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NCCIEAOBAHUE JMHAMUKHU MHOT'OMEPHBIX
CTOXACTHUYECKHUX CUCTEM HA OCHOBE
DHTPOIIMMNHOIO MOAEJINPOBAHUA*

A. H. Teipcun!, O. B. Bopdonomeesa?

AnHoTamusa: OnucaH 3HTPOMUIAHBIN MOAXOA K MOIEIUPOBAHUIO IMHAMUKMU CTOXaCTUYECKUX CUCTeM. B ero
OCHOBE JICXKUT TIPEICTaBJICHUE CUCTEMbI B BHII¢ MHOTOMEPHOTO ClydaifHOro Bekrtopa. [lokasaHo, 4ToO M3MEHeE-
HUE SHTPOITUY MHOTOMEPHOM CTOXaCTUIECKOM CHUCTEMBI MOXET OBITh BBIPAKCHO Yepe3 TUCTIEPCUN U YCIIOBHBIC
KOPPEJSILIMU KOMIIOHEHT CJIy4alfHOTo BEKTOpa. DTO MO3BOJSIET OOHAPYXUTh MPUUMHY U3MEHEHUSI SHTPOIIUU
CHCTEMBI U OLICHUTh 3TOT CJIy4ailHbII BEKTOP KOJIMYeCTBEHHO. [10Iy9eHO, UTO SHTPOITHSI CTOXaCTHUECKOM CHUCTE-
MBI CKJIAIBIBACTCS U3 ABYX KOMITOHEHT, KOTOPBIE XapaKTepU3yIoT ¢ cBolicTBa. [lepBast KOMITOHEHTA OTIPECIIsSICT
MpeAeJbHYIO SHTPOIUIO, COOTBETCTBYIOIIYIO MOJHONW HE3aBUCUMOCTHU 3JIEMEHTOB CUCTEMbI, U XapaKTepU3yeT
paccMOTpeHNE EeJTOCTHOTO 00BEKTa KaK COCTOSIIETO U3 YacTeil (alIuTUBHOCTB). Bropast KOMITOHEHTa OTpakaeT
CTETIeHb B3aMMOCBSI3ei MEXIy JIEMEHTAMU CUCTEMBI, XapaKTepU3ysl CBOMCTBA CUCTEMBI KaK 1IeJIOro (1IeI0CT-
HocTb). OTMIMCcaHHBI MOAXO/ AeJIaeT BO3MOXKHBIM MCIOAb30BaHME SHTPOIMIHON MOJIEIM B 3aa4aX TMarHOCTUKU
¥ KOHTPOJISI COCTOSTHUSI CTOXaCTUYECKUX CHUCTEM, a TakKKe 3(h(eKTUBHOTO ynpasieHus uMu. K moctomHcTBaM
MPETOXKEHHOTO TTOIX0/Ia CIeAYeT OTHECTH ITPOCTOTY pear3allii M MHTEPIIpeTallii MaTeMaTUIeCKO MOIENH,
YHUBEPCAIBHOCTb U TPUMEHUMOCTb K CTOXaCTMUECKUM CHUCTEMaM Pa3IMYHON MPUPOIbl, BO3MOXHOCTh €€ UC-
MOJIb30BaHMSI Ha MaJIBIX BEIOOPKAX JaHHBIX. [1puUBeaeH MpruMep MPaKTUIECKOTO MPUMEHEHMST MaTeMaTUIEeCKOM

MOJIENH.
KmoueBbie cioBa:
IVCTIEPCHUST; KOPPEIISIIUS

DOI: 10.14357/19922264130401

1 BBenenue

DHTponus gBiseTcs (GyHIAMEHTaJbHBIM CBOM-
CTBOM JIIOOBIX CUCTEM C HEOIHO3HAYHBIM, WJIA BEpO-
STHOCTHBIM, moBeneHueM [1]. B Hactosuiee Bpems
JIOCTaTOYHO PACIPOCTPAHEHO MCTIOIb30BaHUE IHTPO-
MUY JUTST OTTMCAHUS TTOBEACHUS OTKPBITBIX CTOXaCTHUYE-
CKMX CHCTEM B pasiuMyHbIX o0jacTsax [2—6]. OgHako,
HECMOTpPSl Ha 4YacToe WCITOJIb30BAaHWE 3TOTO TEPMU-
Ha, WCITOJIb30BAHWE SHTPOIMU IS MOJSIUPOBAHUS
OTKPBITBIX CUCTEM, B OTJIWYHME OT TEPMOAMHAMUKU,
HEeIOCTaTOYHO (hOPMaTM30BAaHO U HOCUT B OCHOBHOM
Ka4yeCTBEHHBIN XxapakTep. OTCYTCTBYIOT IOCTATOYHO
MPOCThIE U alcKBaTHBIC MaTeMaTUYECKe MOEJIH, T10-
3BOJISTIONINE CBSI3aTh YHTPOIUIO C (PAKTUIECKUMU Xa-
PaKTEePUCTUKAMU COCTOSTHUI CTOXaCTHUECKUX CHCTEM.

W3sBecTtHO [7], 4TO SHTPOIMUS HEMPEPHIBHOMN CIIy-
yaiitHoOM BemnunHbl X (muddepeHimanbHasi SHTPOIIHS)
onpenesseTcs no hopMye:

—+oo
H(X) = - / f(2)In f(z) dr. (1)

MHOTOMEpHas clyyaiiHas BeJWYMHA; SHTPOIMMS;, AMHAMHUKA; CTOXacTMYecKas CHUCTEMa;

rie f(x) — MIOTHOCTb pacrpelesieHus Cly4ailHO Be-
quyuHbl X . TloxydyeHHas mo ¢opmyine (1) sHTponus
Ha3bIBACTCs SHTPOIIMEI 3aKOHA pacIpeae/ieHUs] WIn
nuddepeHIIMaTbHON SHTPOMUEN.

IIpencraBuM cTOXacTUUYECKYIO CUCTeMy S B BHU-
JIe MHOTOMEPHOW CJIydyaiiHOW BeJIUYUHBl Y =
= (Y1,Ys,...,Y,,). Bynem cuurars, 4Tto naHHoe mper-
CTaBJICHUE SBJISETCS aJeKBATHOM MAaTEeMaTU4ECKOMN
MoJeblo cucTeMbl S. Kaxnblii anemMeHT Y; Bektopa Y
SIBJISIETCS OMHOMEPHOM CIIy4YalHON BEJIMYMHOM, KOTO-
pas xapaktepusyeT (GPyHKIIMOHUPOBAHUE COOTBETCTBY-
IOIETO 2JIEMEHTA UCCAEAYeMO CUCTEMBbI. DJIEMEHTbI
MOTYT ObITh KaK B3aMMO3aBUCUMbIMU, TaK U HE 3aBU-
ceTb Apyr oT npyra. CoBMecTHYI0 nuddepeHInaIbHYIO
SHTPOIMIO MHOTOMEPHOI C/Ty4aiiHOM BeTMUMHbBI Y Oy-
JIleM ompenensatsh no dopmyie [7]:

HY)=- /°° +/oofy(x1,x2,...,xm) X

xIn fy(z1,22,...,2p) derdas ... dey, . (2)

*PaboTa BbINOJIHEHA MPU TMoIepXKKe npoekTa 12-M-127-2049 dbyHnameHTanbHbIX MccnenoBanuii YpO PAH.
'HayyHo-uH:xXeHepHblit ieHTp «HanexxHOoCTb 1 pecype GonblumX cucteM M MaiuH» YpO PAH, . Exkatepun6ypr, at2001@yandex.ru
2YenaGMHCKII TOCYIapCTBEHHBI YHIBEpCUTET, ya.olga.work@yandex.ru
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rie fy(x1,x2,...,%y) — COBMECTHAs JIOTHOCTb pac-
npeaeaeHUs CydaiiHbIX BEJIUYUH Y7, Ya, ..., Y,,.

AHanuTnyeckoe HaxoxnaeHue sHrporun H(Y) B
HACTOSIIIEe BpeMs IMOJYYEHO JIUIIb JJIsi COBMECTHO-
ro HopMasibHOTO pacnpeneseHus [8]. Paccmorpenue
JPYTUX paclpeneeHuii 3aTpyJHEHO OTCYTCTBUEM Me-
Pbl HEJIMHEWHOW KOPPEISILLMOHHOM B3aMMOCBA3U CJIy-
YaiHBIX BEJIMYUH C UHBIMU pacCIpele/ieHUsSIMU, aHa-
JIOTUMHOU OTpPeNeuTeN0 KOPPEIALIMOHHON MaTPULIbI
JIUISL COBMECTHOTO HOPMaJIbHOTO pacmnpeneneHus. B [9]
MPEANPUHSITA ITOMBITKA OLIEHUTh B3aMOCBSI3b CITyJaii-
HBIX BEJIMYMH Yepe3 COBMECTHYIO aHTponuo. Ho npu
3TOM TpeOyeTCsl BHIYMCIUTH caMy SHTPOINUIO MHOIO-
MEPHOW CIy4allHO! BEJIMYMHBI 110 OTPAHUYEHHOM BbI-
OopKe, YTO BecbMa 3aTPYAHUTEIbHO, OCOOEHHO eciu
3aKOHBI pacripe/ieJIeHUsI He U3BECTHBI. A HEOOXOAUMO,
Hao0O0OPOT, BHIPA3UTh COBMECTHYIO SHTPOITMIO MHOIO-
MEPHOH CIyYaliHOMN BEJIMUYMHBI YEPE3 XapaKTePUCTUKU
€€ KOMIIOHEHT.

Takum oOpa3om, akTyajbHa 3afadya pa3paboTKu U
¢dopMaIbHOr0 000CHOBAHUS SHTPOIMITHOTO MOIX01a K
MOCJIMPOBAHUIO OTKPBITHIX CTOXaCTMUYECKMX CHCTEM.
ITosroMmy paccmoTpum OoJjiee OOLIMIA Ciydail, Korma
ciayvyaiiHblii BekTop Y HE MMEEeT MHOTOMEPHOTO HOp-
MaJIbHOTO pacrpeneieHus.

2 DHTPOIMS MHOTOMEPHOU
HETIPEPBIBHOM CIIyYaliHOM
BEJIMYUHBI

Teopema 1. Ilycms X1, Xo — 0Ose Henpepuvighbvle cay-
YaiiHvle GeAUUUHbL, ONPedeleHHble Ha 8Cell HUCA080U OCU
U onucwligaemole 0OHOMUNHBIMU 3AKOHAMU pacnpedene-
Hus ¢ naomuocmsmu f1(x) = f(x;p1, A1), fo(z) =
= f(x;u2, \2) coomeemcmeenno, ede i, po U A,
Ao — napamempbsl NOAOINCEHUS U MACUIMAdA CAYYAUHBIX
seaunun X1 u Xo. Toeda pasnocmv oughgpepenyuanbivix
IHMpONnuUll cay4aiiHvlx eeauyun X1 u Xo pasua:.

H(Xs)— H(X)) =22, 3)

HdokazaTtenbcTBO. BbIpasum IJIOTHOCTb BEPOSIT-
HOCTH CJydyailHOU BeJIMUYMHbI X9 Uepe3 MJIOTHOCTh Be-
POSITHOCTU CJIy4ailHOI BEIUYMHBI X7 :

AL

A
Flaspo o) = 2 F (55 (@4 p2 — ) s 1, M ) -
A2’ \ o

C yd4eToM TIOCIETHETO COOTHOIICHMSI Pa3HOCTh
nuddepeHIIMaIbHbIX 3HTPOIUI CIyJYailHBIX BeJIu-
yuH X1 1 X5 paBHa:

H(Xz) — H(X1) =

+oo
=—/fmmAﬂmﬂﬂmAﬁM+

— 00

—+oo
+/fmmﬁmwwmAmm:

+oo
A1 A1
= —— — . . )\
" /f(A2 (@ + po — p1) s o, 1)><
A A
xIn | SHf (S5 (@ g — ) s, N ) | da o+
Ao Ao

“+o00
+/f(x;/ll,kl)lnf(x;makl)dx:
MO
=—1n—1/f(x;u2,)\2)dx—
A2
“+o00
= [ s )+

+oo
+ / J@; pas M) In f (5 pa, A1) d

rie
A
t= )\—1($+M2—M1) .
2
Orcrona umeem:
)\1 >\2
H(XQ)_H(Xl) = —hl)\——f—H(Xl)—H(Xl) = ln)\— .
2 1

CnencrBue 1. ITycmo 6 ycaosusx meopemor 1 X1 u Xo —
0ée HenpepvieHble CAVYALHbIE GeAUYUHDL, UMEIOUUe KO-
Heunwvle ducnepcuu. Tlockonbky cpednee Keadpamuueckoe
OMKAOHEHUE HeNPePbIGHOIL CAYHAUHOU 8eAUHUHDBL, €CAU OHO
cyuecmayem, NpoNopuUOHANbHO napamempy macuimaoa,
mo gopmyny (3) moscrHo 3anucams 6 gude:

o’
H(Xg)—H(Xl)zln—=1n02—1n01, (4)
01
ede 01 u 09 — cpedHue KeadpamuueckKue OMKAOHEHUS
cayuainolx geaunun X1 u Xo.

Cnencrue 2. Jugpgepenyuanvuas sumponusi Henpe-
DBIBHOU CAYMAUHOU eauduHbl X, UMerweil KOHeUHYH
ducnepcuto 0% , pagua:

H(X)=Inox +C=1Ine“y,

o

e0e C = H(X) = H(X/ox) — sumponus cayuaiinoii

seautuHvl X ¢ eQUHUHHOI Oucnepcuell u mem Jce pacnpe-
deneHuem, 4mo u y cAy4aiHoi eauyunsl X .
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HccnenoBanue nuHaMUKU MHOTI'OMEPHBIX CTOXaCTUYECCKUX CUCTEM HAa OCHOBEC BHTPOHHfIHOFO MOACIMPOBAHUA

JleiicTBUTENbHO, 13 (4) MOJYy4YUM

o

H(X)-H(X)=1Inox,
OTKyza
H(X)=Inox + H(X)=Ilnox +C=Ine%x.

OtmeTnM, 4TO KOHcTaHTa C' XapaKTepusyeT SH-
TpOMUIO 3aKoHa pacrpeneieHus. OHa MOXeT ObITh
BbIpaxkeHa uepe3 BBeAeHHbIN B [ 10] sHTponuiAHBIN KO-
adduimeHT k 3akoHa pacnpeneneHust kKak C' = In 2k.

Teopema 2. [Tycmb umeemcs 0se cucmembl HENPepblé-

Hoix cayuaiinbix eeaunun Y (Y = (Yl(l), YQ(D, cey Y,ﬁll))
uY® = (Y1(2),Y2(2),...,Y,5L2)), Kaxcovie coomeem-

cmeyrujue KOMNOHEeHMbL KOMOPbIX Yi(l),Yi(Q) (i

= 1,2,...,m) onpedesensl Ha 6ceil 4ucA080U OcCU,
UMerom KOHeYHble OUCNepCcul U ONUCLIBArmcs 00-
HOMUNHbIMU  3AKOHAMU pacnpedesenuss ¢ HeKomopbl-
MU napamempamu noaoxcenus u macwmaoba. Toeda
PA3HOCMb COBMECMHbIX SHMPONULL CUCEM CAYHALIHbIX

genunun Y2 = (Y1(2),Y2(2),...,Y}£L2)) u YO =
= (YI(I),YQ(I)7 .. .,YTQ)) pasHa:

AH(Y)=H (Y<2> ~H (Y<1>) _

mo g2 m o 1-R2o, o Lo
§ : Yk 1 2 : Yk /Yl '”Yk—l
= ln + 5 hl 1 R2 5 (5)
O' p—
k=1 v k=2 YO y®.y @

20e

O (i A N = O (i 1— R2 . ) Lo
Y;fj)/Yl(J)"'Y;fi>1 Yk@)\/ Yk(])/yl('])"'ykfi)l )

R? . . .
Y;f])/y1(])"'yifi)1

omeemcmeyruux peepecCUOHHbIX 3a6ucumocmeft, k =
=2,3,...,m,j=1,2.

— Koaghuyuenmol demepmuHayuy co-

HoxkaszatrenbctBo. CoBmectHas sautponust H(Y)
CUCTEMBI CJTy4ailHbIX BeJIUYMH Y COTJIaCHO CBOMCTBY
nepapxuueckoit anautTuBHocTH [11] paBHa

H(Y) = HY1) + H (Y2/Y1) + H (Y3/Y1Y3) + - -
...+H(Ym/Y1...Ym71). (6)

PaCCMOTpI/IM ABE CUCTCMbI HEIMPCPBIBHBLIX CJ'[y‘IafI—

Hbix Bemmund Y (D 1 Y (2| kaxpie coOTBETCTBYIOLINE
1 2 .

KOMITOHEHTBI Yi( ), Y;( ) (¢t = 1,2,...,m) KOTOPBIX

onpeaeseHbl Ha BCEW YMCIIOBOM OCU, UMEIOT KOHEYHbBIE

JUCIIEPCHUN U OITUCBIBAIOTCA OJHOTUITHBIMU 3aKOHaAMM

pacrnpezesieHns] ¢ HEKOTOPBIMM IapaMeTpaMU I0JI0-
XKeHus1 U Maciutaba. Torma M3aMeHeHME SHTPOIUU C
yueToMm (6) paBHO:

AH(Y)=H (Y®) — 1 (YD) =
—H (V) -8 (v") + 1 (v r?) -
_H (Y;”/Yf”) 4o+ H (Y,Sf)/Yl(z) : --Kff—)l) -
_H (yn(ll)/yl(l) . .Yﬁll) :

YciaoBHOE MaTeMaTUYeCKOe OXHUAAHUE
E[Y2/Y1 = x] sBastetcst perpeccueit Yo Ha Y; ¢ Ko-
3¢bGUIIMEeHTOM NeTepMUHALIUU R% /v [TosTomy
JACTIepCHsl CTyYailHOW BeJIU4uHbI Ys/Y) paBHa auc-
nepcuu oy, = oy, (1 — RY, /y,) OCTaTOUHOIL cily-
yaifHOM KOMIMOHeHThl perpeccuu E[Yz/Y; = z] [12].

AHanornyHo  BenmuuHa  E Y/ V1Y - Y1 =X]
SIBJISIETCSl perpeccueil Y, Ha ciydaliHble BeJu-
YUHB Y7, Yo,...,Yi 1. Hucnepcus  ciayvaii-
Ho¥t BenmmuwHB Y /Y1Ys .- Y, 1 paBHa mucrepcuu
OCTaTOYHOM CJIy4YaiiHOM KOMIIOHEHTBI PErpeccuu
E[Y:/Y1Ys - Y1 = x] [12]. [ToaTomy
‘732/,6/)/13/2...)@,1 = a%/k(l - R%/k/ylyg...yk,l) ) (7)

2
rie Ry, IV YaYe 1 T KO2((ULIMEHTHI AeTepMUHA-
LIMM COOTBETCTBYIOIIUX PErpecCUOHHBIX 3aBUCUMO-
creit, k =2,3,...,m.

Orcrona c yuetom (4) u (7) noayuum

! O(2) (2) (2)
Y, /Y YT
AH(Y) =i 222 S e e
g
Yl(1> k=2 kal)/yl(l) "'Yk(l—)l

1— R?
Y@ /v v,

1- R2 1 1 1
Ylj >/Y1( )"'YkL)1

2
+ - § ln k 1 k—1 .
2 1- R2 (1) (1) (1)

Yy /Yy Y

O003HauYuB

m o

AH(Y)s :Zln k.

2
L - Byo yov,

3

1 m
AHY)r =5 ) In .
2 1- Ryk(n/yl(nmyk(l)l

npeacTaBuM popmyiny (5) kak
AH(Y)=AH(Y)s + AH(Y)r, ®)

e AH(Y)s n AH(Y)r — npupanieHus: SHTPOITUU
3a CYET UBMEHEHUS AUCTIEPCUIA Y KOPPEISILIUI CITydai-
HbIX BeJIMYMH Y7,Ys,...,Y,,.
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Cnencrsue 1. Ecau cayuaiinoiit eexkmop Y s6asemces eayc-
COBCKUM, MO noAy4uM paccmompenuslii 6 [13] uacmmoiii
cayuail

m T,(2) 1 R
AH(Y)=S In—2— 421 Ry 9)
= oo 2 [Ryol
20e |R () | — onpedeaumens KoppeasyuonHoi mampuybol

R) cayuaiinozo eexmopa Y9 j =1,2.

CnencrBue 2. Cosmecmuas ougpgepenyuanvras 3Hmpo-
nus H(Y) cucmembl HenpepoleHbIX CAYHALHbIX 6EAUHUH

Y = (Y1,Ya,..., Y, pasua
H(Y) =
m 1 m
=Y H¥)+3Y I (1 - R%’Vk/ylyy,ykfl) :
k=1 k=2

(10)

JleiicTBuTenbHO, monctaBus B (5) Bmecto Y (1)
1 Y () cOOTBETCTBEHHO [BE CHCTEMBI HENPEPBIBHAIX
CJIyYalHBIX BEJIUYUH Y = (571,172,...,17,7,,) ny =
= (Y1,1/2,~. .., Y,), Kakaple COOTBETCTBYIOIIME KOM-
MOHEHTHI Y;, Y; (¢ = 1,2, ..., m) KOTOPBIX ONpeeIeHbI
Ha BCeli YUCJIOBOW OCU, UMEIOT KOHEUHbIe TUCTIEPCUU
U OMUCHIBAIOTCS OMMHAKOBBIMU 3aKOHAMU paclpese-
JeHust, ipudeM Y; (i = 1,2, . .., m) SIBJISIIOTCS B3aMMHO
HE3aBUCUMbBIMHU, MTOTYUUM:

H(Y) - H(Y) =
S 1S 1-Ry v,
I T
= % k=2 1_Rf/k/f/1...f/k,1
Hockonbky Yk H(Y:) = H(Yi), oy, = O5 s

2

L oo o =0, 1O
Yi/Y1Ya-Yi 1 ’

H(Y) = H(Y) + % S (1- R vy, ) =
k=2

=1 k=2
®opmyna (10) sBisieTcss 00001LIEHNEM TPUBEICH-

Horo B [13] cooTHOLIEHUS IJIT SHTPOIUU MHOTOMEp-
HOTO HOPMAaJIBHOTO pacIIpeae/IeHUs

- 1
H(Y) =Y H(Y)+ 5 [Ry|,
k=1

an

rie |Ry| — ompenenurens KOppeTsIIIMOHHON MaTpu-
sl Ry. Tlostomy, Tak ke kak u misg (11), u B 00-
meM ciydae cornacHo (10) sHTpoOnuss MHOTOMEPHOIT

cnyqal?moﬁ BCJIMYUNHDBI CKJIAAbIBACTCA U3 IBYX COCTaB-
JIAIOIUX:

H(Y)=H(Y)s+H(Y)r, (12)

3

g
=
3

|

1/2) Z In (1 - Rffk/yly2...yk,1) :

k=1

3 MHccnenoBaHue U3BMEHEHUS
COCTOSTHUSI CTOXaCTUYECKOM
CUCTEMBI HA OCHOBE
SHTPOIMUMHON MOEIN

AnnutuBHbBIE TipeAcTaBieHus (12) u (8) B Bumge aByx
KOMITOHEHT KaK CaMO 9HTPOIINH, TaK 1 €€ U3MEHCHMS
nokasbIBaloT ee nyanusM. KommonenTa H (Y)s orpe-
JIEJISIeT TIPeeSIbHYI0 SHTPOIHUIO, COOTBETCTBYIOIIIYIO
MOJTHOM HE3aBHUCUMOCTU 3JIEMEHTOB cucTeMbl. [lo-
5TOMY YCJIOBHO HA30BEM €€ SHTPOIUEIl XaOTUYHOCTH.
Benununna H (Y )r paBHa SHTPOMUHU 33 CYET COBMECT-
HOW KOPPEJIIIIMOHHON B3aUMOCBSI3U MEXKITy dJIeMeHTa-
MU CUCTEMBI, €€ YCJIOBHO MOXHO Ha3BaTh SHTPOMUEN
camoopranuzanuu. Creayer 3aMeTUTh, YTO Ayalu3M
SHTPONMUU B TOM WM MHOM BHUAEC OTMEYaJCS B psine
nyonukanuii [1, 2, 7,9, 13, 14].

Takum 0Opa3oM, U3MEHEHUE IHTPOIUU TTPOUCXO-
JIUT aJUIMTUBHBIM 00pa3oM: C OIHOW CTOPOHBI — 3a
CYeT U3MEHEHUs TUCIIePCUiA, a C APYrOi CTOPOHBI —
13-3a U3MEHEHMST KOPPEIUPOBAHHOCTHU CIyJaiiHBIX Be-
JUYuH Y1, Ys, ..., Y,,. CiemoBaTe/lbHO, IPUYMHBI POC-
Ta U YMEHBIICHUS SHTPOIUU CUCTEMbI MOTYT OBITh
paznuyHbIiMU. Hampumep, HTPONUIO CUCTEMBI MOX-
HO YBEJIWYUTH (YMEHBIIUTH) ITOCPEICTBOM YBEIMUC-
HUs (YMEHBIIEHUST) TUCIIEPCUIi U)Q/k WM YMEHbIIIe-
HUsl (yBenuueHUs1) Koa(h@UIMEHTOB AeTepMUHALIUN
Ry /vivs..y,_, KOMIIOHEHT BekTopa Y.

Bripaxenue (5) no3BojisieT 0OHAPYKUTh MPUUUHY
M3MEHEHMS] SHTPOIUM CUCTEMbl M OLIEHUTH €ro KOJIM-
YECTBEHHO. DTO NejaeT BO3MOXHBIM MCIIOJIb30BaHUE
SHTPONUITHOM MOJIENTU B 3aja4aX KOHTPOJISI U TUAarHO-
CTUKHM COCTOSTHHS CTOXaCTUIECKUX cucTeM. [1ycTh cTo-
XacTuyeckasi cCicTeMa MpecTaBuMa B BUZIE CITy4aiiHOTO
BekTopa Y. Torma Ha ocHoBe Monesu (5) MOXKHO OCy-
IIECTBISATh MOHUTOPUHT COCTOSIHUSI CTOXaCTUYECKOM
CHCTEMBbI MyTeM aHaju3a M3MEHEHUS €€ SHTPOIIHMU.
DTO MOXHO caejaTh cienyroluM obpazoM. bynem
CUMTATh, YTO ABE CUCTEMbI HETIPEPBIBHBIX CIIydallHBIX
emmund YV 1 Y2 cooTBeTcTBYIOT MpenpiiyIemMy
1 TeKyIIeMy TeproaaM (pyHKIITMOHUPOBAHUS CUCTEMBI.
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HccnenoBanue nuHaMUKU MHOTI'OMEPHBIX CTOXaCTUYECCKUX CUCTEM HAa OCHOBEC BHTPOHHfIHOFO MOACIMPOBAHUA

Torma, orciexusast uzmenenne AH(Y) sHTporuu B
uenaoM u ee komnoHeHT AH(Y)s, AH(Y)r, MOX-
HO CJIeNIaTh BBIBOMBI O COCTOSIHUM CHUCTEMBI. AHAIN3
M3MEHEHUS KaXKIOU U3 CTy4aliHbIX BEJTUUUH Y},

CT)/(2)
Z&JE[(‘Yr)§:7k = lIl k 3
(T)G§1>
1 - R?
1 Y(2>/Y(2>Y(2>
AH(Y -1 k 1 k—1
(Vrp =g —pp

(1) (1) (1)
Y, /Y1 =Y

IMO3BOJIUT BBISIBUTH T€ 3JIEMEHTHI CUCTEMBI (KOMITO-
HEHTBI CUCTEMBbI Y ), KOTOpbIE OKa3aJu HauOoJbllIee
BJIMSIHUE HAa U3MEHEHNE SHTPOITMU BCE CUCTEMBI.
2 2

[TockosmbKy ]:'33/,6/3/11/2...1@,1 > RYk/Y1Y2...Yk,2 >

2 2
> RYk/Ylyz'--Yk_;; > > RYk/Y1 [12], To oLleHUBATH
BKJIaJ TIPOU3BOJIBHOTO [-TO 2JIEMEHTa B UBMEHEHME SH-
TPOIIMM CaMOOPTaHU3ALUM 11eJeCO00pa3HO Yepe3 X
MpeaebHbIe 3HAUCHUS

1-R?
(2) (2) (2)y(2) (2)
Y, /)G, “')Q-1)Q-+1"'}2n

2 1-R? ’
(1) (1) (1) y,(1) (1)
Y, / Y) “'534,1314F1"'}Cn

l=12,....,m.

Brlme OBLT paccMOTPEH CIIydaii, KOTaa Imaphl CIIy-
YaHBIX BEJIUYNH Yi(l), Yi(2) (i =1,2,...,m) uMenu
OIHOTHITHBIE paclipefesieHus. Ecim maHHoe mpemaro-
JIOKCHME He BBITIOJIHSIETCS, TO TOrda U3MEHEHHE SH-
TPOMUU XaOTMYHOCTU coraacHo (10) paBHO:

(), -

[ () -1 (%))

T. €. TIOTPeOyeTCs OMpPenesiTh SHTPOITUN OTHOMEPHBIX
CITYJalHBIX BEJIMYMH IO BBIOOPOYHBIM HaHHBIM. OT-
METHUM, UTO B HACTOSIIIEE BPEMsI TPEJIOKEH PSif ajlro-
PUTMOB [UI4 pellieHus JaHHOM 3anauu [15—18].

AH(Y)s = H (Y<2>)2 -

=> AH(Y)s =
k=1 k=1

4 IlpuMep MOHUTOpPUHTIA
COCTOSTHUSI MHOTOMEPHBIX
CTOXAaCTUYECKUX CUCTEM

PaccMoTpuM 3amaqy MOHUTOPUHTA COCTOSTHUS CTO-
XaCTUYECKOI CUCTEMbI Ha MOJie/IbHOM npumepe. ITycThb
HEKOTOpasl CTOXaCTUYeCKasl CUCTeMa S MOIEIUPYeTCs
B Buzie ciyyaiiHoro Bektopa Y = (Y1,Y2,Y3). s
yIpoLleH!s OyIeM CUMTaTh €ro HOpMajbHbIM. Pac-
CMOTPMM AMHAMUKY (YHKLIMOHUPOBAHUSI CUCTEMBI Ha
ocHoBe Moaenu (5). IlycTh B mpenblayllieM U TEKy-
meM rneproaax (pyHKIMOHUPOBAHUSI CUCTEMbI UMEEM

cyyaitabie Bektopsl YV, Y2 ¢ koBapuamoHHbIME
MaTpULIAMH, PABHBIMU

1,114 1,131 0,494

=M = 1,131 3,310 3,205 | ;
0,494 3,205 5,348
1,796 1,713 0,381

»® = (1,713 3,589 3,199

0,381 3,199 4,841

CornacHo (5), (8) umeem:

Oy,(2) O, (2
T 12705 In 2 = 0,239,
Ty@® Ty
O, (2) O, (2
Y2' _1,041; In—2— =0,040;
(7}?;1) (T)1;1)
O, (2) O, (2
Y5 _0,951; In—3— — —0,050;
(Tiﬁ;l) (Tiﬁ;l)
3. 0y
AH(Y)s =) In—— =0,229;
oy
k=1 Y,
2
1- RY2<2)/Y1<2) _1-0455 0,835
Ry 10347
2
1- Ry3<z>/yl<z>y2<z) _1-0866 _ 0.400-
1- R?/3<1>/Y1<1>Y2(1) 1-0,673
1-R?
1 (@) /3 (2)
5 m# — —0,090;
YOy
1- R2 (2) (2)y,(2)
Sl T gy
2 1- Ry3<1>/yl<1>y2(1)
3 1-R?
1 Yy ) y®..y®
AH(Y)r =5 > I - RQk P Yes g say
k=2 B AP AN G0N

= 0,229 — 0,537 = —0,308..

Takum 00pa3oM, DHTPOIUS CHUCTEMBI B TEKYIIeM
nepuoae ymenbnaach Ha 0,308, mpuyemM sHTpOMNUS
xaoTuyHOCTH BhIpocia Ha 0,229 (AH(Y)s = 0,229),
a SHTPOINUS CaMOOPraHU3alUu cokpaTuiaack Ha 0,537
(AH(Y)r = —0,537). D10 03HAYaeT, YTO B TEKYIIEM
Iepuojie B CUCTeMe Mpeobiianaia TEHACHIMS CHUXE-
HMSI SHTPOIIMU CAMOOPraHU3alHU.

AHaIU3 M3MEHEHUS KaXIO M3 KOMIIOHEHT
AH(Y)s r n AH(Y)R, i TIOKa3bIBaET, 4TO HA POCT IH-
TPOITUY XaOTUYHOCTH TTOBJTUSLI TTEPBbIA 3JIEMEHT CUC-
TEMbI, a Ha CHVDKEHUE SHTPOIUU CaMOOPraHU3aluy —
TPETUIA JIEMEHT.
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5

REVOIE

1. TlpemnoxeHO 3HTPOMUITHOE MOACIMPOBAHUE -

HAaMMKJA MHOTOMEPHBIX CTOXaCTUYECKUX CHUCTEM.
B ero ocHoBe JeXUT MpeacTaBieHUe CUCTEMbI B
BUJIE CJTy4allHOTO BEKTOpa, KaX/aast U3 KOMIIOHEHT
KOTOPOTO MpeACTaBJISIET COO0I HEMPEPBIBHYIO CJIy-
YalHYIO BEJIMYUHY.

. HOJ'IY‘ICHI)I AHATIMTUYCCKUE BBIPpAXKCHUA IJIA OH-

TPOIUU MHOTOMEPHOM CIIy4allHOM BEJIMYMHBI U €€
JTAHAMUKMU.

OCHOBHBIE JOCTOMHCTBA MPEUIOKEHHOTO MTOAX0a!
MPOCTOTA peaau3allii U MHTepIIpeTalluyi MaTeMa-
TUYECKOM MOJIIEIIN;

SHTPOIMUITHAS MOIEIb IPUMEHNMA TP PEeIIeHUN
3a/1a4y IMarHOCTUKU Y KOHTPOJISI COCTOSTHUS CTOXa-
CTUYECKUX CUCTEM, a TaKKe 3(P(PEKTUBHOTO yIIpaB-

JICHUS UMW,

YHUBEPCAIBHOCTh U MPUMEHMMOCTb K CTOXAaCTH-
YECKUM CHCTEMaM Pa3IMYHOI MPUPOIbI;

BO3MOXHOCTb MCIIOJIb30BaHMA Ha MaJlbIX BI)I60p—
Kax JaHHBIX.
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Study of the dynamics of multidimensional stochastic systems based on entropy modeling

STUDY OF THE DYNAMICS OF MULTIDIMENSIONAL STOCHASTIC
SYSTEMS BASED ON ENTROPY MODELING

A.N. Tyrsin! and O. V. Vorfolomeeva?®

IScience and Engineering Center “Reliability and Resource of Large Systems and Machines,” Ural Branch,
Russian Academy of Sciences, Yekaterinburg 620049, Russian Federation
2Chelyabinsk State University, Chelyabinsk 454001, Russian Federation

Abstract: A new entropy approach of modeling of dynamics of stochastic systems is described. It is based on the
representation of the system in the form of a multidimensional stochastic vector. It is shown that the change in
entropy of a multivariate stochastic system can be expressed in terms of dispersions and conditional correlations
of a component of a random vector. This allows to reveal the cause of the change in the entropy of the system
and to evaluate it quantitatively. It was found that the entropy of a stochastic system consists of two components
that characterize its properties. The first component determines the limit entropy corresponding to the full
independence of the elements of the system and defines the consideration of the integral object as consisting of
components (additivity). The second component reflects the extent of interrelation between the elements of the
system, defining the properties of the system as a whole (integrity). This approach makes it possible to use entropy
models in the diagnostics and control of stochastic systems as well as efficient management. The advantages of the
proposed approach include the simplicity of implementation and interpretation of the mathematical model, the
universality and adaptability for stochastic systems of different nature, the possibility of its use on small samples of
data. The article contains an example of the practical application of a mathematical model.

Keywords: multidimensional random variable; entropy; dynamics; stochastic system; dispersion; correlation
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IMPEAEJIbBHAA TEOPEMA 1JIA TEOMETPUYECKNUX CYMM
HE3ABUCUMbBIX HEOJIMHAKOBO PACITPEJEJIEHHBIX
CIIYYAWHBIX BETUUYWH U EE TIPUMEHEHUE
KITPOI'HO3NUPOBAHUIO BEPOATHOCTHU KATACTPO®

B HEOJJHOPOJHBIX TOTOKAX DKCTPEMAJIbHbLIX COBLITUI*

M. E. Tpuropsesa', B. 10. Kopones?, U. A. Cokonos®

AnHoTtamua: PaccMaTtpuBaeTcs 3aaua MpOrHO3UPOBAHMST BEPOSITHOCTE KaTacTpod B HEOTHOPOIHBIX ITOTOKAX
9KCTpEeMalIbHBIX COObITHI. CTaThsl pa3BUBaeT U 000OIIACT HEKOTOPBIC METOIbI, TPEUIOKECHHBIC aBTOpaMU B
Mpenbiayimx padorax. ITOTOK 3KCTpeMalbHBIX COOBITUII pacCMaTpUBaeTCs KaK MapKMPOBAaHHBINA TOYCUHBIA
CIIyJ9aiiHBIN TIpolIecC ¢ HeoOsI3aTeIbHO OOMHAKOBO pacIipeleICHHBIMUA MHTEPBAIAMM MEXIY TOYKaMU (COOBI-
TisiMu). OCHOBOM TIpeIaraeMbIX 0000IIEHUI CIyKaT MpeAebHbIC TCOPEMBI TSI TEOMETPUUECKUX CIyIaifHBIX
CYMM He3aBHCHMBbIX HEOTMHAKOBO pacIpele/IeHHbIX CyJailHbIX BeTMUMH U Teopust bankembl — [Tukannca — e
XaaHa. PaccMoTpeHa KOHCTPYKIIMSI, B paMKaX KOTOpPO B KauyeCTBE MPEAETBbHOIO PAaCIpECe/ICHUS IS Teo-
METPUYECKHX CIIyJallHBIX CYMM HE3aBUCHUMBIX HEOAMHAKOBO PaCIpeAe/ICHHBIX CYIaifHBIX BEIMYMH BOZHUKACT
pacnpeneneHue Beiitoymia—IHeneHko. 3¢G@GeKTUBHOCT METOL0B ULTIOCTPUPYETCS HA IIPUMEpPEe UX TPUMEHEH U
K IIPOTHO3UPOBAHMIO MOMEHTA CTOJIKHOBEHMS 3€MJIH C TTOTCHIIMAJIBHO OMTACHBIM aCTEPOUIOM Ha OCHOBE TAaHHBIX
LleHTpa mo MajIbIM I1aHeTaM [apBapaCcKOro yHUBEpCUTETA.

KnioueBnbie cioBa: karacTpoda; SKCTpeMalbHOE COOBbITHE; ClydaiiHasi cyMMa; reoMeTpuuecKasi CyMMa; 3aKOH
OoJiblIMX YKrcen; pacnipenenenue Beitoyia—IHeneHko; teopeMa bankembi—Ilukannca—/le XaaHa; 06001eHHOE

pacnpenenenue [Tapeto

DOI: 10.14357/19922264130402

1 Bsenenue. [locTaHoBka 3a1a4u.
OmnpenesieHUe 3KCTpeMaIbHOTO
npoiecca

B maHHOi1 cTaThe paccMaTprBaeTCs 3a1a4a IIPOrHO-
3UPOBAHUS 8EPOSMHOCMHbIX XapAKTEPUCTUK KaTacTPOd
B HECOTHOPOIHBIX ITOTOKAX 3KCTPEMAabHBIX COOBITUIA.
PaccMoOTpuM HEKOTOPYIO CUCTEMY, ITOJBEPIaloLIyIOCs
BIMSTHUIO HEKOoToporo dakTopa. I[Ipeamnonoxum, 4to
cuJjia BO3ICHCTBUS 3TOro (hakTopa Ha CUCTEMY B Kax-
IBIE MOMEHT BPEMEHM XapaKTepU3yeTCs] HEKOTOPBIM
YUCIIOM, TIPUYEM 3TO YKCIIO U3MEHSIETCS BO BPEMEHH.
DTO MOXET ObITh:

e (huHaHCOBas CUCTEeMa, KOTOpash XapaKTepu3yeT-
¢ (DMHAHCOBBIM MHIEKCOM, TakKuMM Kak DAX,
NIKKEI, NASDAQ u T. 1.; Ipy 3TOM pe3Kue KO-
JIebaHusT MHACKCA HeOIaroIPUSITHE U CBUICTEIb-
CTBYIOT O T€X WJIM WHBIX KPU3UCHBIX SIBICHUSIX;

e DKOJIOTMYECKAsl CUCTeMa, HalmpuMep cpeaa oouTa-
HUS Y4eJI0BeKa, B YaCTHOCTH COCTOSTHHE XKVUTBIX IT0-

MEIIEHUIA B MCECTHOCTAX, IMOABCPXKCHHBIX HAaBOI-
HCHUAM WJIN 3EMJICTPACCHUAM B CEeMiCMOOMAaCHbBIX
30Hax, KOTOPOEC 3aBUCUT COOTBETCTBCHHO OT CHJIbI
IOA3C€MHBIX TOJTYKOB 1 YPOBHA ITIOAbEMA BOJbI,

collMajibHasl cucTeMa, KoTopas IMOABEp>KeHa Io-
JIMTUYECKOM HEYCTOMUYMBOCTU WJIM BO3IEHCTBUIO
TEPPOPUCTUUYECKUX OPTAaHM3ALIMIA; TIPU 3TOM B Ka-
YEeCTBE YMCJIOBOU XapaKTepUCTUKM AKTUBHOCTU
HeOJIaronpUsATHBIX BO3AEHCTBUN MOXET BBICTY-
MUTb, K IPUMEPY, YMCJIO YITOMUHAHUIN HEKOTOPBIX
COOTBETCTBYIOIIMX KJIIOUEBBIX CJIOB WJIM (ppa3 B
COLMAIBHBIX MTH(MOPMALIMOHHBIX CETSIX WIM CETSIX
CBSI3H;

HaKOHCII, o0111ee COCTOSIHUE TUIaHEThI BCMHH, 3a-
BUCALICC OT paCCTOAHUA, HA KOTOPOC ITOMJICTAIOT
K Hell MOTeHLIMaIbHO OIMacHbIe KOCMUYECKUEe 00b-
€KTbl — aCTCpoOn bl NJIN KOMETHI.

le/l 3TOM €CTCCTBCHHO BO3HMKACT 3adada IIpoO-

rHo3MpoBaHus KatacTpod. OmHako 0e3 MmpuMeHeHUs
CIIeIIMATU3UPOBAHHBIX METOIOB, CITCLIMAIILHO OPUEH-

*Pabora nmomaepxana Poccuiickum hoHI0oM hyHIaMeHTaIbHBIX MccenoBaHuii (mpoekTsbl 11-01-00515-a, 11-07-00112-a, 12-07-00115-a).

'Parexel International, maria-grigoryeva@yandex.ru

2MaKy/IbTeT BHIYUCIUTENBHON MaTeMaTUKU M KMOEPHETUKM MOCKOBCKOTO TOCYIapCTBEHHOTO YHUBepcuTeTa M. M. B. JloMOHOCOBa;
WHcTutyT npobiaem nHdopmaruku Poccuiickoit akageMuu Hayk, victoryukorolev@yandex.ru
3UucTuTyT npo6ieM uHdopMaTiKu PoccuiicKoil akazeMuu Hayk, ipiran@ipiran.ru
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TUPOBAHHbBIX HA MPOTUBOAEHCTBUE KOHKPETHBIM PUC-
KaM, MPaKTUYECKU HUKOTAA HeTb3sl aDCOTIOTHO TOYHO
MpeacKa3aTh CUIY BO3ACICTBUS (haKTopa Ha CUCTEMY B
KaxJblii MOMEHT BpeMeHU B OyaylieM. dpyrumu cio-
BaMHM, Oyaylee pa3dBuTue (akTopa HenpeackazyeMo,
BCJIEICTBME YETO 3HAYEHUE YUCIA, XaPAKTEPUIYIOLLIETO
CIJTy BO3ICHCTBUS (haKTOpa Ha CUCTEMY, paccMaTpH-
BaeMoe Kak (DyHKIIMs BpeMEHH, lieJecoo0pa3Ho pac-
CMAaTpUBaTh Kak cayuatinwiii npoyecc. I[loaTomy 3ana-
4ya MPOTHO3MPOBAHMS CAMOI0 MOMEHTA KaTacTPO(dbI
CBOJIUTCSI K TIPOTHO3UPOBAHUIO 3HA4eHUs CIy4allHOTO
nporecca (T. €. ero 3HauYeHUsI Ha BIIOJIHE OIMpeIe/IeH-
HOM 3JIEMEHTEe MHOXECTBa 3JIEMEHTAapHBIX MCXOMOB)
crieuragibHBIMM METOAAMM, UTO Upe3BbIYaliHO TPYIO-
€MKO U TIpU PACCMOTPEHUU COBPEMEHHBIX CJIOXKHBIX
CTOXaCTUYECKUX CUCTEM IMPAKTUUYECKU HE peaiu3yeMo
C IpUeMJIEMOI TOYHOCTBIO.

B 10 ke BpeMst BOZHMKAET BIOJHE peaibHasl U BaX-
Hasl 3a7aya IIPOTHO3MPOBAHUS pacnpedenerus yKa3aH-
HOTO CJIy4altHOro Tpoliecca B T€ UM MHbIE MOMEHTbI
BpEeMEHMU, T. €. 3aJ1auya MPOrHO3MPOBAHUSI €70 CTATUCTU-
YeCcKMX CBOMCTB. B pesynbrare pelieHus 3Toil 3amauu
MOSIBJISIETCS BOBMOXHOCTh MPaBUJIbHO OLEHUTbh YPOB-
HU YIPO3bI B KAXKI0W KOHKPETHOM CUTYALIMU.

HekoTopbiM MeToaaM peleHus mocaeaHel 3agaun
U MOCBSIILEeHA TaHHasl CTaTbsl.

TIpeanonoxum, 4To OouyeHb OOJbIIME U3MEHEHMUS
CJIIy4alflHOTO IIPOLIECCA, XAPAKTEPU3YIOLIETO BO3IAEH-
cTBUE (paKkTOpa Ha CUCTEMY, HEOJIATOIIPUSITHO BIUSIOT
Ha CUCTeMY UM MOTYT BbI3BaTbh €€ HEOOpaTUMbIe U3Me-
HeHus. BMecTe ¢ Tem Majble (puiyKTyaluu ciiydaitHOro
Mpoliecca, XapakTepusylollero Bo3aeicTeue ¢gaxkropa
Ha CHUCTEMY, BITOJIHE JOMYCTUMBI (B TaKUX CIIydasx Io-
BOPST O «(pOHOBOM 3HaYeHUU» (pakropa). IToaTomy ¢
LIeJIbI0 IIpeIcKa3aHMsI KaTacTpod pa3yMHO paccMaTpu-
BaTh HE BCE U3MEHEHUS CTyYaifHOTO Mpoliecca, a Wb
Takue, BeJIMUMHA KOTOPbIX ITPEBBIIIAET HEKOTOPbIi 10-
MEHYUANbHO ONACHbLI NOPoe.

Bynem roBopuTb, YTO MOMEHTHI IPEBBIIICHUI
U3MEHEHUSIMU CJIyYaHOrO Mpolecca NOTEHLHUAIbHO
OITAaCHOTO MOpora B COBOKYIMHOCTU ¢ CAMUMU 3HAYEHU -
SIMU TUX MTPEBBILIEHU I 00PA3YIOT 9KCMPeMANbHbIl CAY-
yaiislil npoyecc. JApyruMu cioBaMU, 3KCTpEMaIbHbIM
npoieccoM OyaeM Ha3blBaTh MAPKUPOBAHHBIN TOYEU-
Hb1it ipouecc {(7;, X;)}i>1, tae {7 }i>1 — TOYEUHBII
ciyvaiiHslii mpouecce, a { X; };>1 — ciiydaifHble BeInIn-
Hbl. Jlanee 1o cMbIcay 3a1a4yu OyaeT mpeanoarathesl,
yro X; > 0,1 =1,2,...

Cpenu Bcex MPeBBIIEHUI CIydaiiHbIM TTPOLIECCOM
MOTEHILIMAJbHO OINACHOTO MOpora JIMIb HEKOTOpbIE
O4YeHb OOJIbIIME BJEKYT KaTacTpoduuyecKue IMocie/-
ctBusi. [loaTOoMy Hapsiny ¢ nomMeHyuanrbHO ONACHbIM
nopoeom pacCMOTPUM KpUmu4eckuil nopoe, TpeBbIlIe-
HUE KOTOPOIO 3KCTPEMAJIbHBIM MPOLIECCOM U Oynem
CUUTaTh KamMacmpoghoil.

s ymoGcTBa TOUKY OTcueTa (Hy/lb BpPeMEHHOM
ILIKAJIBl ) TIOMECTUM B TO BpeMsl, KOTOpOe OyeM CUYMTATh
«HaCTOSIIMM». TeM caMbIM «HACTOSIILIEE» XapaKTepH-
3yeTcst 3HaueHueM t = 0.

[TockoJbKY IO YCIIOBUIO 9KCTPEMANIbHBIN TIpoliecc
CYMTAETCS CIydallHbIM, TO Heab3s TOYHO IPeICcKa3aTh
MOMEHT HACTYIUIEHMST ouyepeaHoil katactpodnl. Op-
HaKO MOXHO BBIUYMCJIUTH WM OLEHUTh GePOSMHOCHU
Hacmynaenus Kamacmpogbsi B Te4eHNE HEKOTOPOTO MH-
tepBasia Bpemenu [0, 7), tme 7 > 0. Ecm T —
MOMEHT HACTYIUICHUs KaTacTpOpbl, TO COOBITHE «Ka-
tacTpoa HacTynujaa B TeYeHUE MHTepBaja BPeMEHU
[0, 7)» sKBUBaJeHTHO ToMY, uTo T < 7. B KauecrBe
UCXOOHBIX aHHbIX OyIeM UCTIONIb30BaTh MH(MOPMAIIUIO
0 Pa3BUTUU IKCTPEMATBHOTO Mpolecca Ha HEKOTOPOM
WHTEpBajie BpeMEHU [to, tl], rae to < t1 < 0.

ITpocreiimee (MpUMUTUBHOE) pellieHUE 3aga4r 00
OTBICKAHUM BEPOSITHOCTH HACTYILIEHUS KaTacTPO(dbl B
TeueHUe MHTepBasia BpeMeHu [0, 7) Mpu yCAOBUU T <
< t1 — to BBITJISAUT TaK.

Pazo0beM UHTEpBaJl BpeMeHH [t, t1] Ha Hemepece-
KalolIUecsl MOAbIHTepBalIbl UIMHOM 7. IlycTh BHYTpHU
uHTepBana [tg, t1] momectusnioch N, TOIBIHTEPBAIOB
JuiHo# 7. TloacuMTaeM KOJMYECTBO MOABIHTEPBAJIOB,
BHYTPH KaXXIOTO U3 KOTOPBIX HACTYITHIIA XOTS OBl OHA
kaTtactpoda. [lycTh TakuX MOIBIHTEPBAIIOB 0Ka3aJI0Ch
pOBHO n.-. Torma st BEpOSITHOCTH HACTYITJICHMS Ka-
tacTpodbl B TeUeHUe UHTEepBaia BpeMeHu [0, 7) crpa-

BEUTMBA OIICHKA:
Ny
P(T <7)~ 37 (1)

OCHOBaHHas Ha KJIACCUYECKOM OIpPENeICHUU BEPOSIT-
HOCTH Kak (Tipejena) 4acTOThl.

HenocraTku Takoii oieHKM oueBUaHBI. Hampumep,
N TPOCTO MOXET OKa3aThCsl paBHBIM HYJIIO, UTO JaeT
TPYMBHUATIBLHO ONTUMUCTUYHYIO OlleHKY. [amee, u N,
U N, MOTYT ObITh (U, KaK MPABUJIO, SIBJISIOTCS) CIULI-
KOM MaJleHbKUMHU, YTOObI OOECMEeUYUTh MPUEMIIEMYIO
TOYHOCTH OIlcHKHU. Boee Toro, omHOM-eIMHCTBEHHOM
KaTacTpotbl MOXKET 0Ka3aTbCsl JOCTAaTOUYHO IS IOJ-
HOT'O YHUYTOXEHUS CUCTEMBbI, TaK YTO JaJbHEUILUIA
coop MH(pOpMaLIMK MTPOCTO MOXET OKa3aTbCsl HEBO3-
MOXHBIM.

2  MeTon MporHo3MpoBaHUsI
BEPOSITHOCTEM KaTacTpod
B HEOTHOPOAHBIX MOTOKAX
DKCTpPEMaJIbHBIX COOBITUIA

2.1 OcobeHHOCTU METOHA

K coxanennio, umeHHo oueHkamu tuma (1) 3a-
YacTylo MOJIb3YIOTCS Ha MPaKTUKE IS PaCYETOB, CBSI-
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Hpez[em;Haﬂ T€OpEMaA IJId TCOMETPUICCKNX CYMM HE3aBUCUMbIX HCOJJMHAKOBO paCpeCacICHHBIX CJ'[Y‘IafIHLIX BCJIMYNH

3aHHBIX C TaK Ha3blBAEMBbIMU OOJBIINMU PUCKAMU B
CTpaxoOBaHUU, HAIPUMED MPU CTPAXOBAHUU TTPOMBIIII-
JICHHBIX PUCKOB, CBSI3aHHBIX C KPYIMHBIMM aBapUsIMU
M 3KOJIOTMYECKUMH KatacTpodamu. B maHHOIT cTaThe
OITMCaH METOJI OLICHNBAHUS YKa3aHHBIX BEPOSITHOCTEI
HACTYIUJICHMSI KaTacTpod, OCHOBAaHHBIN Ha IOBOJBHO
CJIOXKHBIX MaTeMaTUYeCKUX MOJIENSIX, HO CBOOOTHBIM
OT yKa3aHHBIX HemToCTaTKOB. OCOOEHHOCTh 3TOTO Me-
TOIa 3aKJII09aeTCs B TOM, YTO JUISI TOTO, YTOOBI MPO-
THO3MPOBAaTh BO3MOXHOCTH HACTYILICHUS KaTacTpod,
Heo0s3aTeIbHO UMETh CTATUCTUKY CAMMX Kamacmpog.

IIpocTeiimmii BapyaHT 3TOro METOAa ONKUCaH B pa-
ootax [1—3] u kHurax [4, 5], roe npennoyiaraaoch, 4To
SKCTPEeMAaJIBHBIN TIPOIIECC SIBIISIETCS MapKUPOBaHHBIM
MPOLIECCOM BOCCTAaHOBJIEHUs. B yKa3aHHBIX paboTax
MPEIIToNIarajJoch, YT0 MOMEHTHI Ti, T2, ... IPEBHIIIC-
HUI MCXOMHBIM IPOILIECCOM ITOTEHIIMAIbHO OITaCHO-
ro Topora odpa3yioT MPOILECC BOCCTAHOBIECHUS. DTO
03HayYaeT, YTO CayJyaliHble BETUUMHBI

i=1,2,..., =0, (2

Ci = Ti — Ti—1,

HE3aBUCHMbI U MMEIOT OIMHAKOBOE pacIipeiesieHue,
T. €. IOMYMHSIIOTCSI OMHUM M T€M Xe€ CTaTUCTUYECKUM
3aKOHOMEPHOCTSAM. JIpyrumu cjioBaMu, WHTEHCHUB-
HOCTB ITOTOKA 9KCTPEMAaJIbHBIX COOBITUI CYUTATIACH ITO-
CTOSTHHOM. B TO ke BpeMsI B peaTbHBIX CJIOXKHBIX CUCTE-
Max, KOTOpbI€ B TIOJABJISIONIEM OOJIBIIMHCTBE CITy4aeB
He SIBJISTIOTCST UH(MOPMAIIMOHHO M/WJIM SHEPreTUYeCKU
3aMKHYTBIMU U TIOABEP>KEHBI BIMSHUIO BHEIIIHEH cpe-
IIbI, MHTEHCUBHOCTU ITOTOKOB MH(OPMATUBHBIX CO-
OBITHII HE SIBJISIIOTCS ITOCTOSTHHBIMHM.  Hampuwmep,
MpY aJecKBAaTHOM ITPOTHO3MPOBAHUM TOBEACHUS (hU-
HAHCOBBIX MHIEKCOB KIIOUEBYIO DPOJb MIPaeT IMpei-
CTaBJIeHHE O TOM, YTO MHTEHCUBHOCTU ITOTOKOB MH-
(GOpPMaTUBHBIX COOBITMII Ha (PUHAHCOBBIX PBIHKAX
SIBJISIIOTCS cTydaiiHbIMU [6]. OTKa3 OT MpearnoaoKeHUsI
0 TTOCTOSTHCTBE MHTEHCUBHOCTH ITOTOKA 3KCTPEMalb-
HBIX COOBITMI €CTeCTBEHHO IPUBOAUT K HEOOXOMM-
MOCTH TIPEATIOI0XUTb, UTO CIydaiiHbIe BEJIUYUHBI (2)
MMEIOT HEOAMHAKOBOE pacnpenenacHue. IMeHHO Takoe
0000111eH1Ee METOAO0B, MPEATOXKEHHbIX B paboTax [2—5],
U paccMaTpuBaeTcs B JaHHOI paboTe.

O0603HAaYMM BEJIMYMHY IIPEBBIIICHUS WCXOTHBIM
MPOLIECCOM TMOTEHIIMAJbHO OIMACHOTO IMOpora B MO-
MEHT 7; cuMBosioM X;, ¢ = 1,2,... bygem cumuraTh
yto X1, Xa,... — HE3aBHUCUMbIE U OIMHAKOBO pac-
Mpe/ieJIeHHbIE CTydallHble BETMYMHBI. DTO O3HAYaeT,
YTO 3HAYCHUS STUX CIIyYAHBIX BETUINH ITOTINHSIIOTCS
OHUM U TeM K€ CTaTUCTUUYECKUM 3aKOHOMEPHOCTSIM,
XapaKTepU3YeMbIM QyHKYUell pacnpedeseHus

F(z)=P(Xi<z), —co<z<oo, i=12,..

bynem cuurtarh, 4TO MocjaenoBaTebHOCTh X1, Xo, . ..
CTaTUCTUYECKM He3aBHCHUMa OT II0CJIeJ0BaTeIbHOCTU
T1,7T25 .-

[lyctb 9 — KPUTUYECKUI TOPOT, IpEeBBILICHUE
KOTOpPOTO 3HaYeHueM X; U ecTb KaTacTpoda (T.e. Ka-
TacTpouieckoe coobITue (GOpMaJIbHO 3alMCHIBACTCS
B BHJIe HepaBeHCTBA X; > xg).

OueBUIHO, 9TO BpeMs 1’ HACTYIIICHUS KaTacTPO(BI
(T. . BpeMsI MIEPBOTO MPEBBIIICHUS YPOBHS (o KaKO-
MO0 U3 BeNWYMH X;) MOXHO TIpEACTaBUTHb B BUJIE
T€OMETPUYECKOM CIydaliHOM CyMMBI

N
T=%¢, 3
j=1

Tzie clydaiiHble BETMYUHBI (; OIpeieJIeHbl COOTHOLIEe-
HueM (2), a N — 3To ciy4yaiiHasl BeIM4rMHa, MMerolast
reoMEeTPUYECKOE pacrpeeeHre ¢ IapaMeTpoM

P(Xl < :L'Q) = F(:L'Q) .
DTO 03HAYaeT, YTO
P(N =k) = (F(z))" " (1= F(x0)), k=1,2,...

[Ipu 3TOM B CHIIy HE3aBUCUMOCTH ITOCJICAOBATEIEHO-
creit Xq1,Xo,... U 71,70,... unciao N cjiaraembix B
cymme (3) He3aBUCUMO OT CaMUX ciaraeMbiX (i, Co, - - -
[Tpu 3TOM NPUHUMITUAIBHBIM OTJIUYMEM TeOMETPUYIE-
CKHUX CJIyJ4ailHBIX CYMM, pacCMaTpUBaeMBbIX 3[€Ch, OT
TeOMETPUUYECKUX CYMM B TPAAWILIMOHHOM ITOHUMAaHUN
(cM., Hanpumep, [7, 8]) gBageTCS TO, YTO B JAHHOM
cyJae ciiaraeMble UMEIOT HeoOuHakogoe pacripenesie-
HHMe, Torma Kak B yKa3aHHBIX KJIACCHYECKUX KHUTax
HU3yYaIUCh TeOMETPUIECKIE CYMMBbI 00UHAK080 PaCIIpe-
JIEJICHHBIX CJlaraéMbIX M, COOTBETCTBEHHO, MCITOJIb30-
BaJICh METOMBI, OPUCHTUPOBAHHBIC UMEHHO Ha TaKyIO
CHTYaIUIO.

B pamkax moaxoma, paccMaTpuBaeMOIo B JaHHOI
cTaThe, KpaeyroJbHbIMU KaMHSIMU SIBJISTIOTCSI 1B T€O-
peTUYeCKUX pe3yibrata. [lepBBIil U3 HUX — BepCUs
3aKOHA OOJIBIIMX YWCE IS CIAYyYallHBIX CYMM HEO-
JMMHAKOBO PaCIpeleICHHBIX CIIyJaifHBIX BEJTMIUH (CM.
TeopeMy | HMXe), 0OOCHOBBIBAIOILIAST MCIIOIb30BaHUE
pacnipeaenenust Beiioynina—IHeneHKo B KayecTBe MO-
JeJ  paclipefieJIeHUsT WHTEPBaJOB BPEMEHU MEXIY
katactpodamu. Btopoit — Teopema bankema — I[1u-
kaHjaca — [le XaaHa (cM. TeopeMy 3 HUXe), 000CHO-
BbIBalollasi MCMOJIb30BaHME O000OIIEHHOrO pacrpe/e-
neHus Ilapero B KauecTBe MOIEIW pacIpeneeHus
KPUTUYECKUX 3HAUCHUI HeOIaronpusTHOro (pakropa.
DTH aBa OOIIMX pe3yJbTaTa SBISIIOTCS OCHOBOM TIpe-
JIaraeéMOoTro METOo/1a.

2.2 BcrmiomoratenbHbI€ pe3yJbTaThl

Ilyctb &1, &3, - . . — HeoOsI3aTeIbHO OAMHAKOBO pac-
MpeAesIeHHBIe CIIyJaiiHble BeJIWYMHBL. IS KaXXImoro
HaTypaJIbHOTO 1. > 1 MOJIOXHUM

Sn:€1+£2++€n
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PaccmoTpuMm  mocienoBaTebHOCTh  LIEJTOYMCIEHHBIX
HEOTPULATEbHBIX CIYYallHbIX BEIWYUH {Np}n>1 U
OyneM cuuTaTh, YTO MPU KaXAOM n ClydailHble Be-
JUYUHBL N, €1,&2, ... HE3aBUCUMBI B COBOKYITHOCTH.
Bonee Toro, mpeArnonoxmum, 4To

N,, — 00 MO BEPOSITHOCTU pU n — co.  (4)
Venosue (4) o3Havaer, uto P(N,, < m) — 0 npun —
— 00 miIg moboro m > 0. Besge manee cuMmBO —>
Oynet 0003HaYaTh CXOAUMOCTD IO PACTIPEAEICHUIO.

Jlemma 1. Ilycmo 0as Hekomopoil nocaedosamenvHocmu
noaoxcumenvuvix uucen {bp}n>1 6bINOAHEHbI YCA08US
bp, — conpun — cou

STL
b—:>1, n — o00.

(%)
IIpednonoscum, umo evinoanero ycaosue (4). s moeo
UmoObL NPU N — 0O UMENA MECHO CXOOUMOCHb CAVHALIHbIX
cymm SN, , HOPMUPOBAHHbBIX HEKOMOPOIU NocAedo8ament-
Hocmolo noaoxcumenshoix yucen {dy},>1 makoii, umo
dp — 00 npu N — 00, K HEKOMOPOIl CAY4AUHOU 8eautu-
He Z:

S
PNe Z, (6)
dTL
Heobxo00uMo u docmamo4to, 4moobvl
by
d—“ =7, n—00. (7)

3ameuanue 1. B cruty BRIpOXKIEHHOCTH pacTipeae/ieHUst
MpeAesbHON CllydailHOi BeTWYUHBI B (5) CXOAUMOCTD
o pacripegeneHuio (5) oKa3bIBaeTCsl 9KBUBAJIEHTHOM
CXOJIMMOCTH TI0 BEPOSITHOCTHU: [JIs1 J1toOoro € > 0

lim P<

KOTOPYIO MHOTA JIErye IPOBEPSITh.

bTL

&—1'>6)=0,

JdokazaTenbCcTBO JeMMbI | mpuBeaeHo B [9].

3ameuanue 2. Jlemma 1 sIBIIsIeTCST BepcHeli 3aKOoHa 00JTb-
LIUX YU CeN 15 caydailHbix cyMM. CorjlacHO Kiaccuye-
CKHM 3aKOHaM OOJIBIINX YK CeJI IIPU YBEJIMYSHUU YU CIIa
cjaraeMbIX B pacCMaTPUBaEMbIX «CPEIHUX apU(METH -
yecKux» MHGOpMaLKsl O KOHKPETHOM BUJE pacripeie-
JICHUIi CcllaraeMbIX 3aTyXaeT, CTITUMBasCh B MHMOpMa-
LIMI0 00 OHOM JUIIb yucie. TouHo Takoii xe 3¢hdexT
HabJroaaeTcs B ieMMe 1: Mpyu pacCCMOTPEHUM «CIydaii-
HBIX CpeaHUX apu(pMETUISCKUX» MH(HOPMALIUS O pac-
MpeaesIeHUsIX cJlaraeMbIX 3aTyXaeT, TaK YTO IpelebHOe
pacrnpeesnieHue «Cay4ailHOro cpeaHero apugmeruye-
CKOTO» OMPEIENseTCs BUAOM MPEAebHOTO pachpe/e-
JIGHUs JUISl CTydaiiHOrO MHAeKca (Jucia cllaraeMbIX B
CyMMe) IIpH Hamjiexaleit HOpMUPOBKe.

