUX CIydaeB pac-
CTAHOBKU TO3BOJIUT MCII0Jb30BaTh OLeHKH (6)—(9),
MPEIIOXKEHHBIE B TAHHOI CTAThe.

3.2 OueHKa MaKCUMaJIbHOM TUIOIIaAN
00J1aCcTU KOM(MOPTHOTO HAOTIOAECHUSI
Y MaKCUMaJIbHOTO KOJIMYECTBa
pabdourx MeCT B 3TOI 00J1acTH
BcnencrBue orpaHUYEHHOCTU MOMEIEHUS TPOEKT-

HO€ pacCTOAHUNEC D He moxer IpEeBLIIIATL AUaMETpa
ITOMCIICHUA Q, ITO9TOMY BBUAY OLICHKN

VI
< 1=
C'_193

(cMm. dopmyay (21) B [9]) musa caydast 2 dopmyisl (6)
u (7) MoryT OBITH TpeoOpa3oBaHbl CAEAYIOIIUM O0pa-
30M:

an

2

I
SOKH:T cosﬁ—ictg(a—i—ﬁ)-i-

193

2
+ 1—<£—sinﬁ> X

193

X <2sin(a+6)cosoz— %) +{0—sin(®)}| ; (12)

Poxu = Q [cosa — r\/;) sin(a + ) + 6

3nech
0 = 2a + 3 — arcsin (ﬁ — sinﬁ) .
193
Jnst cyyast 3 hopmysbl st miowmanu (8) u nepu-
Metpa (9) Ipro6pPETyT COOTBETCTBEHHO B

2
2 I
SOKH = % 2 arcsin 1-— <£ — Sinﬂ —

Poxu =2Qarcsin, |1 — [ — —sinfg | .
193

Jlanee Kom4yecTBO pabounx MECT B 000X CiTydasix
MOXeT OBITh MOCUMTAHO 10 (hopmyte (10).

Bemiecku, oTobpakeHHbIE Ha pUC. 2, TIPOUCXOAST
B 00J1aCTH, TJIe BBITIOJIHEHBI YCIOBUS JUIs ciydas 1, T.e.
OKH sBasieTcst BBIpOXKAEHHO, TO3TOMY 3T BCILJIECKU
HE TIPEeICTaBIISIIOT MHTepeca IS ucciegoBanmii. CaMu
HEBBIPOXICHHBIC CTyJIar 2 ¥ 3 COOTBETCTBYIOT IJTATKIM
obmactam rpaduka. Kpome Toro, rpacpuk mokasbiBa-
€T, UTO MPUMEHEeHUE KPUBBIX IKPAHOB ACHCTBUTEILHO
MOXKET ObITh 3 (HEKTUBHBIM IIJI51 yBEJIUUEHUS TIOIIA N
u nepumeTpa OKH, a 3Ha4NT, 1 KoMm4yecTBa paboImx
MecT B Heil. Hampumep, st ciydast o = 45° mpupoct
KOJIMYeCcTBa pabOuMX MECT MPHM YBEIWYCHUU yIiaa [
¢ 0° mo 15° npu nHOPMALIMOHHOI eMKOCTH KOHTEHTA
9000 3HakoB MoxkeT gocTurath 40%.

3.3 OueHKa MUHUMAJILHOU IIUPUHBI
AKTUBHON TTOBEPXHOCTU JUCILIIES

O'{eBI/I}IHO, YTO YEM MECHBIIC pasME€phI 3KpaHa, TEM
IpU IpOoYMX paBHBLIX YCJIOBUAX MCHBIIC €T0 CTOUMOCTDb,

Kommaectso pabounx mect
EE——

0 10 20

30 40 50 60

(o))
L 3
|

(o8}
[e))
|

KomnuuectBo pabounx MecT

24 ~
12
0 -
1,20
0.96 0,72 48 094
o/ pax ’ 0,00

Puc. 2 3asucumocts KonudecTBa pabounx MecT OT yriioB o v 3 npu I = 4000 u Q = 10
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HO TPU 3TOM CHMKAIOTCS M (DYHKIIMOHAJIbHbIE BO3- 9 VI
MOKHOCTU 3KpaHa. [ToaToMy HeoOXomMMO HAWTH Ta- = 153 1,94I(N —2) cos 3 — ( >
Kie MUHWUMAaJIbHBIE pa3Mepbl dKpaHa, MPU KOTOPBIX

o0ecIeunBaeTCsT JOCTaTOYHOCTD PelIeHUs TpeOyeMoro

nepeyHst QYyHKIMOHATBHBIX 3a1a4.

HYCTB MN3BECTHA I/IH(l)OpMaL[I/IOHHaH €MKOCTb KOH-

2
I
x ctg(a+ B) + 1—<ﬁ—sinﬂ> X
tenTa I. PaccMOTpUM jBa TPUHIMIUAIBLHO Pa3HBIX

cIIydast:

(1) yucno HaGmomaTesneil HEeM3BECTHO, HEOOXOaU-

: VI :
MO OILICHUTh pa3Mephbl 3KpaHa (€ro UIMPHUHY), X <2 sin(a + 3) cos v — 193 + {6 — sin(0)}
mo3Boistiolre 3G (MEKTUBHO UCTIONH30BaTh MPO-

CTPAHCTBO TIOMEIICHUST;

—1/2

(2) yucno HaGmOmaTe et U3BECTHO, TPeOyeTCs olle-
HUTh MUHUMAaJbHBIE pa3Mepbl KOJUIEKTUBHOTO
9KpaHa, JOCTaTOYHBIC I OJHOBPEMEHHOI pa-

0OTBI BCeX HabMoaTeNIeil ¢ BBIMOJIHEHUEM PTo- Winin =
HOMUYECKUX TPeOOBAHMUIA.

Jnst cucteMbl HEpaBEeHCTB (5) MUHUMAJTbHAS TIIU-
pYHA 3KpaHa MOXeT ObITh ITOCYMTaHa 1o hopmyJie:

2
:—1,4IN—2/(2 iny/I— (C —sinf)2 —
Cayuaii 1. I3 cootHoenuit (1) u (11) caenyert, yto 193 ( 941( ) aresi (€ = sinf3)
. - 1/2
Wiin = QC > QCluin = Q\/T' —2(C —sin ) 1—(0—51116)2)) )
193
Cayyaii 2. CorjacHO METOIMKE, MPEITOXEeHHOI B [9, Haiinermad o stuM GopMyraM MMpHHA — 310

ACCTOSTHUE MEXIy KpallHUMM TOYKaMu dKpaHa. Ta-
10], u dopmynam (11) u (12) mna cucteMbl Hepa- P . p P
. KM 00pa3oM, AecTBUTENbHAS ITMPUHA dKpaHa C yde-
BEHCTB (4) monyJaem:

TOM €ro KpUBHU3HbBI MOXKET ObITh pacCUYMTaHa YMHOXKE-
HUeM Ha KoahduimeHt 3/ sin 3

Wmin = = 2Cmin V Smin COSﬁ - 6
Waxp = Wmin

sinf3
2
_ I ctg (a+ ) + 4|1 — ﬁ —sing % 3nech ipu 3 = 0 UCTTONB3YeM Tpenen
193 193
: B
| =1
—1/2 ﬁlg%) (sin Ié; ’

X (2 sin(a + ) cosar — rg) + {6 —sin(0)}

T.¢. (GYHKOMS IIUPUHBI SKpaHa

HeTIpephIBHA
¥ B OKPECTHOCTH TOUKM 3 = 0.

[upuna sxpana

|
0 2 4 6 § 10 12 14

0.06 018 030
006 "

20,18 an
12 930 ™ plv

Puc. 3 Tpaduk «mockoii» mmpuHb 3kpana npu I = 4000, N = 10 ot yriioB o u 3
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Ha puc. 3 nokazaH rpaduk 3aBUCUMOCTU IIHUPU-
HBI 9KpaHa OT ymIoB « U 3. OCHOBHbIE MOTPEOHOCTU
B OOJIBLION IIMPUHE ZKpaHAa HAYMHAIOTCS B TOT MO-
MEHT, KOTJIa 9KpaH CTAHOBUTCS BHITTYKIIBIM B CTOPOHY
HabmonaTeseil, a B octaJbHOM g 10 HabmonaTeneit
MOHAA00MTCS SKpaH IMPUHOM 0KoJio 1,5—2 M B 3aBU-
CUMOCTHU OT yIjia HaOMIoeHUs «.

4 3akiIoyeHue

[TomyueHHBIC B CTaThe PE3YIBTATHI SIBIISTIOTCS pa3-
BUTHEM METOIMYECKHX IIOIXOIOB, TIPEIIOKEHHBIX B [9,
10], mMpUMEHUTENIbHO K M30THYTOMY 3KpaHy 3a CYET
BBEJIEHMSI HOBOTO TTapaMeTpa — yrjia KpUBU3HBI (3, KO-
TOPBIN JUIA Cllydasi IMOJMIKpaHa MPeACTaBIsIeT co0oi
YTOJI MEXXIY IBYMSI €T0 TUCTUIesIMH. BaxkHo, 9TO cirydait
(8 = 0 IMOJTHOCTHIO OTBEYAET Pe3yIbTaTaM, ITOTydeHHBIM
B JIMTEpaType JUISI INTOCKUX SKPaHOB.

IIpenyioxkeH oOLIMIT TOAXO K pacueTy MaKCUMallb-
HOTO KOJIMYeCTBa paboYMX MEeCT Ha OCHOBaHMU (hop-
MYJTHI , (popManm3anust KOTOPOIt ISk pa3HBIX PacIIOIO-
JKEHUI MOXET TTO3BOJINTh MCTIOJIB30BaTh MOyICHHBIC
B JAaHHOM CTaThe TOTOBBIE (POPMYIIBL.

IMoka3zaHo, 9TO MCMOJIb30BaHME M30THYTHIX 3Kpa-
HOB B Ka4yeCTBE KOJUIGKTUBHBIX MOXET YBEJIMUUTH KO-
JIMYECTBO PabOUYMX MECT C COOTIOACHUEM SPTOHOMU-
YeCKUX TPeOOBaHWII 3a CUYECT YBEJIMICHUS ILIOIIAIN
n nepumeTpa OKH.

Hcnonb30BaHuE M30THYTHIX 9KPAaHOB MOXKET OBITh
0c00eHHO 3(h(HEKTUBHBIM B YCIOBUSIX KECTKUX TPeOO-
BaHUI K CUTYallMOHHOMY 3aj1y (HarpuMep, MaJeHbKUIA
JIOTTYCTUMBIN yrojl HaOJtoaeHusl, 0oJibias nHpopMa-
IIMOHHAsT EMKOCTb KOHTEHTA WJIA OOJIBIIIOE KOJIMIECTBO
Habmonateneit). UIMeHHo B Takux ciydasx apdext oT
MPUMEHEHUsI U30THYThIX 9KPaHOB (YBEeJWYeHUE YKCIIa
pabouYnX MECT) MOXKET OKa3aThCsl HAMOOJIBIINM 3a CUET
pacITOIOKeHUST AUCIUICEB ITOJIMAKpaHa IIOJ OIpeie-
JICHHBIM YTJIOM JIPYT K IPYTY.

[MomyyeHHBIC 3aBUCHMOCTHU IIO3BOJISIIOT OLIEHUTH
MaKCHMaJIbHYIO IOMTOJIHUTEIbHYIO CTOMMOCTh M30THY-
TOT0 9KpaHa OTHOCUTEJIbHO IIIOCKOTO TaKOM e M-
PUHBI TIPU peai3alli IIPOEKTOB C KOJICKTUBHBIM
5KpaHOM.
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REGARDING ERGONOMIC DEPENDENCES
BETWEEN SITUATIONAL HALL PARAMETERS
USING COLLECTIVE CURVED SCREEN

A. A. Zatsarinnyy and K. G. Chuprakov

Institute of Informatics Problems, Russian Academy of Sciences, 44-2 Vavilov Str., Moscow 119333, Russian
Federation

Abstract: The paper presents an approach to determining dependences between such parameters of a situational hall
as measurements of the hall, quantity of people working with the screen, information capacity of the content (the
quantity of symbols), and screen width. These dependences make it possible to calculate an unknown parameter
of a situational hall using known parameters satisfying requirements of the Russian and International ergonomic
standards. The presented formulas are applicable to the case of curved screens by using the angle of curvature  (for
aflat screen, 5 = 0). This parameter may be interpreted as an angle between displays in a polyscreen or a videowall.
This parameter makes it possible to evaluate the efficiency of curved screens as a collective screen compared to the
flat screens. The paper also suggests an approach to estimating the quantity of workplaces that may be used for their

different interpositions.

Keywords: collective curved screen; situational hall; dispatch room; ergonomic dependences; comfort observation
area; curve angle; videowall, polyscreen; efficiency; price justification
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METO/bI PASPELIEHWS CYIIHOCTEN U CIUAHUSA JAHHBIX
B ETL-ITPOLHECCE U UX PEAJIN3ALIMA B CPEOJE HADOOP*

A. E. Bouenko', JI. A. Kaqunnuenko?, J1. IO. Kosanes?

Annoramus: [lpu wHTerpanMy TaHHBIX U3 COBOKYIMHOCTH MCXOMHBIX KOJUIEKIIMI BaxKHOI 3amaveil sBiseTcs
M3BJIEYCHHUE CYIIHOCTEM, MX TpaHCchOpMallds U 3arpy3ka B MHTEIPMPOBAHHOE XpaHWIMINE. Takue AeicTBUs
siysttoTcst yactblo ETL-nporiecca (extract—transform—loading). ITof cyliiHOCTBIO 31eCh MTOHUMAETCSI HEKOTOPOe
undpoBoe MpencTaBieHre 00beKTa peaTbHOTo MUpa (HarmpumMep, nHdopmatus o repconax). [1pu ussneuennun
CYILIIHOCTEI BO3HUMKAET MpobJieMa UX pa3pelieH s : U3 pa3InYHbIX PECYPCOB MOKHO U3BJIEUb Pa3IMYHYIO UHDOD-
Maluio 00 OJJHOM U TOM Xe 00bekTe peajbHOoro Mupa. [Ipodiema paspelieHus: CylHOCTE OpUEHTUPOBaHA Ha
pelIeHye TakKux 3a/1a4, Kak UAeHTU(DUKAIIS CYyLTHOCTE!, BBISIBJIEHNE Ty0JIMKATOB, yIaleHne Ty0IuKaToB, ycTa-
HOBJIEHUE CBSI3€il MEXY CYILIHOCTSIMU, COMOCTaBJIEHUE CYIIHOCTEN C HEKOTOPbIM 1Ia0JOHHBIM 00pa31oM U Ip.
IMocne paspelieHrsT CyITHOCTEN ClIefyeT 3Tal UX CAUSTHUS — (POpMUPOBAHKME WHTETPUPOBAHHBIX CYIIIHOCTE
(conepxaiux "HGOPMAIINIO U3 BCEX CBSI3aHHBIX CYIIHOCTe). CIusIHIE CYIITHOCTEH SBISIETCS 3aKITIOUNTETbHBIM
9TArOM MHTerpalyu JaHHbIX. B padoTe naH 0030p METOMOB pa3pelleHMs] U CIAUsSHUS cylliHocTel. Paccmar-
PYBAIOTCST BOITPOCHI amamnTaliuy TaKux MeToaoB it ipuMeHeHust B ETL-mipoliecce mpu MHTerpaiuy 60JIbIIIX
nanHbiXx B Hadoop. Taxske paccMaTpuBaloTCsl CIIOCOOBI TIPOrPaMMUPOBAHUSI METOIOB Pa3peIleHUs U CIUSTHUS
cymHocteit Kak yacreir ETL-nipoiiecca. B kauecTse si3bika mporpammupoBaHus ucrnoibdyercss HIL (High-Level
Integration Language) — nekjiapaTUBHBIN SI3bIK, OPMEHTHPOBAHHBINM Ha pa3pellieHre U MHTerpaluio CyIHOCTEeH
B Hadoop-uHdpactpykrype.

KmoueBble ciioBa: nHterpauus nanHbix; ETL; pazpenieHue cyliHOCTe ! ; CAMsHUE CYLITHOCTEeM; O0blINe TaHHbIE;

Hadoop; Jaql; HIL
DOI: 10.14357/19922264140412

1 Bsenenue

B TeueHMne HECKOIbKUX MOCIETHUX JIeT MHDOopMa-
THKa CTajla UTPaTh BCE BO3PACTAIONIYIO POJIb B M-
POKOM Ha0Ope Hay4YHbIX OUCLUILUINH, OCOOEHHO 3a-
METHYIO M3-3a CYIIECTBEHHBIX MPOOJEM, BBI3BAHHBIX
B3PBIBOMOMIOOHBIM POCTOM JAHHBIX B TaKUX HayKax.
X-uHbopmaTKa 00pa3oBajach KakK COBOKYITHOCTb
aKaJeMUYECKUX NUCUUTUIMH, HallpaBJeHHbIX Ha MPU-
MEHEHUE CPeICTB UHMDOPMATUKY s (hefepann3ainm,
OpraHM3aly 1 aHATN3a TAaHHBIX B KOHKPETHBIX 00J1a-
CTSIX HAyKU C MHTEHCUBHBIM MCITOJIb30BAaHMEM JaHHBIX
(HUHNUI): X=acTpo-, 6uo-, reo-, HEHpo- 1 mp.

CIoXXHOCTB McTIoNb30BaHus JanHbix B HUN T yey-
ry0JisieTcs ele U BCAeICTBUE eCTECTBEHHON pa3HOPO/I-
HOCTU MoJiesieil 00pabaThiBaeMbIX TaHHBIX, B KOTOPBIX
TIPENCTABISIIOT TEKCTHI, Tpadbl, CTPYKTYPUPOBAHHYIO
U CJIa0OCTPYKTYpPHUPOBaHHYIO MH(pOpMaLuio 1 1p. Pas3-
HooOpa3ue oOpabaTbiBaeMoii MH(GOpPMAIIUN BbI3bIBa-

eTCsl, B YaCTHOCTHU, HE TOJBKO OOJbIINM YUCIOM UC-
TOUYHUKOB TIOCTYIUIEHUSI oOpabaTheiBaeMoii MH(pOpMa-
IINY, HO M pa3HOooOpa3meM OOBEKTOB MCCIICIOBAHUS,
HETpPepbIBHBIM U OBICTPBIM COBEPIIEHCTBOBAHUEM UH-
CTPYMEHTOB, BbI3bIBAIOLIMM aJeKBaTHbIE U3MEHEHUS
CTPYKTYPBI U COAEPKaHUsI HaKarIMBaeMoil nHdopma-
WU, DTO MPUBOAUT K HEOOXOMMMOCTH MCITOIb30Ba-
HHUS HEOTHOPOIHOM, pacmpeneIieHHOM MH(bOpMAaIInH,
HaKOIUICHHOU B TeUCHME 3HAYMTEIIPHOTO TIeproIa Ha-
OIOAEHU I TEXHOJOTMYECKHY Pa3IMUYHBIMU UHCTPYMEH -
TaMu.

st ananu3a OoJbIINX 00bEMOB HaKaIlIMBAaeMBbIX
JTAaHHBIX MCITOJIB3YIOTCSI COBpeMEHHBIE pacIipeIeieH-
HbIe THPPACTPYKTYPhI 00pabOTKN MaCCUBHBIX JTaHHBIX
(Hammpumep, Hadoop [1, 2]). OcHOBHOI1 0COOEHHOCTBIO
MOJOOHBIX MH(MPACTPYKTYP SIBISIETCS TOYTU JIMHE-
Hasg TOPM3OHTaJIbHAsI MacIITaOUpyeMOCThb (TTPOM3BO-
JIINTETLHOCTh CUCTEMBI PACTET IMHEITHO OTHOCUTETHLHO
YICIIa y3JI0B KJIacTepa), a TAKKE BBICOKAsI OTKA30yCTOM -

*Pabora BoimonHeHa npu noanepxkke PODU (mpoekrst 13-07-00579, 14-07-00548), UTTU PAH (Tema 38.25 «Crieundukanus u perieHue
3a7a4 aHAIM3a JTAHHBIX B KOHLENTyaIbHBIX TEPMUHAX MTPEIMETHBIX 00JIacTell ¢ MHTEHCUBHBIM UCIIOb30BaHUEM JaHHBIX» TOCYIapCTBEHHOTO
saganust PI'BYH UITU PAH) u [pesunuyma PAH (ITporpamma dyHmameHtanbHbIx uccienoBanuii [pesunnyma PAH Ne 16 «DyHmameH-

TaJIbHBIE TIPOOJIEMBI CUCTEMHOTO TTPOTPAMMUPOBAHMSI» ).
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MerTonsl pa3perienus cyniHocteit v cnusinus fanHbix B ETL-nipotiecce u ux peanusanus B cpexe Hadoop

YUBOCTH (0TKAa3 JIIOOOTO y3/1a KjiacTepa He JOJKEH BJIN-
SITh Ha PaOOTOCITOCOOHOCTb CUCTEMBI B LIEJIOM).

[1aBHBIM TOCTOMHCTBOM TMOAOOHBIX MH(MPACTPYK-
Typ SBIISIETCS BO3MOXKHOCTH aHAJIM3UPOBAaTh U 00pa-
0aTBIBaTh PAa3HOCTPYKTYPUPOBAHHbBIE JaHHbIE, HATIPU-
mep pensiumonHble, XML, JSON, NoSQL, TekcToBbIE
u ap. Ilpu 3ToM BO3HMKaeT mpobyieMa WHTerpauuu
WH(bOpMaLMY, U3BJIEKAEMOM 13 TaKUX Pa3HOCTPYKTY-
PUPOBAHHBIX TaHHBIX.

ITpouecc uHTEerpaliuM JaHHBIX (paccMaTpUBaeMblit
3nech Kak ETL-mporiecc) MOXHO IpeacTaBUTh COCTO-
SIIIUM U3 CJIEIYIOLINX TaroB:

— COIOCTaBJIEHUE CXEM;

— MHTETPALUSI CXEM;

— TpaHchopMalus JaHHBIX;

— paspewrenue cymiHocteit (Entity Resolution [3—
5D

— causgHue cymHocTtei (Data Fusion [6]).

B manHOI1 paboTe paccMaTpUBAIOTCS ITOCICTHIE IBA
otana. [lpu uHTErpaluu ChIpbIX Pa3HOCTPYKTYPUPO-
BaHHBIX JaHHBIX 3agaueii ETL-npoiecca siBasieTcs n3-
BJIGYCHUE CYIIHOCTEH W3 MCXOMHBIX KOJUICKIMMA, HX
paspelieHmne, TpaHCcHOpMaIrs 1 3arpy3Ka B MHTETPH-
poBaHHOe XpaHwmanie. [1ox cyImHOCTBIO 31eCh TTOHM-
MaeTcsl HEKOTOpoe HU(POBOe MpenCcTaBIeHUE OOBEKTA
peajbHOro Mupa (Hampumep, uHbOpMalUs O Mepco-
Hax). [Ipu u3BJeYeHUU CYIITHOCTE BO3HUKAET MpPO0-
JleMa WX pas3pelleHUs: M3 Pa3HBIX PECYpCOB MOXKHO
W3BIIeYb pa3HyI0 MHGOPMAIINIO 00 OMHOM M TOM XKe
00BbeKTe peajbHOro Mupa. B obimem ciayyae mop
TePMUHOM pa3pelieHusl CylHoCTel (entity resolution
(ER) [3—5, 7—10]) moHumaT u3BIeUYeHUEe UHGOP-
Maluu 00 OZHOM M TOM K€ CYLUIHOCTU pPeajbHOTo
MHpa U3 pa3HOOOpPa3HBIX CTPYKTYPHMPOBAHHEIX, CJa-
OOCTPYKTYpHUPOBAHHBIX M HECTPYKTYPHUPOBAHHBIX KOJI-
JIEKLIMIA JaHHBIX U NIPUBEAeHNE U3BJICYEHHBIX TaHHbBIX
K YHU(DUIIMPOBAHHOMY TpeAcTaBieHu0. [Ipu atom
MPUMEHSIOTCSI METONIbl U3BJICUCHUSI, COMTOCTABICHUS,
TPYIITPOBAHUS, CBI3BIBAHUS YCTPAHEHMS TyOIpOBa-
HUS pa3TYHbBIX TIpeacTaBieHnii nadopmarum. [lom-
XOIBl K pa3pelleHUI0 CYIIHOCTE paccMaTpHBalOTCS
B pa3a. 2. ChusiHUe CYUIHOCTEH SIBJISICTCSI 3aKJII0UM-
TeJIbHBIM 2TallOM UHTerpaluu faHHbIX. [lon cnussHuem
cymHocTeit [6, 11—13] moHnMaercs oOpa3oBaHUE WH-
TEerPUPOBAHHOTO TIpeACTaBICHUS MHMOPMAITUU 00 OfI-
HO1 1 TOM ke e CYIITHOCTH peaTbHOTO MU pa, TIOJTyICH-
HOI1 13 pa3HbIX UCTOUHUKOB. Orepaluy v Mpoueayphl,
HUCTO/Ib3yeMble MPU CAUSIHUY CYLITHOCTE!, MPUBEIEHbI
B pasn. 3.

B pasn. 4 mpuBoauTCS OMICaHNE CPEACTB IIPOTrpaM-
mupoBaHus B cpeae Hadoop, a Takke oOoCHOBaHME
BbIOOpa B pabote cpenactB (s3biku Jaql u HIL). Ha-
KOHell, B pa3il. 5 MokKa3aHbl MPUMEPhI MPOrpaMMUPO-

BaHUS METOIOB Pa3pelleHMsT CYIIHOCTEH W CIVSTHUS
nJaHHbIX Kak yactu ETL-nipouecca B Hadoop.

2 Metonapbl pa3pellieHUS CYLIIHOCTEM

DTam paspelleHus CYITHOCTE BaxkKeH IJIST COXpa-
HEHUSI MCXOMHON MHOOpPMAIIMK B WHTETPUPOBAHHOMU
kosuekuu. Kpome Toro, BaxkHO oOHapyKMBaTh 1y0-
JINKATBI CYIIHOCTEH, MOCKOJIBKY, HallpuMep, yBeJInJue-
HUE Yuciia y3710B U pedbep B CETEBbIX 3adayax MOXKET
CYIIECTBEHHO YIIMHSATH BPeMsI pabOTHI ITPOCTEHIITNIX
aJITOPUTMOB (HAIIpUMED, ITOMCKA KPaTIANIIEeTO ITyTH).
AJITOPUTMBI pa3pelieHUs CYIITHOCTEH (BKITFOYast ITOMCK
nyonukaToB — duplicate detection) 4acTo UCTIOJIB3YIOT-
Cs M BO BCEBO3MOXHBIX ITOMCKOBBIX CHCTeMaX, TAKUX
kak Google, Amazon 1 1p. AHaJlorMyHas mpodiemMa
BCTaeT OCTPO B Pa3IMYHBIX arperaropax MHMOPMaIuu
(HammpmMep, HOBOCTHBIX arperaTopax).

B o61ieM cityyae mpoiiecc pa3pelneHusi CylHOCTe i
BKJIIOUAeET clieaytoniye aTarnsl [10]:

— IIOATOTOBKA JaHHBIX;
— BBIOOP METOMIOB COITOCTABJICHMS 3HAYEHUIA;

— ompenejeHrMe METOJI0B pa3pelieHus map CyLIHO-
CTEW;

— omnpenejieHre 3aBUCUMOCTei (constraints).

2.1 Mertonasbl cormocTaBiIeHUS 3HAUYEHU

BaxxHbIM IeiiCTBUEM JUTS YCITEIIHOTO pa3peleHust
CYIIIHOCTEM SIBJISIETCS TIOATOTOBKA JaHHBIX, KOTOpas
BKJTIOUAET HOPMAaJIM3aIII0 CXeM M HOPMaJT3aIINIO TaH -
HBIX. HopManmzaimst cxeM — HeIpocTas 3amada, I10-
IPOOHOE e¢ PacCMOTPEHNE BBIXOOWUT 3a PaMKU ITaH-
HOI pabOThI U COIEPKUTCS B pabOTax IO MHTErpauu
JAHHBIX B TPaIUIMOHHBIX apXWUTEKTypax WJIM B WH-
dpacTpykTypax 60IbIINX JaHHBIX. Hroke npencrasieH
IIpUMEP CITMCKA AeCTBUIT, KOTOPBIE MOTYT OBITh OTHE-
CEHBI K HOPMAaJIM3aIINN CXCM:

— COIoCTaBjieHUEe aTpuOyTOB cxeM (Hampumep,
«KOHTaKTHBIA TeJeOH» M «MOOWJIBHBIN Telle-
dbon»);

— causiHUe aTpuOyTOB (HATIPUMED, «TTOJTHBIN aJpecs
obOpasyeTcsi M3 aTpuOyTOB <«TOPOJ», <«HHJIEKC»,
«yaMuar, . . . );

— CIUSTHWE MHOXECTBEHHBIX 3HAUYEHWI M CIMCKOB
(HarpyuMep, «KOHTaKTHBIE TeJe(OHBI» U «OCHOB-
HOI HOMeD TeJiehoHa», «TOTIOJTHUTETbHbBII HOMEp
TeaedoHa») 1 Jp.

Hopmanuzanust TaHHBIX MOXET BKIJIIOYaTh MPUBE-
JIEHUE K CTPOYHOMY MJTU 3aTIaBHOMY PETUCTPY; yaalie-
HUE pa3fesuTeNeld; TOMCK U UCIIPaBJIeHNE OMeYaToK;
TMOUCK COKpallleHU 1 abOpeBuaTyp M 3aMeHa WX Ha
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MOJIHbIE CTaHAAapTHbIE (DOPMBI; UCITOJb30BaHUE CJIO-
Bapei IJIsi HOPMaJIM3allMU CTPOK WM MHOIOE IpPYroe.
Hopmanu3zanust JaHHBIX, TaK e Kak 1 HOpMaiu3alus
CXeM, He paccMaTpuBaeTCs B JaHHOM CTaThe.

J1g comocTaBJIEeHNUsT CYIIHOCTEM BaXKHO OIpeje-
JIMTHCS ¢ BLIOOPOM METOJIa OLIEHKHU CXOMACTBa (similar-
ity) 3HaueHuit. PaccmaTpuBaloTcsl Kak OyJieBbI, Tak
U BELIECTBEHHBbIE Mephl cxoacTBa. Crenyloluit crv-
COK BKJTIOUA€ET IMPUMEPHI YaCTO UCITOJIBb3YyeMBIX METOJIOB
OLIEHKHM CXOJICTBA 3HAUCHMIA:

— OKBUBAJICHTHOCTb 6YJ'ICBBIX IIPpEaANKAaTOB,

— BbIUMCeHUE (QYHKIIMU CXOACTBA MPOCTHIX 3HAUE-
Huii (paccrosiHue JleBeHiuTteliHa [14], aaroputm
Cmura—Barepmana [14]);

— BblUMCAeHUE (BYHKIMU CXOACTBA MHOXKECTB (KO-
abdunmeHT Kakkapa [14], koapduumeHTt cxon-
ctBa Jlatica [ 14], koadduiment Anapa [15]);

— BbIUKcHaeHre (GYHKIINU CXOJCTBA BEKTOPOB (K03 h-
(uimeHT KocuHycoB [14], ctaTuctuuyeckas mepa
TFIDF (term frequency —inverse document fre-
quency) [14]);

— OIIEHKa CXOJ/ICTBA Ha OCHOBE BHIPABHUBAHUSI (CXOJI-
ctBo JIxapo—Bunknepa [14], cratuctuyeckas
Mepa Soft-TFIDF [16], paccTtossHue MoHr—3ka-
Ha [17]);

— OIleHKa cXOfcTBa (DOHETUYECKUX JaHHBIX (aJIro-
PUTM CpaBHEHHUsS IBYX CTPOK MO MX 3BYYaHUIO
Soundex [14]);

— OIleHKa CXOJCTBa, OCHOBAaHHAs Ha TepeBonae (Mo-
KeT MCITOJIb30BaThCs JJIST HOpMaiu3alunu adbope-
BUATYP);

— OIIeHKa CXOJICTBAa, OCHOBaHHAsI HAa 3HAHMSIX O TIpe/I-
METHOI1 00J1aCTH.

Takke CyIIECTBYIOT CHEIMAIbHBIC METONBI IS
OIpeNieJICHUST CXOIACTBAa OTHOILICHW.  Mephl, WC-
MTOJIb3yeMbI€ JUISI OTHOIIECHWI, OOBIYHO OCHOBAaHBI Ha
CXOJICTBE MHOXECTB U TIPEIIOJIaraloT UCIOJIb30BaHUE
(DYHKIIMIA BEIYUCIICHUS CXOICTBA MHOXKECTB.

2.2 MeToabl cOnocTaBJIeHUs Map CYLIHOCTEeR
2.2.1 Tpaduyuonnvie memodosl conocmasierus nap
cyuHocmell
IlycTb maHbI ABE KOJUIEKLIMU OOBEKTOB C aTpudyTa-
MU: author, venue, paper. 3HaueHUE HEKOTOPOW Mephbl
cXofcTBa (OMHOI U3 MPUBEACHHBIX B moapas. 2.1) mis
KOHKPETHOIo aTpudyTa 0yaeM 0003HayaTh

XX-match-score(author-match-score,
venue-match-score, paper-match-score) .
TpaIuLIMOHHBIM METOIOM CPAaBHEHUSI OOBEKTOB

SIBJISIETCSI TIOJICYET CXOACTBA HEKOTOPBIM aJTOPUTMOM
(cM. moapasn. 2.1) aist Kaxmoro U3 aTpuOyToOB He3a-

BUCUMO. 3aTeM peajn3yeTcsl MOJACYET B3BEIIECHHON
CYMMBI.
Hanpumep:

0,5autor-match-score + 0,2venue-match-score
+ 0,3paper-match-score.

HenocratkoM Takoro Tomxoma SIBISETCS CIOX-
HOCTb BBIOOpa BECOB IS KaXXIOro W3 aTpuoOyToOB
1 CJIOXHOCTH BEIOOpA ITOPOTa CXOICTBA CYLIHOCTEH.

Hpyroit MeTonm TpenrojaraeT 3agaHue OYJIEBOrO
000011IEHHOTO TMpaBUIa, IIe YCIOBUS HaKJIaIblBalOT-
cs Ha KaxKAbIil aTpuOyT He3aBUCUMO.

Hanpumep:

(author-match-score > 0,7

AND venue-match-score > 0,8)
OR (paper-match-score > 0,9

AND venue-match-score > 0,9) .

HemnocraTkoM 3TOTO 1MOAX0Aa SIBISIETCS CIIOXKHOCTh
bopmympoBaHUS TTOMOOHBIX ITPABIII BPYIHYIO.

2.2.2 Memodvt mawurH020 00y4eHuUs:
045 CONOCMAasAeHUs NAP CYUHOCMell

J1st conocTaBlieHHs Map CYLIHOCTE! MPUMEHSIOT
TaKXKe CIelMaIbHble METOIBl MAalITMHHOTO OOYy4YEeHUSI,
KOTOPBIE TTO3BOJISIIOT aBTOMATU3UPOBATh Ipoliecc hop-
MYJIMPOBAaHUS KPUTEPUEB ISl COITOCTABICHUS CYIITHO-
creii. Mcrnonb3oBaHuEe TaKMX METOIOB OCHOBAaHO Ha
npuMeHeHun teopum Pemnerm m Canrtepa [14] mig
CBSI3BIBAHMS CYIIHOCTEH. PaccMOTpuUM 3TOT IOAXO[
noapooHee.

ITycth nanb! Koutekunu A u B.

IMyctb r — 310 Mapa r(x,y), tne « € A, y € B.

IMyctb v = v(r) — 3TO BEKTOP CPaBHEHWUsI, HAIPU-
Mep:

~(r) = {z.author = y.author, x.venue = y.venue,
x.paper = y.paper},

~v(r) = {true, false, true} — mpumMep, B ciydae eciu
z.author = y.author, z.venue # y.venue, x.paper =
= y.paper.

Ilycte M — MHOXECTBO BCeX Iap, SIBJSIOLIMXCS
IyoauKaTaMu.

ITycts U — MHOXeCTBO BcexX Tap, He SIBJISIIOIIMXCS
nyonmMKaTaMu.

Torna nmpaBujio AJist onpeaeaeHus CX0ACTBa CYIIHO-
cTeil MOXHO OMHUCATh ClIeayIoliei (POpMYJIOit:

_m(y) _ P(y|re M)
B =) = Palren)

Omnpenennm aBa nopora 77 u tyy, TaKMe 4TO

— R(r) < t; — oObeKTHI (11apa) He sIBISIOTCS Ty0n-
Karamu;
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— R(r) > t; AND R(r) < t, — HEBO3MOXHO OIIpe-
JeTTUTD, SIBIISTIOTCSI JTU OOBEKTHI (Mapa) Ty0IrKaTa-
MU WIH HET;

— R(r) > t, — 0OBEKTHI (TTapa) SBJSIOTCS TyOTMKa-
TaMH.

[paBuioM cBsI3bIBaHUsT, 0003HaYaeMbIM L(ty,t17),
Ha3bIBaeTCy mapa oporoB ¢y v ty.

IIpy momoGHOM TOAXO/E YUYUTHIBAIOTCS CTaHIAPT-
HbIE U1 3a7a4v MPOBEPKM CTAaTUCTUYECKUX TMITOTE3
OIIMOKN TIEPBOTO M BTOPOTro poma. OIMOKM IepBO-
ro poma — JBa OOBbEKTa HE SIBJISIIOTCS TyOauKaTaMu
(r(xz,y) € U), omHako mpaBwio L OTHOCUT WX K Iy0-
nukataMm. OLIMOKY MepBOro pojaa o003HavarTCs OyK-
BOM (1 1 UX MOXKHO OTKcaTh (DOPMYJION:

p = P(Lmaten|U) = ZU('Y)P (Lmaten|y) -

OmmbKM BTOPOTO polia — 1IBa O0BEKTA SIBJISTFOTCS
ny6mukatamu (r(z,y) € M), onHako nipaBuiio L omnpe-
JIEJISIET, UTO 3TO He Ay0arMKaThl. OLIMOKNM BTOPOTo pojaa
03HayaloTcs OYKBOM A ¥ MX MOXKHO ONUCATh (POPMYJIONi:

A= P(Lnonmatch|M) - Z m('Y)P (Lnonmatchh/) .
vy

OnTuManbHBIM NPaBUIOM CBs3bIBaHUS L*(t7,1}))
Ha3bIBAETCSl TAKOE MPABWJIO, KOTOPOE COOTBETCTBYET
OTPaHUYEHUAM Ha OLIMOKM MEPBOrO W BTOPOrO poja
JUIS TIpaBUJIa, a Takke OrpaHUYEHUS Ha HEOIIpeeeH-
HOCTU. DTU OrPaHUYEHUS BBIPAXKAIOTCS CIEAYIOLIUMU
dopmynamu:

— OrpaHMYCHUA Ha OLLIMOKM:

P(L:rlatch|U) < s P(Lrlonmatch|M) < /\’

— OIr'paHMNYCHUA Ha HEOITIPEACIICHHOCTU:

P( :;ncertain|U) <P (Luncertain|U) 5

P (L:;ncertain|M) S P (Luncertain|M) .

HaxoxneHue onTuMaibHOrO TpaBUJIa SIBISETCS
OCHOBHOM 3amaueii Mpy UCIToIb3oBaHNM Teopun Dej-
germ n Canrepa. Kiaccuueckue (rrepeGOpHBIE) Me-
TOIBI TIPU TaKOM moaxojae padoraioT Hea(h(EKTUBHO,
MO3TOMY HaXOXIEHWE ONMTUMAIBLHOTO MpaBuia J0CTU-
raeTcsl ¢ MOMOIIbIO CPEACTB MAlIMHHOTO OOYYEHUS,
HaIlprMep MOXHO WMCIIOJIb30BaTh HAWBHEIN 0aiieCcoB-
ckmit kimaccudurarop. OmHA M3 OCHOBHBIX ITPOOJIEM
IIPY 3TOM 3aKJIOYAeTCS B TOM, UTO UISI BBIYMCIICHUS
P(y|r € M)u P(vy|r € U) HeoOXOANMBI 3HAHUS O TOM,
Kakue OOBEKThI SIBJISIIOTCS TyOIuKaTaMM, a Kakue HeT
(3HaHus 0 MHOXecTBax M u U).

J1st pa3pemieHnsT CYITHOCTEH TTPUMEHSTIOTCST pas3-
JIMYHbIE pean3aluy MoaX0A0B, OCHOBAHHBIX Ha aJiro-
pUTMaX MaTMHHOTO OOYYEHUS U UCTIOJIb30BAaHUU TE€O-
pun @ejutern u CaHTepa, HalpUMep UCIOJb30BaHUE:

nepeBbeB pereHuit [18];

— MeToja OMOPHBIX BeKTopoB [19, 20];

aHcaMmbOueil knaccudukatopos [21];

MeTO/1a YCIOBHBIX CIyYalHbIX moJieit [22].

K HemocTraTkaM 3THX TOIXOAOB MOXKHO OTHECTH
HecOaJTaHCUPOBAHHOCTD PE3YJIBTUPYIOIINX KJIaCCH(pU-
LIMPOBAaHHBIX MHOXKECTB (TaK, B pe3y/IbTaTe 00pa3yeTcst
3HAUYUTETLHO OOJIBbIIIE HEMMOXOXUX 00BEKTOB, YeM IT0-
XOXUX), a TAKXKE BEICOKYIO BEPOSITHOCTH TOTO, UTO 00b-
eKT He OyImeT MpUIMCICH HU K KaKOMYy KJtaccy (M3-3a
HeonpeaenaeHHocTH). Ho oba 3Tux HemocTaTKa MoO-
I'YT OBITh YCTPAHEHBI MyTeM TOHKOW HACTPOWKHM ajIro-
putMmoB. KimioueBoit mpo6ieMoii TIpyu MCITOJIb30BaHNT
METOJOB MAIIMHHOTO OOY4YeHUs TIPU CpaBHEHUU TIap
CYIITHOCTE SIBIISIeTCS BLIOOp 0OyUJaroIIero MHOXKECTBA.

Boimensior cienyioniye MeToAbl KiaccupuKalny
CYIIIHOCTEH, He TpeOyromre MOCTPOSHUs 00yJaronieii
BBIOOPKU:

— o0OydJeHue 06e3 yUuTeJst WIM C YaCTUYHBIM MpUBIIE-
yeHueM yuutens [ 14, 23];

— METO/BI C aKTUBHBIM O0OYYEHUEM;
— aHcaMb6u kinaccudukaTopos [24, 25];

— JokKazyeMasi TOYHOCTH /TIOJIHO-

THI [26, 27];
— KpayzacopcuHr [28, 29].

OITUMU3aL A

[lomBomst WTOr MeTOomaM pa3pellleHUs Iap CYII-
HOCTEI, BBIACIMM METONBI, OCHOBaHHBIC Ha Mepax
CXOJICTBA, WM METOABI, OCHOBaHHBIC Ha MCIIOJb30Ba-
HUW MallUHHOTO oOyuyeHus. OOIIMM HEIOCTaTKOM
TEePBOIA TPYIIIBI METOJOB SIBJISIETCS CIIOKHOCTb (hOpMy-
JINPOBAHUS KPUTEPHUEB CXOACTBA (TIOIOOp BECOB WU
SIBHBIX (popMyiT). MeTompl MaIlTMHHOTO OOYICHUS JI-
IIeHBI 3TOTO HEIOCTaTKa B CUJy CBOEU CTPYKTYDHI,
HO TIPU 3TOM KJIIOUEBOI MPOOIeMOIi SIBJISIETCSI BHIOOD
00yJaroIIero MHOXeCTBa, 1a U caMyd METOAbl 3HAUM-
TeJbHO clioXHee. [TepcreKTUBHBIMU (HO BCe elle Majio
U3YYCHHBIMU) TIPEACTABISIOTCS METOIBI MAIIMHHOTO
00ydJeHUsI, He TpeOyoIIre M3HAYaTbHOTO OIpenese-
HUs OOyyalolllero MHOXeCTBa, TaKhe KaK METOJbI,
OCHOBaHHbIE Ha AKTMBHOM OOYyYEHUU U Kpayncop-
CHUHTE.

2.3 HMcnonp3oBaHMe OrpaHUYECHUA

Ilocne Toro Kak ompeaejseH METOA pa3pelieHust
KOHKPETHBIX Map CYLUIHOCTE, MOXHO ONMpPEACIUTh 3a-
BUCUMOCTU. Jlanee mpeacTaBieHbl IPUMEPHI 3aBUCH-
MOCTEH, MCIOJIb3YeMbIX ISl YCTAHOBJIEHUSI CXOICTBA
CYIIIHOCTEM:

— TpaH3UTUBHOCTL: ecau M1 u M2 noxoxu u M2
1 M3 noxoxu, To u M1 u M3 noxoxu;

WHOOPMATUKA U EE TPUMEHEHUHS Ttom 8 Bbimyck 4 2014 97



A. E. Bosuenko, JI. A. Kaaunuuenko, /l. 1O. Kosanes

— 9KCKJIIO3UBHOCTL: ecii M1 u M2 noxoxu, To M3
HE MOXeT OBbITh MTOX0X Ha M2;

— (yHKIMOHAJIbHBIE 3aBUCUMOCTH: eciii M1 1 M2
MTOXOXH, TO M3 1 M4 nOIKHBI OBITH ITOXOXKU.

TpaH3UTUBHOCTb YACTO MCIIOJIb3YETCS B MeETOIax
yoaJdeHUsT TyOJIMKaTOB, a SKCKITIO3MBHOCTH MCTIOJB3Y-
€TCS B METONIAX YCTAHOBJICHMS CBSI3e MEXIY CYIITHO-
CTSIMU.

B 3akitoueHue MOXHO OTMETUTh, YTO pa3pelieHue
CYIIIHOCTEM SIBIsIETCS OBICTPO pa3BUBaeMOii 00J1aCThIO.
Hccrnenyrorcs HoBble Mepbl cxoncTia [ 14], Beayrcs pa-
OOTHI TT0 TIPUMEHEHUIO TTePCIIEKTUBHBIX METOIOB Ma-
IMAHHOTO 00yueHMs [24—29]. PasBuBaercs mpume-
HeHue (PYHKLIMOHAIbHBIX 3aBUCUMOCTE TIPU OUNCTKE
naHHbIX (data cleaning) [30—32]. Benytcst paboThl o
MOCTPOCHUIO CYIIIHOCTE! ¢ HanboJjee MpeacTaBUTEb-
HBIMU JaHHBIMU (BKJTIOYAIOIIMMHK JTaHHBIC M3 pa3HO-
00pa3HBIX TyOJIMKATOB — METOIBl KAHOHU3AIINH CYIII-
Hocrteii [33]). TakKe MCCIeayIOTCS METOMIBI, B KOTOPBIX
pelIeHUs IO CXOACTBY IBYX CYIIIHOCTE MPUHUMAIOTCS
Ha OCHOBE aHaJIlM3a COBOKYITHOCTU CYIIHOCTEH, MpU-
MEHECHMS BEPOSITHOCTHBIX JIOTUK CXOJICTBA, JTAaTCHTHOU
Mozenn dupuxie [34—36].

3  MeToabl CIMAHUI TaHHBIX

IMon cnusHueM maHHBIX [6, 12, 13] moHMMaeTcs
00pa3oBaHUE MHTEIPUPOBAHHOTO MPENCTaBICHUS NH-
(opmanu 06 OJHOI U TOH XK€ CYIIHOCTU PeasbHOro
MHpa, TTOJYYCHHON M3 pa3HBIX MCTOUYHUKOB JAHHBIX.
[Iporecc camsaHUs JaHHBIX BKIIIOYACT CIICAYIONINE 3a-
AW CIWSHHE 3aIlMCceil O CYIIHOCTSIX, pa3pellcHue
BO3MOXHBIX KOH(DJIMKTOB, OOHapy>XeHUE U yoajeHue
OIIMOOYHBIX JAHHBIX. MeTonbl CAUSIHUS JAaHHBIX,
KpaTKO pacCMOTpPEHHBIC B JAHHOM pa3sfeie, UCCIemo-
BaHbI B [Torcmamckom yHuBepcuteTe [13]. Pasnmuunbie

aCITeKThI TTPOOJIeMbl CIUSHUSI JaHHBIX TIPEICTaBICHbBI
Ha puc. 1.

3.1 Tunbl KOH(MIUKTOB IIPU CIUSTHUN
JIAHHBIX

Paznuuaror nBa Tuna KOH(JIMKTOB: KOH(IUK-
TBI, BBI3BAaHHBIC HEOIPECACICHHBIMIA 3HAYCHUSIMU,
1 KOHMJIMKTHI, BbI3BAHHBIE IPOTUBOPEYMBBIMU 3HAYE-
HUSIMM.

HeompeneneHHOCTh O3HAYaeT, YTO B OTHOM WC-
TOYHUKE JAaHHBIX COACPKATCSI HEM3BECTHBIC 3HAUCHUS
(null), a B ipyroM — usBecTHbIe. [1pobieMa 3akiroua-
eTCsl B TOM, UTO CEMaHTMKa HEOIpeaeIeHHbIX 3Haue-
Huii (null) MOXeT CUIbHO OTInYaThesl. Paznuyator Tpu
BapHMaHTa: HEM3BECTHBIC 3HAUCHMSI, HECYIIIECTBYIOIIIIE
3HAYCHMST (HAIIpUMEpP, aTpUOYT «MMSI CYIpyra» BCe-
roa oyaet null o HeXXeHaTbIX), CKPbIThIe 3HAYEHUS
(Takue JaHHbIE, KOTOPbIE MO KAKUM-TO MTPUYMHAM He
MMO3BOJIEHO BUJIETD).

[IpoTBOpeYMBOCTh 3HAYEHWIT O3HAYAET ITOSIBIIC-
HUE IBYX Pa3IMYHbIX HEHYJIEeBbIX (not null) 3HaUYeHUIA.
Bo3MoKHBI pa3iuyHble cTpaTeruu 00padoTKU Moa00-
HBIX KOH(MJIMKTOB, O 4eM paccKa3bIBaeTCs B CIIEIy-
OIIIEeM TIoIpa3eiie.

3.2 Crpareruu pazpelieHust KOH(MJIUKTOB

Paznuuator cnenyromye moaxoisl K pa3pelieHuIo
KOHMIUKTOB:

— WUTHOPHPOBaHNE KOH(MINKTOB;
— u3beraHue KOH(MIUKTOB;
— paspelieHue KOHMIMKTOB.

Crparerus UTHOPUPOBAHMST KOH(MIUKTOB TIPE/IITO-
JlaracT WM3BJICUCHWE BCEU MOCTYITHON WH(OpMAIINN.

[ CnuaHune gaHHbIX ]

[TVII'II:I KOH¢/1VIKTOB] [CTpaTervm paapeweva] [OI‘IepaTOpbl]

KOHQIMKTOB

PyHKLMK paspelleHna
KOHONIMKTOB

A

[HeOAHO3HaHHOCTbJ [I‘Ipomsopeqme]

[ COGAMHEHME] (BOESMO)KHbIe MVIpr [I‘Iornotu,eHwe

[ Arperauma ]

( Ob6beanHeHne J [COI’}laCOBaHHbIe OTBeTbIJ

[ Cnaunanne ] Apyrue

[VeropMposaHmeJ [I/I36eraHl4e] [PaapeLueHmeJ

dyHKUMM

[OCHOBaHHbIE Ha] [OCHOBaHHbIe Ha] [OCHOBaHHbIe Ha] [OCHOBaHHbIE Ha]

AaHHbIX obbekTa MeTagaHHbIX

[OaHHbIX 0BBEKT:

a MeTagaHHbIX

Puc. 1 Pasnuunble acrieKThl l'IpO6JTeMBI CIIMAHUA JaHHDBIX
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ITpumepsl pyHKIIMN 1151 pa3pelleHrs KOHQIUMKTOB

DyHKIMS OnucaHue

Crparerust ITpumep koHDIMKTA

Min, Max, Sum, Count, Avg | OGbIyHas arperauust

IMoxacuer 3apriathl (cpenHei
WIM MaKCUMaJIbHOI), MOJI-
CUeT Bo3pacTa WM KoJuye-
CTBa JIeTeit

Pazpenienue KoHbaukTa

Random CiyyaliHoe 3HaYeHUe

Pasperienue koHpIMKTa Pa3smep yuactka

Longest, Shortest CaMoe KOpOTKOE WU

JJIMHHOC 3HAYCHUEC

Paspeiienue KoHpIMKTa Hanpumep, 11t umeH

Choose (source) 3HaueHUe M3 KOHKpET-

HOTO pecypca

Hanpumep, 11st GMHaHCOBBIX
MAHHBIX, €CJU TPUHSTO pe-
IIeHWe AOBepsiTb MH(pOpMa-
nun 13 Yahoo OGosblire, He-
JKEJTW IPYTUM pecypcam

M3z6exaHue KoHbIMKTa

Choose Depending (val, col) | Beibupaercsi  3HaueHue
B 3aBUCHMOCTH OT 3Haue-

HUS B IPYrOM aTpudyTe

Hanpumep, eciau BbIOpaH
aTpubyT «ropoi» M3 OIHOTO
pecypca, TO «IIOYTOBBIA MH-
JeKC» Pa3yMHO B3SITh U3 TOTO
3Ke caMoTo pecypca

W3bexanne koHMIUKTA

BOTI'O 3HAYCHUA

Vote TonocoBanue, pelieHue Pasperienue koHpIMKTa Hanpumep, misi mozacuera
110 OOJBIIMHCTBY pedTuHTa
Coalesce Bbi6op nepBoro HeHyJe- W3bexanne koHMIUKTA Hampumep, 114 nmen

Group, Concat IpynmupoBKka WM KOH-
KaTeHalusi BceX 3Haue-

HUI

Hanpumep,
0 MPOIYKTaX

W3bexanne koHMIUKTA IUIST  OT3LIBOB

C TeM 4YTOOBI TOJIb30Ba-
TeJb CaM DPELIW, Kakoe
BbIOpATh

MostRecent Bob16op Haubosiee cBexe- Pasperienue koHpIMKTa Hanpumep, eciu nHTepecyer
ro 3HayeHus1 (HeJaBHO MOCJIEIHUNA aapec MECTOXM-
OOHOBJIEHHOTO) TETbCTBA

Escalate CoxpaHeHue Bcex KOH- | MrHopupoBaHue KoHdpaukTa | Hanpumep, nas1  arpuOyra
GUKTYIOMNX 3HAYSHUT, «II0JI» CJIOKHO TPHIYMaTh

00BEKTUBHBIE IIPUYMHbI BbI-
60pa TOI'o0 MJIMW MHOI'O 3HAYC-
HUA

Hanpumep, 17151 CTPOK 3TO MOXKET ObITh OObIYHASI KOH-
KaTeHalus CTpOK, a IOJb30BaTeb YK€ CaM pellaeT,
KaKuUe TaHHBIC BEPHEL.