Jist obLHOCTU MYCThb X, = To, — (BO3pacra-
folast) TOCJIeA0BATEIbHOCTh KPUTUUECKUX ITOPOTOB
Takas, 4To

®)

Torma B jaHHOM cltyyae ciydaitHas BennuuHa N = N,
MMEeT FeOMETPUYECKOE paclpeiesieHue ¢ mapaMmeTpoM
qn = 1 — p,. [Ipu aTOM ycrnoBue (8) rapaHTUPYET BbI-
noiHenue yeiosus (4). Bonee toro, EN,, = p, ! u, Kak
XOPOIIIO U3BECTHO,

anl_F(l‘n)%O (n—>OO)

nh—>nolo sup ‘P (pnNn = y) - e—y‘ =0.
y=0

ITpennonoxum, 4To MOCTOSTHHBIE b,,, 0OecIeurnBa-
IoI1I1e BhIMIOJTHEHUE ycaoBus (5), uMmeror Bua b, = bn”
Mp1 HEeKOTopwlx b > 0 u ~v > 0. Ilpu aToM 3Ha-
YyeHus y > 1 COOTBETCTBYIOT TOW CUTyallMu, KOraa
CIIyJaitHbIe BEIMUMHEI (; «B CPEIHEM» BO3PACTaloT, T. €.
SKCTpEeMaJIbHBIE COOBITHUS IIPOUCXOIST BCE PeXe U pe-
Ke, 3HaUeHUsI 7 < 1 COOTBETCTBYIOT TOWM CUTYyaIluH,
KOraa cayJaiiHble BEJIMYMHBI (; «B CpeIHEM» YOBIBAIOT,
T. €. 9KCTpeMaJIbHbIC COOBITHS IIPOMCXOASIT BCE Yallle U
yalie, a 3Ha4YeHNe v = 1 COOTBETCTBYET TOM CUTYALINH,
KOTJa MHTEHCUBHOCTD ITOTOKA 3KCTPEMAIbHBIX COOBI-
THI «B CpeIHEM» TTOCTOSTHHA, HAIIPUMED B TTOBEICHUN
MHTEHCUBHOCTU HAOJIONAIOTCS TIPOSIBICHUS IIUKIAY-
HOCTHU, TIpUYEM MEPUOIbI U3MEHEHUSI UHTEHCUBHOCTU
3aMETHO MEHBIIIe TTIeproaa (pUKcalluy HaOTIOOCHHA.

Tenepb BbIOEpEM HOPMUPYIOLIME MOCTOSIHHBIE d,
TakK, 4ToObl reoMeTpuuecKas ciydyaiiHas cymma Sy,
nMeNla HeTpUBHUAIbHOE IIpeAesIbHOE paclpeaesieHue.
W3 nemMBbl | BBITEKAET, UTO €CJIU C YIETOM BHIOpAaHHOM
(GOpMBI TOCTOSIHHBIX b, ¥ COOTHOLLIEHUS (7) TTOCTOSTH-
HbIE d,, BBIOpaTh B BUAE d,, = bp, ", TO Mg mobdoro
y>0

b
lim P (% < y) = lim P((pnNn)" <y) =

= lim P (pnNn < yl/’y) =1- exp{—yl/w} .
n—oo

[Tpu sTOM cornacHo siemMMe 1 Takoe e pacripenese-
Hue BeiiOymia—IHeneHKo ¢ mokasaTeneM 1/ sIBISI-
€TCs MPEACJIbHBIM U JUISI TEOMETPUYECKON CITy4yailHOU
CYMMBbI HE3aBUCUMbIX HEOJMHAKOBO PACMpPEICIEeHHbIX
CJIyJyaliHbIX BEJIMUUH Sy, , TPUYEM B CUITy HEIPEPhIB-
HOCTH TIpeJeJbHOTo pacrnpeneiaeHus Beiioymna—IHe-
JICHKO CXOAMMOCTh (6) paBHOMepHa 1o 2 € R. Odop-
MMM CKAa3aHHOE B BUJE CIEAYIOIIETO YTBEPXKIACHUS.

Teopema 1. [Ipednosoxcum, umo cay4aiinas geauuHa
N, umeem ceomempuueckoe pacnpedenenue ¢ napamem-
DOM pr, npuvem p, — 0 npu n — oo. [lpednoroxcum,
umo cyujecmeyiom koneunvie v > 0 u b > 0 makue, umo

S,

— =1

o (n — 00).
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Toeda

lim sup |P (p]. SN, = bx) — exp {_xl/’v}‘ =0.

n—0o0 $>O

2.3 Onwucaduve MeToIa

I/ITaK, yauTtbiBad CACJIAHHLIC ITPCAITIOJIOXCHUA O
HOPMHUPYIOHINUX ITOCTOAHHBIX, MOXKHO 3aK/IIOYUTb, YTO
IIpHU JOCTAaTOYHO OOJIBIINX 3HAYCHUSIX Zo

P(T <t)~

£\
~1—exp —[1—F(I0)]<5> , t>0. (9)

[MpuMeHeHre ONMMCBIBAEMOTO METOIA BEIYUCIIEHUS
BPEMEHHEIX XapaKTEPUCTUK KAaTacTpo(d B HEOTHOPOI-
HBIX TIOTOKAX 9KCTPEMATbHBIX COOBITUI 3aKTI0YAETCS B
cnenyorieM. [Tyctb € € (0, 1) — MpOM3BOIBHOE YHUCIIO.
Pemienue ypaBHeHUs

P(T<t)=¢

OTHOCHTEJIBHO ¢ 0003HauuM ¢ (¢). Ecu pacnipenenerue
cllydaitHoil BenuuuHbl T umeeT BUA (9), TO, OUEBUIHO,

[111(1_6) ]f

t(e)=0b Floo) = 1

CMbIcT 3HaYeHUs t(e€) — 2TO TO BPeMsI, BEpOST-
HOCTb HACTYIUICHUS KaTacTpodbl 10 KOTOPOTO paBHa €.
W3 coobpaxxeHuit 31paBoro cMbICia 0COOBI MHTEpeC
MPEACTABSAIOT 3HAUCHUS €, OJTU3KUE K HYJTIO (COOTBET-
CTBYIOIIIEE 3HAYEHUE ¢(€) — ITO TO BpeMsl, 10 KOTOPOTO
KaracTpoda, cKopee Bcero, He HaCTYIUT), OJIM3KUe K
enrHUIIe (COOTBETCTBYIOLIee 3HaYeHUE t(€) — 3TO TO
BpeMsl, 10 KOTOPOTo KatacTpoda, cKopee BCero, HacTy-
IUT), a TakKke € = 1/2 (COOTBETCTBYIOICEe 3HAYCHHE
t(1/2) — 310 «cpemHee» BpeMsI 10 HACTYIIICHUS KaTa-
cTpodBbl).

Ocobo crienyeT cka3aTh, YTO MPU MPOTHO3UPOBA-
HUU «CPEIHETO» WU «OXHUIaeMOTo» BPEMEHM M0 Ka-
TacTpodbl MOXHO MCIIOJIb30BaTh Kak Meauany t(1/2)
CJIyJaliHOU BeJIMYMHBI ', KOTOpasi ONpeaeasieTcsd Kak
pelieHre ypaBHeHUsI

1~ expd —[1- F(z)] (%)W 1

OTHOCHUTEJIBHO ¢ M, OYEBUIHO, PaBHA

()=l

TaK 1 MaTEMATUYCCKOC OXKMNIaHUE

br'(1+ )

=T Fa)

ITpu 5TOM HEOOXOAUMO OTMETUTh, YTO, HAIIPUMED, B
ciyyae v = 1 meauana ¢(1/2) cinydaitHoit BenuuuHbl T'
TI0YTH B TTOJITOpa pa3a (TouHee, B (In 2) ~! pa3) MeHblue
MaTeMaTHIecKoro oxumanus ET.

[Tpu 3TOM IMapaMeTphl b 1 y IETKO OLIEHUTh METOAOM
HauMEHbBIIMX KBaaparoB. [Ipeamnonoxum, 4To B Ha-
1LIeM PACIOpsSIXKEHUN UMEeeTCsl BIOOpKA Z1, Zs, . .., Ly,
MpeIbIIYINNX 3HAYEHWI CITydaiiHbIX BeTUIMH (;. Hop-
mupylomas GyHkuus by = bkY mapamerpa k nUMmeeT
CMBICJI TPEH/1a, WJIM OCHOBHOI TCHACHIIMY TTOBEACHMS
peanuzaumun Ry = Z; + --- 4+ Zj, cllydailHO#l (DyHK-
uun Si. C Lenblo JUHeapu3aluu PerpecCUOHHOMN
3ama4yy mpojorapumMupyeM by u Ry, 0003HauuM [ =
= log b 1 moy4uM npuOIMKEHHbIE pABEHCTBA

log Ry =~ B+ ~vlogk, k=1,...,n, (10)
B MPaBOI YaCTH KOTOPBIX CTOSIT JUHEIHHbBIC (PYHKIINU
nmapameTpoB 3 u . Mcrnonb3ys cTaHmapTHBIN Me-
TOI HANMEHBIINX KBAaAPaTOB OLICHUBAHUS ITapaMeTPOB
nuHeiHo# perpeccuu (10), mosmyduM oLieHKHN

nZ(logk -log Ry) — logn! Z log Ry,
k=1 k=1

n> (logk)® — (logn!)?

k=1

TRy =

3

b = exp{f} ~ exp Z log Ry, — 7 logn!

k=1

YroObl TOMYYUTh OLIEHKY BeIWYMHBI 1 — F'(z9),
HEOOXOAMMO TIOCTPOUTH Pa3yMHYI0O U aleKBaTHYIO
MapaMeTpUyecKylo MaTeMaTUYeCKylo Moneab (Mpu-
omkenue) st pyHkimu F(z). C 3TOM Lesbio UCTTIONb-
3yeM METOJI ITOCTPOEHUSI ACUMITTOTUYECKUX aTlITPOKCH -
Maruit it F'(z) mpu OONbIINUX X9, OCHOBAHHBIN Ha
teopeMme bankema — IMukanaca— e XaaHa W Ha3bl-
BaeMblii MeTOOM TpeBbIleHnit opora (POT-merox,
POT = Peaks Over Threshold).

Ilycte cimyvaiiHasg BenuuvHa ( vUMeeT (YHKIUIO
pacnpenenenusi F'(z). B pamkax paccMarpuBaeMo-
ro MeToma IPOTHO3MPOBaHUs KaTacTpod Kak IIpe-
BBILICHU 3KCTPEMaJbHBIM MPOLIECCOM KPUTUUYECKUX
YPOBHEN OOJBIION WHTEPEC MPENCTaBIsSIeT OMUCaHNe
YCJIOBHOTO pacIipee/IieHs] TIPEBBIIIEHUST CTydaiiHOI
BEJIMUMHOI ( HEKOTOPOTo (00JIbILIOro) Mopora u:

Fu(y)=P((—u<y|(>u),0<y <zp —u,

e y = (r — u) — TpeBBIIICHUE MOpoTa U Tp =
= sup{zr € R|F(z) < 1} < co. @yHKUIUSI 3TOTO
YCJIOBHOTO pacrpenesieHus: F,, MOXKeT ObITh BbIpaskeHa
yepe3 F":
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Flut+y)—F(u) _ F(z) - F(u)
1—F(u) 1 F(u)

Ecnu mopor u 7ocTaTouHO BeIUK, TO OOJBIIMHCTBO pe-
anu3aluil caydyailHOM BeTMYUHBI ¢ IeXXuT Mexay 0 v u,
TaK 4TO OLIEHUTHh [ B 3TOM NPOMEXYTKE HECIOXHO.
Ho ouenuts F,, mpobieMaTuyHO, TaK KakK COOTBET-
CTBYIOIIMX HaOmoaeHuii Maio. Ha momonib nmpuxoaut
cienmyoolIias TeopeMa.

Fu(y) =

Teopema 2 [10, 11]. @yuxuyus pacnpedesenus F npu-
Haonexcum obaacmu max-npumsaicenus pacnpedenetus,
npedenvbHoeo 045 IKCMPEMANbHBIX 3HAYeHUll moeda U
Moabko moeda, Koeda cyujecmeyem usmepumas QyHK-
yus o(u) > 0 maxas, umo

lim sup |Fu(y) - Gé,o’(u) (y)| =0,

U=TE OLy<zp—u

ede Gso(y) — @yukyua 0606wennoeo pacnpedesenus
Ilapemo:

5\~
1-< (14— , 0#£0;
Gé,a(y): ( +Uy> #
1—e v/, 60=0.

VYCII0BUSIM TEOPEMBI YIOBIETBOPSIET OOJBILIMHCTBO
HCTIONIB3YeMbIX Ha TpaKTUKe pacrpeneiacHuii. [lapa-
MeTp § TOKa3bIBaeT, HACKOJIBKO TSKEJ XBOCT. YeM
Goutblre §, TeM TsDKesee XBOCT. Hampumep, Impu Mofe-
JINPOBaHUU (PUHAHCOBBIX JaHHBIX OOBIYHO UCITONIB3Y-
erca 6 > 0.

3 Ilpumep npuMeHEHUS METOIA
IMPOrHO3MPOBAHUS
BEPOSITHOCTHBIX XapaKTePUCTUK
r100aJIbHBIX KaTacTpod

Jna wimocTpauuu pacCMOTPUM MHTEPECHYIO 3a-
Jlavy, CBSI3aHHYIO C OMpeaeIeHUeM pUCKa INI00aTbHbIX
KaTaKJIM3MOB, BBI3BAaHHBIX CTOJKHOBEHUEM 3eMIIMU C
JIOBOJIbHO OOJIbIIMMU HEOECHBIMU TelaMU (acTepou-
JlaMy, KOMETaMM).

W3BecTHO, YTO Takue OOBEKTHI MPUOIMKAIOTCS K
3emiie OTHOCUTEIbHO YacTo. MccaenoBaHust mpoBOAM-
JINCh HA OCHOBAaHWU JaHHBIX LleHTpa 1Mo MajabIM Iuia-
HetaMm [apBapICKOTro YHUBEPCHUTETA, MPEACTaBICHHBIX
B kHure OctuHa ATKuHCOHa [12]. D10 Tabauua, B KO-
TOPOI1 comepKaTCs pencKa3aHus 1aT MPUOIKEHUS K
3emie Ha paccTosiHue He 0oJsee 0,2 acCTpOHOMUUYECKOi
eIMHUIIBI (a.€.) KOMET U MaJIbIX IIaHeT Ha OJivKaii-
mue 33 roga HauuHas ¢ uoHg 1999 . Bcero takux
npenckaszaHuit 191, nas kaxxaoro u3 HUX U3BECTHO M-
HUMAaJIbHOE PacCTOSHME, Ha KOTOpOe Masias IJlaHeTa
nopoineT K 3emie, TOA M MECSI] MPEArosaracMoro

commxkenus. [IpuBoaMMblie HUXKE BBIYMCICHUS TTPOBE-
JIEHbl Ha OCHOBE METOoJa, MPEITOXKEHHOIO B JaHHOM
CTaThe, U YTOUHSIOT pe3yJbTaThl, IPUBEACHHbBIC B [2—
5]. VYTouHeHuMe NOCTUTHYTO 3a CUET TOro, YTO 3[eCh
UCTIOb3YeTCsl HE MOJIETb 9KCIIOHEHIIMAIbHOTO pac-
npeaeacHus, a 0bojee rudkass MoAeab pacripenesieHus
Beiioynna—IHenenko.

PaccrostHue, Ha KoTopoe ouepeaHoit (i-if) KocMu-
YeCcKUi 00BEKT MPUOJUZUTCS K 3eMiie, OyieM cCUMTaTh
peayiM3alnieil cirydyailHOU BEJIMUUHBI ();, pacrpenese-
HHE KOTOpOI, BOOOIIE TOBOPSI, HEM3BECTHO W IIOMI-
JIEKUT ompenejeHuIo (olieHMBaHMIO). I[lpu 3TOM, B
OTJIMYME OT paccMaTpuBaBlleiics paHee (POpMaabHOI
MOZEJIU IKCTPEMATIbHOTO Mpollecca, WHTepec Mpea-
CTaBJISIET HE MAKCUMAAbHOE, & MUHUMAAbHOe 3HAYEHUE
BeuuuH ;. CHuMeM (hopMajbHbIE TTPOTHUBOPEUHS,
nonaraga X; = Q[l.

dopmanusyem ckazaHHoe. MmeeMm BBIOOPKY X =
= {X1,Xs,..., X}, n = 191, He3aBUCUMBIX OfIU-
HaKOBO pPAacIpeleCHHBIX CAYIailHBIX BEIMYNH. DTU
BEJIMYMHBI OOpaTHBI PACCTOSTHUSAM MeXmy 3emiieil u
MOTEHIIMAaIbHO OonacHbIMU acTepounamu. [lpenrona-
raeTcsi, 4YTO MU3BECTHBI PACCTOSIHUS OT IIEHTpa 3eMJIu
IO IICHTPOB acTeponaoB. Bce moacuersl BeayTces B a.c.,
1 a.e. = 149,6 Mt kM. Paguyc R 3emiu paBeH R =
= 6400 kM ~ 4,278075-10"%a.e. = 0,00004278075 a.e.

Kak yxe ropopusioch, B ykazaHHOU KHure [12] mpu-
BEJCHBI TaHHbIE JIUIIIb O T€X MOTEHIIMAIbHO OMACHBIX
acTepouax, KOTopble MPUOIMKAIOTCS K 3eMiie MeHee
yeM Ha 0,2 a.e. TakuM 06pa3oM, HaOIIOAAETCS HE «I1OJI-
HbIl» Habop BeauuuH X1, Xo, ..., a JUIIb T€ U3 HUX,
koTopele npesocxomar (0,2)~1 = 5 (a.e.)"!. Bynem
CUMTATh, YTO MOPOr ¢ = 5 a.e.”! JOCTATOUHO BEJMK,
YTOOBI alMpOKCHUMAIIKS, YCTaHABIMBaeMasi TeOpeMOit
bankembr — [Mukanaca — JIe Xaana st pacripeaese-
HUS TIPEBHIIICHUI TaKOTO IOpOoTra, ObLIa JOCTATOYHO
ajJiekBaTHa, TaK YTO B KAueCTBE MOJIEJIN paclipesesie-
HUS CJyYaiiHBIX BeJIMYMH X; MOXHO B35ITh 0000IIEH-
Hoe pacripeneneHue Ilapeto

0, ecmmx < 5;
F(z;a,0) = C

1_ﬁ, ecaux = 5.
r—«

Kak moxkaszanu BblUMCIEHUSI, TPOBEAEHHbIE B pado-
Tax [2, 3], aTa MOzieNb AEUCTBUTENBHO JEMOHCTPUPYET
BbICOYAlilllee cornacue ¢ yKa3aHHbIMU JaHHbIMU. [1pu
9TOM KPUTUYECKUI MOPOT Z(, MPEBBIIIEHUE KOTOPO-
ro ciayvyaiHOi BeIWYMHOM X; Oo3HauvaeT KaTacTpody
(cToNKHOBEHME acTepouraa ¢ 3emMJieii), paBeH

1 -1 -1
=—==— = 23374 e .
o = 6100 KM 33749993 a.e

JI1s ctaTUCTUYECKOTO OLleHUBaHus mapaMmeTpoB C,
a U o B paborax [2, 3] MCIONIB30BaIOCh HECKOIbKO
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METOAOB, HO HaWJIyydlIe€ coIrjlacue€ MdaHHBIX HabI0-
JaJ10Ch C MOJEJIbIO, HOCTpOCHHOﬁ Ha OCHOBE OLICHOK
MakCUMaJIbHOI'O npaleon0)1061/m:

a=-3165; 6 =237; C =96,757.

OlLleHKM HAWMEHBIIUX KBAJpaTOB ISl MapameT-
poB b U <y, TMOCTPOEHHbIE MO BBIOOPKE 1, ..., Z191
BPEMEHHBIX TPOMEXYTKOB MEXIY 3KCTPeMalbHBIMU
CONMKEHUSIMU aCTePOUNIOB C 3eMJiell OKa3aauch paB-
HBIMU

b~ 0,1728 rona ~ 2,0733 mec.; v~ 1,0012.

B pesynbrare mpuMeHeHUsT OMMMCAHHOTO METO/A K
BBIUMCIIEHUIO OLIEHOK BPEMEHHBIX XapaKTepUCTUK Ka-
TacTpo(bl, CBSI3AHHON CO CTOJKHOBEHUEM 3eMJIU C
acTepOUIOM, MOJTYUYEHBI CIETYIONIME 3HAUYECHMUSI.

— BpeMs ¢, IO KOToporo c BeposiTHocThio 00,9999
CTOJIKHOBEHUE 3eMJI1 C acTepoOuJOM He Ipo-
U30IAeT, MPUMEPHO paBHO 1235 romam;

— BpeMs f, 0 KOTOpOro ¢ BeposaTHoOcThio 0,9999
CTOJIKHOBEHME 3eMJIM C acTepOUIOM 3aBEIOMO
npousoiiaet, npumepHo paBHo 111 154 073 romam;

— «cpemHee» BpeMs t* MO CTOJIKHOBEHMSI 3eMJIU C
acrepousioM npumepHo paBHo 12071039 romam
(TIpM TOM B KayecTBe OKMIaeMOTO BpeMEeHU KaTa-
cTpodbl KCIOJNB30BAIOCH MAaTEMAaTUYECKOe OXKH-
JlaHue).
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Abstract: The problem of prediction of the probabilities of catastrophes in nonhomogeneous flows of extremal
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PACITPEAEJEHWUE BPEMEHU BbIXOJIA 13 MHOXXECTBA
COCTOSIHWUI MEPETPY3KW B CUCTEME M|M|1|(L, H)|(H, R)
C TUCTEPE3MCHBIM VITPABJIEHUEM HATPY3KOJ*

10. B. Taiinamakal, A. B. IMeunnkun?, P. B. Pasymuuk?®, A. K. Camyiinos?, K. E. Camyiiios®,

. A. Coxonos®, B.C. Conun’, C. d. llloprun®

Annoramus: OmHUM U3 HamboJIee MPOCTHIX B pean3aliui U 3(PGOEKTUBHBIX PElleHU TPOOIeMBbl TIeperpy30K,
00ecTeunBaOIINM HauMeHbIIIee YUCIIO TIEPEKITIOUeHU N PeKUMOB (DYHKIIMOHUPOBAHUS CICTEMBI, SIBJISIETCSI THC-
Tepe3UCHOEe YIpaBieHue Harpy3koil. B cTaThe mpemioxeH aHaIUTUYECKUI METOJ UCClieloBaHuUsI apaMeTpoB
TUCTEPEe3UCHOTO yIpaBlieHUs. B KadecTBe mMareMaTMUecKOW MOIENM paccCMOTpPeHa CHCTeMa MacCOBOTO 00-
cnyxuBanust (CMO) M |M|1|(L, H)|(H, R) ¢ AByMsI IETISIMU TUCTEPE3MCHOTO yIpaBieHus, rae H — mopor
O0OHapyXeHUs Teperpy3ku; L, — Mopor CHUXXEeHUs reperpy3ku; R — mopor copoca Harpy3ku. IlojaydyeHbl aBa
MeTona BbluucieHus rnpeodpaszopanus Jlamaca—Cruntbeca (ITJIC) BpeMeHUM Bo3BpaTa CUCTEMbI U3 MHOXECTBA
COCTOSTHWIA TIepeTpy3KN B MHOXKECTBO COCTOSTHUI HOPMAaJIbHOW HATPY3KU: TIEPBBIN — ITyTeM PEIIeHUs] CUCTEMBI
ypaBHeHuii ¢ [1JIC Hen3BecTHBIX BpeMEH BO3BpaTa JUlsl KaxK/I0ro COCTOSIHUS MePEerpy3Ku; BTOPOl — ¢ TOMOLIbIO
pexyppeHTHoro npeactasieHus [1JIC BpemeH Bo3BpaTa B BUJe NpOoOHO-pallMOHaIbHbIX GyHKIMA. O6a MeToaa
TTO3BOJISTIOT TIPU BBIYUCTICHUSIX 3 (HEKTUBHO MPUMEHSATh MHCTPYMEHTATbHBIE TTPOTPaMMHEIE CPE/ICTBA 00IIETO
Ha3HavYeHMs, YTO MOKA3aHO Ha YMCIEHHOM MIpUMepe.

Kirouessle ciioBa: neperpyska cepepa; cuctema MmaccoBoro oociyxuaHus (CMO); ructepe3ucHoe yrpapieHUe
Harpy3Koi; BpeMmsl BO3BpaTa B MHOXECTBO COCTOSIHUII HOpPMaJIbHOM Harpysku; mpeoOpa3oBaHue Jlammaca—

Crunteeca (IJIC); pyHKUMS pacnipeaeaeHUs
DOI: 10.14357/19922264130403

1 Bsenenue

[MpoGema 3a1nThI XKU3HEHHO BaXKHBIX Y3JI0B TeJIe-
KOMMYHUKAIIMOHHON CeTH OT Meperpy30K BHOBDb CTasla
KPUTUYHOM B CETSX CBI3U ITOCIEAYIOIIMNX ITOKOJICHUA
(NGN, Next Generation Network). B cersix BToporo
nokosieHus (2G) ¢ KoMMyTallMeld KaHAJIOB Meperpys-
K1 OBbLTA BBI3BaHBI, IIABHBIM 00pa3oM, MOBEICHUEM
T0JIb30BaTes e, MMOPOXKIAIOIINM B3PBIBHOW POCT Tpa-
¢uka B yachl HaWBBICILIeil HArpy3KU. B coBpeMeHHBIX
cerssx 3G u 4G OCHOBHOI TPUYMHON HeETNpeAcKasy-
eMoro no ooveMy Tpaduka, ¢ 00padoTKON KOTOPOro
HEe CIIPaBJISIETCS cCaMOe COBPEMEHHOE O0OpYyHIOBaHUE,
CTaJl B TIEPBYIO OYepelb CTPEMUTENbHBIM POCT YMCiia
TEJICKOMMYHUKALIMOHHBIX YCIYT, XapaKTepU3yIOIINX-
Cs BBICOKUMU TPEOOBAaHMSIMU K ITPOU3BOAUTEILHOCTHU
CETEBBIX Y3JI0B U CEPBEPOB Pa3IUYHOrO Ha3HAUCHUSI.
[Mpumepom mposiBIIeHUST TIPOOJIEMBI SIBJISIIOTCST TIEpe-

rpy3ku cepBepoB mpotokona SIP (Session Initiation
Protocol), mopoxaaembie TJaBUHOOOPAa3HBIM MOTOKOM
3aMpOCOB TMOJIb30BaTEE HA MPEAOCTaBIEHUE UPO-
KOIOJIOCHBIX yeayr [1]. Tak, mpu ycTaHOBJIEHUM CO-
eauHeHus 1o Tporokony SIP gaxke B mpocTteiiliem
cJlyyae YCTaHOBJICHUSI PEUYEBOTr0 COSMHEHUST OJIMH 3a-
MpOC TMOJb30BaTesisl TpeOyeT mepenayn U oopaboTKu
HECKOJIbKMMU CepBepaMu A0 CEMU COOOILIEHU I TPOTO-
kona SIP.

Pasznuunble cueHapuu neperpy3ok SIP-cepBepos
ONMCaHbI B TIOKyMeHTax Paboyeii rpymnimbl o MHXeHep-
HbiM nipobaeMam cetu Mutepuet (IETE, Internet Engi-
neering Task Force), urpamommx poyib MeXIyHaApOIHBIX
cranaapToB [ 1—5] ns ceteit Ha 6a3e nporokonaa IP. Tu-
MMUYHBIM MTPOSIBJICHUEM MEPETPY3KU CIYKUT JABUHHBIT
repes3aryck, KOTOPbIi MPOUCXOAUT, KOTAA CIUILIKOM
MHOTO OJIb30BATENEe OMHOBPEMEHHO ITBITAIOTCH 3ape-
ructpupoBaTbest Ha SIP-cepBepax. [Tpumepom ciryxut

*Pabora BeimonHeHa rpu noanepxkke PODU (mpoextsr NeNe 11-07-00112 u 12-07-00108).
I'Poccuiicknii yHUBepcHTET IpyKObl HApOIoB, yeaidamaka@sci.pfu.edu.ru
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3Uucturyr npo6iem uHdopMaTiku Poccuiickoii akagemuu Hayk, rrazumchik@ieee.org
4Poccuiickuit yHUBEPCUTET APYXObl HAPOIOB, asam 1988@gmail.com
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PacripenienieHrie BpeMeHH BBIXO/Ia M3 MHOXECTBa COCTOSTHUM Meperpy3ku B cucteme M| M |1|(L, H)|(H, R)

CLIEHApMil TaK Ha3bIBAEMOT0 «MaHX3TTEHCKOIO Iepe-
3ammycka» (aHri. Manhattan reboots scenario), korga B
pe3ysbTaTe aBapuu IMPOU30IILIO OTKIIOUEHUE SJIeKTPH -
YecTBa B 9TOM KpPYIHEHIeM pailoHe Topoja U Iocie
BOCCTAHOBJIEHUS 2JIEKTpocHaOXeHus Bce SIP-tepmu-
HaJIbl OMHOBPEMEHHO IBITAJIMCh 3apEerUCTPUPOBATHCS
Ha cepBepax, CO3/1aB TeM CaMbIM OOJIBILION MOTOK CO-
obmeHuit REGISTER.

JIJisl yCIIeUTHOTO YIpaBJIEHUST Tieperpy3kamu, TI0
CyTH, TpeOyeTCsl OTBETUTh Ha JIBa BOTIPOCA: KaK OIpe-
JIEIUTh HAYaJIo Tieperpy3Ku 1 Kak ee yctpaHuth. Hau-
0oJiee ECTECTBEHHBIM pEIIEHUEM SIBJISIETCS BBEIECHUE
TTOPOTOBOIO YIIPaBJICHUS OYepeablo COOOIIeHU (3a-
SIBOK) Ha 00pabOoTKy cepBepOM MOAOOHO TOMY, KaK 3TO
OBLIO cHelaHo B peKoMeHAalusx MeXITyHapoaIHOTro
coto3a anekTpocBsasu (ITU, International Telecommu-
nications Union) [j1s1 IPOTOKOJIOB CETEBOIO U KaHaJlb-
HOIo YpOBHel 0OIlleKaHaJIbHOM CUCTEMbI CUTHAIM3a-
uuu Ne 7 (OKC?7) [6].

B [7-9] Obu1 caenaH KpaTKuit 0030p W aHAIN3
MeXaHU3Ma TUCTEPEe3UCHOTO YIpaBJIeHUs] HArpy3Koi,
npumeHsiemoro B OKC7, a Takxke paspaboTaHa Ma-
TeMaTuyeckasi MOJejib JIOKAJIbHOTO YIpaBICHUs Tie-
perpy3kamu B cetu SIP-cepBepoB. VYmpapieHue re-
perpy3kaMu OCYIIECTBIISIETCST TIyTeM BBEIEHMSI TPex
MOPOroB B ouepend Ha 0OpabOTKY CUTHAJIBHBIX CO-
obuieHuit ceppepoM — nopora H oOHapyxKeHUs mepe-
rpy3KHu, ropora L, CHUXXEHUSI Teperpy3Ku u nopora R
copoca Harpy3ku. Iloka oOiiee 4mcio cOOOIIEHUI B
ouepeny He npebiinaet (H — 1), cepBep GYHKIIMOHU-
pyeT B pexuMme HOpMaJIbHOW Harpysku. Ecium mpmunHa
ouepeny craja paBHOW H, cucTeMa MepexoauT B pe-
KM CHUIKEHMST Harpy3Ky M OCTaeTCsI B 9TOM PeKUMe
IO TeX Iop, TToKa [UTMHA OYepear He TOCTUTHET 3Have-
Hust (L — 1) wnu (R — 1). [lpu yMeHbIIEHUU JTMHBI
ouepeny no 3HaueHust (L — 1) cucteMa BO3BpaIaeTcst
B PEXMM HOpPMaJIbHOW Harpy3ku. Eciu ouepenb yBe-
JIMYMIach 10 3HAYEHUST R, BKJIIOYAETCS pexXuM cOpo-
ca Harpy3ku, B KOTOPOM CHCTeMa HaXOAMTCS IO TeX
1op, MoKa JUIMHA OYepear He CTaHeT paBHoUl H, 1o-
cJie 4ero cucTeMa BO3BpAIlaeTCs B PEKUM CHVDKEHMS
Harpy3ku. 3HaueHMs TTOPOTOB BBHIOMPAIOTCS TaK, YTO
0 < L < H < R, ¥ IO3TOMY MEXIly ITapaMu MTOPOToB
(L, H) n (H, R) BO3HUKAaeT TaK Ha3bIBaeMbIil 3deKxT
ructepesuca [10, 11] B Buae aByX neresnb — Mo OJHON
Ha kaxnyto mnapy noporoB. B OKC7 rucrepesucHoe
yrpaBjieHre ObUTO BBEICHO IS COKpAIEHWS] Yucia
MePEeKIIOYCHNI CUCTEMBI YIIPABJIEHUS U3 PeXruMa Tie-
perpy3ku B peXuM HOpMaabHO# Harpysku [12, 13],
MpY 3TOM 3ajaya pelajach IMyTeM BbIOOpa 3HAUYCHU
MOPOTOB C 1IEJbI0 MUHUMU3ALMU CPETHETO BPEMEHU
BO3BpaTa CHCTEMBbI M3 peXuMma Meperpy3ku B pexkum
HOPMaJIbHOI Harpy3KH.

UccnenoBannio CMO ¢ TMCTepe3uCHBIM yITpaBiie-
HUEM IIOCBSIIEHO IOCTaTOYHO MHOTO paboT, MpU-

YyeM Yallle BCero BCTPeyarTcsl padoThl MO CUCTEMaM
C THUCTEPE3MCHBIM oOciyxnBaHueM [14—16] n pexe
BCTpPEYaroTCs padoThl MO CHUCTEMaM C TUCTEPE3UCHBIM
yIOpaBlIeHUEM BXOISIIMM MOTOKOM 3asgBok [17, 18].
OO0BbeMHBI 0030p pe3yabTaTOB MO TUCTEPE3UCHOMY
YIOpaBJICHUIO coIepKUTCs B padoTax [19, 20], a Hanbo-
Jiee OJIM3KM K UCCIeIOBaHUSIM HACTOSIIEH CTaTbi MO-
JIeJib U METOJIbI MCCIIeIOBaHMSI, pa3paboTaHHbIe B [21],
IJe TakKe MOXHO HAaWTH OOIMPHBIN CITUCOK MUCTOY-
HUKOB 10 npobjeme aHanuza CMO ¢ ructepe3ucHbIM
yIpaBjieHUEeM UHTEHCUBHOCTBIO BXOJISIIIIETO ITOTOKA 3a-
SIBOK (Iajiee /i KpaTKOCTU — C TUCTEPE3MCHBIM yIIpaB-
JIeHueM Harpyskoii). B pabGorax [7—9] ¢ yyactuem
4yacTU aBTOPOB JAHHOU CTaTbU MPOBeAeH 0030p padoT,
ITOCBSIIIIEHHBIX MAaTeMAaTUYECKOMY Y UMUTALIHOHHOMY
MOJIEJTMPOBAHUIO CUCTEM C TMCTEPE3MCHBIM YyIIpaBJie-
HUeM Harpy3koii. B aTux e craTbsx, a Takke B [22—32]
OBLIN OCTPOEHBI U MCCIIETOBAHBI MApPKOBCKME MOMIEIN
B Buae CMO ¢ myacCOHOBCKMM BXOASIIMM ITOTOKOM U
SKCIOHEHIINAIBHO PaCIpPEICICHHON ITUTEIBHOCTBIO
00CTy>XKrBaHUsI 3as1BOK.

C ToukM 3peHus ToKazaTeaell KauecTBa 00CTyKu-
BaHus SIP-cepBepa MHTEpec MpeacTaBisgeT BpeMs Tie-
pexona ciayJaifHOTo mpoliecca, OIMChIBAIOIIEro hyHK-
LIMOHUPOBAHUE CHUCTEMbI, U3 MHOXKECTBA COCTOSTHUIA
Teperpy3ku 1 cOpoca Harpy3Ku B MHOKECTBO COCTOSI-
HUIA HOPMAJIbHO HATPY3KU. DTY CyYallHY10 BETUUUHY
MIPUHSITO Ha3bIBaTh BpEMEHEM BO3BpaTa B PEXXUM HOP-
MaJIbHOM Harpy3Ku, WU UIS KPaTKOCTH — BPeMEHEM
BO3Bpara, a €e XapaKTepUCTUKM, TaKue Kak maTema-
TAYECKOE OXUAaHWe Win 95%-Has KBaHTWIb, TOMI-
JIeXKaT MUHUMU3ALNU TIPU 3aJaHHBIX OTPaHNMICHUSIX
Ha Harpy304YHbI€ M CTPYKTYPHBIE ITapaMeTPbl CUCTEMBI.
B [32] misg MapKOBCKOTO ciiy4yasi TIOJy4YeH ajroOpyuTM
pacyeTa CpemHero BpeMeHU BO3BpaTa U YMCJIEHHO pe-
1IeHa 3a/1a4a ero MUHUMM3AIIUY JIJIsT OJTU3KUX K peasTb-
HBIM MCXONHBIX JAaHHBIX. B MTaHHOI cTaThe, B OTIUYNE
OT U3BECTHBIX PE3YyJIbTATOB, MPEAJIOKEH METO/I pacyeTa
ITJIC BpeMeHu Bo3BpaTa, UTO IO3BOJSIET BBIYMCIATH
dyukiuio pacipenenerus (PP) u HaxoaUTh KBAaHTUIN
STOM BEJIMYMHBI, He Ipuberas K CpeIcTBaM MMUTA-
LIMOHHOTO MojenupoBaHusi. Kpome Toro, pe3yisraTsl
IIPOMEKYTOUHBIX BEIYMCIICHHH ITO3BOJISIOT 3(D(HEKTUB-
HO IIPOBOAUTDH aHAIU3 U APYIUX Ba>KHBIX BEPOATHOCT-
HO-BPEMEHHBIX XapakTepucTuk ucciaenyemoin CMO.

151 pelieHud 3amayn ObUTU pa3paboTaHbl 1Ba Me-
tona. IlepBbIif METO OCHOBAaH Ha PEIIEHUM CUCTEMBI
ypaBHeHUH, Tae HeusBecTHbIMU sBysitoTcs [IJIC Bpe-
MEH BO3BpaTa M3 KaXXJI0T0 COCTOSIHUS MHOXECTB Tepe-
IPy3KM U cOpoca Harpy3ku. Bropoit MeTon ocCHOBaH Ha
pexyppeHTHoM npencrasiaeHuu [1J1C BpemeH Bo3Bparta
yepes ApoOHO-pallnoHaIbHbIe DyHKIIMU. B 00oux ciy-
yasix mojydyeHbl aaroputmbl BeruuciaeHus IJIC BpeMe-
HM BO3BpaTa B TAKOM BMIIE, YTO OHU MOTYT OBIThH IIO-
CTaTOYHO ITPOCTO 3aIPOrpaMMUPOBaHBI, HAIIPUMED, C

UH®OPMATUKA U EE TIPUMEHEHUS Tom 7 Bbimyck 4 2013 21



I0. B. I'atioamaxa, A. B. Ilewunxun, P. B. Pazymuuk u op.

TTOMOIILIBIO CUCTEM CUMBOJIBHBIX BBIYUCICHUI, BCTPO-
€HHBbIX B M3BECTHbIE MHCTPYMEHTAJIbHbIC IPOrpam-
MHbIe cpenctBa, Takue kak MATLAB [33], Mathe-
matica [34], Maple [35] u T. 1.

CraTbhsl OpraHuM3oBaHa CJIEOYIOIIMM 00pa3oM.
B pas3n. 2 netanbHO omucaHa ucciaeayeMasi Mojelb
CMO, BBeneHbl BCe HEOOXOIMMbIE MOHSTUS U 000-
3HaueHus1. B pasn. 3 npeanoxeHbl ABa METOIA BHIYMC-
nenwus [TJIC Bpemenu Bo3Bpara. B pa3n. 4 npencrasieH
MpUMEpP YMUCICHHOIO aHa/lIM3a, a B 3aKJIIOUEHUHU IO~
BElIeHbl UTOTM CTaTbUM W OOCYXIAIOTCS MOJTy4YeHHbIE
pe3yabTaThl.

2 IlocraHoBka 3amauu

IIpuBenem neranbHoe ommcaHue CMO, koTtopas
Oymet paccMatpuBaThes ganee. CrucreMa mpeacTaBiseT
co06oii ogHoMHeHYyI0o CMO ¢ n1ByMsT TUTIAMU 3asIBOK.
Bxonsire TOTOKM 3assBOK SIBJITIOTCSI HE3aBUCUMBIMU
IyaCCOHOBCKUMU C MHTEHCUBHOCTBIO Ak, k = 1, 2, T10-
CTYIUIEHMsT 3as9BOK k-ro Tuma. Yepes A = A\ + Ao
0003HaYMM CYMMapHYI0 MHTEHCHBHOCTb BXOJSIIIETO
nmoroka. Bpewms obGciayxuBaHUST 3asiBKM JIFOOOTO TH-
ITa pacripeieJieHO IO 3KCITOHEHINMAIbHOMY 3aKOHY C
rapamMeTpoM [i.

IIpouecc oO6CayKMBaHUS MPOUCXOIUT CICAYIOIINM
ob6pa3om. IlycTh B Ha9aJIbHBIIT MOMEHT B CUCTEME OT-
CYTCTBYIOT 3asiBKM. Torma g0 TOroO MOMEHTa, KOrja B
CHCTeMe BIIEpBbie OKaxkeTcs H 3asiBOK, K OOCTyXH-
BaHUIO TIPUHUMAIOTCS 3as1BKM oboux TumoB. Ho kak
TOJIBKO YMCJIO 3a5IBOK CTAHOBUTCS paBHBIM H , Mpekpa-
IIaeTcs TPUEM 3assBOK BTOPOTO THUIIA M TIPUHUMAIOTCS
TOJIBKO 3asIBKHM TIEPBOTO THUIIA. TaK IIPOIOJIKACTCS IO
TOrO0 MOMEHTa, KOT/Ia YMCJIO 3asIBOK B CUCTEME He CTa-
HOBUTCSI paBHBIM L — 1 min R. B riepBoMm ciiyyae CHOBa
HauMHAEeTCsl MPUEM 3asBOK BTOPOro THIa, a BO BTO-
pOM — TIpeKpaIlaeTcs IIprueM BCeX 3asIBOK (B TOM YHCIIE
M TICPBOTO THTIA), IIPUIEM IIPUEM 3asIBOK IIEPBOTO TUIIA

HopmanbHsiii pexum

BO300OHOBJISIETCSI B TOT MOMEHT, KOIZa YMCJIO 3asIBOK
B CHCTEME CTaHOBUTCS paBHbIM H. Cxemaruyeckoe
n300paxkeHne PyHKIIMOHUPOBAHKS pacCMaTpUBacMO
CMO npuBeneHo Ha puc. 1.

BBenem obo3HaueHuUsI:

\N/n(s), n =0,H — 1, — IIJIC BpeMeHH 1O TOrO MO-
MeHTa, KOIIa B CHCTEME BIIEPBBIE OKaxeTcs H
3ag9BOK, MPH YCJIOBUH, YTO B HAYAJILHBI MOMEHT
B cHCTEME OBIJIO 1 3asIBOK U IIPUHUMAJIUCH 3asIBKH
JII000TO THUTIA;

Vi (s),n = H + 1, R, — T1JIC BpeMeHH 10 TOTO MO-
MEHTa, KOT/Ia B CHCTeMe BIiepBble octaHeTcst (L—1)
3as1BOK, IPU YCJIOBUH, YTO B HAYAJIbHbII1 MOMEHT B
cucTeMe ObUIO 1 3asIBOK M He IPUHUMAJINCh 3asIBKU
(moboro Tumna);

Vi(s), n = L,R— 1, — IJIC BpeMeHM 10 TOTO MO-
MEHTa, KOIJIa B CUCTeMe BIiepBbie octaHeTcst (L —1)
3as1BOK, IPH YCIOBUU, YTO B HAYAJIbHBII MOMEHT
B cUCTeMe ObUIO N 3as1BOK U MPUHUMATUCH 3as1BKU
TOJIBKO MEPBOTO TUIIA.

3ametuM, uTo Vi ($) mpencrapiser coboil He 4YTo
nHoe, Kak BbIpaxkeHHoe B TepmuHax [IJIC pacmpe-
JeJIeHre BpeMEHU BO3BpaTa (B peKUM HOPMAaJIbHOM
Harpy3K#) — OIHOTO M3 OCHOBHBIX MCITOJIb3YeMbIX Ha
MpakTUKe MoKasareieil KadyecTBa oocmykuBanus SIP-
cepBepa, 0 YeM yxKe TOBOPUJIOCh BO BBeAeHUM. [aree,
VL_l(s) — TIJIC BpemMeHM OT MOMEHTa IONaJaHus
cucteMbl B coctostHue ¢ (L — 1) 3asiBKaMu IO MO-
MEHTa IIePBOro IOCJe 3TOTO IMOMNAaJIaHUs B COCTOSTHIE
¢ H 3agBKaMu, WIX BpeMeHU NpeObIBaHUS (PYHKIIMO-
HUpPYIOLIEro B cTalmoHapHoM pexxume SIP-cepsepa B
MHOKECTBE COCTOSIHUI HOpMaJIbHOM Harpy3ku. U, Ha-
kouetl, T(s) = Vi_1(s) Vi (s) — IJIC BpeMeHn Mex-
Iy COCETHUMU TOTIaJaHUSIMU CUCTEMBI B COCTOSIHHE C
(L — 1) 3assBKaMu ¢ 00sI3aTeTbHBIM TIOTIAIAHAEM B CO-
cTosiHMe ¢ H 3asiBKaMM, WY LUK (GYHKIIMOHUPOBA-
Hus SIP-cepBepa, T. €. cyMMapHoOe BpeMs TpeObIBaHUs

[leperpyska

HTeHCHUBHOCTEL
MOCTYIAOIIETO MOTOKA

H-1
Jnuna ouepenu n

Puc. 1 Cxematnyeckoe nzobpaxenue GyHKIIMOHUPOBAHUSA CUCTEMBI
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SIP-cepBepa B MHOXECTBAaX COCTOSIHMIT HOPMAaJIbHOI
Harpy3ku U Ieperpy3Ku.

OCHOBHbBIM pPe3yJIbTaTOM HACTOSIIIIEH CTaTbu SIBJIsI-
€TCsI pellieHUe CIICAYIOIIMX ABYX 3a1a4:

(1) naiitu pacnpeneneHre BpeMEHU 10 TOTO MOMEH-
Ta, KOrJa B CUCTeMe BIlepBble ocTaHeTcs H 3a-
SIBOK, TIPU YCJIOBUU, YTO B HAYaJIbHbIA MOMEHT B
cucreMe o6bu10 n, n = 0, H — 1, 3a9BOK U IpU-
HUMAaJIMCh 3a51BKU J1I0O0T0 TUTIA, T. €. B TEPMUHAX

ITJIC naiitu \N/n(s), n=0H—1;

(2) HaiiTu pacnpeneieHre BpeMEHU 10 TOTO MOMEH-
Ta, KOTIa B crcTeMe BIiepBble octaHercs (L — 1)
3a51BOK, MPU YCJIOBUU, YTO B HAUAJIbHbBIII MOMEHT
B cucteme ObIo n, n = H + 1, R, 3a9BOK U He
MPUHUMAIUCH 3asBKU (J1I000TO TUIA), WA MPU
YCJIOBUM, YTO OBUIO 1 3asiBOK U NMPUHUMAIUCH
3asBKU TOJIBKO MEPBOr0 TUMA, T.€. B TEPMUHAX
IMJIC naittu V¥ (s), n = H+ 1, R, u V,(s), n =
=L R-1.

OueuHo, maddepentupys V;, (s), V*(s) u V;,(s)
HY>KHOE YMCJIO pa3 B ToOUKe s = 0, MOXHO IOJIYYUTh
MOMEHTHI JTIOOOTO MOPSIIKA.

Haiinennoe B tepmuHax ITJIC pacnpeneneHue Bpe-
MEHU BO3BpaTa MCIIOJIB3YeTCS majiee IJIST YUCICHHBIX
pacyeToB, MpUYeM MpeaaraeTcs nBa BapuaHTa dop-
MmyJ1. I1epBblii BapMaHT MPEANOUYTUTEIbHO YIIOTPEOIITh
B TOM ciy4ae, koraa oopaieHue [TJIC npousBoautcs
Mo TouKaM. BTopoii BapuaHT, HarOIIWii OTBET B BU-
Je ApoOHO-pallMOHANbHOM (DYHKIIMM, YIOOEH Toraa,
KOTJa MMEIOTCS XOPOIIUE IPOTrpaMMbl Pa3IOKEHMS
JIpOOHO-palMOHAIBHON (PYHKIIMY Ha CYMMY MPOCTEii-
LIUX IpOOEHi.

OTMETHM, YTO UCIIOJIb3YeMBIii B paboTe MeTomd, 60-
Jiee TIoApOOHOE M3JIOXKEHUE KOTOPOro MOXKHO HalTu
B [36], aJieMeHTapHO MEPEHOCUTCS Ha pellieHHe 3a1aun
HaxoxneHus [1JIC ®P BpemeHu mepexoma U3 J000-
ro cocTosiHMs B Jtoboe apyroe. Kpome toro, 3ame-
TUM, YTO Vn(s) MPENCTABISAET COOO HE YTO MHOE, KaK
[1JIC BpemeHu 10 TmepBOii MOTEpU 3asBKU B CUCTEME
M|M|1|(H —2), ucxons U3 COCTOSTHUS 72, ¥ XOPOILIO U3-
BECTHO (CM., HalIpuMep, pesyJibrar 1js 6oJiee o0l1ero
ciydad B [37]). 3aech BbiBoabl aToro IJIC npuBoasitcs
IIJIST JTyYILero MOHUMAaHUS JaTbHEUIITNX BBIKJIaI0K.

3 BrruuciaeHue npeodpa3zoBaHUsI
Jlarutaca—Cruiitbeca BpeMeHU
BbIXOJa

3.1 Bapuanr 1

Boruncaum caavana [TJIC \Zl(s), n=1H—1.9tu
I1JIC ynoBieTBOpsSIIOT ypaBHEHUIO:

‘Zl(s):

A JTR A~ )
= ‘/n— +—Vn =
s+u+>\(u+/\ 1(s) TEDY +1(5)

1

= m [MVn—l(S) + )\‘771+1(5):| ’

n=TH-1. (1)

IpanuyHble yCIOBUSA I CUCTeMbl ypaBHeHuit (1)
oIpenesstoTcs: hopMynamu:

- A~
o(s) = =5 TA(o); @

Vi(s)=1. (3)

Pemenue cucreMbl ypaBHeHUit (1) MeeT BUI:

Vi(s) = 1287 (s) + @287 "(s), n=0,H,
rie 21 = 21(s) u Z3 = Zo(s) — pelieHus ypaBHEHUSsI
A= (s+pu+Nz+pz>=0,

T. €.

s+ptAEV/(s+p+N)2 -4\
20 ’

acy = ¢1(8) M G2 = C2(s) onpenessitoTes U3 rPAaHUYHbBIX
yenoBuii (2) u (3). U3 (3) Haxonum

21,2 =

Co=1-—¢1
U, 3HAYUT,

Va(s) = &z (s) = (1 —&1)3 "(s),
n=0H_-1. (4

IMoncrasnss (4) B (2), mosydyaeM 1ocje 31eMeHTapHbIX
npeoOpa3oBaHMit

&= {ls+ N2(s) = N5} /{lls +Nals) -
= A E T (s) + (s + N)z2(s) = A BT ()

Inst maxoxuenus Vi (s), n = H+1, R, n V,(s),

n = L, R — 1, BBeleM CHavaJIa CJIeIyroIie BCIIOMOTa-
TeJIbHbIe (DYHKIIUU:

Wi(s), n = H+1,R, — IIJIC BpeMeHM 1O TOTO
MOMEHTa, KOT/ia B CHCTeMe BIiepBble ocTaHeTcst H
3as1BOK, ITPY YCJIOBUH, YTO B HaUaJIbHbIIi MOMEHT B
cucTeMe ObLIO 1 3asIBOK M HE TPUHUMAJIUCh 3asIBKU
(moboro Tumna);

wp(s), n = H + 1, R— 1, — [IJIC BpeMeHu 10 TOrO
MOMEHTa, KOTla B CHCTeMe BIlepBble ocTaHeTcst H
3as1BOK, ¥ BEPOSITHOCTH TOTO, YTO JIO TOTO MOMEH -
Ta B CUCTeMe He ObUT0 R 3as1BOK, TIPU YCIOBUU, YTO
B HayaJIbHBIIl MOMEHT B CUCTEME OBLIO 1 3asIBOK U
MPUHUMAJIKCh 3asIBKU TOJIBKO TTEPBOTO THIIA;
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Wy(s), n = H+ 1, R — 1, — I1JIC BpeMeHU 0 TOTO
MOMEHTA, KOIJa B CUCTEME BIIEPBbLIE OKaXeTcs R
3asBOK, U BEPOATHOCTH TOT'O, YTO JJO 3TOTO MOMEH -
Ta B CCTeEME He ObIJI0 H 3as9BOK, IIPU YCJIOBUH, UTO
B HaYaJIbHBI MOMEHT B CCTEME ObLIO 7 3a9BOK U
MIPUHUMAINCh 3asIBKU TOJILKO TIEPBOTO TUIIA.

OueBUIHO,

n—H
W;@):( K > , n=HTLR.

S+

OyHKIMu wy,(s), n = H + 1, R — 1, ynoBneTBopsi-
10T ypaBHEHUIO

. ptM p
wnl®) = (u oy o)
A 1
() = sy b9 +

+ Mwpt1(s)], n=H+1,R-1, (5
C TPaHUYHBIMU YCIOBUSAMU

wi(s) =1; (6)
wr(s) =0. (7)
Pemenue cucteMbl ypaBHeHUI (5) UMeEET BUI:
wn(s) = 1287 ™(s) + cozat"(s), n=H, R,

rac z1, 29 — PCIICHUA YpaBHCHUA

M—(s+p+A)z+pz2=0,

g s+u+)\1:|:\/(s+u+)\1)2—4/\1,u.
; %
W3 rpanuyHoro ycinoBus (7) umeem
c1=—Cy=2¢
U, CJIeIOBATENIbHO,

wy(s) =c[217"(s) — 257 "(s)] , n=H,R.

Haxkonelr, 13 rpaHU4HOrO ycaoBus (6) mosrydyaeM

T. €.

Hanee, st TJIC w,,(s), n = H+ 1, R — 1, cnpa-
BEJIJIMBO YPaBHEHUE

B+ A ( -

Wn(s) = 1(s) +

Wi
SHp+ A\ g+ A
A1
Bt A

() =

1 a7 J—
= ST ) T ()]

n=H+1L,R-1, (8)
C TPAaHUYHBIMU YCIOBUSIMU
Wy (s) = 0; &)
wr(s)=1.
Peuienue cucremsbl ypaBHeHuUi (§) uMeeT BUA:
Wn(s) =120 H(s) + 75 (s), n=H,R,

TI€ Z1, 22 — PELIEHUs YpaBHEHUS

p—(s+p+A)Z+M22=0,

T.€.
_ 8—|—,u—|—/\1:t\/(s—|—,u—|—/\1)2—4)\1,u
A2 = 20 -
1
=—. (11
22,1

W3 rpanunyHbix ycnosuii (9) u (10) umeem

Cl = —Cy=2=C
1
“R—H _R—H
Zi T (8) =2 (s)
Bsemem teneps Wy, (s), n = H + 1, R — 1, — [1JIC
BPEMEHH [0 TOTO MOMEHTa, KOIJa B CUCTEME BIIEpBbIe
ocraHeTcst H 3asiBOK, IIpU YCJIOBUU, YTO B HAUYaJbHbII

MOMEHT B CHUCTEME OBbLIO 7 3asiBOK U IIPpUHUMAJINUCh
3as4BKH TOJILKO IIEPBOIo TUIIA. Torna

Wi (s) = wn(s) +Wn(s)Wg(s), n=H+1,R—1.

Cc =

Borunciaum V;,(s) mpu n = L, H. HanomHum, uto
Vi(s), n = L, H, — I1JIC BpeMeHU IO TOTO MOMEHTA,
Korma B cucteMe BriepBbie ocTaHercs: (L — 1) 3asiBOK,
NPU YCJIOBUM, YTO B HA4yaJbHBIII MOMEHT B CHCTEME
ObLJIO 1 3aSIBOK M TPUHUMAITUCH 3asIBKH TOJIBKO MEPBO-
ro tuma. [Ipeo6pasosanue Jlarmraca—Crunrbeca V, ()
npun = L, H — 1 y1oBAETBOPSIET YpaBHEHUIO

B+ A 1%
‘/n = Vn— +
(5) S+ p+ M <u+/\1 1(5)
Ay, <s>)——1 (WVar(s) +
p+ A Costp+ A it

+MVag1(s)], n=L,H-1, (12)
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C rpaHUYHBIMMU YCJIOBUAMU

Vi_1(s) =1; (13)
_ Bt A L
Vir(s) = +u+ A (M—F)\l Vii-1(s) +
M

w, Viu(s) |,
PESy H4+1(5)Va( ))
BTOPOE U3 KOTOPBIX MEPENUIIEM B BUIE
MWir1(8)] Vi (s) = uVi-1(s).
Peunienue cuctemsl ypaBHeHuit (12) umeer Bun:

Vo(s) =z}~ L“( ) +CZh L“( ), n=L—1,H,

[s 41+ A1 — (14)

rIe z1, zo onpeaensitorcs dopmyioit (11). M3 rpanny-
HbIx ycnoBuii (13) u (14) umeem

G=1-7,
= (uz () — s+ u+ M-
—)\1WH+1(3)] zy 1T(s)) / ([s+n+x -
— MWg1(s)] [71 T (s) =7 s )] -
[ ) — ()
Tenepb MOXHO MPUBECTH OKOHYATEBHBIE BHIPAXE-

Hust it [UIC Vi (s) mpun = H + 1, R u [UJIC V,,(s)
npun=H+1,R—1:

Vi(s) =Wy (s)Vu(s),n=H+1,R;
Vo(s) =Wy(s)Vu(s),n=H+1,R—1.

3.2 BapuaHnt 2

B arom nonpasnene Oyayr HaiineHbl BbIpaXeHMst
g tex ke cambix [1JIC Vn( ), n = 0,H —1, TJIC
V¥(s),n=H+1,R,ullJICV,(s),n=L,R—1,4r0
U B noapasa. 3.1, HO TOJBKO B BUAE APOOHO-paIUO-
HaJIbHBIX (GYHKIUH. ~

Kak u npexe, Haunem ¢ Vi, (s).

0603HaYUM yepes Wy, (s), n = 0, H — 1, TIJIC Bpe-
MEHH JI0 TOTO MOMEHTA, KOT/Ia B CUCTEME BITEPBBIE OKa-
keTest (n + 1) 3as1BOK, MPU YCJIOBUU, YTO B HAYAIbHBII
MOMEHT B CUCTEME OBLIO 7 3asIBOK U IPUHUMATUCh BCE
3asBku. Torma mwist W, (s), n = 0, 0, H — 1, cripaBeIIUBBI

COOTHOLIECHMUI:

i A

%ol8) = 5%
N R A B . _
n(s) = S+ L+ A L+A * u+Aw”’1(8)w"(s) a

1 - -
— m [)\ + Mwn—l(s)wn(s)] )

n=1H-1. (15)

W3 ypaBHeHus (15) monydaem

A
S+ p+ A= p,—1(8)

Wy (s) = , n=1H—1.

Zanumem [IC @, (s), n = 0, H — 1
paLMoOHAIBEHON (PYHKLII

1, B BUuae ApoOHO-

(s

, =0,H-1,
Fu(s) "

(16)

e Gn(s), n = 0, H — 1, — MOJMHOM n-i CTeNeHH, a
#u(s), n = 0, H — 1, — nonuHom (n + 1)-it crenenu.
IMonmHOMBI G, (s) M 7y (s) MOXHO TOCITENOBATENEHO
BBIYMCIIUTD U3 CJAEAYIOIINX COOTHOLICHUIA:

Go(s) = A; To(s) =s+A;

n(s) =
(s+p+A)Fn-1(s)

Nn_1(s), n=1,H —1; (17)

Tn(s) = —pgn—1(s), n=1,H—1.

Teneps MoxHO mpusecti dopmyy i V,(s), n =
=0,H —1:

H-1

Va(s) =[] @i(s), n=0H-1

i=n

(18)

Moncrasnsas B (18) Bmecto [IJIC @;(s) ero 3HaueHne
o opmyie (16), a Bmecto [LJIC G;(s) — ero 3HaYeHME
o hopmyiie (17), okOHYATEIBHO MOJyYaeM

)\H n— lqn( )

Viu(s) = —

, n=0H—-1

Mepeiinem k Haxoxnenuio V' (s),n=H + 1, R, n
Vn(s), n = L, R — 1. BBenem cienytoiiye BCIOMOra-
TeJIbHbIE (DYHKIIUU:

wp(s), n = H+1,R—1, — IIJIC BpeMeHuU 10 TO-
ro MOMEHTa, KOIJla B CCTeMe BIIEPBbIC OCTAHETCS
(n — 1) 3as1BOK, M BEPOSITHOCTb TOTO, UTO O ITOTO
MOMEHTa B CUCTeMe He ObUTO R 3as1BOK, MPU YCII0-
BMU, YTO B HaYaJIbHbIIi MOMEHT B CUCTEME ObLIO N
3asIBOK M TPUHUMAJIUCH 3aSBKU TOJBKO TIEPBOTO
THUIIA;
Wy(s), n = H+1,R—1, — IJIC BpeMeHU 10 TO-
ro MOMEHTA, KOTJIa B CHCTEME BIIEPBBIE OKAXKETCS
(n 4 1) 3asiBOK, ¥ BEPOSITHOCTb TOT'O, YTO 10 ITOTO
MOMEHTA B CUCTeMe He ObU10 H 3asiBOK, MpPU YCJIO-
BMU, YTO B HaYaJIbHbIii MOMEHT B CUCTEME ObLIO N
3asIBOK M TPUHUMAJIUCH 3asBKUA TOJBKO TIEPBOTO
THUIIA;
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Wy (s),n=H + 1, R, — I1JIC BpeMeHH 10 TOro MO-
MEHTa, KOTJa B CUCTEME BIIepBbIe OcTaHeTcs H 3a-
SIBOK, IPU YCJIIOBUU, YTO B HAYaJbHBI MOMEHT B
cucTeME OBLIO 12 3asIBOK Y HE TPUHUMAIChH 3asIBKI
(moboro Trna);

Wn(s), n=H-+1,R—1, — IIJIC BpeMeHH 10 TO-
ro0 MOMEHTA, KOTJIA B CHCTEME BIIEPBBIE OCTAHET-
cs1 H 3a9BOK, W BEPOSATHOCTH TOTO, YTO IO 3TO-
ro MOMEHTa B CUCTEME He ObII0 R 3adBOK, IIPH
YCIIOBMU, YTO B HAdaJbHBII MOMEHT B CHCTEME
OBLIO M 3asBOK M MPUHUMAIINCH 3asBKU TOJBKO
MIEPBOTO TUIIA;

Wn(s),n = H+1,R—1, — IIJIC BpeMeHu 110 TO-
ro MOMEHTA, KOTJA B CHCTEME BIIEPBbIE OKAXET-
cs1 R 3asBOK, M BEPOSITHOCTH TOTO, YTO OO 3TO-
ro MOMEHTa B CHUCTEME He ObLIO H 3asBOK, IIpH
VCIIOBMU, YTO B HAYaJIbHBIA MOMEHT B CHCTEME
OBLIO T 3asBOK M MPUHUMAIINCH 3asIBKU TOJBKO
MEePBOro TUIIA;

Wy(s), n = H+1,R—1, — IIJIC BpemeHu 10 TO-
ro MOMEHTa, KOTJa B CHCTEME BIIEPBbIE OCTAHET-
cs1 H 3agBOK, TIpM YCIOBUHU, YTO B HaYaJbHBIIA
MOMEHT B CUCTEME OBLJIO 7. 3asIBOK U TPUHUMAIKCh
3asIBKM TOJIBKO MTEPBOTO THUIIA.

IpeobGpaszoBanue Jlaraca—Cruntbeca wy,(s), n =

= H + 1, R — 1, ynoBJIeTBOpSIE€T COOTHOIIIECHUIO
+ A
wy(s) = K ! a +
SHp+ A\ g+ A
A1 _
———wWpt1(s)wn(s) |, n=H+1,R—-1,
(95

N3 KOTOPOIoO UMEEM

wp(s) = K
) S+/l+)\1—

Ta€ IMOJIO2KCHO

,n=H+1,R—-1,

>\1wn+1(8)

wr(s) =0.
Orciona rnojy4aeM CJIeayIoLe COOTHOLIEHUS sl T10-
CJIEIOBATEIBHOTO BBIYMCIEHUS ITOJTMHOMOB ¢y (S) M
Ty, (s) B TIpeACTaBICHUU Wy, (S) = ¢n(s)/1n(S):
qr-1(s) = p;
rp—1(8) = s+ pu+ A1;
qn(S) /j’rnJrl()v 7”L=H+1,R—2,
rn(s) = (s + 4 A)rns1(s) — Mt (s),
n=H+1,R—2.

IpeobGpaszoBanue Jlamnaca—Crunrbeca Wy, (s), n =

= H + 1, R — 1, ynoBJIeTBOpSIE€T COOTHOIIIECHUIO
+ A A
W (s) = —— 2 Lt
SHp+ A\ p+ A

ﬁwnl(s)mn(s)> ) n:H+17R_1a
1

4YTO JAa€T paBEHCTBO

A1
— pW—1(8)

wn(s): 7n:H+17R_15

S+ pn+ A1
TJIe TTOJIOKEHO
wr(s)=0.

DTO MPUBOAUT K CIEAYIOIIUM BBIPAXCHUSIM IS TIO-
JIMHOMOB G, (S) U Tp(8) B TPEACTaBICHUU Wy, (S) =

= qn (S)/Fn (S)

(s)
FHJrl(S) :S+M+>‘17
G,(s) = MTn_1(s), n=H+2R
Tn(s) = (s + o+ M )Tn-1(5) — 4q,—1(5)
n=H+2 R—-1.
Hanee
n—H
Wi(s) = ( & ) , n=HTLR;
s+ p
VIC Wo(s), n = HF-L,LR—1, u W,(s), n =
= H + 1, R — 1, onpeaensitorcsl BoIpaKeHUSIMMU:
n n—H-1
H wz(s) _ CJH+1(S) ,
. 75 (8)
i=H+1
n=H+1,R—-1;
R—1 n—
o H _ )\R 1QR 1( )
- wl( - —7
i=n ’f’n(S)

n=H+1, R—-1,

alllIC W, (s),n=H + 1, R — 1, umeeT BUI;

W(s) = Wa(s) + W (s)Wg(s) =
_ pt Yqr1(s) AR g, (s) _
Tn(s) (5+N) Hrn(s)
B0 JE—
= E) H+1,R-1,

e Qn(s) n R, (s) HaxonsTes 1o hopmynam

Qn(s) = (s + )" T qpr i1 (s)T(s) +
+>‘R " 1/1’R HqR 1( )7"”(8), TL:H-I-].,R—]_,
R,(s) =

(s + ,u)R_Hrn(s)Fn(s), n=H+1,R—-1.
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O603HaynM Tenepb vyepes W, (s), n = L, H, TIJIC
BPEMEHH [0 TOTO MOMEHTa, KOra B CHCTeMe BIIep-
Bble ocTaHeTcsi (n — 1) 3asBOK, MpPU YCJIOBUM, YTO
B Ha4yalbHBIl MOMEHT B CHCTeMe ObUIO 1 3asBOK M
NPUHUMAIKCH 3asBKU TOJIBKO MepBoro tuma. Torma
CIpaBeUTMBO ypaBHEHHUE:

1+ A1 ( A1

Wi (s) = Wit1(s)Wha(s) +

s+p+M \ut+ M

+—t ) n=TH,
Bt A

13 KOTOPOI'O HAaXO0AUM

i -
, n=LH.
s+pu+ A — MWhia(s)

Wh(s) =

TakuM 06pa3oM, UMeeM CIEAYIOIINE BEIPAKEHUS IS
MOJUHOMOB Q. (s) U Ry, (s) B npeactaBneHuu W, (s) =
=Qn(s)/Rn(s),n=1L,H:

Qn(s) = ,URn-i-l(S) , N = La H7
Ry(s) =(s+p+ M)Rpt1(s) —

)\1Qn+1(3)a
n=1LH.