Crparerust n3deraHnsT KOH(MJIUKTOB IIpearojara-
€T BBIOOp MaHHBIX HA OCHOBE CaMUX JaHHBIX (110 He-
KOTOpOMY aJITOPUTMY) WJIM Ha OCHOBE MeETaJTaHHBIX.
ITpuMepom dyHKIIMU HAa OCHOBE TaHHBIX MOXET CIIy-
XUTb DYHKLMS coalesce (BHIOOP MEPBOr0 HEHYJIEBOTO
3HAUYeHMsT) WK (PYHKLMS BbIOOpa caMOro AJMHHOTO
3HAYCHMUSI.

[Tpumepom byHKIIMI Ha OCHOBE MeTalaHHbBIX MO-
KET BBICTYNAaTh BHIOOP B 3aBUCMMOCTU OT CaMOTO MC-
TOYHMKA (HAIIpUMEpP, U3BECTHO, YTO OOWH M3 MCTOU-
HUKOB HauboJsiee NO0CTOBEPHBI). JIpyruM mpumepom
siBJIsieTcsl DYHKIIMS, BbIOMparonias 3HaueHUue U3 TO-
ro UICTOYHMKA, B KOTOPOM OOJIbllIee YMCIO0 3HAUYCHUI
ObLIO BEIOPAHO AJISI APYTUX aTPUOYTOB.

CTpaTeFI/II/I paspClICHUA KOH(I)J'[I/IKTOB YUYUTbIBAIOT
BC€ 3HAUCHUA U BI)I6I/Ipa}OT N3 HUX «JOCTOBCPHOC».

[Tpumepom nmono6GHOV GYHKIIUU MOTYT BBICTYIIATh BCE-
BO3MOXHbIE (PYHKIIMU TOJOCOBAHUS, PYHKIMU BbIOO-
pa ciiyJaifHOTO 3HaueHMsI, QYHKIMU CpEeTHEro 3Ha-
yeHus, PYHKUMM Haubojiee 4acTO BCTpEvalollerocs
3HAUEHUS U Ap.

B tabauue npencraBiaeHbl TpUMepbl GYHKUMI 1151
paspelreHrs] KOH(MINKTOB.

3.3 OcHOBHBIE (PYHKIIMU pa3pelieHus
KOH(IUKTOB

BBomutcs omepanmst outer union [13], pe3ynbra-
TOM KOTOPOI SIBIISIETCSI OOBEAMHEHME IBYX OTHOIIIC-
Huii. Eciu cxemMbl He COBITaaloT, TO pe3yabTUPYIOIIast
cxeMa SIBJISIETCSl OOBbeIMHEHUEM ABYX MCXOMHBIX CXEM.
Hanpumep, TycTh 1aHbl ABa OTHOIIEHMS: A ¢ Habo-
pom atpubytoB {a,b,c,d} u orHouieHue B ¢ Habo-
pom atpubyroB {c,d,e,{}. Pesynbrupytoias cxema
OyzmeT comepxkath Habop atpubyroB = {a,b,c,d, e, {}.
B pesynbTupyiolme KopTesKy 1Tt HEIOCTaIONIX aTpH-
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OYyTOB IMOMEIIAIOTCST HyJIeBble 3HaYeHUs. DTa orepa-
LIVST HEe SIBJISIETCSI CTAHAAPTHOM M OTCYTCTBYET B OOJIb-
IIWHCTBE PEJISIIUOHHBIX CHCTEM YIIpaBIeHUS 6a3aMu
nma"HbIX (CYB/I). B penaimonHoit anredpe momooHast
orepaLus MOXET ObITh IIPEeACTaBIEHA KaK

(SELECT a, b, ¢, d, NULL as e, NULL as f FROM A)

UNION

(SELECT NULL as a, NULL as b, c, d, e, f FROM B).
BBonutcs dynkuus tuple subsumption [13]. To-

BOPSIT, UTO KOPTeX tl Mmoriomaer apyroi Koprex t2

(TIoTIOIAe MBI KOPTEXK), ECITN y HUX

— COBIIaJalO0T CXEMDbI,

— B t2 Oosble HeusBecTHbIX (null) 3HaueHUit, Yyem
Btl;

— B 12 Bce U3BECTHbIC 3HAYEHMSI COBIAAAIOT CO 3HA-
YEHUSIMU B tl.

Hampumep, mycTh naHel KopTexu t1 =
= (5,‘text’,null, 7) u t2 = (5,null,null, 7). BuaHo,
YTO KaXIbIil aTpuOyT B t2 1100 COBMAMAET C aHAIOTUY -
HBIM aTpuOyTOoM B t1, 1160 oH null. [jist aTOTO MpUMepa
KOpTeX t1 moriomaeT KopTex t2.

BBonutcs dynkuust tuple complementation [13].
ToBopsIT, 4TO KOpPTEXU t1 U t2 MOMOTHSIOT APYT Apyra,
eciu

— Y HUX COBITIaJarOT CXEMbI,

— OHUM HE€ COBIIaAalroT,

SEIEE
[ le]lr]
[0 ] ][]
[ [eIe](1]
L Ll
DD

A
_[2]
(2]

— 3HA4YeHUSI COOTBETCTBYIOIIUX aTpUOYTOB B t1 U t2
COBMAAalT, JUOO OJHO M3 HUX HE OIMpeaesieHO,
100 00a He oNpeesIeHbI;

— tl u t2 UMeIT KaK MUHUMYM OJWH aTpuOYT, 3Ha-
YeHMS KOTOPOTO COBITAHAIOT.

Hanpumep, 1mycTh gaHbl Koprexku t1 =
= (5, ‘text’, null, null) u t2 = (5, null, null, 7). BuaHo,
YTO KOPTEXM AOIONHSIOT OPYr Apyra. Pesyisratom
oIepariy JOTIOIHEHMSI IJIS STHX IBYX KOPTEXeEii OyaeT
HOBBI KopTeX t = (5, ‘text’, null, 7).

3.4 Omnepatopsl CIUSHUS JaHHBIX

Paznuualor nBa OCHOBHBIX IOAXOHA K CIIMSIHUIO
JAHHBIX. DTH TTOIXOMbI OCHOBAaHbBI Ha OTepaliu 00b-
eanHeHus (union-based) wau Ha omepauuy coeauHe-
Hus (join-based). PaznuyaroT ciiegyroliye oCHOBHbIE
omnepaLuu.

Minimum Union [13] (union-based). Omeparnms
MpeaCTaBiIsieT COoOOi BBHIIOJHEHUE OIepaluK outer
union, a 3aTeM yJaaJeH1e U3 pe3yJIbraTa BCexX Morjoma-
eMbIx (subsumed [13]) kopTexeit. [Ipumep omnepayu
MpeacTaBjieH Ha puc. 2.

Complemetation Union [13] (union-based). Omepa-
LIMSI TIPEACTABIISIET COOOM BLIIIOJHEHKE OIlepalliu outer
union, a3aTeM AoNoJaHeHUe (complementation) BceBO3-
MOXHBIX KopTexkeit. [IpuMep onepaiuu mnpeacrabieH
Ha puc. 3.

Y —>

[l ]

Puc. 2 Tpumep onepauru Minimum Union
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Puc. 3 IMpumep onepaunu Complementation Union
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Puc. 4 Tpumep oneparu Full Disjunction

Grouping and Aggregation [13] (union-based). Orre-
panms IpeAroaraeT BEIIIOJTHEHWE outer union, a 3a-
TeM TPYIIITUPOBKY 110 O0IIIEMY aTpHOYTY ¥ IPUMEHEHIE
GYHKIIMM arperaliliu K oCTaJIbHbIM atpudytaM. [lpu-
Mep ornepaumu Ha si3bike SQL npeacraBieH HUXKeE.

WITH OU AS (

(SELECT A, B, C, NULL AS D FROM U1)
UNION (ALL)

(SELECT A, B, NULL AS C, D FROM U2)),

SELECT A, MAX(B), MIN(C), SUM(D)

FROM OU

GROUP BY A

Full Disjunction [37] (join-based). Omepatims mipem-
craBisieT co0oif full outer join (cTaHmapTHYIO peirsi-
LIMOHHYIO OMepalunio), Mocjae Yero npuMeHsercs sub-
sumption K pe3ysbraty. [IpuMep npencrasiieH Ha puc. 4.

Match Join [ 13] (union- + join-based). B onepartiun
BBIOMPAIOTCST BCEBO3MOXKHBIC KOMOMHAIINM 3HAUYCHUI
aTpuOyTOB, mMocye 4yero BbinmosHsercs full outer join.
DakTUYeCKN peayn3yeTcst outer union JIBYX KOJIJIEK-
uuii. 3atem ompeaensercs N — 1 BCrioMorateabHbIX
OTHOIIIEHWH, Tae N — YHUCIIO aTpUOYTOB, a KaxXmoe 13
OTHOIIIEHWI COMEPKUT TTI0 IBa aTprOyTa: OXMH OO
U Kakoii-To apyroii. IlTocae yero mpoucxonut full out-
er join (N — 1)-ro oTHomeHus1. [lpumep peanuzaiuu
orepaluu Ha si3bike SQL npeacTaBieH HIKe.

WITH

OU(A,B,C,D) AS (

(SELECT A, B, C, NULL AS D FROM U1)

UNION

(SELECT A, B, NULL AS C, D FROM U2)),
// < Outer Union

B_V(A,B) AS (SELECT DISTINCT A, B FROM OU),
// < 1-e otHomenune (N = 4)

C_V(A,C) AS (SELECT DISTINCT A, C FROM OU),
// < 2-e ornHomenue (N = 4)

D_V(A,D) AS (SELECT DISTINCT A, D FROM OU),
// < 3-e otHOmIeHne (N = 4)

SELECT A, B,C, D

FROM B_V FULL OUTER JOIN C_V FULL OUTER
JOIN D_V // < Full Outer Join
Merge (union- + join-based). Omneparust oobean-
HSIET orepalluy COeAUMHEHUs U obbeauHeHus. s
Kaxkmoro oo1ero arpudyra ¢opMUPYIOTCS ABE BEPCUM
3HAYCHMI, HYJIEBbIC 3HAYCHUS YIAISIOTCS (PYHKIIMEH
COALESCE (BBIOOp TIEPBOTO HEHYJICBOTO 3HAUCHMST).
ITycTh naHbl ABa OTHOILIEHUS: A ¢ HAOOPOM aTpUOYTOB
{a, b, c} u B c Habopom aTpubyToB {a, b, d}. [Tyctha —
KOHMIUKTYIOIIUN aTpubyT, b — aTpuOyT ¢ HYJIeBBIMU
3HaYeHMSIMU. [1prMep pearn3auy onepaiy Ha SI3bI-
ke SQL mpencraBieH HUXKE, a pe3yJbTaT ITOKa3aH Ha
puc. 5.
(SELECT A.a, COALESCE(A.b, B.b), A.c, B.d
FROM A LEFT OUTER JOIN B ON A.a = B.a)
UNION
(SELECT B.a, COALESCE(B.b, A.b), A.c, B.d
FROM A RIGHT OUTER JOIN B ON A.a = B.a)
Grouping and Aggregation (union-based). Omnepa-
IIWST TIPENICTABIIAET COOOI IPYIITMPOBKY IO HEKOTOPO-
My aTpuOyTy, a 3aTeM MCITOJIb30BaHNE Pa3HOOOPA3HBIX
arperupylomnx c¢byHkuuii. B kadecTBe JOCTOMHCTBA
JAHHOTO TMOAX0Ja MOXHO BBIICIUTh €ro peaan3alunio
B 6osbmmHCcTBe CYB/I 11 a3h(heKTMBHOE BHITIOJTHEHHE.
[Mpumep peammsannu Ha SQL mpeacTaBieH HIKe.
WITH OU AS (
(SELECT A, B, C, NULL AS D FROM U1)
UNION (ALL)
(SELECT A, B, NULL AS C, D FROM U2)),
SELECT A, MAX(B), MIN(C), SUM(D)
FROM OU
GROUP BY A
Data Fusion omepatop [ 11] — Fuse By (union-based).
B HekoTopbIX cucTeMax MOIUIM Jajbllle UCIOIb30Ba-
HUSI CTaHIAPTHBIX ONEepaIvii TPYNITUPOBKY U arpera-
uuu. Kimouesoe ciioBo FUSE BY ucnonb3yercst BMeCTo
GROUP BY, u cemaHTuKa y Hero aHajorndyda. Bmec-
TO MCITOJIb30BaHMS CTAHIAPTHBIX (DYHKIINI arperaiium
ucnosb3yetcs BcrpoeHHast GyHkims RESOLVE, ko-
TOPOi1 MapaMeTpoM TiepenaeTcsi caMo 3HaUeHUe U UMsI
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Puc. 5 Tpumep omeparn Merge

¢yHKUMU pa3pelieHust KoHGauKToB. [Ipumep peanu-
3auuu Ha SQL npencraBiaeH HUXe.
SELECT ID,

RESOLVE(Title, Choose(IMDB)),
RESOLVE(Year, Max),
RESOLVE(Director, COALESCE),
RESOLVE(Rating, COALESCE),
RESOLVE(Genre, Concat)

FUSE FROM IMDB, Filmdienst
FUSE BY (ID)

ON ORDER Year DESC

4 PazpelieHue CyLIHOCTEM
B OOJIBIIMX JaHHBIX

Jns MaHUITYIMPOBaHUS OONBIIMMH Pa3HOCTPYK-
TypPUPOBaHHBIMU AaHHBIMU cayxaT Hadoop-uHdbpa-
CTpYKTYypbl [1, 2], mnpemoctaBisiioliye MaclTabu-
pyeMoe XpaHWIMIIE U O00ecreyuBarollie BbICOKYIO
CKOPOCTP aHaJIM3a OOIBIINX JAHHBIX 33 CYCT pacIpee-
JIEHHOM X 00paboTKu. 11 mpruMeHeHMsI METOIOB pa3-
pelIeHNsI CYIITHOCTE! B TAKOM cpefie Hy>KHa adanmauus
aJITOPUTMOB JUTST X PACTIPEAEICHHOTO BHITOTHEHUS Ha
pasnnuHbIX y3aax Hadoop-kiactepa.

B cpene Hadoop peanunsoBaHa mapagurma pacrpe-
JIEJICHHOTO TPOTPaMMUPOBAHUS JIJISI aHAIM3a TaHHBIX
Map-Reduce [38, 39], Ha3pIBacMas TT0 IMEHAM OCHOB-
HBIX pyHKIMI. BHaUame Ha Bcex y3/1ax Kiractepa oopa-
GaTbIBalOTCs 0JIOKM JaHHBIX HE3aBUCHUMO JIPYT OT Ipyra
(Map). I[1ocse yero naHHbIE TPYNIIUPYIOTCS 10 3apaHee
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BBIOPAHHBIM ULl QJITOPUTMA KJII0YaM U ITOCTYIAIOT Ha
BBITTOJIHEHWE Ha OIMH UJIU OoJiee Y3JI0B B 3aBUCHMOCTHU
ot anroput™a (Reduce).

Takum oOpazom, aJisl peasiu3alunu J1000ro aJiropuT-
ma B Hadoop-uHdpacTtpykrype TpeOyeTcsl ero amarm-
tauus K Buay Map-Reduce. JIpyrum BapuaHTOM SIB-
JISIeTCsl peaju3alusl aJropuT™Ma Ha OIHOM U3 SI3bIKOB
BBICOKOTO YpoBHsI, Takux kak Pig [40], Hive [41],
Jaqgl [42]. Bce »T S3BIKM aBTOMATWYECKM ITTeperi-
CHIBAOT IPOTPaMMBEI, peaJlM30BaHHBIC Ha HUX, B Map-
Reduce-npunoxenus: nias BeinmogHeHus Ha Hadoop-
KJacTepe.

B ciyyae 6071b11MX TaHHBIX U pacipeeIeHHbIX MH-
(bpacTpyKkTyp TpaguLIMOHHBIE TTOAXOIBI TPEOYIOT AOpa-
6orok. Paznuaior 1Ba OCHOBHBIX METOA Pa3PEIICHUST
CYILIIHOCTEU Ha O0MBbITMMU JaHHBIMU: pa30UeHUE NaH-
HbIX Ha 6710ku (blocking [43, 44]) u pacripeaeeHHbI
METO/]] pa3pelieHusl CyIIHOCTEM.

CyTb pa3doueHust Ha OJIOKW 3aKJIIOUAETCS B CIIEMy-
fomeM. ITycts uMmeercst 1000 kommanmii B 1000 ropomax.
TpebOyercst cpaBHUTh KOMMAHUU. AJTOPUTM TIOJHO-
I'o TIONAapHOTo cpaBHeHMs noTpedyer 1012 cpaBHeHMiA.
[Tpu aTOM €CU MPEATIONIOKUTD, YTO KOMIIAHUU U3 Pa3-
HBIX TOPOJIOB HE MOTYT COBIAAaTh, TO moTpedyercs 10°
cpaBHeHMii. KitoueBoit mpobaeMoii JaHHOTO Moaxoaa
SIBJISIETCSI BBIOOP KpUTEPHSI, 10 KOTOPOMY pa30UBaIOTCs
JIaHHBIE.

Pazmmuator mBa OCHOBHBIX METOIA: OCHOBAHHBIN
Ha xam-@yHkunu [10] 1 ocHOBaHHBIM Ha CXOJCTBE CO-
ceneii [10]. Metoa, ocHOBaHHBIM Ha X3LI-(YHKILIWU,
npeamnosiaraeT pazoveHre Ha OJOKM IO X3II-KITIoYY.
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OCHOBHOI1 TIpOOJIEMOI alNropuT™Ma SIBJSIETCS BBIOOD
X3UI-PYHKIMK. MeTom, OCHOBAaHHBI Ha CXOICTBE
coceliei, TIpeaIoiaraeTt, YTo COBIaaaTh MOTYT TOJbKO
00BEKTHI, TOXOXKE MO HEKOTOpoii mepe. Bce o0bek-
TBI COPTUPYIOTCS IO KAKOMY-TO TIPU3HAKY (KITI0Uy —
MPOCTOMY MJIM COCTAaBHOMY, YHMKaJbHOCTh KJIIoUa He
Tpedyetcst). [locne aToro BeIOMpaeTCs pa3Mep OKHa,
BHYTPU KOTOPOTO OOBEKTHI CpaBHUBaIOTCS. [Ipobie-
MO JTaHHOTO METoJa SIBIIICTCS BEIOOp KITF0Ua COPTH-
POBKMU.

PacripeneneHHBINT MeTOH pa3peIieHNsT CYITHOCTEH
MpearnojaraeT peainu3aluio TPAIUIIMOHHBIX aJlTOPUT-
MOB 3TOro ceMeiicTBa B Buae Map-Reduce-nipunoxe-
HUSI, YTO TpeOyeT 3a4acTylo TOJIHOTO MepecMoTpa Mc-
XOITHOTO anropuTMa. Jlpyroit BappaHT — peaam3aliyst
aJTOPUTMA pa3pellleHUs CYITHOCTeH Ha CIICIIMaTN3H-
POBAHHBIX SI3bIKAX, YeMy OYIET ITOCBSIIEH CIICAYIOIIII
pasznen. Tpetwit BapyaHT — MCIOJIb30BaHUE CIICIIM-
aTM3UPOBAHHBIX WHCTPYMEHTOB, HaNpaBJIeHHBIX Ha
pacripeieiecHHOE BBITTOJIHEHNE METOIOB pa3pellcHUs
cynrHocteit Hag Hadoop [45].

5 Peanuzanmsa onepauuii
paspenieHus CYyIIHOCTEM
U CJIMSIHUS JAHHBIX B CPEE
Hadoop

Aseix HIL [46] — nexyrapaTMBHBINA SI3BIK, OPUEH-
TUPOBAHHBIN HA pa3pelieHne U UHTETPalnio CYITHO-
creii B Hadoop nundpacrpykrype. HIL komnunupyetcst
B s3bIK Jaql [43, 44], KOTOpBIi, B CBOIO OYepeldb, aB-
ToMaTh4Yecku TepenuckiBaetcsa B Map-Reduce, ecnu
9TOTO TPEeOYeT aITOPUTM.

5.1 Peanu3zanus MeTOI0B pa3pelieHusI
CYILIHOCTEM

ITycThb DaHBI CTPYKTYPHI JaHHBIX, BKITIOYAIOIIE TPU
arpubOyTa: id, value, name. Torma mpocTeiiiiiee paBuio
paspelieHus cymHocTeil Ha s13bike HIL Oynet Boirss-
JIETh CIICAYIOIINM 00pa3oM:
declare Duplicated: 7;
declare Generated: ?;
declare Deduplicated: 7;

create link Deduplicated as

select

[gen: [id: g.id, name: g.name, value: g.value],
dup: [id: d.id, name: d.name, value: d.value]]
from Generated g, Duplicated d

match using

rule_id: g.id = d.id,

rule_.name: g.name = d.name,

rule_value: g.value = d.value;
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B 3TOM IIprMepe UCTIONB3YeTCs TPOCTOE COMOCTAB-
JICHWEe CYIIHOCTEl 1O COBIaIeHUIo 3HauyeHUi. Ecim
TpeOyeTcst BBECTH KaKyI0-TO (GYHKIIMIO MephI [UIST 3Ha-
YEHUI, 3TO MOXHO Peal30BaTh BHelllHel (GyHKIMen
Jaql:

Qjaql{
compareValue =
javaudf(” org.ipiran.similarity.ValueSimilarity” );

TTocne aToro Takyo (YHKIINIO MOXKHO BBI3BIBATh U3
s3bika HIL:
declare compareValue: function 7 to 7;
declare Duplicated: 7;
declare Generated: ?;
declare Deduplicated: 7;

create link Deduplicated as

select

[gen: [id: g.id, name: g.name, value: g.value],
dup: [id: d.id, name: d.name, value: d.value]]
from Generated g, Duplicated d

match using

rule_id:

compareValue(g.id, d.id) > 0.7,
rule_name:

compareValue(g.name, d.name) > 0.7,
rule_value:

compareValue(g.value, d.value) > 0.7;

MoXHO TakxKe BBECTU Mepy JIsl CpPaBHEHUST 00beK-
TOB LIEJTUKOM.

ITycts ormmcana dyHkumst compareObject, KoTopast
IIPUHAMAECT Ha BXOJI 00beKTHI. Torma mpaBmiIo Ha sI3bIKe
HIL u3ameHuUTCS, Tak Kak B 3TOM CJIydyae UCIOJIb3YyeTCs
JIPYTOi BUI TPaBWII:
insert into Deduplicated
select
[gen: [id: g.id, name: g.name, value: g.value],
dup: [id: d.id, name: d.name, value: d.value],
value: compareObject(g,d)]
from Generated g, Duplicated d
where compareObject(g, d) > 0.7;

Bo Bcex 3THX cirydastx IpOMCXOINUT CpaBHEHUE BCEX
00BEKTOB CO BCEMM, CIOXHOCTH ITOTOOHOTO CpaBHE-
s O(n?). HecmoTps Ha To 4YTO CpaBHEHUs OyayT
BBIMIOJTHITBCS HE3aBMCUMO U pacrpenesieHbl Ha Bcex
y3nax kjactepa (Tak kak HIL nmepenucsiBaetcs B Jaql,
a ToT, B CBOlO ouepenb, B Map-Reduce), BpeMs ux
BBITTOJTHEHUST MOXET OBITh JOBOJILHO OOJbIIMM. Jluist
YMEHBIIICHUsI YMCia CpaBHEHU, KaK OBUIO OIMCAaHO
B pa3i. 4, MOXXHO pa30oMBaTh JaHHBIE Ha OJIOKU.

[lycts umeetcst dyHkuus calcHash, koTopast BbI-
YUCIAEeT X3 TSI 00beKTOB. B pesymbrate (pyHKIMS
MOKET BBIIABaTh CTOJBKO YHUKAJIBHBIX 3HAUCHU, Ha
CKOJIbKO OJIOKOB TpeOyeTcsl pa30ouTh JaHHbIe. Torna,
00BbEeIMHUB MpaBUIa, PACCMOTPEHHBIE BhIlIE, BHIOpAB
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BHayaJie T¢ OOBEKTHI, YTO COBIAJAIOT MO X3II-(YHK-
1IN, a Jajiee, BHIYMCIIUB OOIIYIO MepPY, MOXHO ITOJy-
YUTH Pe3yJIbTaT 3a 0oJiee KOPOTKOE BpeMs:

declare calcHash: function ? to 7;

insert into GeneratedHash

select [$.*, hash: calcHash($.*)]

from Generated;

insert into DuplicatedHash

select [$.* hash: calcHash($.%)]

from Duplicated;

create link Deduplicated as

select |

gen: [id: g.id, name: g.name, value: g.value],
dup: [id: d.id, name: d.name, value: d.value]]

from GeneratedHash g, DuplicatedHash d

match using

rule_id: g.hash = d.hash;

insert into Measured

select [gen: dd.gen, dup: dd.dup, value:
compareObject(dd.gen, dd.dup)]

from Deduplicated dd

where compareObject(dd.gen, dd.dup) > 0.8

5.2 Peanm3aiiyist METOIOB CIUSHUS JaHHBIX

bynem cuutaTh, 4TO 3Tam pa3pelieHUs CYyIIIHOCTEe R
yKe TIpOMIeH M JaHa HeKoropas Kosurekumss Dedu-
plicated, rme yke yCTaHOBJIEHBI COOTBETCTBUSI OTHUM
13 BBIIIIECTICPEUNCIICHHBIX CITOC000B. Hammpumep, mycth
umeroTcs aBe koekuuu: A (id, a, b, c) u B (id, a, b, d).
ATpuOyTHI a, b, ¢, d MoryT conepxath null-3HayeHuUsI,
aTpuOyThl id coBnaaatoT. Huzke naH npumep mogo0HbIX
JTTAaHHBIX 17151 Koutekunu A B popmare JSON:
[{"a":null,"b":null,” c" " wmghxfgmac”,
"id":919132322},

{"a":null,"b" :null,” " ;" wmghxfgmac”,
"id":919132322}] Torma KoOJUIEKIMs pa3pelieHHbIX
CYIIIHOCTEH MOXEeT OBITh TOJTydeHa CIICAYIOIINM O0pa-
30M:

create link Deduplicated as

select

[gen: [id: a.id, a:a.a, b:a.b, c:a.c],

dup: [id: b.id, a:b.a, b:b.b, d:b.d]]

from Aa, Bb

match using

rulel: a.id = b.id;

PaccmoTpum Tenepb peanuzauuio Minimum Union
u oniepaTtop Fusion [11] Ha s13b1ke HIL.