OKOHYATEJIbHO MOJTyYaeM:

B n o /.LniLQn(S) W .
Vn(s)_gm( )_7&(8) ., n=01LH;

Vi(s) =Wo(s)Vu(s), n=H+1,R;
Va(s) = Wy (s)Vu(s), n=H+1,R—1.

4  BbpIYMCIUTENILHBINA aITOPUTM

[MonydeHHbIe B TpeabIIyIEM pa3ieie MaTeMaTuyie-
CKHME COOTHOIIEHUS ObLT UCTIONB30BaHbBI ISl YUCIIEH-
HBIX PacueToB, MPUYEM B KayeCTBE PacCUMTHIBAEMON
XapaKTEepUCTUKU ObljIa B3siTa HauboJjiee MHTEpeCHas ¢
TOYKM 3pEHUs TToKazaTejell KauecTBa OO0CTyKMBaHUS
SIP-cepBepa @P BpemeHU Bo3Bpara, B TOM YHUCJIE MaTe-
MaTHYecKoe OXuaaHue u 95%-Hast KBaHTUIIb BpeMeH!
BO3Bpara.

B aTOM paszaene mpuBeneM alrOpUTM BHIYMCICHUS
TJIC Vi (s) BpeMeHuU Bo3Bpata TOJbKO /sl BApUaHTa 2
(cM. mompasn. 3.2), MOCKOIbKY MPOBENEHHbIE PACUEThI
MOKa3aju, YTO ¥ TOYHOCTh, U TPYAOEMKOCTh 000MX Ba-
PUAHTOB TSI BCEX TTPEUIOXKEHHBIX UCXOMHBIX TAaHHBIX
MpakTUYeCcKu coBnayiv. KpoMe Toro, Tak Kak pacyeThbl
npoBoauauchk B cpene MATLAB ¢ ucnonbp3oBaHuEeM
CUMBOJIBHBIX BBIYMCJIEHUI, TO AEMCTBUS HaJ MHOIO-
YyjeHaMU TPOU3BOAWINCH aBTOMaTnuecku. IloaTtomy
MPUBOAUMBII HVDKE aJlTOPUTM HE CONEPXUT (hOpMyJT
IIJIST OTIpeAesieHUsT MHOTOWIEHOB APOOHO-pallOHAIb-
Hbix npencrapieHuit [IJIC Vi (s) U mpoMexyTOYHbIX

paccuutbiBaeMbix [1JIC. [Janee, MOCKOJIbKY aJrOPUTM
MpeaHa3sHaYeH ISl BBIYMCICHUS TOJBKO XapaKTepH-
CTUK, CBS3aHHBIX C BPEMEHEM BO3BpaTa, 3IeChb He
MpeacTaBieHbl POPMYIIbI 11 HAXOXAEHUST APYIUX Ma-
paMETPOB, XOTS 3TU (POPMYJIbI IPAKTUYECKU HE OTIM-
YaroTCd OT IPUBEIEHHBIX HKe. HakoHel, B paMKax
1IArOB MPEMIJIOXKEHHOIO aJITOPUTMa yIOOHO IOKA3aTh
TaKXKe, KaK BbIYMCIISIETCS MAaTEMAaTUYECKOE OXMUIAHNE
T = —V};(0) BpeMeHU BO3BpaTa.

AJITOPUTM COCTOUT U3 CJIEAYIOLIUX IIATr0B.

IIar 1. IMocnemoBarenbHo Mo n or n = R — 1 1o
n = H + 1 Beruncisitorest [JIC wy, (s) 1 npou3BogHbIE
w?,(0) mo dopmynam:

I
wrtle) = Sy
I -
n(s) = ,n=H+1,R—2;
wn(s) ST UM — Mwna(s)
4 0 :_L;
wR—l( ) (N+>\1)2

/1‘[1 - Alw;x-{-l(o)]
[+ A — Awn41(0))

wl (0) = — n=H+1,R—2.
Manee noHano6sTcs TOAbKO w4 1(s) M w1 (0).

HTar 2. ITocnenosarensHo o n or n = H + 1 1o
n = R — 1 Beraucsiiorest [J1C @y, ($) u npousBogHbIe
w! (0) mo hopmy.iam:

Trra(s) = — L
H+1 - 5+,U+)\1’
A1 —
Wy = ) =H 27R_17
Wn(s) T ) n +
A1
w' 0)=———;
H-‘rl() (M+A1)2
A [1— !, (0 S—
@, (0) = — i S10) ,n=H+2, R~ 1

[+ A1 — pw,—1(0)]?

IMar 3. Beruucisrorest [IVIC W (s) n npoussBonHast
W3/(0) mo popmynam:

wi = (7))

- H
W (0) = — 2 —.

Iar 4. Boraucnsiorcs TJIC Wy (s) u npous-
BoxHast Wy, 1 (0) 1o opmymam:

_ R-1
Wia(s) = [[ wi(s);

i=H+1
R—1 _

_ _ (0)
Wi 1(0) = Wiyt (0) S i

H+1( ) H+1( )i:HJrl @l(O)
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IMar 5. Beruucisitorest [IJIC Wiy 1 (s) v mpousBos-
Hasa Wi, (0) mo dopmynam:
Wiri1(s) = war1(s) + Waia(s)Wr(s) ;
., .
Wir1(0) = w1 (0) + W1 (0)W(0) +
+ W1 (0)W5(0).
ITar 6. [TocnenosarenpbHo o n oTn = H non = L

Boruucistiorest ITJIC W, (s) u npoussoansie W), (0) o
dopmynam:

m -
, n=1L,H;
S+/.L+)\1 —)\1Wn+1(8)

[l — MW, (0)]
[+ A1 — M Woy1(0)]

Wy(s) =

Wi(0) = -

IMar 7. Boruuchsitorest [TJIC Vi (s) u npousBoaHast
V1 (0) mo dopmynam:

H
Vi (s) = [ Wils),
i=L
H
T=-Vy(0) =~ W(0).
i=L

JanbHeiue maru, CBsi3aHHbIE C BBIUYMCIEHUEM
TJIOTHOCTU paclipe/ieieHnsI BpeMeHU Bo3Bpara C Io-
MOIIIBIO 00paTHOrO Mpeodpa3oBaHus Jlamnaaca, a 3atem
®P u 95%-Hoii KBaHTW/JIM BPeMEHU BO3BpaTa 3aBM-
CSAT OT UCIIOJb3YeMOTO MPOrpaMMHOIO OOECIIeUeHMSI.
[MpuBeneHHbIN BbIIIE AJITOPUTM YIOOHO peain30BaTh B
cpene MATLAB, ucnosib3ysi BCTpPOEHHBIE BO3MOXHO-
CTU CUMBOJIbHBIX BEIUMCIICHUM, THTETPUPOBAHUS U AP.

5 Ilpumep pacueToB

[MpuBenem npuMep YMCIEHHOTO aHAJIM3a XapaKTe-
PUCTUK BPEMEHM BO3BpATa ISl OMHOTO U3 BO3MOXHBIX

0,020

0,015

=
= 0,010

0,005

0 200

400 600
Bpewmst Bo3Bpara / Mc

(@)

800 1000

Ha0OPOB UCXOMHBIX JAHHbBIX, pa3pabOTaHHOTO aBTOpa-
MU TAHHOM CTaThbU B paMKax PELICHUS IPUKIATHOU
3aIayy MO aHaaM3y IoKaszaTesell KauyecTBa OOCTyXU-
BaHus nportokoya SIP [8]. PaccmarpuBaercs ciayuai,
korna L = 74, H = 85, R = 100, cymMapHas UH-
TEHCUBHOCTb BXOMSIIET0 MOoToka A = 240 3asBOK/C,
MPpUYEM HHTEHCHUBHOCTb A2 TOTOKa 3asIBOK BTOPOIO
TUIIa CBSI3aHA C A CIEOYIOIIUM 00pa3oM: A = gA.
3nech ¢ — BEPOSITHOCTh cOpoca 3asiBKU, T. €. BEPOSIT-
HOCTb MOCTYILJIEHUSI B CUCTEMY 3asiBKUA BTOPOTO TUIIA.
CpenHee BpeMsi 0OCIYy>XMBaHUS 3asBKU JIIOOOTO TUIIA

put =5Mc.

Ha puc. 2,a npuBeneH rpaduk IJIOTHOCTU pac-
npenesieHus: p(x) BpeMEHU BO3Bparta, MOCTPOCHHBIIA
st 3HaveHuit ¢ = 0,3;0,5;0,7;0,9. Ipaduk OP F(x)
BpEMEHU BO3BpaTa MOCTPOEH Ha puc. 2,0 i TeX XKe
caMbIX 3HauyeHUil q. HaxoHeu, Ha puc. 3 mokaszaH
rpaduk 95%-Holi KBaHTUIHN to 95 U CPEIHEro 3Have-
Hus1 T BpeMeHU BO3BpaTa B 3aBUCUMOCTH OT BEJIMYMHbI
BeposiTHOCTH cOpoca g € [0,3, 0,9].

W3 rpaduKoB BUIHO, UTO C POCTOM BEPOSITHOCTH ¢
cOpoca 3asiBKU BpeMsl BO3BpaTa YMEHbIIACTCS, IPUYEM
ero cpeaHee 3HadyeHue T Bcermga MeHbIIE 3HAYEHMS
to,95 95%-Hoit kBaHTWIM. B [8] uncnenno pemranace
3aJa4ya HaxXOXAeHUsI 3HaUYeHMIi ToporoB L u H Takux,
4TO IIpU (PUKCUPOBAHHBIX 3HAYEHUSIX BCEX OCTAIbHbBIX
rapamMeTpOB Cpe/iHee BpeMsi BO3BpaTa siBJISIeTCSI MUHM -
MajibHbIM. [lojlydeHHbIE B JaHHOM CTaThe aJIrOPUTMBbI
[M03BOJISIIOT PellaTh 00JIe€e CA0KHBIE 3a1a4l ONTUMU3A-
LMY [IapAMETPOB F’UCTEPE3UCHOTO YIIPABIEHUS HATPY3-
koii SIP-cepBepa, B TOM uucie 3aga4yy MUHUMUA3ALAN
95%-Holi KBAaHTUJIM BpeMEHU BO3Bpara.

ITpu pacuerax ObIJIO OTMEUYEHO, YTO HauboIee Tpy-
JIOEMKO BBIYMCJIEHME 3HaYeHU 95%-HOM KBaHTWIIH,
OHO MOXET 3aHSTh 10 30 MUH MAIlIMHHOTO BpeMEHH Ha
koMmbloTepe ¢ nporeccopoM Intel Core i5 @ 3,30 I'Tix
u 8 I'b onepatuBHOll mamMaTU. YucIeHHbI aHaAIU3
1 Pe3yIbTaThl UMUTAIIMOHHOIO MOJCIMPOBAHMS TTOKA-

1,00

0,75

0,00 ! ! ! !
0 200 400 600 800

Bpewms Bo3Bpara / Mc

()

1000

Puc. 2 TlnorHocts pacnipenenerust p(x) (a) u dyukuust pacrnipenenenns F(z) (6) Bpemenu Bo3spara: I — g = 0,3; 2 —0,5;

3—0,7,4—q=0,9
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0,5
BepositHOCTB COpoOca

0,6 0,7

Puc. 3 Cpennee snauenuie T Bpemenu Bo3spara (1) u 95%-
Hasi KBAaHTWIb 0,95 (2)

3aJIM JOCTOBEPHOCTh 000MX BApMaHTOB METO/Ia BHIUMC-
serunii [TJIC ®P BpemeHU Bo3BpaTta TSI UCCIIEAYEMOI
CMO.

6 3axkioueHue

B cratbe nmpenioxxeHbl HOBbIE aHATUTUIECKUE Me-
Toabl uccienoBanuss CMO ¢ rucTepe3uCcHBIM yITpaBiie-
HUEM BXOMSIIEH Harpy3Koii. ITo cpaBHeHUIO ¢ U3BECT-
HBIMU paHee pe3yJbTaTaMU ITOIy4eH 3(D(EeKTUBHBIN
METO/I, TIpeTHa3HAYeHHBI ISl aHaJIM3a U pacueTa He
TOJIBKO MaTeMaTUYeCKOTro OXKUIaHMS BpeMEHU BO3Bpa-
Ta CUCTEMbl M3 COCTOSIHUI MEPEerpy3Ku B COCTOSIHUS
HOPMQJIbHOM HArpy3ku, HO M JPYIMX €ro XapakTe-
puctuk, B ToM uncie ®P u kBantuieir. OTMmeTHM,
9T0 95%-HYI0 KBaHTWJIb PEKOMEHIOBAHO MCITOIb30-
BaTh KaK ITOKa3aTe/b KauyecTBa TeJIeKOMMYHUKAIIMOH -
HBIX CHCTEM MEXIYHApOTHBIMU CTaHIAPTU3YIOIIMMU
opranuzanusiMu, Takumu Kak ITU u IETFE Paspa6ot-
Ka mporpamMMHbIX cpeactB B cpene MATLAB u uwc-
JICHHBI aHaJIN3 Ha OJU3KUX K peaylbHBIM MCXOMTHBIX
TAHHBIX TToKa3aau 3(G(GEeKTUBHOCTb pa3pabOTaHHEIX B
cTaThe METONOB, MpeaIHa3HAYCHHBIX IJIS1 BBIYMCICHUS
ITJIC ®P BpemeHu Bo3BpaTta, MpUYeM BpeMsl BBIUKC-
JIEHUSI 000MMU CITOCO0aMM O0Ka3ajioch MPaKTUYECKU
OIMHAKOBBIM, a CJIOKHOCTh BEIYMCJICHHWI TAKOBa, YTO
IUTSL TIPOBEICHUSI BEIYMCITUTEIBHOTO 9KCITIEPUMEHTA 10~
CTaTOYHO MCIIOJIb30BaHUSI IMEPCOHATBHOTO KOMITBIOTE -
pa ¢ npoueccopom Intel Core i5 @ 3,30 I'Tiy u 8 IT'b
ornepaTUBHOM TamaTu. JlaapHelilue uccaenoBaHUs
OymyT HampaBjeHbl Ha pellleHue 3aJad HaXOXKICHMS
OITUMAaJTbHBIX IIOPOTOBBIX 3HAYCHUWIA IIJIST YITPaBICHUST
neperpy3kamu SIP-cepBepos.
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Abstract: An analytical method for studying the parameters of the hysteretic control, which is implemented as one
of the effective solutions to the overload problem in the network of SIP-servers, is suggested. As a mathematical
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Ob OJJHOU 3AJJAYE OIITUMAJILHOI'O YITPABJIEHW S HATPY3KOMU

HA CEPBEP*

M. T. Konosajon'

AnHoTtamusa: PaccmarprBaeTcst OTHOCHTETBLHO TTPOCTast TOCTAHOBKA 3a1auy 00 YIIpaBJICHUN HAarpy3Koii Ha cepBep
¢ (buKCHMpPOBAaHHBIM KOJIMUYECTBOM MECT OOCIY>KMBaHHUsI M TTOTEHIIMATbHO OECKOHEYHOM ouepenblo. YIpaBieHUe
3aKJIIOYAETCSl B TIPUHSTUM DPEILEHUSI O MpUeMe JUOO0 00 OTKIOHEHMM KaxkIOro BHOBb IOCTYIAIOIIEro 3aja-
Husg. HaxkoruieHne odepeny COIPSDKEHO C BO3MOXHOM ITOTEpeil KayecTBa OOCITYKMBaHUS, MTOCKOJBKY CPOK
BBITTOJTHEHUS 3alaHuii orpaHuYeH. B To e Bpemsl OTKJIOHEHHUE 3asiBOK BJeueT IoTepito moxona. [lokasaHo,
YTO B C/Iyyae 3KCIIOHEHIIMAIbHO paclpeae]eHHOrO BpEMEHU BBIMOJHEHUS 3aJaHUI U ISl BXOTHBIX MTOTOKOB,
OIMMCBIBAEMBIX ITPOILIECCOM BOCCTAHOBIICHMS C TIPOM3BOJIBHBIM pacIipeieIcHUEeM BPEMEHU MEXKIY MOCTYILICHM -
eM 3aJaHMil, ONMTUMAJbHOM SIBJIIETCS MPOCTas MOpOoroBasl cTpaTervsi. 3aBUCHUMOCTb MPEAeJbHOTO CPeIHEro
JloxoJa OT 3HAUEHMS MOopora SIBJISIETCS YHUMOIAIbHONH. DTO OOCTOSITEILCTBO 3HAYMTEIbHO 00JierdyaeT MOMCK
OINTUMAJIBHOTO LIEJIOUUCIICHHOTO 3HAaUEHMS ITopora. DKCIIePUMEHTATbHBIN aHaJIN3 TTOKA3bIBACT, YTO YKa3aHHast
3aBUCUMOCTb MMEET MECTO TakKKe ISl TPOM3BOJBLHOIO paclpeieieHUs] BpeMEHU BBITTOJHEHUS 3aaHUi U IS

BXOJIHBIX TOTOKOB, OMUCBIBAEMBIX KaK MapKOBCKU Moayaupyembie npouecchl (MMIT) obiero Buaa.

Kirouesbie clioBa: orpaHuyeHKe HArPY3KK; TOPOrOBOE yIIPaBICHKE; TOTOKH 3aIaHUii
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1 Bsenenue

DTa craThsd MPOAOIXKACT TEMATUKY ITOBBIIICHUS
MPOV3BOAUTEIBHOCTU BBIUMCIUTEIBHBIX KOMILIEKCOB
3a cyeT NpuMeHeHus1 6osiee 3(PPeKTUBHBIX ATTOPUTMOB
pacnpeeneHus MOoToKoB 3aganuil [1—4]. B orminune
OT YIMOMSIHYTBIX pabOT, B KOTOPBIX paccMaTpUBaJIVCh
CPaBHUTEIbHO CJIOXHbBIC MOJECIM CHUCTEM, IOITyCKa-
JOIlIMe OINTUMU3ALMIO [0 MHOTMM IlapaMeTpaM, B
JaHHOM CJIyyae Ha IPOCTON MOMAeIU aHaIU3UPYyeTCs
TOJIBKO aCTIEKT, CBSI3aHHBIN C OTPaHUYEHUEM BXOIHOMN
Harpy3KH.

CyTb paccMaTpuBaeMOl 3aJayd B CJICAYIOIIEM.
HNmeetcst cuctema (cepBep), coaepkallasi KOHEYHOE
Y1CJIO 0OCITYXXMBAIOIIMX MeCT (IIPOIIECCOPOB), Ha KO-
TOPBIX MPOUCXOIUT BHITTOTHEHUE 3aJaHUi, MOCTyIa-
IOIIMX U3BHE CTyYyaliHbIM 00pa3oM. B KaxkmbIit MOMEHT
TIOSIBJIEHUST OYEPETHOM 3asIBKU TOJKHO OBITH TIPUHSITO
OTHO M3 JIBYX BO3MOXHBIX PEIICHUI: 3alaHue MOXET
ObITh MO0 OCTABJIIEHO B CHUCTEME IJisl IOCJIeayIoIei
00paboTku, 1100 oTBeprHyTo. I[lpuHSATOE Ha OOCHY-
JKMBaHUE 3aJjaHue cpasy MoMelniaeTcsl Ha CBOOOIHBIM
MpoLeccop, ecd TAKOBOW UMEETCs, IMOO CTAHOBUTCS
B oyepenb, KOTopas Ipeanojaraercsl MoTeHIIUaJIbHO
HeorpaHuyeHHo#. [lpomBukeHue B ouepenu OCyllle-
CTBJISIETCS I10 IPUHLMITY <«II€PBbIA IMPUIIET — IIEp-
BBIIl 0OCITYXXUBaeTCsl». Bpemsi BBIMOTHEHUS 3alaHUs
Ha Tipolieccope sIBJsieTcst cydailHbiM. CylliecTBeHHOE
3HAUYeHUE MMeeT 00llee BpeMsl MpeObIBAaHUS 3aaHUs

B CUCTEME, CKJIAIBIBAIOLIEECS U3 BPEMEHU OXMIAHUS
B OYeper U BPEMEHU HEMOCPEACTBEHHOTO BBITIOIHE-
HUSI, TOCKOJIbKY JUISI KaXIOTO 3aJaHusl CYyLIECTBYET
MpeaesIbHbIA CPOK, A0 UCTEUEHUSI KOTOPOTO OHO JOJIK-
HO OBITH BBITTOJTHEHO (TaK Ha3bIBaeMbIi NeJ1aiiH).

s OLleHKM KauecTBa pabOThl CUCTEMBI BBOASITCS
YUCJIOBBIC OIIEHKM. Tak, Kaxkaoe MPUHSITOE Ha 00CTy-
XWBaHUE 3aJJaHUE COTTPOBOXKIAETCS «I10XOA0M», BbIpa-
KEHHBIM HEKOTOPBLIM 4YMciaoM. ToyHO Tak ke Jtoboe
MPUHSITOE, HO HE BBIMOJHEHHOE B CPOK 3aJaHUE BJie-
yeT «mtpad», OnpeneeHHbIII HEKOTOPOU YMCIOBOIM
BEJUYMHON. B MTOre MOXHO CTaBUTh 3aady O BHIOO-
pe€ Takoi CTpaTeruu yIpaBJIeHUS TOCTYIIOM 3aJaHWi
B CUCTEMY, TIpYU KOTOPOU MpeaebHbIN CPETHUNA JOXO/
OyneT MaKCUMaJIbHbBIM.

IIpu BBIOOpPE CTpaTeruy cjiemyeT Y4YUTHIBaTh IBE
pasHoHampaBjieHHbIe TeHAeHINN. C OTHOI CTOPOHHI,
JKeJIaTeIbHO MPUHUMATh KaK MOKHO OOJIbIIE 3aTaHUIA,
ITOCKOJIbKY 3TO IPUHOCUT HO0XOJ, HO OJHOBPEMEHHO
HeJIb3sl CJAMIIKOM HapalluBaTb OYepelb, MOCKOJbKY
3TO MOXET MPUBECTH K MAaCCOBOMY MPEBBILICHUIO 1E/1-
JlaliHa U TTOJTy4eHMI0 O0IbIIOro mTpada.

J1st MaKCUMaJIbHOTO YIIPOIEHUSI MOJIENUN YCJIO-
BUMCsI ellle, YTO B MOMEHT MPUHSTHUS pellleHUus] 00
OouepenHON 3asiBKe HEM3BECTHO HU BpeMsl, Tpedylolie-
€cs1 JUTSL €TO BBITIOJIHEHUST Ha TpoIleccope, HU 3a/laH-
HBIII CPOK BbITIONHEHUs. O0e 3TU XapaKTepUCTUKU
CTAaHOBSATCS M3BECTHBIMU TOJIKO B MOMEHT OKOHYa-

*Pabora BbinoiHeHa rpu noaaepxkke PODU (rpantst Ne 11-07-00112 u Ne 13-07-00665).
"MucTuryT npo6aem undopmatuku Poccuiickoii akanemun Hayk, mkonovalov@ipiran.ru
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006 onHOI 3aaue ONITUMAIBHOTO YIIPaBJICHNST HATPY3KOI Ha cepBep

HUsI OOCIYy>XUBaHUSI, U B ITOT K€ MOMEHT HauyUCJIsI-
ercsa mTpad, eciu AeataiiH mpesblieH. CaenaHHOe
MPEAIONI0KEHUE TOBOPUT O TOM, YTO HaOIIomaemasi
YacTh TPAEKTOPUU Mpoliecca, Ha KOTOPO MOXET OCHO-
BBIBAThCSI CTPATETUSI YIIPABJICHUS HAarpy3KOid, CBOIUT-
€4 UCKJIIOYUTENIBHO K MOCIEA0BATEIbHOCTU MOMEHTOB
MOCTYTUICHUSI 3a5IBOK 1 COOTBETCTBYIOIIEH MOCIea0Ba-
TEJbHOCTU NMIPUHUMAEMBbIX PEIICHUI.

OnucaHHasl CUTyallus TpPeACTaBIsIeT CO0Oil eaBa
JI1 HE caMylo TIPOCTYIO MOCTaHOBKY 3ada4u, MBICIIH-
MYIO B CBSI3M C IIPOOJIEMOI peryJImMpoBaHUs ITOCTYIIa
B CHCTeMY OOCIYXXMBaHUsI, KOTOpash MMeeT MHOXKe-
CTBO OTTEHKOB M, COOTBETCTBEHHO, MHOTO Ha3BaHWIA
(ympaBieHue Tieperpy3Koii, KOHTPOJIb TOCTYyIIa, YIIpaB-
JIeHUe TIOTOKaMu U T.74.). WMcTouyHuk mpoOiiembl, a
TakkKe OCHOBHbBIC TIPUJIOXKEHUS pa3pabaTbIBaeMbIX ajl-
TOPUTMOB — pa3HO00Opa3Hble HH(MOPMAIIMOHHEIE U TC-
JICKOMMYHMKAIIMOHHBIE CUCTEMBI U ceTu. He mbITasich
JIaTh XapaKTePUCTUKY 3TOTO OOIIMPHOIO HAMTPaBICHUS,
yKaxkeM B KauecTBe IprMMepa Ha comepkaliue 0030pbl
paboThl [, 6]. OTMETUM, YTO MHOTOYMCIIEHHBIE ITyOJIH -
Kalll¥ TI0 ITOI TeMe HACHIIIIEHBI OTTMCAHUEM COoflepKa-
TEJIbHOM, TEeXHWYECKO CTOpOHBI. PaccMarpuBaeMbIe
B HUX MOJIEJIN OOBEKTOB CIIOKHBI IJIT aHATUTUIECKOTO
U3y4YEHMSI, a MojydaeMble pPelieHUs UMEIOT B OCHOB-
HOM 3BpPUCTUYECKUI XapakTep. PelieHue ympoiieH-
HOI1 3a/1a4M, BO3MOXKXHO, TIO3BOJIUT SICHEE MPEICTAaBUTh
MeXaHW3MBI, JieXKalllie B OCHOBE YIIPaBJIICHUS IIepe-
Ipy3KaMH.

Marepuait ocTaBIIeiics YaCTH CTaThbU paclpencicH
cienytomum oopazom. B pasna. 2 maercst TouHas Io-
CTaHOBKA 3a7a4M, KOTOpasi ObljIa ONKcaHa HaTJISIIHO BO
BBefAeHuU. Paznen 3 comep:XUT HEKOTOphIE pe3yJibra-
Thl, MOJydeHHbIE MaTeMaTUYeCKUM myTeM. B paszn. 4
MPUBEACHBI Pe3YJIBTaThl BBIYMCIUTEIBHBIX SKCIICPH-
MEHTOB, WLTIOCTPUPYIOIINE W JOMOJHSIONMNE pa3md. 3.
B 3axirfoueHNUM CTAThU MOIBOAMTCSI UTOTOBOE OOCYXK-
NIeHUe 1 TIpeaJiaraeTcsl HalpaBieHUE JaTbHEUIITNX UC-
CJIENOBAHUM.

2 ®opMayibHas TIOCTaHOBKA 3aJauyu

Bynem cunTarh, 4TO MpoLIECC MOCTYIUICHUS 3asIBOK
(BXOIHOW TOTOK) MPUHAMIEXKUT KJIACCy TaK Ha3bIBa-
embix MMII. ITpousBonabHbiit MMII 3agaaum ¢ mo-
Moo Habopa cumBosioB M = (P, D, F,G, H), o3Ha-
YaOIINX cieayomniee: P — Marpuma .S X S TepexoIHbIX
BEPOSITHOCTEM MApKOBCKOM 1I€IIM, MMEIOIIEH COCTO-
saust 1,...,58; D = {Dy, s = 1,...,S} — Habop
GbYHKIIMIA pacrpeeieHus] BpeMeH MpeObIBaHUs B pa3-
JIMIHBIX cocTostHusx; F = {Fy, s = 1,..., S} —Habop
GYHKIMIA pacIipenesiecHUsT BpeMeH MEXIy IoCIeaoBa-
TEJbHBIMU TTOCTYIJICHUSIMU 3asIBOK B PA3IUYHBIX CO-
crosHusx; G — (yHKUMS pacripenesaecHus BpeMeHU

BBITIOJIHEHUS 3adaHusi; H — ¢byHKUUsS pacmpenesie-
Hug nennaiiHa (GyHkuuu G u H onuHaAKOBHI IS BCeX
3a51BOK, MOCTYMAIOIIMX U3 TaHHOTO TTIOTOKA).

IIpouecc mporekaeT B HEMPEPLIBHOM BpEMEHHU, ¢ >
> 0. CocTosiHUe MapKOBCKOH uLienu P B Hayajlb-
HBIIf MOMEHT TosiaraeM paBHBIM s(0) = so (TS 1eeit
CTaThbU BBIOOP HAYAJIBHOTO 3HAYEHUS HE CYIICCTBEH).
Cnycrs ciydyaitHoe BpeMs ), 3HaueH1e KOTOPOTo oIpe-
nensiercs pacripenenenueM Dy, € D, 1enb ¢ BEpOsIT-
HOCTBIO Py o mepexoqut B cocrosiHue s(f) = s’ u
oCTaeTcs B HEM CIIy4aifHoe BpeMs ', MMeoIee pac-
npeneneHue Dy € D, TOCIE Yero COCTOSTHUE 1SN C
BEPOSITHOCTBIO Py v CTAHOBUTCS paBHbIM s(6 + 6') =
=s"utm

Ha mo6oM npomeskyTke mpedbIBaHNSI MApKOBCKOI
1IeNY B JIIOOOM COCTOSIHMM § 3asIBKM ITOCTYIAIOT Ye-
pe3 cayJaiiHble He3aBUCUMBbIE TTPOMEXYTKI BPEMEHHU,
uMelole onMHakoBoe pacnpeneieHue Fy € F. Eciu
ITOCTYIIMBIIAS 3asBKa IPUHSTA, TO CBSI3aHHOE C HEW
3alaHue MO0 3aHUMAeT CBOOOMTHOE MECTO OOCTYXU-
BaHUs (TIpU €ro HAJIMYKMHU), TUOO CTAHOBUTCS B KOHEI]
ouepeau (eciu cBOOOMHBIX MecT HeT). Ilpemmosnara-
eTcs, 4To mMeeTcsas N MecCT OOCIyKMBaHUSI, KOTOPBIE
ITO-IpyroMy OymeM HasbIBaTh Ipoileccopamu. Hero-
CPEICTBEHHOE BBITIOJHEHUE 3aJaHUs Ha IIPOIECCope
3aHUMAET CclyJyaiiHOe BpeMs, UMeIoIllee BCeraa OaHO U
TO ke pacnpeneineHue G. Kaxnasa 3asiBKa, mpuHATas
Ha 00C/Iy>KMBaHUE, MPUHOCUT JO0XOM, KOTOPBIN IMoJja-
raem paBHbIM 1. [To okoHUaHUU OOCTYXKMBaHUS 0bllee
BpeMsl, TIPOBEACHHOE 3aJaHNEM B CUCTEME M CKJIaIbI-
Barollleecs U3 BPEMEHM OXUIaHUS B OUepeau U Bpeme-
HU HETOCPEICTBEHHOT'O BBIIMOJHEHHSI Ha Mpolieccope,
CpaBHHMBAETCS CO 3HAUCHUEM JeTaliHa, KOTOpOoe OIpe-
nensieTcs pactipeneienneM H. Eciaw menaifH mpeBbI-
IIEeH, TO OOCITY:KMBaIOIIas CUCTeMa ToJIydaeT mrpad,
paBHBI C > 1.

O003HaUUM 4Yepe3 Ty, Ts,... IOCIea0BaTe/IbHbIE
MOMEHTHBI ITOCTYIUICHUS 3asIBOK. KaxkmoMy MHAEKCY 7 B
MOCJIENOBATEAbHOCTU T,, COTIOCTABUM TIEPEMEHHYIO ¥,
TakuM 00pa3oMm, 4To

1, ecnu 3asBKa, MOCTYMUBIIAS

Yn = B MOMEHT T, , IPUHSTA;

0 , €CJIM 9Ta 3asdBKa OTKJIOHCHA.

MocnenosarensHocth y = {y,,} Ha3bIBaeTCs CTpa-
Teruii (yrpasiaeHus: Harpy3Koit Ha cepsep). OHa aBJs-
eTcs1, BOOOI1e TOBOpsI, CAyYailHOM, U 11O CMBICITY 3aJ1a4uu
KaXIoe 1, MOXET 3aBUCETh IIPOU3BOJIBLHBEIM 00pa3oM
OT HaOJII0IaeMOil YacTH TPaeKTOPUU IIpoliecca 10 MO-
MEHTa T,, BKIIFOUUTEJIBHO.

ITycts umeetrcst HekoTopblik MMII M u 3amana
HekoTopasi crparerust y. [lapa (M, y) mopoxiaer Be-
poaTHOCTb P = P/, ONIpENe/IEHHYIO Ha IIOAXOAAIIEM
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n3MepuMoMm mpoctpaHcTBe. MHTerpan mo mepe P Oy-
neM o0o3HavaTh yepes E.

ITycThb 6,, 03HaYaeT BpeMsl, IPOBEICHHOE B CUCTEME
3alaHUEM, IIPUHITHIM Ha 0OCITY>KMBaHUE B MOMEHT T,
U ycTh 6, € H — nmennaiin atoro 3amanusi. O003Ha-
JuM yepe3

gn = (1= Clig,>5,}) Iiyn=1} (1)

JIOXO[I, CBSI3aHHBII C 00CIIY>KUBAHUEM 3asIBKU N.
OcHOBHas BeJMUMHA, CBSI3aHHAsl C paccMaTpuBa-

€MOli CUCTEeMOIi, KOTopasl MpeACTaBIsIeT UHTEpPEC, —

5TO MpeeabHbI (CpenHeapuPMeTUIeCcKuii) J0X0,

n

p = lim Tflzgiw

n—oo k=1

Bce uncnoBble XapaKTepUCTUKM CIy4aliHOI BeJINYM-
HBI (o oMpenenstorcs napamerpamu M u o (a Takxe
U3JIOKEHHBIMU BbIle HeOPMaJIbHBIMU TIpaBUIaAMU,
KacalIIMMUCS MOCTAHOBKY B ouepenb U mp.). Oduias
3aa4a 3aKJII0vaeTcsl B MaKCUMU3AIMA ¢ B TOM WJIU
WHOM BEpOSITHOCTHOM CMbIciie. bosiee KOHKpETHO,
TTOJIOXKUM

w(M,y) = lim n~' ) Eg. )

IMyctb 3amanbl: MHOXecTBO MMIT M = {M};
MHOXECTBO (IOMYCTUMbIX) cTpaTteruit Y = {y}; uucio
e > 0. Tpebyercst ykazaTs cTpareruto y(M, ) € ¥ ta-
KY10, 4TO 115 BceX M € M BBINTOTHSETCS HEPaBEHCTBO

w(ny(MaE)) > Supw(Mv y) R
yey

B ciygae, xorma M coepXAT eTUHCTBEHHBIN IIPO-
necc M, uMeeM KJIAaCCUMYECKYIO 3agady OTbICKaAHMS
£-OITHMAaJIbHOTO aJIrOpUTMa (B JaHHOM CJly4ae ONTH-
MU3UPYIOLIETO HArpy3Ky Ha cepBep MpU KOHKPETHOM
BxomHOM Totoke M). Ecmm xe M comepxur Oosee
OIHOTO 3JIEMEHTAa, TO TOBOPST O IOMCKE CTPATETHH,
aganTUBHOM ITO OTHOIIIEHUIO K MHOXECTBY M. B aToM
cliydyae TpeOoBaHUE «paBHOMEPHOM 110 M» onTuMaib-
HocTH cTparteruu y(M, €) BbI3BaHO, KaK MPaBUIIO, TEM,
YTO anpuopHas nHdopmalusi 06 00beKTe YIpaBIeHUs
HeorpeeieHHa U OTPaHUYMBAETCSI OMTMCAHUEM BCETO
kiacca M B Leom.

3 TeopeTtnueckuit aHau3

B nanbHeiiem OyaeM MoJjib30BaThCs CASAYIONIUMU
0003HAYEHUSIMU:
Iy, — raMma-pacrnpeziesieHe ¢ napameTpamu a, b u
IJIOTHOCTBIO Y4 p(t) = (a’/T(b))tP~te=, ¢ > 0,
o0

rne I'(b) = [ 2 te ®dz, b > 0;
0

'y = I'4;1 — SKCIOHEHUMAIBHOE PACIIPENETICHUE C
[apaMeTpOM a U IULIOTHOCTBIO Y, (t) = ae ™%, ¢ > 0;

Ng., — HOpMaJIbHOE paclpeie/IeHUe CO CPETHUM a U
JIUCIIepcueii b;

I1,,, — pacnpenenenue Ilapero ¢ napamerpamu a, b
(€ro mIOTHOCTH UMeeT Bua ab®/t* 1 t > b);

& = 1 — cayvyaiiHble BeJIMYMHBI £ U 7) UMEIOT OUHA-
d
KOBbIE pacrpeieIeHUs;

£ € F (mm & € f) — cnyvaiiHas BelMuMHA £ UMe-
eT (pyHKuMIO pacnpeneseHus F (COOTBETCTBEHHO
TUIOTHOCTD pacmupenenacHus f);

14 — VHIMKATOpP COOBITUS A.

I[I[H AHAJIMTUYCCKOIo paCCMOTPECHUA CACIacM JIBa
IPEAINOJIOKEHMA.

II1. BpemeHa BBINOJHEHMST 3alaHUNl UMEIOT OJMHAa-
KOBO€ 3KCMOHEHIIMAJIbHOE paciipeaesieHUe, mapameTp
KOTOPOTO, He OTpaHUYMBasi OOLIHOCTH, MOXKHO ITOJIO-
KUTb paBHBIM 1. TakuM oOpa3om, ajiee B 3TOM pasjelie
nonaraem G = I';.

I12. MapkoBckas 1enb P MMeeT BCero OJHO COCTO-
SIHUE, TaK YTO BXOJHOW TMOTOK IPEACTaBIISIET COOOM
niporiecc BocctaHoBneHust R = (F, G, H) c He3aBUCH-
MBIMU TPOMEXYTKAMU MEXTY TOCTYIIICHUSIMU 3a5IBOK,
HUMEIOLIUMU OJIMHAKOBOE pacmnpeneneHue F, u oquHa-
KOBBIMMU JIJIsI BCEX 3alaHU i pacpefieIeHUSIMU BpeMEHH!
BbINoNIHeHUsI G U nenfaiiHa H.

(ITpennonoxenue I12, B otmuuue ot I11, He gBs-
€TCSl IPUHITUTTMAJIBEHO BasKHBIM TSI TTOJTyYeHUSI OCHOB-
HBIX BBIBOJIOB 3TOTO pa3fiesia U CAeIaHO Il COKpalle-
HUS BBIKJIAJ0K. )

IMycth v(t) 03HavaeT oOlIee KOJIUYECTBO 3adaHUii
B CUCTEME B MOMEHT ¢, BKJIIOYAs 3aJaHUsl, BBIITOJIHI-
IOIIMECS Ha TIPOLIECCOpax, W 3aJaHKs, OXUIAIOIINE B
ouepenu, U myctb vy, = v(7y,), On = v(7, + 0). Torna
MIMEEM COOTHOLIEHUE:

Up = Un + Yn,

e y, ornpeneseHo gopmynoii (1).

BBenem o6o3HaYeHME K., IJ151 KOJTMYECTBA 3a1aHUA,
BBIMIOJTHEHHBIX Ha MPOMEXYTKE BPEMEHU (Tp, Tni1],
n=1,2,... fIcHO, 4TO Ky, = Uy, — Vp41 UUTO 0 < Ky, <
< Up,.

O6paTtuMcs K ONMUCaHUIO (IMCKPETHOTO) paclipe-
JIeJeHUs] BEJIWYUHBI K,, ODO3HAyas 4epe3 p,, €ro
KOMITOHEHTBI, KOTOpBIE TOJHOCTBIO OIPEIEISIOTCS
3HAYCHHEM BEJIIMIUHEI U,,. PaccMOTpPUM TIpoliecc BHI-
MOJTHEH U1 33IaHU 1 HA TPOMEXYTKE BPEMEHU (T, , Ty 41
IPU YCJIOBUM ¥ = 1, IPX KOTOPOM MHIEKC m Ipoberaer
3HaueHus 0,1, ..., 4.
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006 onHOI 3aaue ONITUMAIBHOTO YIIPaBJICHNST HATPY3KOI Ha cepBep

ITycth BHavane 0 < ¢ < N. B atom ciydae no
HACTYIUICHUsSI MOMEHTa 7,1 IMPOLIECCOPBI, Ha KOTO-
PbIX 3aBEpUIMJIOCH BBINOJHEHME 3aJaHusi, BHOBb He
3arpykarorcsi. BeposITHOCTh BBITIOTHECHMST 3aaHUS Ha
OIHOM 3aHSITOM IIPOIIECCOpe B TEUCHME YKa3aHHOTO
MPOMEXYTKAa BPEMEHU COCTABJISICT, B COOTBETCTBUU C
npennonoxenuem 11, Benuunny

oo
p= /1—6
0

CJ'IeI[OBaTCJ'II)HO, B pacCMarpuBacMOM CJIy4dac K
nMeeT OMHOMMATbHOE pacnpeacicHue u

)dE(t).

pm = qu(i,m) = (é) (L =p)

m=0,1,...,i<N. (3)

[lepeitnem x ciyyato ¢ > N. B 3T0il cutyanuu
BCE OCBOOOXKIAIOIIUECS MPOLECCOPbl MTHOBEHHO 3a-
rpy>katoTcsi BHOBb — TaK MPOUCXOAUT J10 TEX TOP, TT0Ka
YUCJIO BBITIOJIHEHHBIX 3aIaHW I HE JOCTUTHET 3HAUeHUST
r =1— N > 0. [Ipu aToM eciiu 3arpyxeHnl Bce N mpo-
11€CCOPOB, TO MOSIBJIEHUE CBOOOIHBIX MECT TPOUCXOUT
COIJIaCHO MyacCOHOBCKOMY 3aKOHY C rapameTpoMm N.
[Tocne Toro Kak BBIMOMHEHO 7 3alaHUi, KAPTUHA aHa-
JIOTUYHA TIPENbIMYIeMy Cilydalo, pUuYeM B BapuaHTe
i=N.

Wrak, mis1 0 < m < r uMeeM:

o0 Nt TYL —Nt
P = / aF@). (@)
0

[Iyctbm > r. YTOOBI BHITTOIHMIIOCH OOJIEE UeM 7 3a-
NaHUK, HEOOXOOMMO, YTOObI MOMEHT 7-I'0 OKOHYaHUS
o0cayXKuBaHUs (, He MPEeBOCXOAUI MOMEHTAa OKOH-
YyaHUsSl paccMaTpMBAEeMOro MPOMEXYTKa MEXIy JBY-
M noctyrieHussmu 3aganuii. (CormacHo I12, piuHa
MPOMEKYTKAa MEXIY MOCTYIUIeHMeM 3amaHuil 7(™)
= Tp41 — Tn MMEET IJIS1 BCEX 1 OAMHAKOBOE pacripe-
nenenue, 7™ =7 € F.) B cBoiwo ouepenb, Bpems
(» CKIampIBaeTCs M3 BPEMEH MEXIY MOCIen0BaTe/Ib-
HbIMU OCBOOOXIEHUSIMU N OIHOBPEMEHHO 3aHSITBIX
npoteccopos, ¢, = &) + -+ &M e €V € Iy,
j =1,...,r, — HE3aBUCUMBIE CIYyYaliHbIE BEJIUYUHBI.
Taxkum o6paszom, ¢, € I'n - |7, 11. 7, §6.2]. [Ipuxomum
K BBIPaXKECHUIO:

po=asiom) = [ 50 [0 ()

X [p(t— &))" "L —pt—s)]N " ds, (5)

e Yn,r($) — IIOTHOCTh TaMMa-pacrnpeneeHus I' v .
r=it—N,m=r+1,....r+ N.

PaccMoTpuM najiee BpeMsl IIPeOLIBAHNS B CUCTEME
3asBKM, TPUHATON Ha obciyxkuBaHue. Ero MoxHo
MPEICTaBUTh KaK

an:Tn"_gna

rae 1, — BpeMsI OXKUIAaHUS 0 ITOSIBJICHHSI CBOOOIHOTO
rpoiieccopa, a &, — BpeMsl HEeIOCPEACTBEHHOIO BbI-
MOJIHEHUSI 3afaHusl. Bropast U3 aTHX BeJIMUMH, KaK yXe
TOBOPUJIOCH, JUISI KAXKIIOTO 7, OTIPEICISICTCST He3aBUCH -
Mo: &, = & € I'1. Yto Kacaercst mepBOro ciaraemMoro,
TO €TO p%cnpez[eneHMe TTOJTHOCTBIO OTIPEESISIeTCsT 3HA -
YEHUEM vy, : IPU (PUKCUPOBAHHOM 3HAUCHUU Uy, = &

_J0, ecmi < N ;
d ££N)+”

n

5( Ni1s ecmai> N,

rae & ;N) — He3aBUCHUMBIC CTyJaliHbIe BEJIMYMHBI, OTIPe-
JefieHHble Tipu BbiBoAe (opmynsl (5). OHU UMEIOT
9KCITOHEHITMAIbHOE paclipelieieHue ¢ mapaMmerpoM N
U XapaKTepu3ylOT BpeMeHa IOCJIEeIOBATEIbHOTO BbI-
MOJTHEHUS 3aJaHuli, MMOCTYIMUBIINX Ha OOCTYKMUBaHUE
paHbIIle, YeM paccMaTpuBaeMoe 3aganue. Orcioaa cie-
JIyeT, YTO YCJIOBHOE pacmpeaeieHre BeIUIuHbI 1;, Ipu
YCJIOBUM v,, = © > N SIBIISIETCSI raMMa-pacipe/esieHn -
eM 'y i n41. CienoBaTesbHO, IJIOTHOCTb pacIpesie-
JIGHUsI BpEMEHHU, TIPOBEACHHOTIO B CUCTEME 3alaHUEeM,
MPUHSTHIM Ha OOCTY’XKMBaHNWE B TOT MOMEHT, KOrna B
CUCTEeME YK€ HaXoAuJioch ¢ > N 3alaHuil, npeacTraB-
JISIeT co0OM CBEPTKY
Yi(t) = y1,1(t) * YN i-n41(t) = e x v Nga(t)

Hna0 <4 < N Bpemsi, TPpOBEEHHOE B CUCTEME, CO-
BIAJAeT CO BPEMEHEM BBITIOTHEHUS 3aJaHUS, TTIOITOMY
~i(t) = et

KiroueBoe mist aToro pasaena 3aMeyaHue 3aKitoya-
€TCSl B TOM, UTO OTpe/ie/ieHHasl B Hauajie pasjea Imo-
CJIe0BaTeIbHOCTD v,, 00pa3yeT YIpaBsieMylo MapKOB-
CKYIO LIelb ¢ MHOXecTBOM cocrostHuii {0,1,2,...},
MHOXecTBOM ynpasiaeHuid {0;1} u (yrnpapisieMbIMu)
BEPOSITHOCTSIMM TTepexoa, He 3aBUCSIIIUMHU OT 7.

Q(k)
=P (vpt1 =0y +0n — kn =Jlon =14, 0p = K) =
=Phn=i—j+k) ,k=0V1,

Menonssyst pynkwmi qi (7, m), g2(m), gs (i, m), mo-
JiydyeHHbIe B popmynax (3)—(5) a1t yCJIOBHBIX pacipe-
JIENIEHUN Ky, TIONYYUM CIEAYIOIINE BbIPAXKECHUST ISt
snemMeHToB MaTpui Q(F):
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q(i,i—j+k) ma0<i—j+k<i<N;

g2(i—j+k) mii>N,
(k) _ N+k<j<i+k;
@y = g3(iyi—j+k) mnai> N,
0<j<N+Ek;
0 IJ14 OCTaJIbHBIX CJIy4acB.

CormocTaBUM KaxJI0i Mape «COCTOSTHUE i — yIpaB-
JieHue k» OTHOIIArOBbIM JTOXOJ:

1—0[{19i>5}, ecimk =1;

Jik = 0, ecimuk =0,

e ¥; € v;(x), 0 € H. (CnoBamu: J0XOI B COCTO-
sHuU 7 paBeH 0, ecay 3asiBKa He MPUHSTA; paBeH 1,
eCJIM 3asBKa MPUHSATA U OOCIyXEHa 10 HACTYILJICHUS
nmemnaiiHa; paBeH 1 — C' < 0, eciu 3asiBKa IIPUHSTA, HO
o0cIykeHa Mo3xe TpedyeMoro cpoka.)

COBOKYITHOCTH yIPaBISIEMbIX MaTPUIL Tiepexoaa 1
OJTHOIIIATOBBIX JOXOIO0B 3a1alI0T OAHOPOIHYIO YIIPaBIISI -
eMYI0 MapKOBCKYIO IIeTTb C TOXOAaMH M MOTEHIINAIbHO
CYCTHBIM MHOXECTBOM cocTossHuii. [loaToMy omTu-
MaJIbHasI B CMBICJIE MAKCUMU3AIIAY TTPEIETbHOTO CPEel-
HETO JOXOJa CTpaTerusl HaiimeTcs cpear OTHOPOIHBIX
MapKOBCKUX CTpaTeThii, KOTOpble B JaHHOM Ciydae
HUMEIOT BUI;

o= (00,01,02,...) ,

IJIe 0; — BEPOATHOCTb IPUHSTH 3alaHUe Ha 00CIy-
JKMBaHUE MPU YCIOBUM, YTO B MOMEHT MOCTYIUICHUS
3a5IBKM B CUCTEME YK€ HaXOIUTCS ¢ 3aJaHU.

J7151 TOTO YTOOBI ICKITIOUNTH U3 PACCMOTPEHMS TPU -
BUAIBHEBIN CJTyJail, KOrga CHCTeMe BOOOIIE He BBITOTHO
HUYETO JeNaTh, CAENAaeM €1l OJHO MPEATOIOXKEHUE.

I13. OpHowiaroBelii JoXod 3a ympaBieHue 1 B co-
crostHun 0 TTooxureeH. MHBIMM clI0BaMM, BEPOSIT-
HOCTB ¢ TOTO, YTO BPeMsI BEITIOJTHEHUS OMHOTO 3aJaHUsI
Ha IIpolieccope He TMPEBBICUT IeUIAH, YIOBIETBOPSIET
HepaBEHCTBY

< —.
1=c
B tepMuHax dyHKUME pacnpeneneHus Mpeanoo-
xkeHue 13 umeer Bun:

00 , 1
/(1—e )dH(t)gE.
0

WUcxonsa u3 nipeanonoxenus [13, 3akmodaem, 4to
BCsKasl 3asiBKa, MOCTYIMBIIAS B MOMEHT, KOTJa €CTh
CBOOOIIHBIE TIPOLIECCOPHI, JOJKHA OBITh MPUHSATA, T. €.
09 =01 =-+-=0N_1 = 1, OMHAKO 3HAYEHUS OCTAJIb-
HBIX WICHOB IOCIICAOBATEIBHOCTH 0 MEHEe OUYCBHIHBI.

O6o3HaunM uepe3 h = inf{i : o; = 0} HOMep
IEPBOU HYJIEBOI KOMITOHEHTHI B BEKTOPE O

Ecnu h < co, TO 3HaYeHUS 041, 0h42,... HE CYy-
IIECTBEHHBI, [TOCKOJIBKY B 9TOM CJIyJae YMCI0 3aJaHui,
OIHOBPEMEHHO HAXOISIIMXCS B CUCTEME, HUKOTIA He
npesbilaetT h. B 3ToMm ciyyae yuciao h Oyaem Has3bl-
BaTh TIOPOTOM, a CTpaTeruio o = o(h) — MOPOTOBOI
CTpaTeruei.

Jlerko BBIYMCIIUTD CPEIHUI OAHOIIATOBBIN TO0XO/ B
COCTOSIHMU 7 32 MpUMeHeHue ynpapiieHus 1. OH paBeH

o0
r, = 1-— Cﬁ“ rae 67 = f[l — H(Tf)]’}/i(t) dt — Be-

0
POAATHOCTB TNPEBBILIEHU AeNaiHa U1 3aJaHus, I0-

CTYINUBILETO B CUCTEMY B MOMEHT, KOTJa B Hell yxke
HaXOAUJIOCh ¢ 3aaaHuii. OTCIofa MojydyaeM BbIpaxXeHue
JUISL CPETHETO OJHOLIArOBOTO A0X0AA B COCTOSIHUM i:

Ri = o;r; . (6)

IMockoabKy oxXmmaeMoe BpeMsl IpeObIBaHUS 3a1a-
HUS B CUCTEME MOHOTOHHO He YOBIBAaeT C POCTOM 3Ha-
yeHUs ¢, TOo (pyHKIUsS R; SBISIETCSI MOHOTOHHO He-
BO3pacTarolleii mo i (a mpu Bcex ¢ > N, OUEeBUIHO,
CTPOro MOHOTOHHO YOBIBAIOIIEH ), TPUUEM, OUEBUIHO,
lim R; =1-C.

11— 00

O06cynuM 11e71eco00pa3HOCTh MPUMEHEHUS YIIpaB-
JneHus 1 («3asiBKa MpUHSTa» ) B HEKOTOPOM COCTOSIHUU 7
MapKOBCKOM LIETH vy, . [TyCTh B HEKOTOPBI MOMEHT I10-
CTYIUICHUS 3asIBKM B CHCTeME HAXOIWJIOCH 4 3aIaHUA.
CpaBHMM TOBEIEHNE CUCTEMBI ITOCIE 3TOTO MOMEHTA
IIJI ciiydaeB: 3asiBKa Obuta mpuHsaTa (1) u 3asiBka Oblia
otBepruyTa (II). BeimonHeHue 3agaHuii, KOTOpbIe YXKe
HaXOIUJIUCh B CUCTEME K pacCMaTpUBaeMOMY MOMEHTY,
HE 3aBUCHUT OT BBLIOPAHHOTO B 3TOT MOMECHT YITPaBIICHUS
U TIPOTEKaeT ONMHAKOBO (B BEPOSITHOCTHOM CMEICIIE)
B 000MX cllyyasXx. B To ke BpeMmsI 3asiBKM, IOCTYyIIa-
IOIlIME TI0CJIe 3TOr0 MOMEHTa, HAxXOmSITCS B XyIIIeM
MoJioxkeHUU B ciaydae I mo cpaBHeHuU1o co ciaydaeM II,
IOCKOJIBKY TIepell HUMU B o4epenrd OBLIO ITOCTaBJIc-
HO Ha OJHO 3amaHue Oosbine. IlocTaHOBKa 3amaHMS
Ha OOCIY>XKMBaHUE COIPOBOXKIACTCS ITOIYICHUEM I0-
xona R;, KOTOPBII MOXET KOMIIEHCUPOBATh OTpUIIa-
TeJbHBIN 2(M(GEKT OT JOIMOJHUTEILHOTO 3JIeMEHTa B
ouepenu. Yem MeHbIlle 3HaUeHUE 1R;, TeM, OYEBUIHO,
MeHbllle KomneHcauusi. Eciau noxon R; oTpulaTesieH,
TO IIPUHSITHE 3asIBKU 3aBEIOMO HEBBITOIHO. YUUTHIBAS
coo0pakeHusl, BbICKa3aHHbIC B IMpeIbIAylIeM ad3alle
OTHOCUTEIbHO QYHKUMU R; , TPUXOIUM K CJIEIYIOIIEMY
BBIBOJY: ONITUMAaJIbHAsI CTpATeTrsl HailneTcs B Kiacce X
ITOPOTOBEIX CTpATeTHil, TIPUIEM ITOPOT h* ONTUMAJIb-
HOI CTpaTeTUH YIOBJICTBOPSICT HEPABEHCTBY

h* <min{i: R; <0} .

3aMeTUM, YTO BEPXHsISl OLIEHKA ONTUMAaJILHOIO 3Ha-
YeHUs [I0POra He 3aBUCUT OT BXOJHOI'O IIOTOKA.

Jlerko moHsITh, YTO J1100asi IOPOroBast CTpaTerust o
C IOPOroM h MOPOXIAaeT OAHOPOIHYIO MapKOBCKYIO
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LIENb C €AMHCTBEHHBIM DProANYeCKUM KJIACCOM COCTO-
stuuii {0, ...,h} W TpeesbHbIM pacrpeieseHueM Ha
3TOM MHOXecTBe, T = (o) = {m; }. Pacnpenenenue
OTIPEIENISETCS U3 YCIOBUS

T=Qm, (7

rae () = (o) — OTBeYaloIIasi CTPATeTHUH o TIePeXOIHasT
MaTpulla, JIEeMEHThl KOTOPOIl UMEIOT BU/L:

Qij =aiQY) + (1 —0)QLY .

[IpenenpHbIl cpeqHuit 1oxoxd (2) 3a TaKyl0 CTPaTEruio
TIpUHUMACT BUO:

h
w(o) = ZmRi . (8)
i=0

3agaya onTUMU3aMU  (GYHKIUU TPeaebHOTo
CpPEIHEro I0Xola Ha MHOXECTBE OINHOPOMIHBIX Map-
KOBCKMX CTPATEeTHii CBOIUTCS, KaK XOPOIIIO U3BECTHO,
C ITOMOIIBIO 3aMEHBI TIEPEMEHHEBIX K 3aJa4e JIMHEHO-
rO MporpaMMUpOBaHUs (B JAHHOM cJlydyae 9Ta 3aMeHa
uMeeT Bud p; = m;o;). OTcloga MPUXOIAT K BBIBO-
Iy, YTO ONTUMAaJbHAasl CTpaTervsl CYIIECTBYET Cpeiau
BBIPOXKIEHHBIX cTpaTeruii. B paccMmaTtpuBaeMoM ciy-
yae JOCTaTOYHO PACCMaTPUBATh TOPOTOBBIE CTPATET U,
JUISL KOTOpBIX 0; = 1 mpu ¢ < h, a o, = 0. UmeHHO
TaKle CTpaTerd OyneM HasblBaTh JAajiee MPOCTHIMU
TTOPOTOBBIMU CTPATETUSIMU, B3aUMHO OTHO3HAYHO CO-
MTOCTABJISISI UX C COOTBETCTBYIOIIMMM YHCIaMHU h.

ConepkaHue 3TOTO paszziesia TO3BOJISIET IPEIIo-
KHATh CITOCOO HAXOXICHUS ONTUMAaIbHON IOPOTOBOM
crparernu. OH 3aKJIIOYaeTCsl B HAXOXICHUU C TIO-
MoIIbIO TTepedopa Takoro 3HayeHus 0 < h < h*, npu
KOTOPOM MAaKCHUMAaJICH IIPEACAbHBIA CPEIHUIN TOXOMI
w(h) 3a MPOCTYIO TIOPOTOBYIO CTPATETHIO C TTIOPOTOM /1,
onpeaensgembiit mo dopmyse (8). Ilpu aTOM BbIUMC-
JIEHWE CPEIHETO JI0XO0/la OCYIIECTBISIETCS C TIOMOIIIBIO
BoIpaxkeHui (6) u (7).

B aT10i1 pabore peanuzamnus ykazaHHOro cIiocoba
ONTUMU3ALMKU HArpy3kd He oOcyxkmaercs. 3amMeTuM
TOJIBKO, YTO OHa MOXET OKa3aThCsl TPYIOEMKOM, T0-
CKOJIBKY (hOPMYJIBI JUTSI BEIYUCIICHUS 3JIEMEHTOB MaT-
pulbl () TOCTaTOYHO CIOXHBI. B TO ke BpeMs ecTb,
MMO-BUIXMOMY, BO3MOXHOCTb COKPATUTh MOJHbBIN TIe-
pedop, eclin BOCMOJIb30BaThCS BOTHYTOCThIO (DYHKLIMHI
w(h), KoTopas 6pUIa OOHApYKEHA IKCIIEPUMEHTAIBHO.

4  Pe3ynbraThl BHIYMCIUTEIbHBIX
DKCNEPUMEHTOB

Bce ynoMuHaemble HUXKE YMCJIEHHbIE PE3YbTaThl
MOJYyYEHBI Ha MIEPCOHAILHOM KOMITBIOTEPE C TOMOIIBIO
UMUTALMOHHOU MOIEIN CUCTEMBI, OIIMCAHHOM B IIpe-
NBbIAYLIMX pa3jaenax.

B npenpiayiem pasaesie ObLT onpenesieH CpeaHui
OJIHOILIATOBBIN TOXOMd 7; B COCTOSIHUM 7 32 OOCITYKU-
BaHMe NMpUHATOM 3asBKU 1. [Ipounmoctpupyem 3aBu-
CUMOCTb 3TOW BeJMUMHBI (a TakxKe CBSI3aHHOMN C Helt
BEpPOSITHOCTH TIPEBHILIICHUS AemiaiiHa ;) OT pa3Mepa
oYepeau ¢ B MOMEHT ITOCTYIUICHUS 3as1BKHU.

Ha puc. 1 nzobpaxeHbl 3aBUCUMOCTH 7; (CIIOLI-
HbIe IMHUU), a TaKXe 3; (IUTPUXOBbIE TUHUM) OT 7 JIJIsI
clyyaeB, Korma yucio npoieccopo N = 1, 2, 5, 10.
3HauyeHUe i = —1 COOTBETCTBYET CUTyallMd, KOTHa B
MOMEHT TIpUXOJa 3asIBKM B CHCTEME €CThb CBOOOIHBIC
npoueccopbl. PacripeneneHue BpeMeHM BBITTOJTHEHMS
3aJlaHUsI BO Bcex ciydasix umeetr Bua F' &€ I'y, pac-
npeneneHue aemnaiina — H € T’y 39, a MOCTOSHHAA
C = 10. Kaxk BumHO 13 rpadMKoB, XapaKTep 3aBH-
CHMOCTH OOWHAKOB TSI PA3IMIHOTO YUCIa IIPOIECCO-
poB. Maciurad ropu3oHTaJbHON OCU U3MEHSIETCS T10
Mepe YBEeJTMYSHUS KOJIMUECTBa IPOLIECCOPOB, UTO COOT-
BETCTBYET COIMYTCTBYIOIIEMY YBEIUUCHUIO ITPOITYCKHOM
CITOCOOHOCTU CHCTEMBI.

Ha puc. 2 moka3zaHO CpaBHUTEIBHOE ITOBEICHHE
¢GyHKUMU 7; OO 4yeTbipex cuctem: [ — N = 2,
G e F075;2—N= 4,G e F0725;3—N= 5GE F072;
4— N =10, G € TI'g1 (Bo Beex cinyyasax H & I'y/30).
C noMolIbl0 3TOro pUCyHKa OOHApyXMBaeTcs Cley-
fo1ee 00CTosITeILCTBO. [TapameTp a pactpeneneHus G
MOKHO MHTEPIIPETUPOBATh KaK ITPOU3BOIUTEILHOCTD
npoueccopa. st BceX CUCTeM BBITIOTHSIETCS YCIOBUE
Na = 1. TeM He MeHee TTPOU3BOIUTEIBHOCTb CUCTEM
pasHasl, MpruIeM OHa YMEHBIIIAeTCs C YMEHbIIeHEeM N .
Hanpumep, cuctema 4, B KOTOpoil B ISATh pa3 0oJble
IIPOLIECCOPOB, YeM B CHCTeME @, HO OHM paboTaroT
B 5 pa3 MeIjIeHHee, SIBISIeTCS SKOHOMUUYECKU Hellese-
Cc000pa3HoIi, MOCKOILKY ITPHU JIIOOOM pa3Mepe ouepean
CpeoHUI OJHOIIATOBBIN NOXOI OTPULIATEIbHBINA.

O6paTuMcs Temepb K pe3yiIbraTaM, CBSI3aHHBIM
C WCIIOJIb30BaHUEM IIPOCTBHIX ITOPOTOBEIX CTPATETHIA,
Kaxmasi U3 KOTOPBIX OTHO3HAYHO XapaKTepU3yeTcs
HEOTPHUIIATEJbHBIM 1IEJIbIM YKMCIOM h — 3HauyeHUEM
nopora. Kak 0b110 moKa3aHo B IPeAbIIYILEM pasjelie,
IUIST CUCTEM C 9KCITOHEHIHMAIBHBIM pacIipenecHIeM
BpEMEHU BBITIOJIHCHMS 3aJaHIiI1 TaKNE CTPATeTUH TAaf0T
MaKCUMaJbHBIU TIpeae/IbHbIN CPETHUI JOXO.

[TpoBeneHa cepust IKCIEpUMEHTOB HA UMM TAIIOH-
HOW MOZeJH C LieJIbIO MOJTyYeHHUsT 3aBUCUMOCTH w(h)
MpeaeJbHOr0 CpelHero A0Xxojaa OT 3HAuYeHMsl Mopora.
PaccmaTpuBaniuch CUCTEMbI ¢ YUCIOM MPOLIECCOPOB
N =1,2,5, 10. BkayecTBe BXOIHOTr0 IMOTOKA paccMar-
PUBAJINCH OMUCAHHBIC B MPEObIAYIIEM pas3aesie Mpo-
Lecchl BocctaHoBieHuss R = (F, G, H) (cM. Mpemarno-
noxenue [12). @yHKLMS pacnpeae/ieHUs UHTepBaIoB
MEXy ITOCTYIUICHUSIMU 3asiBOK F' BEIOMpaiach U3 IBYX
THATIOB pacIpenecHni (3KCIMOHeHIIMaabHoro u [1ape-
TO), MPUYEM KaxKIbli pa3 TaK, YTOOBI CPEIHSISI Harpy3Ka
Ha OIMH ITPOIIECCOP COCTABJISIIA ONHY 3asBKY B €IMHM -
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Puc. 1 OxnowaroBblii 10X0/1 B 3aBUCMMOCTH OT pa3Mepa odepean npu yuciie nporeccopoB N = 1 (a); 2 (6); 5 (6); 10 (2)

(F €Il ava/a4ve) G € Fl) ?

(F €I v5.va/11ve)y G € Huﬁ,ﬁ/mﬁ)) 5
2) N =2:
(FeTly,Gely);
(F €l G e H1+\/§,\/§/(1+\/§)) )
(F €I vaayevay G € 1“1) :

i (F €Il 51/0+va), G E H1+\/§,\/§/(1+\/§)) ;
Puc. 2 Cpasuurensroe noBeneHue 7;(z) 1is cucteM: | —
N=2 GeTlgs; 2—N=4,G €Tp2;3— N =25, (3)N:5
G € T'o2; 4 — N =10, G € T'p,1. BpuucautenbHyio
MOIIIHOCTh BBITOJHEE KOHIIEHTPUPOBATH B MEHBIIEM YKCIIE

(F'els Gell);

MPOHECCOpon (F el Ge H1+x/§n/§/(1+\/§)) ;
uy BpeMeHu. M3 TeX Xe TUIIOB pacnpeieseHUi Bbl- (F €Il /302v3/(2+v3) G € Fl) ;
Oupanach QyHKLMA paclpeie]IeHUs] BPEMEHU BbINOJ- ’
HEHMS 3aJ1aHUA Ha Tpoleccope G, MPUYEM Tak, YTO- (F €I, z02v3/(24v2) G € H1+\/§,\/§(1+\/§)) ;
Obl cpeiHEE BPEMS BBIITOJHEHUS 3a1aHUSI COCTABIISLIO
eauHuULy BpeMeHU. Js kaxmoro sHaueHuss N pac-  (4) N = 10:
CMaTPUBAIUChH YETHIPE BO3MOXKHbBIE KOMOMHALIMYU TU-
P up o . t (F@Flo,G@Fl);
OB pacrpeaeneHuit pynkuumii F' v G:
(1) N=1: (F@Plo,G@H1+ﬁ7ﬁ/(l+ﬁ)) ;
(Fel,GeTly); (F € H1+\/§,o,1\/§/(2+\/§)7 Ge Fl) )
(F el,Ge H1+\/§,\/§/(1+\/§)) ; (F €I, v50,1v3/(21+vE) G € H1+\/§,\/§/(1+\/§>) :
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Puc. 3 3asucumocTs 1eneBoii (pyHKIMK OT 3HAYeHUs Topora rpu yuciie mpoueccopoB N = 1 (a) 2 (6); 5 (6); 10 (2); 1 —

5-9;2—-0-I1;3 —-11-9; 4 —I1-11

B atux dopmynax mapamerpsl pacnpenenaeHus I[Tapeto
noxo0paHbl Tak, YTOOBI ISl Kaxa0ro 3HayeHus N BO
BCEX YETBIPEX CKOOKAX AUCIIEPCHU COOTBETCTBYIOIINX
KOMITOHEHT COBMaAaIu.

M Bcex BapuaHtoB H € Nys 5, C' = 10.

Ha puc. 3 mokazansl rpaduku 3aBucumoct w(h)
JUISL BCEX yKa3aHHBIX 16 BapuaHTOB cuUCTeMbl. Jljs
0003HaYeHUs MPUHAIIEXKHOCTU (PYHKLMIA pacrpe/e-
Jnenust F' u G onpeneseHHOMY TUITY (9KCITOHEHIIUAb-
Homy — O wu ITapero — I1) ucnonb3yoTcss 0603Ha-
yeHus -9, O—I1, [1-0 u T1-I1.

Bo Bcex cimydasix KaueCTBEeHHBIN XapaKTep 3aBUCH-
MOCTHM OKa3aJjicsl OIMHAKOBBIM — 3TO YHUMOJAJIbHBIE
BOTHYThIE (pyHKIMHU. C pOCTOM uMcia TMPOLIECCOPOB
00HApYXMBAIOTCS ABE TCHACHILIMHU: CIBUT MaKCUMyMa
B 00J1aCTh OOJIBLIMX 3HAYEHUI [TOpPOra U yBeJIndYeHue
miaTo Ha rpagukax B obysactTu Makcumyma. OTciona
CJIEAYET, YTO CPEIU CUCTEM C €AMHUYHOM CpeIHEl Ha-
TPY3KOi1 Ha OJIUH CepBep IOMyCTUMasT ouepelb OOIbIIe
JIJISI TeX U3 HUX, Y KOTOPBIX 0OJIbIIIE MECT OOCTyK1Ba-
Hus. [Ipu 3TOM IS cUCTeM ¢ OOJTBIINM YHCJIOM IIPO-
LIECCOPOB He TaK CKa3bIBACTCS IIOTPEITHOCTD B OIpeIe-
JICHUH ONITUMAJIbHOTO 3HAUYCHUS ITOPOTa.

BaxxHbIM 00CTOSITEILCTBOM MPEACTABISCTCS TO, UYTO
paznuune rpadUKoB 11 pa3HbIX TUIIOB (DYHKIIUI pac-
npenenenus F' n G He3HaumTenbHO. K TOMY Xe 3TO
pa3mune YMeHbIIaeTcsT ¢ yBeimueHueM N. B cBs3m
C 3TUM BO3HHUKAaET BOIPOC: CYIIECTBYIOT JIU CUCTEMbI
C MHO# (hOPMOI1 3aBUCUMOCTHU TIPEACTLHOTO CPEIHETO

JI0X0MIa OT 3HAYEHMS MOpOora, OINPEeAesIIIoNIero mpoc-
Tyl0 cTparernto? MHOTOUMCIEHHBIE IKCTIEPUMEHTBI
JaJI OTPULIATENIbHBIN OTBET. B 3TUX 3KcmepumeHTax
BapbMPOBAJIOCH YMCIIO TIPOIIECCOPOB, TUIT U MapamMeT-
pbl dyHKuMit pactipenenenusa F, G, H, a Takxe Tapa-
MeTpbl BxogHoro MMII. I1pu 3ToM B KauecTBe TUIIOB
pacripenieieHU i UCTIOTb30BAIMCh SKCITOHEHIIMAIBHOE,
pPaBHOMEPHOE, HOPMaJIbHOE pacIpenesieHue, a TaKxke
pacnpenenenue Ilapeto u Beiibynna. Bo Bcex ciy-
Jasx XapakTep YIOMSHYTOM 3aBUCMMOCTU OCTaBaJICsI
HEU3MEHHBIM U TIPEACTaBISII COOON BOTHYTYIO YHM-
MopaibHylo (yHkumio. [lpuBeneM TOJBKO OOWH 3a-
KJIIOUNTENIBHBIN TpUMep.

Cucrtema coaepXuT aBa Tmpoieccopa (N = 2).
Bxomnoit motok mpencrasiser coboit MMII co crie-
01
10
MaTpulia COCTOSIHUI BXONHOrO notoka); D1 € I'g go1,
Dy € Ili7s (pacmpenesneHus BpeMeH IpeOblBaHUS
B cocrosiHusx); Iy € T'y, F» € I'yp (pacnpenene-
HHUS BpeMEH MEXOy ITOCTYIUICHUSMU 3asBOK); G &
€ I3 005,201 /401 (PAcrpeesieHe BPEMEHHU BBITIOIHE-
Hus 3a1anus); H € Nis 5 (pacnpeneieHue aeaaiHa);
C = 10 (wrpad 3a npeBbILLIeHNE AeAIaiiHa).

IyIOIKUMU MapaMeTpamu: P = ( ) (repexoaHas

PaccmarpuBaemasi cucteMa BBIMOJHSIET 331aHUs 3a
BpeMsI, Merollee pacrpeneneHue [lapeto co cpenHUM
3HaueHueM | u Oosbluoi aucnepcueit, pasHoit 100.
Oco0eHHOCTh BXOAHOTO TMOTOKA 3aKJII0YAETCs B TOM,
YTO TI€PUOABLI CPABHUTEJIBHO HEOOJBLIOM HAarpy3ku
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Puc. 4 3aBucumocts 1ie1eBoii GYHKLINMM OT 3HAYEHUS [T0POTa
IUIs1 GoJiee CJIOXKHOTO BXOTHOTO MOTOKa

(coctosinue 1 nenu P) CMEHSIOTCS MepuojaMu, Ko-
raa Harpy3ka B 10 pa3 6omblie (coctosiHue 2 uenu P).
ITpu sTOM BpeMs MpeObIBAHUS B COCTOSIHUM 2 XOTS
1 MeHble B cpenHeM B 10 pa3, yeM BpeMsi IpeObl-
BaHUs B cOCTOsIHUM 1, HO uMeeT pacnpeneneHue [la-
peTo ¢ Gonbloi aucnepcueit, paBHoit 1250. Takum
00pa3oM, TMOBEJIEHUE CUCTEMbI OTJIMYAETCS OOJBIION
«HEPETYJISIPHOCTHIO» TI0 CPABHEHUIO C YKMCTO «IKCIO-
HEHIMATbHOI» Mozieblo. TeM He MeHee MPUBENCHHbII
Ha puc. 4 rpabuk dyHkuuu w(h), TOJTYYSHHDIH € TIO-
MOIIbIO KOMITBIOTEPHOI MMUTALIMU PAOOThI CUCTEMBI,
KauyeCTBEHHO MOBTOpsIeT rpachuku Ha puc. 3.

5 3axirroueHue

B crathe m3ydanachk pabota cepBepa, KOTOPBI Ha
KOHEUHOM YMCJIE IPOLIECCOPOB BBIIMOJHSIET 3alaHMs,
MOCTyHalolMe U3 caydaiiHoro moroka. Ilpuem 3ama-
HMS Ha 00CITy>KMBaHUE IPUHOCUT IOXO, HO COIPSIKEH
C BO3MOXHEIM IITpadoM B ciTydac HEBBITIOJIHCHMS 3a-
nanus B cpok. ChopmyarpoBaHa 3agaya ONTUMU3ALUU
JIOCTYIIA 3aJaHUI B CHCTEMY C TOUKH 3pEHUS yBeJIMUe-
HMSI TIPEIEJIBHOIO CPEIHEro A0XO0/a.

B npenmnonoxeHnn 3KCMOHEHIIUAJIBHOTO pacIpe-
JIeJICHUST BPEMEHHM BBITIOJTHEHUS 3aJaHUid UIST IIHPO-
KOTO KJIacca BXOIHBIX ITOTOKOB, OITMCBHIBAEMBIX KaK
MpOLIeCC BOCCTAHOBJICHUS C IPOU3BOJBHBEIM pacIipe-
JeJIEHUEM BPEMEHU MEXJY IOCTYIUIEHUEM 3aJaHuid,
JI0Ka3aHO, YTO OINTHMMaJbHasl CTpaTeryst HaXOIUTCS B
KOHEUHOM MHOXECTBE MPOCThIX MOPOTOBBIX CTpaTe-
ruii. [1pu 3TOM BBIYUCIUTEIbHBIC SKCIIEPUMEHTHI Ha
MMUTALIMOHHOM MOJIEIN TTOKa3aIv, YTO 3aBUCUMOCTh
MPeNeIbHOTO CPEIHEro M0X0Aa OT 3HAaYeHUs Iopora
MpeACTaBIsieT CO00M YHUMOAAIbHYIO (DYHKIIMIO, YTO
3HAYMTEIbHO OO0JIeryaeT HaXOXAEHUE ONTUMAaJIbHOIO
rmopora.

Ha ocHOBe 3KCITepMMEHTAIbHBIX JaHHBIX MOXKHO
BBICKA3aTh TUIIOTE3Y, UTO XapaKTep YIOMSIHYTOM 3aBH-
CHMOCTH COXPaHSIETCs JIJIsI IPOM3BOJILHOIO pacipe/e-

JICHUsI BpeMEHU BBITIOJIHEHUS 3adaHUI U 11 BXOTHBIX
IMOTOKOB, onuchiBaeMbiXx Kak MMIT o61iero Buga. 3to
CYILIECTBEHHO O0JIeTyaeT HaxOXIEeHUE ONMTHUMAaIbHOIO
3HAYEHMUSI TTOPOTa, MO3BOJISISL U30€XKAaTh MOJTHOTO Mepe-
oopa.

B cBs3u ¢ u3yuyaeMoii 3agaueil ocTaeTcsl OTKpbI-
TBIM BaXKHbIH BOMPOC: MOXHO JIM YBEJIMYUTD MpPeesib-
HBII CPEIHUI JOXO/ 3a CYET PACUIMPEHUS MHOXECTBA
MPOCTBIX TTOPOTOBBIX CTPATETHii, €CIU pacipeacieHue
BPEMEHU BBITIOJTHEHUS 3aJaHUI OTJIMYAETCS OT IKCITO-
HeHlMaibHOro? B aTOM ciyyae mpouecc v,,, 0003Ha-
YallUi KOJUYECTBO 3alaHUii B CUCTEMe, MepecTaeT
OBITh MApKOBCKUM. EcTecTBeHHO ObLIO Obl OXXUIATD,
YTO OINTUMaJIbHAs CTpaTerus Toraa oyaeT 6oJiee Ciaox-
Hasl — HanpuMep, paHIOMM3UPOBAHHAS WM 3aBUCS -
mast oT 0oJjice TIIyOOKOI TIPeAbICTOPUHN, YeM TEKYIIee
3HauYeHue v,. OnHaKO 3KCIEepUMEHTHI MOKa3bIBalIOT,
YTO 3TOTO HE IMPOUCXOAMT, MO KpaitHeil Mepe, Mpu MoJi-
HOI HaOII0HAEMOCTH Mpolecca vy,. ODTU Pe3yJbTaThl
TpeOYIOT OTACTBLHOTO U3JIOXEHUS, XOTS ObI U3 HEOOX0-
JTUMOCTH OITHCaTh, KaK OCYIIECTBIISIETCS ONTUMMU3AIINS
Ha MHOXECTBE CTpaTerwii, 0ojee M3OIIPECHHBIX, YeM
IIPOCTHIC TIOPOTOBBIE CTPATETUH.

Yka3zaHHOe HarpaBieHUe IJ1s1 TPOIOIKEHUS UCCle-
JIOBaHUI TIPEACTABISICTCS MHTEPECHBIM, M HE TOJIBKO C
TEOpPeTUYECKON TOUKHU 3peHMs. Ha a3ToM myTu MOXHO
ObLJIO Obl TTOJOUTH K OOOCHOBAaHUIO TEX aJITOPUTMOB,
KOTOpEIE PeaIbHO TPUMEHSIIOTCS Ha IIPAKTUKE, HAIIPH -
Mep TMCTepPe3UCHBIX CTpaTEeruii orpaHUYEeHUsT Harpys3-
ku [8].
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OMNTUMMU3ALINA GYHKINN LAB-KOHTPACTHOI'O
I'PAIALIMOHHOI'O ITPEOBPASOBAHUA

O.I1. Apxunos?, 3. I1. 3bikoBa?

AnHoranusa: PaccMoTpeHa 3amaya nepcoHU(ULIMPOBAHHOTO MPeoOpa3oBaHMsT pacnpeaeaeHUs] KOHTPACTOB Ha
CTYINEHYaThIX TOHOBBIX 1IKajaX. PelieHue 3agaum HE0OXOAMMO Ui yrpaBieHus: otoopaxeHusimu RGB-u300-
paXkeHUIi Ha LBETHBIX MepUGbEPUNHBIX YCTPOMCTBAX MEPCOHATBHBIX JEKTPOHHBIX BBIYMCIUTEIbHBIX MalllMH
(IT9BM) ¢ 1ieabto yaydilieHUs UX BOCIIPUSTHUSI B YacTU AeTaqu3aluuu. [1oCKOIbKY M3MEHEHUE COOTHOILIECHMS
Lab-xoHTpacToB LI poBOro onrcaHus 0TOOpakeHU i TMKCEJIOB BIeYeT 3a CO00I Moa0OHOE, XOTS U, BO3MOXHO,
MEHee SIPKO BbIpa’k€HHOE M3MEHEHHE COOTHOIIEHUs peabHbIX KOHTPACTOB OTOOpaXKeHMUii, TO I pelIeHMS
3aJ1a4M TOCTATOYHO MOA00paTh Moaxosiiee pacnpeaeeHue Lab-koHTpacToB. s mpuOIMKeHHOTO BbIYKCIIe-
HUA QyHKUIMM Lab-KOHTPaCTHOTO TpaJalliOHHOTO IIPEeoOpa30BaHMsl CTYIIEHYATHIX TOHOBBIX IIKaJ IO 00pasiry
paccMaTpUBaIUCh Ba CEMENCTBA MapaMeTPUUECKUX aJIrOPUTMOB. [1apaMeTpbl 0IHOTO M3 HUX — MOJAMHOXKECTBa
MMUKCEJIOB IIKaJIbl, a APYTOro — MHOXKECTBA Ipajaliuii. 3agavya BbIOOpa ONTUMaIbHbBIX TApaMETPOB pellicHa IMTyTeM
CpaBHEHUS TMOTPEITHOCTH BBIYUCICHUS (DYHKIIMU pacTpeneieHusT Lab-KOHTpacToB Ha CTyMeHYAThIX TOHOBBIX
1IKajJaX Ha TUMIMYHBIX TpuMepax. [IpuBeaeH nmpumep, 1eMOHCTPUPYIOIIUI 3(DGhEKTUBHOCTh TPUMEHEHUS CO-
OTBETCTBYIOLICH (hyHKIIMU Lab-KOHTpacCTHOTO TpalallMOHHOIO Mpeodpa3oBaHusl CTYMEeHYATHIX TOHOBBIX KA.
[TokazaHo, 9TO TP BEIOOPE MOIXOISIIEro 0Opasiia MOXKHO He TOJIbKO M30eKaTh MCKaXKeHUS IeTalu3aun, HO 1

JIOOUTBLCS €€ YyUIIeHUSI.

KioueBbie clioBa: 1IBETOBOCIIPOU3BEICHNUE; LIBETOBOCIIpUsITUE; Lab-KOOparHAThI; KOHTPACT; Tpagaluu

DOI: 10.14357/19922264130405

1 Bsenenue

Lab-koHTpacTHOE TIpagallMOHHOE Mpeodpa3oBa-
HUE CTYMEHYAThIX TOHOBBIX IIIKAJ SIBJISIETCS HEOOXO-
JUMBIM KOMITOHEHTOM HH(MOPMAIIMOHHON TEeXHOJIO-
T PABHOKOHTPACTHOM TPAaTallIMOHHOM CKEJIETU3ALIU
LIBETOBOTO MTPOCTPAHCTBA BOCIIPUSITHS IIPOU3BOJIbHBIM
TI0JIb30BaTEJIEM BBIBOJIA IIBETHBIX M300paXKeHUH Ha Tie-
pudepuiinbie ycrpoiictea [IDBM [1-9].

HNudopManionHast TeXHOJIOTHUSI TIPUMEHSIETCSl Ha
MPaKTUKE B OOBIYHBIX YCIOBUSIX (DYHKIIMOHUPOBAHUS
0(PUCHBIX KOMIBIOTEPHBIX CUCTEM C LIBETHOM mepude-
pueit st TepcoOHUGUIIMPOBAHHOTO YITPaBICHUS IeTa-
qu3anuein RGB-u300paxeHuit mpu ux mneyaTu U BbI-
BOJIe HA MOHUTOP.

enplo Takoro ympaBieHUsI SIBJISIETCS YJIydIIeHUe
BOCTIPUSITUSI LIBETHBIX U300paXKeHU 1 B UaCTH IeTaIN3a-
LIMU HE TOJIBKO IS TI0JIb30BaTeeld, 1IBETOBOCIIPUSITHE
KOTOPBIX OJIU3KO K CTaHAAPTY, HO U JUISI T€X TOJIb30-
Baresieii, KOTOpble UMEIOT TaK1e aHOMaJIMU IIBETOBOTO
3peHMsI, KaK YaCTUYHAasl 1IBETOBAsI CJIETIOTA.

Lab-koHTpacTHOe rpamalimoHHOe Ipeodpa3oBaHue
CTYMEHYaThIX TOHOBBIX KAl MO 00pasily sIBJsieTCs
WHCTPYMEHTOM BJIUSIHUSI Ha MEPCOHU(PUIMPOBAHHOE
pacripefieieHe KOHTPACcTOB B OTOOPaKEHMSIX IIBET-

HbBIX U300paXeHu (TTpeICTaBIEHUSIX U300paXeHU I Ha
nepudepuitHeix yctpoiictBax [IDBM), mo3poJisitoliium
VAYYIITUTD JeTAIN3aIUI0 OTOOpaKeHUI B BOCIIPUSITUMN
IPOM3BOJILHBIX TOJIb30BaTe e [6—9].

B ocHOBe BIMSHUS JTEXKUT TOT (PaKT, YTO MPU KOP-
PEKTHOM IIM(POBOM OINMMCAHUU IIBETOBOCIIPOU3BEIE-
HUST U IIBETOBOCTIPUSITUSI U3MEHEHUE COOTHOIIEHMUS
Lab-koHTpacToB LIM(GPOBOro ONMMCaHUs OTOOPaXKEHU I
MMKCEJI0B BIeYeT 3a CO00M Mog00HOE, XOTS U, BO3MOXK-
HO, MEHee SIPKO BBbIpaxkeHHOE M3MEHEHME COOTHOIIIE-
HUSI peaTbHbIX KOHTPACTOB OTOOPAKEHMUIA.

Ilyctb x1, o — RGB-nukcensl, ¥,, — dyHKUIUS
LIBETOBOCTIpUSATUS n-ro Habmogatenss, a RGB-¢pyHk-
us ,, — udpoBoe onucanue V,,.

O6GozHauum uepe3 {¥,(z;)} oTOOpaxeHUs MUK-
CEJIOB B IIBETOBOM IPOCTPAHCTBE n.-TO HAOJIOmATENS,
{¢n(x;)} — undposoe onmcaHme 3TUX OTOOPAXKEHUII,
Cr (¥ (x1), Uy (22)) — KOHTpaAcT oToOpaxkeHuit RGB-
MMUKCEJIOB X1 M T2 B LIBETOBOM MPOCTPAHCTBE 7.-TO
Ha6monarens. [Tyctb E(p,, (x1), ¢n(22)) — Lab-KoHT-
PacCT 3TUX MTUKCEJIOB:

E(pn(71), on(32)) =
= \/(Ln,l - Ln,2)2 + (an,l - an,2)2 + (bn,l - bn,2)2 ’

'Opnosckuit punnan MuctuTyTa npo6ieM nHbopmatuki Poccuiickoii akagemun Hayk, arkhipovl2@yandex.ru
20puoBckuit puaman MHeTuTyTa po6ieM nHdopMaTiku Poccuiickoil akaneMun Hayk, zykzoya@yandex.ru
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OnTtumusauust GyHKIUE Lab-KOHTpacTHOTro rpagaliMOHHOTO MpeoOpa3oBaHus

rie (Lpi,an1,bn1) — 3710 Lab-xoopamHarhl,
cootBercTBytoiine RGB-koopmuHatam ¢, (x1), a
(Ln,Q; an,2, bn,Q) - Spn,($2)-

OG6o3HauMM uepe3 ', x5 3HAUCHMsT TTUKCEIOB X1,
T9 TOCJIE HEeKOoToporo npeodpasoBaHusi. Eciau Lab-
KOHTPACT IIU(POBOTO OMUCAHUS OTOOPAKEHUI HOBBIX
3HAYEHUI TTUKCEIOB 3HAYMTEIBHO TIpeBocxoauT Lab-
KOHTPACT A(PPOBOTO OMMCAHUST OTOOPAKEHUIA TUKCE-
JIOB X1 U 3.

E(pn(21), on(25)) > E(pn(21), @n(22)),

TO, KakK ITPaBUJIO, BBIINOJIHACTCA CICAYIOICE COOTHO-
HnICHUeE:

Cn(q/n(xll)v ‘I’n(x/Q)) > Cn(Un(21), Un(r2)).
W3 cooTtHOLIEHUS

E(pn(71), pn(73)) < E(pn(71), pn(22))
cjaenyer
Cn(q/n(xll)v ‘I’n(x/Q)) < Cn(Un(r1), Un(r2)).

[MpuBeneHHBIE 3aBUCUMOCTH TTO3BOJISIIOT OTIpEie-
JIUTh TIOAXO[, K MOJYYEHUIO HYXKHOTO pacripe/ieieHusI
KOHTPACTOB Ha OTOOPa’KEHUSIX IIKaJl, COCTOSIIIUUI B
moadope MoaAXosIIero pacnpenenaeHus Lab-koHTpac-
ToB. B [6—9] npeanaraercst mogbuparth pacipeaeieHe
Lab-koHTpacToB no obpasuy. s 3agaHusi 06pa3nos
UCTMOJIB3YIOTCS HEOTPULIATEIbHBIE YUCIOBbIE (DYHKIIUU
OT MUKCEJIOB LIKAJ.

IMpouenypa yrpasieHus: KOHTpacTaMu OTOOpaxe-
HUM TaKkoBa:

(1) 3amaeTcst HauyaJbHBINM oOOpasel pacrpeneeHus
Lab-koHTpacToB;

(2) ompenensierca dyHkuusi Lab-koHTpacTHOTO rpa-
NALIMOHHOTO TIpeoOpa3oBaHus LKUGPOBOrO OMU-
CaHUsl OTOOpPaXKEHWI CTYMEHYaThIX TOHOBBIX
1LIKAJI TI0 00pasIly;

(3) BBIUMCISIIOTCS KOOPAMHATHI MUKCEIOB Mpeodpa-
30BaHHBIX CTYTIEHYATHIX TOHOBBIX LKA U HU(DPO-
BOE OIMCaHUEe UX OTOOPaKeHUI;

(4) BeiuMcasieTcsl pacnpeneiieHue Lab-koHTpacToB
Ha IU(POBOM OIMMCAHUU OTOOPaKEHUIA CTYIICH-
YaThIX TOHOBBIX IITKAT;

(5) nmpeobpa3zoBaHHbIE CTYMEHYATble IIKAJbl BbIBO-
NISTCS Ha MCTIOb3yeMoe nepudepuitHoe yCTpoii-
CTBO;

(6) moJb3oBaTesieM IIPOBOAUTCS BU3YaIbHBII aHAIN3
JeTaIN3alli — PaCIpeaeICHUs] KOHTPAaCcTOB Ha
OTOOpPaKEHUSIX 11K B CONOCTABJICHUM C rpadu-
KaMu obpasiia 1 pyHkimu Lab-KOHTpacToB;

(7) mo ycTaHOBJIEHUSI JOOIYCTUMOCTM JeTalu3aluu
OTOOpaKeHUI IIKaJ MPOBOAUTCS HeoOXomumast
MonucbuKalus o0pasla M IOBTOPSIOTCS Ia-
v 2—6;

(8) mociyie HaxOXAeHUSI MOAXOAs1Iero odpaslia onpe-
nensiercst Lab-KoHTpacTHOE TpagallioOHHOE TIpe-
obpasoBaHue Bcex nukcenoB RGB-ky0a;

(9) BbImosHsIETCS TipeaBapuTenabHOe Lab-kKoHTpacT-
HOE TpadalliOHHOE MMpeodpa3oBaHNe TPOU3BOJIb-
HOI'0 U300paKeHMUSI;

(10) mpeobOpa3zoBaHHOE M300pakeHUe BBIBOIMTCS Ha
UCTIOTb3yeMoe TiepudepuitHoe yCTpOCTBO.

B pesynbrare B OTOOpakeHUsIX TPOU3BOJILHBIX
n300paxeHuil 00ecreunBaeTCs YCTAHOBJIIEHHOE BbI-
OpaHHBIM 00pa3lOM paclipeneieHue KOHTPACTOB.
B xauecTBe HauaabHOrO 00Opaslia pacrpeaeaeHus Lab-
KOHTPAcCTOB MOXHO BBIOpaTh, HaIlpUMEpP, PaBHOKOH-
TPacTHBINM 00pa3el], KOTOPHIi ornpeaensieTcss PyHKIM-
eli paccrosgHus mexny RGB-nukcenamu, wim obpasen
TO1I00UST OPUTUHAJTY, KOTOPBIN ompeaensieTcss QyHK-
nueit Lab-KoHTpacTOB MCXOMHBIX TOHOBBIX IIIKAJ.

Monudukanust odbpaslia NPUBOAUT K MOIUPUKa-
uuu pacnpeneneHus Lab-koHTpactoB. Monuduka-
s Lab-KOHTpacToB NMpUBOAUT K MOAM(PUKALIMU pac-
MpeaeyeHus peaibHbIX KOHTPAcToB. TakuM oOpazom,
HY>KHOTO pacIpelesieHUs peaJbHBIX KOHTPAaCTOB Ha
OTOOpaKeHUSIX TPEOOPA30BAHHBIX CTYTIEHUATHIX TOHO-
BBIX TIKaJl MOXHO JOOUTKCS, €CJIi MOAUMUIIMPOBATH
oOpa3zell, OPUEHTUPYSICh HA COOTHOIIEHNE TpachUKOB
¢yHkumii odpasua u Lab-KoHTpacToB M pacrpenese-
HHE KOHTPAcTOB B OTOOpaXKeHUSIX MPeoOpa3oBaHHBIX
TOHOBBIX IITKaJI.

W3-3a npuckpetrHoctn RGB-koopauHaT (pyHKUMU
Lab-koHTpacToB nullb MPUOJMXKEHHO COOTBETCTBY-
10T oOpa3uaM MpU UCMHOJb30BaHUU JII0OOW (PYHKIIMU
Lab-xoHTpacTHOTO TpalallMOHHOTO TTPeoOpa30BaHMS.
Kpome TOro, MOrpelIHOCTh BBIYMCICHUS (DYHKIINU
Lab-kKoHTpacTOB 3aBUCHUT OT 3HAaYeHMI IapaMeTpOB
MIpUMEHSIeMBbIX (DYHKIMI TTpeoOpa3oBaHUsl, OT 3HaUe-
HUII KOOpPAWHAT BEKTOPOB 00pasIloB, a TakXke OT Xa-
PaKTepUCTUK U ITU(PPOBOTO OMMCAHUS IIBETOBOTO MPO-
CTPAHCTBA B BOCTIPUSITUY TIOJIb30BATESI.

OuYeBUIHO, UTO YEM TOYHEE BEIUUCIISIETCST (DYHKIIMS
Lab-KoHTpacTOB M0 OTHOIIEHUIO K 00pa3Ily, TEM ObICT-
pee MOKHO TIOJIyIUTh HYXHBIN pe3yabrar. B cBsizu ¢
5TUM B paMKax JaHHOW pabOTHI paccMaTpUBaeTCs 3a-
Jlaya onTuMu3auuu ¢pyHkuu Lab-kKoHTpacTHOro rpa-
JMAIIMOHHOTO MTpeodpa3oBaHUsI — BbIOOPA TaKOMl (PyHK-
LIMX Mpeodpa3oBaHUsI, MPU KOTOPOM pacripeneneHue
Lab-koHTpacToB ObLIO Ob MaKCUMaJbHO OJU3KUM K
o0pasily npu IPOU3BOJIbHBIX O0Opa3liax U MPOCTpaH-
CTBax LIBETOBOCTIPUSITHSI.
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0. I1. Apxunos, 3. I1. 3vikosa

2 OO003HaYeHMS U OIIPEACTCHUS

B pamkax maHHOI pabOTBI paccMaTpuBaeTcs He-
CKOJIbKO LU (POBBIX OMTUCAHU 1IBETOBOCIIPUSITUS BUP-
TyaJqbHBIX HaOmomateneil. OO03HAYUM Yepe3 ¢,
n € 0,1,...,5, RGB-dyHkuuu, onuceiBaroiue 1Bse-
TOBOCTIPUSITE HEKOTOPBIX TUTTMYHBIX HAOTIOIaTe el ¢
aHOMaJIuel IBETOBOTO 3pEHUsI B COOTBETCTBUU C MOJIE-
nsiMu BetoBocripusitus us [10, 11]: pg — s aeiire-
paHomnoB [10]; 1 — s aefitepaHonos [11]; g2 — masa
npotaHonoB [10]; ¢3 — maa nporanonos [11]; ¢4 —
n1st tputaHonos [ 10]; s — g Tputanonos [11].

ITycts M — mHoxectBo RGB-nukcenos, koopau-
HAaTbhl KOTOPBIX KpaTHBI ceMHaaTu. Torna

on(M)C M, ne0,1,...,5.

O6o03HaunM yepe3 g RGB-byHKIIMIO, onuchiBa-
IOIIYI0 UEaTbHOE 1IBETOBOCIIPUSITUE TIPU MACATbHOM
LIBETOBOCTIPOU3BEICHU Y, TIPU KOTOPOM

we(M) =M.

O06o3HauuM 4epe3 ., n € 7,8,...,13, dyHKUMHU
RGB-xapakrepusaiuu 1BETOBOCTIPUSITHS, BEIYMCIIEH-
HBIE 110 PE3YJIbTaTaM BU3YaJbLHOTO TECTUPOBAHMS Pas3-
JINYEHUST LIBETHBIX TUKCEIOB U3 MHOXECTB ¢, —¢(M ) B
COOTBeTCTBUM C [1-5].

PaccmaTpuBaeTcs clieayiolnias COBOKYITHOCTb TO-
HOBBIX ILKAJL:

Si:{si,j}v iZO,l,...,G,jZO,]_,...,JiS,
rae

So = {s0,j}, 80,5 = (4,7, 7);
S1={s1,;} U{s1 415}, s1,; = (4,0,0),

s1,j+15 = (255, 7, 7);
Sy = {s2,5} U{s2jt15}, 52,5 = (4,4,0),

S2,j4+15 = (255,255, 7);
Sz ={s3,;} U{ss 415}, s3; = (0,54,0),

83,j+15 = (J, 255, );
Sa={s4,5} U{sa 15}, sa; =(0,7,7),

84,j415 = (4,255, 255);
S5 ={s5,;} U{ss,j4+15}, 85, = (0,0,7),

85,j+15 = (4, J, 255);
Se = {s6,5} U{se,+15}, se6,; = (4,0,7),

56,4415 = (255,,255),5 = 0,1,...,255.

IMocnenoBaTeIbHOCTE S; OyIeM Ha3bIBATH HOCHUTE-
JIeM CcTyneHYaTroi ToHoBoM wwKansl T; = {t; ;}, ecau
T; aBIgETCA MOAIOCIEN0BATENBHOCTBIO S}, COCTOSILLEH

M3 BCEX TaKMX IMUKCEIOB S;, KOOPIMHATHI KOTOPBIX
KpaTHbI CEeMHA/ILIATH.

Kax u panee, s onucanust Lab-konTpacta RGB-
nukcenoB ' u z” Gynem ucnonws3oBare E(z',z") —
3HAYeHUE pacCTOsIHUS Mexnay obpazamu RGB-nuk-
ceioB ' u x” B Lab-npocrpanctBe.  McxomHoe
pacnipeneneHue Lab-koHTpactoB Ha {t;;} omnuchl-
BaeTcsl IocyenoBatTeNbHOCThiO {E(t; j,ti j+1)}, Ha
{en(ti;)} —{E(pn(ti;), on(tij+1))}-

B xauecTBe 00pa3LOB 7; (t; ;) OYAYT UCIIOJIL30BATHCS
MIPOU3BOJIbHBIE (DYHKITNH, 00IANAIOIINE CIIEIYIOIIUMU
CBOMCTBaMMU:

Jr—1
Tl(ti7j) >0, Z Tl(t@j) >0,
j=0
1=0,1,...;i=0,1,...,6; 5 =0,1,...,J .

3 Lab-KoHTpacTHOe rpajJaliliOHHOE
npeoOpa3oBaHue IO 00pa3iy

Hano naiitu dyHkuuio F(¢; j), Ipu KOTOPOii pac-
npejieJieHue KOHTPACTOB Ha IMPeobpa3oBaHHOM IITKae
COOTBETCTBOBAJIO OBI OOPA3ILY T

E(on(F(ti;)), on(F(tij41)))

Jr—1
Z E(Spn(F(ti?m))aSpn,(F(ti7m+1)))
m=0
_ nltiy) :
= ﬂ_lij, i<Jl.
Z T1(ti,m)
m=0

OueBUIHO, YTO B MOJIE BEIIECTBEHHBIX YKCEN pe-
weHnue ypaBHeHuit (1) cyuectByer. Ho B maHHOM
clyyae 13-3a AuckpeTHocTu KoopauHaT RGB-nukce-
JIOB BO3MOXHO TOJbKO MPUOIMXKEHHOE BBIYMCICHUE
¢yHkuun F'.

[TycTh Ha HOCUTENSIX TOHOBBIX 1IKAJI BBIOPAHBI Ipa-
ALl — HEKOTOPbI€ MOANOCIEA0BATEIbBHOCTU

Xk:{xkv,j}; i€0517"'765
. X
7€0,1,..., JM; keo,1,....K,
npruyemM
Th,l,0 = 5i,0, Tk gX = SiJs -

[To 3amaHHBIM rpamalusM HaiieM mocjaenoBaTesb-
HOCTH

Yiin = {Ukim,ij}t C Si,

YAOBJICTBOPAIOIINE COOTHOIICHUAM!
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E(pn(Tk,ig)s on(@h,ig+1))

JE-1
Z E(pn(Tk,iym)s ©n(Th,im+1))
m=0
TiI\Yk,l,n,i,j .
= ~ ( 5 n7]) , ] < Jij’(l (2)

I, -1

Z Tl(yk,l,n,i,m)

m=0

Onpenenum 3Ha4eHUS (PYHKLUNN 7; HA BCEX ITMKCe-
JIaX HOCUTEJIS S;j C TIOMOILBIO JINHEHOI NHTEPITOIs-
MM 110 ABYM OJIMXKAMIIMM K HUM ITUKCesIaM CTyIleHyYa-
TBIX TOHOBBIX LUKAJ (IyCTb t; j» U t; j/41):

1 . .
Tl(S@j) = ﬁ (17(]/ + 1) - ]) Tl(tid’) +
+ (G =177t 1), 175 < <17(' +1).

3aMeTHM, 4TO ypaBHeHUs u3 (2) B oOlleM ciaydae
He MMEIOT TOYHOTO peleHus. [lepenuinemM nx B 3KBU-
BaJICHTHOM BUIE

j
Z E(pn(Zr,im)s ©n(Th,im+1))

E(pn(Tk,im)s on(Th,im+1))

> 1k imim)

m=0
JE—1

Z Ti (yk,l,n,i,m)

m=0

J

. X
) j<Jk,i7

M Ha 3TOM OCHOBE IMepeiieM K YCIIOBHSIM, M3 KOTO-
PBIX HaiiieM NpUOIKeHHBIC 3HAYeHUSI KOMITOHEHTOB
HCKOMBIX MTOCJIEA0BATENIbHOCTEN Yy, ;1

3’ (ki g)—1

Z Tl(si,m)
m=0 <
J¥ -1 -
Z Tl(si,m)
m=0

M-

E(pn(Tk,im)s on(Th,im+1))

< m=0 <
-1 -
E(‘pn (xk,i,m); Spn(xk,i,m—i-l))
m=0
7' (k,lnsi, )
Tl(si,m)
=0 . . ..
Z Ti(Si,m)
m=0

ITonaras

Yk,ln,i,j = Sigl(k,lmn,i,j5)

Ty = frim (Sijrkinsig)) = Srdin Uknig)
TOJIYYHM:

E(on(frpnWrinig)), on(frin(Wrinijil)))

X
TE—1

Z E(on(frtn(Yrtinim))s 00 (frtn Yk tnim+1)))

m=0

Q

- Tl(yk,l,n,i,j) . X
~ JX.—l s ] < Jk,i .
ki

Z Tl (yk,l,n,i,m)

m=0

Terepb MOXHO C TTOMOIIBIO MHTEPITOJISILIMA OTIpe-
JeINTb 3Ha4YeHUs GYHKLNU [, 1, BO BCEX TOUKAaX HOCH-
TeJieii, B TOM YMCJI€ U B TOUKAX CTYII€HYAThIX TOHOBBIX
LIKAJT

E(or(fr1n(tig)s or(frantijr)))
JEi—1

N

> E(r(frantim)s ex(fein(timir)))

m=0

7(tis)
Jii—1

> Yk iinim)

m=0

~
~

, < Jr.

4 TlorpelrHOCTb BBIYMCIICHMS
¢yHKUIMU F'

OGO3HAYMM Yepe3 £, 1., TOTPELIHOCTb BBIYUCICHNUS
¢dynkunu F' B ciyyae, korna GyHKUMS fi ; p, UCIIONb3Y-
€TCS B Ka4eCTBe ee MPUOJIMKEHHOro 3HaueHust. B ka-
YecTBe 3HAYEHUS €y, WCIIONB3YeM Mepy OJIM30CTH
MeXIy BEKTOpaMM Ha OCHOBE KOCHUHYCA:

Ekln = P (ak,l,n7 bz) =1-—cos (C_ik,l,ru bl) )

rue

Akan = {Qkinij}s
akimig = E(on(fointis)), on(frin(tij+)));

b = {bij}s buiy =m(tiy),
i=0,1,...,6,j=0,1,...,J7 —1;

i

6 JI-1

§ E Qe l,n,i,5001,5

. - i=0 j=0
cos (ak,l,nvbl) = =

6 J. —1

i=0 j=0

6 JI—1

2 2
ak,z,n,mZ Z bii;

i=0 j=0
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ABTOpaMM ObLIa HaIlMCaHa CIlelaibHast IIPOrpaM-
Ma, C TIOMOILIBIO KOTOPOii ObLIM BHIYMCIICHBI 3HAUCHMS
€k,l,n IPU Xk, k = 1,2,...,36, Tl | = 0,1, n on,
n=0,1,...,13.

[Ipu BBIOOpPE Tpamalvii HOCHUTENIEW CTyIEeHYaThIX
TOHOBBIX WIKal X, k = 1,2,...,36, OBLJIO MCIOJIb-
30BaHO ABa crnocoba. [lpu k < 18 B kayectBe Xj
BBIOMPAJIMCH TIOIIOCIIEIOBATEIBHOCTU TTUKCEIOB HO-
CHTeJICH CTYITeHYAaThIX TOHOBBIX IIKAJI ¢ IIIarOM I10 WH-
JIeKCy, paBHBIM k, a mpu 19 < k < 36 — ¢ marom no
KOHTPACTY, paBHbIM unciy 1 + 0,5(k — 18).

Ipu [ = 0 3nauenus pyHkuuu 7;(t; ;) onpeness-
JIUCh BEJIMYMHOW PACCTOSTHUSI MEXIYy KOMITOHEHTaMU
CTYIIEHYaThIX TOHOBBIX ILIKaJ, a pu [ = 1 — BeJIu4u-
Hoit Lab-kKoHTpacTa MexXay HUMM.

S Bri6op pyHKLIMU
Lab-koHTpacTHOro
rpaJallMOHHOrO MpeoOpa3oBaHUsI

O003HaYUM Y€epPe3 £37,,, MOTPELLIHOCTU BUIA

min

Ek,ln
<k<36

€37,l,n =
1

a uepe3 Vi, — BEKTOpHI BUAa

Vi = {Vk+2n}t = {ekint, 0<1+4+2n<27.

Heo6xommmo orpenennTh, Ipyu KAKOM 3HAaYeHUH j’
BBITIOJITHEHO COOTHOIIIEHUE

Vi ‘7:) = min (V \7) .

P( 37, Vj 1<j<36,0 375

OGo3HauuM uyepes P, = {pi,j} BekTOpEL, cocTas-
JICHHBIE 13 PACCTOSTHUIT MEXLy BeKTopamu V; u Vj
i :p(v;,vj) L i=1,2,....37,j=1,2,...,36.

BBUTO yeTaHOBIEHO, YTO HAMMEHBIIICH KOOPIMHA-
TOil BekTOpa P37 SIBISIETCS KOOPAMHATA C MHICKCOM,
paBHbIM 24. CnenoBaTenbHO, HanbOoJjiee OJU3KUM K
BEKTOPY 1737 SIBJISIETCSI BEKTOP Vas (puc. 1). Bto 03Ha-
YJaeT ONTUMaJIbHOCTb QYHKINY fa4 7,1 U COOTBETCTBYIO-
LIEr0 METOA MPe0Opa30BaHMsI CTYIIEHYATHIX TOHOBBIX
wikan. [Ipu onpeneneHuut foq ;1 TPafalluu HoCUTENEH
CTYIIEHYAThIX TOHOBBIX IIKaJI BEIOUPAIUCH C IIATOM I10
KOHTPACTY, PaBHBIM YEThIPEM.

Cpeau GyHKLMIA, IIPU OINIpeaeIeHUN KOTOPBIX Tpa-
JAIIUY BBEIOMPAIMCh C IIIarOM I10 WHICKCY, HaWIyd-
uieil okasanach GyHKUUSA fi57 %, MOCKOJIbKY Haubo-

Jiee OJIM3KKUM K BeKTOpY V37 Cpeny COOTBETCTBYIOIIETO
MHOXEeCTBa BEKTOPOB SIBJISIETCS BEKTOp V5.

0,078

0,068

0,058
70,048
0,038

0,028

0.018 T S R
0 3 6 9 12 15 18 21 24 27
J

Puc. 1 CoorHomenne KoopanHaT BeKTOpOB: [ — 171; 2 —
Vis; 3 — Vag; 4 — Var

0,0035
0,0030
0,0025
0,0020
0,0015
0,0010
0,0005
0,0000

1 4 7 101316192225283134
J

Puc. 2 CooTHOLIEHNE KOOPAMHAT BEKTOpoB: [ — Pr; 2 —
Pi5;3 — Poy; 4 — Par

Haub6osiee DaneKnM oT BeKTopa Var SIBISIETCS BEK-
Top Vi CleI0BaTeNbHO, fi,1,k SABJSIETCSl HaMXyALUei
Cpenu pacCMOTPEHHBIX (DYHKIIUMA.

binsocth BekTOpOB Vis, Voa, Va7 1 X OTJINYME OT
BEKTOpa Vi TIPOSIBJISIETCS U B 6J'II/ISOCTI/I BEKTOPOB P15,
P24, Pyr mux pa3avyunm ¢ BEKTOPOM P (puc. 2).

6 CpaBHeHUE pe3yJIbTaTOB
npuMeHeHUs GyHKUUA fi )k,
J15,0.k5 fo4,,x HA IDEMEDE

Cepas mkana 7y, UICXOMHO MMeEoIIasl BUI, OTpa-
JKEHHBIM Ha pUC. 3,a, B BOCIPUSITUU TIOJIH30BATEIS,
LIBETOBOCTIPUSITUE KOTOPOTO OMUCHIBAeTCS (hYyHKIIM-
e p11 (k = 11), mpuobpeTaeT 3eJeHOBAThIA OTTEHOK
U BBITJISIAUT Kak Ha puc. 3,6. MOXHO BUIETb, YTO B
00J1aCTU TE€HEeM TepsieTCs] KOHTPACTHOCTD ITMKCEJIOB.

[Tocie paBHOKOHTPACTHOTO TpaJallMOHHOTO Ipe-
obpazoBaHus (puc. 3,6 — 3, d) UICXOMHBI KOHTPACT Ha
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(a) @ (6) ©) (9) (e)

Puc. 3 Bun nwmkcenos mkan: (@) To; (6) ¢11(To);
(6) fl,O,ll(TO); (2) f15,0,11(T0); (0) f24,0,11(T0);
(e) faa,2,11(To)

cepoli IKajie MPaKTUYEeCKN BOoCcCTaHaBIMBaeTcd. Ilpu
3TOM TTOCJIE MPeoOpPa30BaHU C TTOMOIIBI0 (PYHKIIWIA
f1,0,115 f15,0,11 ¥ f24,0,11 (puc. 4) HanGosee TOUHOE CO-
OTBETCTBUE paclpeneeHUs] KOHTPACTOB 00pasily COo-
OTBETCTBYET (DYHKLMU f24.0,11.

Bu10op obpasia 75 (puc. 5) mo3BosIeT 3HAUUTETHLHO
YBEJIMIUTH KOHTPACT MEXKIY TEPBBIMU IBYMST TTUKCE-
JlJaMU CTyTIeHYaTO TOHOBOM 1IKabl (CM. puc. 3, e).

Paccmorpum usobpaxenue Img (puc. 6, a). B Boc-
MIPUSITUM TI0JTh30BaTeNIsI, IIBETOBOCIIPUATHE KOTOPOTO
onuceiBaeTca QyHKUMER 11, Img npuHumaer Bum,
MoKa3aHHbIH Ha puc. 6,6. Kak u y oroOpakeHUs
Cepoii LIKaJbl, Y OTOOpaxkeHus: Img neranusanust uc-
KaXXaeTcsI, IOCKOJIbKY YMEHBIIAeTCS KOHTPACTHOCTh
ITUKCEJIOB B 00JIACTH TCHEM.

IIpenBaputensHoe Lab-koHTpacTHoe rpamalvoH-
HOe Npeo0pa3oBaHue € MOMOLIbI0 (PYHKUUU f24.0,11
BOCCTaHABJIMBAET AeTalM3alMI0 U300paxkKeHusI B BOC-
MPUSITUM pacCMaTPUBaeMOro Noab3oBates (puc. 7, a).

LU L L]

2

(@)

LI

2

Puc. 4 CoorHowenne 06pasuoB 7o (/) ¥ KOHTPAcToOB
MUKCENOB Tpeobpa3oBaHHbIX mKan (2): (a) fi,0,11(70);
(6) f15,0,11(T0); (8) f24,0,11(T0)

Puc. 5 CoorHorrenue 06pasios 2 (/) 1 KOHTPACTOB THK-
CeJIOB MpeoOpa3oBaHHbBIX KA (2) f24,2,11(70)

IIpenBaputensHoe Lab-koHTpacTHoe rpamanvoH-
HOe NpeoO0pa3oBaHue € MOMOLIbI0 (PYHKUUU fo4.2.11
yAydIIaeT OeTalu3alliio M300pakeHus B BOCIIPUSI-
TUU paccMaTpUBaeMoro IoJjib3oBartess (puc. 7,0), mno-
CKOJIbKY TIO3BOJISIET BBISIBUTH HOBBIE JIETAI B 00JIaCTH
TEHEM.

Puc. 6 Mzo6paxenus: (a) Img; (6) p11 (Img)
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@

Puc. 7 NzoGpaxenust: (a) 11 (f24,0,11 (Img)); (6) p11(f24,2,11 (Img))

7 3akiIyeHue

PaccmoTtpena 3agaua ontumuszauu pyHkuuu Lab-
KOHTPACTHOTO TPaJalliOHHOTO IIpeoOpa30BaHUs CTY-
MEeHYaThIX TOHOBBIX ILIKaJ.

3amaya pellleHa IyTeM CPaBHEHUS MOTPEIIHOCTH
BBIUMCIEHUS (DYHKIMM pacnpeneaeHus Lab-kKoHTpac-
TOB Ha CTYIIEHYATHIX TOHOBBIX IIIKaJaX HA TUITMIHBIX
IIpuMepax.

YCTaHOBJIEHO, YTO HAMMEHBIIYIO ITOIPEIIHOCTh
obecrieunBaeT (QyHKIUS Lab-KoHTpacTHOro rpajga-
IIMOHHOTO Tpeo0pa3oBaHMUsI CTYIEHYATBhIX TOHOBBIX
1IKaJI, OCHOBaHHasl Ha BbIOOpPE Ipamaldii HocuTesei
CTYIIEHYATBIX TOHOBBIX IIKAJ C IIIaTOM IT0 KOHTPACTY,
PaBHBIM YeThIpeM. DTa (DYHKLMST PeKOMEHIYSTCS I
MIPUMEHEHUS Ha TTPaKTUKE.

[IpuBeneH mpumep, AeMOHCTpUpYOIIUi 3hdek-
TUBHOCTb MpuMeHeHus1 ¢pyHkuuu Lab-KoHTpacTHOro
IpagalliOHHOTO TTPeo0Pa30BaHMS CTYIIEHUATEIX TOHO-
BbIX 1Kad. [TokazaHo, 4TO MpU BHIOOPE MOAXOASIIETO
0o0pa3ia MOXXHO HE TOJIbKO M30€XaTh UCKAKEHUS Jie-
Taan3alMu, HO U TOOUTHCS €€ YIyUIIeHUSI.
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Functions optimization of Lab-contrast graded transformation

FUNCTIONS OPTIMIZATION OF LAB-CONTRAST GRADED
TRANSFORMATION

O. P. Arkhipov and Z. P. Zykova

Oryol Branch, Institute of Informatics Problems, Russian Academy of Sciences, Oryol 302025, Russian Federation

Abstract:

The purpose of this study is to create algorithm for custom conversion of contrast distribution on

stepped-tone scales. The idea is to find suitable Lab-contrast distribution, keeping in mind that scaled distortion of
digital representation of pixels would keep the real perception of color contrast all the same, if only less bright. In
order to approximately calculate the function of Lab-contrast gradual conversion, this study considers two families
of parametric algorithms, the first one uses subset of pixels on the scale as parameters, while the another one uses
many gradations as they are. The problem of selecting the set of optimal parameters is solved by comparison of
range of calculation errors achieved on a set of typical examples by the function of Lab-contrast distribution on
stepped-tone scales. The study shows the function of Lab-contrast distribution on stepped-tone scales that gives
the least error and provides example that proves that with optimal set of parameters chosen, it is not only possible to
avoid visual distortion but the details can also be improved. These findings may be useful in management of maps
of RGB-color images for PC peripherals in order to improve perceptive quality of details.

Keywords: color reproduction; color perception; Lab-coordinate; contrast; gradation
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METOJ U3BJIEYEHUSI BUBJIUOTPAOUYECKON MHOOPMALIMU
13 MMOJJHOTEKCTOBbIX OTTMCAHUN U3OBPETEHUN*

N. M. 3auman', B. A. Xasanckos?, C. K. [1lyoHukos®

Annoranua: [IpennoxeH MeTon M3BJIeUeHUs1 OMOIMOrpacdudeckKoil MHGOPMAIMK U3 TIOJHBIX OMUCAHUIA Ta-
TEHTOB, KOTOpasi HeoOXoIuMa I UCCICIOBAHUS TeMaTUIECKUX B3aMMOCBS3eil HayKW W TexHonoruit. Llens
HCCIIeIOBaHUS 3aKI04aeTcs B pa3paboTKe MPUHLMIIOB CO3IaHUsI OTEUECTBEHHBIX MH(MOPMAIIMOHHBIX CUCTEM
JUTSl BBIYMCICHUSI MHAMKATOPOB TEMAaTUUECKUX B3aMMOCBs3el. DTOT BUA MHMOOPMALIMOHHBIX CUCTEM SIBJISIETCS
HOBBIM JUTSI POCCUICKOM HayYHO-TEXHUYECKOM cepbl. X co3maHne HeoOX0IUMO UTSI MOHUTOPUHTA W OLICHU -
BaHUsI IPOrpaMM HayYHbIX UCCCTOBAHUI 1 MPUHSTHUS PELIEHUI Ha BCeX dTarnax MporpaMMHOMN AeSITebHOCTH.
IIpennaraeMblii MeTOA M3BJIeUEHUsI OUOIMOrpauueckKoil MHGOPMAUM U3 TEKCTOB Ha €CTECTBEHHOM SI3bIKE
(Efl) obnamaer pssaoM NPUHLMIIUAAIBHBIX OTJIUYMI OT UMEIOLIMXCS 3apYOEKHBIX U OTEYECTBEHHBIX aHAJIOTOB.
Bo-1iepBbIX, 3TOT METOA YYUTHIBAET TOT (PaKT, YTO B MATEHTHBIX JOKYMEeHTax Oubauorpacduyeckas MHGOpP-
MalMsl MOXET pa3melnaTbess BHYTpU Tekcta Ha ESl. Bo-BTopbix, Oubaunorpaduyeckass nHbopMaius siBIsSICTCS
CTPYKTYpUPOBAHHBIM MH(DOPMALIMOHHBIM OOBEKTOM, KOTOPHII B OOIIIEM CIydae SIBJIIETCS MHOTOSI3BIYHBIM.

KioueBble ciioBa: B3aMOCBSI3U HayKu 1 TeXHO]’[OFHfI; METO0JIOTYA ONIPEACTICHUA NHINKATOPOB, I/IH(I)OpMaL[I/I—

OHHBIE CUCTEMBI; apXUTEKTYPHBIE pellieHus]; oubanorpaduieckas ”HGOOPMAIINS; TTATEHTHbIE TOKYMEHTBI

DOI: 10.14357/19922264130406

1 Bsenenue

Ha npotsxenuu 6onee 20 ner B UTIN PAH pas-
BMBAeTCsl HaMpaBJieHUE MCCIeNOBaHUM, CBSI3aHHOE C
aBTOMaTHYeCcKoit 00paboTKoi1 TekcToB Ha ES ¢ 1ienbio
U3BJIeYeHUsT MH(GOPMALMOHHBIX 00BbeKTOB. (OCHOB-
HOW 3a7aueil 3TUX UCCIIEIOBAHUI SIBJIIETCS CO3MaHUe
HOBOT'O KJIacca MHTEJJIEKTyaTbHbIX CUCTEM, OCHOBaH-
HBIX Ha aBTOMaTtu4eckoi opmanuzauuu ESI-TekcToB
¢ GhopMHMpPOBaHUEM CTPYKTYP 3HAHUU IJI PEIICHUS
JIOTMKO-aHAJIMTUYECKUX 3a7ad [1-6].

HccnenoBanre TeMaTUYeCKUX B3aMMOCBS3EH Ha-
YK U TEXHOJIOTWIA TakXe 0a3upyeTcss Ha aBTOMaTH-
YecKoll 00paboTKe TEKCTOB MATEHTHBIX JOKYMEHTOB
Ha ES c uenbio usBieyeHus OubaMorpaduyeckoit
nHMOpMaIUU, HO TPU 3TOM O00JamaeT PSIOM OTJIM-
YUTEJbHBIX uepT. Bo-mepBbix, Oubnmorpaduyeckas
nHMOpMAaIIUS IBISIETCS CTPYKTYpUPOBAaHHBIM MH(MOP-
MalMOHHBIM 0ObEKTOM, KOTOPBII COCTOUT U3 HECKOJIb-
KUX TIOJIeld M KOTOPBI MOXET pa3MellaThCsl BHYTPU
HECTPYKTYPHMPOBAHHOIO TeKcTa. Bo-BTOpBIX, pa3HbIe
roJist oudnmorpaduyeckoit MHGOPMALUN MOTYT OBITh
Ha Pa3HBIX SI3bIKaX, OTIMYHBIX OT SI3bIKa MATEHTHOTO
nokyMeHTa Ha E{. lpyrumu cioBamu, U3BJlIeKaeMbli
o6ubnuorpaduyeckuii UHGOPMaMOHHbI 0OBEKT B 00-
IIEM CJTydae SBISIETCS MHOTOSI3bIYHBIM.

Ho omucaHusi TpenjiaraeMoro MeToga W3BJieye-
HUs1 O6ubnunorpaduyeckoit MHGOPMAUU U3 TOJHBIX
OMUCAHUI MATEeHTOB, YYUTHIBAIOIIETO OTMEYEHHbIE
OCOOEHHOCTU €€ W3BJIEYEHUSI, PACCMOTPUM KpPaTKO
OTBETHI Ha JiBa BOIPOCA, XapaKTepU3YIOLIUX aKTyalb-
HOCTb MPOOJEeMATUKU CTAThU:

(1) Kakum obOpa3oM mpoliecc MCClelnoBaHUs TeMa-
TUYECKUX B3aMMOCBA3EH HAYKU U TEXHOJIOTUI
CBSI3aH C U3BJIe4UeHUEeM OubInorpadpuueckoi uH-
hopmanuu u3 onvcaHuit uU300peTeHnin?

(2) Kak cBegeHMSI O TEMAaTMYECKMX B3aMMOCBSI3SIX
HayKW U TEXHOJIOTUIA MOTYT MOBJIUSATH Ha TPOLIECC
MPUHSTUS pelIeHN 0 PUHAHCUPOBAHUU HayKu?

OTBeT Ha TEepBbIil BOMPOC ObUT TIOJNyYeH elle B
1985 1. Korma B mmpoliecce COMOCTaBUTEILHOTO aHAIM3a
cTareil mo 6MoJoruy U OMOIMOrpauIeCcKUX CChIJIOK
Ha CTaTbU B OIMMCAHUSIX N300pETEHUI IT0 OMOTEXHOJIO-
TUSIM OBLTA 3KCIIEPUMEHTAIBHO 3a(pUKCUPOBAaHEI B3a-
AMOCBSI3W MEXIY LMTUPYEMBIMU HAyIHBIMU ITyOJIH-
KalMsIMU 1 pa3BUTHEM OuoTexHojoruid. B mporecce
aHaJIM3a pa3InyariCh IaTEHTHbIE CChUIKHU, T. €. CChLUIKHU
Ha paHee BbIIaHHbIC TTATEHTHI, M HEIMaTEeHTHbIE CChLI-
KU1, Cpey KOTOPHIX BEIICSUINCH CChIJIKM Ha CTAaTBU M3
JKypHaJIoB. B pe3ynbrate cOrmocTaBUTEIbHOTO aHaIn3a
6b110 00padoTaHo 6osiee 6500 MaTeHTHBIX K HEMATeHT-

*Pabora BbINOJIHEHA Py YacTiuHOi oaaepxxke PTH® (rpant Ne 12-02-120198).
"MucTuryT npo6iaem undopmatnku Poceuiickoit akagemMun Hayk, iz_ipi@al70.ipi.ac.ru
2WucrutyT npobieM nHopMatuku Poccuiickoil akazemuu Hayk, havanskov@al70.ipi.ac.ru
3UucTutyT npo6ieM nHdopMaTHKu Poccuiickoit akageMun Hayk, sergeysh50@yandex.ru
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HBIX CCBUIOK, U3BJICUEHHBIX U3 onucaHuil 399 mareH-
TOB [7].

Bropoii Borpoc paccMaTpuBaics B paMKax IIIMpo-
KOMAacCIITaOHOTO MCCJIEIOBAHUST B3aUMOCBSI3ell HAyKu
U TEXHOJIOTWIl C WCToJib30BaHueM Oosee | MJIH He-
MaTeHTHBIX CChUIOK, M3BJICUCHHBIX U3 NECITUICTHErO
MaccuBa onucanuii uzooperenuit CILIA u EBpormeii-
ckoro mateHTHoro BemoMmcTBa (EIIB). B pesynbraTte
MPOBEIEHHOTO UCCJIE0BAHMST ObLIO SKCITEPUMEHTATb-
HO orpenesieHo, uyto 75% HaydyHBIX cTaTeil, [UTUpPY-
eMBIX B 9TUX MacCUBax OINMUCAHUN M300pETeHUN IO
LIXPOKOMY CIIEKTPY TEXHOJOTU1, ObUTU ITOATOTOBEHbI
1O pe3yJibTaTaM, MOJydeHHbBIM UMEHHO B HEKOMMEp-
YECKOM CEKTOpe HaydyHOU cdepbl. DTO AaJI0 BO3MOXK-
HOCTb I10 pe3yJIbTaTaM UCCIIeNOBaHUS CeJIaTh BHIBOJL O
CUJIbHOM 3aBUCUMOCTHU TEXHOJIOTUIECKOTO PA3BUTHSI OT
CTeNeHU TocyIapCcTBeHHOM noaaepkku Hayku B CIITA
U €BPOIENMCKUX CTpaHaX. ABTOPBI 3TOTO HCCJEAOBA-
HUS TIPUBOAAT MPUMEDP CYIIECTBEHHOTO YBEIMYCHMS
rOCyIapCTBEHHOTO (PMHAHCUPOBAHUS HAYYHBIX TTPOEK-
TOB B SITOHNM, KOTOpPOE OBUIO MOTUBUPOBAHO UMEHHO
BBISIBJICHHOI 3aBUCHUMOCTBIO TEXHOJIOTMYECKOIO pas-
BUTHS OT CTEIEHU roCyIapCTBEHHON MOMACPKKU Hay-
Ku [8].

IMpu uccrenoBaHUM TeMaTUYECKUX B3aUMOCBSI3El
HAayKW W TEXHOJIOTUIl OJWH M3 CaMbIX CIOXHBIX BO-
MPOCOB 3aKJIIOYAETCS B TOM, KaK 3apuKCUpOBaTh (PakT
nepeaavyy 1 MCIOJIb30BaHUS B TEXHOJIOTUUYECKOM che-
pe pe3ybTaTOB HayuyHBIX uccaenoBaHuii [9]. CornacHo
pesyabraTaM paboThl [7], OAMH U3 MPEITOXEHHBIX U
OMpoOOBaHHBIX Ha MPAKTUKE ITOAXOM0B 3aKJII0YaeT-
csl B TOM, YTO TIPOLIECCHI Mepeiadn 3HaHU OT HayKu
K TEXHOJIOTHSIM OTCJICXKMBAIOTCSI C TTOMOIIBIO Hayd-
HBIX TyOJIMKALIUI, IIUTHPYEMBbIX 3KCIIEPTaMU B OTYETaX
0 MaTeHTHOM TMOMCKe W/WUId aBTOpaMH M300peTeHUl
B MX omucaHusX. Eciau myOonukainuvu, TUTHpYeMble
9KCIIepTaMu, CTPYKTYPHO BbIJIEJICHBI B ITATEHTHBIX 10~
KyMEHTaX, TO ITyOJMKallM{, LIMUTUPYEeMble aBTOpamMu
MaTeHTOB, MOTYT OBITh BKJIIOUEHBI B TTOJTHOTEKCTOBBIC
onucaHust u3odpereHuii. IloaTomy uccieqoBaHus Te-
MaTUYeCKMX B3aMMOCBSI3eil HayKN U TEXHOJIOTUH, KaK
MPaBWJIO, OCHOBAaHbI HA U3BJIEYEHHOU U3 HUX OMOINO-
rpacdurdeckoit UHOOPMAIIUH.

OcHOBHas 1IeJIb CTaThbU 3aKJII0YAETCSI B ONMMCAHUU
METOJa M3BJieueHUsT Oubnamorpadudeckoii MHGopMa-
LIMU U3 TIOJIHBIX OTIMCAaHWI TIATeHTOB. B ciemnyiomiem
pasnenie cTaTbu KpaTKO paccMaTpUBalOTCsS OCHOBHBIE
WUJeW METOIOJIOTUY OIpeNesIeHUs] TeMaTUUeCKUX B3a-
UMOCBSI3eil Hayku 1 TexHoJjioruit. IlogpoOGHoe omnu-
CaHNe METOMOJIOTUU U Peau3yIolIeii ee TeXHOJIOTUH,
BKJIIOYAIOIeil u3BjieuyeHue Oubdanorpachuieckoin nH-
dopmaimu, nmano B pa6orax [10, 11]. Pazgmen 3
MOCBSIIIEH METOAY U3BJIeueHUs1 oubdarorpacdudeckom
nHGOPMALIMKU U3 IMTOJTHOTEKCTOBBIX OMMCAaHUI N300pe-
TEHU, 32 KOTOPBIM CJIEIyeT 3aKII0UYCeHNE.

2 Metonoaorus ornpeneaeHus
TeMaTUYECKUX B3aMMOCBSI3Ei
HayKM U TEXHOJIOTUIA

IMposenennnlii B UTTU PAH ananu3 3apy0eskHOTO
OTIBITA TTOKA3aJ1, YTO BEIYMCIIEHUE MHANKATOPOB TeMa-
TUYECKUX B3aUMOCBSI3el HAayKW U TEXHOJIOTUI Tpedy-
eT ¢GopMUPOBaHUS, ABTOMAaTU3UPOBAHHOK 00pabOTKU
MOJTHOTEKCTOBBIX OMUCAHUI U300peTeHUli ¢ U3BJIeYe-
HueM oubaunorpaduueckoit tHGOpPMalUU U COMOCTaB-
JICHUsI 9TOM MH(OpMaIIUK KaK C Ha3BaHUSIMU UCTOYHU -
KOB HayYHBIX ITyOJIMKALIM I (3KYpPHAJIOB WJIM MAaTePUAIOB
KoH(bepeHIIiT), TaK U ¢ Ha3BaHUSIMU CaMUX CTaTei,
XPpaHSIIMXCS B HAyYHBIX JIEKTPOHHBIX OMOIMOTEKaX.
DTO COMOCTaBJICHHUE MAaeT BO3MOXHOCTb OIPENCIUTD
TEMaTHKYy TeX HayYHbIX HalpaBJIeHUH, K KOTOPBIM OT-
HOCSTCSI HayuyHble TTyOJIMKALIMU, [IUTUPYEMbIE B OITH-
caHusx uzooperenutii [10—14].