Kaxk 6b1110 onipeaeneHo B pasa. 3, Minimum Union —
9TO TOCJenoBaTe/IbHOe TPUMEHEHME omepaluil outer
union 1 subsumption [13]. Outer Union dakTuyecku
peanu3syercst ¢ moMolbio nHaekca Fusionlndex. Mc-
MOJIb30BaHME MHAEKCa ONPaBIaHO, TaK KaK CyIlIeCTBYET
HECKOJIbKO 3aIlMCeil, ONMUCHIBAIOIINX OJHY CYIIHOCTb.
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Kntouom sasasercs atpudyt id. Huke mpencraBieHa
peanm3zanus ornepaiu Outer Union:

insert into FusionIndex![id: f.gen.id] select [a: f.gen.a,
b: f.gen.b, c: f.gen.c] from Deduplicated f;

insert into Fusionindex![id: f.dup.id] select [a: f.dup.a,
b: f.dup.b, d: f.dup.d] from Deduplicated f;

[Manee misg peanusaluu subsumption TpedyeTcs yaa-
JINTh BCE HEHYXXHbBIE KOPTEXU. DTO JeaaeTcsl Ha sI3bl-
ke Jaqgl. s sToro HyxHa (YHKLUSI, KOTOpast Obl
oITpenesisiia, TTOTJIONIASTCS JIM OOWH KOPTEX HPYTHM.
K coxanenuro, B 13b1Kke Jaql HET BO3MOXKHOCTE I HAITH -
caHMs O0IIMX (generic) MeTod0B, YHUBEPCAIbHBIX IS
BCeX KOJUIEKIU, TTOATOMY (DYHKIIMIO CPAaBHEHUS MOXK-
HO peaJin30BaTh Ha Java ¥ MOIKJIIOYUTH K 3bIKY Jaql
nomgo00HO TOMY, KaK IEMOHCTPUPOBAIOCH B IToapas. 5.1
Ha npuMepe (GYHKILUA BbluMcaeHUs1 Mepbl. JInbGo xe
MOXHO peaqn30BaTh (PYHKLUWIO IS CPABHEHWSI KOH-
KPEeTHBbIX KOJUIEKIMI Ha si3bike Jaql, Kak mokazaHO
HIKE:
is_subsumed = fn(i,j) ((
isnull(j.a) or (i.a ==j.a) ) and (isnull(j.b) or

(i.b ==j.b)) and (isnull(j.c) or (i.c ==j.c)) and
(snull(j.d) or (i.d ==j.d)) and (i! =)));

®ynkius is_subsumed(i,j) TpoBepsieT, MoryomaeT
JIU OOVH KOPTEX IAPYroy IMpu MOMOLIY IONapHOro
CpaBHEHMS aTpUOYTOB WM TIpoBepKu Ha null.
removeSubsumed = fn (a) (b = 3,
subs = for (i0 in b) [a — filter is_subsumed(i0,$)],

s = subs — expand,

a — filter not $ in s);

Ddynkuns remove Subsumed ynaiseT Bce MOTIIOIIEH-
HBIE 3aITCH 13 KOpTexXa. 31ech peaqTn30BaH HaUBHBIN
aJITOPUTM, KOTOPBIM TMOMapHO JJIs1 KaXI0ro KopTexa
HaXOAUT BCE MOIOIIEHHbBIE UM U YIAJISIET UX.
minUnion = fn(id,a) ( {id:id, minunion:

removeSubsumed(a)});

@Oyukums minUnion HyXHa UIST TTOCTPOSHUS pe-
3yJBTUPYIOIIMX KOPTEXe Mpu peanu3anun Minimum
Union. C ee momomipio onepaunio Minumum Union
MOXHO OMucaTh cieaytoimmnM odpasom Ha sizbike HIL:
insert into MinimumUnion
select minUnion(i.dup.id,

FusionlIndex![id : i.dup.id])
from Deduplicated i;

Hns xaxpaoro id mocTaroTcst Bce COOTBETCTBYIOIINE
3aMUCU U YIATSIOTCS T€, KOTOPbIE UMY MOTJIOIIAIOTCS.

Onepatop Data Fusion [11] npeacTtaBisieT coboit
0COObIi BUI (PYHKILIMU, UCTTOJB3YIOIIUI TPYIIITUPOBKY
IU1s1 IpeofoieHusT KOHMIUKTOB. OCHOBHas uiest 3a-
KJTIO9aeTCsI B TPYIIIIMPOBKE Pa3TMIHBIX ITPEICTABICHUIA
OIIHO¥ M TOM e CYIIIHOCTH 110 00IIIeMy aTpHrOyTy, a 3a-
TEM B IPUMEHEHUN (PYHKIWNNA pa3pelieHnst KOH(MINK-
TOB JJISI BCEX OCTaJIbHBIX aTpUOYTOB, CIMUBasi JaHHbIE
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MerTonsl pa3perienus cyniHocteit v cnusinus fanHbix B ETL-nipotiecce u ux peanusanus B cpexe Hadoop

B OZHY CYIIIHOCTh. Pa3nuyatoT a1Ba BUaa CTpaTeruu st
GbyHKIMIT pa3peliieHust KOHGIUKTOB:

(1) deciding-cTparerusi 3akjiimyaercsl B BbIOOpe Ka-
KOT0o-TO OJHOTO 3HAYeHUsI KaKUM-TO CIIOCOOOM
(MUHUMYM, MAaKCUMYM, CITydaifHOE 3HaYeHUE);

(2) mediating-cTparerusi 3akjito4yaeTcsl B arperauuu
BCeX 3HaUeHUH (CpemHee 3HaUYCHNE, CYMMa).

ITycTh nMmeroTcs aBe Kojekuuu: A (id, name, age)
u B (id, name, info), mpuMep KOTOPBIX TaH HITKE:
A
[{"id":760046903," name" :null,” age” :null},
{"id":15009544, "name": " zvqcsxkzxk”,
"age":938781652}]

B

[{"id":15009544, "name” :null, "info" :null},

{"id":760046903, "name":" pjltaghyug”," info" :null}]
IMycTh s HUX TPOWAEH dTall pa3perieHus CyIl-

HocTell 1 mocTpoeHa Koyutekuusi Deduplicated, kak

OTMCAHO BBIIIIE B 3TOM paszeie. [TycTh TakKe mist 9Tux

JaHHBIX MocTpoeH uHaekc FusionIndex, kak mokazaHo

BbIlIe 1151 oniepaiiun Minimum Union. Toraa onepa-

top Data Fusion Ha s13bike HIL mMoxeT ObITh onucaH

CIIeIyIOIM 00pa3oMm:

Qjaql{

average = fn($a) avg($a[*].age);

any = fn($a) any(%a[*].name);

concat = fn ($a) strJoin($a[*].info,”");

}

insert into Fused

select |

id: i.dup.id,

age:

average(Fusionlndex![id: i.dup.id]),
name:

any(Fusionlndex![id: i.dup.id]),
info:

concat(FusionIndex![id: i.dup.id])]
from Deduplicated i;

OyHKIIMY BEIYUCIICHUS CPEIHETO, BEIOOpA CITydaii-
HOTO HEHYJIEBOTO 3HAYCHMS, a TaKKe KOHKATCHAITUH
peanu3oBaHbl Ha Jaql. JlaHHOE TIpaBMIIO 00pa3yeT KOJI-
snekuuto Fused, mpuueM st atpudyTta age OyneT moja-
CYMTAHO CpeHee 3HAaYeHUe, JIJISI MUMEHU name BBIOpaHO
J11060e HeHyJIeBOoe 3HaUeHue, a 1l aTpuoyTa info Oyner
IMoJTy9eHa KOHKATeHAIsI BCeX MOCTYITHBIX 3HAYCHUA.
Takum obpa3oM, B TaHHOM IIpUMEpe TTOKa3aHa pea-
JIU3anus 00enX CTpaTernii uist PYHKIMIA pa3pelieHust
KoHduKkTOB B oneparope Data Fusion.
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6 3axiouyeHue

PaccMoTpeHHBIE METOIBI M OTIEpAIlK U3BJICUCHUS
1 MHTeTpalny MH(GOPMALIMU O CYIITHOCTSIX peaabHO-
ro MUpa, MPEACTaBIEHHOMN ChIPBIMU PA3HOCTPYKTYPU-
POBAHHBIMM KOJUIEKLUMSIMU JAHHBIX, MTO3BOSIIOT MPO-
rpaMMUpOBaTh MHTETpallMOHHbIe MOTOKM Buaa ETL
71T 00pa30BaHUS WHTETPUPOBAHHBIX CTPYKTYPHPO-
BaHHBIX JAHHBIX, KOTOPHIE MOTYT OBITh MCTIOJIb30BAHBI
B MPUJIOXEHUSIX [JIs1 JajbHeHIlero aHaausza u odpa-
00TKHU. B crathe paccMOTpeHBI METOAbI pa3pelleHus
CYIIHOCTE U CIusHUS JaHHBIX. B cTaThe mokasaHbl
CITOCOOBI TIPOTPAMMUPOBAHUS METOIOB M OIepaInii
W3BJICYCHUS U MHTETPAIINU MH(POPMAIINH O CYIITHOCTSIX
peaJibHOTO MUpa, BKJIIOYAst METOAbI CIUSIHUS JaHHBIX,
Ha JeKaapaTuBHOM s13bike HIL.
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METHODS OF ENTITY RESOLUTION AND DATA FUSION
IN THE ETL-PROCESS AND THEIR IMPLEMENTATION

IN THE HADOOP ENVIRONMENT

A. E. Vovchenko, L. A. Kalinichenko, and D. Yu. Kovalev

Mnstitute of Informatics Problems, Russian Academy of Sciences, 44-2 Vavilov Str., Moscow 119333, Russian
Federation
2Faculty of Computational Mathematics and Cybernetics, M. V. Lomonosov Moscow State University, 1-52 Lenin-

skiye Gory, GSP-1, Moscow 119991, Russian Federation

Abstract: Entities extraction, their transformation and loading in the integrated repository are the main problem
of data integration. These actions are part of the ETL-process (extract—transform—loading). An entity is a digital
representation of a real world object (for example, information about a person). Entity resolution takes care of
duplicate detection, deduplication, record linkage, object identification, reference matching, and other ETL-
related tasks. After the entity resolution step, entities should be merged into the one reference entity (containing
information from all related entities). Data fusion is the final step in the data integration process. The paper gives an
overview of the entity resolution and data fusion methods. Also, the paper presents the techniques for programming
the entity resolution and data fusion methods for implementing the ETL-process in the Hadoop environment.
High-Level Integration Language (HIL), a declarative language that focuses on resolution and fusion of entities in

the Hadoop-infrastructure, is used in this part of the paper.
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CONCEPTUAL MODELING OF MULTIDIALECT WORKFLOWS
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Abstract: This paper contributes to the techniques for conceptual representation of data analysis algorithms
and data integration facilities as well as processes to specify data and behavior semantics in one paradigm. An
investigation of a novel approach for applying a combination of semantically different platform-independent
rule-based languages (dialects) for interoperable conceptual specifications over various rule-based systems (RSs)
relying on the rule-based program transformation technique recommended by the W3C Rule Interchange Format
(RIF) is extended here. Such approach is combined with the facilities aimed at the semantic rule-based mediation
intended for the heterogeneous data base integration. This paper extends a previous research of the authors in
the direction of workflow modeling for definition of compositions of algorithmic modules in a process structure.
A capability of the multidialect workflow support specifying the tasks in semantically different languages mostly
suited to the task orientation is presented. A practical workflow use case, the interoperating tasks of which are
specified in several rule-based languages (RIF-CASPD, RIF-BLD, RIF-PRD), is introduced. In addition, OWL 2
is used for the conceptual schema definition, RIF-PRD is used also for the workflow orchestration. The use case
implementation infrastructure includes a production rule-based system (IBM ILOG), a logic rule-based system
(DLV), and a mediation system.

Keywords: conceptual specification; workflow; RIF; production rule languages; database integration; mediators;

PRD; multidialect infrastructure
DOI: 10.14357/19922264140413

1 Introduction

This work keeps on the intention of developing the fa-
cilities for conceptual declarative problem specification
and solving in data intensive domains (DID). In [1] it
was claimed that conceptual data semantics alone (e. g.,
formalized in ontology languages based on description
logic) are insufficient, so that conceptual representation
of data analysis algorithms as well as processes for prob-
lem solving are required to specify data and behavior
semantics in one paradigm.

The results presented in this paper® extend the re-
search [1] aimed at the definition and implementation of
the facilities for conceptually-driven problems specifi-
cation and solving in DID aiming at ensuring eventually
the following capabilities for expressing the specifica-
tions:

(1) an ability to provide complete and precise speci-
fication of the abstract structure and behavior of
the domain entities, their consistency, relationship,
and interaction;

(2) well-grounded diversity of semantics of the mod-
eling facilities providing for the best attainable
expressiveness, compactness, and precision of the

definition of the problem solving algorithm speci-
fications;

(3) arrangements for the extensions of the modeling
facilities satisfying the changing technological and
practical needs;

(4) specification independence from implementation
platforms (languages, systems);

(5) specification independence from concrete infor-
mation resources (IRs) (databases, services, on-
tologies, etc.) combined with facilities for their
semantic integration and interoperability; and

(6) built-in methodologies for creation of unifying
specification languages providing for construction
of semantics-preserving mappings of conceptual
specifications into their implementations in spe-
cific platforms.

The research reported in [1] investigated the con-
ceptual modeling facilities for DID applying rule-based
declarative logic languages possessing different, comple-
mentary semantics and capabilities combined with the
methods and languages for heterogeneous data media-
tion and integration. Two fundamental techniques were
combined: (7) constructing of the unifying extensible
language providing for semantics-preserving mapping
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into it of various IR specification languages (e. g., such
as data definition (DDL) and data manipulation (DML)
languages for databases); and (i7) creation of the unified
extensible family of rule-based languages (dialects) and
a model of interoperability of the programs expressed in
such dialects with different semantics.

The first technique is based on the experience ob-
tained in course of the SYNTHESIS language devel-
opment [2]. The kernel of the SYNTHESIS language
is based on the object-frame data model used together
with the declarative rule-based facilities in the logic lan-
guage similar to a stratified Datalog with functions and
negation. The extensions of the kernel are constructed
in such a way that each extension together with the ker-
nel is a result of semantic preserving mapping of some
IR language into the SYNTHESIS [2]. The canoni-
cal information model is constructed as a union of the
kernel with such extensions defined for various resource
languages. Canonical model is used for development
of mediators positioned between the users, conceptually
formulating problems in terms of the mediators, and
distributed resources. A schema of a subject mediator
for a class of problems includes the specification of the
domain concepts defined by the respective ontologies.

Another, multidialect technique for rule-based pro-
grams interoperability applied is based on the RIF stan-
dard [3] of W3C. The RIF standard introduces a unified
family of rule-based languages together with a method-
ology for constructing of semantic preserving mappings
of specific languages used in various RSs into RIF di-
alects. Examples of RSs include SILK, OntoBroker,
DLV, IBM Websphere ILOG JRules, RIF4J + IRIS,
and others (more examples can be found at http://
www.w3.0rg/2005/rules/wiki/Implementations). From
the RIF point of view, an IR is a program developed in
a specific language of some RS.

In [1], the first results obtained were presented in-
cluding the description of an approach and an infras-
tructure supporting:

— application domain conceptual specification and
problem solving algorithms definitions based on the
combination of the heterogeneous database me-
diation technique and the rule-based multidialect
facilities;

— interoperability of distributed multidialect rule-
based programs and mediators integrating hetero-
geneous databases; and

— rule delegation approach for the peer interactions in
the multidialect environment.

The proof-of-concept prototype of the infrastruc-
ture based on the SYNTHESIS environment and RIF
standards has been implemented. The approach for mul-
tidialect conceptualization of a problem domain, rule
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delegation, rule-based programs, and mediators inter-
operability were explained in detail and illustrated on an
use-case in the finance domain [1]. For the conceptual
definition of the use-case problem, the OWL was used
for the domain concepts definition and two RIF logic di-
alects RIF-BLD [4] and RIF-CASPD [5] were used and
mapped for implementation into the SYNTHESIS for-
mula language and the ASP (answer set programming)
based DLV [6] language, respectively.

The results obtained so far are quite encouraging
for future work: they show that the mentioned in the
beginning capabilities (1)—(6) sought for conceptual
modeling become feasible. This paper reports the results
of extending the research in the direction of modeling
of the processes for the problem solving following the
approach briefly outlined above. These results include
extensions of the infrastructure and specification lan-
guages considered in [1] to the workflow level keeping
the same approach and paradigm as well as aiming at
the capabilities of the conceptualization (1)—(6) that
were stated in [1] and mentioned in the beginning of the
introduction.

For investigation of such extension with respect to
the choice of rule-based languages, it was decided not
to go outside the limits of the existing set of the pub-
lished RIF dialects. Such decision would allow to retain
well-defined semantics of the conceptual rule-based lan-
guages with a possibility to check preservation of their
semantics by various languages of the implementing
systems.

The production rule dialect RIF PRD [7] has been
chosen as the language for the workflow modeling in such
away that the tasks of the workflow can have multidialect
rule-based representation (as defined in [1]). This paper
reporting the results of such investigation is structured
as follows. To make the paper self-contained, the next
section provides a brief overview of the infrastructure
supporting multidialect programming defined in details
in [1]. Here, it is stressed that this infrastructure is
suitable for the workflow tasks specification. Workflow-
oriented extension of the multidialect infrastructureis
considered in section 3. Use case implementation in
the proof-of-concept prototype is given in section 4.
Related works are reviewed in section 5. Concluding
Remarks summarize contributions of the research.

2 Basic Principles of the Workflow
Tasks Representation
in the Multidialect Infrastructure

Each workflow task (besides those that for pragmatic
reasons are defined as externally specified functions) is
assumed to be represented in the novel infrastructure

111



L. Kalinichenko, S. Stupnikov, A. Vovchenko, and D. Kovalev

Peer specifications

/" Rule-based program for RS
D;-conformant

RIF document
|-~ RIF dialect D;

Schema
mapping rules

-

Rule-based | uses ]
[ program } ----- {Schemaﬂ-
)

4 Mediator specifications RIF document

|- RIF dialect D

Schema
mapping rules

Logic
program

Conceptual specifications

Conceptual
specification
of a problem

Subject domain
conceptual schema

RIF document
RIF dialect D,

Core, PRD,
BLD, CASPD,
CLPWD, ...

. o

Imports,
remote module,

——

Dj-conformant
(.

external terms

Figure 1 Conceptual schema and peer specifications

defined in details in [1]. Conceptual programming of
tasks is performed using the RIF dialects (now not only
logic but also PRDs can be used).

Conceptual tasks are implemented by their transfor-
mation into the rule-based programs of the respective
RSs and mediation systems (MSs). Conceptual spec-
ification of a task is defined in the context of a sub-
ject domain and consists of a set of RIF-documents
(document is a specification unit of RIF). The con-
ceptual schema of the domain is defined using OWL
2 [8] ontologies. Such usage of ontology is analo-
gous to [9]; however, it is specifically important in the
multidialect environment due to the formally defined
compatibility between RIF and OWL. The ontologies
contain entities of the domain and their relationships
(Fig. 1, right-hand part). Conceptual specification
of a task is defined over conceptual schema. On-
tologies are imported into the RIF-documents spec-
ifying an import profile, for instance, OWL Direct.
Documents import other documents having the same
semantics (the Import directive), link documents de-
fined using other dialects and having different se-
mantics (remote module directive Module) or refer to
entities contained in other documents using external
terms.

Semantics of a conceptual task definition in such
setting becomes a multidialect one. The specification
modules of a task are treated as peers. Mediation
modules are assumed to be defined in RIF-BLD for
representation of the mediator rules (to be interpret-
ed in SYNTHESIS) supporting schema mapping and
semantic integration of the IRs. Multidialect task is
implemented by means of transformation of conceptual
specifications into modular, component-based peer-to-
peer (P2P) program represented in the languages of the
MSs and RSs with the respective semantics. Interop-
erability of logic rule components of such distributed
program is carried out by means of the delegation tech-
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nique [1, section 3.3]. Production rule components
are considered as external functions, interoperability is
achieved through the mechanism of external terms.

A schema S of a peer R is a set of entities (class-
es or relations and their attributes) corresponding to
extensional and intensional predicates of the resource
implementing the peer R.

The RS or the MS of each peer R should be a con-
formant Dy consumer where Dp is the respective RIF
dialect (Fig. 1, left-hand part). Conformance is for-
mally defined using formula entailment and language
mappings [3].

The peer Risrelevant to a RIF-document d of a con-
ceptual specification of a problem (Fig. 1, right-hand
part) if (i) D is a subdialect of the document d dialect
(subdialect is a language obtained from some dialect by
removing certain syntactic constructsand imposing re-
spective restrictions on its semantics [4]; each program
that conforms with the subdialect also conforms with
the dialect) and (i7) entities of the peer schema Sg (if
they exist) are ontologically relevant to entities of the
conceptual schema the names of which are used in d for
extensional predicates.

The schema of a relevant peer is mapped into
the conceptual schema. The mapping establishes the
correspondence of the conceptual entities referred in
the document d to their expressions in terms of enti-
ties of the schema Sy using rules of the Dy dialect.
These schema mapping rules constitute separate RIF-
document (Fig. 1, middle part).

Peers communicate using a technique for distributed
execution of the rule-based programs. The basic notion
ofthe technique is delegation-transferring facts and rules
from one peer to another. A peer is installed on a node of
the multidialect infrastructure. A node is a combination
of awrapper, an RS or an MS, and a peer (for the details,
refer [1, Fig. 3]). A wrapper transforms programs and
facts from the specific RIF dialect into the language of

INFORMATIKA I EE PRIMENENIYA — INFORMATICS AND APPLICATIONS 2014 volume 8 issue 4



Conceptual modeling of multidialect workflows

the RS or MS and vice versa. A wrapper also implements
the delegation mechanism. Transferring facts and rules
among peers is performed in the RIF dialects.

A special component (Supervisor) of the architec-
ture defined in [1] stores shared information of the
environment, i.e., conceptual specifications related to
the domain and to the problem, a list of the relevant
resources, RIF-documents combining rules for the con-
ceptual specification and a resource schema mapping.

Implementation of the conceptual specification in-
cludes the following steps:

(1) rewriting of the conceptual documents into the
RIF-programs of the peers performed by the Su-
pervisor. The rewriting includes also () replacing
the document identifiers (used to mark predicates)
by peer identifiers and (77) adding schema mapping
rules to programs (Fig. 1, middle part);

(2) atransfer of the rewritten programs to nodes con-
taining peers relevant to the respective conceptual
documents. The transfer is performed by the Su-
pervisor by calling the method loadRules of the
respective node wrappers;

(3) a transformation of the RIF-programs into the
concrete RS or MS languages. The transformation
is performed by the NodeWrapper or by the RS or
MS itself (if the RS or MS supports the respective
RIF dialect); and

(4) an execution of the produced programs in P2P
environment.

During the process of rewriting of the conceptual
schema into the resource programs, the relationships
between RIF-documents of the conceptual schema de-
fined by remote or imported terms are replaced by
relationships between peers also defined by remote or
imported terms. To implement remote and imported
terms, a rule delegation mechanism is used to transfer
facts and rules from one peer to another. The details
of rule delegation approach including description of the
related algorithms are provided in [1].

3  Workflow-Oriented Extension
of the Multidialect Infrastructure

The aim of the infrastructure proposed is a conceptu-
al programming of problems in the RIF-dialects and
an implementation of conceptual specifications using
rule-based languages of the RSs and MSs. One of the
objectives of this particular paper is to introduce an
extension of the existing multidialect infrastructure [1]
aiming at the conceptual specification of rule-based
workflows.

Conceptual specification of a problem (class of prob-
lems) is defined in the context of a subject domain
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and consists of a set of RIF-documents. Besides the
documents expressed in the logic dialects of RIFE, the
documents expressed in the production rule dialect
(RIF-PRD) also can be a part of conceptual specifi-
cation of a problem. In particular, these documents are
aimed to express a process of solving the problem as the
production rule-based workflow.

3.1 Specification of workflow orchestration

A workflow consists of a set of tasks orchestrated by
specific constructs (workflow patterns [10], for instance,
sequence, split, join) defining the order of tasks execu-
tion. The specification of such orchestration is called
here a workflow skeleton. A skeleton is defined using RIF-
PRD production rules. Workflows and workflow patterns
can be represented using production rules in various
ways, e.g., as in [10, 11]. The approach applied in this
paper to represent workflows requires the extension of
RIF-PRD dialect by several built-in predicates (they are
considered to be a part of wkfl namespace referenced by
http://www.w3.org/2014 /rif-workflow-predicate## URI
similarly to func and pred namespaces defined in [12] for
built-in functions and predicates of RIF):

— predicate wkfl:end-of-task(?arg) where ?arg is an
identifier of a task. The value space of 7arg is the
XML-Schema built-in data type xsd:Name repre-
senting XML names. The predicate turns into true
if a task 2arg has been completed;

— predicate  wkfl:variable-definition(?argl  ?arg2)
where 7argl is the identifier of a variable and
7arg?2 is the identifier of a type of the variable. The
value space for both arguments is xsd:Name. Turn-
ing the predicate into true means that a variable
7argl of type 7arg2 is defined in the context of
a workflow;

— predicate wkfl:variable-value(?argl ?arg2) where
7argl is the identifier of a variable and 7arg2 is
the value of the variable. The value space for the
first argument is xsd:Name, the value space for the
second argument is the union of value spaces of all
RIF built-in datatypes. Turning the predicate into
true means that a variable 7argl has the value ?arg2;

— predicate wkfl:parameter-definition(?argl ?arg?2
?arg3) where ?argl is the identifier of a work-
flow parameter; 7arg? is the identifier of a type of
the parameter; and ?arg3 is the direction of the
parameter. The value space for the first and for the
second arguments is xsd:Name. The value space for
the third argument is {IN, OUT, IN.OUT} (input,
output, or input—output parameter). Turning the
predicate into true means that a parameter 7argl
of type ?7arg2, and direction 7arg3 is defined for
a workflow; and
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— predicate wkfl:parameter-value(?argl 7arg2) defines
values of workflow parameters in the same way as
wkfl:variable-value defines values of workflow vari-
ables.