Paspa6orannsiii B UTTW PAH BapuaHT MeTomono-
U OTIpeneIeHUS 3SHAYeHU I MHIUKATOPOB B3aMOCBSI-
3€i1 TO3BOJISIET BBIYMCIISITh X 3HAUEHMST KaK JUTST LIEJTbIX
obJacTeil 3HAaHWI, TaK W IS OTHEJIbHBIX HarpaBiie-
Huii uccnenoBanmii [10]. Ha ero ocHoBe B HacTosIee
Bpems B UTTU PAH co3naercst aHauTUKO-UH(pOpMa-
LIMOHHAS cUCTeMa, IpeaHa3HaYeHHasl 111 UHIUKaTOP-
HOTO OIICHVWBAaHUSI B3aMMOCBSI3ell HAayKW W OJHOTO W3
HanpaBJeHU I TEXHOJOTUIECKOTO Pa3BUTUSI — UH(DOP-
MalMOHHbIX TexHosoruit (UT).

B HacTos111€e BpeMs CcyliecTBYeT HECKOJIbKO Bapu-
AHTOB METOJIOJIOTUM OLEHUBAHUS B3aMMOCBSI3el Hay-
KU ¥ TexHoynoruii. I[lepedynciuM OCHOBHBIE U3 HUX,
oTMeuas IPUMephl PeaTn30BaHHbIX (peayn3yeMblx) Ha
MPaKTUKE BApUAHTOB, JIsI KOTOPHIX PEIICHBI TEOPETH -
YEeCKHUE U METOI0JIOTMYECKIE BOTIPOCHI.

1. MeTonoJiorust olieHUBaHMS B CTaTUKE B3aUMOCBSI-
3eii OTAENbHBIX TPYITI TEXHOJOTHI TTpU (PUKCUPO-
BaHHOI cucTeMe KiaccubuKaiuu odiacTeil 3Ha-
HUI U COCTABJISIIOIIMX UX HAIIPABJIECHUN HAyYHBIX
WUCCJIEMOBAaHUI Ha 3aJaHHOM WHTEpBaje BpeMe-
HU. DTOT BapUaHT SBJSIETCS ONHUM U3 HauboJiee
MpopabOTaHHBIX C TEOPETUUYECKOI U METOI0JIOT Y-
YyecKoil Touyek 3peHus1. OH ObLI peaqn30BaH, Ha-
npumep, B PODU. C ero noMouipo BEIYMCICHBI
WHIWKATOPbl B3aMMOCBSI3ell oOiacTeil 3HaHUM U
KPUTUYECKUX TEXHOJOTUH I TOTO MacCuBa Mpo-
ekToB PODU, pyKOBOAUTEIN KOTOPHIX BHISIBUIN
1 OIMMCAJIM 3TU B3aMMOCBSI3M B OTUETHBIX (hopMax
10 CBOMM MPOEKTaM.

2. Metononorus olieHUBaHUS B CTaTUKE B3aMMOCBSI-
3€U MO IKUPOKOMY CIIEKTPY I'PYIII TEXHOJIOI UM IIpU
puUKCHUpOBaHHOI cUCTeMe KJlacCUpUKaLIMKU 00J1a-
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CTEM 3HAHMUK M COCTABJISIIOIIMX MX HaNpaBJICHUM
Hay4YHBIX MCCJIENOBAaHUI Ha 3aJaHHOM MHTEpBaje
BpEeMEHH (C UCIMOJb30BAaHUEM OCHOBHO20 UHOeKca
MexayHapoaHOM MaTeHTHON Kiaccudukauum —
MIIK). BToT moaxoa Xopoluio mpopadboTaH Teope-
TUYECKU M onpoOoBaH Ha mpakTuke. OH ObLT pe-
aJM30BaH B paMKaxX MH(MOOPMAIIMOHHON CUCTEMBI,
pa3paboTaHHOI Mo 3aka3y EBpoKOMUCCUH C LIENTbIO
aHaJIM3a MHOTOJIETHET0 MAacCUBa €BPOIMENCKUX U
aMEpUKaHCKUX 3aITaTeHTOBAaHHBIX U300peTeHU I 1
OLIEHMBAHUS B3aUMOCBSI3€i HAYKU U TEXHOJIOTU.
DTOT BapuaHT UCITOIb3YETCS B HACTOSIIIIEE BPEMSI B
nupekTopatax EBpokoMuccuu.

3. Mertonosiorusi OlieHUBAHUS B CTATUKE B3aUMOCBSI -
3eii o BceM IpyIrnaM TeXHOJOTUii Tpu (PUKCUPO-
BaHHOI cucTeMe KiaccuduKaluy odiacTeil 3Ha-
HUI U COCTABJISIIONINX WX HAIIPaBJICHU HAyIHBIX
WCcCIeIOBaHWI Ha 3alaHHOM WHTEpBaje BpeMme-
HU (C MCTIOJb30BAaHMEM OCHOBHOTO W JIOTIOJIHM-
TeJbHBIX MHAeKcOoB MITK). DTOT BapraHT XOpOI1I0
npopaboTtaH TeopeTudyecku. [IpomeMoHCcTprUpoBa-
Ha ero peajn3yeMOCTh B JaOOPATOPHBIX YCIOBUSIX.
OH 6511 paspabotan B UTIM PAH B pamkax mpo-
ekra 1o rpanty PTH® Ne 06-02-04043a «MeTtobr
MOHUTOPUHTA 1 OLIEHKX MHHOBAIIMOHHOTO MTOTEeH-
1Maja U pe3yJbTaTUBHOCTU HaMpaBJICHUM Hayd-
HBIX MCCIIENOBAaHUN».

Haubonbimit nHTepec npu olleHWBAaHUU B3aUMO-
CBSI3€1 HAQyKU U TEXHOJIOTUIA IPEACTABISIOT HE OTHAE/Ib-
HbI€ TEXHOJOTHMM, a TIPYMIIbl TEXHOJIOTMI IO IIPHO-
PUTETHBIM HATIPABJICHUSIM HAyYHO-TEXHOJIOTUYECKOTO
pa3BuTusl. TeMaTrka KaxkI0To HAyYHOTO HaTpaBJIEHUS,
pe3yIbTaThl KOTOPOTO MCIIOIBL3YIOTCS TIPU pa3paboTKe
TEXHOJIOTUI, 33[1a€TCH B BUIE OJHOM WJIM HECKOJIbKUX
pyOpMK BBIOpAHHOI CHUCTeMBI Kiaccudukanum ooda-
creil 3HaHui. TemaTKa Kax a0 aHaTU3UPyeMOil rpym-
bl TEXHOJIOT U 3aaeTcs B Bue crucka pyopuk MITK.
HawuGosnee yacto ucnonb3yrorcs cnucku pyopuk MITK
13 HOMEHKJIATYyphl, paspaboraHHoi PpayHrodepos-
CKUM MHCTUTYTOM CUCTEMOTEXHMKU M MHHOBAILIMOH-
Hbix uccnenoBanuii (Fraunhofer Gesellschaft-Institute
fur Systemtechnik und Innovationsforschung — FhG-
IST) [15].

B Homenknatype FhG-ISI rpynma UT onuceisaet-
¢4 ceayrommumMu Tpems pyopukamu MITK!:

(1) xmacc G06 — «Brruncienue; cueT» (31a pyoprka
MIIK BKJIIOYAET ONTUYECKUE BBIUMCIUTEbHbIE
YCTpOICTBA, 00pabOTKY LM(MPOBBIX TAHHBIX C MTO-
MOIIBI0O KOMITBIOTEPOB, AHAJIOTOBBIC M THOPUI-
HbI€ KOMITBIOTEPHI);

(2) moaknacc G11C — «3anomMuHamIIe YyCTPOCTBA
CTaTUYECKOTO TUIIA»;

(3) moaknacc G10L — «AHanu3upoBaHUEe WU CUH-
TE3MPOBAHUE PEUM; PACIIO3HABAHUE PEUM».

Kak orMeuanoch B Hauasie 3TOro pasnea, AJisl Orpe-
JleJIeHUsT UHAMKATOPOB B3aMMOCBSI3€l CHavana JoJ-
KeH ObITh cDOpMUPOBAH MacCUB OUOIMOTpadUIECKUX
OMUCAHUI HAyYHbBIX MYOJIMKALUN, IUTUPYEMBIX B OITH -
caHMsIX u3o0pereHuit. MMeEHHO 37ech BO3HMKAeT
HE00X0AMMOCTb (hHOPMUPOBAHUST CTPYKTYPHUPOBAHHBIX
O6ubnuorpaduyeckux JTaHHbIX HA OCHOBE aHaIu3a cia-
OOCTPYKTYpUPOBAHHBIX OMUCAHUI U300peTeHnit. 3a-
TeM HeOoOXOAMMO TMPOBECTU PYOPULIMPOBAHUE ITUX
JIAHHBIX B paMKax 3aJlaHHOI KJIacCuUKaIlU1 HayIHbBIX
HampaBieHuit. Jlajee HEOOXONMMO BBIMIOJHUTH aB-
TOMAaTUYECKOE COIOCTaBICHUE YaCTOT TOSIBICHUS Py-
6puk MIIK, npocTaBieHHBIX B OMUCAHUIX U300peTe-
HWI, U YaCTOT MOSIBJIEHUS] PyOPUK IIUTUPYEMBIX B 3THX
M300pETEHUSIX HAYYHBIX IMyOJMKaluii (pyOpuK 3amaH-
HOI KJTaccuUKaIM HayYHBIX HAITPaBJICHUIA).

3HavyeHUsI YacTOT PYOPUK HAyYHBIX JOKYMEHTOB
OIHOTO HANPAaBJIEHUS UCCIECIOBAHUN, LIMTUPYEMBIX B
n3obpereHusix ¢ pyopukamu MIITK 3amanHoi (uccie-
JTyeMOIi) TPYyMIbl TEXHOJOTWI, TPEACTABISIOT CO0Oit
3HAYEeHUST MHIMKATOPOB B3aMMOCBSI3€l 3TOTO HATIpaB-
neHus ¢ pyopukamu MITK 3agaHHO# TPyIIIbl TEXHO-
jgoruit. OTMETUM, 4YTO 3HAYEHUS MHIWKATOPOB CY-
IIECTBEHHO 3aBUCAT OT BLIOpPAHHON KiaccudUKauu
Hay4YHBIX HAIPaBJICHUIA.

IMpennaraembiii BapyaHT METOAOJOTMU OLIEHMBa-
HUSI UTHAMKATOPOB B3aMMOCBSI3ei HayuHbIX UCCJIe10Ba-
HUM ¥ TEXHOJIOTMI MpeanosaracT B Ka4yeCTBE BXOIHbIX
pPEeCypcoB HCMOJIb30BaHUE MH(MOPMAIIMOHHBIX PECYp-
coB PocrateHTa. B ymnpollleHHOM BUE€ BXOAHbIE U
BBIXOJIHbIE MH(OPMALIMOHHbBIE PECYPChl U UX B3aUMO-
JIeficTBUE Ha pa3HbIX dTarax MeTOA0JOTUU MpeacTaB-
JieHbl Ha puc. 1. Mcnonb3yemble aTeHTHbBIE PECYPChI
myoaukyoTcs Pocmarentom Ha CD/DVD Hocutensix
1 JOCTYITHBI Ha ero caiite. BerxomHbie MH(pOpMaIIMOH-
HbIE pecypcChl PeACTaBsIOT co0oit 6a3y naHHbIX (B/1)
CTPYKTYPUPOBAHHBIX OMOIMOrpapueckux CChblJIOK Ha
MyOJMKaLlMU B OMMCAHUSIX U300peTeHUt, Kaxaash 13
KOTOPBIX NMPUBSI3aHA, C OJHON CTOPOHBI, K WHIEKCY
MIIK, ¢ apyroii CTOpOoHbI, K OAHON WX HECKOJbKUM
pyOpMKaM HarpaBJIeHUI HaydHbIX UCCIIeTOBAHMIA.

B pa3paboTraHHOI1I METOAOJIOTMHA MOXHO BBIICIUTH
JIBa OCHOBHBIX 9Tana. [lepBblii (TOATOTOBUTEIBHBIN)
aTan BKIovaeT popmupoBanue b/l cTpykTyprupoBaH-
HBIX CCBUIOK Ha TMYyOJMKAlWU, BKJIIOYEHHBIX B OIMU-
caHusl u3oopeTeHuii. OH TpedrnojaraeT oOpabOTKy

IBce py6prkun MITK 06pa3yioT nepapXudeckyro CTpYKTypy U JIEJISTCS Ha 5 KaTeropuii: pasaelibl (BEpXHUI YPOBEHb epapXun), KJIacChl,

TMOJIKJIACCHI, TPYIINbI U MOATPYIIbI (HUXKHUN YPOBEHb UEPApXUH).
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B, i MK n3obpeteHunin Hanpasnexusa
6ubnnorpadm- NOJHbIX ONUCAHUN (Ha CD/DVD unnu HayYHbIX
YECKMX AAaHHbIX n306peTeHmnin K c Beb-caiita “ccnefoBaHuin no

n pedepatos naTeHTam http:// Knaccudukatopy
naTeHTOB Ha (Ha CD/DVD www1 fips.ru/ POOU
nsobpeTeHus unu c seb-calita wps/wem/ (http://
(c UNC MIMOSA http:// connect/ www.rfbr.ru/
Ha CD/DVD) www1.fips.ru/ content_ru) rffi/ru/
wps/portal/ contest/n_529)
Registers/)
A A
1 2 3 4 5 6
v v \ 4
TexHoNOrUA U3BNEUEHUSA, CTPYKTYPU3aLMK 1 py6bprKaLmm
CCbIIOK Ha My6AMKaLMKY B ONMUCAHUAX U306peTeHuit
A
7
\ 4
BJ], CTPYKTYPMPOBaHHbIX CCbINOK Ha Ny6anKaumm
B OMUCAHUAX M30bpeTeHnit
9
8 .
4 >
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T |3 BbluMcNeHVEe MHAMKATOPOB U BU3yann3aLMa pesyibTaToB
(0] ©
J CII:lJ_ A
O
10"

B[, 3HaueHu#

WMHAMKATOPOB

Puc. 1 Bxonnble U BhIXOZHBIE MH(DOPMALIMOHHBIE PECYPCHI (OMUCAHME TIPOHYMEPOBAHHBIX MH(MOPMAIIMOHHBIX TOTOKOB

naHo B padorte [11])

OOJBIINX 00BEMOB CTA0OCTPYKTYPUPOBAHHBIX OIKCA-
HUIi U300pETEHUI, YTO TPYIHO MOANAETCS MOJIHOMI aB-
TOMAaTU3alMY U TIO3TOMY TpeOyeT MPUBICYCHUS OIle-
paTopoB. DTOT 3TaI MOXKET ITOBTOPSTHCSI UTEPALIMOHHO
B Liesisix monosiHeHust bJI. BTopoit aTan BKIIIOYAET BbI-
YUCIIEHNE 3HaYCHU I KOJTMIECTBEHHBIX MHINKATOPOB 1
MOJyYeHME Ha MX OCHOBE SKCITEPTHBIX OLIEHOK B3aMO-
CBSI13€1 HAyYHbIX UCCIEAOBAHUMN U TEXHOJIOTUIA, T. €. HA
9TOM 3Talle IpeanoaracTcs MprUBICYECHUE SKCIIEPTOB.

3amaya moMcKa CChLIOK Ha ITyOJMKAIIMK PEIIaeTCs C
TTOMOIIIBIO METOJIa aBTOMATUYECKOTO BhIIEICHUS Dpar-
MEHTOB HECTPYKTYPHUPOBAHHOIO TEKCTa IO 3aJaHHBIM
MPU3HAKaM C UCIMOJb30BaHUEM I1a0JI0HOB, pa3pado-
TAHHBIX JUISI Pa3HBIX BUIOB CCHUIOK Ha MyOJUKAIlUMW.
Kaxmplii 111abJ0H CTPOUTCSI Ha OCHOBE IMPU3HAKOB,
XapaKTEepPHbIX IS OJHOIO BHUAA CCBLIOK Ha ITyOJIu-
Kaluu.

[ITa6moHbI (OPMUPYIOTCST HA OCHOBE JAHHBIX aHA-
JIi3a TECTOBOTO MacCHBa MOJHOTEKCTOBBIX ONMUCAHUI

UH®OPMATUKA U EE IPUMEHEHUS Tom 7 BbITIyCK

u3zobpeTeHuit. Bce ccbliku Ha myOJMKauuud B TeK-
CTe oNnucaHusl U300peTeHMs, HallIEcHHbIE C TTIOMOIIbIO
11a0JIOHOB, BBIAECIAIOTCA LiBeToM. [lomoOGHoe BbIae-
JIEHUE JaeT BO3MOXHOCTh OMepaTopy KOHTPOJIUPOBATh
TOYHOCTb TOMCKa CChUIOK Ha myOaukauuu. B xome
KOHTPOJISI ONepaTopoM TOYHOCTU U MOJHOTHI ITOMCKa
CCBIJIOK Ha IyOJIMKAlIMM HaKarIMBaeTCsl CTaTUCTUKa
10 OTPEAEICHUIO YCIICIIHO BhIIEJIEHHBIX (PparMeHTOB
TEKCTa, KOTOPBIE IeICTBUTEILHO OKA3aJUCh CChIIKAMU
HuTUpoBaHus. Takasi CTaTUCTUKA ITO3BOJISIET YBEIU-
YUTb PE3YJIbTATUBHOCTb ABTOMATUYECKOTO BbIAEIEHMUS
CCBIJIOK LIMTUPOBAHMS, UTO, B CBOIO OUYEpedb, CIIYXKUT
MPEINOChUIKON JJIs1 TTOBBIIIEHUSI Pe3yJbTaTUBHOCTU
Mpoliecca aBTOMaTU3UPOBAHHOTO TOMCKa OMOIMorpa-
(pUUeCKUX CChIIOK B OMUCAHUSIX U300pETeHUI.
OnHako KJII04eBbIM (DAaKTOPOM, BJIMSIIOLIMM Ha pe-
3yJbTATUBHOCTh aBTOMATUYECKOTO BbIJEIEHUS CChLIOK
LIMTUPOBAHMUSI, SIBJISIETCS MCIIOIb3YeMbIii METOJ U3BJIe-
YeHUsI, CTPYKTYpU3alMM M HOpMalIu3auuu OuOJIMO-
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rpaduyeckoil MHMOpMALIMK, OMMCAaHUE KOTOPOro M
SIBJISIETCSL OCHOBHOM LIEJIbIO 3TOM CTaThU.

3 Merton u3BiaeyeHUs
ounodmorpadguieckom
nHdopMamn

BreruncieHne 3HaYeHWI KOJIMYIECTBEHHBIX MHINKA-
TOPOB TEMaTUYECKUX B3aMMOCBSI3eil HAyUHBIX UCCIIe-
JIOBaHUI U TEXHOJIOTUI Oa3upyeTcs Ha IpeaBapUTEIb-
HOI1 00pabOTKe IMaTeHTHBIX JOKYMEHTOB, COIEPKaIINX
¢1a00 CTPYKTYPMPOBAHHBIN WIIN TTOJTHOCTBIO HECTPYK-
TYPUPOBAHHBINA TEKCT. DTUMU JOKYMEHTAMH SIBIISIIOTCS
IMOJIHOTEKCTOBBIE ONMCaHUsS M300peTeHuii. Maccus
OTOOpPaHHBIX TOKYMEHTOB MOXET JOCTUTaTh COTEH ThI-
CSIY TIOJTHOTEKCTOBBIX ONMMCAHUI N300pETECHUIA.

OCo0EHHOCTU TEXHOJIOTUT (hDOPMUPOBAHUS U UC-
MOJIb30BaHMS TAKOTO MacCHBa HATISITHO ULTIOCTPUPY-
eT IpuMep u3 paboThl [16], B KOTOpOi OINMKMCHIBAET-
¢ mpoiiecc 00paboTKu MaccuBa U3 656 695 nmareHTOB
Ha M300peTeHus, BEIIaHHBIX [1aTeHTHBIM BEIOMCTBOM
CIIA. CHavana u3 onucaHuii u3006peTeHuit ObLIN BbI-
neneHbl 1147 160 HemaTeHTHBIX CCHUIOK (T. €. CCBIIKHU
Ha TATEeHTHhI ObIIM MUCKIIOYEHBI). 3aTeM U3 HUX IS
JajibHelIelr o0paboTKu ObLIM OTOOpPAaHbI TOJILKO Te
CCBIIKM Ha XXypHaJIbHBIC CTaThU, IUII KOTOPBIX YIAJIOCH

UACHTUULIMPOBATh Ha3BaHUE XypHaia U COOTHECTHU
€ro ¢ HOPMAaTUBHBIM CITMCKOM Ha3BaHUI XypHAJIOB,
B KOTOPOM KakIOMy Ha3BaHMUIO MIPUCBOEHA OHA WJIU
HECKOJIKO pyOpUK HayYHBIX HATIPaBJIEHUH UCCIIe0Ba-
Huii. Takum 06pazom 66110 0TOOpaHo 106 636 CCHITOK,
T. €. MeHee 10% OT HelaTeHTHBIX CChLIOK. B pe3ynbrate
00pabOTKM TUX CCHUIOK ObLTU BBIYMCIEHBI 3HAUYECHUST
WHIMKATOPOB TEMAaTUYECKUX B3aUMOCBSI3€ii TPYIIIT TeX-
HOJIOTMI U HayYHbBIX HAIIPABJIEHUIA.

OT MUCMOJIb3yeMOro MeTOoJa M3BJeYEeHUsI, CTPYK-
Typy3allMyd U HOPMaJIU3alluy 3aBUCUT J0JISI OUOJIMO-
rpacUyecKux MAaHHBIX, UISI KOTOPBIX yIaeTCsl WICH-
TUGULIMPOBATh Ha3BaHUE KypHaja U COOTHECTU €ro
C HOPMATUBHBIM CIIUCKOM. TOJIBKO IMOCJI€ TaKOTO CO-
OTHECEHUS MOSIBJISETCS BO3MOXHOCTH TPUCBOUTH OJTHY
WJIM HECKOJIBKO PYOPUK HayYHbIX HaIlpaBJIeHUI Uccie-
JIOBaHUI CTPYKTYPUPOBAHHBIM CChIJIKAM Ha IMyOJuKa-
LIMU, U3BJICYEHHBIM U3 ONMCAHUN U300pETeHUIA.

Cxema (opMUpOBaHUS MacCHMBa MATEHTHBIX IIO-
KYMEHTOB, WCIOJIb3YeMBbIX IS TTOMCKA U BBIICICHMS
CTPYKTYPHPOBAHHBIX CCBIJIOK, a TAKXKE IJTSI IIPOBEICHMST
pacyeToB 3HAYCHUI MHAMKATOPOB, [IOKa3aHa Ha pUC. 2.
DTOT MacCHUB TIpEACTaBIIsSIET COO0I CIUCOK MAaTEHTOB
Ha U300peTeHus U uX OubIrorpacuIecKrx OrcaHui,
OTOOpaHHBIX Ha OCHOBE IIPH3HAKOB, OIMMCHIBAIOLINX
HEKOTOPYIO TPYIIIY TeXHOJIOTHI. B KauecTBe 6a30BOTO
MHCTpYMEHTa i1 (pOpMUPOBAHUS MAcCUBa HCIIOJIb-
syercst UTIC (mHpOpMaLMOHHO-TIOMCKOBAsi CUCTEMA)

Moaynb dopmupoBaHua
1 COXpaHEeHUs 3anpocos
K UMC MIMOSA

B/l cueHapues
M CLLeHapHbIX pacyeToB

b/l naTeHTOB
Ha usobpeteHus

KOHBEPTMPOBaHMA
NOMYYeHHbIX AaHHbIX
13 UNC MIMOSA

Moaynb

Puc. 2 Cxema popmupoBaHUsl MacCHBa MaTEHTHBIX JOKYMEHTOB
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MIMOSA, pazpaboranHas B DenepagibHOM UHCTUTYTE
MPOMBILITIEHHO# cobcTBeHHOCTH (PUTIC).

Hns moucka aokymeHToB B B/l 6ubnuorpaduye-
CKWX JTAHHBIX U pedepaToB ITATEHTOB Ha M300pETCHMUS
¢ nomoiibio UTIC MIMOSA cyliecTByeT crieliiagbHO
pa3paboTaHHbIi 36K 3ampocoB. Muaekcer MIIK B
B/1 bubnunorpaguueckux JaHHBIX COAEpPXKATCS B pa3-
HBIX TTOJISIX, YTO HEOOXOIMMO YIMTHIBATh B 3aIIpOocax Ha
novck. Huxe mpuBoauTcst mpuMep 3armpoca:

(ICA = G06™ OR ICAA = G06™ OR ICAI = G06™)
AND DP = 2012*,

IIe 3HAK <«k» CIYXUT 3HaKo3ameHuteneM. JlaH-
HBII 3aMpoC MHTEPIIPETUPYETCST CIEMyIoIUM o0pa-
30M: GblOpamb 6ce OOKYMeHMbl, KOmopble cooepucam
k00 MIIK G06 6 noasx «Kraccugpukauyus — pacuiupeH-
Hblll yposeHv», «Knaccupukayus — 0onosHumenvHas uH-
dopmayus», « Knaccupurkauyus — uzobpemamenvckas uH-
gopmavus» u 2012 200 6 noae «llama nybaukayuu».

HMudbopmanmonHo-nouckopas cuctema MIMOSA
COCTOMT U3 YEeThIpeX YacTeil. DTH YacTU MPEACTABISIOT
c0001i pa3HbIe TPOTPAMMBI:

(1) MIMOSA: 5T0 OCHOBHa$ YacThb, Ipeaaararonas
pa3IuuHble GYHKIUM 1151 paboThl ¢ B/1: mocTpo-
€HME 3aMpocoB, BBIMOJIHEHUE ITUX 3aIMpPOCOB,
MPOCMOTP NOKYMEHTOB U T. 1.

(2) MIMOBatch: ata mporpamma mo3BoJiIeT BbIIOJI-
HUTh MAKET 3aMPOCOB K OJHON MU HECKOJIbKUM
B/l 3a onHy omepaluio; MOXXHO ITPOCMaTpUBaTh,
BBITPYXaTh WM MeyaTaTh HaliIeHHbIE TOKYMEH-
THI.

(3) MIMOViewer: 3Ta nporpaMma mnpeaHa3zHauyeHa B
OCHOBHOM [JIsl TIPOCMOTPA 3JEKTPOHHBIX JIOKY-
MEHTOB, paHee BhITPYKeHHbIX 13 BJI ¢ moMolibio
nporpamm MIMOSA unu MIMOBatch; atu no-
KyMEHTHI BeIrpykatorcs B popme SGML-daiinos
¥ U300pakeHUIA.

(4) JKTools: aTa mporpaMmma 3amyckKaeTcst TOJbKO IO/
Windows 95. OHa ucnosb3yercs it paboThl € po-

0OTU3MPOBAaHHBIMU OMOIMOTEKAMHU B JIOKAJTbHOM
pexume.

Jnsg ¢opMupoBaHUS MacCcHBa MATEHTHBIX JOKY-
MEHTOB, Jajiee MCITOJb3YeMbIX ISl MMOMCKAa M BBIIC-
JIEHUSI CTPYKTYPUPOBAHHBIX CCHUIOK, ObLIa CITPOEK-
THpOBaHa TOJICMCTEMA TTOATOTOBKHU NAHHBIX, KOTOpast
ucronp3yeT nmporpammy MIMOBatch. C nmomonibio ra-
paMETPOB HACTPOMKM 3TOU IMPOrpaMMbl MOXHO 3apa-
Hee 3arpyxatb (haiiyibl TaKeTOB 3alIPOCOB, BHITIOIHATH
TMaKETHBIN MOUCK JIOKYMEHTOB U (hOPMUPOBATH CTPYK-
TyPUPOBAHHBIN TEKCTOBBIH (haiin budarorpadurudeckmnx
ONMCAaHU} TAaTEHTOB, OTBEYAIOIINX BEIOPAHHOMY KPH-
Tepuio roucka (puc. 3).

TpymHOCTHM, BO3HUKAIOIIME B TIpoliecce M3BJeUe-
HUSI CCBIJIOK Ha TyOJMKAIMU, ITUTUPYEMble B IOJ-
HOTEKCTOBBIX OIMCAHMSIX M300pETeHUil, TMOAPOOHO
ornucaHbl B pabote [12]. B uncne oCHOBHBIX MPUYUH
3TUX TPYLHOCTEN OTMETUM:

1. OtcyrcTBUE B <«AIMUHUCTPATUBHOM pErIaMeH-
Te. . .» [17] TpeboBaHUII K CTPYKTYpUPOBAHUIO
CCBIJIOK Ha LIUTUpYeMble myonukauuu (cM. m. (12)
pasnena perinamenTta 10.11 Tpe6oBanus K oopm-
JICHUIO 329BKH).

2. OTcyTcTBHE B OIYOJIMKOBAHHBIX 3JIEKTPOHHBIX
BEpPCHSIX ITOJHOTEKCTOBBIX OMMCAHUI M300peTe-
HUIA TPYIIIT METOK, BBIACISIIOIIMX CChUIKY Ha LIUTH -
pyeMble IyOJIMKallMy COIJIaCHO PEKOMEHIALIMSIM
crangapta BOUC ST.14 [18].

3. OTcyTCcTBME CMCKA HOPMAJIU30BaHHBIX U COKpa-
IIEHHBIX Ha3BaHWI JXypHAJIOB, MCIIOJIb3yeMbIX B
CCBIJIKax Ha IUTUPYeMble ITyOIMKaIUU.

Takum o6pa3oM, TIpY KCCIeAOBAaHUHM TEMATUIECKIX
B3aMMOCBSI3€ TEXHOJIOIMI 1M HAIlpaBJICHUI Hay4YHbIX
KCCJIeNOBaHU BO3HUKAET 3ajlauya aHajiu3a AECSITKOB
U COTEH ThICSIY MTOJTHOTEKCTOBBIX OMUCAHUI n300peTe-
HU ¥ morcka B TekcTe Ha ESl cchulok Ha IyOJIMKaLuuy ¢
TMOCJEAYIOIIEN WX CTPYKTYypU3alUMEern U TIPUBSA3KON
CCBUJIOK K HAaIlpaBJICHUSM HayJYHBIX MCCJICIOBaHUIA.
CnenoBaTelbHO, HEOOXOAMMAa aBTOMATHU3aLMsI JAHHO-
ro npouecca. [Ipu 3ToM BaxkHO YUUTHIBaTh, YTO OUO-

?

AMC ¢ CueHapui
Noacucrema daiin c nakeTom 3anpocos > UMNC MIMOSA
noAroToBKU MIMOBatch
LAHHbIX

Bbirpyska daiina 6ubnmorpapuyeckmx 4aHHbIX
C pesy/sibTaTamu BbINOJIHEHMA NaKeTa 3anpocoB

Puc. 3 BzaumoneiicTBue noacucreMsl Moarotosku fanHbix 1 MTIC MIMOSA
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[MpuMepsl cchUTOK Ha ITyOIMKAIIMY B TEKCTaX OMMCAHUI N300peTeHMit

1. Benouepkosckuii I. B. OCHOBBI paaroa0oKallMy U paauoJoKalMoOHHbIe ycTpoiicTBa, M.: CoB. paauo, 1975 1.

2. I. KopH, T. KopH. DieKTpoHHbIE aHAJOrOBbIe U aHAJIOTO-1IM(POBbIE BEIYMCIUTEIbHBIE MalllMHbI. 1 Teopust u
OCHOBHBI€ (DYHKIIMOHAIbHBIE OJIOKU. U31-Bo MockBa.: Mup, 1967.

ctp.11, M.: DHeproaromusaar, 1987.

3. b.M. Karan u B.B. CrammH «OCHOBBI MTPOEKTUPOBAHUS MUKPOIPOLIECCOPHBIX YCTPOMCTB aBTOMATUKHU,

crp.8—11.

4. IlaxHoBuy W. Bek HbIHEIIHUIA U BeK rpsiayliumii. // Dnekrponuka: Hayka, TexHomnorus, 6usHec, N 6,: 1999,

5. RODECKU et al., Tumo grouth modulation by monoclonal antibogy to the epidermal grow factor receptot im-
munologically mediated and effector cellindependent effects., Cancer Research, 1987, v.47, Ne14, pp.3692—3696.

M.: Pagyio u cBs3b. 1984 1., cTp.46, 54, 55.

6. Boiconikoro b. ®. Ll poBbie GUIBTPHI ¥ yCTPOiicTBAa 00paOOTKH CUTHAIOB Ha MHTETPaJbHBIX MUKPOCXEMaX. —

c.137—142, puc.5.3—5.6)

7. A.B. Poikkosa, B. H. [TonoBa «CuHTE3aTOpbl YacTOT B TeXHUKE paauocBsizu» (M.: Pamuo u cBs3p, 1991,

8. Holden, Science 291: 967(2001).

9. «Pammo» N9, 2004, c.47.

norpadudeckast nHGOpMaIUs SBISETCS CTPYKTYpPU-
POBaHHBIM HMH(OPMAIIMOHHBIM OOBEKTOM, KOTOPBIM
COCTOMT U3 HECKOJIBKUX TTOJICH M MOXET pa3MeIaThCs
BHYTPU HECTPYKTYPHMPOBAHHOTO TEKCTA, a pa3HbIe MO-
Jis bubnuorpaduyeckoit nHGOPMAILIMU MOTYT OBITh B
0011IeM ciTydae Ha Pa3HbIX SI3bIKaX.

PaccmoTpuMm nmpuMepbl CTPYKTYP OOBEKTOB IMTOMCKA
B TekcTe Ha ESI, T. e. cchUTOK Ha yOJIMKAIIUK, KOTOPbIE
coOpaHbI B Tabuity. [IpuBeneHHBIE PUMEPHI CCHITOK
Ha my0 KAy ObLTY BbIIEJICHBI U3 PEAJIbBHOTO MacCH-
Ba, KOTOPBII OBLI MOJIyUeH B pe3yibraTe 00paboTKM Io-
psinka 1300 MoTHOTEKCTOBBIX ONMMMCAHUI M300PETeHUIA.

W3 npencraBaeHHON TaOIUIBI BUTHO, YTO B 0000-
IIIEHHOM BMJI€ CTPYKTYpa CCBhLIOK Ha MyOIMKALIMU MO-
XKeT OBITh IpeICcTaBlIeHa CIeAYIOIIe CXeMOIA:

[aemop {S1}|[Hazeanue nybaukayuu)
[{S2} Hazeanue ucmounukal
{S3} ampubymer nybauxayuu

Hanuune kBagpaTHBIX CKOOOK TOBOPUT O HeoOsi3a-
TEJILHOCTH MPUCYTCTBUSI JTAHHOTO 2JIEMEHTA CXEMbl B
peanbHOIi ccbuike. {S;} 0603HaYaeT MHOXKECTBO BO3-
MOKHBIX 3HAKOB-Pa3/IeJUTEeNIeH, KOTOPhIE CTOSIT MEXK-
1y 2JIEeMEHTaMU 3TOii CXeMbl. B oT/IMuMe OT 3J1eMeHTOB
[Hazeanue nyoauxayuu) v [{S2} Hazeanue ucmounukal,
KOTOPbIE MOTYT PacCMaTpUBAThCsI KaK MPOCTbIe MHO-
KecTBa CJIOB M 3HAKOB MYHKTYallMH, 3JIEMEHTBI
[aemop {S1}| u ampubyme: ny6aukayuu MMeOT co0-
CTBEHHBIE CTPYKTYPHBIC OCOOEHHOCTH.

OnemeHT [aémop {S1}] CTPYKTYPHO MOXET UMETb
CJIEIYIONINME BAPUAHTBI MPEICTABICHMSI:

(a) DPamuausa U.[O.] — cM. ccbUIKM Ha TyOauMKauuu 1
U 4 Y3 TaOJIULIBIL;

(06) HA./0.] Damunsus — cM. CChUIKU Ha ITyOIMKALIMU 2,
3n7,

(B) [Hwmsa] Pamuaus vinmu Qamunus [Ams] — cM. CCBUIKY
Ha TTyOJIMKaLuIo 5.

[puyem Damunsus BO Bcex BapUaHTax IpeacTaBie-
HUs U Mms MOTYT OBITh HaOpaHBI KaK MPOIMKUCHBIMU,
TaK U CTPOYHBIMU OyKBaMH, 3a MCKJIIOYCHUEM IIep-
BbIX OYKB, KOTOpbBIE, KaK MPaBUJIO, BCETNa SBIISIIOTCS
nponucHbIMU. Kpome Toro, B CCBITKE 3TOT 2JIEMEHT
MOXKET IMOBTOPSATHCS B TOM BapuUaHTE MPeACTaBICHMUS,
KOTOpBI IPUHST aBTOPOM M300peTeHMs. B KauecTBe
pasneauTes, Kak IpaBUJIo, UCTIOAb3YeTCs 3arsiTas.

DnemeHT {S3} ampubymer ny6aukayuu UMeeT 1po-
M3BOJIbHYIO CTPYKTYPY, KOTOpasi MOXET BKJIIOYATh TaH-
Hble 00 M3IaTeIbCTBE, TOME, HOMEpe, CTpaHUIaX U
rozie myonukanuu. [IpryeM MpoOu3BOJIBLHOCTH CTPYK-
TYPHI BBIPAXKACTCSI B TOM, UTO IOPSIOK CJICIOBAHMUS,
HaJIM4KMe W BUI TIPEICTABIICHUS 3TUX JaHHBIX MOTYT
ObITh JIOOBIMU. Kpome Toro, cam JaHHBIN 3JEMEHT
MOKeT OBITh 3aKJIIOUeH B CKOOKHU (CM. CCBUIKM Ha 1y0-
Jvkauuu 7 u 8 u3 tabauiel). EIMHCTBEHHBIE JaHHBIE,
KOTOpbIE, KaK MPaBUJIO, BCETAA MPUCYTCTBYIOT B BJie-
MeHTe {S3} ampubymo: nybaukayuu, — 3T0 TaHHBIE O
rojae nyoJuKaluu.

OrnucaHHas CTpyKTYpa CChbUTKY Ha TTyOJTUKAIINU UC-
TOJIb30BaAJIach B TMpoIlecce pa3pabOTKU METO/a U3BJie-
YeHMUsI, CTPYKTYPHU3allMU U HOpMaIr3aluu Ouoamorpa-
¢puueckoit UHGOPMALIUKM TTOJTHOTEKCTOBBIX ONMMCAHUI
U300pETEHUA.

Pa3paboraHHbIif MeTOA OCHOBAaH Ha MpoIecce Mo-
cJiefoBaTe/IbHOTO Tiepebopa CHUMBOJIOB B JIMHEIHOM
rocjenoBareabHOCTH TekeTa Ha ESl, B KoTtopyto mpen-
BapUTEJIBHO MPeo0pa3yeTcst TEKCT OMUCAHUST U300pe-
TeHusl. JIMHTBUCTUYECKME METOJbI, OCHOBAaHHBIE Ha
aBTroMaruyeckoi gopmanuzanuu tekctoB EA ¢ dbop-
MHMPOBaHKMEM CTPYKTYp 3HaHuWil [1—6], He uCmoab3y-
10TCS.

B niporiecce nepebopa BrIOMpaeTcs Takast mocaeao-
BaTeJbHOCTb CUMBOJIOB, KOTOPAasl yIOBJIETBOPSIET OIH-
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IMpuBogurcs B crarbe Chedmail, Damay et Le Roy, ozarnasnennoit «Réalité virtuelle,
magquette numérique du produit, outils de distribution et partage de la conception»,
Journées Priméca, La Plagne, 7-9 avril 1999.

Puc. 4 ®parmenT Tekcra onmmucaHusa U300PETEHUS C YACTUYHO BBIIEIEHHON CCHUIKOI Ha MyOIMKALIMIO

CaHUIO TIEPBOTO 3JIEMEHTa CTPYKTYPHI CChIIKU. [lajiee B
ciydae oOHapyXeHUs 3TOI MOCeI0BaTeIbHOCTH CUM-
BOJIOB MIIIETCS TaKasl ITOCJIeI0BAaTeIbHOCTh CUMBOJIOB,
KOTOpasi COOTBETCTBYET OIMCAHMIO TTOCICIHEro 3Je-
MEHTa CTPYKTYpHI. 3aTeM BhIaeJsieTcs (hparMeHT TeK-
CTa, UMEIOIINIA PU3HAKU CCHUIKK Ha IMyOJIMKAIINIO.

AHaJIM3 TOYHOCTU pa3pabOTaHHOTO METOIA IMTOKCKA
U BBIICJEHUS CCHUIOK ajl B 1IEJIOM YIOBJIETBOPUTEb-
HbIii pe3yabTaT. M3 o01ero ymciia cChlJIOK Ha MmMy0JIv-
Kalnio B 00pab0TaHHOM TECTOBOM MacCUBE OMUCAHUMA
M300peTeHnI IporpaMMa BbleInIa 0KoJIo 88% cchi-
j10K. Eiite 9% ccbl1oK GbLI0 BBIAEIEHO HE ITOJTHOCTHIO,
Kak, HalpuMep, BO (hparMeHTe TEKCTa OMMCAHMS U30-
OpeTeHus Ha puc. 4.

Kak BMIHO W3 TpHWBeIEHHOrO (parMeHTa TeK-
CTa, aJlTOPUTM HE CMOT IMPaBUJILHO WHTEPIIPETUPO-
BaTh COI03 ‘et’ B MEPEUMCICHUU aBTOPOB B 3JIEMEHTE
l[aeémop {S1}] onyicaHHOI1 BbILIE CTPYKTYPbI CCBLIKM Ha
nyonukainuio. [ToaTomy K 3HaKy pa3aeiaeHus mepeumc-
JISIEMBIX aBTOPOB (3aMsToi) ObLIN 100aBIEHbI OYKBEH-
HbI€ pa3fenuTenu ‘et’ u ‘u’ (CM. CChUIKY 3 U3 TaOJIULLBI).
Kpome Toro, k MHOXecTBY {51}, comepxamemy, Kak
MPaBUIO, TOUKY U Mpobes, 100aBIeHO coueTaHue 3Ha-
KOB ‘et al.’ (‘u Ap.” B pyCCKOM BapMaHTe) (CM. CCBIJIKY
Ha nybaukauuio 5) mjist 6ojiee TOYHOrO BbIAEIEHUS
anemeHTa [aemop {51 }.

W3 aHanu3a npuBeneHHOro MprUMepa ClAeayeT, YTo
IIJIS1 TIOBBIIICHUSI Pe3Y/IbTaTUBHOCTH aBTOMAaTUYECKOTO
BBIICJICHUS] CCHUIOK LIMTHUPOBAHMS TPEOYSTCST TpPEey-
CMOTpPETh BOBMOXHOCTh BHECEHUS M3MECHEHUI 110 Me-
pe HaKOIUIEHUs W aHaju3a HOBBIX BapUaHTOB IIpel-
CTaBJIEHUSI CCHUIOK Ha MyOJIMKALMU, MCIIOJIb3YeMBIX
aBTOpaMM B ONUCAHUSIX U300peTeHUI maTeHTOB. [l
peaau3alMy 3TOro IMOAXOo[a IMpeasiaraeTcsl UCIIOIb30-
BaThb OMOJMOTEKY 111a0JIOHOB, OMUCHIBAIOIIIUX Pa3Iny-
HBbIE BAPUAHTHI TIPEACTABICHUS CCHLUIOK, IIPU COXpaHe-
HUU €IMHOI0 aJIfTOPUTMa MX IMOMCKA U BBIACJICHUS B
OIMMCAHMSIX U300PETEHU I TTaTEHTOB.

Hns onvcaHus 11abJOHOB MoKcKa TpeOyeMoil 1o-
CJIeMoBaTeIbHOCTY CUMBOJIOB TIpM pa3dope TeKcTa
OIMMCaHMUSI U300PETECHUI MCITOJIB3YIOTCSI PETy/IsSIpHBIC
BBIPAXKEHMS, KOTOPbIE IITMPOKO MPUMEHSIOTCS B pas-
JIMYHBIX ITPOTrPaMMHBIX cpefax (CM., Hampumep, [19]).
IMpuBenem Tpu npumepa TMpEACTABICHUS DJeMEHTa
lasmop {S1}]:

(@) \p{Lu} + O\p{LI}H)?[J(\p{Lu\p{LI}?[][]?)?
(\p{Lu}[D17%

©) \p{LuR\p{LI}?[.I[]?(\p{Lu}[.D?[]7\p{Lu} +
AR+ ([ D)+

®) (\p{LuP\p{LI}+)[]\p{Lu} +\p{LI} + [, ][]

AHaJIOTUYHBIM 00pa3oM MOXHO OIMucaTh Ba-
pPUAHTBI ~ TIpeNCTaBIeHUs1 2nMemeHTa {Ss} am-
pubymsl nyoaukayuu. Bce coyeTaHUs] MCMOIb3YyeMbIX
ONMMCAaHUN 0OOMX BJEMEHTOB CTPYKTYPbI CCBhLIKM Ha
nyoIMKauio odpasyloT 6ubanoreky mabaoHoB {R}
JUTSI TIOMCKA CCBIJIOK Ha MyOJIMKAIIMK B OTTMCAHUSIX N30~
OpeTeHUii TaTeHTOB.

TakuM oOpa3om, B mpoliecce MOKUCKa CChUIOK B
ONMMCAaHUU M300pPETEHUS] K €ro TeKCTy IMPUMEHSIETCs
oubnmoreka mabmoHoB {R}. Mcmonb3oBaHue pery-
JISPHBIX BbIPAXKEHUI 00eCTIeYnBaeT BOZMOXHOCTD T10-
JIy4eHUsT HellepeceKatomnxcsi pparMeHToB TEKCTa, CO-
JiepKalux MPU3HAKU CChUIKM Ha TMYOJMKALUIO, ISt
OTIEJIbHO B3SITOrO I1adysioHa. Ho B TO ke Bpems pa3HbIe
abJIOHBI KOJUIEKIIMY MOTYT (hOopMUPOBATh TiepeceKa-
foiuecs hparmeHThl TeKcTa. Hampumep, niabyioHsI (a)
u (6) (cM. BbIlIE) 31eMeHTa [aemop {S1}] mo-pasHOMy
BBIJIEJISIT B ONTHOM M TOM Xe (hparMeHTe TEKCTa CChUIKY
Ha IyOJIMKaluIO:

(a) deiicmeumenvHomMy  MEXHUYECKOMY  COCMOSHUIO
obsexma  [Ky3neuoe B. E., Jluxaues A. M., Ilapa-
wyk U. b., I[lpucaxcniok C. I1. TeaexommyHnurkayuu.
Toako8ublil cr06apb OCHOBHBIX MEPMUHO8 U COKPalle-
Huti. Ilod pedaxyueit A. M. Jluxauesa, C. II. [lpu-
caucrioka. — CI16.: Hzoamenvcmeo MO PD, 2001.].

(6) OeiicmeumenvHoMy mexHUUECKOMY COCIMOSIHUI 006-
ekma [Kysneuoeé B.FE., Jluxauee A.M., Ilapa-
wyx U. b., I[Ipucsxcniok C. I1. TearexommyHnukauuu.
Toako08bLil c108apb OCHOBHBIX MEPMUHOB U COKPAlye-
Huti. Ilod pedaxyueit A. M. Jluxauesa, C. II. [lpu-
caucurwora. — CI16.: Hz0amenvemeo MO PD, 2001.].

ITocne mpuMeHeHs K TEKCTY OMOJIMOTEUHBIX 11120~
JIOHOB BHITIOJTHSICTCST TIPOLIEAYPY WHTETPALIMUA BbI-
JIEJIEHHBIX KaXXIbIM I1a0JJOHOM (parMeHTOB TEKCTa
(puc. 5).

Ha sTom pucyHke otpe3ok 17717 obo3HavaeT ¢par-
MEHT TEKCTa OMMCAHUS U300PETCHUST; 11,72, « - - , Ty —
mabnoHel 6ubauoreku {R}; s;; — MO3ULUS Haya-
Jla HaiieHHoOro hparMeHTa TEeKCTa B COOTBETCTBUM C
1a0JI0HOM 7 €; j — TIO3ULIUSI OKOHYAHUS HaliIeHHO-
ro (pparMeHTa TeKCTa B COOTBETCTBUU C IIAOJIOHOM 7'}
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Puc. 5 Wurerpammsa BeiIeIeHHBIX KAXIBIM [Ia0T0HOM (hDparMeHTOB TEKCTa

fm — BBIIEJICHHBIN (hparMeHT TEKCTa, UMEIOIIUI ITPU-
3HAKM CCBIJIKM Ha MyOJMKALIMIO U SIBJISIOIIMIACS dJie-
MEHTOM MHOXecTBa { F'} CCBUIOK Ha MyOIUKAIINN, KO-
TOpBIC HAliICHBI B 00pabaThIBaeMOM (hparMeHTe TeKCTa
OITMCAHMS M300PETCHHUSI.

Kak BumHO U3 puc. 5, IpH HAXOXICHUN BhIIEICH-
HBIX pa3HBIMM I1a0JJOHaMU (PparMeHTOB TeKCTa IPH-
MEHSIEeTCSI CIIeIyIolee MPaBUJIO: U3 HECKOJIbKUX 3HaUe-
HUIi HauaJla BbLIEJEHHBIX ()PArMEHTOB S;, j BHIOMpPaeTCs
MMHMMAaJIbHOE, a JJIs 3HAaUeHU OKOHYaAHUS BbIICICH-
HBIX (DParMeHTOB €; j; — MaKCHUMaJIbHOE.

DyYHKIIMOHAJIbHAS CXeMa MOJCUCTEMbI, 00eCTIeun-
BalolIeil peaan3alnio ONMUCAaHHOTO METONIa MOMCKa U
CTPYKTYPU3allMU CChUTIOK Ha MyOJUKAIMU, TTPEACTaB-
JieHa Ha puc. 6. [Tocne hopMHupoBaHUST MaccuBa JaH-
HBIX JUISI IPOBEAEHUST PACYETOB (CM. pHUC. 2) Ha BXO[
JMAHHOI TOACUCTEMbI MOCTYMAET CITMCOK OTOOPaHHBIX
HOMepoB MnateHToB. [lo KaxaoMy HOMepy MpOU3BO-
JIATCS 3aMPOC B OTKPBITHINA peecTp ONMUCAHUIN U300pe-
teHuii Pocriatenra P®. I1o 3ampocy B ToacucTeMy Bo3-
BpalllaeTcs MOJTHOTEKCTOBOE OMUCAHNE U300PETEHUS B
¢opmare HTML. [lanee TeKCT onmucaHusI TPOrpaMMHO
00pabaThIBaeTCs B COOTBETCTBUU C METOIOM, KOTOPBIIA
OIMcaH BbIlIEe (CM. pUC. 5).

IMocie 3aBepleHUst Tpoliecca MOKMCKa W BblIeie-
HUS CCBIJIOK Ha IMyOJUKAaIIMU ITporpaMMa aHaIu3upyeT
YKCJIO CChLIOK B JAHHOM OIMMCcaHUM u300peTeHus. [1pu
HYJICBOM 3HAYCHMU OIMCaHNE N300PETCHUS TIepeIacT-
CsI Ha paCCMOTPEHUE OTEPaTopy.

B cinyyae oOHapyxeHMsT ornepaTopoM IPOIyIIeH-
HBIX CCBUIOK OH (hopMupyeT MHOXKecTBO { F'} st maH-
HOTO OIMMCaHMS M300peTeHnusl. Kpome TOro, TEeKCTHI
JMAHHBIX CCBUIOK MepemaloTcsl Kak oOpaslbl Ha TeX-
HOJIOTMYECKYIO OIepaliio BeAeHUs OMOIMOTEKH 11a0-
JIoHOB. Tam 3TW 0o0pasubl CCHUIOK Ha IMyOJMKALIUMKU
AHAJIM3UPYIOTCS U TIPU HEOOXOMMOCTH JINOO KOPPEK-
TUPYIOTCSI CYIIECTBYIOIINE OMMCAHUS A0JIOHOB, TNOO
¢dopMUpyeTcsl HOBBII 1IA0JOH JIJI TTIOMCKA, KOTOPbIi
nobasisiercsi B 6ubnnoreky { R}.

B MeTomonoruu nmoucka cChblIOK IUTHPOBAHUS Ty0-
JIMKAIA 1 X TIPUBSI3KY K HAITPaBJICHUSIM HayIHBIX MC-
CJIeOBAHUIA CJICAYIOIINM 1IaTOM SIBJISIETCS] CTPYKTYPU-
3a11s1 BBIIEJIEHHBIX CCHUIOK U UX PyOPUIIMPOBAHUSI 110
00J1aCTSIM 3HAHWI M HAYYHBIM JUCIUTUIMHAM. [[7151 TOTO
YTOOBI OMPEACIUTD HAYYHYIO 00JIACTb 3HAHUI CTaTbU,
KOTOpasi IIUTUPYETCSI, UCTIONB3YETCSl TIOAXO, MPUMe-
HEHHBbIN B pabote [16]. B aTOoM momxome yuuThiBaeTCst
TO, YTO HAyYHBIE XYPHAJIbBl UMEIOT TEMAaTUIECKYIO Ha-
MPaBJIEHHOCTb U COOTHECEHBI C HEKOTOPOI 00JIaCThIO
3HAHUU WA HAayYHOW AUCUMUIUIMHOU, KOTOPAs MOXET
OBITh BbIpaKeHA OMHOM MM COBOKYITHOCTBHIO PYOPUK
HEKOTOPOro KiaccudurkaTopa HayIHbIX HAIlpaBJICHU
uccieqoBaHuil, Hanpumep kinaccudukaropa [PHTU
i PO®U. Takum obpa3omM, KaK IIPaBHIO, MOXKHO
cheyaTh BBIBOM, UTO CTaThsl, OMyOJIMKOBAaHHAs B XKyp-
HaJjie, UMEeeT Ty XXe pyOpUKY KjlaccuuKkaTopa, KoTopast
yKa3aHa B ero oubanorpa¢puiyecKux JaHHbIX.

OTciona ciieyeT, 4yTo Tpoliieaypa pyopuiinpoBaHus
CCBUIKY LIUTUPYEMOI ITyOIMKALIMK B CIIydae XXKypHaslb-
HOI IMyOJIMKALIMK WY ITyOJIMKALIMU B COOPHUKE TPYIOB
KOH(EPEHIIMY CBOAUTCS K COOTHECEHUIO BBIACICHHOM
CCBIIKM IIUTHPYEeMOU ITyOJTUKAIINY ¢ Ha3BaHMEM Hayd-
HOTO XypHajia Wiu cOOpHUKA, YKa3aHHOTO B CCHUIKE
Ha My0JIMKal1Io, U3 HOPMATUBHOIO CITMCKA KYPHAJIOB.

DTO 03HAYALT, YTO HEOOXOIMMO BBIITIOJHUTD CTPYK-
TypPU3aLMIO BBIAEIEHHOM CCHIIKU C 1IE€JIbIO TOUCKA Ha-
3BaHUS XKYpPHAJIA C TMOCJIEIYIOLIUM U3BJICUYCHUEM U3
HOPMAaTHBHOTO CMMCKA XXYPHAJIOB €ro pyOpUK 1O Kjac-
cudurKaTopy HaydHBIX HampaBJIeHUI MCCIeIOBaHUIA.
MHuaue roBopsi, 3agayeid 3TOro 3Tara METOMOJOTMHU
SIBJISIETCSI HAXOXJAEHUE B CChIIKE Ha MyOJMKALMIO Ha-
3BaHUS XypHaia M roga nyoaukauuu. IlepBblil ma-
pameTp OyleT MCIOJAb30BaThCs ISl PYyOPULIMPOBAHMUS
CCBLJIKU, 2 BTOPOM BaXKE€H IMPU MOCTPOCHUU psiia UHAM -
KaTOPOB TEMATUYECKUX B3aUMOCBSI3EU HaIlpaBICHUU
Hay4YHBIX UCCJIETOBAaHWUI U TEXHOJIOTU.

IIpu TexHONMOTMYECKOM pElLIeHUU JaHHOM 3agayu
WUCTIOJIL3YETCS TI0IXOH, OCHOBAHHBIM HA OIMMCAaHHOM
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Peectp
MIOJHOTEKCTOBBIX
onucaHui
[IaTEeHTOB
(Pocnatent P®)

3arpoc ITonrOTEKCTOBOE
OTUCAHUS TI0 OIIHMCAHNE
HOMEpY MaTeHTa raTeHra
A
HTML

A 4

[IporpammHbIit MOUCK
U BBIJICJIEHUE CCHIIOK
Ha ITyOIMKaIuI
C UCITOJIb30BaHHEM
OMOIMOTEKH 1IA0I0OHOB

Crmcok
HOMEpOB
[1aTEHTOB

A

R}

IIporpamma popmupoBanus
U TECTUPOBAHUS [IA0IOHOB
[TOKMCKA CCBITIOK
HAa ITyOIUKAUI

A

CIHCOK CCBIIOK
Ha ITyOIMKauu

CchlIKH
HaleHbl?

PyuHoii nounck
U BbIJICJICHHE
CCBUIOK
Ha MyOJIMKaLUN

Cchulku
HaMIeHbI?

UckiroueHne nareHra
13 JaJIbHCUIICIO aHa/Iu3a

Puc. 6 CDYHKL[I/IOHEU'H)HEIH CX€Ma IMoucKa CCbIJIOK Ha l'[y6J'[I/IKaL[I/II/I

B MpEIbIIyIleM pas3iesie CXeMe CTPYKTYP CChUIOK Ha
MyOIMKAIIMY U UCTIOJIb30BAHUY OTMCAHUST JIEMEHTOB
CTPYKTYp U UX pa3ie/uTeliell C TOMOIIBIO PETYJISIPHBIX
BBIpaxkeHMI. [1pn 3TOM [T SKCTepTa 00eCIIeunBaeTCsT
BO3MOXHOCTb IIPOCMOTPA, aHAJIN3a U PeIaKTUPOBAHUS
pe3yabTaToB pyOpPULIMPOBAHUS CCHIJIOK Ha MyOJMKa-
197078

Takum 00pa3oM, B pe3yJibTaTe HaKOTIEHUST U 00pa-
OOTKHU TMOJTHOTEKCTOBBIX ONMMCAHUI MTaTEeHTOB Ha U30-
OpeTeHUs MOJTyJaeTcsl MaCCUB 3amucelt, B KXo u3
KOTOPBIX yKa3aHbl: HOMep mareHTa, uHaekcol MIIK,
roj IMyOJuKallMKd TaTeHTa, CChLIKUM Ha BBISIBJICHHBIC
MyoNMKALMM C YKa3aHuWeM pyOpuK(M) HaydyHBIX Ha-

MpaBJIeHU UCCIeAOBAHU U rojia MyOIMKalluy CTaThMU.
JlaHHBI MacCUB MOXKET OBITh MCIIOJIb30BaH MJISI BbI-
YUCJIEHUSI U TIOCTPOEHUS PA3JUYHBbIX WHIUKATOPOB,
OMKMCHIBAIOIINX TEMATUYECKUE B3aMMOCBSI3U HAYyYHbBIX
HUCCIEA0OBAHUNA 1 TEXHOJIOTUIA.

4 3akiIoyeHue

B paGote [10] Obl1a omucaHa METOMOJOTUSI BbI-
YUCJIEHUSI 3HAYEHUM KOJIMYECTBEHHBIX WHIMKATOPOB
TEMATUYECKUX B3AaMMOCBSI3€M HAayK1 1 TEXHOJIOIMI KaK
JUIS LIeJIBIX obJiacTeil 3HaHW, TaK U JUISL OTAEJIbHBIX
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HaIpaBJCHUI HCCIeNOBaHUN B LEISIX WAeHTU(DUKA-
LIMU TEXHOJIOTMYECKU OPUEHTUPOBAHHbBIX HAYUHbIX Ha-
npapieHuii. OHa o0yagaeT psSaOM MPUHLUMITAATIBHBIX
OTJIMYUI OT 3apyOeKHBIX AaHAJIOTOB:

— BBIOOP UMEHHO TeX CUCTEeM KJlaccudukanuu odia-
CTEM 3HAHUM, KOTOPbIE UCIIOJb3YIOTCS B IIPOLIECCE
IPUHSITUS PELLICHUN;

— UCIMOJIb30BAaHUE HAyYHBIX MyOJMKALMNA, LIUTUPY-
€MBbIX 5KCIIEpTaMHU B OTYETaX O MOWUCKE U aBTOpa-
MM B OMMCAHUSIX U300PETEHUIA, IS ONpeaeIeHUs
3HAYEHUIN MHIUMKATOPOB B3aMMOCBSI3E HAyKU U
TEXHOJIOTUIA;

— HCIOJIb30BaHME KITIOUEBBIX CJI0B 13 Ha3BaHMIA ITy0-
JIMKAIIWNA 71T YTOYHEHUS pyOPUKH ITyOIMKALINKY B
TeX ciyyasx, KOrga OIHOMY MCTOUYHUKY ITyOJIM-
Kalli¥ MPUIIMCAHO HECKOJIbKO PYOPMK CUCTEMbI
KJaccudukauum odjacTeit 3HaHUIA.

Hcnonp3oBaHue KIIIOYEBBIX CJIOB W3 Ha3BaHUU
nyoavKaluii Ajid YTOYHEHUs pyOpuKU MyOauKaiuu
MPENIoaraeT, YTo MpeaBapuTeIbHO yXKe BBIMOJHEHO
0azoBoe PYOpULIMpOBaHME BTUX NyOauKaumii. Pa3z-
pabOTaHHbBII METOA U3BJIeYeHUST OMOIMOorpaduuecKot
“H(OpMaLUU TO3BOJISIET PELIUTh 3aJady 0a30BOro
pyOpULIMPOBaHUSI B paMKaX TEXHOJOTMU aBTOMAaTH-
3MPOBAaHHON OOPaOOTKMU TOJHOTEKCTOBBIX OINMUCAHUI
M300pPETEHUI U COMOCTaBJIEHUS U3BJIEYEHHOI MHMOP-
Malliy ¢ Ha3BaHUSIMU NCTOYHUKOB HAyYHbIX ITyOIMKa-
M. DTO COMOCTaBICHUE JAET BO3MOXHOCTb OMpe/e-
JINTh TEMATUKY T€X HAYYHbIX HAMPaBJIEHUN, K KOTOPBIM
OTHOCSITCSI HayYHbI€ IMyOIMKAIUY, LIUTUPYEMBbIE B OTTH -
CaHUSIX U300pETEHUA.

PaspabateiBaemas B UTTN PAH undopmanmonHas
CHUCTeMa UHAUKATOPHOIO OLIEHUBAHUS TEMATUYECKUX
B3aMMOCBA3€11 HAyKU U TEXHOJIOTUM HE UMEET aHaJIO-
roB B POCCUICKOI HayuyHO-TexHHYeckoii cdepe. Ee
co3aHue HeoOXOAUMO ISl IPOBENEHUSI MOHUTOPUH-
ra [20—23], MHOTOaCTIEKTHOTO OLICHUBAHUS TPOrpamMM
HayYHbIX UCCJEAOBAHUN U MPOTHO3UPOBAHUS HAYYHO-
TEXHOJIOTMYECKOTO Pa3BUTHUS CTPAHBI.
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O CXOAUMOCTHU PACIIPEJEJIEHUN CIYYAMHBIX CYMM
K CKOIHEHHbIM S5KCITOHEHINMAJTBbHO-CTEITEHHbIM

SAKOHAM*
M. E. Ipuropsesa’, B. 10. Koposes?

Annoramus: [IpemnoxkeHo 0600IIeHNE Klacca SKCITOHEHIIMAIBHO-CTETIEHHBIX pacTipenesieHuit (0000IIeHHBIX
pacnpenenenuil Jlannaca) Ha HeCUMMETPUUHBbIN ciayyail. Kiacc CKOIIEHHBIX 9KCMOHEHIMATbHO-CTEMEHHbBIX
pacripeneieHnit (CKOLIEHHBIX 0000IIEHHBIX pacipeneaeHuii Jlamnaca) BBOTUTCSI KaK CEMENCTBO CIelIMalbHBIX
JIMCTIEPCUOHHO-CIBUTOBBIX CMeCell HOPMaJIbHBIX 3aKOHOB. HaiineHbl BhIpaskeHUs 1T MOMEHTOB CKOTIIEHHBIX
9KCMOHEHIMATbHO-CTENEHHbIX pacnpeneneHuii. [loka3aHo, 4ToO CKOIIEHHBbIE SKCIMOHEHMATbHO-CTENIEHHbIE
pacnpesieIeHHsI MOTYT UCTIOIb30BaThCSl B KAUECTBE aCUMIITOTUUECKUX annpokcuManuii. C 3Toi 1eblo JoKa3bl-
BaeTCs TeopeMa 0 HeOOXOIMMBIX U IOCTATOYHBIX YCIIOBUSIX CXOMUMOCTHU pacTipeie]IeHN i CyMM CITy9aifHOTO Ynciia
HE3aBUCUMBIX OIMHAKOBO paclpeieIeHHbIX CTyYaifHbIX BEIMYMH K CKOIIIEHHBIM 9KCTTOHEHI[MAIbHO-CTENIEHHBIM
pacnpeaenaeHusIM. [lJ1s1 4acTHOTO ciyyasi — CHelMalbHbIX CIyYallHbIX OTy>XIaHWI C HEMIPEPBIBHBIM BPEMEHEM,
TOPOKICHHBIX 0000IIIEHHBIMU ABAKIIBI CTOXaCTUYECKUMHU ITyaCCOHOBCKUMMU TTPOIIECCaMU, — TIPUBOJISITCS OLIEH-
KU CKOPOCTH 3TOI CXOIMMOCTH.

KmoueBble cioBa: ciydaiiHasi cyMmMma; 00001IeHHOE pacnipeneieHue Jlamaca; ckoleHHoe 00001eHHOe pacIipe-
neneHue Jlarraca; 9KCITOHEHIINATbHO-CTEIIEHHOE pacIpee/ieHIe; CHMMETPUYHOE YCTOMUMBOE pacipeic/ieHIE,
OIHOCTOPOHHEE YCTOMYMBOE pacIipelesicHre; AUCIIEPCUOHHO-CIBUTOBAs CMECh HOPMAaJIbHBIX 3aKOHOB; CMe-
LIAaHHOE IyaCCOHOBCKOE pacIpeieeHue; CMeCh paclpele/ieHUii BepOSITHOCTe; MICHTU(hULIMPYEMbIe CMECH;

AJIUTUBHO 3aMKHYTOEC CeMeﬁCTBO; OLICHKAa CKOPOCTHU CXOAUMOCTU

DOI: 10.14357/19922264130407

| SKCHOHGHHI/IEUIBHO—CTCHGHHI)IG
paciipcacjacHuA

Iycth 0 < o < 2. DKcnoHeHyuanbHO-cmeneHHvIM
pacnpedeneruem (0000ueHHbIM pacnpedenenuem Jlania-
ca) Ha3bIBaeTCs aOCOJIOTHO HEIPEPBIBHOE pacrpese-
JIEHWe BEpOSITHOCTEl, 3ajaBaeMoe JIeOeroBoil IIOT-
HOCTbIO

o) = oy

—o<zr<oo. (1)
YT0OBI YIIPOCTUTH 0003HAYCHUS W BBIYUCIICHUS, 31€Ch
U ganee B mpencTaBieHuu (1) ucmonab3yercss emuH-
CTBEHHBI IapaMeTp «, IIOCKOJbKY HMEHHO 3TOT
MapaMeTp SBJISIETCS B OINpPENeIEHHOM CMBbICE XapakK-
TEPUCTUYECKUM U OIpenesieT GopMy SKCIOHEHIIU-
aJbHO-CTETIICHHOTO pacmpenenenus. Ilpy a = 1
cooTHoleHue (1) ompenensieT KiacCuueckKoe pacrpe-
neneHue Jlariaca ¢ HyJeBbIM CpeIHUM U JUCTIepCUeii 2.
IIpu o = 2 cootHomeHnue (1) ompenensieT HOpMasb-
Hoe (rayccoBO) pacrpeieieHUe C HyJIeBbIM CPEITHUM U
mucriepcueit 1/2.

Knacc pacnpenenenuii (1) OblT mNpenioXeH U
nzydyeH M. @. Cyo6otunbim B 1923 1. [1]. Hapsiny ¢ Tep-
MMHOM 0000ujesHoe pacnpedenenue Jlanaaca, BOCXOIsI-
IIMM K OpUTUHAJIbHOI padote [1], 11st pacripeneaeHus
Buaa (1) UCIIONB3YIOTCS T10 KpaitHelt Mepe YeThIpe Apy-
rux TepmuHa. B yactHocTH, B [2] 3TO pacnpeneneHue
Ha3BaHO 3KCHOHEHUUAAbHO-cmeneHHbiM, B [3] 1 [4] oHO
Ha3BaHO 0000uieHHbIM pacnpedenenuem ouubok, B [5]
UCTIOIb3YeTCsI TEPMUH 0000UjeHHOe NOKA3amenbHoe pac-
npedenenue, TOraa Kak B paborax [6] u [7] aTo pacrpe-
JIeJICHUE COOTBETCTBEHHO HAa3BaHO 0000UeHHbIM 2ayc-
co8blM U 0000ueHHbIM HOpmanavhuiM. PacnipeneneHust
tuna (1) mMpoKo UCTIONIB3YIOTCS B 0alieCOBCKUX MOJIE-
JISIX ¥ pa3HOOOPa3HBIX MPUKIIAAHBIX 3a/la4aX OT acTPO-
HOMUU 10 00pabOTKU CUTHAJIOB U M300paXkKeHUIA.

B pab6ote [8] 6buTO 3aMeuyeHO, uTo Npu 0 < @ <
< 2 pacrnipenenenusi Buga (1) mpencraBuMbl B BUIE
MacInTaOHBIX CMeceil HOPMaJTbHBIX 3aKOHOB (3TOT pe-
3ynprar Takke uutupyercs B [9]). Ilycte Goo(z) u
Ja,0(T) — COOTBETCTBEHHO (DYHKLMS pacnpenesieHus
Y TJIOTHOCTh CTPOTO YCTOMYMBOIO 3aKOHA C XapakTe-
PUCTUYECKUM TIOKa3aTeIeM v M TTapaMeTpoM O, orpe-
JiesisieMble XapaKTepUCTUUECKOU (PyHKIIMEeH

*Pabora nmomaepxana PoccuiickuM oHI0oM hyHIaMeHTaIbHBIX MccenoBaHuii (mpoekTsl 11-01-00515-a, 11-07-00112-a, 12-07-00115-a).

'Parexel International, maria-grigoryeva@yandex.ru

2Maky/IbTeT BHIYUCIUTEIBHON MATEMATHKN U KMOEPHETUKM MOCKOBCKOTO TOCYIapCTBEHHOTO YHUBepcuTeTa M. M. B. JIoMOHOCOBa;
WMHcrutyt npobaem uHdopmaruku Poccuiickoii akagemuu Hayk, victoryukorolev@yandex.ru
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O cxoaumocTu pacnpez[eneHI/Iﬁ CHY‘IaﬁHBIX CYMM K CKOHI€HHBIM 3KCITOHEHIINAJIbHO-CTCIICHHBIM 3aKOHaAM

gos(f) = exp {—|t|a exp {—

0
27;asignﬁ}}, teR,

me 0 < a < 2, |0] < 0, = min{l,2/a — 1} (cm.,
Harpumep, [10]). IMTomoxum

(07 ™ goz/Q,l(Z)
h, = — _ e 2 ;
2 =\ T s 220
ha Q(Z_l)
Way2(2) = /T =
~1
- T Jas2a2 ), z2>0.
T/a\ 2~ -3

HecnoxHo y6enuthest, uto hg j2(2) M wg j2(2) — M10T-
HOCTH pacripesiefieHus. byaem cuuTarb, 4TO BCE CIy-
yaiiHble BEJIMYUHBI, YITOMUHAEMble B JJaHHOW CTaThe,
3alaHbl Ha OTHOM M TOM € JOCTaTOYHO OoraTom
BEPOSTHOCTHOM TipoctpaHcTBe (2,2, P). CumBon <
0003HaYaeT coBMafieHue pacrpeneaeHuit. Ecim V,, /o
u U, /2 — HEOTpULIATebHbIE a0COMIOTHO HENpPEPhIB-
Hbl€ CJTydYaiiHble BEIMYUHBI C TUIOTHOCTAMM g 2(2) 1
Wa/2(%) COOTBETCTBEHHO, TO JIETKO BUIETh, YTO

1
Voz/Q .

1

Ua/2 (2)

Xopourio M3BECTHO, UTO €CIU (9 — CiydaiiHas
BeJIMYMHA C YCTOWYMBBIM pacrpelneieHueM, COOTBET-
CTBYIOILIMM XapaKTepUCTUYECKOH GYHKUMU gq,9, TO
E|Ca0|P < oo pstmoboro p < a (cM., Hanipumep, [10]).
[MosToMy M3 ompeneneHus: IIOTHOCTU N, /2(2) BbITE-
KaeT, uTo EVO’;/2 < oo ms moboro p < (a+1)/2, a
CJIeI0BaTeNbHO, U3 (2) BBITEKAET, YTO EUg /2 < 00 1A
moboro ¢ > —(a+1)/2.

DYHKIMK  pacripefe/ieHus, COOTBETCTBYIOIIME
IWIOTHOCTAM £ (Z), hay2(2) M wa 2(2), OyayT o6o-
3HAYaThCS COOTBETCTBYIOIIMMH 3aTJIABHBIMU OYKBaMM:
Lao(x), Hyyo(2) 1 Wy o(2). CranmapTHast HOpMasib-
Hasl pyHKIMS pacrpeneiaeHus (o« = 2) U ee MIOTHOCTb
Oy/IyT COOTBETCTBEHHO 0603HauaThest P(x) u p(z):

p(r) = VoS ;

Jlemma 1. IIpu 0 < o < 2 3KCHOHEHYUANbHO-CIENeH-
Hoe pacnpedenenue (1) seasiemes macumadHol cmecoio
HOPMAAbHBIX 3AKOHO8:

Lo (z) /<I> (2vz) dHy)o(2), o€ R;
0

Lao(2) :/OO@ (%) AW, 5(z), z€R.  (3)
0

Jdoka3zaTtenbcTBO CM.B[8] unu [11].

B pa6ote [11] mokazaHo, 4TO pacripeaeaeHus BU-
na (1) MoryTt BbICTynaThb B KauyecTBe IMpeAebHbIX 3a-
KOHOB B JIOBOJIbHO MPOCTBIX MPEACIbHBIX T€OpEeMax
JUJISI CyMM CJIyYallHOTO YMCJla HE3aBUCUMbIX OJIMHAKO-
BO pacnpeie/IeHHbIX CJIy4ailHbIX BEIUUMH U CTATUCTUK,
MOCTPOEHHBIX MO BbIOOPKAM cllydyailHOro oobema, U,
Kak CcJeACTBUE, OOOCHOBAHO UX MPUMEHEHHEe B Kaye-
CTBE ACMMMTOTUMYECKUX aAlMpPOKCUMALIMIA I CTaTh-
CTUYECKUX 3aKOHOMEPHOCTEN B MPUKIIAIHbIX 3a7a4ax.
B naHHOI1 cTaThe BBOAUTCS HECUMMETPUYHOE PACIIIM-
peHue kjacca pacripeneneHuii (1) m moxkasbiBaloTCs
TeOpeMbl, yCTaHaBJIMBAIOIIME KPUTEPUU CXOAUMOCTHU
pacrnpeaeseHui ciiydyailHbIX CYMM K HECUMMETPUYHbBIM
9KCITOHEHIIUATIbHO-CTENIEHHBIM 3aKOHAM M CKOPOCTb
3TOM CXOIUMOCTH.

2 CKoOllleHHEBIE
3KCIIOHEHIIMAJILHO-CTETIEHHbBIE
pacnpeaejieHusI

Bce pacnpenenenus suna (1) cummerpuunsl. Pac-
CMOTPUM €CTECTBEHHOE HECHMMETPUYHOE pacIIupe-
Hue kiacca pacnpeaeneHuit Buaa (1). C aT0i1 uenbio
HCIOJIb3YeM TTOAXO, aHAJTOTUYHBIN TOMY, C TIOMOIIIBIO
kotoporo B 1977 r. O. bapHaopdd-HuiabceH BBen
KJacc OOOOIIEHHBIX TUIEPOOJIMYECKUX pacrpeese-
HUI KaK KJIacC CMeIMaJbHBIX TUCIIEPCUOHHO-CIBU-
TOBBIX cMeceil HopMaJibHbIX 3aKOHOB [12]. OcHoBOI1
JIJISL COOTBETCTBYIOIIMX PACCYKACHUM SIBJISICTCS TIpeli-
crapyieHue (3).

Iyctb o € (0,2], 1 € R. CrowenHbiM 3KCROHEHUU -
ANbHO-CMeneHHbiM pacnpeoenenuem (CKOuleHHbIM 0000-
weHHbIM pacnpedenenuem Jlanaaca) ¢ mapameTpom hop-
MBIl v U TTapaMeTPOM CKOIIIEHHOCTU (aCUMMETPUM) i
Ha30BeM pacIipeieieHue BepOsSITHOCTeH, (QYHKIIMS
pacripeie/ieHUs KOTOPOTO UMeeT BUJL

o0
Lo () = /<I> (M> AW,ya(2), €R. (4)
Vz

0
dopmainbHO B cMecH (4) cMelMBaHUe MTPOM3BOIUTCS
10 000MM IapaMeTpaM HOPMaJIbHOTO pacIipeIe/iCHHS.
OmHaKo 3a CYeT TOTO, UTO TU IapaMeTPhI B TIPEICTaB-
JieHun (4) XecTKO CBsI3aHbl U MaTeMaTUYECKUE OXM-
JIaHus (CIBUTM) CMEIIMBAaeMbIX HOPMaJIbHBIX 3aKOHOB
B (4) OKa3bIBaIOTCS MPOMOPIIMOHAIBHBIMU Jucnepcl-
am, dakTudecku B (4) cMelIMBaHUE TIPOU3BOIUTCS
0 00HoMYy TIapaMeTpy. B cmiry aToro odcrosTenbcTBa
bapunopdd-Hunbcen u ero kojieru Ha3Baaiud CMe-
cu Buaa (4) ducnepcuonno-cosueosvimu (variance-mean
mixtures) [13].
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Ecnu X — ciyyaiiHas BeIMYMHA CO CTAaHAAPTHBIM
HOPMAaJIbHbIM pacnpeie/ieHueM, He3aBUCUMast OT CIy-
JaiiHoi BeJau4MHbI U, /2, BBENCHHOW paHee, TO, Kak
HECJIOXKHO BUAETb, DYHKIMS pacnpeneneHus: Lq ()
(cM. (4)) COOTBETCTBYET CJIy4yaliHOW BEJTUYMHE

Zoz,p, =X Ua/2+HUa/2'

Haiinem MOMEHTBI cilydyallHOW BEJIMUYUHBL Z, ;.
C oToli 1enblo CHavyajla BBIYMCIUM MOMEHTBI CIIy-
yailHo! BemuuuHbl Uy /o, Ilpu g = 0 umeer mecto
COOTHOIIIEHUE

d
Zao=X1/Uqyya.
ITpu 5TOM U3 HE3aBUCUMOCTH CIYyYalHBIX BETUYUH X
u U, /2 BBITEKAET, 4TO Uit Kaxaoro k € N

EZ2Y, = EX?*-EUL ,

W3 (1) HeclIoxKHO BUAETh, YTO

o0

_ «
/x%e 21% gy =
0

/$(2k+1)/a—1e—|x| do —
0

EZ aO_

’—J

(
7 T((2k + 1)/a)
L(1/a)

C 1pyroii CTOPOHBI, KaK M3BecTHO, EX 2k =
[MosTomy st moboro k € N

(2k — 1)1L.

CEZY  T(2k+1)/e)
TEXZ* T (2k—DND(1/a)’

EUY

Takum ob6pasom,

pr(3/a)

EZau = pEUy 2 = T(i/a)

30(3/a) + p’I'(5/ax) |

EZ?  =E 2EU2? ,, =
o = Elas2 + 1Bz sC(L/a)
EZ) = 3uEUZ o + p’EUS 5 =
_15ul(5/a) + p’T(7/a)
N 150 (1 /) '
EZ, , = 3EUZ 5 + 6u°EUS 1o + p'EU, 5 =
~ 105I'(5/a)) 4 424°T(7/) + pu'T(9/ )
B 1057 (1 /) '
O0603HaUUM
EUq/2 3r(3/a)'(1/ )
AUO[/Q = = D)
DUsso T(1/a)l(5/a) = 3[I'(3/a)]

Torma xo3dULMEHTH aCUMMETPUM (CKOIIIEHHOCTH)
k3(Z) u akcuecca k4(Z) (OCTPOBEPIIMHHOCTH) CIy-
YyailHOIi BEJIMUMHBI Z NIPUHNUMAIOT BUJ;

E(Z -EZ)?
HB(Z) = ( 3/2) =
(DZ)
3DUvoz/Z + /’L2E(Ua/2 - EUa/2)3 _
= =75 =
(EUa/Z + ,U2DU0¢/2) /
. N’€3(Ua/2)
(W2 + AU, /2)3/2 ’
o 4
iz EZ-ED)'
(DZ)
B 1 EU2/2
(/’42 + AUvoz/Z)2 (EUa/2)2
K3(Ua
+ FsUas2) + 12ka(Uas2) | |+ (5

\/DUq /2

rae k3(Uqyy2) M k4(Uq j2)— COOTBETCTBEHHO KO DU-
LUEHTHI ACUMMETPUHU U DKCLECCA CIyYauHOU BEJIMYU-
HbI Uy /3!

E(UQ/Q — EUQ/2)3
K. Ua == =
3 ( /2) (DU /2)3/2

=ﬂr<g>rr<—>—wr<

#EE R Q-

()] (2)-

)/ (eolr (e (2)-
SO

—
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O cxoaumocTu pacnpez[eneHI/Iﬁ CHY‘IaﬁHBIX CYMM K CKOHI€HHBIM 3KCITOHEHIINAJIbHO-CTCIICHHBIM 3aKOHaAM

Ecnu i = 0, To cMech (4) SIBAsIETCSI YMCTO MacIlTad-
Hoit. U3 (5) BUOHO, 4TO B TaKOM ciyvae r4(Z) > 3,
T.e. 1pu 0 < a < 2 3KCINOHEHLMAIbHO-CTETIEHHbIE
pacnpenenenus Buaa (1) Bceraa uMeroT 60see OCTpylo
BEpIINHY 1, COOTBETCTBEHHO, 00JIee TSIXKeJble XBOCTHI,
HEXXeJM HOPMaJIbHOE pacrpeieieHue.

3  Kpurepuii cxooumMocTu
pacIripeieIeHUM CIIy4allHbIX CYMM
K CKOILIEHHBIM
SKCMOHEHIMAIbHO-CTEIIEHHBIM
pacrpeaesieHUsIM

Myctb { X, j}j>1, n = 1,2,... — ceMeiicTBO MO-
CJIeIOBaTeIbHOCTE OOWHAKOBO pacIipelieJICHHBIX B
KaXXI0l MOoCienoBaTeIbHOCTU (MPU KaxXaoM (UKCH-
POBaHHOM 7)) ciTyyaiiHbIX BeanuuH. [1yctb { Ny, }r>1 —
MOCJIeIOBATEIbHOCTD LIEJIOYMCIEHHBIX HEOTPUILIATE b~
HBIX CIYJalHBIX BEJIMUYMH TaKUX, YTO TPU KaxKIOM
n > 1 citydaiinble BeIWYUHBL Ny, X, 1, X5, 2, . .. HE3a-
BucuMel. [Tomoxkum

Sn,k :Xn,l + +Xn,k

Bo uzbexaHue HemopasyMeHU moyiaraeM Z?Zl = 0.
CumMBosn = OyzmeT 0603HayaTh CJIa0yl0 CXOAUMOCTH
(cxomumocTh MO pacnpeneneHuo). Besne nanee cxo-
JIUMOCTb OY/IET MOAPa3yMeBaThCs MPU 12 — 0O.

Kak mokaszano B [14], nucnepcrOHHO-CIBUTOBbIE
CMecH HOPMaJIbHBIX 3aKOHOB BUIA (3) OKa3bIBAIOTCS
MISHTUDULIHPYEMBIMH, TIOCKOJIBKY TIPU KaXKIoM (DUK-
CUpPOBaHHOM 4 € R oHOMMapaMeTpryecKoe CeMecTBO
pacnpenenenuit {® ((z — pz)/v/z): z = 0} aBasercsa
alIMTUBHO-3aMKHYTBhIM. B ctatbe [14] mokasaHo cie-
nytoliee obiiee yreepxkaeHue (cM. takke [15]).
Teopema 1. Ilpednonoscum, umo cywecmeyrom nocae-
dosamenvrocms Hamypanvulx uucen {kytn>1 U 4ucio
w € R makue, umo

P(Snk, <) = ®(x—p). (6)

IIpeonononcum, umo N,, — oo no eeposmuocmu. s
mMoeo umobbl umensa Mecmo cxo0uMoCmy pacnpeoeseHuil
CAYHAUHBIX CYMM K HEKOMOPOU QyHKuuu pacnpedenenus
F(z) :

P(Sh N, <) = F(x),
HeobxXo0umMo u 00Cmamo4Ho, Hmoobbvl Cyuecmeosand
@yuryus pacnpedenenus Q(x) makas, 4mo

T — pz
Vz
P(N, < zkp,) = Q(z).

Q(0) =0 F<x>=7¢>( ) dae);
0

3ameuanue 1. YcioBue (6) BBITTOIHSIETCS B CIIEIYIOIIEH
JIOBOJIBHO 00111l cuTyauu. [1peanoaoxum, 4To ciuy-
YaiiHble BEJIMUYMUHBI X, j UMEIOT KOHEYHBIE TUCTIEPCUM.
Taxxe IMpeAnoNok1M, YTO BEIMYUHBI X, j MOTYT ObITh
MIpeACTaBICHEI B BUIE

X’ﬂ’j = X;:,j + pn

e i, € R, aX;J- — CcllyJaiiHasl BeJTMYMHAa C EX;J =0,
DX ; = 02 < oo, Tak ut0 EX,, 1 = i, u DX, 1 =
= o2. Ilpeanonoxum, 4to p,k, — a u k,o2 — 1
npu n — oo. Torga BCIEACTBUE XOPOIIO M3BECTHOTO
pe3ysibTaTa 0 HEOOXOAUMBIX U JOCTATOYHBIX YCIOBUSIX
CXOIMMOCTU K HOPMaJIbHOMY 3aKOHY pacripe/ieieHui
CYMM HE3aBHCUMBIX CTYYailHbIX BEJIMYUH C KOHEYHBI-
MM JUCIIEPCUSIMU B CXeMe cepuii (CM., Harpumep, [16]),
MOXHO 3aMETHUTh, UTO COOTHOILIEHUE (6) UMEEeT MECTO
TOT/Ia ¥ TOJILKO TOT/Ia, KOT/1a BBITIOJIHEHO ycioBue JInH-
nebepra: 11s ioboro € > 0
Tim kB )?H(1X | > €) =0

(3mech [(A) — wHaMKaTtopHas GYHKIMS MHOXECTBA
(cobbiTust) A), T. €. KBapaTUYHBIE XBOCTHI pacIipeesie-
HUI cliaraeMbIX JOJKHBI YObIBATh TOCTATOUHO OBICTPO.

Cuencrsue 1. IIpeononoxcum, umo cyujecmeyiom nocae-
dosamenvrocmo namypanvhoix uucen {kp}n>1 U uucio
uw € R makue, umo umeem mecmo cxodumocmo (6).
IIpeononoxncum, yumo N,, — oo no eeposmuocmu. s
mMo2o umoobbl umend Mecmo cxooumMocms

P(Su,n, <) => La,u(2), (7)
Heobx00uUMo u docmamouto, 4moobl

P(Nn < zky,) = Wy 2() . (8)

3ameuanue 2. B coorHomeHusix (6), (7) u (8) mpe-
JeabHble GYHKIIMK paciipeneaeHus HerpepbiBHLI. [1o-
5TOMY B 3TUX COOTHOILIECHUSX CXOIMMOCTbD ITO pacIipe-
JIEJICHUIO SKBUBAJICHTHA PAaBHOMEPHOM CXOIMMOCTH
byHKIMIT pacTipeaesieHNs.

4  OLIEHKU CKOPOCTHU CXOJIMMOCTU
pacIipeieIeHUM CIIy4anblX CYMM
K CKOIIIEHHBIM
DKCIOHEHIINAJIILHO-CTETIEHHBIM
3aKOHaM

B nanHoM pa3zjeisie OyaeT MCnoab30BaThCsl CIEeLM-
ajibHas ¥ JIOBOJIbHO €CTeCTBEHHAsl KOHCTPYKIIUS CITy-
YaiiHbIX OJIYXXIaHWUH, YAOBJIETBOPSIOLIAS KOMILIEKCY
YCJIOBUIA, YKa3aHHOMY B 3aMeYaHuM 1.
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Ilyctb &71,&2, ... — He3aBUCHUMbIE ONMHAKOBO pac-
MpeaesieHHbIe CayJaiiHble BeJMUYMHbI ¢ ES; = 0, 0 <
< D& =1,3 =E[&]? < 00, a € R, n — HaTypabHOE
YUCIIO.

TTonoxum

Xn,j - g_j

SI=

9

5

B TepMuHax ciydaitHbIX OTyXXIaHUI CIydaiiHbIE BeJIU-
4YUHBbI X, j, ONpeNeNIEeHHbIe COOTHOLIEHUEM (9), MO-
I'yT OBITh MHTEPIIPETUPOBAHBI KaK 2JIEMEHTAPHbIE MPU-
panieHus Tpoiiecca, Ipyu 3TOM paccMaTpuBaeMasi ux
KOHCTpyKIUs (9) mpearnonaraeT 00uHakogulii nopsadok
manocmuy dJIEMEHTApHBIX TPEHIOB U ducnepcuii, 4TO
XapakTepHO, HANpUMeEDp, AJIs1 MPUPALIEHUI BUHEPOB-
CKOTO Tpoiiecca co cHocoM. O003HauYMM

n 1 n
STL:ZXW,,J' :ﬁjz::l£]+ﬂ

J=1

B cuny kimaccuueckoii ieHTpaabHO MpeaeabHOl Teo-
peMbl UMeeM

lim sup |P(S, < z) — ®(x — u)| =0,

n—oo ’EER
T.€. TaK OMNpeleJeHHbIe CydaiiHble BETUYUHBI X, ;
YIOBJIETBOPSIIOT yCIIOBUIO (6) € k;y = M.

B xnure [17] u ctatbax [18, 19] npennoxeHo mo-
JIETUPOBATh SBOJIIOLINIO0 HEOTHOPOIHBIX XaOTUIECKUX
CTOXaCTUYECKMX IPOLECCOB, B YACTHOCTH JAMHAMUKY
1IeH (pMHAHCOBBIX aKTMBOB, C IOMOILbIO 000OIIEH-
HBIX IBaK/Ibl CTOXaCTUYECKHUX ITyaCCOHOBCKUX ITPOLIEC-
coB (000011eHHBIX MpoleccoB Kokca). DToT moaxos
TTOJIyYJI JAOTIOTHUTEIbHOE O0OOCHOBAaHME U Pa3BUTHE
B [20—23]. B pabGotax [23, 24] TOT nmoaxoxd yCIelIHo
MPUMEHEH K MOJIEJIMPOBAHMUIO MPOLECCOB IJIa3MEH-
HOI TYpOYJIEHTHOCTU. B COOTBETCTBUU C yKa3aHHBIM
IMOAXOIOM ITOTOK MH(MOPMATUBHBIX COOBITUII, B pe-
3yJIbTaTe KaxXJI0TO U3 KOTOPBIX MOSIBIISIETCS OUePeTHOE
«HaAOJIIOZICHHOE» 3HAUYeHWE paccMaTpUBaeMoil Xxapak-
TEPUCTUKM, OIUCHIBAETCS C TIOMOIIBIO TOYEYHOI'O CIIy-
yaiiHoro mnpoiiecca Buna M (A(t)), tne M (t), t > 0, —
OIHOPOJIHBIA MyaCCOHOBCKUM IIPOLIECC C €AMHUYHOU
WHTEHCUBHOCTEIO, a A(t), t > 0, — He3aBUCUMBII OT
M (t) cy4aifHBIT TIpoIIecC, 00IANAIOIINN CIIE YOI -
mu coiictBamu: A(0) = 0, P(A(t) < o0) = 1 mis
mo6oro ¢ > 0, TpaekTopuu A(t) He yObIBAIOT U HeMpe-
pbiBHBI ciipaBa. [Iporiecc M (A(t)), t > 0, Ha3biBaeTCst
JIBaKIbI CTOXaCTHYECKUM ITyaCCOHOBCKUM ITPOIICCCOM
(mpotreccom Koxca). B wactHocTu, eciu nipotrecc A(t)
JIOITyCKAET IPEICTaBICHIE

t

A(t):/)\(T)dT, t>0,

0

B KOTOPOM \(t) — IMOJOKUTEbHBIN CYYaitHbIA MPO-
LIECC C MHTETPUPYEMbIMU TPACKTOPUSIMU, TO A(t) MOX-
HO MHTEPIPETUPOBATh KAK MITHOBEHHYIO CTOXaCTUYE-
CKYIO MHTEHCUBHOCTH Tpoliecca Kokca.

B cooTBeTcTBUM € TaKOW MOMAENBIO B KaXIbIi MO-
MEHT BPEMEHMU ¢ pacIpeacieHue CIy4YauHOU BEIMYU-
Hbl M (A(t)) sIBAsieTCSI CMELIAHHBIM TTyaCCOHOBCKUM.
C npakTU4eCKOM TOYKU 3pEHUs ISl OTIMCAHMS CTaTH-
CTUYECKUX 3aKOHOMEPHOCTE TOBEIEHUS] MHTEHCUB-
HOCTU MTOTOKA MH(OPMATUBHBIX COOBITUMN YIOOHO KC-
M0JIb30BaTh TaKyl F'MOKYIO MOJe/b, KaK 000011eHHOe
obpaTHOe rayccoBcKoe pacripeaeieHue. s 6onblieit
HaIJISIIHOCTY PACCMOTPUM CIydaii, KOTia B pacCMaTpy-
BaeMOl Mojie/iu BpeMs ¢ ocTaeTcsl (PUKCUPOBAHHBIM,
a A(t) = nU,/2, TO€ N — BCIIOMOraTe/IbHbIA Mapa-
MeTp; Uy, /2 — BBEIEHHAsl BbILIE CllydaiiHas BeIMYMHA,
VIMEIOILAsl TUIOTHOCTb PACTpeNeeHus Wy /2(T), He3a-
BHCHMasl OT CTaHIAPTHOI'O ITyaCCOHOBCKOTO Mpoliecca
M(t), t > 0. [1pu 3TOM aCUMINTOTHKA 1 — OO MOXKET
WHTEPIPETUPOBATHLCS KaK TO, YTO (ClTydaiiHasi) UHTEH-
CHUBHOCTb MTOTOKA MH(POPMATUBHBIX COOBITUI CUUTALET-
Cs1 OYEeHb 0OJIBILIONM, a TIPY UCITOJIb30BAHUU OJO0OHBIX
MoJeseil B 3amadyax (pMHAHCOBOI MaTeMaTUKHU pac-
npejesicHne ciyJyaHon BenuduHbl Uy o NOBOJIBHO
€CTeCTBEHHO OTOXJIECTBJISIETCSI CO CTaTUCTUYECKUMU
3aKOHOMEPHOCTSIMU TIOBeleHUs (CIyJaifHO#l) Boja-
TUJILHOCTH. JIJT5T KasKI0TO HATYPaJTbHOTO 1 TTOJIOXKUM

No =M (nUy)2) -

OueBUIHO, YTO TAK ONpeAeIeHHAs CIydaiiHasl BEIMYU-
Ha N, MMeeT CMEIIaHHOe MyaCCOHOBCKOE pacIipese-
JICHUE:

P(N, =k) =P (M(nUy,j2) = k) =
3 k
:/e*m%waﬂ(z)dz, k=0,1,... (10)
0

O6o3HaunM A, (z) = A, (z;v, u, A) = P(N, < nz),
z > 0 (A,(z) = 0 mpu z < 0). HecioxHo BUIETH,
uto A, (z) = Wy 2(2) (cm., Hanpumep, [15]), T.e.
TaK oImpeneJeHHbIe CayvyaiiHble BEIWYUHBI [N, yIO-
BJIETBODPSIOT ycioBuio (8) ¢ k, = n. Bnpeap Oynem
CUYUTATh, YTO IPU KaXIAOM n > 1 cayJaitHas BEJINIM-
Ha N,, He3aBUCKMMa OT MOCJIEN0BATeIbHOCTU {&;}i>1,
YTO rapaHTUPYeT HE3aBUCUMOCTD CIIyYalHbIX BETMYMH
Nn7 Xn,l; Xn,Q; o

Takum o6pa3om, B CHUIy HENIPEPBIBHOCTU (PYHKIIUU
pacnpenenenust W, /o () U3 ceACTBUSA | BHITEKAET, 4TO

N,
D,, =sup|P ZXn,j <z | = Lau(x)
z€R j=1

—0 (n — )

(cM. 3amevaHue 2).
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CKopocTb cTpeMJieHus: D,, K HyJI0 ONUCHIBACTCS
CJIEMYIOIIUM YTBEPXKICHUEM.

Teopema 2. /[1s ar06020 n > 1 cnpasedauga oueHka

3 12
a p
— +0, 1210—

I'(1/e) vn
JdokazartenbcTBO. Kak yxe OblJIO TOKa3aHO, pac-
npeaejaeHue cilydaiiHOU BeIUUUHBI NN, SIBJISIETCS CMe-
LIaHHBIM ImyaccoHOBCcKUM (cM. (10)). CraenoBaTenbHO,
o Teopeme PyouHM

Nnp
> Xnj<az|=P
=1

< 0,5681

M(nUqy2)

Z Xp;j<zx| =

e M(nz)
:/P Z Xnj < | we(z)dz.
0 i=1
I1pu aTom
_Popx. L _ex, o
EX, ;= o DX, ;= . E|X,,;, —EX,;|° = TR

Takum 06pazom, Tpu KaxaoM z € (0, co)

M(nz)

E Z Xnj = pz
j=1

M(nz) M2 1 M2
D Xn: e — = ]_ —_ .
> o= () = (1)

W3 (10) BeITEKAET, UTO

710&/2(2)
0 J

T — Uz

z(l—f—uz/n)) e ( z(l—i—uz/n)) -
o)

0 M(nz)

z/wa/g(z)sup P Z Xnj<z| -
0 ’ 7=1
—@(—m_’“‘z )’dz;
z2(14 p?/n)
()
z(1+ p?/n)

ne

D,, = sup
xr
_q,<

rae

<hi+1x, (1)

oo

:/wa/g sup

0

dz .

B nanbHeiiieM nmoHagoOUTCS Clenymollee yTBepxKie-
HMUE.

Jlemma 2. [lycmo cayuaiinoie geauvunsr X, Xo, . ..
odunakoeo pacnpedenensvl. Ilycmo Ny — nyaccoHogckas
cayuaiinas éeaununa ¢ napamempom A > 0. Ilpednono-

acum, umo cayuainvle geauuunvl Ny, X1, Xo, ... He3a-
sucumvl 6 cogokynvocmu. Q603Havum
S=X1+--+Xn, .
Toeoa
—ES
sup [P(S) <z)— @ -2 <
z DS,
0,4532 E|X; — EX,®
< .
VA (DX,)*/?

Hdoxka3aTeJlbCTBO JIeMMbl 2 MPUBEICHO B pado-
Te [25] (cM. Takke [9, c. 144]).

ITponomkum nokazareabcTBO TeopeMbl 2. PacecmoT-
pum I. [1pumeHss remmy 2, noaydaem

b/ (2)
33

_ B ey
= 04582 = EU, ",

I <0,4532

o=

(12)

Jemma 3. /[ns ar060eo o € (0, 2]

S ——
Uasz I'(1/a) \/ 2

Jdoka3zatenbcTBO cM. B [11].

ITponosxuB (12) ¢ yueTom JeMMBbI 3, MOJYyYUM
o B
I'(1/a) vn'

Paccmotpum . B nanbHeitlem moHamo0UTCs ele
OJIHO BCIIOMOTaTeIbHOE YTBEPXKICHHUE.

I < 0,5681

Jlemma 4. ITycmb b € R, 0 < ¢ < 00, 0 < d < o0. Toeda

1 1
sup |®(y) — P(cy)| < max{c, —} —1f; (13)
Y 2me c
d
1+d—-1< 7" (14)
DeMeHTapHOe  J1O0Ka3aTeJbCTBO  Hepa-

BeHCTB (13) u (14) MOXHO MOJY4YUTh, HAIPUMEp, C
rnmomolibio popmyssl Jlarpanxa.
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IMponomxum gokKaszaTenbCcTBO TeopeMbl 2. B nem-
Me 4 TT0JI0KUM

Lo HE c=/1+

Torma ¢ > 1 u B cuny yrBepxneHust (13) nemmbl 4
MMEeM:

1
1+5 1
2me n

I, <

ITpu aToM B cuny yrBepxkaeHus (14) nemmel 4

OKOHYaTeNbHO TOJy4aeM

HQ
Ih < ——.
= 2V2me-n

IMoncrasnas (12) u (15) B (11), monydyaem yTBepXKIeHNE
TeopeMbl. Teopema JoKa3aHa.

(15)

Jst ciayyass CUMMETPUYHBIX SKCIMOHEHIIMaIbHO-
CTETIeHHBIX pacrpeaeneHuii (1. e. 4 = 0) OLleHKY, Ipe-
CTaBJICHHYIO B TeOpeMe 2, MOXHO YTOUHUTh HE TOJIBKO
3a CUET TOTO, YTO B TAKOM CJIydyae OOHYJISIETCSI BTOPOE
caraemMoe B TIpaBOi YacTH, HO U 32 CYET YMEHbBIIIEHUSI
KoahGULIMeHTa ITpU IepBoM ciaaraeMoM. B padore [11]
C UCTTIOJIb30BAHMEM O1IEHKM TOYHOCTU HOPMAJIbHOM ar-
MPOKCUMAlIMU JJI51 TyaCCOHOBCKMX CYMM, MOJYY€HHOM
B [26] B TepMUHAaX HayaJbHBIX MOMEHTOB, IOKA3aHO
cienyiolliee yTBepKIeHue.

Teopema 3. /Tycmb 6 donoanenue K ycaosusm meopemol 1
w=20. Toeoa
« 33

D, <0,3812————— .
T (1/a) vn
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Abstract: An extension of the class of exponential power distributions (also known as generalized Laplace
distributions) to the nonsymmetric case is proposed. The class of skew exponential power distributions (skew
generalized Laplace distributions) is introduced as a family of special variance-mean normal mixtures. Expressions
for the moments of skew exponential power distributions are given. It is demonstrated that skew exponential power
distributions can be used as asymptotic approximations. For this purpose, a theorem is proved establishing necessary
and sufficient conditions for the convergence of the distributions of sums of a random number of independent
identically distributed random variables to skew exponential power distributions. Convergence rate estimates are
presented for a special case of random walks generated by compound doubly stochastic Poisson processes.
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OBPALIEHWNE COEPUYECKOI'O ITPEOBPASOBAHHMA PAJIOHA
B KJIACCE IMCKPETHBIX CIYYAMHBIX GYHKI NI

O. B. Illecrakos!, M. I Kysneuosa?, . A. Cagosoit®

AnHotamua: PaccMoTpeHa 3amadya BOCCTAHOBJICHUSI BEPOSITHOCTHBIX pacIpede/IeHUI CIlydailHbIX (DYHKIIWIA 110
pacrpeneneHusIM chepruIecKUX MPOSKINiA, OMMMCHIBAIOIINX JaAHHBIC B HEKOTOPBIX BUAAX TOMOTpahUIeCKUX SKC-
MEepUMEHTOB, BKJII0UYasl TEPMOAKYCTUUYECKYIO TOMOIpaduio, ONTOAKyCTUYECKYI0 TOMOrpachuio U paanuoJI0KalKIo.
3amaun mMogoOHOro poaa BO3HMKAIOT B CUTYallUsIX, KOTJIA MCCIEAyeMbIii OOBEKT MOXET CIyJallHbIM 00pa3oM
MEHSITh CBOIO CTPYKTYPY B IPOLIECCE PETUCTPALIMM MTPOESKIIMOHHBIX TaHHBIX. DTO MPUBOIUT K HEBO3MOXHOCTU
KCTIOJIb30BAHUS TPAAUIIMOHHBIX METOIOB BBIYMCIUTENbHOM ToMorpaduu. [Ipeamnonaraercs, 4yTo ciydailHbI
00BEKT MOXET UMETh He 00Jiee CYCTHOTO YMCiIa CTPYKTYPHBIX COCTOSIHMI, KaXI0e M3 KOTOPBIX OMUCHIBACTCS
MHTETpupyeMoit (pyHKIIMEl ¢ KOMITAKTHBIM HOcuTeleM. [IJ1sl TaKoro IMCKPETHOTO Kjlacca CyYailHbIX (yHKIN
JI0Ka3bIBAETCSl B3aMMHO OJIHO3HAYHOE COOTBETCTBUE MEXKJY PACIPeIeICHUEM CIIydyaiiHOM (DyHKLIMU U paclpese-
JICHUSIMM €€ TIPOCKIINIA ¥ pa3pabaThIiBacTCsl METOI BOCCTAHOBJICHUST, OCHOBAHHBIM Ha CBOMCTBAX TaK Ha3bIBa€MBbIX
MOMEHTOB IpoeKiuii. Takke uccieaoBaHa yCTOMYMBOCT pa3pabOTaHHOIO METOa K MTOIPELTHOCTSIM 1 ITOKa3aHo,
YTO METOJ JaeT aJieKBaTHbBIC PE3YJIbTaThl B CydasiX, KOrna MpoeKIMOHHbIC TaHHbIE COEePXKaT IITyM.

KiroueBble cnoBa: ciydaitHble pyHKIME; chepruyeckoe npeodpazoBanue PanoHa; croxactuyeckas Tomorpadust

DOI: 10.14357/19922264130408

1 Bsenenue

Cdepuueckoe npeodpazopaHue PagjoHa BoO3HUKaET
B Pa3JIMYHBIX TTPUJIOXKEHUSIX, BKIIIOYAsT TEPMOAKYCTH -
YECKYI0 TOMOrpaduio, ONTOaKyCTUYECKYI0 TOMOTpa-
¢duio, 06pabOTKy CUTHAJIOB, MOJydaeMbIX pajapamMu 1
coHapamu, u T.1. [1—3]. OHO TakxXe MCIOJb3yeTCs B
Pa3IMIHBIX 00JIACTSAX TEOPUU aANIPOKCUMAIIN W Ma-
TeMaThuyeckKoi pusuku [4].

Myctb f(x,y) — HenpepbiBHasE GYHKIMSI C KOM-
MakTHBIM HocuTeneM. Jlanee, He orpaHMYMBasT OO~
HOCTH, OyZIeM CUUTATh UTO HocUTeIeM GyHKUIUH f(x, y)
aBJgeTcsa Kpyr U eIMHIIHOTO paanyca ¢ LIEHTPOM B Ha-
yajie KoopauHat. Onpeneanm chepuyeckoe mpeoodpa-
30BaHMe PagoHa Ha MIJIOCKOCTHU CAEAYIONIMM 00pa3oM:

Ri(p.r) = / f(y) ds (1)
)

S(p,r

3nech p € R%, r € (0,00), S(p,r) — OKPYKHOCTb €
LIEHTPOM B TOUYKE p U pamuycoMm r; ds — mepa Ha S(p, ).
B nanHoi1 pabote OyaeT pacCMOTPEH BaxKHbIA TS TPU-
JIOXEHUH (B YaCTHOCTU, TOMOTpaduyecKux) ciyyai,
KOTIa LEHTPBI OKPYXHOCTeH S(p,r) pacroiaraloTcs
Ha rpaHuie Hocutens f(z,y), T.e. p = (cosf,sinf),

6 € [0, 27). TTo aHanoOrKK ¢ KJIACCUUECKUM MTPeodpaso-
BaHueM PamoHa mMHTerpajbHbIe MPeoOpa3oBaHUs BU-
na (1) HaspIBaloTCS chepuvYeCKUMU TIPOEKIIUSIMU, T. €.
chepryeckas MPOEKLMS MPEACTaBIsIeT co00i (yHK-
uuio ot r € (0,00) Ipu PUKCUPOBAHHOM p (UM B
naHHoM ciydae . Takue cpepuueckue mpoekiuu 0y-
neMm obo3Hauath yepe3 Rf(6,r)).

B psnme Tomorpaduueckux npuioxXeHui (cM., Ha-
npumep, [5]) dynkuuio f(z,y), onuckiBaroLLy0 U300-
paxxeHue M3y4yaeMoro o0beKTa, HeOOXOAMMO CUUTATh
ciyvyaitHoit. ITpu 3TOM OCHOBHOI OCOOEHHOCTDIO SIBJISI-
€TCS TO OOCTOSITETLCTBO, UTO COCTOSTHUS (peanu3aium)
(GYHKIIMY MEHSIIOTCSI CIydailHbIM 00pa3oM BO BpeMs
npoliecca TMOJIyYeHUs] MPOSKUMi. DTO MPUBOIUT K
TOMY, YTO BOCCTaHOBJIEHUE JaXe ONHOW peanusauuu
cly4aiiHOU (PYyHKIIMU OOBIYHBIMU TOMOTPpahUYeCKUMU
MeToJaM1 HeBO3MOXHO. OCHOBHOI MHTEPEC B TAKOTO
poJia 3a1ayax MpeiCTaBIsIiOT BEPOSITHOCTHBIE XapaKTe-
puctuky GyHKimu f(x,y).

B paGorax [6, 7] paccMOTpeHa 3aaa4da ornpeaeaeHus
BEPOSITHOCTHBIX XapaKTePUCTUK IBYMEPHBIX CIydaii-
HBIX (DYHKIIMI B MOJIENIN KJTACCUIECKOTO TTpeodpa3oBa-
Hug Pagona. Iloka3zaHo, 4yTo B 00lIeM ciydyae 3Ta 3a-
Jlavya XapaKTepu3yeTcsl CUIbHOW HEOTHO3HAYHOCTHIO 1
conepKaTeJbHbIe pe3yJIbTaThl yAAeTCS MOTYYUTh JUIIb

*Pabora BbINONHEHa TpM (HUHAHCOBOM TMomAepkXKe MuHuUCTepcTBa 06Opa3oBaHusi W Hayku P® (rocymapcTBeHHBIH KOHTPAaKT

Ne 14.740.11.0996).
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B TOM clly4yae, Korja ciy4yaiiHasi @yHKIMsI UMeeT He 00-
Jiee YeM CUYeTHOE YMCIO0 cocTossHMii. B pabote [7] misa
Kjacca Takux yHKIMIA pa3padaThiBaeTCsi METO/ BOC-
CTAHOBJIEHUS pacIpeieeHUN TByMEPHBIX CYyYalHbIX
pyHKIIMIA.

B nanHoii pabote 11s Kjtacca ciydyaiHbIX (PyHKIIWIA,
MMEIOIIMNX He 0oJjiee YeM CUETHOE YUCIO COCTOSIHUM,
pa3pabaTbiBaeTCsl METOJ] BOCCTAHOBJIEHMSI pacripe/e-
JICHUI caydyailHOU (DYHKIIMU TO pachpeneieHusiM ee
cepruyecKux MpoeKIUii.

2 [locraHoBKa 3amauu

[TocTaHoBKa 3amayn, paccMaTprUBaeMOil B HACTOSI-
el padote, ciaeaytomas. KMMeercs nBymepHas ciy-
qaitHass GyHKIMs &(x,y) — CTOXacCTUYECKUN OOBEKT
BUaa E(xvy) = fl/(mvy)’ rae fl(mvy)’ fZ(x’ y)v e T
MOCJIeI0BATeIbHOCT ~ MHTErpUpyeMbIX  (DYHKIIUIA,
OIpene/eHHbIX B eOWHUYHOM Kpyre U, a v —
clayyaiiHasi BeIW4YWMHA, NPUHUMAOIIAs IlieJble II0-
JIOKUTENIbHbIe 3HaueHusl.  BeposiTHOCTHast CTpyK-
typa &(x,y) TIONHOCTBIO OIpeAesIeTcss HabopoM
(fl(x’ y)v f2(x’ y)v cee ;plvpgov .- ')’ raep; = P(f(m,y) =
= filz,y)), i =1,2,..., > p; = 1. PacnpeneneHue

i=1

&(z,y) Oynem oGo3HavaThb yepes P, a pacnpenesieHus
cepuueckux mpoekiunii (nmpu GpuKcupoBaHHOM 6 €
€ [0,27)) — uepe3 Pe o). Tpebyetest 1o pacrpe/ie/ieHu-
M Peoy 1 6 € A, rie A — HEKOTOPOE TIOAMHOXECTBO
[0, 27), onpenenuTs pacnpeneieHue Pr.

3 Teopema enMMHCTBEHHOCTH

[Mpobaema onurcaHuss MHOXECTBA TOYEK p, JIIST KO-
TOpOro 3amavya odpauieHus npeodpazoBaHus (1) umeet
eIMHCTBEHHOE pellieHre, pacCMaTpuBaiach MHOTMMU
aBTOopamu (cM., Harpumep, [1, 2, 4]). B R? ata npo6-
Jiema TIOJTHOCThIO pellieHa B pabote [4]. B wactHocTH, B
9TOI paboTe A0Ka3aHa cieaylolias Teopema.

Teopema 1. [lycmv P — mHOMCECMBO 6CeX MOUEK P,
04151 KOMOopbix uzgecmubl chpeputeckue npoexyuu euda (1).
Dynxyuro f(x,y) c KOMRAKMHBLM HOCUMeAeM HE803MONC-
HO 60CCMAHO8UMb eOUHCIMBEHHbIM 00pa3om no npeobpa-
s06anusm Rf(p,r), p € P, r € (0,00), moeda u moavko
moeda, Koeda

rPcM(Ey) e

3decb M — onepamop Odsuicenus (nepemeujerHus u/uiu
nosopoma),;® — KoHeuHoe MHONCECMB0; YN — CUCHEMA
npsamovix Kokcemepa, onpedensemas caedyouwum o6pazom:
05 11006020 HamypaavHoeo N cucmema Y.y COCHOUM U3
npamoix Ly, (K = 0,..., N — 1), npoxoosuux uepe3 Ha-
uano koopouram noo yeaom wk /N k ocu OX.

Kpowme Toro, B padorte [2] Tak:Ke TO0Ka3aHa elle OaHa
TeopeMa eIMHCTBEHHOCTH.

Teopema 2. Ilycmo D — oepanuuenHoe ompbimoe MHO-
acecmeo 6 R? ¢ enadkoii epanuyeii 0D, u nycms D (3a-
MbiKkaHue mMHoxcecmea D) npedcmasasem coboii cmpoeo
ebInyK.a0e MHoXcecmeo. Q0o3nauum uepez A awboe om-
Kpvimoe noomuoxucecmeo OD. Ecau nocumenv enadkoii
dynkyuu f(x,y) codepucumes 6 D u Rf(p,r) = 0 das
ecexp € N uecexr, moeda f(x,y) = 0.

W3 5THX TEOPEM CIIEYET, YTO B paAMKaX PaCCMaTpH-
BaeMoil Mojiesiu GYHKIUIO f (2, y) MOXHO OJHO3HAYHO
BOCCTAHOBUTH I10 3HAYEHUAM C(PEPUIECKIX TTPOEKITUI
Rf(0,r), 3ananubiM nipu 6 € A, rne A — mo6oe nox-
MHOXecTBO [0, 27), UMeloLIee MOJOXUTEIbHYIO Mepy
JleGera.

Hcronb3ya 510T (hakT, IMOKAKEM, YTO pacIpee-
JIeHWe NBYMEpPHON ciydyaiiHON (DYHKIIMM TOJHOCTBIO
OTIpeiesISIETCsT pacipeieIeHUSIMU MTPOEKIIUi, a MMEH-
HO MMeET MECTO CIIEAYIONIas TeopeMa.

Teopema 3. [Tycmo cayuaiinoie pynxyuu &(x,y) u n(z,y)
LUMEOm ONUCAHHDLLL Bblie 8UO0 U

Pewy = Py

ons ecex 0 € A, ede A — arwboe noomuoxcecmeo [0, 27)
noaoxcumenwvHoii mepsi. Toeda

P=P,.

HoxaszartenbcTBO. Maeq moka3arebCcTBa B OCHOB-
HOM TIOBTOPSIET UIEW aHAJIOTUYHOM TEOpEMBI B pabo-
te [6]. [Ipennonoxum, 4o P: # P,. DTo 03HAYaeT, 4To
cymectByet dbyHKuus f(x,y) ¢ HocuteaeM B kpyre U
TaKasl, YTo

P(&(z,y) = f(x,y)) # P(n(x,y) = f(z,y)).

O6GozHauum uepes f1(x,y), f2(x,y),...3HAYEHUS CIIy-
qaitHo!t ¢yHkumu &(z,y), omm4yHbe OT f(x,y), a
gepe3 ¢1(z,y), g2(x,y),... 0003HAUUM AHATOTUIHBIC
3HavYeHwus 7)(x, y) (TakuMm obpasom, f(x,y) # fi(z,y)u
fz,y) Z gi(z,y), i =1,2,...). Jns kaxaoro bukcu-
poBaHHOrO 7 = 1,2,... MycTh A; 0003HaYaeT MHOXE-
cTBO Bcex § € A, 7151 KOTOPBIX

Rf(6,7) = Rfi(0,7)

U, COOTBETCTBEHHO, B; — MHOXECTBO Bcex 0 € A, s
KOTOPBIX
Rf(0,7) = Rgi(0,7) .

Kaxkmoe n3 MmHOXecTB A; 1 B; Mmeet Mepy Hyb. Ecin
IUIST HEKOTOPOTO ¢ 9TO ObUIO OBI He Tak, To Rf(6,r)
coBnanana 6ul ¢ Rf;(0,r) uim ¢ Rg;(0,r) Ha MHOXe-
CTBE TIOJOXUTEIbHON MEPhl U B CWIY MPUBEACHHBIX
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BBIIIIE YTBEPKACHUI 3TO BJIEKJIO OBl 3a COOOI COBITA-
nenue byHkumu f(x,y) ¢ byHkumen f;(x,y) win ¢

bynxumeit g;(z, y).
Takum 06pa3zoM, MHOXKECTBO

c-U(aUn)

uMeeT Mepy Hyiib. CiienmoBaTeTbHO, MHOXeCTBO A \ C
Hernycto. BosbmeM npousBosibHoe § € A\ C. TTockoib-
Ky mist atoro ¢ BeinonueHo Rf(60,r) £ Rfi(0,r), i =
=1,2,...,

P(REO,7) = Rf(0,7)) = P(E(x,y) = f(2,9))
U aHAJIOTUYHO
P(Rn(0,r) = Rf(0,7)) = P(n(z,y) = f(z,y)).

[TonryyeHHOE TPOTUBOPEUME TOKA3BIBACT TEOPEMY.

4 IpynnupoBKa MPOEKILIMNA

Kak cnemyer u3 mpeablayiero pasaena, B paM-
Kax ONMMCaHHOI MOJEIM BO3MOXXHO BOCCTAHOBUTH pac-
npeaeseHue ABYMEPHOU ciydailHOW (yHKUUU, 3Has
pacnpeneneHus ee chepuyecKux MpPoeKIuii Ha MHO-
KecTBe A, MMEIoIeM TIOJIOKUTETbHYIO Mepy. B aTom
pasnese OyaeT MpeaIoKeH METO, TTO3BOJISIONINI pa3-
NeJIUTh MHOXECTBO 3aperuCTpUPOBaHHBIX cdepuue-
CKUX MPOEKIUI Ha TPYIIbl, COOTBETCTBYIOIINE pa3-
JIMYHBIM COCTOSIHMSIM clydyaiiHOW dyHkuuu. s
yno6cTBa Gyaem nojarath, uto A coBnanaer ¢ [0, 27).

JIst TpOCTOTHI M3JIOKEHUsI B TaHHON paboTe Oy-
JIeT paccMaTpUBaThes Kiacc (PYyHKITMI, UMEIOLINX BCe-
ro asa coctosiuus. O0o0LeHue Ha 11000e KOHEYHOoe
YUCJIO COCTOSIHUI OYEBUAHO, a IJISI ciydyasi CYETHO-
TO YKCJIa COCTOSIHUI MOXHO MPOU3BECTU MPOLEAYPY
«yceuyeHMUsI» pacrpenesieHuin cepruuecKux MpoeKIInii,
TaK ke KakK 3To JejaeTcs B padore [7].

Wrak, nycts ciydaitHast dbyHkuumst &(z,y) NPUHK-
Maet 3HaYeHus f1(z,y) U f2(x,y) C BEPOSITHOCTSIMHU p1
u py. [lpennonaraetcs, 4TO U3BECTHBI pacpeneaeHUs
chepuueckux npoexiuii st Beex 6 € [0, 27), T.e. st
kaxporo 0 € [0, 27) uzBectHbl yHkuuu Rf;(0,r), i =
= 1,2, asustomiuecs: npoekuussMu GyHKuui f;(x, y),
1 = 1,2, U peaJIu3yIOLIMECS C BEPOSITHOCTSIMU D1 U P2
cooTBeTCTBeHHO. [Ipuyem, BooOlEe roBops, 3apaHee
HE M3BECTHO, KAKOMY COCTOSIHUIO CIIy4aliHOW (hyHK-
LIMA COOTBETCTBYET COCTOSIHME IPOEKIIMU, T.€. MO-
KeT OKazaThbCsl Tak, uto R f1(0, r) siBiseTcst mpoekimei
fa(x,y), a Rf2(0,r) — npoekuwueii fi(z,y). Heobxo-
IVMO pa3nenutb ynkimu Rf;(0, 1), ¢ = 1,2, mis Bcex
6 € [0,27) Ha rpymIibl TaK, YTOOBI Kax/[asi TPyIa co-
CTOSIHUIA POEKLIMI OTHOCWJIACHh K OMHOMY COCTOSIHUIO
CJIy4aitHOM (byHKIIUH.

Ecnu p; # p2, TO Takoe pasmeseHrue MOXHO MpPO-
MU3BECTU MO BEPOSTHOCTSIM COCTOSIHUM ChepruyecKrx
MpoeKLuid, T.e. st Beex O € [0,27) To 3HavYeHue
Rf;(0,7), xoTOpOE peanusyercsi ¢ BEPOSITHOCTBIO 1,
OTHOCHUTCS K TepBOU Tpymme, a 3HaueHue R f;(0,r),
KOTOpOE peaqn3yeTcsl C BEPOSITHOCTHIO p2, — KO BTO-
poii.

B ciygae, korna p; = pa = 1/2, MeTOI rpyIImpoB-
KM OCHOBaH Ha MCMOJIb30BAHUU HEKOTOPBIX CBOWCTB
cepruyecKux MpoeKInii.

Jlemma. [IIyemo Rf(0,1) — cgepuueckas npoexuyus
Gyuxyuu f(x,y), umeroweii Hocumens 6 kpyee U. Toeda
unmezpan

oo

T (9) = / r**Rf(0,7)dr

0

k=0,1..., (2

Komopblil Hazvieaemcs 2k-m MoMeHmoMm cgepuueckoil
npoexuyuu Rf (0, 1), npedcmagasem coboii mpueonomem-
puueckuil MHoeo4neH om O cmenenu He govluie uem k.

Jloka3zaTenbCTBO.

(o]

/r%Rf(G, r)dr =

2

725 [ f(cos® + 7 cos g, sin 6 + rsin @)r dpdr =

0
oo

/( (z —cosB)? + (y — sin0)®)* f(z,y) dedy =

—00 —00

I
\8 o —y e

z/ /(x2+y2—2xcos@—ZysinH—i—l)kf(x,y) dzdy .

— 00 —O0

YKazaHHBIE MHTETPaIbl CYIISCTBYIOT, TaK KaK (DyHK-
uus f(x,y) umeer Hocutenb B kpyre U. [locmemuuit
WHTErpaj, OYEeBUIHO, MPEACTaBIsSIeT COO0M TPUTOHO-
METPUYECKUIT MHOTOWIEH OT cosf U sin f CTereHu He
BhILIE YeM k. JleMma qokaszaHa.

3ameuaHue.
0 €1[0,27)

HetpynHo yOoenutbesi, 4TO MpW JaHHOM

Rf(6,r)=0
nipu r € (0, 00) TOraa 1 TOJIBKO TOTA, KOTAa

o0

/erRf(G,r)dr =0

0

nnsg Bcex k = 0,1, ... (MHTerpaj Ha caMoM JieJie MMe-
eT KoHeuHble mpenesbl mo r € (0,2) B cuily TOro,
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yro ¢yHKuus f(x,y) uMmeeT HocuTeab B Kpyre U).
HeiictButenbHO, yenobue Rf(0,r) = 0 3KBUBaJICHTHO

TOMY, UTO
o0
[o6?)
0

IUTST JTI000W HenpepbIBHON (MYHKINH ¢(7), UMEoLIeit
KOMIMAaKTHBII HOCUTeNb. B cBOIO ouepen, 1100yi0 Ta-
KYy10 YHKIIMIO MOXXKHO paBHOMEPHO MPUOJIU3UTH MHO-
TOWIEHOM.

Hcnonb3yst mpuBeieHHbIE CBOMCTBA CheprUuecKux
MPOEKIIMI, MOXHO IOCTPOUTh METO, IPYIIITMPOBKU.

CHavana BBIYUCISIOTCS WHTErpaisl ot Rf;(0,r),
i = 1,2, mo r anst Hekotoporo 6 € [0,27). Eciu
9TU MHTErpajibl OTIMYHBI IPYT OT IpYyTa, TO, MOCKOIb-
Ky MX 3Ha4eHUs He 3aBUCAT OT # (OHU TIpeIaCTaBIIsI-
10T CO0Oil TPUTOHOMETPUYECKHME MHOIOWIECHbBI HYyJIe-
BOI CTETeHU, T.€. KOHCTAHTBI), MOXHO TTPOU3BECTU
IPYIIITUPOBKY, OCHOBHIBAsICh HA 9TUX 3HaUeHUsX. st
3TOTO, BBIMKCIISISE [JIs1 Kaxaoro 6 € [0, 27) uHTerpaisl
no r ot Rf;(0,7), i = 1,2, chepnueckue npoexiuu
Rf:(0,r) cnenyeT OTHOCUTb K TO MJIM WHOW TpyIIe
B 3aBUCHUMOCTH OT TOTO, Y€MY PaBeH BBIYMCICHHBIN
uHTerpaj. B pesynbraTe B Kaxkmoil TpyIe OKaxKyTCs
chepuueckue npoexiu Rf;(0,r), 6 € [0,27), unre-
rpajbl OT KOTOPBIX IIO 7 PaBHbI OJHOMY U TOMY XK€
3HAYEHMUIO.

B cnyuae, korma unrerpanst ot Rf;(0,7), i = 1,2,

HRf(O,7)dr =0

0 7 COBMAAIOT, pACCMATPUBAIOTCS MOMEHTBI Ji(k) ).
B cuny cmemaHHOrO BBIIIE 3aMEYaHMsI, €CIA BCE MO-
MEHTBI Ji(k) (¢) mByx DyHKIIMI COBMATAIOT MEXITY CO-
0011, TO 3T (PYHKIIMU SKBUBAJICHTHbI. 3HAYUT, €CIU
dyukuuu Rf;(0,r), ¢ = 1,2, pasauuHbl, TO HaiineTcs
HOMED M, [UIsl KOTOPOTO MOMEHTHI C(pepUIeCKHX Ipo-
eKINiA, Ji(m) (), i = 1,2, pasnmuyarorcst. [ToCKOJIbKY
MOMEHTBI SIBJISIIOTCSI TPUTOHOMETPUIECKUMU MHOTIO-
YJIeHaMHU OT €, OHU JIM0OO0 TOXAECTBEHHO PaBHbI, JIMOO
TepeceKalTcsl B KOHEUHOM urcie Touek. [1ycth d 3ana-
HO TaK, YTO HaliieTcs ToUKa 6, B OKPECTHOCTH KOTOPOI
pasHuLa MeXTy QYHKIUSIMU 1m-X MOMEHTOB chepude-
ckux npoekuuit Rf;(0,r), i = 1,2, mo Moxyto 60jb-
11e J (T. . B3TOM OKPECTHOCTH OHA (DYHKIIMS MOMEHTA
MpeBbIIIAET IPYTYI0 OoJiblle yeM Ha J). I[TocuuTaB 3Ha-
aerms J\™ (6,),i = 1,2, B2m+1 GAn3KiIX ToUKax 0, 13
3TO OKPECTHOCTH, MOXKHO Pa3eUTh 3TH 3HAUCHUST Ha
IPYIIIIBI, COOTBETCTBYIOLINE KAXKIOMY COCTOSIHUIO CITy-
waitsoit Gynkin (ecau pasaoctu J\™ (6,) — J5™ (6)
w I (040) = "
suauenust J\"(0,) u J\™ (6,41) cootercTBYIOT pas-
HBIM COCTOSTHUSIM CJTy4aitHO# (DYHKIIMU 1 CIIEAYeT I10-
MeHsTb MecTaMU R f1(6,11,7) 1 Rf2(6,41,7)), a 3ateM
HaWTU SIBHBINM BUA (PYHKIIMI MOMEHTOB C(PepruueCcKUX
MPOEKLIUI JZ.(m) (0), i = 1,2, or nepemeHHoM 6. s

)(9j+1) MMEIOT pa3HbIil 3HAK, TO

3TOr0 HY>KHO PELIUTD CAEAYIOLINE ABE JIMHENHBIE CUC-
TEMbI YPABHEHUI:

m m

7rL0+Za7anCOS TL9 +me nSlIl TL9 )

n=1

:Jf’” 6;), 5=0,....2m, i=1,2, (3)
v HaiiTH KO3bOULMEHTH af, , U b}, , TpUrOHOMET-
PUYECKUX MHOTOYIEHOB, KOTOPBIMU TIPEACTABIAIOTCH
dDyHKLMAU Ji(m) (6).

BrIiBoz sBHOTO BHAa (DYHKIIMI Ji(m) (0) ananornyeH
BBIBOJIy MHTEPIOISMOHHOTO MHOrouaeHa JlarpaHxka
(moapobHOCTH MOXHO HaiiTu B [8]). Pemag (3), umeem

70 2m o T sin((0 — 0x)/2)
ZJ | syt

i=1,2. (4)

k=0,k#j

Hanee mpu BBIYUCACHUM IS KaXIoro 6 3HaUYCHUS
Ji(m) (0) mo dopmyie (2) chepudeckast TpOESKIIUS OTHO-
CHTCS K TOM WJIM MHOM TPYIIIIe B 3aBUCHMOCTH OT TOTO,
CO 3HaueHMEM KaKol M3 HalaeHHbIX MyHKUMI (4) B
TOYKE f COBITAZaeT 3TO BHIYMCICHHOE 3HAYCHHUE.

ITocie Toro Kak chepuuecKre MPOSKIIUKM pacIpe-
JIeJICHBI T10 TPYIIaM, MOXHO BOCCTAaHOBHUTbH KaXIoe
COCTOSIHUME CIIydaiiHOM (DYHKIIMM, a 3HAYUT, U €€ pac-
npeneseHne, ¢ MOMOILbI0 OOBIYHBIX (DOpMYI obpalle-
HuSA (CM., Harpumep, [9—11]).

S YcToWuMBBEIA METON TPYHITAPOBKU
IIPU HAIMYUU MTOTPELTHOCTEN

Ha npakTuke uMeeTcst KOHEUHBII Habop cepuue-
CKMX TTPOEKLIMi it Oy, . . ., O . [Ipuyem, Kak mpaBuIIO,
MPOEKIIMU 331aI0TCsI HE TOUHO, a C HEKOTOPO ITOrpelii-
HocThl0. [TorpenrHocT BOZHUKAIOT BCIISACTBUE HECO-
BEpIICHCTBA 00OPY/IOBaHUSI, PETUCTPUPYIOIIETO TPO-
eKILINH, CIyJaiiHBIX MOMEX MPU U3MEPEHUH, OIIMOOK
WHTEPIOJISLUU U APYTUX TIPUIUH.

[Ipenmonoxum, 9To chepruecKre MpOeKINN KaxK-
JIOTO COCTOSTHUS CITyqaitHoM hyHKIMY & (, i) 3amaHBI C
MOTPENTHOCTbIO, HE TTPEBBILLIAIONIEH 33 JaHHOTO YPOBHS
e>0:

|Rfi(6i1,7) — Rf(01,7) <e, re]0,2],
i=1,2,1=1,...,N,

rne Rff(0;,r) — npoekiuuu, u3MEepeHHbIe C OLIMOKOIA.
Torpa 3HaueHUs MOMEHTOB C(EepUUYECKUX MPOEK-
LI 3aIaHbI C IIOTPEILTHOCTHIO
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/rzm(Rfi(Ol,r) — Rf£(0;,7r))dr| =
0

2
— /7”2m(Rfi(9la7”)_Rfie(gl’r))dr =
0

2

< /rzm |Rfi(01,7) — Rf£ (O, 7)|dr <
0

2 22m+1

</E|7‘2m‘d7’< me. (5)
0

CiieoBaTe/IbHO, MOXHO CUMTATh, YTO MHTErPajbl
or Rf;(0;,7),i=1,2,1=1,..., N, He COBIanaioT, 1
MMPOU3BOIUTH TPYIITMPOBKY MPOEKIIMI Ha OCHOBAHUU
3HAUEHUI DTUX MHTETPAIOB, €CJIM BBHIITOJIHEHO YCIOBHE

2
/ (RF:(6;.7) — RfE(0;,1)) dr| > 4e
0

s HekoToporo 1 < j < N. Ecmm Xe 3T0 ycioBue
HE BBIIOJIHEHO, TO MOXHO CUMTaTh, YTO MHTETPAJIBI
COBMANAIOT U pa3HUIIA MEXKIY HUMU BO3HUKACT 3a CUCT
MOTrPELTHOCTEH.