Predicates  wkfl.variable-definition —and  wkfl:
variable-value allow to specify workflow variables and
their values and thus to organize the data flow with-
in a workflow. Predicates wkfl:parameter-definition and
wkfl:parameter-value allow to specify workflow param-
eters and their values and thus to define the interface
of a workflow in terms of input and output parameters.
Using of workflow parameters and variables is illustrated
in the Appendix.

The predicate wkfl:end-of-task(?arg) allows to or-
chestrate the order of execution of workflows tasks using
conditions and actions of production rules. In this sec-
tion, the template rules intended for representation of
several basic workflow patterns (Fig. 2) are provided.

N

- B A
y B A / c
c B
Sequence AND-Split AND-Join

Figure 2 Basic workflow patterns

Three well-known workflow patterns are considered
below: Sequence, AND-Split, and AND-Join.

The AND-Split' workflow pattern is represented in
RIF-PRD by the following production ruletemplate us-
ing wkfl:end-of-task predicate:

If Not(External (wkfl:end-of-task(A)))
Then Do (Act(A)

Assert (External (wkfl:end-of-task(A))))
If And(Not(External (wkfl:end-of-task(B)))
External (wkfl:end-of-task(A)))

Then Do (Act(B)

Assert (External (wkfl:end-of-task(B))))
If And(Not(External (wkfl:end-of-task(C)))
External (wkfl:end-of-task(A)))

Then Do (Act(C)

Assert (External (wkfl:end-of-task(C))))

The template includes three rules for tasks A, B,
and C, respectively. Act(A), Act(B), and Act(C') denote
actions associated with tasks A, B, and C. Orchestration
(tasks B and C are executed concurrently right after
task A is completed) is specified using wkfl:end-of-task
predicate in conditions and Assert actions of rules.

Similarly, the AND-Split pattern is represented in
RIF-PRD by the following production rule template:

!In this paper, the simplified presentation syntax [7] is used.
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If Not(External(wkfl:end-of-task(A)))
Then Do (Act(A)

Assert (External (wkfl:end-of-task(A))))
If And(Not(External (wkfl:end-of-task(B)))
External (wkfl:end-of-task(A)))

Then Do (Act(B)

Assert (External (wkfl:end-of-task(B))))
If And(Not (External (wkfl:end-of-task(C)))
External (wkfl:end-of-task(A)))

Then Do (Act(C)

Assert (External (wkfl:end-of-task(C))))

The Sequence pattern is represented in RIF-PRD by
the following production rule template:

If Not(External (wkfl:end-of-task(A)))
Then Do (Act(A)

Assert (External (wkfl:end-of-task(A))))
If And(Not(External (wkfl:end-of-task(B)))
External (wkfl:end-of-task(A)))

Then Do (Act(B)

Assert (External (wkfl:end-of-task(B))))

More complicated patterns like OR-, XOR- splits
and joins, structured loops, subflows, and others are
represented in RIF-PRD similarly.

3.2 Workflow tasks specification

Workflow taskscan be specified as:

— separate RIF-documents in various logic RIF-
dialects (this is the way how multidialect infrastruc-
ture [1] is extended with workflow capabilities);

— separate RIF-documents in the RIF-PRD dialect;

— set of production rules embedded into the workflow
skeleton; and

— external functions treated as “black boxes.”

Semantics of tasks specified as multidialect logic pro-
grams are defined in accordance with the RIF-FLD |[3]
standard and standards for the respective RIF-dialects
(BLD, CASPD, etc.). Semantics of tasks specified as
production rule programs are defined in accordance with
the RIF-PRD standard. Semantics of external functions
“are assumed to be specified externally in some docu-
ment” [3].

All kinds of tasks (except those that are embedded
into a workflow skeleton) are referenced in the work-
flow skeleton as external terms [3] like External (t) where
term t is defined by an external resource identified by
internationalized resource identifier (IRI) [3].

3.3 Workflow implementation infrastructure

Workflows defined in the conceptual specification are
implemented in the environment shown in Fig. 3. Peer-
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Figure 3 Extended multidialect infrastructure

to-peer environment [1] intended to implement log-
ic programs is extended with a production rule-based
system (PRS) (for instance, a production system com-
pliant with the OMG Production Rule Representa-
tion [13]) and with external functions, implemented as
web-services. Implementation of the conceptual speci-
fication includes the following steps:

(1) transfer of the conceptual RIF-documents con-
stituting a workflow skeleton to the production
rule-based system node (performed by the Super-
visor component);

(2) transformation of the conceptual RIF-documents
constituting a workflow skeleton into the language
of the production rule-based system (performed by
the PRS Wrapper component);

(3) transferring RIF logic programs related to tasks to
the relevant nodes of the environment and trans-
formation of the RIF-programs into the concrete
RS or MS languages [1]; and

(4) execution of the workflow.

The interface of the Supervisor includes methods
for submitting and executing a workflow represented as
a set of RIF-documents, and for getting the result of the
workflow execution.

To provide a proof of the multidialect infrastructure
concept, a use case in the financial domain has been
implemented. The problem to be solved in the use case
is called the investment portfolio diversification problem.
The detailed description of the use case is included in
the Appendix.

4 Related Work

Two types of workflow models, namely, abstract and
concrete, were identified [14]. In the abstract model,
a workflow is described in an abstract form, without re-
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ferring to specific resources. In this paper, workflow rep-
resentation in abstract and platform-independent form
is suggested.

A classification model for scientific workflow char-
acteristics [10] contributes to better understanding of
scientific workflow requirements. The list of struc-
tural patterns discovered during this analysis (including
sequential, parallel, parallel-split, parallel-merge, and
mesh) influenced the choice of the required workflow
patterns.

The OMG standard [13] reflects an attitude to
production rules from the industrial side providing
an OMG MDA (model-driven architecture) platform-
independent model (PIM) with a high probability of
support at the PSM (platform-specific model) level from
the rule engine vendors. Similar capabilities though for-
mally defined are used as the basis for the RIF-PRD [7].

Some vendors of such production rule engines have
extended their languages with the workflow specifica-
tion capabilities. IBM has extended 1LOG to provide
the ruleflow capability. Microsoft supports Windows
Workflow Foundation as a platform providing the work-
flow and rules capabilities. The examples of specific
formalisms for PIM rule-based process specifications
are also provided in [11].

Comparing to the known variants of the PIM pro-
duction rule representations, selection of the RIF-PRD
is considered to be well grounded:

(1) the RIF-PRD is formally defined;

(2) RIF ensures support of interoperability of mod-
ules written in different rule-based dialects with
different semantics;

(3) RIF provides foundations for PIM to PSM seman-
tic preserving transformation; and

(4) RIF also provides ability for specification of the
concepts in application domain terms combining
rule-based specifications with the OWL ontologies.
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Importance of providing the interdialect interopera-
tionisadvocatedin [15] for combining the functionalities
of production systems and logic programs for abductive
logic programming (ALP). The ALP framework gives
a model-theoretic semantics to both kinds of rules and
provides them with powerful proof procedures, combin-
ing backward and forward reasoning.

Papers related to RIF-PRD experimentations are
focused mainly on the issue of the PRD programs trans-
formation to an implementation system. In [16], a case
study of bridging the ILOG Rule Language (IRL) to
RIF-PRD and vice versa is considered. In [17], im-
plementation of RIF-PRD in three different paradigms:
Answer Set Programming, Production Rules, and Logic
Programming (XSB) is investigated.

The contribution of this paper with regard to previ-
ous works of the authors [1] consists in extensions of the
infrastructure and specification languages considered
in [1] to the workflow level.

5 Concluding Remarks

Progress in the investigation of the infrastructure [1]
for the conceptual multidialect interoperable program-
ming in the abstract, rule-based, platform-independent
notations is reported. An extension of the coherent
combination of the multidialect rule-based program-
ming technique recommended by the W3C RIF with
the approach for unifying modeling of heterogeneous
data bases for their semantic mediation is presented.
The extension of the infrastructure and specification
languages considered in [1] in the direction of the work-
flow modeling is presented.

Sticking to the limits of the existing set of the pub-
lished RIF dialects, a capability of the multidialect
workflow support is presented with the tasks speci-
fied in semantically different languages mostly suited
to the task orientation. Also, a realistic problem solving
use case containing the interoperating tasks specified
in several platform-independent rule-based languages:
RIF-CASPD, RIF-BLD, RIF-PRD, is presented. In
addition, OWL 2 is used for the conceptual schema
definition, RIF-PRD is applied for the workflow or-
chestration. The platforms selected for implementation
of the tasks include: DLV, SYNTHESIS, IBM ILOG.
Such approach retains well-defined semantics of the
platform-independent rule-based languages with a pos-
sibility to check preservation of their semantics by various
languages of the implementing systems. The principle
of independence of tasks from the specific IRs is carried
out by the heterogeneous database mediation facilitates
contributing to the reuse of tasks and workflows. Along-
side with the further extension of the approach, in the
future work, the authors plan to apply the conceptual
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multidialect programming philosophy for support of the
experiments in data intensive sciences. In particular,
they plan to investigate modeling hypotheses in astron-
omy representing them as a set of rules applying the
multiplicity of the dialects required.

APPENDIX A
MULTIDIALECT WORKFLOW USE CASE

A.1 Investment portfolio diversification
problem extended

Motivation of the use case that illustrates the proposed ap-
proach comes from the finance area. The use case extends
the investment portfolio diversification problem defined in [1,
Appendix| by adding workflow orchestration applying the
RIF-PRD. The idea of the portfolio diversification problem is
as follows. The portfolio is a collection of securities of com-
panies, and its size is the number of securities in the portfolio.
The problem is to build a diversified portfolio of maximum
size. Diversification means that the prices of the securities in
portfolio should be almost independent of each other. If the
price of one security falls, it will not significantly affect the
prices of others. Thus, the risk of a portfolio sharp decrease is
reduced.

The input data for the problem is a set of securities and
respective time series of indicators of the security price for
each security. Time series for each security is a set of pairs
(d,v) where d is a date and v is an indicator of the securi-
ty price (for instance, closing price). The financial services
Google Finance (https://www.google.com/finance) and Ya-
hoo! Finance (http://finance.yahoo.com/) are considered.
They include various indicators of the security price for all
trading days of the last decades. For the diversified portfolio,
the securities having noncorrelated time series should be used.
Noncorrelation of the time series means that their correlation
is less than some predetermined price correlation value. The
output data for the problem is a set of subsets of securities of
the maximum size, for which the pair wise correlation will be
less than the predetermined one.

The maximum satisfying subset of securities is calculated
in the following way. Let G be a graph where the vertices are
the securities. An edge between two securities exists if abso-
lute value of their correlation is less than a specified number.
So, any two securities connected by an edge are considered
as noncorrelated. In such case, the problem of finding the
portfolio of the maximum size is exactly the problem of finding
a maximum clique in an undirected graph. A maximal clique
is a maximal portfolio. Note that several different maximal
portfolios can be found.

The conceptual specification of the use case [1] used two
RIF-dialects: RIF-BLD and RIF-CASPD. The use case was
implemented in the environment containing a mediation sys-
tem used as a platform for RIF-BLD [4] and ASP-based DLV
system [6] — a platform for RIF-CASPD. The RIF-BLD was
used to specify the problem of data integration, and RIF-
CASPD — the problem of finding a maximum clique in an
undirected graph.
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In this work, the portfolio use case is extended in the
following way. The goal is not only to build a set of diversified
portfolios, but also to choose the “best” of them according to
some criteria. There are several approaches to choose the most
appropriate portfolio.

The most recognized one is based on the Markovitz port-
folio theory [18]. The idea is to choose the portfolio, which has
the maximum risk/return ratio. The most well-known metric
to operate with risk/return is Sharpe-ratio [19]: (r, — r) /o>,
Here, 7, denotes the expected return of the portfolio; r; de-
notes the risk free rate; and o2 denotes the portfolio standard
deviation (risk). The more the Sharpe-ratio is, the better the
investment is.

Another approach is based on an idea that with the ad-
vent of social networks, it became possible to monitor ideas,
sentiments, actions of people and lots of available information
has to do with the markets and investments. In [20], Bollen et
al. draw the connection between the mood of investor tweets
and the move of Dow Jones Index, stating that correlation
between them is more than 80%. The idea of using tweets
to assess market movements has been implemented in several
hedge funds.

Combining these two strategies could provide benefits of
both of them, which leads to the following problem state-
ment: having S&P500 (a stock market index maintained by
the Standard & Poor’s, comprising 500 large-cap American
companies) list of companies, compute the diversified portfo-
lio of maximum size with the best risk/return and sentiment
ratios.

A.2 Conceptual specification
of the application domain
and the problem

Conceptual schema (ontology) of the application domain of
historical prices of securities is written in the simplified OWL
functional syntax [8] (Declaration keyword is omitted; proper-
ty, domain, and range declarations are combined).

Ontology(<http://synthesis.ipi.ac.ru/portfolio/
ontology>
Class(Portfolio)
ObjectProperty(securities domain(Portfolio)
range (Portfolio))
DataProperty(expected_return domain(Portfolio)
range (xsd:double))
DataExactCardinality (1 expected_return
Portfolio)
DataProperty(std_dev domain(Portfolio)
range (xsd:double))
DataExactCardinality(1 std_dev Portfolio)
DataProperty(sharpe_ratio domain(Portfolio)
range (xsd:double))
DataExactCardinality (1 sharpe_ratio Portfolio)
DataProperty(twitter_positive_ratio
domain(Portfolio) range(xsd:double))
DataExactCardinality(l twitter_positive_ratio
Portfolio)

DataProperty(risk_free_rate domain(Portfolio)
range (xsd:double))

DataExactCardinality (1 risk_free_rate
Portfolio)

DataProperty(recommended domain(Portfolio)
range (xsd:boolean))

DataExactCardinality (1 recommended Portfolio)

Class(Security)
DataProperty(ticker
range (xsd:string))
DataExactCardinality (1 ticker Security)
DataProperty(rates domain(Security)
range (StockRate))
DataProperty(positive_tweets domain(Security)
range (xsd:double))

DataExactCardinality (1l positive_tweets
Security)

DataProperty(sec_expected_return
domain(Security) range(xsd:double))
DataExactCardinality (1l sec_expected_return
Security)

DataProperty(sec_std_dev domain(Security)
range (xsd:double))

DataExactCardinality (1 sec_std_dev Security)

domain(Security)

Class(StockRate)
DataProperty(date domain(StockRate)
range(xsd:date))
DataExactCardinality(1 date StockRate)
DataProperty(price domain(StockRate)
range (xsd:double))
DataExactCardinality (1 price StockRate)

)

A portfolio (the Portfolio class) is characterized by a set
of securities (securities attribute) contained in the portfo-
lio, by several metrics: expected return (expected_return at-
tribute), standard deviation (std_dev attribute), Sharpe ratio
(sharpe_ratio attribute), risk free rate (risk_free_rate attribute),
and ratio of positive tweets mentioning securities of the port-
folio (twitter_positive_ratio attribute).

A security (the Security class) is characterized by identi-
fier (ticker attribute), time series of historical prices (attribute
rates), ratio of positive tweets mentioning the security (pos-
itive_tweets attribute), expected return (sec_expected_return
attribute), and standard deviation (sec_std_dev attribute).

The workflow of the extended portfolio problem is demon-
strated in Fig. 4. The workflow contains six tasks':

(1) getPortfolios. A set of diversified portfolio candidates is
computed. The multidialect task specification consists
of two RIF-documents in BLD and CASPD dialects [1,
Appendix]. Portfolios received as a result contain only
security tickers, they have to be augmented by financial
and sentiments ratios;

(2) getPositiveTweetRatio. This task is responsible for com-
puting a sentiment ratio of tweets for every security. Every

ITo save space, specifications are provided only for getPortfolios, getPositive TweetRatio, and computePortfolio TwitterMetrics tasks.
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getPositiveTweetRatio computePortfolioTwitterMetrics

getPortfolios choosePortfolio

getSecurityFinancialMetrics computePortfolioFinancialMetrics

Figure 4 Portfolio workflow

tweet is assessed to be positive, negative, or neutral. The  Group 1 (

task is specified as a call of external function; Forall ?sd 7ed such that (

(3) computePortfolioTwitterMetrics. The portfolio senti- External (wkfl:parameter-value(startDate ?7sd))
ment ratio is computed as the average of its securi- External (vkfl:parameter-value(endDate 7ed)) )
ties sentiment ratio. The task is specified using RIF- ( If Not(External (wkfl:

PRD: end-of-task(getPortfolios)))
Then

(4) getSecurityFinancialMetrics. Forevery security in a port-
folio the financial rates (the expected return and the
standard deviation) are calculated on the basis of histor-
ical rates of securities specified as an OWL 2 class of the
ontology of the application domain. The task is specified )
using RIF-BLD dialect;

(5) computePortfolioFinancialMetrics. The computation of ~ Forall ?ps ?p ?scs ?s ?t such that (

Do( Modify(External (wkfl:variable-value(ps
External (mws:getPortfolios(?sd 7ed) )))

Assert (External (wkfl:
end-of-task(getPortfolios))) )

the portfolio expected return, risk, and Sharpe-ratio is External (wkfl:variable-value(ps 7ps))
done within this task. The task is specified using RIF- 7p#?ps 7plsecurities->7scs]
PRD dialect; and 7s#7scs 7s[ticker->7t] )
(6) choosePortfolio. The best portfolio is chosen accord- ~ ( If And( Not(External (wkfl:
ing to maximizing the (Sharpe ratio * sentiment ratio) end-of-task(getTweets)))
coefficient. The task is specified using RIF-PRD dialect. External (wkfl:end-of-task(getPortfolios)))
Then

Workflow skeleton is specified as a RIF-PRD document

. . .. . D Modify(? iti t ts->
importing the ontology of the application domain: o( Modify(7s[positive_tweets

External (ofws:computeSecPosTweets(7t))] )

Document ( Dialect (RIF-PRD) Assert (External (wkfl:
Base(<http://synthesis.ipi.ac.ru/portfolio/ end-of-task(getTweets))) )
workflow#>) )
Import (<http://synthesis.ipi.ac.ru/portfolio/
ontology#> Forall ?ps ?7p such that (
<http://www.w3.org/ns/entailment/0OWL-Direct>) External (wkfl:variable-value(ps 7ps))
Prefix(ont<http://synthesis.ipi.ac.ru/portfolio/ 7p#7?ps)
ontology#>) ( If And(Not(External (wkfl:
Prefix(ofws<http://synthesis.ipi.ac.ru/ end-of-task (countTwitterMetrics)))
synthesis/projects/RuleInt/OpinionFinderWS#>) External (wkfl:end-of-task(getTweets)) )
Prefix (mws<http://synthesis.ipi.ac.ru/ Then Do (
synthesis/projects/RuleInt/MediatorWS#>) Modify (?p[twitter_positive_ratio->
External (func:numeric-divide(
Group 2 ( Sum{?pt | Exists
Do( ?scs 7s(7p[securities->7scs]
Assert (External (wkfl:parameter-definition( ?s#?scs ?s[positive_tweets->7pt])}
startDatexsd:string IN))) External (func:count(?7ps))))])
Assert (External (wkfl:parameter-definition( Assert (External (wkfl:
endDatexsd:string IN))) end-of-task(countTwitterMetrics)))
Assert (External (wkfl:parameter-definition( Y ) )
bestPortfolioont:Portfolio OUT)))
Assert (External (wkfl:variable-definition( Production rules of the document are divided into two
ps List<ont:Portfolio> IN))) groups. The first group with priority 2 contains rules defining
Assert (External (wkfl: workflow parameters and variable. Input parameters are start
variable-value(ps List()))) date and end date of historical rates used for calculation of
) portfolio metrics. Workflow variable ps denotes a set containing
) portfolio candidates.

118 INFORMATIKA I EE PRIMENENIYA — INFORMATICS AND APPLICATIONS 2014 volume 8 issue 4



Conceptual modeling of multidialect workflows

The second group with priority 1 contains the orchestration
rules — workflow skeleton. The only orchestration rule provid-
ed in the example above corresponds to the task getPortfolios.
The external function getPortfolios encapsulates a multidialect
logic program calculating portfolio candidates [1, Appendix].
A Modify action is used to call the function and to put the
returned result into the ps variable.

A.3 Revised portfolio problem infrastructure

The implementation structure of the use case is shown in Fig. 5.

The RIF-PRD workflow skeleton was transformed into
a program (rule set) in the 1ILOG [21] language combin-
ing production rules and workflow facilities (like fork and
sequence). The ILOG program was executed in the IBM
Operational Decision Manager tool [22]. In order to execute
ILOG programs, the underlying execution model (XOM) [23]
was defined as a set of Java classes: Portfolio, Security, and
StockRate. The Portfolio class corresponds to a financial
portfolio and contains as attributes a set of securities in it, its
expected return, standard deviation, Sharpe ratio, and twitter
positive ratio. Code of this class is provided below:

public class Portfolio {

private Collection<Security> securities;
private double expected_return;

private double std_dev;

private double sharpe_ratio;

private double twitter_positive_ratio;
// as of 05.04.14 US 5-year treasuries
private static double risk_free_rate
private boolean recommended;

0.0169;

Class Security corresponds to real world financial securi-
ties. The class contains as attributes a ticker, ratio of positive
tweet number to the sum of positive and negative tweets, a set
of stock rates, security’s standard deviation, and expected re-
turn. These attributes are set as responses to corresponding
web services queries:

public class Security {
public
public
public
public
public
public

String ticker;

double positive_tweets;
Collection<StockRate> rates;
double std_dev;

double expected_return;
static int number_of_periods

5;

StockRate is a simple class and contains just two at-
tributes — price and date:

public class StockRate {
public float price;
public String date;

}

Itis easy to see that the one-to-one mapping exists between
conceptual schema entities and execution model entities.

Parameters of RIF-PRD workflow skeleton (startDate,
endDate, and bestPortfolio) are mapped into the respective
parameters of ILOG rule set (Fig. 6).

The variable of RIF-PRD workflow skeleton (ps) is
mapped into a local variable of the rule set. Specification
of the variable looks as follows:

<?xml version="1.0" encoding="UTF-8"7>
<ilog.rules.studio.model.base:VariableSetxmi:
version="2.0"
xmlns:xmi="http://www.omg.org/XMI"
xmlns:ilog.rules.studio.model.base
"http://ilog.rules.studio/model/base.ecore">
<name>local_vars</name>
<variables name="ps" type="java.util.ArrayList"
initialValue=""verbalization="ps"/>
</ilog.rules.studio.model.base:VariableSet>

Rules of the RIF-PRD workflow skeleton are mapped into
ILOG ruleflow |23]:
flowtask portfolio$_$flow {
property mainflowtask = true;
property ilog.rules.business_name

DIEY Rule-based
loadRules node system
[PF] submitQuery wrapper
e[ting?cflli(os — [Pl getResult . fpeer as a logic program
g Multidialect 1
logic program [PF] '°§VdR“|es [PF] loadFacts
Production rule-based supervisor . -
system loadRules Peer as a mediator query Google
run [SFM] submitRuery Mediati " Finance
\ Rule-based Workflow [SFM] getResult ediation njegiation (=

IBM ILOG TSFM)] Task node | Vo ctem AUV,

as wrapper result
User ( / getSequrityFinancialMetrics PP - ;(ahoo!
Tasks inance

computePortfolioFinancialMetrics T

computePortfolioTwitterMetrics getTweets -

choosePortfolio Tweet result o
analyzer |- Twitter

getPositiveTweetRatio Web service
ass(mA Opinion finder
Sentiment analysis
Figure 5 Portfolio problem implementation infrastructure
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Ruleset Parameters

Define ruleset parameters.

Name Type Direction
startDate java.lang.String IN
endDate java.lang.String IN
bestPortfolio portfolio.Portf... OUT

Default Value Verbalization

start date
end date
best portfolio

Figure 6 Rule set parameters

"portfolio_flow";
body {
portfolio$_$flowtgetPortfolios;
fork {
portfolio$_$flow#getRates;
portfolio$_$flow
#computePortfolioFinancialMetrics;} &&
{ portfolio$_$flow#getTweets;
portfolio$_$flow#
computePortfolioTwitterMetrics;}
portfolio$_$flow#choosePortfolio;
}
};

ruletask portfolio$_$flow#getPortfolios {

property ilog.rules.business_name =
"portfolio_flow>getPortfolios";

body { getPortfolios.*}

};

ruletask portfolio$_$flow#
computePortfolioTwitterMetrics {
propertyilog.rules.business_name =
"portfolio_flow>
computePortfolioTwitterMetrics";
body { computePortfolioTwitterMetrics.* }
};

ruletask portfolio$_$flowtgetTweets {

property ilog.rules.business_name =
"portfolio_flow>getTweets";

property ilog.rules.package_name = "";

body {getTweets.*}

};

The computePortfolioTwitterMetrics, computePortfolio-
FinancialMetrics, and choosePortfolio tasks are implemented

as production rules in ILOG:
package computePortfolioTwitterMetrics {

use ps;
import portfolio.x;

rule computePortfolioTwitterMetrics {
property status = "new";
when { IlrContext() from 7context; }
then {
foreach (Portfolio p in ps) {
double 7twitter_metrics = 0;

int ?7length = 0;
foreach (Security security
in p.securities) {
7twitter_metrics= 7twitter_metrics +
security.positive_tweets;
7?length = 7length + 1; }
p.twitter_positive_ratio=
?twitter_metrics / 7length;

I3

The getPortfolios and computeSecurityFinancialMetrics
tasks are implemented by the following production rules in
ILOG:

package getPortfolios {
use ps;
import portfolio.;

rule getPortfolios {
when { IlrContext() from 7context; }
then {
ps = Supervisor.getPortfolios(startDate,
endDate) ;
}r3

Here, the Supervisor is the Java class wrapping execution of
logic programs in multidialect infrastructure including two
nodes [1]. The nodes correspond to the mediation system
(which integrates Google Finance and the Yahoo! Finance
services) and to a rule-based programming system DLV.

The getSecurityFinancialMetrics task uses the same in-
stance of the mediation system as the getPortfolios task. The
reason is that financial metrics are calculated using the his-
torical rates of the securities. This is exactly the information
that is extracted by the mediation system from Google Finance
and Yahoo! Finance. The difference between two tasks is that
the getPortfolios is implemented as a submission of a query to
the DLV node, but the getSecurityFinancialMetrics is imple-
mented as a submission of a different query to the Mediation
Node.

The getPositiveTweetRatio task is implemented by the
following production rule in ILOG:

package getTweets {
use ps;
import portfolio.;

rule getTweets {
when { IlrContext() from 7context; }
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Table 1 Metrics for the securities

Security identifier ~ Expected return

Standard deviation  Positive tweet ratio

COG 0.163 0.201 0.507
DO 0.015 0.019 0.651

EQR 0.150 0.022 0.846

FOSL 0.513 0.030 0.579

SCG 0.050 0.010 0.622

Table 2 Metrics for the portfolio candidates

Portfolio  Expected Standard Risk free Sharpe Positive Sharpe ratio
identifier return deviation rate ratio tweet ratio  x Positive tweet ratio
1 0.111 0.008 0.0169 11.755 0.660 7.758
2 2.400 0.507 0.0169 4.701 0.508 2.388
3 2.381 0.508 0.0169 4.662 0.557 2.597
4 2.347 0.505 0.0169 4.606 0.708 3.261
5 (best) 0.178 0.011 0.0169 14.227 0.641 9.120
6 0.147 0.008 0.0169 15.577 0.521 8.166

then {
foreach (Portfolio p in ps) {
foreach (Security s in p.securities) {
s.positive_tweets =
WebServices. computeSecPosTweets(s.ticker);

}rrr}

Here, WebServices is the Java-class wrapping invocation
of a web-service. The WSDL specification of the web-
service can be found at http://synthesis.ipi.ac.ru/synthesis/
projects/Rulelnt/OpinionFinderWS. The web-service, in its
turn, encapsulates a Java-program. The program first collects
tweetsusing the Twitter Streaming API. Afterthat, asentiment
analysis is done by the Polarity Classifier of the OpinionFinder
tool [24] which assesses if tweet is positive, negative, or neutral.
Finally, the sentiment ratio for every security in a portfolio is
calculated and returned as the result.

A.4 Result of the use case workflow execution

The results obtained by one of the use case runs are as follows.
The task getPortfolios computes portfolio candidates on the
basis of historical rates of daily closing prices of securities from
S&P500 list for the 2011—-2013. Six portfolios of size 5 were
calculated. Each portfolio is a set of identifiers (tickers) of
companies:

Candidate 1: { ALXN, BF.B, EW, POM, VNO }
Candidate 2: { BMC, JBL, LUK, MNST, POM }
Candidate 3: { AVP, BMC, JPL, MNST, POM }
Candidate 4: { ALTR, BF.B, BMC, DGX, PEG }
Candidate 5: { COG, DO, EQR, FOSL, SCG }
Candidate 6: { ADSK, GILD, INTC, POM, TJX }

The task getSecurityFinancialMetrics computes the ex-
pected return and the standard deviation for every security
mentioned in portfolio candidates. The task getPositive Twee-
tRatio computes positive sentiment ratios for every security
mentioned in portfolio candidates (500 latest tweets for every

INFORMATIKA I EE PRIMENENIYA — INFORMATICS AND APPLICATIONS 2014 volume 8 issue 4

security were used for the computation). Financial and twitter
metrics for several securities are provided in Table 1.

The task computePortfolioFinancialMetrics computes fi-
nancial metrics for every portfolio candidate on the basis of
respective metrics for securities in a portfolio. The task com-
putePortfolioTwitterMetrics computes sentiment metrics for
every portfolio candidate on the basis of sentiment metrics
for securities in a portfolio. Financial and twitter metrics for
portfolio candidates are provided in Table 2. The task choose-
Portfolio identifies the best portfolio by maximum value of the
products of Sharpe ratio and positive tweet ratio obtained for
every portfolio (see Table 2).
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2MoCKOBCKMIi rocy1apcTBEHHBII yHUBepcuTeT M. M. B. JloMoHOCOBa, (haKy/IbTeT BBIYMCIUTEIBLHOM MaTeMa-
TUKU U KUOEPHETUKY

AnHotamus: PaccMaTpuBaloTCs METOAbl KOHLIENTYaJbHOTO MMPEACTABACHUSI aIrOPUTMOB aHalIM3a NaHHBIX,
CPENCTB WHTETPAIINN JaHHBIX, a TAaKKe MPOIECCOB, HAMPABICHHBIX HA CHEIM(OUKALNIO CEMAaHTUKU TaHHBIX
U MOBEEHUS B eNIMHON napaaurMe. PacuimpsieTcss HOBbIM MOAX0 K MPUMEHEHUI0 KOMOMHAIIMU CEMaHTUYeCKU
Pa3IMYHBIX TIaTGOPMOHE3aBUCUMBIX SI3bIKOB Ha MpaBujax (IMaJeKTOB) /s CO3AaHUSI MHTepornepade bHbIX
KOHIENTYaTbHBIX CHIeTNMUKALINIA HA/l pa3TUIHBIMY CUCTeMaMu Ha mpaBuiiax. [loaxonm onupaercst Ha METOIUKY
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B MPOLIECCHOM CTPYKType. PaccMOTpeHbl BOZMOXHOCTHU crielMduUKalMKU 3a1a4 B MYJbTUIUATEKTHBIX MOTOKAaX
paboT ¢ TMPUMEHEHNEM CEMaHTMYEeCKU Pa3TUYHBIX SI3bIKOB, HanOoJee TOAXOMSIINX TSI KOHKPETHBIX 3a1ad.
IpuBeneH mpakTUYECKUil MPUMEP MOTOKAa PpadoT, 3alayd KOTOPOro creuudUuIIMpoBaHbl ¢ UCMOJb30BaHUEM
HecKobKuX s13bIk0B Ha npabwiax (RIF-CASPD, RIF-BLD, RIF-PRD). [lns onpeneneHusi KOHIENTYaJlbHOM
CXEMBI MCIOJIb30BaH i3Ik OWL 2, Isi 0pKecTpOBKM TMOTOKa paboT mcnoib3oBaH A3bik RIF-PRD. Mubpa-
CTPYKTypa peaju3aliuy npumepa BKIIOYaeT CUCTEMY Ha MpoayKiMoHHbIX npaBwiax (IBM ILOG), cuctemy Ha
Jornyeckux nmpasuiax (DLV) u npeaMeTHbI TOCPETHUK.
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Abstract: This paper introduces a new approach to the analysis of information systems (IS) evolution based
on a range of technological activities. The issue centres on the prospect that Web-driven IS will be expanded
from business processes to other domains of activities. The classical approach by which automation eliminates
bottlenecks in business processes does not work under these conditions. Current trends in information technologies
(IT) increase the capability for Web integration that leads to new types of virtual systems that will create a new Web
architecture, conditionally named a Web “spiral.” The spiral type of integration on Web supported by integrated
cross-industry solutions is more promising and effective in comparison with the “radial” ones. The paper describes

this new class of IT systems.
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1 Introduction

Not much time has passed — on a historical scale —
since computers came on the technology scene. Howev-
er, the time and origin of invention and even authorship
are still under discussion. Clearly, the improvement
in computing is a process that combines a variety of
ideas, technologies, and drivers. In Japan, for example,
according to some sources, computing after the war had
tight links with the emergence of telephone switchboards
(http://museum.ipsj.or.jp/en/computer/dawn/0005.
html).

In the U.S., one of the motivations for searching
new ways of information processing was difficulties in
working with clerical card indexes in the first 30 years
of the XX century. In the USSR, the first prototypes of
computing technology were closely associated with de-
fense programmes and space research and development
(R&D). After its birth, computing technology began to
show not only rapid development, but also the ability to
penetrate virtually all spheres of human activities, going
far beyond the range of tasks originally referred to. With
the emergence of local area network (LAN) and Inter-
net, computing evolved along with telecommunications
originating the term “information and communications
technology” (ICT).

Current ICT development reflects the issues that are
relevant to the professional roles of specialists involved.
Information managers view as dominant the phenome-
nal data avalanche that has to be overcome with the help
of high performance parallel computing. The IT ar-
chitects are concerned about the complexity of systems
integration. Business analysts are trying to cope with the

growing number of approaches and notations defining
business process modeling.

Narrow professional observations on the issues lead
to multiple conclusions in which direction the Web of
the Future will go. The center of gravity of such observa-
tions, if focused on the technical qualities of new IT, are
considered here in comparison with each other, in isola-
tion from the economy and lifecycle (LC) environment
in which they operate.

Dominant approaches are looking like a kind of tech-
nological Darwinism, most characteristically expressed
by Gartner’s hypercycle of emerging technologies [1].
Meanwhile, automation has firmly implemented in the
overall human environment, the conditions of existence
which are regulated by known factors, such as economic
crises, resource depletion, population growth, and many
others. The IT fashion is changing rapidly. In one to two
years, new bright idea is highlighted. One can endless-
ly study trends whilst more practical question stays in
shadow — what artifacts will appear at their crossroads?

A more general conception for describing the evolu-
tion of IT systems has been proposed by IBM Almaden
Lab. They noted the marked complexity of models and
objects, which designers of modern IS face today. The
concept is presented in the form of a new Science of Ser-
vices, Management, and Engineering (SSME) aimed
at developing design techniques for highly complex
objects. Stakeholders may include large organizations,
cities, and even whole states. (http://campustechnology.
com/articles/2009/04 /13 /ibm-and-higher-ed-push-for-
a-smarter-planet-with-ssme-curriculum.aspx).

Viewing IT evolution from the SSME perspective,
one may come to the conclusion that a classical ap-
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Figure 1 Evolution of automation scale and impact criteria

proach to IT system design, based on business processes
analysis, does not work here at all, or must be exten-
sively revised. The reason lies in the multiplicity of such
processes that must be simultaneously analyzed and au-
tomated. Additionally, advanced complex IT systems
automate not one or a few business processes but whole
domains of activities in general. In such cases, one is
faced with a large number of processes and technolo-
gies embedded in living environments; so, each of them
needs to be repeatedly changed, removed, or substituted.
This leads to the necessity of an initial analysis of the
domain itself and, second, the related business process-
es, implying transition to a meta-design approach, and
the modification of basic ICT system design, scaling to
domain of activity. Under the term ‘activity,” the bunch
of connected business processes, covering professional
areas (domains), supported by groups of technologies
with the purpose of improving economic efficiency is
considered. Hence, automation and virtualization in this
work are regarded as group technologies for the repro-
duction of the artificial environment with the purpose of
significantly improving business performance.

In this paper, the system and design aspects of future
Web evolution are investigated that will undoubtedly af-
fect the architecture and LC of IS. Below, the stack of
activities is introduced which analysis can help to make
some predictions on ICT development in the near fu-
ture. Figure 1 shows automation changes in terms of
scale and added-value criteria.

In this paper, the present author will try to find
some answers on described above issues considering Web
as self-organizing, self-sustaining, and evolving system
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with multiple direct and feedback connections between
domains.

2 Lifecycle Ecosystem

An area of activity (domain) as functionally homoge-
neous set of business processes and technologies appear
in division of labor is considered. Quantity, composition,
and relationship between such activities form products
LC and environment that represent a model of techno-
logical expansion. It uses the principle of procreation,
when the original activity generates the following one
as a result of internal conflict that limited its capacity
(Fig. 2).

First of all — LC realization is impossible without
resources. Therefore, the root domain will be 1. “Access
toresources” activity. This domain is denoted by number
one, and main types of resources that are consumed by
the technology community create a set of subdomains.
Let list them in a logical sequence — from basic to the
more complex ones appearing later:

1.1 Data (information resources) collection.
1.2 Natural resources extraction.
1.3 Finances.

1.1 “Data collection.” This is the root activity in
number of basic types playing fundamental role in every
human’s life and society in general. Probably for this
reason, the history of automated systems started with
the automation of information processes. Since that
and going on, automated systems are called as “infor-
mation.” Without this subdomain, the very existence of
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Figure 2 LC Ecosystem

society is impossible. Initial stage here is observation.
After that, people are beginning to measure the observed
phenomena. Next stage is introduction measures of
weight, distance, and time. Then development moves
towards the inventions of better tools to collect infor-
mation. Thus, new tools and correspondently domain
states appeared: microscope and telescope, photog-
raphy, microphone, audio recording, telephone, x-ray,
filming, radar, video, electronic microscope, sensors and
telemetry, space probe, databases, search engines, scan-
ner, geopositioning, global information systems. Each
tool opened new and more powerful opportunities for
high quality information activities.

1.2 “Natural resources extraction.” To implement
new technologies and inventions, natural resources are
needed. They determine the place of this activity. Stages
evolve in the direction from the exploitation of the bio-
sphere and then — extraction and use of minerals and
metals (mining), extraction of hydrocarbons, uranium
enrichment. The sequence of stages is moving from easy
to more difficult availability and after that — to creation
of artificial resources, recycling, and meta-materials [2].

1.3 “Finances.” Recourses evolution also came from
natural to artificial and led to emergence of money as
more general and valuable recourse. Milestones indicat-
ing the progress of this type of activity are: introduction
into circulation of money substitutes, coinage, emer-
gences of usury and banks, invention of paper money,
introduction into circulation of securities to financial
markets, globalization and automated support of finan-
cial markets.

Intra conflict: resources cannot be used instantly at
the place of extraction. This conflict is an origin of new
type of activity — 2. “Transfer.” Subdomains in this area
are also ordered by complexity:

”

2.1 Information channels.
2.2 Material channels (transport, pipelines, energy
lines).
2.1 “Information channels.” Stages that mark the
domain expansion form a sequence starting of person-
al contacts between people, and further on — postal
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service, electrical transmission of discrete information
(telegraph, teletype), electromagnetic analog transmis-
sion (telephone, radio), digital communications, com-
puter networks, satellite repeaters.

2.2 “Material channels.” Transfer of resources ab-
sorbs achievements of related domains and is developing
toward modern supply chain. They provide movement
of'alarge number of people, transportation of goods, raw
materials and energy. Stages marked expansion in this
domain are: road construction, use of natural ways (river
and sea), the emergence of railways, air transport, con-
tainer transport, and, finally, modern automated supply
chain.

Intra conflict: inability of immediate use resources by
end user. To improve this, they must be processed, which
generates the next logical domain — 3. “Production.”
Its subdomains:

3.1 Power production.
3.2 Production of goods and services.

3.1 “Power production.” Previous activity of extrac-
tive industries makes basis of energy production. On
qualitative scale of stages, one may mark use of muscular
energy as a starting point and further on, opening of
fire, use of wind and water energy, steam energy (in
the beginning of the industrial revolution), electricity,
nuclear energy, alternative energy sources in a modern,
high-tech version, and, finally, thermonuclear (fore-
cast). Evolution of this domain makes it possible mass
productive activity in the next one.

3.2 “Production of goods and services.” Initial mile-
stone of this activity is served to satisfy primary needs
with the help of manual production of food, clothing,
and footwear. Next step is providing of services. Then
goes the chain of stages: deployment of production of
consumer goods on a commercial scale, industrial and
residential construction, heavy machinery, entertain-
ment business, high-tech manufacturing of communi-
cations and computing equipment.

Intra conflict: manufactured products and services
must be delivered to consumer. This function is outside
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this domain, which generates the following area 4. “Dis-
tribution.” Communities cooperate with each other
by information, services, and products exchange they
produced as objects of trade. So, according to this
logic, trade became the following domain of activity
in the constructed technologic stack. It has evolved
from a simple barter towards the emergences of money
trade, after that — major trading houses, laying large
trade routes and distribution channels, unification of
production, transportation, and sales businesses, global
international trade, sales through communication chan-
nels and networks (television, mail, catalogs, and over
the Internet).

Stages of this area include: barter, monetary trade,
wholesale, trading networks, integration of trade and
production, global trade, and trade through communi-
cation channels.

Intra conflict: Customers are buying goods which
quality is entirely determined by the manufacturer. This
may not comply what customers are really need. In
domain evolution, certain number of compensational
tools was born and developed: advertising, marketing,
etc. However, these tools are not always fully able to sup-
press this conflict manifestations. Flexible production is
a way to solve it getting feedbacks and experience from
products use history.

The fifth domain is “Use.” Its subdomains, as well
as subdomains of all other activities arranged by the
principle “from simple to complex” are taken here from
classical Maslow pyramid [3]:

5.1 Satisfaction of physiological needs.
5.2 Safety needs.

5.3 Social needs realization.

5.4 Esteem support.

5.5 Realizing of personal potential.

Intra conflict: produced items with time become
morally and physically outdated and must be recycled.

6. “Recycling” — next and the last activity in the
row of domains that form LC chain of activities. Its
implementation became more difficult with increasing
scales of production, using modern synthetic materials,
pollution, and many other factors.

Main stages: indiscriminate dumping of waste; dis-
integration technologies; and recycling and reuse.

Intra conflict: environmental pollution. It can be
solved by sending of extracted reusable resources into
initial first domain with cross-domain feedback.

Technology development makes LC more complex,
and an inherent intra conflicts increase their vulnerabil-
ity. Compensatory mechanisms bring to life two other
large domains 7. “Lifecycles support” and 8. “Lifecycles
update.”
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7. “Lifecycles support” includes business process-
es and technology that support existing industries and
all domains included in LC ecosystem. It has four
subdomains:

7.1 “Learning.”

7.2 “Management and organization.”
7.3 “LC services.”
7.4 “Meta-security.”

7.1 “Learning.” Information shared through com-
munication channels has to be analyzed. Analysis results
in the new knowledge. Large number of professions is
associated with the knowledge accumulation and shar-
ing. Development is moving from primary artifacts in
the form of oral tradition, education, and then, after
invention of writing, towards book printing, calculation,
research, establishment of educational and research in-
stitutions, lecturing by radio and television, knowledge
bases/expert systems, computer-aided learning systems,
social networks, virtual universities, and, finally, to virtu-
al labs and universities. However, knowledge consump-
tion must be effective and purposely managed. Later
stages include knowledge socialization where new role
functions appeared: leaders, experts, facilitators, and
others that support the process of knowledge exchange
in networked social groups. They also need to be man-
aged.

7.2 “Management and organization.” Every domain
has its specialties in division of labor processes. It in-
creases performance of society in general. On top of
this division, management plays special role to improve
effectiveness of every domain by better organization and
resources utilization.

Initial stages here are: management of row infor-
mation, communications management, and knowledge
consuming management. Then, path of evolution goes
to emergence of organizational skills, processes manage-
ment, organizations structures management, material
objects control (tools, machines), asset management,
and territories and global structures governing (states,
transnational corporations).

Improving social performance by organizational
means quickly achieves the limits where performance
stops growing. To complete the mission of forth domain,
additional instruments are needed. Technology, inno-
vations, and inventions are these tools. Needs in their
development are calling for life next area of activity.

7.3 “LC services.” This subdomain of meta-activity
provides B2B (Business-to-Business) is services that dif-
fer than B2C (Business-to-Customer) serviced which
are producing by subdomain 3.2. Technology expansion
is growing from repair on demand to subscription for
services, CALS (Continuous Acquisition and Lifecycle
Support), web-services for LC updating, and embedded
self-services.
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7.4 “Meta-security.” Very important subdomain that
defends all other activities from various threats. Col-
lapse and damage to any of its elements are fraught with
losses and even economic or social disasters. That is
why, all other domains contribute to its maintenance,
and, in its turn, domain provides a feedback to all other
stack’s elements. Milestones and specific implemen-
tations are: the emergence of the concepts of society,
property, including intellectual property, and from here
onwards — personal rights and duties, emergence of law
and legislation, tools for protection of family and pos-
sessions, health, judiciary, police and security guards,
armed forces, international law, and cyber defense.

Intra conflict: multiple LC, heterogeneous tech-
nologies and manufactured products cannot be effec-
tively organized by supporting tools. Quality of training,
maintenance, management, and security measures often
follows by incidents that show backlogs off requirements
to LC sustainability. This demands permanent improve-
ments and innovations. For such purposes, the ecosys-
tem of LC evolution contends 8th domain — “Lifecycles
update” that is dedicated to modernize, renovate, opti-
mize, and integrate LC.

Unlike “Lifecycle support,” this domain’s technolo-
gies replace old LC by the new ones or, at least, introduce
new elements and provide LC adjustment and optimiza-
tion. It also contents three main subdomains:

8.1 “Meta-design.”

8.2 “Meta-automation.”

8.3 “Meta-economy.”

8.1 “Meta-design.” In context of this paper, the term
is associated with innovative and inventive activity, the
result of which is modernization and replacement do-
mains (1—6) with new and modern components. It also
means design of LC, their integration and optimization.

Accumulated knowledge as well as managerial and
organizational skills allow invent and produce tools of
increasingly perfect design on industrial scale. Its cre-
ative stages and expansion phenomena in some senses
repeat the picture of development in “Management”
for current domain’s purpose and is also directed to
improvement of technological culture. Very important
inventions were made in basic domains starting progress
with inventions in data collection (computer images
that represent designing objects, etc.), communications
(mapping, navigation instruments, etc.), and knowledge
accumulation (writing, printing, etc.).

Further evolution goes through inventions of orga-
nizing technologies, towards specialization of industries
and crafts, drawing, technology development and man-
ufacturing processes of these objects, production of
technology equipment, automation, and virtualization
of manufacturing.
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8.2 “Meta-automation.” Unlike single IS imple-
mentations, “Meta-automation” belongs to a class of
“system of systems” for it affects not only separate busi-
ness processes but the parts of the whole domains. It
can be regarded as an instrument for domains efficiency
management; however, unlike economy tools, “Meta-
automation” makes it with different means.

Initially, automation pasts the simplest form allowing
reduction of LC cost by replacing manual labor. Then,
it goes in a way of creation an artificial environment that
increases business processes performance in all others
domains. That is the reason why evolving stages of au-
tomation repeat sequence of described human activities
expansion. Evolution started with the first milestone
that represents the concepts and initial prototypes of IS
and databases, which at one time were considered as
main computer applications for indefinitely long term.
According to some sources, in 1962, American company
System Development Corporation first coined the term
database (http://en.wikipedia.org/wiki/Database).

Next milestone was circuit switching. ARPANET
project where packet switching was first implemented in
communications between computers became the third
one.

This key technology opened the era of network-
ing. Next is a milestone that marks the period when
efforts were focused on management control system
(MCS) later evolved in ERP (Enterprise Resource
Planning). Boom of CAD/CAM (computer aided de-
sign / computer aided manufacturing) evolved in CIM
(computer integrated manufacturing) and factory au-
tomation made the following states of development. It
produced complete systems including not only computer
graphics, but robotic workstations, information retrieval
systems, plotters, and various versions of LAN. Seventh
milestone: noticeable progress in simulation modeling
of economic processes and the development of computer
models of the economy.

Communication protocol TCP/IP (Transmission
Control Protocol / Internet Protocol) opened new era.
Speed and scale of Internet as unprecedented in human
history monster artificial environment mean a new phase
of automation — spread or even absorption of all kinds
of human activities by sociotechnosphere. With the im-
plementation of Internet technologies, sociotechnical
systems, concepts of which appeared in the 1960s [4],
nowadays reached a new level. It leveraged by deep
penetration of IS and all kinds of technology in social
and organizational structures, as well as the quality of
innovations. The influence of this phenomenon will be
discussed in the following sections.

8.3 “Meta-economy” is a toolkit of economic regu-
lation not inside but under LC. Activity that determines
behavior of industrial units.
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Intra conflict: similar to the case of “LC support”
domains, the contradictions lie in multiplicity of LC that
make it difficult to effectively coordinate all instruments
of updating and innovations. Predicted solution is the
development of Meta-design technologies to leverage
LC modernization.

It should be noted that both domains (7 and 8) have
also an external additional conflict between them since
stability and modernization are inherently contradicto-
ry concepts. For example, implementation of advanced
and saving car engines was periodically hampered by oil-
producing companies interested in increase consuming
of petroleum for internal combustion engines. Never-
theless, economic conditions tightening shifts the equi-
librium between the domains in favor of modernization
and forces manufacturers to accelerate the transition to
new LC design. Measures taken to energy saving in
the current crisis stimulated the development of “green”
technologies and production of economic components
for electronics and lighting.

3 Technologic Stack of Activities

Stack of activities is a model for presenting a set of key
areas of lines of business (LOB), or business domains, in
logical connection between the individual domains. In
definition of “activity” which was introduced above, two
entities are presented — the set of business processes and
a variety of technologies. For this reason, one can build
up two types of stacks — first, the processes stack and,
second, the technological stack of activities. This couple
gives an overall model for domain description. However,
in this paper, we, in the first turn, are interested in IT
analysis and, therefore, should focus on building a tech-
nological stack. Then, it will be applied to exploration
of Web evolution.

Theoretical model of technology stack is
N-dimensional. In fact, the stages also have their his-
tory, description, and content parameters, which imply
the possibility of including additional elements called
states. So, three-dimensional (3D) stack will include
a description of each stage decomposed by states. For
example, for stage “construction industry” in domain
“Production of goods and services” (8 — 8.4), addition-
al chain of stage decomposition will appear: 8.4.1 “Use
of natural shelters” — 8.4.2 “Construction of stone and
wood” — 8.4.3 “Construction of the man made mate-
rials” — 8.4.4 “Use of 3D printers.”

Each state may be subjected to further decomposi-
tion, etc. until the desired degree of granularity is ob-
tained. For studies in local business areas, it is possible to
make slices of this model. For the immediate objectives
of the present study, the two dimensions of model are
enough and will not sufficiently distort the results.
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Stack element (domain or milestone) affects oth-
ers with direct links and feedbacks. Direct links mean
that progress could be measured by emergences of new
milestones in higher positioned domains. Feedbacks are
measured by the progress observed in previous domains.

When direct links and feedbacks form a loop, it gives
an enhanced effect of activities interaction often de-
scribed as a “revolution.” Thus, feedback from banks
and users capital (activity “Finance”) to the activity
“Production of goods and services” and backward made
a loop and gave direct effect in the creation of capitalist
industry (the first industrial revolution) and a modern
market economy. Direct links from activity 7.1. (“Learn-
ing”)to 8.2. “Meta-design” led to invention of computer
as a mean of information processing. Implementation
of computing in lower domains in all subsequent forms
provided an effect, often defined as the second industrial
revolution.

Stages of technology evolution form the space that
may be defined as “Space of Technology” (Fig. 3). Tech-
nologic stack enables one also to fix the level of social
and technology development. If one draws a line across
the selected milestones, it will be a line of development
level.

The lower level of development crosses the initial
stages of domains and forms the foundation of “Space of
technologies.” Higher stages of domains mark the front
of development in technological space.

North-West corner of built technologic space cov-
ers basic technologies taken from nature and natural
analogs. Large scale automated systems are concentrat-
ed in the South-Eastern corner. They leverage tech-
nologically closed communities with artificial internal
rules of existence.

Direction from the North-West to the South-Eastern
corner figuratively plays a role of vector of development,
on which the most crucial inventions, technologies, and
discoveries are located.

4  Special Role of Automation
in “Space of Technologies”

Mentioning this special role of meta-automation in
shaping of technology, let make the closer look on evo-
lution of this domain. Web is the space for interaction.
Men, machine, and system are the general parts of such
interaction between them in IT environment. Let al-
so fix three modern types of Web environment in which
interaction is taking place: user centered, machine dom-
inated, and systems integrated.

Computing platforms and algorithms also play very
important roles. But in this sense, these roles supporting
and computing evolution will go in the direction to satisfy
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Figure 4 Basic IT classes supporting interaction in Web

the growing demands coming from further development
of interaction needs. Hence, let build classification that
presents generic classes of automation that support Web
interaction using these 6 entities (Fig. 4).