1T OLIEHKU ITOTPEIIHOCTH, ¢ KOTOPOM BBEIYMCIIS-
OTCS (PYHKIIMM MOMEHTOB C(EepUICCKUX ITPOCKIIIA,
BOCIIOJIB3YeMCSI M3BECTHOI OILICHKOM ITOTPEITHOCTU
MHTEPIOISILIMU TPUTOHOMETPUIECKUMU MHOTOWICHA-
mH [8]. Berurcanm o opmysie (2) MOMEHTHI Ji(m) (0r)
BTOUKax 6, = 2nw/(2m+1),i=1,2,n=0,...,2m.
Bcero cyuectyer 221! crioco6oB pacnpeneuTh 3Ha-
YeHUSI Jl(m)(Qn), ! = 1,2, mo AByM TpyImram (Ha Mmpak-
TUKE YMCIo 2m + 1, KaK nmpaBuiio, HeBelanko). O00-
3HaYMM yepe3 H MHOXECTBO BCEX BO3MOXHBIX pacIpe-
nesieHuit. PemmmM cucrembl ypaBHeHUI

m m

a’?n,,O + Z a’fn,j cos(jbn) + Z b?n,,j sin(j6,) =
P s

_ glm)

= Ji

(0,), i" =1 uam 2 B3aBUCUMOCTH OT h,

n=20,...,2m,

JUISL BCeX BO3MOXHBIX pacnpeneneHuii h uz H. B pe-
syabrarte noiyuutes 227! pynkumit (0603HaUMM MX
yepes I}(Lm) 0), h = 1,...,22™ ") nperenayommx Ha
poJsib (PYHKIIMIT MOMEHTOB Ji(m) (0), i = 1,2. Ecmm
NPEANONOXUTH OTCYTCTBUE MOTPELUIHOCTEN, TO 10CTa-
TOYHO, Iepebupas I }(Lm) (6), IPOBEPATH, PABHO JIM 3HA-
yenne I\ (6*) Kakomy-m60 u3 suavennii J\™ (6%),
i = 1, 2, BBIYUCIEHHBIX 110 (popMyJie (2) B TPOM3BOJIb-
HO BBIOpaHHOM ToYKe 0*, OTIMYHOI OT ToueK 6,,. [Tpu

TOM BbIOOpE h*, MpU KOTOPOM PaBEHCTBO MMEET MeC-
t0, dynxunst I\ (A) cosnanaer ¢ oxnoit uz J\™(6),
i = 1,2, uist Beex 6 € [0,27), MOCKOJIbKY TPUTOHO-
METPUUYECKHE MHOTOWICHBI CTETIeHU 771, COBMAAIONINE
0oJjiee yeM B 2m + 1 TouKax, TOXIECTBEHHO PaBHHbI.

B ciyuae ke HaIM4us OrpeirHocTei 1y (GyHKIUU
I }(LZ”) (6), npetenayomeil Ha poab (GYHKLIMKM MOMEHTa
Ji(m) (0),i = 1wmm 2, B cuny (5) TOJKHO BBITTIOTHSATHCS

22m+1 4
1™ gy — gm) ‘ < |
00 = 5 (0)] < e5es (8+ S inm

nin

2m—+1
(m)py _ 7(m) ‘< 2 4
‘Ih* (0) = 13" (0)| < o5 (8+7T1nm

nnsg Beex [ = 1,..., N (cM., Hanipumep, [8]). TToaTto-
My MPAKTUYECKUI aIrOPUTM MOUCKA TaKOoW (PyHKIIMU
1{™ (8;) onnciBaeTest CleAyIOLIM 0GPA3OM.
1. BeibupaeMm pacrnpeneneHue h U3 MHOXeCTBa BO3-
MOXHBIX pactpeneneHuii H 1 HaxoauM (yHKITUIO

1™ @),1=1,...,N.
2. Ionaraem [ = 1.
3. TIpoBepsieM, BBITTOJHSETCS JIA YCIOBUE

2m—+1
‘Ih (01) — Jy (0| < Com Tl <8+ - Inm

nim

]I“"')(e) J(m)(G)’<e " 8+ 2
— - —1In
h ! 2 Ul="am+1 7o)

rae J™(6,) n J{™ (6,) Boraucasores mo opmy-
ne (2).

4. Ecnu yclioBue He BBITTOJIHEHO, TO UCKJTI0UaeM pac-
npeaesieHue h U3 MHOXeCTBa BO3MOXKHBIX pacipe-
neneHuii H v nepexonum K mary 1. Eciau yciaoBue
BBITIOJIHEHO U | # N, To mosaraeM | = [+ 1 u
repexoauM K tiary 3. Eciu ke yciaoBue BBITION-
HeHO U [ = N, TO aJropuTM 3aBepllaeT padoTy
u nonaraem 17 (6,) = I'"™(6,), | = 1,...,N.
ITpu s3TOM pacnpeneneHue h* u onpeaensieT rpyr-
bl cHepruecKUX IMPOEKIIUil, COOTBETCTBYIOIIME
KaXXJI0MY COCTOSTHUIO CJTy4aiiHOM (DyHKIIMH.

OmnucaHHBI METOJ SIBJISIETCS O0Jiee TPYIOEMKUM,
yeM METOI, TPENIOXKEHHBIM B MPeIbIIyIeM pasaelie,
HO MPU 3TOM B CJTy4ae HAJTMYUS MOTPEIIHOCTEN OH AaeT
OoJtee TOUHOE MPUOIUKEHUE PYHKIIUIT MOMEHTOB, YTO
MO3BOJISIET HANESIThCS Ha 0oJiee TOUHOE BOCCTaHOBJIE-
HUE COCTOSIHUIA CITy4aitHOM (DyHKIIVM.
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Abstract: The paper deals with the problem of reconstructing the probabilistic distributions of random functions
from distribution of spherical projections that describe the images in certain types of tomographic experiments,
including optoacoustic tomography, thermoacoustic tomography, and radiolocation. The problems of this kind
arise when the object under study may randomly change its structure during the registration of the projection data
and the time within which its structure changes radically is considerably smaller than the time of registration of a
required number of projections. In such cases, the conventional tomographic approach cannot be used directly.
The authors assume that a random object may have at most countable set of structural states which are described by
integrable functions with compact support. For such discrete class of random functions, the uniqueness of solution
is proved and the reconstruction method is developed which is based on the properties of the so-called moments of
projections. It is shown that the developed method is stable and gives adequate results when the projection data are

corrupted by noise.
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NHPOPMALIMOHHO-AHAJIMTUYECKAA
ABTOMATHU3NPOBAHHAA CUCTEMA «METAJIUT»
B OIITUMUSALNN AUATHOCTUKHU U JTEYHEHUA
MOYEKAMEHHOW BOJIE3HU

M. I1. Kpusenko®, C. A. Tonosanos?, I1. A. CaBueHko?®, A. B. Cuskos?, A. I1. Cyukos®

Annoramus: B cratbe, iepBoii U3 TIpeIoaraeMoii cepuy HaydHbBIX TyOJTUKAIINI, pACCMAaTPUBAIOTCS PE3YIBTaThl
Hccae0BaHU i Mo aBTOMaTU3allMy MHGOPMALMOHHBIX M aHATMTUYECKUX TIPOLIECCOB 00CIeA0BaHMsl, AMarHOCTHU -
poBaHUs U JeueHus MoyeKameHHou 6osiesHn (MKDB). CylilecTBeHHYIO poJib B CO3JaHUU CUCTEM TUArHOCTUKU
MKDb wurpaet pazpadoTka HGOPMALMOHHBIX TEXHOJIOTUI cOOpa KIMHUYECKUX JaHHBIX U (POPMUPOBAHUS CIie-
LIMAIM3UPOBaHHbIX 0a3 naHHbIX (B/1). M3yueHa BO3MOXKXHOCTbH CO3MaHUS U CIIOCOOBI peaausaluu MH(popMalu-
OHHO-aHAJIUTUYECKOU aBTOMaTtu3npoBaHHOi cuctembl (MAAC) 1o coopy, XpaHEeHUIO M 00pabOTKe KIIMHUYECKUX
JaHHBIX 00CIeqOBaHUsT OOTBHBIX, a TAKXKE aJITOPUTMU3ALIMU MPOLIECCOB MPUHSATHUS PEIISHUI TPU JUaTHOCTUKE
MKOB u BeIOOpe cxeM JiedeHUsT U TpODUIAKTUKU 3TOT0 3a0osieBaHus. [1peaioxkeHHbIe MaTeMaTUYECKIE METO/IbI
U aJITOPUTMBI MOTYT HAWTH TIpUMEHEHWe TIPU JajbHeiIIeM pa3BUTUU (PyHIAMEHTATbHBIX HAyIHBIX UCCIIENO-
BaHUI B 06jacTu pa3pabOTKM MaTeMaTHUYeCKUX METOAOB MOJIEIUPOBAHUST MEIUKO-OMOJIOTMYECKUX CUCTEM, a
TaKXe MPY CO3JaHUU HEOOXOAMMOro MaTeMaTU4ecKOro MHCTPYMEHTAPMSI.

KiroueBbie ciioBa: nMH(GOpMallMOHHO-aHATUTHYECKAs CUCTeMa; YPOJIOTHsI; KOMITbIOTEpHAsl TMarHOCTUKA; cXeMa

JIeYeHUsI; cxema Mpo@UIaKTUKKA
DOI: 10.14357/19922264130409

1 Bsenenue

B Hacrosiee BpeMs DoJisg JioAeit, y KOTOPBIX Ha
MPOTSDKEHUN UX KU3HU auarHoctupyercss MKDbB, no-
BOJIbHO 3HAYUTE/IbHA M COCTABJISIET B CTpaHax 3araji-
Hoit Esponer 5%—9%, B Kanage u CIIA — 7%—12%,
B cTpaHax Asun — 1%—5% [1—4]. Dnuaemuonornye-
CKH€ MCCIIeI0BaHusI, MIPOBOAUMBIE B PsIIE MHIYCTPU-
aJbHO Pa3BUTHIX CTPaH, YKa3bIBaIOT Ha COXpPaHEHUE
TeHAEHIUM K POCTY 4YacTOThl BO3HMKHOBeHUss MKDb
cpeny HacelneHUs. Tak, YMCJIO BIIEPBBIC BBISIBICHHBIX
ciyyaeB MKB Ha 100 000 HaceneHus 3a roclieaHue Jae-
catunetusi Bo3pocio B CIIA ¢ 58,7 (1950—1954 rr.) no
85,1(2000r) [2, 4], B SAnoHun — ¢ 43,7 (1965 1.) no 134
(2005 ) [5, 6], B Poccun — co 123,3 (2002 1) mo 138,6
(2010r) 17, 8].

[To manHpIM MccaenoBaHuil [9] ¢ ucnoab3oBaHU-
em BJI Pediatric Health Information System (Hammo-
HanbHast BJI, B KOTOpylo BKJIIOYEHBI JaHHBIE 00 aM-
OyJIaTOPHBIX BU3UTAX, CPOYHBIX TOCITUTAIN3AIUSIX U
CTallMOHAPHOM JIeYeHUU aeTeil u3 42 aeTckux 00Jib-
nunr CIIIA) mo cpaBHEHUIO C OOIIUMM KOJMYECTBOM

rOCITUTAIM3UPOBAHHBIX MALIMEHTOB YMCJIO MAlleHTOB
¢ MKB yBenmuuumnock ¢ 18,4 Ha 100000 HaceneHust B
1999 1. mo 57,0 B 2008 1., TODOBOIT TIPUPOCT COCTABIII
10,6% (p < 0,0001).

B ocnoBe paszsutusa MKb nexat xapakTepHble Ha-
pylieHuss oOMeHa BeIleCTB, MPUBOsIIME K 00pa3o-
BaHUWIO KaMHEIl B MOYEBBIX IyTsX. DTU JUTOTEHHbBIE
(kaMHeoOpa3yolre) HapylleHus OOMeHa BellleCTB Xa-
pPaKTepU3YIOTCS OOJIBIIUM MHOTOOOPA3UEM U TIPOSTBIISI -
I0TCSI Pa3IMYHBIMU MATOJIOIMYECKUMU U3MEHEHUSMU
OMOXMMUYECKOI0 COCTaBa KPOBU M MOUH IalIMEHTA.

HeobxoauMbIM ycioBueM 151 BbIOOpa paBWIbHOMN
TaKTUKA KOHCEPBATUBHOTO JICUECHUS C LIEIbIO MPEIy-
MPEeXAeHUs TTOBTOPHOIO KaMHEOOpa30BaHUSI SBIISICT-
Cs MCCIeIOBaHNE BCEro KOMILIEKCa METabOIUISCKUX
dakTopoB pucka (M®DP), oTBeTCTBEHHBIX 3a Pa3BUTHE
MKGB.

B »3To0it cBsA3M OoJibllIoe BHMMaHUE MPUAAECTCS
HU3YYCHUIO OCOOEHHOCTEH (PU3UKO-XMMUUECKUX Tapa-
METPOB MOYM, BO MHOTOM OMpEeIe/sIONIMX BEPOsIT-
HOCTb 00pa3oBaHusi MoueBbIX KamHelt [10]. Kpome To-
ro, JUTOT€HHBbIE HapYIIEHUS MeTaboIM3Ma 3a4acTylo
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I/IH(i)OpMaHI/IOHHO—aH.’:U'[PITH‘IeCKaH aBTOMAaTU3MWpOBaHHasA CUCTEMA «Meranut» B ONTUMU3ALNU TUATHOCTUKA

MMEIOT CJIOXKHBIM MHOTO(AaKTOPHBII XapaKTep Bo3/ieii-
CTBUS Ha TIpoliecc (popMUpOBaHUS KAMHSI. DTO CO31aeT
0co0bIe TPYAHOCTHU I Bpaya B MOJHON M OOBEKTUB-
HOI1 OIIeHKE BCEX BJIMSIOIINX JTUTOTCHHBIX (haKTOPOB
oOMeHa BelIeCTB, a TaKXKe B MPUHSITUYU PELICHUS T10
NMATHOCTUKE W BBIOOPY JICUeOHOM TaKTUKM M1 KOH-
KpeTHoro 0ojibHOro. OTciofa BO3HUKAET HEOOXOmu-
MocTb hopMmupoBaHus bl aHKeTHBIX 1 1a00PaTOPHBIX
WCCIIENOBAaHNI, CHCTEM, CBSI3aHHBIX C TMaTHOCTUKOMU
MKDB u popmupoBaHus 6a3bl 3HaHUI MO MpoduUIaK-
THUKE U JICUEHUIO 3TOTO 3a00JIeBaHNSI.

2 CucreMbl KOMITBIOTEPHOM
TMATHOCTUKHU B 00JIaCTU
YPOJOTUu

Cyl1eCTBEHHYIO POJIb B CO3AaHUU CUCTEM AMarHo-
ctuku MKDb gBnsiercst pa3zpadoTrka MH(OOPMALIMOHHBIX
TEXHOJIOTUI cOOpa KIMHUYECKUX NAaHHBIX U (HOpPMU-
poBaHus crieuranusrpoBaHHbix B/l. K HUM oTHOCHUT-
ca ynomsiHyTast Pediatric Health Information System.
B psnme MenMUMHCKUX pabOT YITOMUHAETCS peecTp Mo
ypoautuasy (b1 1o 601bHBIM U pe3yibTaTaM JIeUeHMs )
IOro-3anmamHoro MemuMIIMHCKOTO IeHTpa Texacckoro
yHuBepcuteta: «Retrospective data from the Univer-
sity of Texas Southwestern Medical Center Nephrolithi-
asis Registry from 17 studies that dealt with physiologic
and physicochemical effects of various magnesium and
potassium salts were categorized into three groups and
analyzed. . . » [11]. OpHako mMoapoOHOro ONMUCAHUS
JAHHOTO PeecTpa He MPUBENEHO.

3agauyu AMArHOCTUKU, OuddepeHunanbHol aua-
THOCTUKM, TIPOTHO3WPOBAHUSI, BBIOOpA CTpaTeruul u
TaKTUKM JICYSHUSI ITO3BOJISTIOT pelliaTh SKCIIEPTHHIE Me-
JNULIMHCKUE CUCTEMBI [12].

Psn pabGoT TmOCBSIIEH HCIOJb30BaHUIO B YpO-
JIOTUU KOMITBIOTEPHBIX JUATHOCTUYECKUX CUCTEM Ha
OCHOBE METOJIOB MCKYCCTBEHHBIX HEUPOHHBIX CETEU
(MHC) [13]. Tak, B OHKOYPOJOTUM CMOLJIU MPO-
THO3UPOBATh S-JIETHIOIO BBDKMBAEMOCTH MAIIUEHTOB,
MePEeHECINX PATUKAIbHYIO IIMCTIKTOMUIO TIO TTIOBOJLY
paka modeBoro my3bips [14]. WcKyccTBeHHbIE Heli-
POHHBIE CeTU MPUMEHWIM TakKXe IJIs1 aBTOMaTU3M-
pPOBAaHHOTO aHaJM3a MOKa3aHUi K OMOTICUU TIpe/icTa-
TeJbHOMU kene3bl [15]. Meroauka OCHOBBIBaJach Ha
BBISIBJICHMU OOIIET0 TPOCTaT-CIennpUIecKoro aH-
tureHa (ITCA) u omnpeneneHUu AOJU CBOOOIHOTO
IICA. YyBcTBUTENBHOCTD cocTaBmiia 95%, criemduy-
HocTb — 34%. [1pu 10MTOIHEHUU HEMPOCETH MOJIE/IbIO
JIOTUCTUYECKOW Perpeccuu creu(puIHOCTb BO3pocia
10 95%. WckyccTBeHHasl HEpOHHAs CEeTh MCIOJb30-
BaJlach JUIsI BBISIBJICHUS TPYMIIbI pUCKa paka MpeacTa-
TEJbHOU 3Kee3bl B CpaBHEHUU C MOJEIbIO JIOTUCTHU-

yeckoii perpeccun [15]. MckyccTBeHHas1 HeiipoHHast
CeTh TaKXKe MPOAEMOHCTPUpOBaja 0ojiee TOUHbBIC MPO-
THOCTUYECKHE BO3MOXKHOCTU. KOMITbIOTEPHBIX CUCTEM
nuarHoctuku umeHHo MKDB mo nurepaTypHbIM JaH-
HBIM HE BBISIBJIEHO.

Orcloga $ICHO, 4TO MMeEETCSl HacTosITeJibHas He-
00XOIMMOCTh Pa3padOTKM aHATUTUYECKON CHUCTEMBbI
JNIMaTHOCTUKU U jedyeHusi 6onbHbix MKDB B mpouec-
ce UX JAMHAMMYecKoro HabmomeHusi (MOHUTOPUHTE)
IUIST TIPEeIyTIpeskAeHUs] MOBTOPHOIO KaMHeoOpa3oBa-
Hus. OTCYTCTBUE MOMOOHBIX aHATUTUYECKUX CHUCTEM
JIJII MOHUTOpHHTa 60JbHBbIX M KB rociyxuno ocHoBa-
HUEeM JIJIs pa3paboTKu onbITHOro oopasua MAAC «Me-
ramut». CoszgaHue cuctembl ocyuectsiasiercss UITU
PAH coBmectHo ¢ HUU yponornu MuH3mpaBcolpas-
BuTUsl Poccuu B paMKax cepuu COBMECTHBIX HayYHO-
HCCIIEA0BATEIbCKUX Pa0OT.

OCHOBHbIE 1LIeJTW U 337]a4¥ CO3IaHUs
MHGOPMALIMOHHO-aHATUTUYECKOM
aBTOMATU3MPOBAHHOU cucTeMbl «Meraaur»

1. Cosmanue B/l mo pe3ynbraTaM o0cieIoBaHUS Ia-
LIMEHTA, BKJIIOYAKOLIECH:

— (opmann3oBaHHBIE JaHHBIE OITPOCca TMAllMEHTa
MIPU TIEPBOM U TOCJIEAYIOIINX BU3UTAX, COAEP-
XKanqye vuHpopMaluio o (akTopax, Crocod-
HBIX OKa3bIBaTh BJIMSIHME Ha BO3HMKHOBEHUE
1 0COOEHHOCTU KaMHu4Yeckoro tedyeHuss MKb
(lifestyle-akropbl mHaUBMIA, (AaKTOPHI Cpe-
IIbl, MATAHUS, MPOMECCUU 1 IPoY.);

— JaHHble JlabopaTopHOro obcienoBaHUsT (pe-
3yJIBTaTOB IPOCTOTO WM PACHIMPEHHOTO J1ab0-
paTOPHOro OOCIENOBAHUS).

2. Co3naHue aHaJIMTUYECKON TTOJCUCTEMbI, 0becIie-
YMBaoUIel peleHue caeayonux 3aaay:

— Ha OCHOBaHMM HAHHBIX TEPBUYHOIO OIIpOCa
BBISIBJICHHME HAJIMIMST WA OTCYTCTBUSI, a TAKKE
creneHb pucka pasputusi MKb u omnpenene-
HUE o0beMa MpearoaaraeMoro Ja6opaTopHOro
o0ciieqoBaHMsI TMallMeHTa (MIPOCTOe WU pac-
IIUPEHHOE 00CIeI0BaHNE);

— Ha OCHOBE aHaJii3a BXOTHBIX TaHHBIX JJabopa-
TOPHOTO 00C/IeI0OBAHMSI OCYIIIECTBICHUE BbIOO-
pa najnbHelei TaKTUKY BeieHUsI 00JIbHOTO —
JIOTTOTHUTEIbHBIEC BUIBI UCCIICAOBAHMSI, BEIOOD
JIEYCOHBIX MEPOIIPUSITHIA (TUIT XUPYPTUIECKOTO
JICYEHMSI, cXeMa MEIMKAaMEHTO3HOM Teparuu,
KOPPEKIIUS TUETHI 1 TIPOY.);

— peajm3aldsl METOIOB ONTHUMAJBHOTO BEIOO-
pa (c yuyeToM IIOKa3aHWl M IPOTHBOITOKA3a-
HUIT) BUIa XUPYPTUUECKOTO JICUCHUS WU CXe-
MBI ITPOBEACHUS MPODPUIAKTUIECKOTO JICUSHUST
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(BKJTIOYAsI TpUEM CIIeIMaTbHBIX (hapMITpenapa-
TOB, PEKOMEHAALIMU 10 MOAU(DUKALIUKM TUEThI
1 obpa3a XKU3HHU).

ITpu co3nanuu onbiTHOro oopasua MAAC «Mera-

JIUT» YYUTBHIBAIUCH CJIEAYIOIIME TPEOOBAHMUSI.

L.
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OnbITHBIN  00pa3el] aHaJIUTUYECKOW CUCTEMbI
«MeranuT» JNOMKEeH WMeTbh BO3MOXHOCThH Beie-
Hus pacrpeneneHHol BbJl manueHTOB, comepxka-
1Iei pe3yibTaThl 00ciegoBaHuit, mpoduan MOP u
OTHOCHUTEJIbHBI MHACKC MEPEHACHIIIIEHHOCTH MO-
yu (OUIT) kak ucxogHble, TaK U U3MEHEHHBIE B
pesybTaTe Ha3HAYeHHOTO JIeUeHUsI, U BKITIOYATh
Ha0Op TONCUCTEM, BKIIOYAIONIMX MPOTPAMMHYIO
peaau3ainio pa3padoTaHHbIX METOIOB TMArHOCTH -
pPOBaHUs U JICUCHUSI.

JlaHHBIE IPOCTOTO J1aGOPATOPHOTO OOCIEIOBAHMS
MalyeHTa JOJIKHBI BKIIOYATh:

— HCCIIeA0OBaHNE XUMUYECKOTO COCTaBa MOUYEBO-
r'O KaMHSI;

— OMOXMMUYECKOe UcclieJOBaHue KpOBU 1 MOYN
10 pa3JIMYHBIM ITapaMeTpaM,

— KJIMHWYECKUI aHAJIM3 MOYM C TOCEBOM HAa MUK-
podiopy;
— 0030pHBIIA PEHTreHOBCKUM CHUMOK, COHO-

rpaMmy U JOPYrve BUAbl MHCTPYMEHTAJIbLHOIO
o0ciegoBaHus MaleHTa.

JaHHBIe OMOXMMMYECKOTO WCCICHOBAHUSI TIPEI-
CTaBJICHBI BEJIMIMHAMU COACPXKAHUS B KPOBU U
MOYe MOHOB U COCIMHEHUI, CIIOCOOHBIX MPUBO-
JIUTh K 00pa30BaHUIO MOYEBbIX KaMHei. [1pu Ha-
JIMYMH TTATOJIOTUIECKUX OTKIIOHEHUI B OMOXUMMU--
YeCKUX MCCIIEAOBAHMS IIPOBOIUTCS PaCcIIMPEeHHOE
JlabopaTtopHoe 00ce10BaHue.

JlaHHbIE PACIIMPEHHOTO J1TabOpaTOpHOTO ObCIIe-
JIOBaHUS BKJTIOYAIOT TPOTOKOJ JAMATHOCTUKU TH-
na runepkansimypun (ITJI-TKY) (npu BbisiBie-
HUU MOBBIIIEHHON CYTOYHOMN 3KCKPELUN KaJIbLIU
y namueHTa). BbImonHseTcs IMo3TarHo, ¢ IMo-
MOIIbIO MOIMMUILIMPOBAHHON 1O KaJbIUIO IME-
Thl. B pacimpeHHoe 1abopaTopHOe 00cenoBaHue
BXOIUT TaK:Ke TOJIHBIN TUarHOCTUYECKUI ITPOTO-
xon (ITAIT) 6onsHoro MKB.

[MomHBIN IMATHOCTUIECKUIA TTPOTOKOJ IPEICTaB-
JIIeT co0Oi BBIpaXKEHHOE B TpadUUecKOM BUIE
HMCXOJHOE COCTOSIHME OOMEHa BeIleCTB y Mallu-
enra ¢ MKB ¢ BeisiBieHHbIMU M®PP 1 niHaMuKy
M3MEHEHMS TToKa3aTesieii oOMeHa BEeIleCTB B pe-
3yJIBTaTe MPOBOAMMOTrO JiedeHus. I[pacdudeckoe
otoopaxkenne M®P u OUII 6oapHOr0 MKB mo-
3BOJISIET OLICHUTH CTENEeHb BBISIBICHHBIX Hapyllle-
HUI U UX TMHAMMKY B Ipoliecce MmpoduaakTuye-

CKOTO JIEYCHUSI M1 BHOCUTD B JICUEOHYIO CXeMY He-
00X0IMMBbIe KOPPEKIIMHU, TakKKe BbIOMpaeMbIe I10
ocoboMy anroputmy. BrhIsiBIeHHbIE TIpU MEPBUY-
HoM obcnenoBaHur M®P u OUII ciyxaT ocHO-
BOI1 111 TPOTPaMMHOTO BBIOOpPA CXeM KOPPEKIIUU
MeTa0oJIMIYEeCKUX HapyIICHUN W TIPeaypeXacHUS
peunauoB MKDbB. Koppexkuusi BKIOYaeT B ce-
051 JIeyeOHbBIE MEPOTIPUSATHS, TIPUEM CITeLIUATbHBIX
dapMnpenapaToB, peKOMEeHAAIUU IO MOAUDUKA-
LIMU AIUEThI 1 00pa3a KU3HU.

. Bananuruueckoii cucreme « Meraaut» npeaycmar-

pUBaeTcs BO3MOXHOCTb €€ 00y4eHUsI U HACTPOUKU
Ha OCHOBE TMOJYyYaeMbIX HOBBIX JAHHBIX O PE3YJib-
TaTax JiedeHus maiyeHTa (MauMeHTOB) Ha KaxI0M
3Tane HaOJIOAeHUS.

. IIpenycMoTpeTh B MpOTpaMMHON peann3aiuu aj-

TOPUTMOB 9KCTIEPTHOTO MOJTYJISL:
— aJIrOpUTM OLIEHKU 3(h(HEKTUBHOCTU BBIOpAH-
HOIi CXEMBI JICYCHMUS;

— aJITOPUTM MPUHSTHUS PEIICHMS IO JaJIbHEHIIIe-
MY JICUCHMUIO;

— aJropuTM IIOMCKa M BbIOOpa palMoOHaIbHOM
CXeMbI TTPODUITAKTUYECKOTO JICUSHUSI.

. OLICHUTHh BO3MOXXHOCTH pa3pabOTKU MeToda Kop-

PEKTUPOBKY MTapaMeTPOB MOJCUCTEMbI AIMATHOCTU -
pOBaHUS U JIECUEHUSI HA OCHOBE aHaJIM3a BHOBD I10-
CTyMarolUX JAHHBIX (0OpaTHAasI CBS3b).

. PazpabGoTaHHble aHAJIUTUYECKUE METOAbl W aj-

TOPUTMBI, pPEaTU30BAHHBIE B COCTaBE OIBITHO-
ro obpasia aHAIUTUYECKOU cucTeMbl «Meraaur»,
TOJKHBI TIPOWTU anpoOaluio U TeCTUPOBaHUE B
pealbHBIX KIMHWYeCKUX ycioBusix. [lo pesyib-
TaTaM MPUMEHEHMS OINBITHOIO 00pa3la MOJIKHBI
OBITh C(HhOPMYTUPOBAHBI PEKOMEHIALIUU IO €0 CO-
BEPILEHCTBOBAHUIO U Pa3BUTHIO.

OCHOBHBIE MOAXOABI K CO3JaHUIO
MHOOPMALIMOHHO-
AHAJIUTUYECKOM
aBTOMATU3UPOBAHHOMN CUCTEMBI
«Meranut» u ux peajausauusi

OcHoBHble dyHkIMU NAAC:

— cbop u (popmanm3anus JaHHBIX, BKJIFOYAs BEACHUE

peeCTpa NMaunueHTOB, CUCTCMbI CJ'[OBapCfI n crpa-
BOYHHMKOB,

— IoagacpXKKa NpUHATUA PCLHICHUA IO Ha3HAYCHUIO

n C60p JaHHbIX TMAaTrHOCTUYCCKUX HCCHCEOB&HHﬁ;

— IIEPBUYHBIA U PETPOCIIEKTUBHBINA aHAJIU3 TECTOB;
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Iloncucrema
AJIMMHUCTPHPOBaHUE

CrnoBapu

— 1 i

IToncucrema [Toxcucrema
Perucrpanusi nanueHToB | B P Benenune
M cO0opa JaHHBIX aHKeET, MalUeHThI JIMHIBHCTHYECKOI0
aHaMHe3a odecrneyeHust
A A
AHKeTbI CripaBOYHHUKH
AHAINTHYECKHUE ITOACHCTEMBI
Tloncucrema Tloncucrema Iloncucrema
Z[l/lal"ﬂz([)CTl/l'-leCKl(le l'[eﬂ BHYHOE IKCHEPTHEI MOAYITh
HCCJIeI0BAHHUS oﬁcnl:z OBaHUe (mopnep:kKH Npoueccos
A A JIeueHHs1)

Puc. 1 Crpykrypa MAAC

— TOIIePXKKa MPUHSITUSI PEILIEHMSI 10 BBIOOPY CXEMBbI
JIeyeHusl, olieHKa 3(P(PEeKTUBHOCTU CXEMBI Jieye-
HUS,

— TIOAJEPXKKA IPUHATHS PELICHNS IO JalbHENIIEMY
JIEYEHUIO;

— IIOMCK M MOJJEePKKa MPUHSATUS PEIIeHUs O BbI-
0opy palMOHATBHON CXeMbI TPOGMMIAKTUYECKOTO
JICYCHUS.

WHdopmalimoHHO-aHaIUTUYeCKasl ~aBTOMATU3M-
poBaHHas cucTemMa «MeraauT» BKIOYaeT B ceOsl MOoI-
CHUCTEMBI:

— aIMUHUCTPUPOBAHUS;

— PpETUCTPalMK MAlMEHTOB U cOopa JaHHBIX aHKET,
aHaMHe3a;

— BEIEHMS JTMHTBUCTUYECKOTO 00ECTICUCHUS;
— TIEPBUYHOTIO 00CJIeIOBaHUS;
— JMArHOCTUYECKUX UCCIIeIOBAHUIA;

— BKCHEPTHBIN MOIYIh (MOMIEPKKHU IIPOIIECCOB JIe-
YeHUsI).

CrpykrypHasa cxema MAAC «Meraaut» nipeacraB-
JIeHa Ha puc. 1.

Hist obecrieueHUsS BO3MOXHOCTH KOJUIGKTUBHOM
pa6otsl o dopmupoBaHuio BJI cucteMbl U MHOTO-
MOJIb30BATEIbCKOTO PEeXXUMa pabOTHI C ee aHATUTHYE-
CKMM MOJYJIEM OHa IPOEKTUPYETCs B BUIIE BeO-caiiTa,

JOCTYIIHOTO aBTOPM30BAHHBIM I10JIb30BATCJIsIM B CECTU

HWutepHer. OcHOBHBIE 0a30Bble (PYHKLIMU MHOOpMa-
LIMOHHOTO caiiTa MOJLKHBI ObITh peaju30BaHbl O0lIe-
CUCTEMHBIM (PYHKILIMOHAJIOM €ro IaaT@opMbl. Takum
0o0pa3oM, B MpOrpaMMHO-TEXHOJOTMYECKON miaTdop-
Me JOJKHBI OBITh 3aJI0XKEHbI CAeAYIOIe (PYHKINU:

(1) BbIMONHEHUE MPUJOXKEHUI — ITO3BOJISIET JIETKO
pa3pabaTeIiBaTh, pa3BePTHIBATh PA3IUUHBIC ITPU-
JIOXKCHHUS U YIIPABJIATh UMU;

(2) BO3MOXXHOCTb COBMECTHOI pabOThI — IMO3BOJISIET
OTIEIbHBIM MOJIb30BATE/ISIM U KPYITHBIM OpTraHM-
3alASIM OOBEAMHUTL CBOM PECypchl U pabOTaTh
BMecTe yepe3 MHTepHeT;

(3) ynpaBieHue COAEPXKUMBIM — TIPUIAET TMOKOCTh
IPOM3BOACTBY U YIPABJIECHUIO OTACIbHBIMKM BeO-
y3JaMU, TT03BOJISISI IOCTABJISITE KOHEYHOMY ITOJTh-
30BaTeNI0 MPUCTIOCOOJEHHOE IO Hero (mepco-
HU(GULIMPOBAHHOE) COAEPKMMOE CaliTa;

(4) ynpaBieHUE TOJIb30BaTEIIMU — TO3BOJSIET Op-
TraHU3alu1 YIPaBJISTh MOJIB30BATEISIMU, PECyp-
caMi 1 0€30TaCHOCTHIO BHYTPU U BHE CUCTEMBI
CeTEeBOI 3allMThI, a TAKXKE MPEAOCTABIISITh KaHAI
JIUIST BHEIIHUX CBSI3EN M MPOBEACHUS JIEKTPOH-
HBIX TPaH3aKIIUH;

(5) KOHTpOb W  yHpaBJeHUE TPOU3BOAUTEIb-
HOCTBIO — TIO3BOJISIET YIYYIlIaTh Ka4eCTBO IOJIb-
30BaTeIbcKOro nHTepdeiica, odecneynBas:
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— ymOpaBjieHue 3HAHUSIMM — TTIOMOraeT 00beau-
HSTh BHYTPEHHIOI M BHEIIHIOW MHMOpMa-
LIMIO U MPEeIOCTaBIsATh UH(pOPMAIIIO, OCHO-
BaHHYIO Ha KOHTEKCTHOIN KOHIIEITIINMN;

— TIOIEPXKKY TTOMCKa — 00eCcIeYnBaeT KJIIMEeHTa
JIOCTYTIOM K IIIMPOKOMY CIIEKTPY UCTOUYHUKOB
nHdOpMaIUK KaK BHYTPH, TaK U BHE CaiiTa;

— 0e30MacHOCTh — 3alIUTYy JAHHBIX, TPUIIOXKE-
HUA 1 TpaH3aKIIUA;

— CTAHIAPTHBIK WWW-IOCTYIl K CAaWTy — IUId
TEXHUYECKOTo obecrieuyeHus: (hyHKIHMOHUPO-
BaHUsI €r0 COAEPKMMOTO.

OnpenensgonyMy  XapaKTepuCcTUKaMu — BeO-pe-
LICHUI SIBJISIIOTCS MaclITaOupyeMOCTb, JOCTYITHOCTD,
HaJIeXKHOCTD, 3allluTa JAaHHBIX OT HECAHKIIMOHUPOBAH-
HOTO JOCTYyIIa, TPaH3aKIIMOHHAs IIEJIOCTHOCTh M pac-
IPOCTPaHEHUE.

BaxxHoii 0cOOeHHOCTBIO TUIATOOPMBI SIBJISIETCS TO,
YTO OHA OOBEAMHSICT BCE HEOOXOMMMEIC MOIYJIN, KO-
TOPBIC TTO3BOJISTIOT BBIMIOJHSTE MPAKTUYCCKU JIIOOYIO
paboTy, CBI3aHHYIO C CO3MaHUEM 1 OOHOBJICHHEM caii-
Ta CIeLIMAIMCTOM MPEeIMETHOM 00IacTH.

B kauyecTBe si3bIKa NpPOTpaMMUPOBAHUS BLIOpaH
OIMH W3 CcaMbIX COBPEMEHHBIX S3BIKOB — CH#.
ASP.NET — TexHosorus, KoTopas SIBJISIETCS 4acTblO
.NET u ucrionb3yeTcs st pa3pabOTK1 MHTEPHET-0pU -
€HTMPOBAHHOTO IPOTPAaMMHOI0 OOECIeYeHUs] M WH-
TEPHET-CAUTOB.

Hnsg  paboTbl MHTEPHET-CAWTOB HCIOJIb3YeTCS
CBsI3Ka: omnepauvoHHas cucteMa Windows Server
2008 + unrepner-cepsep 1IS 7.0 + CYB Ms SQL
Server 2008.

YpoBHU aHanM3a JaHHBIX

PA3YM
(3HaHUA + OIBIT)

4 KoHuenuus 3KCrnepTHOro MOIyJIs
CUCTEMBbI

4.1 OCHOBHBIE ITOAXOABI K UCIIOJIb30BAHUIO
CTATUCTUYECKUX METOIOB aHAIN3a
JAHHBIX B YPOJIOTUH

Knunnueckue b/l conepxkaT 00JbllIoe KOJIUYECTBO
“H(OpMaLUU O NallMeHTaX U UX 3a0oeBaHUsAX. CKpbI-
Thie (JTAaTEHTHBIE) CBS3U U CTPYKTYPHI B OTUX NAHHBIX
MOTYT ObITh UCTOYHUKOM HOBBIX MEIMIIMHCKUX 3Ha-
Huil. K coxaneHuio, HEeMHOTue U3 CYyLIECTBYIOLIMX
TEXHOJIOTM I aHaIN3a TAHHBIX OKa3bIBAIOTCSI HEMTOCPE -
CTBEHHO NMPUMEHUMBIMU U JICMCTBEHHBIMU MPU 0OHA-
PYXEHUN W OMMCAHWU 3TUX JIATeHTHBIX 3HAaHUM, HO,
0e3yCJIOBHO, YHUBEPCAJIbHOW W3 HMX SIBIISIETCS TEX-
Hojiorusl Ha mpuHunax Data Mining — u3BIcUYeHUE
CKpBITOI MH(bOpPMALIMU U3 yXKE HAKOIUIEHHBIX U TO-
TIOJTHSIEMBIX CBEJICHUI 00 00BhEeKTe MCClIeIoBaHMs. DTa
U psa APYruX c(pOPpMUPOBABIINXCS TEXHOJIOTUI, OPU-
E€HTUPOBAHHBIX Ha aHAJIN3 MAaCCUBOB TAHHBIX, TEPMU-
HOJIOTMYECKH MEePEeCceKaroTcsl UM OKa3bIBAIOTCS B3IJISI-
JIOM Ha OTHOM U TOM €, HO C Pa3HbIX TOUYEK 3pEHUs
(KpaTKoe OcCBellleHMe JAaHHOTO Bormpoca jgaHo B [17,
pasa. 1]). B nepBylo ouepeab peub UAET O CIAEAYIOLIUX
TTO/IXO/1ax:

— pasBeIOYHbIN aHanmu3 naHHbIX — Exploratory Data
Analysis (EDA);

M3BJICUEHHME CKPBITO MHMOPMALIMKY U3 TAaHHBIX —
Data Mining (DM);

— obHapyxeHue 3HaHMiT B JaHHbIX — Knowledge
Discovery in Databases (KDD);

— MaimurHHoe odyuyeHue — Machine Learning (ML).

Takum obGpazom, oOHapykeHHE B JaHHBIX paHee
HE M3BECTHBIX, HETPUBUAJIbHBIX, IPAKTUYECKH T10JIE3-

HpI/IMCpI:I IIOCTAHOBOK 3aJa4 aHajIn3a JaHHbIX

ITpennoxuTh Ha OCHOBAHUU HAKOILIEHHOTO OITBITA
U Pe3yNnbTaToB aHAIIN3a KPOBHU MAIUEHTA
TIpoLeypy HAOIIONCHNUS €ro JICYSHHS

Cl1oHOCTD ITocTpouTk 10 UMEIOIIMMCS Pe3ylIbTaTaM
IIOCTaHOBOK 3HAHUA aHaJIM3a KPOBH U YCTAHOBJICHHBIM paHee JUarHo3aM
1 peLICHUH (nHbOpMAaIHS + TIpaBHiIa) MpaBHIa HEYETKOH Kiaccu(rKanuy BUIa
3aj1ad, 3a0071€BAEMOCTH HOBBIX MAllUEHTOB
LIEHHOCTh
TIOJTyYeHHBIX
peLLeHUIH, NHOOPMALIUA BoccranoBuTE 1aHHBIE 00 OTCYTCTBYIOIINX PE3YIbTaTax
KPUTUYHOCTh (TaHHBIE + IEHHOCTH) aHa/Iu3a KpoBU
HpeIOKeHU N

JUIS TIPAKTUKH

JAHHBIE

OHpeI[eJ'II/ITI) KOJIMYECTBO NALIMEHTOB MYIKCKOI'O I10J1a,
HE UMCIOIIUX PE3YJIbTAaTOB
aHajin3a KPpOBHU ONPEACTICHHOIO BUaa

Puc. 2 TMupaMuna aHanusza TaHHBIX
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HBIX ¥ TOCTYITHBIX MHTEPIIpeTallui 3HAHU I, HEOOXOIM -
MBIX JJTSI TOIACPKKY MIPUHSTUS PEIICHUH B PA3TUIHBIX
cepax 4eIoBeUeCKOi NesITeIbHOCTH, COCTABISIET CYTh
DM. ToBops nanee o6 aHanu3e JaHHbIX, OyIeM MOHU-
MaTh IIPU 3TOM IIeJIM, 3ada9M, TEXHOJIOTMHU, METOIBI U
aropuTMbl, mpucyime DM.

Ha puc. 2 cxemaTHyHO M300paxkeHa uepapxusi co-
nepkaTebHOM CTOPOHBI aHaIM3a NaHHBIX. BepTukaib-
Hasl CTpeJIKa ClieBa ITOKa3bIBaeT HAIIpaBIIEHUE POCTa
OTIEIBHBIX XapaKTepHCTUK 3aJau aHajdu3a JaHHBIX B
3aBHUCUMOCTU OT WX YpoBHs. [IpmMephl MOCTaHOBOK
MPakKTUYECKUX 3amad MpuBeaeHbl crnpaBa. Hamo mo-
HUMaTh, YTO «BOCXOXICHHE» 110 MUPaMUIE aHaIu3a
JMAHHBIX JOJDKHO OOCCITeYMBAThCS 00S3aTeIbHBIM CY-
IIECTBEHHBIM POCTOM 00beMa MCIOJIb3yeMoil MH(MOP-
Maluu (JaHHBIX W MPEANnoJoKeHUil 00 0O0beKTax uc-
clieoBaHUs), a TAaKXKe TITyOMHOI MpopabOTKM Bompoca
0 KayecTBe IpeajaraéMbIX pelieHU.

OcHoBHbIE PHHIMIBI aHAIN3a HaHHbIX. Cpenau Me-
TOIOB, KOTOPEIE CITOJIB30BAINCh ITPU pellIeHUHU TTPO0-
Jembl o0yyeHust B ML, Te, KoTopble MpeacTaBIIsSIIOT
HauOOJBIINI UHTEPEC TIPU aHaJIn3e JaHHBIX (CHUXKEe-
HUE pa3MEepPHOCTH, OLIECHUBAHUE pacIpeneIeHUS TaH-
HBIX, PErPECCUOHHBINM aHAJIN3, KJIacCU(UKaIIMs, Kiaac-
Tepu3alus), Telepb BCe BMECTE YITOMMHAIOTCS KakK
cratuctuyeckoe ooydeHue. Ilpobiiema oOyyeHus ne-
JINTCST Ha pa3IMYHble KaTeTOPUM: [IBE M3 HUX, HaM-
Oosiee OIM3KHUE K CTaTUCTUKE, CYyThb KOHTPOJIMPYEMOe
00y4JeHre WK O0ydeHHE C «yUUTeIeM» U HEKOHTPOJIH -
pyemoe, 0e3 «yuuTessi».

OmHa 13 caMbIX BaXKHBIX 3aJa4 B aHAJIN3¢ JaHHBIX
COCTOUT B TOM, YTOOBI OILIEHUTH KAuyeCTBO ITOJTYICH-
HBIX pEIlIeHUH, B YaCTHOCTY TOYHOCTh ITPEJI0KEHHOTO
MPOrHo3a (HampuMep, KauecTBO IMOCTPOSHHOTO Kjac-
cupukaropa). B xauecTBe Mephbl TOYHOCTHU MPOTHO3a
0OBIYHO UCTOJIb3YeTCsl olroOKa mporuosa. Ilpocteii-
IIast OIleHKa OIIMOKM ITPOTHO3a CTPOUTCS C TTOMOIIIBIO
TeX XK€ JaHHBIX, KOTOPbIE MUCITOIB3YIOTCS ST TTOCTPO-
eHUs MoJenu (TaKoil BapuaHT OLIEHKM Ha3bIBAIOT Ca-
MOOLICHKO#1, OIIEHKOI TeperoacTraHoBku). IToHsITHO,
YTO B pe3yibrate chOpMUPYETCS UPE3MEPHO OITUMMU-
CTUYECKUIA B3IJISIT HA TOYHOCTH IPOTHO3a.

OueBUIHBIN CTOCOO YIYUIIEHUS] COCTOUT B 0000-
IIEHUU: OLIEHUBATh TOYHOCTh MPOTHO3a C MTOMOIIIBIO
NaHHBIX, HE3aBUCUMBIX OT T€X, KOTOPbIE MCIOJIb30Ba-
JINCH I TIOATOHKU Momeiu. [lonydnth MOmoOHBIe
He3aBUCHMBIC JAaHHBIE MOXKHO ITyTeM cOOpa HOBBIX
JAHHBIX. EcIn 3T0 HEeBO3MOXKHO, TO MMEET CMBICT
pa3neauTh MCXOMHbIC NAHHbIE HAa YacTU M BOCIIOJIb-
30BaThCS UMM JUJISI PEIICHUS] CaMOCTOSITEIbHBIX 3a1a4.
OObIYHAS MpaKTUKA 3aKII0YAeTCS B CIACAYIOIIEM: €C-
JIM HabOp JAHHBIX JOCTATOYHO BEJIUK, TO HEOOXOIMMO
HCITIOJIB30BaTh CIYYAHBIN MEXaHU3M IS pa3IeICHMS
MaHHBIX Ha JBa HEIEepeceKalolINXCsl U He3aBUCUMBIX
Habopa:

(1) maHHBIE OJ151 00YYEeHUST, KOTOPbIE MOXHO MCITOJIb-
30BaTh ISl IPEIBAPUTEILHOIO KOHTPOJIS AaH-
HBIX, 17151 HOPMUPOBAHUST MOJIEIICIA,

(2) Tectupyoue NaHHbIE, KOTOPbIE OYIYT UCMOJb-
30BaThCA U1 OLEHKU Ka4eCcTBa IIOCTPOEHHOMN MO-
JIeNN.

AJBTEpHATUBHBIE METOMBI PaCIICTUIEHUST JaHHBIX
JUTSI TOTO, YTOOBI OLIEHUTH TECTOBYIO OITNOKY, OCHOBA-
HBI Ha TiepenpoBepke [16] u 6yrcTpen-metone [17].

CyTh BEpOATHOCTHOIN MOJAENN OyTCTpern-MeToaa B
JMAaHHOM CJIydyae COCTOMT B ciemywoiieMm. I[Ipeamosno-
KMM, 4TO 1O BBIOOpKE = = (z1,...,ZN) JAaHHBIX Ja-
0OpaTOPHBIX MCCIENOBAHMUI U3 pacrpeneneHust F'(u)
olleHUBaeTcs 3HaueHue ¥ = ¥(F') HeKoToporo pyHK-
LIMoHaa (Hanmpumep, KiaaccudukaTopa 3a001eBaHUi ),
3amaHHoro Ha cemeiicte F. KauectBo ouenku 9* (X))
XapaKTepU3yeTCs BEIMUMHOMN

R(V*(X),9(F)) = Ep{L(9"(X),V(F))},
rne L(9*(X),9¥(F)) — norepu OT NPUHSATHUS OLIEHKU
¥*(X) BMecto HeuwsBecTHoro 3HavyeHus: J(F). bByr-
cTpern-MeTos mo3BosisieT oueHuTdh R(V*(X),J(F)) ¢
TTOMOIIIbIO 3aMEHBbI pacripenesieHust [’ ero HeKOTopoi
oueHkoit FB u BpluncieHust craTuctuku 9* Mo Bbl-
oopke z” oobemom N u3 FZ. CosokynHocTb z° Ha-
3bIBAETCS OYTCTPEN-BBIOOPKOIA, cTatucThka ¥* (v7) —
OyTCTpemn-peaau3anneit v*.
YcioBHOE pacripeneieHue

Pr{ﬁ* (XB) <u|x1,...,xN} =

= / dFB(yl)"'dFB(yN)

{y: 9% (y)<u}

SIBJIIETCSL OyTCTpemn-OLleHKOI (DYHKLMHU pacrpenesie-
Hust Pr{0*(X) < u} cratuctuku 9*.

IMpouenypa BeiGopa oueHkn FZ mna F MoTUBHU-
pyercs HaJiMuvMeM ampuopHoil mHdbopmanuu. B ma-
pameTpudeckoil cutyaruu, xkorma F = {F\, A € A},
ouenka F'B uacto okasbiBaeTcsa pe3yabTaToM IOCTA-
HOBKM BMECTO A\ HEKOTOpOil OLeHKH \*, T.e. FP =
= F)~.

[Hpyrast cuTyaiiust OTHOCUTCS K 00JIACTH HerapaMe-
TPUYECKON CTaTUCTUKK. 31ech F'B 06bluHO oKas3biBa-
eTCsl OMIMpUYecKol (DyHKIMEN pacripeneieHus, T.e.
KaXJIOoMy HaOIONEHHOMY 3HAUEHMIO (DJEMEHTY MC-
XOJHOW BBIOOPKM) MPUITUCHIBAETCSI BEPOSITHOCTD 1 /N,
ByTcTpen-BrIOOpKM TOrAa MOAYMHSIIOTCSI YCJIOBHOMY
TTOJIMTHOMUAIBHOMY pacIpeie/IeHUI0, COCPeI0TOUEH-
HOMY Ha Z1,...,ZN.

Haubonee TpyaHyto yacTb OyTCTpen-Meroia co-
cTaByisieT HaxoxiaeHue pacnpeneienus 9 (XP), mia
4yero NMPUMEHSIIOTCSI TPU TIpuema:
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(1) mpsiMmoe TeopeTUUecKoe BHIYMCIIEHNE;

(2) anmpokcumanus ¢ MOMOUIBI0O METOAAa CTaTUCTHU-
YECKUX UCTIBITAHUIA;

(3) anmpokxcumalys ¢ MTOMOIIbIO aHATUTUYECKUX Me-
TONOB (HAIIpUMeEP, UCIIOJIB3YS pas3IoXKeHUE B P
Teitnopa).

[IpsiMmoe TeopeTnyeckoe BHIYUCICHUE pacIipeaesie-
Hus 9*(XB) Moxer ocyulecTBiasTbCS NMOO aHAIU-
TUYECKUM TIyTeM, JMOO IyTeM HEeMOCPeICTBEHHOTO
TepevrcaeHrst OyTCTPEen-BbIOOPOK U TOJCYETa COOT-
BETCTBYIOIIMX BepossTHOCTei. Eciiu o6a mpuema Hemo-
CTYNHBI (TIEPBBIM M3-3a aHATUTUYECKUX CIIOKHOCTEN,
BTOPOI M3-3a BBIYUCIUTEIbHBIX), TO TTPUXOUTCS TIPU-
OeraThb K METOMYy CTaTUCTUYECKUX MCIBITAHUM, T.€. K
TTOBTOPEHMIO SKCIIEPUMEHTOB TT0 CITydaliHOMY (hOpMU-
POBaHMIO GYTCTPEN-BEIOOPKH 2 1 moacueTy 3HaUeHUS
9 (2B).

Crnenyer oOpaTUTh BHUMaHME Ha peajibHble BO3-
MOXHOCTU OyTCTpEer-MeToa: OH HE MO3BOJISIeT MOJTy-
YUTh HOBYIO MH(OPMALIMIO O HAOII0AaeMbIX 00BbEKTAX,
ero Ha3HayeHue — c(hOpMUPOBATHL OOBEKTUBHOE MPE/I-
CTaBJIeHHE O CBOMCTBaX MCIIOJIb30BAaHHBIX ITPOLEAYD
aHaJIM3a TaHHBIX.

B anamutuueckoit cucteme «MeraauT» HaKaIUTA-
BalOTCS JIAHHBIE CIIEAYIONIUX TUTIOB:

1. HedopmanuzoBaHHble (HECTPYKTYpPUPOBAHHBIE),
MpeACTaBJIeHHBIC B BUIE TeKCTa (HAIIprMep, TEKCT
Ha3HAYeHUS Bpaya).

2. dopMann30BaHHBIE:

2.1. KayecTBeHHbIE:

2.1.1. ViaMepeHHBIe MO IIKaje HaUMEHO-
BaHUIi (HarmpuMep, MoJI MalueHTa).

2.1.2. ViaMepeHHbIe 1O MOPSIAKOBOM IIIKa-
Jie (HarpuMmep, MOPSIAKOBbI HOMEP
ce30Ha, Korjaa o0cCienoBasIcs Mmaiu-

€HT).
2.2. KonuuecTBeHHBIE:

2.2.1. I3MepeHHble MO OMHON W3 COOT-
BETCTBYIOLIMX IIKaJ1 W TPUHUMA-
IOlllMe 3HAYeHUs] U3 HeOOJNbIIOro
Habopa YMCJIOBBIX 3HAYEeHUU (Ha-
NpuMep, AaTa B3sITUE aHATU30B UIU
KOJINYECTBO OOHAPYKEHHBIX Y Malli-
eHTa KaMHeif).

2.2.2. VI3MepeHHbIe 10 OJHOM U3 COOTBET-
CTBYIOIIMX IIKaJI U NPUHUMAIOLIME
3HAYEHMSI B BUAC JEHCTBUTEIbHBIX
yucena (HampruMep, ypoBeHb KaJlbLIUs

B aHAJIM3€ KPOBU HaHI/IeHTa).

[IpuBeneHHBIN CUCTEMaTU3MPOBAHHBIN TEPeUCHb
BCTPEYAIOLIMXCS TUITOB JAHHBIX TPEOYET MPUBJICUEHUS

pPa3sHOOOPA3HOIO apceHajga CPeACTB, TaKUX KakK JIMH-
IBUCTUYECKMIT aHamu3 (1. 1), CTaTUCTUYECKUIT aHATNU3
KaTeropuajabHbIX TaHHBIX (T1. 2.1.1), paHroBBIE MpOI1Ie-
nypel (. 2.1.2), cTaTUCTUYECKUII aHAIU3 Ha OCHOBE
Moelleid TUCKPETHBIX M HENPephIBHBIX pacipenesie-
Huit (. 2.2.1m1 2.2.2).

Ommbky ecth Bo Bcex Bumax bJ/l; K coxaneHwuio,
BCTPEYAIOTCS OHM UM B JaHHOM ciyyae. B pasnuu-
HBIX TIPUKJIATHBIX 00JIACTSIX HAKOIUIEH OMBIT (CM., B
YacTHOCTH, [ 18]), mo3BoIsIIOIIM MPUBECTU TUTTUYHbII
repeyeHb UCTOYHMKOB OLINOO0K: (hambcudukanus, He-
IOJIHOTA, HECOIIaCOBAHHOCTD, Ay0IMPOBaHUE.

Te ommOKM, KOTOPHIE IETKO OOHAPYKUTh, BEPOSIT-
Hee BCero MOXKHO HalTH Ha CTaIUN «OUMCTKI» TaHHBIX,
GoJree JKe CKPBITHIC, HEOUSBUIHBIE MOTYT OBITH OOHAPY-
JKEHBI TOJIKO TIPU aHajin3e NaHHBbIX. «OQ4ucTKa» naH-
HBIX OOBIYHO MMPOUCXOINT, KOTJA JaHHbBIC IMOJYYCHBI U
MpeKe, YeM OHU COXPaHSIOTCs B hopMaTe TOIbKO IS
YTeHUS B XpPaHWIMIIE TaHHBIX. B 4aCTHOCTH, JOJIKHBI
OBITh MCKJTIOYEHBI OIIMOKM, MPU KOTOPBIX IepEeMEH-
HbIe TIPUHUMAIOT 3HAYCHUs, MMPOTUBOpEYAIe eCcTe-
CTBEHHBIM OTPaHMYCHUSM (HaIpuMep, IPU OIMMCaHUU
XUMHUUYECKOI0 COCTaBa KaMHEil 3HauYeHUs OTAEIbHBIX
repeMeHHbIX He MoryT mpeBocxoautb 100%). Hons
MOJOOHBIX TPYOBIX OLIMOOK B MEAUILIMHCKUX UCCIIEI0-
BaHMSIX MOKeT TipeBbIiath 10%.

OmMOKA HEOONMYCTUMOCTH 3HAYeHUM HOJKHBI
OBITh OTMIMCAHBI C TTIOMOIIILIO JIOTUUYECKUX BBIPAKEHUI,
HWCTUHHOCThH KOTOPBIX MPOBEPSIETCSI HA 2TAre «OUMCT-
Ki». B ciaydasx, Korma WX He yOAeTCsT WCIIPaBHUTh
ABTOMATMYECKM WM aBTOMATH3MPOBAHHO, PE3yJIbTaT
JIOJIKEH MOMevaThCsl CTelMalbHBIM 00pa3oM.

JInst naHHBIX, yKe xpaHsiuxcs B b/l u saBistonmx-
cs1 00BEKTOM aHaJIu3a, MOTYT OBbITh XapaKTEePHBI CIIEIy-
Io1IMe TTPOOJIeMBbL:

— HaJMuMe aHOMAaJbHBIX HAOMIONeHUN (3HAYEHUS,
KOTOpBIE CYLIECTBEHHO OTJINYAIOTCS OT OCHOBHOM
Macchl HAOMIOEHUIT);

— TIPOITYCKM B NaHHBIX;
— MAaJIOYMCIICHHOCTh JaHHBIX (CUTyaIlus, Korga Ko-

JINYECTBO IIEPEMEHHBIX TTPEBHIIIIAET YMCIIO HAOJIIO-
JNIeHUIR).

TakuM 06pa3oM, CTaTUCTUUECKUI aHATTU3 KOHKPET-
HBIX JaHHBIX SIBJISETCSI MHOTOA3TAITHBIM ITPOLIECCOM,
BKJIIOYAIOIIMM TIJIJAaHUPOBAHUE CTATUCTUYECKOIO MC-
CJIeIOBaHUsI, OpraHu3aluio coopa HEOOXOAUMBIX CTa-
TUCTUYECKUX JAHHBIX, EPBUYHOE ONMUCAHWE JaHHbIX,
OLICHMBaHUE XapaKTEePUCTUK JAHHBIX, TTPOBEPKY CTa-
TUCTUYECKUX TMITOTE3, aHAIU3 TTOIyYeHHBIX PEIIeHU,
(opMyIMPOBKY BBIBOJOB, COCTaBJICHUE UTOTOBBIX M0-
KYMEHTOB.

B ocHOBe NMpUHIIUITOB MOCTPOEHUST CTATUCTUYECKO-
IO BBIBOZA OTHOCHUTEJIBbHO JAaHHBIX JIEXKAT CIACIyIoIIue
TTOJIOKEHUS:
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— IIpM BBHIOOpE ceMeiicTBa BEpPOSITHOCTHBIX pacrpe-
JIeJIEHW1, ONMChIBAIOIIUX TAHHBIE, CYILIECTBEHHYIO
pOJIb UTPAET TPEABAPUTEIbHBIN aHAINU3 JAHHBIX;
MOCEAYIOINA UTePAaTUBHBIN MPOLIECC YTOUHEHUS
ANPUOPHBIX TPEATIONOXKEHUIA HAIlpaBJieH Ha I0-
CTPOEHUE MOLEJHU, SABJISIOLIEHCA JOCTaTOYHO pe-
AIMCTUYHOM M ITO3BOJIIOIIEN CTPOUTh COAEpKa-
TeJIbHbIE BBIBOJIbI;

— TIpU MOCTPOEHWU METOMIOB aHaIM3a HapsiLy C Mo-
CTaHOBKOI 3a/1a4 pa3pabOTKN OMTUMAaJIbHBIX TTPO-
LIeAyp Y TIOTMBITKOW MX PEIIeHUs CIeAyeT He TIpe-
HeOperatb pa3yMHBIMM IOAXOJAMHM K CO3JaHUIO
KaKHX-JIU00 MpOoLeayp C MOCIEAYIOINM 00s3a-
TeJbHBIM aHAJIM30M TIpeiaraéMbIX pEIIeHUI;

— 3aBepIIAIOIINM 3TAIIOM ITOCTPOSHMS METOIOB aHAa-
JIN3a JOJDKeH OBbITh KOJIMYECTBEHHBINM WM Ka-
YeCTBEHHBIN aHAJIN3 BIUSHUS Ha TpeiaracMble
pellIeHsT OTKJIOHEHU OT allpUOPHBIX MPEIIOJI0-
JKEHWIA, TIPYU 3TOM UCCJIEI0BaHME Ka4yecTBa IMOJy-
YEHHBIX PEIIeHUI peayibHee BCETO ITPOBOMUTH C
ITOMOIIBIO OYTCTPEI-MeTOA.

4.2 TlpuHUMIIMATbHBIE BO3MOXHOCTHU
CO37aHUSI DKCIIEPTHOTO MOIYJIS
CUCTEMEBI «MerauT»

[ToBcenHeBHasI nesITEIBHOCTh Bpaya TpeOyeT peliie-
HUS 3a1a4 WHTEPIPEeTalliu, JUArHOCTUKU, KOHTPOJSI
W TIPOTHO3MPOBAHUS, T. €. TAKUX 3a7a4, KOTOPbIE MO-
YT ObITh PELIeHbI C TMOMOILbIO CUCTEM TMOIAEPKKU
MPUHSTUS pellieHnit. MeauuuHa MpeacTaBisieT OaHY
U3 obsiacTeil yeJIoBeYeCKOi AeaTeAbHOCTU, Ie 3Ha-
HUSI CMELMAIMUCTOB TPYAHO (popMaau3yembl, OfHAKO
pa3paboTka IMarHOCTUYECKUX MEAULIMHCKUX CUCTEM B
HaCTOSIIIEE BPEMS SABJISIETCS aKTyaJlbHOM 3a1avueid.

I[Ipy co3maHMM 3KCIEPTHOTO MOMYJS CUCTEMBI
«Meranuty», IpeAHa3HAYEHHOTO MJIS1 OAACPKKU TTPU-
HSTUS PEIIeHUs TI0 TMarHOCTUKE 3a00eBaHUsI, IPeI-
MOJaraeTcs:

— pa3paboTaTh CUCTEMY IPEACTABICHUS MEIUIINH-
CKHUX 3HAHUI (C UCIOJb30BAaHMEM JAHHBIX aHKET,
aHaMHe3a, JTaHHBIX MHCTPYMEHTAJIbHbBIX 1 JJabopa-
TOPHBIX METOJIOB UCCJICIOBAHMUS);

— pa3paboTaTh aJropuTM MeXaHM3Ma JIOTMYEeCKOTro
BBIBOJA (BBITIOJTHEHUE AWATHOCTUKU THIIA JIUTO-
TeHHOTO HapyIIeHWs oOMEeHa BEIeCTB; BBIOOpa
aJeKBaTHOM CXeMBbI JIeYeHUsI, OLeHKU 2P (HEeKTUB-
HOCTH 3aJaHHOI CXEMBbI JIEYEHUS C BO3MOXHOCTbIO
ee KOPPEKIUHU ITPY TaIbHe1IeM MOHUTOPUHTE Ta-
LIMEHTA).

Cucrema npeacTaBJICHUA MEIMIMHCKUX 3HAHUN
TIO3BOJIACT BbIACIATH SHAYMMBIC IJIA IIPUHATUSA Bpaqe6—
HOro peumecHusa njin nmoCTaHOBKM MEINITMHCKOIO ava-

rHO3a JaHHbBIEC (KAYeCTBEHHBIC MJIM KOJIMYECTBEHHBIE).
Tax, aHaIM3 KaUeCTBEHHBIX JAHHBIX AaHAMHE3a, AaHKET-
HBIX JAHHBIX TTO3BOJIICT cleiaTh 3aKIIOYEHUE O CHUIIe
BJIUSTHUST HACJICICTBEHHBIX, CPEIOBBIX M COIIMATBHBIX
daxropoB pucka pazsutuss MKb; noteHManbHoOM ak-
TUBHOCTH IIpoliecca KaMHeoOpa3oBaHMSI. DTOM Xe 1ie-
JIM CITy>KaT KaueCTBEHHbIE U KOJTMYECTBEHHbIE JTaHHBIE,
MOJyYeHHbIC TP MHCTPYMEHTAIbHOM/J1a00PaTOPHOM
(pPEHTTEHOJIOTUYECKOM, MUKPOOUOJIOTUYECKOM, YJIbT-
Pa3BYKOBOM WJIM aHTPOIOMETPUUYECKOM) oOclienoBa-
HUU TMalMeHTa.