Constructing this classification, the rules introduced
early have been followed: classes evolve from simple to
sophisticated — from left higher corner to the right low
one. And each higher class may absorb and use all tech-
nology solutions of lower classes. And the present model
is 3D that gives possibilities for classes to provide new ar-
tifacts as vertical components of the model. Interaction
tools between human and user centered environment set
up the initial class. It is data flow supporting technolo-
gy — e-mail, e-messengers, Skype, and so forth.

Second class contents the means for intercommu-
nion among machine and user centered environment.
They are Interface design technology and examples in-
clude standard API (application programming inter-
face), speech-gesture interfaces, Google glasses, and so
on.

The next class is Enterprise. This type of technology
intermediates between work stations (user centered en-
vironment) and systems. Commercial ERP systems also
satisfy this class definition.

Then, class with Smart devices is going. It helps one
to operate in machine dominated area: smart houses,
machine control with embedded processors, etc.

Evolution of machine—machine interaction is based
on intelligent protocol class of technology. The exam-
ples are SDN (software defined networking), intelligent
navigation software.

Systems managing machine class demands use of
robotic conception. Artificial intelligence mechanisms
must be embedded in drones (UAV — unmanned aerial
vehicle)), industrial and military robots for their naviga-
tion, interaction and mission execution.

Next step in Web interaction evolution is emerging
of the new technology class that permits human to solve
complex tasks in system integrated media by use of nat-
ural language (NLP — Natural Language Processing).
This class does not include relatively simple voice recog-
nition technology related to interface class. It has a deal
with Q&A (questions and answers) system, artificial
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intelligence for decision-making, advanced training sys-
tems, etc. IBM Watson is a good example of commercial
system that occupied this position.

Further, let come to Smart systems class of interac-
tion technologies permitting any machine to be inte-
grated and interact in systems environment. This class
is a child of fast developing cloud technology, social
networking — from computing side, and demands to
smart consuming of resources — from side of economy.
Examples embrace IBM series of Smarter Planet system
that will be considered in more details later on.

The last, ninth, and the highest class is System of
systems technology. The most spectacular example of
this type is Web itself. Applying the famous analogy of
Internet and real web made by spider — a wonderful
example of natural stress-resistant construction — it is
possible to answer the following question: What qual-
ity of our IT Web that is the greatest artificial system
in human history, provides its integrity instead possible
fragmentation with increasing complexity?

In the model shown in Fig. 3, one may recog-
nize “radial” “filaments” of WWW (world wide web)
representing industrial/LOB directions of automation
technologies development. Cross-industries connec-
tions of automation milestones shown there represent
“gspiral” way of integration. Cloud computing, social
networks, and M2M (machine-to-machine) technolo-
gies open practically unlimited prospects for such in-
tegration. Projects of global free wi-fi like Outernet
(https://www.outernet.is/) have to accelerate move-
ment toward “spiral” at the humanitarian (healthcare,
education, etc.) parts of it. Some assessments show that
15 billion devices will be connected by 2015 (Intel) in In-
ternet of Everything (IoE) that will cover of $14.4 trillion
(Cisco) [5]. One may foresee that further development
of AHCP (Ad-Hoc Configuration Protocol) inside in-
telligent protocol class will open the possibility of smarter
integration when IT platforms of “spiral” systems could
“negotiate” with each other and install proper ad hoc
configuration. Large potential of intellectual integration
is opened by IBM Watson. With ability to deep intelli-
gent search of absent and necessary system’s components
based on artificial intelligence, Watson computer will be
very useful assistant in design of “spiral” systems.

Mentioned technologies produce powerful synerget-
ic effect for automation development providing WWW as
platform for further deployment of extralarge complex
systems, predicted above as class 9 (see Fig. 4). Grow-
ing in scale and accumulating innovations taken from
different domains, such types of systems will reinforce
total WWW performance and lead to new web topology
which is similar to weaving of web spirals. One may call
it “spiral” architecture, employing mentioned parallel.
And, correspondingly, such future systems will be called
as Web “spiral” systems.
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In meta-automation expansion scenario outlined
here, the described 9 classes of interaction technologies
are used as reference solutions that determine general
direction of developments.

Each domain produces technology that tends to ex-
pand into others domains “territory.” As a result of
expansion, communication technologies are observed
everywhere, e-learning is everywhere. Power and trans-
port are also penetrating in every part of technological
space. It will be shown that automation like each other
activity enjoys this ability but beside this, it also possesses
some special features that make it meta-activity.

As was noted above, each domain may be decom-
posed into subdomains. Technological breakthroughs
corresponding to each of them can be represented as
innovative milestones that determine “vertical” or “ra-
dial” directions of technology diffusion. New milestone
also provides impacts to neighborhood environment in
horizontal directions through direct and feedback con-
nections. As a result, all of the domains in varying
degrees contribute to the technological development of
each activity. In general, it looks like the acceleration
of scientific and technological progress. Automation
follows the innovations in all directions but sometimes
precedes and accelerates them.

Taking as an example, breakthrough in nanotechnol-
ogy with the graphene invention (8.2. “Meta-design”)
leads to implementations into domains 3.1 (rechargeable
battery, solar panels), 3.2 (processors), 1.1 and 7.4 (sen-
sors), etc. Collaborative works in these areas performed
onto IT integrated platform will be more productive than
process of “natural” technology diffusion.

Thus, automation as a special kind of activity, from
the one hand, by means of innovations is tightly con-
nected with Meta-design domain and from the second —
is a tool for managing of economic performance set by
“Meta-economy.” Automation fulfills this role in two
ways. First — in labor allocation scheme it transfers to
machine only those operations that man performs worse
than computer. The second way is integration that adds
value for multitude of enterprises helping them to man-
age common data flows and effectively use their huge
computing resources. That, in fact, makes it possible to
combine stack elements to obtain economic benefits in
new models of entrepreneurship.

The innovative quality of automation provides results
and artifacts that cannot be achieved without automa-
tion. The most famous examples are robots, 3D printers,
and calculations of satellites flights trajectories. Cogni-
tive computing, cloud technology, and M2M are taking
out automation beyond the role of just service tool that
helps to solve different tasks inside LC processes. With
latest advent, automation obtains the ability not just re-
design and improves LC themselves but to invent new LC
for new products. In accordance with such new quality,
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this activity can be called the “Meta-automation” as
a part of “Update of lifecycles” domain, ensuring LC
design, renewal, and integration.

5 Stepsto “Spiral” Systems

Let consider main properties of the “spiral” systems.
First of all:

— “Spiral” is a “system of systems” component of Web
architecture and more advanced form in evolution
of Web hosting and data centers;

— “Spiral” system belongs to different owners and
supports multitenant mode;

— “Spiral” integrates self-organized communities:
emerge collaborative projects and maintain and
implement their outcomes with the help of rented
instruments and resources;

— “Spiral” system projects management is conducted
in a virtualized environment (domain “Manage-
ment and Organization”) and also may attract
social lending alongside with traditional financial
sources;

— “Spiral” integrates, first, larger parts of LC: infor-
mation and research, economics and finance, and
design and production as secured distributed clods;
and

— “Spiral” platforms predominantly provide utility
computing in the mode of EaaS (Everything as
a Service).

Deployment corresponding architecture of Web
brings forth the task of new design methods or even
new approaches to Internet topology.

The constructed model allows to look at automa-
tion with more general civilization positions, defining
its place and role in overall progress.

For qualitative assessment of possible value for syn-
ergetic effect of automation, it is necessary to involve
some economic considerations.

IBM Institute for Business Value published a study
model of the world economy representing 11 core sys-
tems [6] (Fig. 5). These core systems include: In-
frastructure, Electricity, Finance, Education, Food,
Communications, Water Resources, Transportation,
Entertainment, Fashion, Leisure, Health, Governance,
and Security. In Fig. 5, each core is represented by
a bubble whose value is proportional to the size of the
economy. For scaling, a bubble of 1 trillion dollars is
shown in the lower right corner. The model has the
fractal properties. Production, business, IT systems,
engineering, energy resources, materials, and trade are
incorporated in each core system as components. In
many cases, the component’s name and the name of
core system may be the same. The components inside
cores are also indicated by scalable bubbles. Arrows,
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Figure 5 World economy model according IBM Institute for Business Value: / — same industry; 2 — business support; 3 — IT
systems; 4 — energy resources; 5 — machinery; 6 — materials; and 7 — trade

whose width characterizes the degree of influence of one
core system to another, show contribution of all core
systems in the operation of each separate one.

IBM analysts based on regression economic models
argue that the total loss of world economy is estimated
as 15 trillion dollars resulted due to inefficiency. They
also found that the loss of at least 4 trillion dollars could
be prevented through more rational organization and
use of modern information technologies. Certain part
of such losses occurs at the level of “system of systems”
as poor integration between the cores. Executive Re-
port made by Korsten and Seider was published by IBM
in 2010 in the period when global economic crisis has
begun [6]. At that time, IBM developed and presented
the “Smarter Planet” initiative [7] as a technological
response to the crisis. The purpose of this initiative was
to increase value delivered to the end users with the
help of “smart” IS aimed at the automation of complex
activities that approximately correspond to system cores
in the economic model described above. Such systems
were labeled as “Smarter Grid,” “Smarter Healthcare,”
“Smarter Finance,” “Smarter Work,” and so on.

Their design should provide cost savings and ef-
fective business processes in the target domain (power
production, customer services, water resources, etc.) for
interdomains integration and building of heterogeneous
systems at a very broad scale. They can be considered as
the first steps to Web-“spiral” systems of systems (class 8,
see Fig. 4).
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Platforms of this series are different in structure, but
have many common characteristics:

— high degree of security provided by software prod-
ucts of IBM Tivoli family;

— dynamic infrastructure supported by cloud tech-
nologies;

— meta-models and tools for business processes man-
agement that make possible quick adaption to
changes in business environment;

— ability to accumulate knowledge and provide access
to cognitive resources with help of social tools;

— high scalability and mobile access to services; and

— good performance records (cost savings and use of
“green technologies” reducing total cost of owner-
ship).

Platforms presented in LC ecosystem (see Fig. 2)
are: Smarter SCADA for Oil and Gas (1. Access to
resources), Smarter Transportation (2. Transfer); IBM
Smart Grid and Rational software platform for automo-
tive systems (3. Production); IBM Smarter Commerce
(4. Distribution); and IBM i2, IBM Defense Operations
Platform, and IBM i2 Defense Solution (7. LC support).

Early examples of complex automation correspond-
ing to “spiral” concept were DiFac project launched in
second framework program of the European Commis-
sion [8] and BioVLAB [9].
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DiFacisacomplexsociotechnical system designed to
boost both economic efficiency and performance of hu-
man labor in production area. Collaborative participants
of the project developed methods for industrial control,
interaction in the network team, whose members are lo-
cated in different countries and were connected through
3D virtual reality.

BioVLAB is a cloud environment for microRNA and
mRNA (ribonucleic acid) integrated analysis (MMIA)
on Amazon EC2. It makes vast amount of microRNA
expression profile data publicly available. BioVLAB is
positioned by its developers as an easy-to-use comput-
ing environment for researchers who plan to perform
genome-wide integrated analysis tasks with advanced
features:

— readily expanded computational tools;
— easily modifiable by reconfiguring in the workflow;
— on-demand cloud computing resources; and

— distributed orchestration supports complex and long
running workflows asynchronously.

Special place in the row is occupied by IBM In-
telligent Operations Center (IOC) introduced by IBM
as a part of Smarter Planet initiative. IBM IOC had
been applied in many target areas of Smarter Planet in
apurpose to integrate and use data from multiple sources
and present results of their processing in single interface.
Covered sources may belong to absolutely different do-
mains of activity and this complex integration permits
to monitor and manage their states and support oper-
ative decisions. Data processing and decision-making
use advanced analytics, asset management, and collab-
oration tools. Smarter City is one of the most complex
and promising platforms introductions in modern Web.
Perhaps, IBM IOC is the largest commercial solutions
currently distributed at the IT market. It provides the
following functions [10]:

— visual workspace;

— events and incident management;

— resource, response, and activity management;

— status monitoring;

— collaboration, instant notification, and messaging;
— reports; and

— semantic model.

System’s architecture includes multilevel SOA
(service-oriented architecture) structure, power infras-
tructure based on IBM Tivoli software, including clouds
and system security. Key performance indicator man-
aged dashboard uses event management and workflows
engine to react on real-world situation and to keep
specified policy and performance level.

All above mentioned systems are designed for col-
laborative works performed by legally independent or-

INFORMATIKA I EE PRIMENENIYA — INFORMATICS AND APPLICATIONS 2014 volume 8 issue 4

ganizations acting as a single Web alliance. As such, they
meet the definition of a virtual enterprise and the 9th
class “system of systems” as well. Consequently, “spiral”
systems may also be regarded as virtual organization of
next generation.

6 Concluding Remarks

1. Further economy development, as it follows from
the IBM Institute for Business Value model will
be not for intensification of natural resources con-
sumption but for losses reduction. This requires the
new type of Web systems and Web architecture with
the ability to automate not just business processes
but domain of activities.

2. Design of this type of information systems based
on classical approach that automation eliminates
bottlenecks in business process does not work and
to BPM (business process management) must be
added AMS (activity management system).

3. Analysis of technologic stack and requirements of
the modern economy permits to expect with a high
probability that new type of IS for domain automa-
tion conditionally defined as “spiral” will evolve
in the direction responding the introduced require-
ments.
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Ob ABTOPAX

Bponmreiin Epum Muxaiinosunu (p. 1946) — mokTop
(Gu3MKo-mMaTeMaTUUeCKUX HaykK, Iipodeccop Ydpum-
CKOTO TOCYJapCTBEHHOTO aBUALIMOHHOTO TEXHUYECKO-
ro yHUBEpCUTeTa

Bosuenko Anekceii EsrenbeBuu (p. 1984) — xanau-
ITaT TeXHUYECKUX HayK, CTapIINii HAyYHBIN COTPYITHUK
Wucrturtyra npobaem nngopmatuku Poccuiickoii aka-
JIEMUU HayK

l'aomna WMpuna BaamumupoHa (p. 1967) — crapiumit
Hay4yHbI coTpyaHUK MHcTuTyTa mpobiaeMm nHgpopma-
Tuku Poccuiickoil akageMuu HayK

T'opmenun Annpeii KoncrantunoBuy (p. 1986) — kaH-
auaaT GU3MKOo-MaTeMaTUYeCKUX HayK, CTapIlIvil Hayd-
Helii cotpynuuk WIIWU PAH; moueHT MockoBcKOro
TOCYIapCTBEHHOTO TEXHUYECKOTO YHUBEpPCUTETa pa-
MWOTEXHUKU, OSJIEKTPOHUKM M aBroMatmku (MITY
MUPDA)

I'pymio Anekcauap Anekcanaposuy (p. 1946) — mokTop
PU3UKO-MaTeMaTUISCKUX HAYK, WICH-KOPPECITOHICHT
Axkagemun kpunrorpadun P®; Bemymmii HaydHBIN
corpynHuk MHctutyra mipobiiem mHdopmatuku Poc-
CUIiCKOIl aKageMuu HayK; Tmpodeccop dakynbre-
Ta BBIYUCIUTENbHOM MaTeMaTUKUM U KUOEpHEeTU-
K MOCKOBCKOTO TOCYIAapCTBEHHOTO YHUBEpPCHUTETA
uM. M. B. JlJomoHocoBa

I'pymo Hukonaii Anekcanaposuu (p. 1982) — xanau-
JaT GU3MKO-MaTeMaTUJeCKMX HaykK, CTaplliuii Hayd-
HbIl coTpynHUK MHcTUTyTa mpobieM MHGMOPMaTUKKU
Poccuiickoit akaneMnu HayK

Epomenko Anekcannp Aunpeeud (p. 1989) — acimpaHT
dakybreTa BEBIYUCIUTETBHON MaTeEMAaTUKN U KUOEpHE-
THKM MOCKOBCKOTO TOCYIapCTBEHHOIO YHHBEPCUTETA
uM. M. B. JlomoHocoBa

3anmapunnbiii Anekcanap AnekceeBud (p. 1951) — mok-
TOp TEXHUYECKMX HaykK, Mpodeccop, 3aMeCcTUTe b qu-
pekTopa MHcTuTyTa mpobiaem nHdopmatuku Poccuii-
CKOM aKkaIeMUu HayK

3enés IlaBen Anekcannmposuu (p. 1988) — acrmpanTt
YhuMCcKOro rocyiapcTBeHHOTO aBUALIMOHHOTO TEXHU -
YECKOTO YHUBEPCUTETA
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3omorapeB Oxaer BacuiabeBmu (p. 1959) — xaHmumar
TexHM4YecKuX Hayk, moueHT BITO «Poccuiickmit Ho-
BBIIi YHUBEPCUTET»

Kanunnyenko Jleonun AnmpeeBmy (p. 1937) — mok-
TOp (PM3MKO-MaTeMaTUISCKUX HayK, Ipodeccop, 3a-
Bemyrolmuii jadboparopueit MHctutyta mpoOjieM WH-
dopmatuku Poccuiickoil akanemuu HayK; rpodeccop
(hakynbreTa BBIUUCIUTETbHON MaTeMaTUKY U KUOEpHE-
TUKU MOCKOBCKOTO TOCyIapCTBEHHOI'O YHUBEPCUTETA
um. M. B. JlJomoHocoBa

Kosanes [Imutpuii FOpbesuu (p. 1988) — mmammmii Ha-
YUYHBIN coTpynHUK MHCTUTYTA TpobieM MHGbOPMaTUKU
Poccuiickoit akaneMnu HayK

Kosepenko Enena Bopucosna (p. 1959) — kanagupar
unonornyecknx Hayk, 3aBeayroulas JabopaTtopueit
Wuctutyra npobaem nngopmatuku Poccuiickoii aka-
JIEMUU HayK

Kopoaes Bukrop IOpbeBuu (p. 1954) — nokrop pusuko-
MaTeMaTHU4eCKUX Hayk, Ipodeccop Kadeapbl MaTeMa-
TUYECKOW CTATMCTUKU (haKyJbTeTa BBIYMCIUTETHHOM
MaTeMaTUKU M KuOepHeTUKM MOCKOBCKOTO rocymap-
CTBeHHOro yHuBepcuteTa uM. M. B. JlomoHocoBa; Be-
JIYIIWiA HayIHBII cOTpyTHUK MHCTUTYTA MTpobieM UH-
(opmaTuku Poccuiickoil akageMuu HayK

Kopuarun Anekcanap IOpwesnu (p. 1989) — acriupanT
(akynbreTa BBIYUCIUTETBHON MaTeMaTUKI T KUOEpHE-
THKU MOCKOBCKOTO TOCYIapCTBEHHOTO YHUBEPCUTETA
uM. M. B. JlJomoHocoBa

MupoHoB Auapeit MuxaiiioBua (p. 1966) — kaHam-
Jat (pU3MKO-MaTeMaTUUeCKUX HayK, CTapIlIuii Hayd-
HBIK cOTpyOIHUK MHcTUTyTa TIpobiieM MH(GOPMATUKU
Poccuiickoit akaneMun HayK

Muxees Muxaun IOpbeBuu (p. 1957) — moktop dbu-
JIOJIOTUYECKUX HayK, BEOYIIU HayyHBbI COTPYIHUK
HUMBIL MocKoBCKOTO rocy1apCTBEHHOIO YHUBEPCUTE -
taum. M. B. JlomoHOCOBa; BeAyllnii Hay4YHBIN COTPY/I-
Huk MHctutyTa mpobiem nHdopmatuku Poccuiickoit
aKaJgeMuu HayK

Mopososa KOmms Uropesna (p. 1984) — HayuHbIit co-
TpyaHuK MHcTruTyTa mpobiaem uHdopmatuku Poccuii-
CKOM akaneMnu HayK
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Ob ABTOPAX

IMeunnkun Anekcanap Baaguvmposuy (1946—2014) —
JIOKTOp (hM3MKO-MaTeMaTUYECKUX HaykK, Ipodeccop,
IJIaBHbII HaydHbIl cotpynHuk UTT PAH

Pasymuuk PoctuciaB BanepweBuu (p. 1984) — kaH-
nuaat GU3NKO-MaTeMaTUYeCKUX HayK, CTaplivii Ha-
yuHblii corpynHuk UITU PAH; nouent Poccuiickoro
YHUBEpCUTETa APYXKObl HAPOIOB

Covun Hukonaii Bnagumuposuu (p. 1947) — xanau-
nar (pU3MKO-MaTeMaTUYeCKUX HayK, BEOyLIMiA Hayd-
HbI cOTpynHUK MHcTUTyTa mpobsieM MHOOpMaTUKKU
Poccuiickoit akaneMnu HayK

Copokun Asnekcanap Bukroposuu (p. 1946) — xaHau-
AT TEXHUYCCKUX HayK, MEHEIKEpP YHUBEPCUTCTCKUX
npoektoB B Poccun m CHI, IBM Bocrtounas EBpomna
u Azus

Crynankos Cepreii Anekcanaposmd (p. 1978) — xanmm-
JIAT TEXHUYECKUX HAyK, CTAPIINI HAyYHBII COTPYITHUK
HMHctutyta npobsiem ungopmatuku Poccuiickoit aka-
JIEMUU HayK

Tumonuna Enena EBrenbeBna (p. 1952) — moktop Tex-
HUYECKUX HayK, Mpodeccop, Beayluii HaydHbI cO-
TpyaHuk MHcTuTyTa mpobiaem nndopmatuku Poccuii-
CKOI1 akaJieM1¥ HayK
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®penkenn Cepreii Jlazapesnu (p. 1951) — xangumar
TEXHUYECKUX HayK, CTapIINii HAyYHbII COTpyTHUK MH-
CTUTYT MNpobsieM uHbopMatuku Poccuiickoii akase-
MUM HayK; MOUEHT MOCKOBCKOTO TOCYIapCTBEHHOTO

TEXHUYECKOTO YHUBEPCUTETA PATUOTEXHUKH, IIEKTPO-
HUKY U aBToMaTuku (MI'TY MUPBA)

Yeprok Aunpeii Bukroposumu (p. 1987) — mmammmit
HAayYHBI COTPYIHMK (DaKynbsTeTa BbBIYUCIUTETbHON
MaTeMaTUKU U KUOepHEeTUKM MOCKOBCKOIO rocynap-
CTBeHHoOro yHuBepcuteTa uM. M. B. JloMmoHocOBa; re-
HepanbHbIN qupekTop OO0 «Ditdopust [pym»
Yynpakos Koncrantun I'puropbesud (p. 1985) — kaHau-
JIAT TEXHUYECKUX HayK, Bemyluii MatemMaTuk MHcTH-
TyTa npobseM mHpopmatuku Poccuiickoit akageMun
HayK

Mapaus Muxaun Muxaiinosny (p. 1959) — xanau-
JIaT TEXHUYECKMX HayK, CTapIInii HAyYHbI COTPYIHUK
HMHctutyta npobieM nHdopmatriku Poccuiickoit aka-
JIEMUN HayK

Ilecrakos Ouer Baaaumuposuu (p. 1976) — nok-
TOp (DUBNKO-MaTeMaTUIECKUX HAyK, JOLEHT (haKyThb-
TeTa BBIYMCIUTENIPHON MaTeMaTUKW U KUOEpHETH-
K MOCKOBCKOTO TOCyIapCTBEHHOTO YHHUBEpPCUTETa
uM. M. B. JIoMoHOCOBa; cTaplivii HayYHbI COTPY/I-
Huk MHcTtutyta npoodiem nHdopmatuku Poccuiickoit
aKaJleMUN HayK
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A. B. TTeynHKMH SBISIICSA YJIEHOM Pa3IMYHbIX IUCCEPTALIMOHHBIX COBETOB, PEIKOJIETUN HayYHBIX KYpHAJIOB,
MIPOrPaMMHBIX KOMUTETOB MEXKIYHAPOTHBIX HAYIHBIX KOH(MEPEHITHIA.

A. B. IleunHKWH OBIT BBITAIOIIMMCS TIpeTtogaBaTeieM. Ero memarormuecKuii TaJJaHT HaIIleNI CBOe OTpakeHHe
B yueOHUKax «Teopusi BeposITHOCTEl M MaTeMaTU4ecKasl CTaTUCTUKa» U «Teopusi MacCOBOTO OOCTYKMBaHUSI»,
KOTOpBIE ObLIY TepeBeleHbl Ha aHTJIMACKUI SI3bIK U TIO0 KOTOPBIM YYUJIOCh HECKOJILKO MOKOJEHUHN CTYAeHTOB-
MaTeMaTukoB B Poccuu u 3a pyoexkoM. 3a cepuio yueOHUKOB «MaTeMaThKa B TEXHUYECKOM YHUBEPCUTETE» OH
6611 ymoctoeH nipemuu [IpaButenbcTBa PO B 00J1aCTH HAYKW M TEXHUKU.

Hunst Hayunoro tBopyectBa A. B. IleunHkunHa Obljla XapaKTepHa JIIOOOBb K KOHKPETHO IMOCTAaBJIEHHBIM BO-
IIpocaM JTII000#t BasXKHOCTA — OT 3aHMMATEIbHBIX 3a1a4 U ITKOJBHUKOB M CTYICHTOB 0 CJIOXHBIX BOIIPOCOB
YUCTOM U MpUKIagHoi MaTeMaTuku. Jlekuuu A. B. [TeunHkuHa cTUMYIMPOBAIN B KaXKIOM 3aMHTEPECOBAHHOM
clyliaTesie MpeACcTaBIeHUs O CYLIECTBOBAHMM 3aMevaTeIbHbIX CBSI3ei MeXK 1y pa3HOPOJHBIMU MaTeMaTUUYEeCKUMU
00BEKTaMM, Ha TIEPBBII B3I COBEPIICHHO pasTuIHBIMU. OH ¢ OMMHAKOBO OOJIBIIMM BHUMAaHUEM U yI4aCTHEM
OTHOCHJICS I K CBOMM MOJIOIBIM YICHUKAM, 1 K YK€ COCTOSIBITUMCS yueHBIM. A. B. ITeqnHKIH 06181271 00JIBIITM
JIMIHBIM O0asSHUEM, UMEJT IIMMPOKIH KPYT MHTEPECOB.

Bce 3naBmue A. B. IleunnkuHa Bcerga OyayT MOMHUTh €r0 KakK 3aMedaTeIbHOTO YYEHOTO U MPEKPacCHOro
TOBapuilia.

Wuctutyt npodiem mHpopmatuku Poccuiickoit akageMuun HayK, peaaKIMOHHBIM COBET M pelaKlMOHHas
KoJiterusi XKypHana «MHpopmaTtuka u e€ mpuMeHeHMsI» BhIpaXKaroT TJIy00Koe co00JIe3HOBaHME POIHBIM U OJIM3-
KHUM ITOKOMHOTO.



ITpaBuiia moAroTOBKH PYKONMCE A1l MyOJIMKAIIMK B JKypHaJIe
«ndopmaTuka u eé npuMeHEeHns»

KypHan «MHbopmaTrKa 1 e€ mMpuMeHEeHUSs» ITyOIUKYeT TeopeTUYeckKre, 0030pHbIe U IUCKYCCUOHHbIE CTaThH,

ITOCBAIIICHHBIC HAYYHBIM MCCIICJOBAHUAM U paSpa60TKaM B o0JjlacTu I/IH(I)OpMaTI/IKI/I nee HpI/IJTO)I(eHI/II;'I.

)KypHaJT n3gacTcd Ha pyCCKOM A3bIKE. Ilo crieuraJbHOMY PCIICHUIO PEAKOJIJIETUN OTACIBHBIC CTaTbU MOT'YT

eYaTaTbCs Ha aHTJIMUCKOM SI3BIKE.
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TemaTtuka 2KypHaJia OXBaTbIBACT CJICAYIOINEC HAITPpaBJICHUA:

TEOPETUIECKIE OCHOBBI MH(POPMATUKN;

MaTeMaTU4eCKKe MEeTOIbI MCCIICIOBAHMS CIIOKHBIX CUCTEM U TTPOIIECCOB;
MH(OPMaIIMOHHBIE CUCTEMBI U CETH;

WH(OPMAaITMOHHBIE TEXHOJIOTHH;

apXUTEKTypa U IMIPOrpaMMHOE 00ecIIeUeHIEe BEIUMCINTEIBHBIX KOMILIEKCOB 1 CETEA.

. B KypHaJI€ neyaTaroTcd CTaTbM, COACPKAIIMEC PE3YJIbTaThl, paHEC HE Ol'Iy6J'[I/IKOBaHHI)Ie 1 HC NMp€aAHa3HaA4YCH -

HBIE K OTHOBPEMEHHOM IMyOJIMKAIINY B IPYTUX U3TAHUSIX.

[Tyb6aukanus He 1oJKHA HapyIIaTh 3aKOH 00 aBTOPCKUX TpaBax.

Harpasiisist pykonuch B pellaKIIMIo, aBTOPHI COXPAHSIIOT BCe MpaBa COOCTBEHHUKOB TAaHHOM PYKOTTMCH U TIPU
3TOM TIepeNaloT YUPENUTESIM U PENKOJUIETUH HEMCKIIOUUTEIbHbBIE MpaBa Ha M3MaHUe CTaThU Ha PYCCKOM
sI3bIKe (WJIM Ha sI3bIKE CTaThM, €CJIM OH OTIMYEH OT PYCCKOTO) M Ha ee pacrpocTpaHeHue B Poccuu u 3a
pPyOeskoM. ABTOPBI TOJIKHBI MPEAICTaBUTh B PEIAaKIIMIO MMChMO B clieayoleii popme:

Coeaamenue o nepedaue npaga na nyéauKauuio:

«Mbl, HUNCENOONUCABUIUECS, ABMOPLL PYKONUCU <. . . », Hepeddem yupedumensm u pedkoteeuu ycypHaia «HMu-
Gopmamuka u eé npumMeHeHUs» HeUCKAHUMeNbHOe NPAO ONYOAUKOBAMb OAHHYIO PYKONUCH CIAMbU HA PYCCKOM
A3bIKe KAK 8 NeHamHoll, mak u 8 3AeKmpoHHoU eepcusx ycypHasa. Mol noomeepicoaem, umo 0annas nyosuKayus
He Hapywiaem asmopcK020 npasa oOpyeux AUl uau 0peaHu3auuil.

lloonucu asmopos: (¢. u. o., dama, adpec)».

DTO coryalieHre MOXET ObITh MPEACTAaBICHO B OyMaxKHOM BUJE WM B BUAEC OTCKAHMPOBAHHOI KOMUM
(c moaNMCSMHM aBTOPOB).

Penxonnernst BripaBe 3alpoOCUTh Y aBTOPOB 3KCIIEPTHOE 3aKJIIOUEHME O BOZMOXHOCTU ITyOIMKAIIUN TIPE-
CTaBJICHHOI CTaTbU B OTKPBITOM MevYaTu.

. K craTee mpuararorcst manHbIe aBTOpa (aBTOpoB) (cM. 1. 8). [Ipr HaTMIMK HECKOJTBKIX aBTOPOB YKa3bIBaeTCS

damMmmst aBTOpa, OTBETCTBEHHOTO 32 TIEPEIIMCKY C PeIaKIINCHA.

. Pemaxkuus KypHaJjia OCYIIECTBJIACT SKCIIEPTU3Y ITPUCTaHHBIX CcTaTell B COOTBETCTBUMU C HpHHHTOfI B 2XXKypHaJie

MIPOLIEAYPOil pelIeH3UPOBAHMSI.
BosBpalieHne pykonucu Ha J0pabOTKy He 03HavyaeT ee TMIPUHSTUS K TTeYaTH.
JopaboTaHHBIN BapUaHT C OTBETOM Ha 3aMeUYaHMSI PelleH3eHTa HEOOXOMMMO TIPUCIATh B PEIAKIINIO.

. Pelrenue PEAKOJJIETUHN O HyﬁJTI/IKaHI/H/I CTaThM UJIU €€ OTKJIIOHEHUU COOOLIaeTCsI aBTOpaM.

Penxonneruss MoxeT Takxke HalmpaBUTb aBTOpaM TEKCT PCLECH3MMN Ha MX CTATbIO. Z[I/ICKYCCI/IH 10 MMOBOAY
OTKJIOHEHHBIX CTaTE HE BEIETC.

. Pez[aKTypa cTaTei BBICHIIIAETCS aBTOpaM AJid ITpoCMOoTpa. 3ameyaHus K PEOAKTYPC JOJIKHDBI OBITh IIpUCIaHbI

aBToOpaMu B KpaTqaﬁmme CPOKM.

. Pykonuce npenocrasisieTcs B a1ekTpoHHOM Bue B opmarax MS WORD (.doc wnu .docx) nim IKTEX (.tex),

JIOTIOIHUTENbHO — B (popmare .pdf, Ha quckKeTe, Ta3epHOM JUCKE WK 3JIeKTPOHHOM nouToi. [IpenocTtasie-
HUe OYMaXkKHOM PyKOITUCH Heo0s13aTeIbHO.

. IIpu monroroBke pykormcu B MS Word peKoMeHIyeTCsT NCTIONIB30BaTh CICAYIONINE HACTPOMKA.

[TapameTpsl cTpaHuLbl: popMaT — A4; opueHTalUsl — KHUXKHAs; ost (CM): BHYTpU — 2,5, cHapyxku — 1,5,
CBEPXY — 2, CHMU3Y — 2, OT Kpas 10 HI>KHETO KOJIOHTUTya — 1,3.

OCHOBHOI TeKCT: CTUIb — «O0bIUHBIN», pUdT — Times New Roman, pasmep — 14 myHKTOB, ab3allHbI
otctyn — 0,5 cM, 1,5 uHTepBaja, BeipaBHUBaHWE — T10 IIIUPUHE.
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PexoMenayeMblit 00beM pyKomucu — He cBbliiie 20 cTpaHMIL yKa3zaHHOTo (popmMara.
CokpalnieHusi cjoB, TOMUMO CTaHAAPTHBIX, HE HOoMycKaioTcs. JlomyckaeTcs MUHMMAaTbHOE KOJIMYEeCTBO
abbpeBUaTyp.
Bce cTpaHulIbl pyKOTTMCU HYMEPYIOTCSI.
Lla6monsl mpumepoB odopmieHus mpencraBieHsl B MHrtepHere:  http://www.ipiran.ru/journal/
template.doc

8. CraTbsl JOKHA coiepKaTh CJAeNYIONLyI0 MHGOPMAIIUIO Ha PYCCKOM U AH2AUTICKOM A3bIKAX:

— Ha3BaHUC CTAaTbH,

— ®.U.0. aBTOpOB, Ha aHTJIMICKOM MOXHO TOJIBKO UMS 1 (hamuiiuio;

— MecTO paboThI, C yKa3aHWeM TIOYTOBOTO aJjpeca OPraHU3alliy 1 3JIEKTPOHHOTO aipeca KaXIoro aBTopa;

— cBeieHust 00 aBTOpax, B COOTBETCTBUU ¢ popMaToM, 0Opasiibl KOTOPOTO MPEACTABICHBI Ha CTPaHUIAX:
http://www.ipiran.ru/journal /issues/2013.07_01_rus/authors.asp u
http://www.ipiran.ru/journal /issues/2013.07_01_eng/authors.asp;

— aHHotauus (He meHee 100 coB Ha KaXIOM U3 SI3bIKOB). AHHOTAIlMSl — 3TO KpaTKoe pe3loMe padoThl,
KOTOpOE MOKET IMyOJIMKOBaThesl OTAeNbHO. OHa SIBJIsIeTCS] OCHOBHBIM MCTOYHUKOM MHGOpMAIK B
MHOOPMALIMOHHBIX CHCTeMax M 0a3ax JaHHBIX. AHIIMICKas aHHOTAIMS OJKHA ObITh OPUTMHAIBHOM,
MOXET He OBITh 1OCIOBHBIM IIEPEBOJOM PYCCKOTO TEKCTA U 10JTKHA OBITh HAMTMCaHa XOPOILIMM aHJIUICKUM
SI3BIKOM. B aHHOTAIIMM He IOJKHO GBITH CChIIOK Ha JIMTEPATYPY U, IO BO3MOXKHOCTU, GOpMYIT;

— KJIIOYEBBIC CJIOBA — XKEJIATEIbHO U3 PUHSTHIX B MUPOBOW HAyYHO-TEXHUUECKON JINTEpaType TeMaTiye-
CKUX Te3aypycoB. [IpeuioxkeHnst He MOTYT GBITh KITIOUEBBIMH CJIOBAMM;

— WCTOYHMKM (DMHAHCUPOBAHMUS PaGOTHI (CCHUTKM Ha TPaHTbI, TPOCKTHI, MOAACPXKUBAIOLIIE OpPraHU3aK
WU T.1L.).

9. TpeboBaHUs K CIIMCKaM JUTEPATYPhI.
CCBIJIKM Ha JIUTEPATYPy B TEKCTE CTaThW HyMepYyIOTCs (B KBaIpaTHBIX CKOOKAX) 1 pacrojlaraloTcs B KaxaoM
13 CITMCKOB JIMTEPATYPhI B TIOPSIIKE MEPBBIX YIIOMUHAHWIA.
CriucKu IMTepaTyphl IPEACTABISIIOTCS B ABYX BApUAHTAX:

(1) Comcoxk JMTepaTypsl K pyCCKOA3bIYHOM 9acTH. Pycckue u aHmmmiicKkre pabOThl — Ha SI3bIKe U B aJihaBUTE
OpUTHHAJA;

(2) References. Pycckue pabOThI 11 paOOTHI Ha IPYTUX SI3bIKaX — B JIATUHCKOM TPaHCIUTEPAIIAH C TICPEBOIOM
Ha aHTJIMCKUI SI3bIK; aHTJIMICKUEe pabOThl U pabOThI Ha IPYTUX sI3bIKaX — Ha sI3bIKe OpUTrMHaIa.

Heobxomumo miist cocraBieHust crucka “References” mosb3oBaTbhesi pasmellieHHOW Ha caidte http://
translit.ru/ GecruiaTHO# MPOrpaMMOii TpaHCIUTEPALIMU PYCCKOTO TEKCTA B JIATUHUILLY, IPU 3TOM B 3aKJIajIKe
«BapUaHTHL. . . » CJIeAyeT BeIOpaTh omimio BGN.

Crcok utepatypsl “References” mprBOIUTCS TTOTHOCTBIO OTOEIBLHBIM OJIOKOM, ITOBTOPSISI BCE TTO3UIIMU
W3 CITMCKA JIUTEPaTypbl K PYCCKOS3BIYHOW YAaCTH, HE3aBUCUMO OT TOTO, UMEIOTCS WA HET B HEM WHO-
CcTpaHHbIe UCTOYHUKHU. Eciu B crivcke auTepatypbl K PYCCKOSI3bIYHOM YaCTU €CTh CChIJIKM HAa MHOCTPaHHbIE
myovKaluu, HabpaHHbIE JATUHUIIEH, OHU MOJTHOCTBIO MTOBTOPSIIOTCS B criicke “References”.

Huke npuBenaeHbl MpuMephl CChIJIOK Ha pa3IMuHbie BUAbI TyOauKauuil B criucke “References”.

Onucanue CTaTbU U3 XKypPHAJIA:

Zagurenko, A.G., V.A. Korotovskikh, A.A. Kolesnikov, A.V. Timonov, and D.V. Kardymon. 2008. Tekhniko-
ekonomicheskaya optimizatsiya dizayna gidrorazryva plasta [Technical and economic optimization of the design of
hydraulic fracturing]. Neftyanoe hozyaystvo |Oil Industry] 11:54—57.

Zhang, Z.,and D. Zhu. 2008. Experimental research on the localized electrochemical micromachining. Rus. J. Electrochem.
44(8):926—930. doi:10.1134/51023193508080077.

OnucaHue CTATHH U3 3JEKTPOHHOTO XKyPHAJIA:

Swaminathan, V., E. Lepkoswka-White, and B. P. Rao. 1999. Browsers or buyers in cyberspace? An investigation of
electronic factors influencing electronic exchange. JCMC 5(2). Available at: http://www.ascusc.org/jcmc/vol5 /issue2/
(accessed April 28, 2011).

OnucaHue CTaThH U3 NPOIOJIKAIIIEr0Cs H3aHUS (COOPHUKA TPYIOB):

Astakhov, M.V., and T.V. Tagantsev. 2006. Eksperimental’noe issledovanie prochnosti soedineniy “stal’—kompozit”
| Experimental study of the strength of joints “steel—composite”]|. Trudy MGTU “Matematicheskoe modelirovanie slozhnykh
tekhnicheskikh sistem” | Bauman MSTU “Mathematical Modeling of Complex Technical Systems” Proceedings]. 593:125—130.
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10.
11.

12.
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Onucanne MaTepraioB KoOHgepeHmuii:

Usmanov, T. S., A. A. Gusmanoy, . Z. Mullagalin, R. Ju. Muhametshina, A. N. Chervyakova, and A. V. Sveshnikov. 2007.
Osobennosti proektirovaniya razrabotki mestorozhdeniy s primeneniem gidrorazryva plasta [ Features of the design of field
development with the use of hydraulic fracturing|. Trudy 6-go Mezhdunarodnogo Simpoziuma “Novye resursosberegayushchie
tekhnologii nedropol’zovaniya i povysheniya neftegazootdachi” |6th Symposium (International) “New Energy Saving Subsoil
Technologies and the Increasing of the Oil and Gas Impact” Proceedings]. Moscow. 267—272.

Omicanne Kuurn (MoHorpaduu, COOPHUKH):

Lindorf, L.S., and L. G. Mamikoniants, eds. 1972. Ekspluatatsiya turbogeneratorov s neposredstvennym okhlazhdeniem
|Operation of turbine generators with direct cooling]. Moscow: Energy Publs. 352 p.

Latyshev, V.N. 2009. Tribologiya rezaniya. Kn. 1: Friktsionnye protsessy pri rezanii metallov | Tribology of cutting. Vol. 1:
Frictional processes in metal cutting]. Ivanovo: Ivanovskii State Univ. 108 p.

Omucanne nepeBoAHOI KHUTH (B CITMCKE JTUTEPATYPBl K PYCCKOSIBBIYHOM YacTu Heobxonmumo ykasate: / [lep. ¢ aHi. —
TOCJIe Ha3BaHMsI KHUTH, a B KOHIIE CChIIKM YKa3aTh OPUTMHAJ KHUTH B KPYIJTBIX CKOOKAX):
1. B pycckosi3bluHOM yacTu:
Tumowenko C. I1., Hne JI. X., Yusep V. Konebanusi B unxeHepHom aene / Ilep. ¢ anmi. — M.: MamuHocTpoeHue,
1985. 472 c. (Timoshenko S. P., Young D. H., Weaver W. Vibration problems in engineering. — 4th ed. — N.Y.: Wiley,
1974. 521 p.)
2. B aHrnos3praHOIM YacTu:
Timoshenko, S. P, D. H. Young, and W. Weaver. 1974. Vibration problems in engineering. 4th ed. N.Y.: Wiley. 521 p.

Omicanne HeoMy0JIMKOBAHHOTO JIOKYMEHTA:

Latypov, A. R., M. M. Khasanov, and V. A. Baikov. 2004. Geology and production (NGT GiD). Certificate on official
registration of the computer program No. 2004611198. (In Russian, unpubl.)

OnucaHue MHTEPHET-pecypcea:

Pravila tsitirovaniya istochnikov [Rules for the citing of sources]. Available at: http://www.scribd.com/doc/1034528/
(accessed February 7, 2011).

Onucanne JUCCepTalvv Wiu aBToped)epaTa JUccepranum:

Semenoy, V. 1. 2003. Matematicheskoe modelirovanie plazmy v sisteme kompaktnyy tor [Mathematical modeling of the
plasma in the compact torus]. D.Sc. Diss. Moscow. 272 p.

Kozhunova, O. S. 2009. Tekhnologiya razrabotki semanticheskogo slovarya informatsionnogo monitoringa [ Technology of
development of semantic dictionary of information monitoring system|. PhD Thesis. Moscow: IPI RAN. 23 p.
Omucanue 'OCTa:

GOST 8.586.5-2005. 2007. Metodika vypolneniya izmereniy. Izmerenie raskhoda i kolichestva zhidkostey i gazov s
pomoshch’yu standartnykh suzhayushchikh ustroystv [Method of measurement. Measurement of flow rate and volume of
liquids and gases by means of orifice devices|. Moscow: Standardinform Publs. 10 p.

Onucanue naTenra:

Bolshakov, M. V., A.V. Kulakov, A. N. Lavrenov, and M. V. Palkin. 2006. Sposob orientirovaniya po krenu letatel’nogo
apparata s opticheskoy golovkoy samonavedeniya [The way to orient on the roll of aircraft with optical homing head].
Patent RF No. 2280590.

ITpucnaHHbie B peaakiinio MaTepraibl aBTOpAM He BO3BpAILlAlOTCS.

I1pu ornipaBke ¢aitjioB Mo 3JEKTPOHHOM MOYTE IIPOCUM MPUACPKUBATHCS CIISIYIOIINX TTPaBUIT:

— YyKasbIBaTh B MoJjie subject (Tema) Ha3BaHUE XXypHasia U (haMUINIO aBTOPA;
— UCIONb30BaTh attach (TipucoeanHenme);
— B COCTaB 2JIEKTPOHHOI BEPCUU CTAThU TOJKHBI BXOAUTH: (Daiil, comepKalinii TEKCT CTaThu, U (haii(bl),
comepKaInii(e) MITIOCTPAIINN.
KypHan «MHpopMaTrKa 1 €€ TpUMEHEHUST» SIBJISIETCSI HEKOMMepUYeCcKUM u3gaHueM. [1naTa 3a mydaukamnuio
HEe B3MMAaeTCsl, TOHOPap aBTOpaM He BHITUTAYMBAETCSI.
Anpec penaknyu xypuaia « IagopmaTika u e€é npuMeHeHns»:
Mocksa 119333, yin. BaBunosa, 1. 44, xop. 2, UTI1 PAH
Ten.: +7 (499) 135-86-92 dakc: +7 (495) 930-45-05
e-mail: rust@ipiran.ru (Celidynb-MymokoB Pycrem bagpuesmna)
http://www.ipiran.ru/journal /issues/
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Requirements for manuscripts submitted to Journal
“Informatics and Applications”

Journal “Informatics and Applications” (Inform. Appl.) publishes theoretical, review, and discussion articles on the research
and development in the field of informatics and its applications.
The journal is published in Russian. By a special decision of the editorial board, some articles can be published in English.
The topics covered include the following areas:

— theoretical fundamentals of informatics;

— mathematical methods for studying complex systems and processes;
— information systems and networks;

— information technologies; and

— architecture and software of computational complexes and networks.

1. The Journal publishes original articles which have not been published before and are not intended for publication in other
editions. An article submitted to the Journal must not violate the Copyright law. Sending the manuscript to the Editorial
Board, the authors retain all rights of the owners of the manuscript and transfer the nonexclusive rights to publish the article
in Russian (or the language of the article, if not Russian) and its distribution in Russia and abroad to the Founders and the
Editorial Board. Authors should submit a letter to the Editorial Board in the following form:

Agreement on the transfer of rights to publish:

“We, the undersigned authors of the manuscript “. . . ”, pass to the Founder and the Editorial Board of the Journal “Informatics
and Applications” the nonexclusive right to publish the manuscript of the article in Russian (or in English) in both print and
electronic versions of the Journal. We affirm that this publication does not violate the Copyright of other persons or organizations.
Author(s) signature(s): (name(s), address(es), date).

This agreement should be submitted in paper form or in the form of a scanned copy (signed by the authors).

2. A submitted article should be attached with the data on the author(s) (see item 8). If there are several authors, the contact
person should be indicated who is responsible for correspondence with the Editorial Board and other authors about revisions
and final approval of the proofs.

3. The Editorial Board of the Journal examines the article according to the established reviewing procedure. If the authors
receive their article for correction after reviewing, it does not mean that the article is approved for publication. The corrected
article should be sent to the Editorial Board for the subsequent review and approval.

4. The decision on the article publication or its rejection is communicated to the authors. The Editorial Board may also send
the reviews on the submitted articles to the authors. Any discussion upon the rejected articles is not possible.

5. The edited articles will be sent to the authors for proofread. The comments of the authors to the edited text of the article
should be sent to the Editorial Board as soon as possible.

6. The manuscript of the article should be presented electronically in the MS WORD (.doc or .docx) or BTEX (.tex) formats,
and additionally in the .pdf format. All documents may be sent by e-mail or provided on a CD or diskette. A hard copy
submission is not necessary.

7. The recommended typesetting instructions for manuscript.

Pages parameters: format A4, portrait orientation, document margins (cm): left — 2.5, right — 1.5, above — 2.0, below —
2.0, footer 1.3.

Text: font —Times New Roman, font size — 14, paragraph indent — 0.5, line spacing — 1.5, justified alignment.
The recommended manuscript size: not more than 20 pages of the specified format.

Use only standard abbreviations. Avoid abbreviations in the title and abstract. The full term for which an abbreviation stands
should precede its first use in the text unless it is a standard unit of measurement.

All pages of the manuscript should be numbered.
The templates for the manuscript typesetting are presented on site: http://www.ipiran.ru/journal /template.doc.
8. The articles should enclose data both in Russian and English:

— title;
— author’s name and surname;
— affiliation — organization, its address with ZIP code, city, country, and official e-mail address;
— data on authors according to the format: (see site)
http://www.ipiran.ru/journal /issues/2013_07_01/authors.asp and
http://www.ipiran.ru/journal /issues/2013_07_01_eng/authors.asp;
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— abstract (not less than 100 words) both in Russian and in English. Abstract is a short summary of the article that can be
published separately. The abstract is the main source of information on the article and it could be included in leading
information systems and data bases. The abstract in English has to be an original text and should not be an exact
translation of the Russian one. Good English is required. In abstracts, avoid references and formulae;

— indexing is performed on the basis of keywords. The use of keywords from the internationally accepted thematic
Thesauri is recommended.

Important! Keywords must not be sentences;

— Acknowledgments.

References. Russian references have to be presented both in English translation and Latin transliteration (refer
http://www.translit.ru, option BGN).
Please take into account the following examples of Russian references appearance:
Article in journal:
Zhang, Z., and D. Zhu. 2008. Experimental research on the localized electrochemical micromachining. Rus. J. Electrochem.
44(8):926—930. doi:10.1134/S1023193508080077.
Journal article in electronic format:
Swaminathan, V., E. Lepkoswka-White, and B. P. Rao. 1999. Browsers or buyers in cyberspace? An investigation of
electronic factors influencing electronic exchange. JCMC 5(2). Available at: http://www.ascusc.org/jcmc/vol5 /issue2/
(accessed April 28, 2011).
Article from the continuing publication (collection of works, proceedings):
Astakhov, M. V., and T.V. Tagantsev. 2006. Eksperimental’noe issledovanie prochnosti soedineniy “stal’—kompozit”
[ Experimental study of the strength of joints “steel—composite”]. Trudy MGTU “Matematicheskoe modelirovanie slozhnykh
tekhnicheskikh sistem” | Bauman MSTU “Mathematical Modeling of Complex Technical Systems” Proceedings]. 593:125—130.
Conference proceedings:
Usmanov, T. S., A. A. Gusmanov, I. Z. Mullagalin, R. Ju. Muhametshina, A. N. Chervyakova, and A. V. Sveshnikov. 2007.
Osobennosti proektirovaniya razrabotki mestorozhdeniy s primeneniem gidrorazryva plasta [ Features of the design of field
development with the use of hydraulic fracturing]. Trudy 6-go Mezhdunarodnogo Simpoziuma “Novye resursosberegayushchie
tekhnologii nedropol’zovaniya i povysheniya neftegazootdachi” [6th Symposium (International) “New Energy Saving Subsoil
Technologies and the Increasing of the Oil and Gas Impact” Proceedings]. Moscow. 267—272.
Books and other monographs:
Lindorf, L.S., and L. G. Mamikoniants, eds. 1972. Ekspluatatsiya turbogeneratorov s neposredstvennym okhlazhdeniem
|Operation of turbine generators with direct cooling]. Moscow: Energy Publs. 352 p.
Dissertation and Thesis:
Kozhunova, O. S. 2009. Tekhnologiya razrabotki semanticheskogo slovarya informatsionnogo monitoringa [ Technology of
development of semantic dictionary of information monitoring system]. PhD Thesis. Moscow: IPI RAN. 23 p.
State standards and patents:
GOST 8.586.5-2005. 2007. Metodika vypolneniya izmereniy. Izmerenie raskhoda i kolichestva zhidkostey i gazov s
pomoshch’yu standartnykh suzhayushchikh ustroystv [Method of measurement. Measurement of flow rate and volume of
liquids and gases by means of orifice devices]. M.: Standardinform Publs. 10 p.
Bolshakov, M. V., A.V. Kulakov, A. N. Lavrenov, and M. V. Palkin. 2006. Sposob orientirovaniya po krenu letate’'nogo
apparata s opticheskoy golovkoy samonavedeniya [ The way to orient on the roll of aircraft with optical homing head]. Patent
RF No. 2280590.
References in Latin transcription are presented in the original language.
References in the text are numbered according to the order of their first appearance; the number is placed in square brackets.
All items from the reference list should be cited.
Manuscripts and additional materials are not returned to Authors by the Editorial Board.
Submissions of files by e-mail must include:

— the journal title and author’s name in the “Subject” field;

— an article and additional materials have to be attached using the “attach” function;

— an electronic version of the article should contain the file with the text and a separate file with figures.
“Informatics and Applications” journal is not a profit publication. There are no charges for the authors as well as there are
no royalties.
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