Bosnbiroit MaccuB KOJMYECTBEHHBIX TAHHBIX B BU-
JIe YMCJIOBBIX 3HAYEHMU ITOKa3aTese MOoJaydaloT Ipu
OMOXMMUYECKOM HccaenoBaHUU. KMIMeHHO OH sIBsI-
€TCSsl OCHOBHBIM OOBEKTOM aJITOPUTMU3ALIMU TIPU pa3-
paboTKe 3KCIIEPTHOTO MOMYIST CUCTEMBI «MeraauT».
[IpuMeHeHUe 3TOro MOIYJIsI MpeIHa3HAYEHO I 00b-
eKTUBHOI M 0ojiee TOYHOU AUArHOCTUKUA METaOOoJIM-
YeCKOro JUTOIeHHOTO CUHAPOMA, BBIOOpa afeKBaTHOM
CXEeMbl JIeYeHUsI, KaueCTBEHHOW OLIEHKM pe3yJbTaToB
JIeyeHUsl, KOPPeKIIMHU JIeueOHOM CXeMbl Ha OCHOBE MO-
JIyYEHHBIX NaHHBIX B IIEJISIX BBHIOOpA ONTHMAaJIbHOIO
JIe4ueOHOTo BO3AEUCTBUSI Ha HapylleHHbIN OOMEH Be-
IIECTB Y MallMEeHTA.

YuuThIBas, YTO YKa3aHHBIC ITPOIICCCHI SIBJISTIOTCSI
AJITOPUTMHU3YEMBIMH, MOXKHO IT0JIaTaTh, YTO TTPUHIIM-
MUajbHbIE BO3MOXHOCTHU CO3IaHUST SKCIIEPTHOTO MO-
JLYJISL JUISL CUCTEMBI « MerajimT» MMEIOTCS.

4.3 KayecTBEHHOE OIMCaHUE
aJITOPUTMUYECKOI Oa3bl
SKCIIEPTHOTO MOJIYJISI

KauecTBeHHOE ommcaHue aJlTOPUTMUUYECKON Oa3bl
BKJTIOUACT: ITOCTAHOBKY 3aJadyi, OIMCAHWE BXOTHBIX
1 BBIXOIHBIX JaHHBIX, OIIMCAHWE BXOMTHBIX/BBIXOIHBIX
¢opM 1oIb30BaTEILCKOr0 MHTEpdeiica, ormmcaHue co-
OBITUIA 1 peaKIiii CUCTEMbI B paMKax MOAASPKKU MPO-
1ecca oueHKU 3(P(HEeKTUBHOCTH.

Aneopumm oyenku s¢pghpexkmusHocmu 3a0aHHOI cXeMbl
Aevenus

ITocTanoBka 3agaun. KauecTBEeHHO M KOJIMYECTBEH-
HO OLIEHUTD 3(P(PEKTUBHOCTh TPUMEHEHUST BHIOpaHHOM
CXEMBI JIeYeHHS (C BBEIBOIOM O IPOJODKEHUM €€ WC-
ITOJIb30BaHUS B JICUCHUH; €€ MOOU(UKAIINN B TOI MJTN
WHOH CTEeTICHM; 3aMEHBI Ha APYTYIO CXeMY JICUCHHUST).

Bxoanbie naHHble. BXxOmHBIMM JaHHBIMM CIIyXKaT Te
KOJIMYECTBEHHO M3MEHEHHbIC OMOXMMMUYECKUE IOKa-
3aTelIi, KOTOpPhbIe Ha MPEIbIOyIIEeM 3Tarle IIporpam-
MHOTO aHajJn3a OBbLIM OIpeIeieHBl (IMAarHOCTHUPOBA-
HBbI) KaK XapaKTepHBbIE IJI1 JAHHOTO MeTab0JIMUeCKOro
CHUHIpOMa.
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BoixonHble naHHble. BBIXOAHBIMU JaHHBIMU CITyXKaT
KOJTMYECTBEHHbIE 3HAUEHUST OMOXMMUUECKUX MPU3HA-
KOB MTPOJICYEHHOTO MeTaboJIMIecKOoro CUHAPOMa, To-
JIydeHHbIE TIPU JJAOOPaTOPHOM UCCIIENOBAHUU TIOCTE
Kypca JieueHusI. DTU TaHHbIe JOJKHBI ObITh TPOTPaM-
MHO MPOaHATM3UPOBAHBI B CPABHEHUM C UX MUCXOTHBI-
MU (D0 Hayasa JiedeHus1) 3HaueHusiMu. Mcronb3yeTcs
aneopumm «Ouenka kavecmaa ae4edbHo2o aghpekma» , KO-
TOPBII TIPE/IIToJIaraeT Ccliefyollre BApUaHThl BHIBO/IA O
KavyeCcTBe JICUCHUS:

— «oTCcyTCcTBUE 3P PeKTar;

— «CJ1a00 BbIpaKEHHBIH MTOJT0XUTEIbHBIN 3 HEKT»;
— «BBIPaXKCHHBIN MOJIOXKUTEIBHBIN 3(PPeKT»;

— «c1abo BbIpaKEHHBIN OTpULIATEIbHBIN 2(DdEeKT;

— «BBIpaXXKEHHBIN OTpULIATEIBbHBIN 3P HEKT».

Boixoxnbie (opMbl TMOJIB30BATENbCKOTO HHTEp(eiica.
BrixonHbie (hopMblI OIB30BAaTEILCKOTO MHTEpdeiica
TIPY 3TOM MOTYT OBITh IPEICTABICHBI B BUIE TaOJIUIIbI
CO 3HAYCHUSMU OMOXMMUWYECKUX TTPU3HAKOB MeTabO0-
JIMYECKOTO CUHApPOMa JI0 U Tocyie JeueHus. BoamoxHa
ONLMs OTOOPaXKEHUST UCXOAHBIX JaHHBIX B BUJAE AMa-
rpaMMBbI WM Tpaduka.

Aneopumm npunamus peuienusi no 0aNbHelueMy 1eHeHUIO

ITocTtanoBka 3amaun. IlocTpouTth anropuTMUUYecKue
MnpaBuJjia, MO3BOJISIOIINE T10JIb30BaTE/0 CAeIaTh Bbl-
BOJ U MPUHATH pellieHue 00 MCMOJIb30BaHUU JaHHOM
CXEMBbI B JaJIbHeIeM JJeueHU N ; MOAU(pUKALIUU CXEMbI
B TOI WJIM UHOM CTEIIEHM; 3aMEHbI JAHHOM CXEMbl Ha
JIPYTYIO CXEMY JICUEHUSI.

BxojHble JaHHbIE:

— JJaHHBIC CPAaBHUTECIBbHOI'O aHa/in3a YMCICHHbIX
OMOXMMUYECKUX BEJIWYUH J10 U MOCJIe JICYCHNA,

— JaHHbIE KAYECTBEHHOU OLIeHKU JIeueOHOTro 3 hek-
Ta, MoJlyyaeMble B pe3ysibraTe 00paboTKU JTaHHBIX
CPaBHUTEIBHOTO aHaM3a YUCICHHBIX OMOXUMMU-
YeCKUX BEJIMUUH A0 U MOCse JeUSHUSI.

ITpu dbopMupoBaHuM U cOOpe JaHHBIX EPBOTO THU-
Ia BBIMOJIHSETCS MpoLeaypa CPAaBHEHUST JOCTUTHYTHIX
B pe3yJibTaTe JIeYeHUs BEIUUYMH 3HAYUMMBIX IJIsT JAaH-
HOTO MEeTabOJIMYEeCcKOTro CMHIpPOMa IMoKasaTesieil ¢ ux
HUCXOJHBIMU 3HAYEHUAMU, AUATHOCTUPOBAHHBIMU IO
Hayaja JieuYeHUs B X0e OMOXMMUYECKOro JIabopaTop-
HOTO UCCJIEJOBAHUSI.

JIaHHbIE BTOPOTO TUTIA SIBJISIOTCS KAUeCTBEHHBIMU,
MPOU3BOAHBIMU OT JAHHBIX TEPBOTO TUIA. DTU AaHHbBIE
MPENCTaBISIIOT COO0I BO3MOXHbBIE BAPUAHTHI BHIBO/IA O
KayecTBe JICUCHUSI.

Boixonnbie qannbie.  BBIXOTHBIMY JaHHBIMU aJITOPUT-
Ma TNPUHATUSA PELICHUS M0 NajbHEUIIEMY JIEYEHUIO
CJIyXaT YCTaHOBJICHHBIEC TUIThI PEKOMEHAAIIUIA T10 TIPH -
MEHSIBIIICHCS CXeMe JICUCHUS:

— COXpaHCHUE CXEMbI 0e3 U3MeHeHUl u IPOOOJIKE-
HUEC JICUCHMUS,

— Moau(UKALMS CXeMbI TpeX CTeIeHell BBIpaXKeH-
HOCTH (He3HAaYMTe/IbHAsI, YMEPEHHAs1, CYILIeCTBEH-
Has);

— OTKa3 OT NPUMEHEHUsI TaHHOW CXeMBbl U BHIOOP
HOBOI1 CXeMBI JICUCHUSI.

5 IlepcrieKTUBBI pa3BUTHUS
MHOOPMALIMOHHO-
AHAJIUTUIECKOM
aBTOMATU3UPOBAHHOM
cucTteMbl «MeranuT»

Takum o6pa3om, paspaboTraHa MeETOMOJOrUYE-
CcKasg U TexHu4yeckas 0asza Uil SKCIEPTHOW CHUCTEMBI
KOMILJIEKCHOM NMArHOCTUKU M TPODUIAKTUYECKOIO
JieyeHus nareHToB ¢ MKbB. YuuTtsiBas He TOIbKO Me-
TUIUHCKYIO, HO U COLIMAIbHYIO0 aKTYaIbHOCTD ITpO0JTe-
Mbl MKDB, a Takxe TpyaHOCTH MPUHSATHUSI BpaueOHOTo
pellieHusT B BbIOOpE aneKBaTHOM TaKTUKU ITPOTUBO-
PELIMIMBHOIO JICYEHMSI 3TOTO 3a00JIeBaHUs, CIEIyeT
CUYUTATh 1IeJIeCO00pa3HBIM CO3IaHNe TEXHOJOTHI pac-
IIAPEHUS W COBEPIICHCTBOBAHUS (DYHKIIMOHAIA 9KC-
IIEPTHOTO MOIYJISI CUCTEMBI « MerainuT» Ha OCHOBE aHa-
JIN3a BHOBb ITOCTYIIAIOIIMX JAaHHBIX C UCIIOJIb30BaHUEM
MpUHIMIIA OOPaTHOM CBS3U.

Ha cremyromumx sTamax IUlaHHpyeTcs paboTa ITo
ONTUMM3ALIMU MpakThueckoro mnpumMeHeHuss MAAC
«MeraauT» B KIMHUYECKOM YPOJIOTUU.

[IpenioxxeHHbIE MaTeMaTUUYECKME METOIbI U aJiro-
PUTMBI HAWAYT TPUMEHEHUE NPY JallbHEHIIEM pa3-
BUTUU (DYHIAMEHTAJIBHBIX HAyYHBIX MCCICIOBAaHUN B
obJtacTu pa3paboTKU MaTEMAaTUYECKHUX METO0B MOJIE-
JINPOBAaHUS MEIUKO-OMOJOTMUECKUX CUCTEM, a TaKXkKe
MPpU CO3AaHMU HEOOXOAMMOIO MaTeMaTUYECKOTO MH-
cTpyMeHTapus. B mepByio odepenb 3TO KacaeTcs I10-
CTAHOBKM DPa3BepHYTOro QUAarHo3a, Hauboyiee IOJTHO
OTPaKaIIETO OCOOCHHOCTH METabOJIMIECKOro THUIIa
KOHKPETHOIro 00JIbHOTO (00CIeayeMoro), crelupuKky
(DYHKIIMOHAJIBHOTO COCTOSIHUS TIOUYEK M MOYEBBIX ITy-
Tel mauueHTa. [1pu 3TOM TakKe yUUThIBACTCS BIUSIHUE
PA3IMIHBIX MOTUPULIMPYIOIINX (DAKTOPOB, TAKMX KaK
HaJIMYWe WA OTCYTCTBHME WH(MEKIMU U CTETICHH €e
BBIPaXKEHHOCTH, BO3JEHCTBUE COIIMAIbHBIX (PAaKTOPOB,
(hakTOpOB NMUTAHUSI, HACAEACTBEHHOCTH U JIP.

90 UH®OPMATUKA U EE TIPUMEHEHUS Tom 7 Bbimyck 4 2013



I/IH(i)OpMaHI/IOHHO—aH.’:U'[PITH‘IeCKaH aBTOMAaTU3MWpOBaHHasA CUCTEMA «Meranut» B ONTUMU3ALNU TUATHOCTUKA

BHenpeHnue u mpakTuyeckKoe MCTOJb30BaHUE CUC-
TeMbl «MeraauT» Mo3BOJUT C(HOPMUPOBATH MpPeaCTa-
BUTEJIbHBIN HA0Op JaHHBIX, HA OCHOBE KOTOPOIO pa3-
paboTaTh METONbl BbIOOpPAa OMNTUMAJBHOU Je4eOHOM
TakTUKU. TakuMm 0Opa3oM, KOHEYHBIE MOJb30BaTEIN
MOJIy4yaT BO3MOXHOCTb AUCTAHIIMOHHON TUArHOCTUKHU
MEeTabOIMUYECKUX JIUTOTEHHBIX CHHIPOMOB Y IMaI[MeHTa,
OLIEHKU cTereHu pucka pa3sutust MKb, Beibopa ane-
KBaTHBIX TepareBTUIecKux cxem jiedeHuss MKb u/wmum
NpoPUIaKTUKN PeLUAMBOB KaMHEOOpa30BaHUsl, BBO-
Ja JAaHHBIX O MALIMEHTE B €AUHbIA OaHK MAHHBIX IS
MOCJIEIYIOIET0 MOHUTOPUHTA U JIp.
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THE INFORMATION-ANALYTICAL COMPUTER SYSTEM
“MEGALITH” IN OPTIMIZATION OF THE DIAGNOSIS
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Abstract: In this article, that is the first of an expected series of scientific publications, the results of research
on automation of the information and analytical processes of the urolithic disease (ULD) survey, diagnosis, and
treatment are discussed. A significant role in creating the systems of ULD diagnostics has the development
of information technologies for clinical data collection and formation of specialized databases. The possibility
of creation and the ways of realization of information-analytical computer system of collection, storage, and
processing of the clinical data of patients examination, as well as programming decision-making processes in the
diagnosis ULD and the choice of schemes of treatment and prevention of this disease has been studied. The
developed mathematical methods and algorithms may be applied to the further fundamental scientific researches
in the field of development of mathematical methods of medical and biological systems modeling; besides, they

may be applied for necessary mathematical tools creation.
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AHAJIN3 OAHOPOJIHOCTHU JAHHbBIX O XUMHNYECKOM COCTABE

KAMHEW ITPU YPOJIUTUA3E

M. I1. Kpusenko!, C. A. Tonosanos?, A. B. Cuskos®

AnHOTamus: PaccMOTpeHbl METOIbI MCCACIOBAHMSI OJHOPOIHOCTH CTATMCTMUYECKUX JAHHBIX O XMMUYECKOM
cocTaBe KaMHeH ITpH yposuTrase. MHOTOMEPHOCTh TaHHBIX, OCIHBIN CIIEKTP Pa3TMIHbIX 3HAYCHUI ITOKa3aTesei,
HEBO3MOXHOCTb MCIIOJb30BaTh MPOCThIC aleKBaTHbIC BEPOSITHOCTHBIE MOJEIM JJIsI HUX, a TaKXKe OTCYTCTBUE
HaKOIJIEHHOTO OIbITa MOJAOOHOIO MOJIEIMPOBAHUS B O0JIACTH YPOJIOTMM MPUAAIOT CrieluUKy paccMaTpu-
BaeMbIM 3amayaM. [IpemioxkeH U MpoaHAIM3UPOBAH KPUTEPUI 3HAYMMOCTU, OCHOBAHHBII Ha PAaCCTOSHUU
MEXXIy MHOXECTBAMHU TOYEK B €BKJIMIOBOM MpocTpaHcTBe. OH MpPUMEHEH [JIsl aHaau3a 3aBUCHMOCTU COCTaBa
KaMHeil oT moja namueHTa. [1pu aHanM3e U3MEHEHUs COCTaBa KaMHE OT BpeMEHM TMPeIIOKEHHBIN KpUTEepUiA
HCIIOIBb30BaH KaK 2JIEMEHT IAapHBIX CPAaBHEHUI NAHHBIX UL Pa3IMYHBIX BPEMEHHBIX (parMeHTOB. B 3TOM
cllydyae BIIepBble MPUMEHEHbI MIEU allMpOKCHMMAIIMM BO3HUKAIOIIMX CBSI3EH MeXay (parMEHTaMM JAaHHBIX C
TMOMOIIBIO OTHOIIEHHUSI SKBUBAJIEHTHOCTU. DTO MO3BOJISIET 000CHOBAHHO MPOBOAUTD CTPATU(UKALIMIO UCXOAHBIX
JMAHHBIX. B X0/Ie 9KCIIepMMEHTOB MOJTYIeHBI CTATUCTUYECKU 000CHOBaHHbBIC PE3YJIbTaThl KaK 00 0COOEHHOCTSIX

MOYeKaMEeHHOI 00Je3HU B 3aBUCUMOCTH OT IoJIa nauueHTa, Tak U 00 UX U3MEHEHUU C TeYEHUEM BPEMCHU.

KimoueBbie clioBa: KpUTEpUU OJHOPOIHOCTU; CTpaTU(UKALIMST, OYTCTPEI-MeTO/I; MOueKaMeHHast 00JIe3Hb

DOI: 10.14357/19922264130410

1 Bsenenue

3ab01eBa€MOCTh ~ YPOJMTUA30M  CYILIECTBEHHO
BapbUpyeTCs B pa3IMYHBIX CTpaHax Mupa. B tepmu-
HaX YacTOThl BCTPEYAEMOCTH 3TOrO 3a00JieBaHUS Ha
MPOTSKEHUH XKU3HU MHAMBUIA B UCCIECIYeMOM MOIy-
nsiuu (lifetime prevalence) pacnpocTpaHEHHOCTh MO-
yekaMeHHol OosiesHu (MKDB) cocTtaBisier B cTpaHax
Asun 1%—5%, Espornibl — 5%—9%, CeBepHoit AMepu-
ku — 13%, nocturas 20% cpenu HaceneHust CaynoB-
cKoii ApaBuu [1].

HecmoTpst Ha TO 4YTO BMUAEMUOJIOTUYECKUE MC-
cienoBaHusi, TIpoBeAeHHbIe B 10 cTpaHax, yKa3biBa-
10T Ha OTpee/IeHHOe CXOJCTBO pacIpeeIeHUsT TUTIOB
YpOJIMTHA3a, OIPEALTISIEMBIX TT0 XUMUYECKOMY COCTaBY
KOHKPEMEHTOB [2], XUMUUYECKUI COCTaB MOUYEBBIX KaM-
Heii y OOTbHBIX B Pa3HBIX CTpaHaX BCE e UMEET CBOU
ocobeHHoctu. Kpome Toro, 3aMe4eHo, 4TO B OTHOM U
TOM € PernoHe KJIMHUYECKre U MeTaboIMIecKue Xa-
paktepuctuku MKDB MoryT cyiiecTBeHHO U3MEHSITHCS
¢ TeyeHueM BpemeHnu [1, 3—5].

CyliecTByOIIME pa3IniMs, KakK MojarajoT, UMEIOT
TECHYIO CBSI3b ¢ MH(EKIIMell MOUEBbIX ITyTel, HapyIe-
HHUEM YPOOWHAMUKH, U3MEHEHUSIMH OOMEHA BEIIECTB
1 (PU3NKO-XMMUYECKUX CBOMCTB MOUM, a TAKXKe C (hakK-
TOpaMU OKpYKaloIlleil cpelbl, XapaKTepoM IMTaHUs
HaceJIeHUs 1 COLIMaTbHO-3KOHOMUYECKUMU YCIOBUSI -

MU [6].

B cBg3u ¢ 2TUM 1enbl0 HAacTosIIeld paboThl ObI-
Jio usyyenue ocoodeHHocteit MKb u pacnipoctpaHeH-
HOCTH €€ MeTabOJNYECKIX TUIIOB MO pe3yabraTaM MC-
CJIeOBaHMsI MIHEPAJIBHOTO COCTaBa MOUYEBBIX KaMHEM
MalMeHTOB, MPOXOAMBIIMX JieueHue B KinHuke HUN
yposnioruu M3 P® (1. MockBa) M TOPOACKOI KIMHU-
YecKoi yposjornueckoit 6oabHuIe Ne 47 T. MOCKBHI B
nepuof ¢ 2005 mo 2009 rr. HaHHas paboTa SIBIsSIET-
CsI YaCThIO MPOAOJIKAIOIIETOCs UCCAeIOBaHMSI OCOOEH-
HOCTEM pacIpoCTPaHEHHOCTU METa0OIMIEeCKIX TUIIOB
MKDbB B MockoBckoM perroHe, Hauatoro B HUM ypo-
soruu ¢ 1985 1. [7].

CpaBHUTENbHBIN aHAIW3 JaHHBIX MO0 XUMUYECKO-
My COCTaBy MOYEBBIX KaMHEW 3a MHOIOJIETHUI Iie-
PUOL TPEACTaBJISET KaK 3MUAEMUOJOTMYECKUI, TaK
W TIPAaKTUYECKUIN MHTEPEC ISI KIMHUYECKOU YpOso-
TMU, TO3BOJISIS BBISIBUTH ONpENEIeHHbIE TEHIACHIIMU
pacnpoctpaHeHHocT TunoB MKDB 3a ucciemyeMblit
nepuoa. Hanmpumep, nojiydueHHbIE TaHHBIE 110 YACTOTE
BBISIBJICHUSI OCHOBHBIX META00JIMYECKMX TUTIOB MOYE-
BbIX KAMHEW CPEeIM MYXKCKOTO M XXEHCKOTO HaceJeHUs
I. MOCKBBI MOTYT OBITh MCIIOJIb30BaHbI MPU TLJIaHU-
pOBaHWM OKa3aHWUS CIIEIMATU3MPOBAHHONM YPOJIOTUYE-
CKOI1 ITOMOIIM U pa3pabOTKe COOTBETCTBYIOIINX JIeueo-
HO-TIPODUIAKTUYECKUX MEpONpUsATUil. Pe3yabraTsl
MPOBEIeHHOI PabOTHI MOTYT CTaTh OCHOBOM JIJIST JajTb-
HEUIINX aHAJIUTUYECKUX SIMUIAEMHUOJOTUYECKUX WC-
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AHnanu3z OOJHOPOAHOCTU JaHHBIX O XUMHWYECKOM COCTaBC KaMHen IIpU YpPOJIMTHUA3E

CJIeIOBaHU, HAITPaBJICHHBIX Ha BISIBICHUE (haKTOPOB
pUCKa U UX YCTPAHEHMUE, B LIEJIIX CHUXKEHUS 3a0071eBa-
emoctu MKDB cpenu HaceneHus.

HccnenoBanue pealbHbIX KIMHUYECKUX 0a3 maH-
HBIX WTpaeT BaXXHYI POJIb IS Pa3BUTHUSL TEOPUU U
MpPakTUKKU METOJ0B UX aHaIu3a, AaBasl TOJYOK K JeTa-
JIM3alMK MOCTAHOBOK 3a1ay 00pabOTKM TaHHBIX, BbI-
HyXIasi pa3BUBaTh OTIEIbHbIC IOAXOIbLI MO BBISBIIC-
HUIO CKPBITBIX (JJATEHTHBIX) CBSI3EM M CTPYKTYP B 3TUX
naHHbIX. WM HakoHeIl, TOJbKO INMPOBOAS MPUKIATHbIC
HUCCaeA0BaHMs, MOXHO IMOHSATb UCTUHHYIO 3HAYMMOCTb
npenjaraeMbIX HapabOTOK B 00J1aCTU MPUKIIAAHON Ma-
TeMaTUKU U UH(POPMATUKU.

MartepuajioM [ MCCAEAOBaHUS  MOCIYXKUIU
pe3yabTaThl aHaJIM3a XMMUYecKoro cocrana 4217 mo-
YeBbIX KOHKPEMEHTOB, yIaJIeHHBIX OTIepaTUBHO, (hpar-
MEHTUPOBAHHBIX C MOMOIIbIO TUCTAHLIMOHHOM JIUTO-
TPUIICUU WM OTOLIEAIIMX CaMOCTOsITeJibHO. Bcero
obcaenoBaHo 2413 myxuuH 1 1804 >KeHIIWH B Bo3pac-
te ot 16 1o 77 net, 6onbHbIx MKB.

B nanHoii paboTe moapoOHO paccMaTpUBAIOTCS 3a-
Jayy aHaJIu3a OJHOPOJAHOCTU JAHHBIX O COCTaBe KaM-
Hell B IBYX KOHKPETHBIX TOCTAHOBKAX: 110 UMEIOIIMCSI
JIAaHHBIM O COCTaBe KaMHEe#l TpeOyeTCsT MCCAeNoBaTh €r0
3aBMCUMOCTD OT I10JIa MalMeHTa U BpeMeHu. PerieHue
9TUX 3ajay JOJDKHO BKJIIOYATh KakK BblsiBieHUE (00-
HapyXeHue) HaJTuuMsl 3aBUCUMOCTH, TaK U (POpMUPO-
BaHUE TPEANOJOXKEHUM, KaKue OCOOEHHOCTH COCTaBa
KaMHell XapaKTEepHbI I/ TOTO WIM MHOTO ToJia WU
MMPOMEXYTKa BPEMEHU.

2 OOmag xapakTeprucTUKa JaHHBIX

OO0BEKTOM aHaIM3a CTAJIM JaHHbIE, BKIIIOUYAIOIINE
yKazaHue nosia nauueHTta (M — myxckoit u F — xeH-
CKWIi), pe3yIbTaThl U3MEPEHUIT COCTaBa KaMHEl, TaThl
STUX U3MepeHnii. ModeBble KaMHU Ha 98%—99% co-
CTOSIT U3 KPUCTAJIIMYECKOM (ha3bl, TpeAcTaBIeHHOI
yallle BCero okcajaaTamu 1 (pocdaramMy KajabLus, MO-
YeBOW KHUCJIOTOW M ee coiisiMu. Kpucrammmdeckas
¢daza MoxeT colepXkaTb OJMH, JIBa U 0ojiee MUHE-
pajibHbIX KOMNIOHEHTOB [8]. TloaTOMy cocTaB KamHel
MPEACTaBSCTCS MO0 ¢ TTOMOIIBIO MEPBUYHBIX MPU-
3HAaKOB, OTpaXalolIUX TUIl MHUHEPaJIbHON KpHCTas-
JIMYecKoi (pasbl, MO0 C MTOMOIIBIO BTOPUYHBIX WU
WHTETPAJIbHBIX NMPU3HAKOB. JIJI51 IEpBUYHBIX TTPU3HA-
KOB (MEepeMEHHbBIX) TIPUHATHI CIeaylole o003Have-
Hus: WH — BeBelIuT (KajdbliMsl OKcajaT MOHOIM-
npar); WD — BengeuT (Kajiblysl OKcaaT JUTUIPAT);
UA — mouenas kucinota; UADH — MoueBas kuciiora
nuruapat; AMUR — (MoHo)ammonus ypat; NAUR —
(MoHO)HaTpusi ypaT MoHoruapaT; WTL — Butio-
kut (Tpukaneumsa gocdar); CA — kapboHATaINaTuT;
HAP — ruagpoxcuanatur; BRU — 6pymut; STRU —

crpyBut; CYS — L-muctuH. BTOopuyHbIe NMpU3HAKU
cyth: O — okcanatel; U — ypatel; P — docdatsr. [Tpu
3TOM

O=WH+ WD;
U = UA + UADH + AMUR + NAUR ;
P = WTL + CA + HAP + BRU + STRU.

Bce mepBuYHBIE TTPU3HAKKM XapaKTEPU3YIOT HOJIO
COOTBETCTBYIOIIETO BEIIECTBA B €MHUIIC BECa OTAETb-
HOT'O KaMHsl, T. €.

WH + WD + UA + UADH + AMUR + NAUR +
+WTL+CA+HAP+BRU+STRU+CYS = 100.

B umeronmxcst ;aHHBIX 0OpallaloT Ha ce0sl BHUMA-
HUE CJICAYIOIINEe MOMEHTHI:

— BBICOKAsl ITOBTOPSIEMOCTb 3HAYCHUI IPU3HAKOB
(cpenu 4217 HabmoneHuit BcTpeuaercst 425 pas-
JINYHBIX 3HAYEHU 12-MEepHBIX BEKTOPOB IIEPBUY-
HBIX TIPU3HAKOB, a Pa3JIMUHbIX 3HAYEHUI 3-Mep-
HBIX BEKTOPOB BTOPUYHBIX ITPU3HAKOB Bcero 114);

— OTCYTCTBHEC JaX€ HaM€Ka Ha BO3MOXHOCTb HUC-
I10JIb30BaTh MOJCJIb HOPMaJIbHOT'O pacIipeac1€HUA
B KaQ4Y€CTBEC BepOHTHOCTHOfI MOIECIN JaHHbIX.

Ocoboe MecTo 3aHMMalT KaMHHU, colepKallue
CYS. IlepeueHb BCTpeyarolIUXCs KOMOWHALUUN pas-
JIMYHBIX 3HAYEHUI COCTaBa KAMHEN C HEHYJIEBBIM 3Ha-
yenuem CYS mpuBeneH B T1abna. 1. W3 Hee BUAHO,
9TO:

— umMmeetcs 49 ciyyaeB, Korjaa peub MAET O MarueH-
tax co 100%-ubim conepxkanueM CYS B KaMHSIX,
OHU MOTYT OBITH BBIAEJIEHBI B CAMOCTOSITEIHHYIO
rpymmy,

— OCTaJIbHBbIE JIBa Cilydyasl M3-3a MaJIOUMCIEHHOCTH
HE UTPaloT NPU aHAJIN3€ NAHHBIX CYLIECTBEHHOMN
poJu.

Hanuuue cBsgzeit Mexay Mpu3HakKaMM JaeT TOoJ-
YOK K MCCJeA0BaHUIO BO3MOXHOCTU CHUXXKEHUS pa3-
MepHocTU. B aToMm muaHe addekTuBHOCTHL nepexoaa
K TIEPBBIM IJIABHBIM KOMITOHEHTaM WLIIOCTPUPYETCS
3HAYEHMSIMU 10U CYMMapHOM MUCTIEPCUU, TIPUBEICH-
HBIMU B Ta0J1. 2 I pa3IUYHbBIX BEIUYUH CHUKEHHBIX
pa3MepHOCTEN MPU3HAKOBOTO MpocTpaHcTBa. M3 3Toit
TaOJULBl BUIHA BO3MOXHOCTb CHUXXEHUSI pas3Mep-

Taoamma 1 CocraB KaMHeli ¢ HEHYJIEBBIM
3HaueHuem CYS

O | U | P | CYS | Yucno 3HaueHuit
01]0 0| 100 49
00|10 90 1
0] 0| 80 20 1
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Tabauma 2 {ona cymmapHoii qucniepcu (B %)
JUISl CHUXKEHHOM PasMePHOCTH JaHHbBIX

CHUXeHHast [MpusHaku
pasmepHocTh | IlepBuuHble | Bropuunbie
1 45 64
2 66 99
3 85 100
4 90 —
5 94 —
6 96 —
7 98 —
8 99 —
12 100 —

HOCTHU (HammpuMep, 3aJaBIIUCh KeJTaHeM 00eCIIeuuTh
P CHIDKEHUM pa3MepHOCTH He MeHee 95% cymmap-
HOW JUCIIEPCUU, MOXKHO IEPEATH K 6-MEPHBIM JaH-
HBIM B CJIyJae IMepBUYHBIX MPU3HAKOB U K 2-MEPHBIM
JIJIT BTOPUYHBIX MPU3HAKOB). Takoe CHUXEeHUE pas-
MEPHOCTHU BPSII JIM UMEET 3HaUYCHUE TSI YMEHBIIICHMS
AJTOPUTMHUYECKOM CITOXKHOCTU 0O0pabOTKU JaHHBIX, a
BOT C TOUKHU 3pEHUS TTOBBIIICHUS KaueCTBa CTATUCTH -
YECKOTO BBIBOJIA 3TO OOBIYHO JAeT IMIPEUMYIICCTBA.

J0BOIBHO OETHBIN CIIEKTP Pa3TUIHBIX 3HAUYCHUU
JAHHBIX, HEBO3MOXHOCTb IPUMEHMUTh IPOCTHIE ajie-
KBaTHbIE BEPOSITHOCTHBIE MOJENU JUISI HUX, & TaKXe
OTCYTCTBHE HAKOIUICHHOTI'O OIbITa ITOA00HOI0 MOIEIM -
pOBaHUS B 00JIACTH YPOJIOTHH BEIHYKIAIOT 00PATUTHCS
B IIEPBYIO odYepenb K HelapaMeTpUIecKUM MeTomaM
aHaJM3a JaHHBbIX.

3amavyy aHajM3a 3aBUCUMOCTH COCTaBa KaMHeEM OT
I10J1a MOXHO c(hOpPMYJIMPOBaTh KaK 3afady CpaBHEHMS
JIByX BBIOOPOK, COOTBETCTBYIOIIMX TOMY MM MHOMY
oJ1y. AHaJIM3 BPEMEHHBIX 3aBUCUMOCTEN MOXHO TaK-
K€ CBECTH K ITapHOMY CPaBHEHUIO IMTOIBEIOOPOK, COOT-
BETCTBYIOIINX OIIpeIeIeHHBIM MHTEPBajaM BPEMEHHU.
ITpu 5TOM BaXXHO HE TOJBKO MPOBEPUTH TUITOTE3Y 00
OIHOPOMTHOCTHU IBYX BBIOOPOK, HO U TOJYYUTh MpPE.I-
CTaBJICHHUE O XapaKTepe OTIWIUIA, €CI OHU €CTh.

3  Kpurepun ogTHOPOJHOCTHU ABYX
BBIOOPOK

JocTaToOYyHO OOraThlil apceHaa MOAXOI0B U pelle-
HUIi IBYX COOPMYJTUPOBAHHBIX 33]a4 aHAIU3a JaHHBIX
(oOHapyXeHue U OLIECHMBAHUE) UMEETCS B OIHOMEp-
HOM cJly4yae, HO 9TO HE O3HAYaeT, YTO UX MOXKHO CUM-
TaTh TOJHOCTbIO pelleHHbIMU. Kak mpumep 3mech
JIOCTAaTOYHO YIMOMSIHYTh TIpobiemy bepenca—duiiie-
pa (Behrens—Fisher) o mpoBepke runoTe3bl paBeHCTBa
CPEeIHUX JBYX HE3aBUCUMBIX HOPMaJIbHbBIX BEIOOPOK C
HEU3BECTHbIMU nucnepcusmu. Kak yxe oTMevanocs,
HauOObIINI MHTEPEC BbI3bIBAIOT HEMTapaMeTpUiIecKue

MOCTAHOBKM 3a7a4 U COOTBETCTBYIOIIME METOIbI aHa-
JIN3a, HO TIPpU X 0000IIEHUM Ha MHOTOMEPHBII cTydaii
MOSABJISIOTCA AOIMOJHUTEIbHBIE TPYIHOCTHU: HEOAHO-
3HAYHOCTH TOHSITUSI MEIWaHbl, paHTa, 3aBUCHUMOCTb
CTaTUCTUK OT UCXOAHOTO pacmnpeneneHus. Kak cien-
CTBME, BOZHUKAIOT U Pa3BUBAIOTCSI HOBBIC TTOAXOIBI K
MMOCTPOCHUIO METOOB aHAJIN3a OMHOPOTHOCTH TaHHBIX
JIJISI MHOTOMEPHBIX MOJie/iel, B YaCTHOCTU Pa3IuIHbIe
CITOCOObI 0000IIIeHU S TOHITUI MeTUaHbl, 3HAKa U paH-
ra Ha MHOTOMepHBII citydait [9, 10].

Hawubonee n3BeCTHBIMU SIBIISIIOTCST IByXBBIOOPOU-
HbIe KpUTEpUH ISl mapameTpa TosjoxeHus [9, 11].
K Hum otHOocsiTest Kputepuii Xotennunra (Hotelling),
MHOTOMepHbIli MaHHa—YuTtHu—Buikokcona (Mann—
Whitney—Wilcoxon) kpuTepuii, MHOTOMEPHBII KpUTe-
puit Myna (Mood). B kauecTBe nmapameTpa nojioKeHust
MOTYT BBICTYNaThb CpeIHWE WU MeIUaHbl B 3aBUCH-
MOCTH OT MPUHSATOU MOMIEJIH.

I1pu ucnonb3zoBaHUM Kputepusi XOTeJJIMHIA PE-
roJjiaraeTcsi HOpMaJibHOE pacrpesie/ieHue JTaHHBIX 1
OCYLIECTBJISIETCS TPOBEPKA TUIOTE3bl 00 OXHOPOMI-
HOCTH OTHOCHMTEJIBHO BEKTOpa CpemHux. B moctpo-
€HUU CTaTUCTUKHU yJaCTBYIOT BEIOOPOUHBIC CPETHUE U
KOBapHallMOHHbIC MATPUIIbI; €€ paclipeiesieHue Mpu
YCJIOBUM HYJIEBOW TMIIOTE3bl M3BeCTHO. Ecium mpen-
TOJIOKEHNE O HOPMAJTbHOCTU He JIEWCTBYET, TO MOX-
HO OOpaTUTBhCSI K MHOTOMEPHOW BEPCUU KPUTEPUSI
MaHHa—YuTHu—BuikokcoHa. CooTBeTcTBYyIOIIAs
cratucTuka W2 CcTpOUTCS Ha OCHOBE OODBEIMHEHMUS
PAHTOBBIX CTATUCTHK IIJIST OTACITBbHBIX KOMIIOHEHT, 13-
BECTHO €€ aCUMIITOTUYeCKOe pacripeneieHue. Ha unee
00BEAMHEHUS PE3yIBTaTOB ITOKOMITOHEHTHOTO aHAJIM -
3a CTPOMTCS M 3HAKOBAs CTATUCTUKA T2 MeAMaHHOIo
kputepust Myna. s Hee U3BECTHO TIpeAeabHOE pac-
npeneneHue. JIs KOHEUHBIX 00bEeMOB BBIOOPOK pac-
npeneneHuss W2 u T2 He BISIOTCSI CBOOOAHBIMU OT
pacripefieieHusT TaHHBIX.

HeobOxonuMoCTh MpearnoaoXeHuii O HempepbiB-
HOCTHU pacIipeAesIieHUl U TOT0, YTO pa3jIuiyue BIOOPOK
OIMCBIBAETCSI MapaMeTPOM ITOJIOXKEHUsI, TTPUBOAUT K
TOMY, UTO TIEPEUMCIICHHBIC CTATUCTUKN MaJIOTIPUTOMI -
HBI TIPU CPaBHUTEIIBHOM aHaJIM3e JaHHBIX O COCTaBe
KaMHEW.

C no3unuit ycToiIMBOCTU CTATUCTUYECKOTO BHIBO-
Jla KOHKYPEHTOM BEKTOpa CPENHUX SIBJISIETCS BEKTOD
MenuaH [10]. 3gech MOXHO paccMaTpuBaThb BEKTOP
ITOKOOPIMHATHBIX MeIMaH, IIPOCTPAHCTBEHHYIO MEIH -
aHy, MHoroMmepHyo MeauaHy Oiis (Oja), MHOTOMED-
Hyto menuany Jiny (Liu), cyiiecTByIoT 1 Apyrue MeHee
U3BECTHBIE 00001IeHusI. MHoroobdpasue BapuaHTOB
00BSICHSIETCS XKeJaHWeM aBTOPOB O0ECIEUYMTh TaKue
CBOICTBA XapaKTEPUCTUK MOJIOKEHM S, KaK 9 (PeKTUB-
HOCTh, 3KBHBAapMaHTHOCTb, POOACTHOCTh, BBIUMCIIM-
TeJbHbIe ynoocTBa. K coxkaneHuto, I paccMaTpuBa-
€MOW CUTYyallMM C aHAJIM30M COCTaBa KaMHEW BCE 3TU

96 UH®OPMATUKA U EE TIPUMEHEHUS Tom 7 Bbimyck 4 2013



AHnanu3z OOJHOPOAHOCTU JaHHBIX O XUMHWYECKOM COCTaBC KaMHen IIpU YpPOJIMTHUA3E

000011IeHUS HE TIO3BOJISIIOT OCBOOOIUTHCS OT SIPKO BbI-
paXeHHOM MTOBTOPSIEMOCTH JAHHBIX U, KaK CJIEICTBUE,
CBOJSIT Ha HET NeKJIapupyeMble MPEeUMYIIeCTBa.

Kak HOBbII1 no3uiimoHupyet aBTop [12] kpurepuii,
OCHOBAHHBII Ha UCTIOJIb30BAHUY MHOTOMEPHBIX KBaH-
TWIBHBIX GYHKIIMI U CpaBHEHU U ITapaMeTPOB OMHOMMU -
aJIbHOTO pacripenesieHus. B mpenioxeHHON penakimu
9TOT KPUTEPUA HE MPEACTaBIsIeT MHTEepeca I0 CIeIy-
FOIIUM TTPUYMHAM:

— BBIZICJICHUE BCErO OJHOIO MHOXKECTBA, 32 BEpOsT-
HOCTBIO MOMNAJaHUs B KOTOPOE BEIETCS KOHTPOJIb,
MIpUBEAET K MaJIOW MOIITHOCTY KPUTEPHSI, YTO HAK-
GoJree SIPKO TOJKHO IIPOSIBUTHCS TP BO3pacTaHUHU
pPa3MepHOCTH ITPOCTPAHCTBA TAHHBIX B CHUILY «IIPO-
KJISITUSI pa3MEPHOCTI»;

— CBOJUTH UTOTOBOE MPUHSTHE PEUIEHUSI 00 OJHO-
POIHOCTU ABYX BBIOOPOK HA OCHOBE aCUMIITOTUYE-
CKMX pEe3yJIbTaTOB O PABEHCTBE YACTOThI MOIaaa-
HUS TaHHBIX B HEKOTOPbIE MHOXECTBA 33JJAHHOMY
3HAQUEHUIO HEMPaBWIbHO, TaK KaK CYILIECTBYET
(cM. [13, pasn. 4.5]) paBHOMEPHO HanboJIee MOIII-
HbIi HECMELIEHHbIA KPUTEPUN CPaBHEHUS [BYX
OMHOMMAJIbHBIX COBOKYITHOCTEI, OCHOBAaHHbI Ha
TUIepreoMeTpruyeckoM pacmnpeneacHuu. st mo-
CJIEAHET0 M3BECTHO, YTO aIlMNpoKCUMalUsl C I0-
MOILbIO HOPMAJIBHOTO paclpeleeHUs KpaiiHe He-
YIOBJIETBOPUTEbHASL (BOMPOCHI allMpPOKCUMAIIUU
TUIIEPreOMEeTPUYECKOTO pacpeie/IeHUsl paccMar-
puBanuck B nokiazae [14]).

TToaBoast UTOT, MOXKHO CAENaTh CASAYIOLIMIA OO
BBIBOJI: OTCYTCTBUE C(OPMUPOBABLIMXCS MOJEEN U
SIPKO BbIpaxke€HHAasI TUCKPETHOCTb NAHHBIX TPUBOIST K
HEoOXOIUMOCTHY MPUBJIEKATh MPU aHAJIN3e KPUTEPUEB
3HAYMMOCTHM METOJbI yIIpaBJeHUs 00pabOTKOI BbIOO-
POK, a pa3 TakK, TO BbIOOP 3TUX METOJ0B MOXET ObITh
JIOCTaTOYHO TMPOU3BOJbHBIM. BaxkHO, 4TOOBI OHM IO
BO3MOXHOCTH OBLITM YYBCTBUTEIBHBI K PA3JIMUHBIM OT-
KJIOHEHMSIM OT HYJIEBOM TMIIOTE3bl 00 OTHOPOIHOCTHU
NIBYX BBIOOPOK U HE BBIXOAWJIN ObI 32 TPAHMIIBI peasib-
HBIX BIYMCIUTEIbHBIX BO3MOXHOCTEN MPU UX BOILIO-
LLIEHUU.

B nanHoi1 paboTe rmojy4uJ pa3BUTHE MOJAX0A, OCHO-
BaHHBIN Ha UCTOJb30BAaHUM PACCTOSHUS MEXIY MHO-
JKecTBaMHu TodeK. Kmeroluecs: BLIOOPKU 00bEMOM U
MpPencTaBIsioT OO0 1Ba MHOXKECTBA TOYEK B €BKJIM-
JIOBOM TPOCTPAHCTBE, MO3TOMY €CTECTBEHHO B Kaue-
CTBE CTaTUCTUKU JJIs1 TPOBEPKU TMIOTE3bI 00 OMHOPOI-
HOCTHM B3SITh KaKO€-TO PACCTOSIHME MEXIY STUMU MHO-
KecTBaMu. B yacTHOCTH, 3TO MOXET ObITh CyMMa BCEX
PACCTOSTHUIT MEXIy 3JeMEHTaMU OJHOTO0 MHOXeCTBa
M 2JIeMeHTaMM apyroro. JlaHHOe MHTYUTUBHOE Mpej-
CcTaBjJeHUe O Mepe OJM30CTU JBYX MHOXECTB YKpeIl-
JIIeTCsl Ha OCHOBE JOKa3aHHOTo B [15] criemytoiero
dakTa: IS HE3aBUCUMBIX CIyJaliHBIX BEKTOPOB X1,

Xo, Y1, Y5, tne X1, Xo UMEIOT OIHO U TO K€ pacnpese-
neHue F' ¢ KOHeYHbIM 3HaueHueM F{|| X; ||} u Y1, Y
MMEIOT OJIHO M TO Xe pacnpejeieHue G ¢ KOHEYHbIM
3HauenueM E{|| Y7 ||}, neiicTByeT HepaBeHCTBO

1
E{| X1 -1 |\}—§E{H X1 —-Xo |} -

lEv-wzo o

KOTOPOE CTAHOBUTCSI PABEHCTBOM TOT/A U TOJIBKO TO-
roa, korna F' = (G. 3ameHsIs ieByto yacTh (1) ee BbIOO-
POUYHBIM aHAJIOrOM, MOMHOXEHHBIM Ha mn/(m + n),
MoJyyaeM CTaTUCTUKY Ty, , AJSL TPOBEPKU HyJIe-
Boil rumoressl H : F = (G TIpOTUB KOHKYpPUPY-
fomieit K : F' # G. OHa uMeeT clenyonuii BUI;

mn 1 m n
T min %ZZ | X5 =Ye |l —
j=1k=1
1 m m
_WZZ | X5 — Xk || —
j=1k=1
1 n n
52 1Y; =Y || - (2
j=1k=1
3nech (Xi,...,X,,) CYyTb 2/IeMEHTbl OIHOW BHIGOD-
ku, (Y1,...,Y,) — npyroii. OTKIOHEHUE HYJEBOU

TUTIOTE3bl TIPOUCXOANT TIPU OOJIBIIINX 3HAYSHUSX CTa-
tuctuku 1,, ,,. PacnpeneneHue cTaTUCTUKU KPUTEPUSI
HeusBecTHO. [loaToMy it MoOydYeHUs] KPUTUYECKUX
YPOBHE# 3HAYMMOCTHU TIPUXOAMUTCS MpuoderaTb K OyT-
cTpen-MeTony. B 3Toli CBSI3M BaKHBIM DPE3YJIBTATOM
SIBJISIETCS J0Ka3aTeJabcTBO B [15] Toro, uto pacrpe-
JIeJIeHUe CTaTUCTUKY TIPU HYJIEBO TUTIOTE3€ SIBIISIETCS
TIpENIEJIOM ee OyTCTper-pacipenaeeHus TPy m, n. — 00
Tak, uro m/n — 7 € (0, 1).

OtcyTCcTBHME allpUOpPHON MH(MOpPMALIMKA O paclpe-
JIEJIECHUU TAHHBIX TTPUBOIUT K HEMapaMeTpUIecKOMy
OyTCTpen-MeTomy, T.€. K UCIOJIb30BAaHUIO B KaueCTBe
OyTcTpern-pacripeeieHus CMeCU

m F n

HTYL,’H, =

m-+mn m-+mn

roe F,, u G,, — sMmmupndeckre GYHKIIUK pacrpeme-
JeHus it ' 1 G cOOTBETCTBEHHO (HAmpumep, IS
F,, — 2T0 nogiBjieHue oaHoro u3 X, ..., X,, ¢ Bepo-
SITHOCTBIO 1/m). JIJist moydeHus KpUTUIECKUX yPOB-
HEell 3HAUMMOCTM HEOOXOIMMO OIMUCATh pacIpenese-
HUE CTaTUCTUKU Ty, , IS JAHHBIX U3 PACIPEesIEHUS
H,, »; 9TO MOXHO cleaTh JUOO TEOPETUUECKUM ITy-
TeM, JTUOO ¢ TIOMOIIBI0 METOIA CTATUCTUICCKIUX UCITHI-
TaHuii. TeopeTnyeckuii MOIXoJ He TOIUTCS B OCHOB-
HOM M3-3a BBIYMCIUTENBHBIX CIOKHOCTE!: TOCTATOYHO
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Taﬁ.]'[l/[].la 3 Crenenb cxarus IPEACTaBJICHUA JTaHHBIX

[Mpuznaku | OO1ee KoauyecTBO NaHHbIX | Yucno paznuyHbix 3HaueHuit | KoadduuueHt cxarus
I1

epBUYHbIE 017 425 10
Bropuunbie 114 37

0oJIbIIIME 00bEMbI UCXOMHBIX TaHHBIX MOJHOCThIO MC-
KJTIOYAIOT TIPSIMOE TIePEYNCIICHIE BCEBO3MOXKHEIX OYT-
CTPEI-BBIOOPOK, a aHAJTUTUYCCKUI BBIBOI pacIIpeme-
nenust T,, , NMPU BCEil €ro HEOYEBUAHOCTU, CKOpee
BCETO0, MPUBEAET K TPOMO3AKNM KOMOMHATOPHBIM (hOp-
MyJlaM, pacyeT IO KOTOPBIM COMNpPSIKEH C OOJbIIMMU
BBIYMCIIUTEILHBIMYA TTOTpEITHOCTIMU. [loaToMy mc-
ITOJTb30BAJICS METOJ, CTATUCTUIECKIX VCITBITAHUIA.

B aToM ciyyae MHOTOKpaTHOE BHIYMCICHUE CTaTH-
CTUKU 17y, 5, BKIIOYAIOLIEH NBOMHbBIE CyMMBI, CO31acCT
Mpo0JIeMbl BPEMEHHOTO XapakTepa IIpH pean3aun
OyTCTpen-MeTona, PEeIINTh KOTOPhIe MOXHO, MCITOJIb-
3ysl 0OCOOEHHOCTh TaHHBIX O COCTaBe KaMHEil — OTHO-
CUTEJIbHYIO OCIHOCTh CHeKTpa 3HayeHuit. Tabmuua 3
JIEMOHCTPUPYET BO3MOXKHOCTH CXKATHSI TaHHBIX ITPH T1e-
pexone OT MCXOMHBIX TaHHBIX K WX IIPEICTABICHUIO B
BUJIE COBOKYITHOCTH Pa3JIMIHBIX 3HAYCHU.

Mycte (Z1,-+s Zman) = (X1, X, Y1,

L Y), (Z1,...,ZK) — pasIUYHBIE Cpeau
(Z1,. .. Zmyn) 3navenus, C(l) — MHAEKC l~3H2~1‘{eHI/I$I
Z; B NOCNENOBATENbHOCTU (Z1, ..., Zy), T.€. Zo@) =

=Z,mmel<l<m+nul gigk. DTO 0TOO-
paxenue C' CTPOMTCH €IMHOXIBI B mporecce (op-
MUpoOBaHus (21, ..., Zk)) U3 (Z1,. .., Zmin). Temiepb
MOXHO 3apaHee BBIUUCIUTDH BCE HEOOXOAMMbIEC 3HaYe-
Hus || Z; — Z; || M ucrnonb3oBaTh MX TP HAXOXKIEHUH
cjlaraeMbIX B (2), a reHepaluio 0yTCTpeIn-BbIOOPOK OCY-
IECTBISATh HA MHOXecTBe {1,2,...,m +n}

Jlnst oOHapyXeHMsT 3aBUCUMOCTH COCTaBa KaMHel
OT MoJa nauueHTa Kpurepuid 1}, , UCHOJIb3YETCS Ha-
MPpsSIMYIO0, B CIydae ke 3aBUCUMOCTH OT BpeMEeHU — KakK
OCHOBA ISl TApHBIX CpaBHEHUI rpynn (hparMeHTOB)
JTAHHBIX, OTHOCSIIIIUXCS K OTPENETICHHOMY ITPOMEXYT-
Ky BpeMeHU (Harpumep, B OIUH TOJI).

4 DKCnepuMEHTbI

Jlng KonuuecTBa OYyTCTpeN-3KCIEPUMEHTOB Jajee
ObLI0 TpUHATO 3HadeHue 10%, yro obecrneunsano ao-

CTaTOYHO TOYHOE TpeACTaBIICHUE ISl €AWHUILL IPO-
LEHTA MPU OLEHUBAHUM KPUTUYECKOTO YpoBHs a
OITMCAaHHOTO KPUTEPHUS 3HAYMMOCTH. JIJ1s1 3ama9m cpaB-
HEHUSI COCTABOB KaMHEH y MY:KUMH U XKEHIIUH TTOJIy-
YeHHBIE Pe3yabTaThl MpuBeneHbl B Ta0na. 4. M3 Hux
CJIEyeT, 4YTO €CTh BECKUE OCHOBAHMUS JISl OTKJIOHE-
HUS HYJEBOM THUIOTE3bl 00 omHOpomHOcTH. Kpome
KpalfHe MaJIbIX 3HAYeHU OLIEHOK KPUTUIECKOTO YPOB-
HS IUT HATJISIHOCTH TIPUBEICHBI MAaKCHUMaJIbHBIC 3HAa-
YEeHUsI CTATUCTUKU KPUTEPUS, BCTPETUBILMECS B XOJIE
OyTCTpENn-3KCIePUMEHTOB, KOTOPbIE TAKXKE ITOKa3bIBa-
IOT CYILIECTBEHHOE OTKJIOHEHUE IPU HYJIEBOI TUIIOTE3e
CTaTUCTUKY KPUTEPHUSI OT OOBIYHBIX 3HAUCHUIA:

* B
T, > max Toon -

Takum oOpazoM, OOOCHOBAHO HajuM4ue 3aBUCU-
MOCTHM COCTaBa KaMHEM OT I1oJjia, Mpu4yeM 3HaUYMMOCTb
9TOro BbIBOJA BecbMa BbICOKA. HO mNpuMeHeHHbI
METOJ aHaJIN3a OMHOPOAHOCTHU AAHHBIX HUUEro He TO-
BOPUT O TOM, UYTO MEHSIETCSl B COCTaBe KaMHell B 3aBU-
CUMOCTH OT I10J1a MallueHTOB.

Hanee peub moiineT o BTOPUYHBIX MpusHakax O,
U u P. HamoMHuM, 4TO 119 OOJBIIMHCTBA JTaHHbBIX
nevictByet cootHomenune: O + U + P = 100. 3amaua
CcOCTOUT B (POPMUPOBAHUM TPEINOJIOKEHNI OTHOCH-
TEJIbHO TOro, B 4YeM IIPOSBISAETCS OTIMYME COCTaBa
KaMHe# IJ19 MY>KYMH U XKeHIIWH. BusyanbHbIil aHaIU3
rnap BTOPUYHBIX NTPU3HAKOB BBISIBUJ CJAEAYIOIINE CBSI-
3U: JaHHbIe MPEUMYILIECTBEHHO COCPEAO0TOUMBAIOTCS
BIIOJIb OTPE3KOB HA OCSIX KOOPJAMHAT 1 BAOJb OTPE3KOB,
MPUHAIJIEKAIIUX TIPSIMbIM BHIA:

0+ U =100; O+ P =100; U+ P = 100.

B mnockoctn O + U + P = 100 OblIM BBIACIEHBI
o6JtacTu (U151 TMCTOTPAMMHOM OLIEHKU pacTipeeeHUS
HX TaKKe HA3BbIBAIOT TYCiKaMM ), OITMCAaHHEIC B TA0J. 5.

st BU3yanu3aluuy Bce JaHHbIe ObUIM CIPOeLUpO-
BaHbI Ha TIockocTh O + U + P = 100 (puc. 1). Hna

Tabamma 4 PesynsraThl MPOBEPKU HYJIEBOI TMIIOTE3BI 00 OMHOPOIHOCTH JAHHBIX I Pa3IMYHBIX TIOJIOB

IMpusnaku | CHUXXEHHast pa3MEpPHOCTb T max TE | BobiBox mist HyaeBoi rumotessl | a°
IMepBuyHBIC 6 763,2 323,8 OrtBepraercst 0%
Bropuunbie 2 1339,1 356.,4 OrtBepraercst 0%
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Tabmuma 5 Bun sueex auist rpynpoOBaHUs JaHHbIX

Ne Cocras siueex Hanmuue B cocraBe KaMHei
1 | Ao = {abs(O —100) < §} TosbKo OKcanaThl

2 | Ay ={abs(U—100) < 4} TOJIBKO ypaThl

3 | Ap = {abs(P —100) <} TosbKo docdats

4 | Aou ={abs(O+ U —100) <} — Ao — Ay ToBbKO OKCATATHI M YPaThI

5 | Aop ={abs (O +P —100) < 6} — Ao — Ap Tosnbko okcanatel 1 hocdaTbl
6 | Aup ={abs(U+4+P —100) < 6} — Ay — Ap Tonbko ypaTbl u ocdaTst

7 | Ac =R3? - Ao — Ay — Ap — Aou — Aop — Aup | Bee octansHbie

9TOro AO0CTaTOYHO BOCITIOJIb30BAaTbhCA HpeO6paBOBaHI/I—
€M ITOBOPOTa, MaTpuriia KOTOPOTo MMECT BU:

1o, L
el
B 1 2 1

V6 V6 V6

Hanee HaXOOWJINCh YACTOTHI MOMNATaHUS HAaHHBIX
B MEpPEUYNCICHHBIC TYCHKU OTOEIbHO IS MYXKYMH U
keHIuH. OOIIasg KapTWHA paclipefe/ieHus JTaHHBIX
npuBeneHa Ha puc. 2. Ha Hem u3 obuiero oobema
JNIaHHBIX B KonuyecTBe 4217 paccMaTpuBaJUCh JIUIIb
114 pa3nuuyHBIX BApUAHTOB COCTaBa KAMHEIA.

Terepp Kaxknas MOJIy9IeHHAas IIapa 9acToT IoIaia-
HUS B STYCUKY MOXET OBITh (hOpMaJIbHO HCCIIeIOBaHA
C HEJIbIO MPOBEPKU TUIIOTE3bI O PaBEHCTBE YacTOT U,
©CJIM OHU He PaBHBbI, /15 BHIICHEHUS HAIIPaBJICHUS 13-
MeHeHus. [TonydeHHbIe pe3y/ibTaThl CBEACHBI B TA0I. 6.

AHaju3 Mojy4eHHBIX U MPEACTaBICHHBIX B Ta01. 6
Pe3yJIBTaTOB ITO3BOJISIET JOCTATOYHO 00OCHOBAHHO CIC-
JIaTh CJICAYIOIINE BHIBOIBI:

— HET KaMHEeH mno COCTaBy ABHO COOTBCTCTBYIOILIMX
MyXYrMHaM WJIM KCHIIMHaM, T.€., OIIMpasCh Ha

Pi
~00%

100%

100%

Puc. 1 O6nacTb BO3MOXHBIX 3HAYEHUI cOCTaBa KaMHEHN Ha
mockoctu O + U + P = 100

WH®OPMATUKA U EE TIPUMEHEHUS Tom 7 BbImyCcK 4

BTOPHUYHBLIC ITPU3HAKM, HEJIL3A 11O COCTaBy KaMHA
OIIPEACIATL C MaJIbIMU olMOKaMu Mo nanuveHTa,

— CcOCTaB KaMHEe# y My>KYMH U KCHIIMWH OTJIMYAIOTCS
no vyacrore BctpeyaeMoctd O u U (yMeHblleHUE
BEPOSITHOCTH BCTPEUYAEMOCTH Y JKEHIIUH II0 CpaB-
HEHUIO C My>KYMHAMM), a TAK3KE 110 BCTPEYaeMOCTU
P u O + P (yBenuueHue BepOSITHOCTU BCTpeya-
€MOCTH Y >KEHIIIUH TT0 CPaBHEHUIO C MY>KUMHAMU);

— s4eiika A JOCTaATOYHO XOPOILIO MTPEACTABISET TUIT
KaMHel, B COCTaBe KOTOPBIX MPUCYTCTBYET TOJBKO
CYS; B Hee nmonanu 49 nadomoaenuii ¢ CYS = 100,
Tonbko 2 HabmoneHus ¢ CYS = 20 u CYS = 90,
a TaKKe TOJbKO 2 HAOJIONCHMS CO CIICHYIOIINMU
3HaueHusimu: O = 70, U = 20, P = 10; cymmap-
HOE KOJIMYeCTBO HaboaeHuii — 53 (cM. B Tab1. 6
3HAYEeHUS aOCOMIOTHBIX YacToT 32 1 21).

B 3amaue aHanm3a 3aBUCUMOCTH COCTaBa KaMHEM OT
BpeMEHU BCe JaHHbIE ObLIM pa30UThI Ha (PparMeHTHI,
COOTBETCTBYIOILIME OJHOMY oy o0caenoBaHus (BCEro
5 ¢parmenToB). MHanee sl KaxIoro Ioja B OTIAEsb-
HOCTH Y KaXXI0ro Habopa IMpU3HaKOB (ITepBUIHBIX WJTH
BTOPUYHBIX) CTPOMJIACH MAaTPUIIa KPUTUIECCKUX YPOB-
Hell 3HaYUMOCTU Kputepus Ty, ,, UL CPABHEHUA i-TO

100+

L | | | 0 | | | |
80 60/ 40 20 ° 20 40 % 60 80
20 .
. 40
-60-

Puc. 2 Pacnpenenenue JaHHBIX O COCTaBe KaMHEMH
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Tadomuna 6 CpaBHUTENbHBI aHAIM3 COCTaBA KAMHE 1S pa3IMYHbIX [10JIO0B

Tun AOcCoI0THAs YyacToTa OrHocuTeNbHasA yacToTa, % a, Hanpasienue
KaMHel IMon M Tlon F IMon M Ilon F % U3MEHEHUS
Ao 1144 717 47,4 39,7 0,0 YMeHblIeHne
Ay 273 160 11,3 8,9 0,5 ‘YMeHbllIeHUe
Ap 127 213 5,3 11,8 0,0 VBenuuenne
Aou 164 106 6,8 5,9 12,6 Her
Aop 669 579 27,7 32,1 0,1 VYBennueHue
Ayp 4 8 0,2 0,4 2,5 Her
Ac 32 21 1,3 1,2 37,4 Her
Cymma 2413 1804

U j-ro pparMeHToB, j > i. [Ipumepsl ABYX Momoo-
HBIX MATPULI JJ151 IEPBUYHBIX Y BTOPUUHBIX MTPU3HAKOB
JIaHbl B TaOJI. 7, 3aTeMHEHHBIE KJIETKU OIPEAC/ISIOT-
Csl OYEBUMIHBIM 00pa30M: Ha AMaroHaay CTOSIT 3Haye-
Hust 100% (npuHsATHE HyJEBOM TMIIOTE3bI), Tabiulia
JUISE IPUMEHSIEMOTO KPUTEPUS SIBSETCS CUMMETPUY-
HOI OTHOCUTEIBHO AUArOHAJIU.

Bce yetbipe MaTpullbl (1Ba TMoja U ABa TUIA MIPU-
3HAKOB) CBUJIETEIbCTBYIOT O CJAEAYIOLIEM:

— 5-if pparmeHT (maHHbIe 3a 2009 1) 3HAYUMO OTJIH-
4aeTcsl OT OCTAJIbHBIX,

— TIepBbIe YeThipe (hparMeHTa B COBOKYITHOCTH JAIOT
HE COBCEM SICHYIO KapTHHY, TPeOyIOIIyIO TTPUBJIe-
YEHMST TOTIOJTHUTEIbHBIX PUEMOB IS (hOpMUPO-
BaHMSI KOHKPETHBIX MPEATOTOKEHUA.

YcraHoBUM 1151 mapbl (bpaI‘MCHTOB OTHOLICHHUE CO-
BImaaCHUA pacnpe/:[eneHHﬁ JAaHHBbIX JJIA 9TUX (ppaI‘MCH-

TOB, OHO OYIET BBITIOJHSITHLCS MPU YCIIOBUU, €CIIA CO-
OTBETCTBYIOIIUI KPUTUYECKUIT YPOBEHb 3HAUYMMOCTHU
OyzneT MpeBOCXOAUTh HEKOTOPHBIM MOpor. 31mech B Ka-
YeCTBE MOPOTOBOro ObLIO MPUHATO 3HaYeHue 1%, oHO
SIBJISICTCSI TIPUBBIYHBIM B TPaKTUKE aHaIu3a JaHHBIX
U CITYXXWT, TI0 MHEHUIO aBTOPOB pabOTHI, KOMITPOMMC-
COM MEXJy OIIMOKaMM TIEPBOTO W BTOPOTO pojna Mpu
TIPUHSITUY TUTIOTESHI.

Martpuiibl TaHHOTO OTHOILIEHUSI /IS ABYX PACCMOT-
PEHHBIX TPUMEPOB MPENCTaBICHBI B Ta0JI. 8.

BBeneHHoe oOTHOIIEHUE HEOOS3aTEbHO SIBJISIET-
cs TPaH3UTUBHBIM (Hampumep, s Tada. 8§ B cCiy-
yae MepBUYHBIX MTPU3HAKOB YCIOBME TPAH3UTUBHOCTHU
HapylllaeTcs, a B cayyae BTOpuYHbIX — HeT). Ho B pac-
CMaTpuBaeMOM Cilyyae aHaJin3a OJHOPOIHOCTH (ppar-
MEHTOB CBOMCTBO TPAH3UTUBHOCTY OKA3bIBAETCS Kpaii-
HE 11eJIeCO00pa3HbIM: B JOMOJHEHNE K MMEIOIINMCS
pedAEKCUBHOCTA U CUMMETPUHU (CM. paHee cAeIaHHOe

Ta6auuma 7 Kputuyeckue ypoBHU 3HAYUMOCTHU (B %) Kputepus Tip, , B CIyYae MyKCKOTO

ToJja
J
i [TepBuyHBIe MPU3HAKU BropuuHbie mpusHaku
2 3 4 5 2 3 4
1,3 2,2 0,3 0,0 18,9 | 49,4 | 81,7
8,3 0,0 36,8 5,0
46,9 25,4

Taﬁ.mma 8 ManI/II.IbI OTHOLICHMUS COBIIAICHUA B CJIydac MY>KCKOTO IoJia

J

i [MepBuuHbIe MpU3HAKYU

Bropuunble nmpu3Haku

4

4

0
1
1

100

1
1
1
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3aMeYaHMe O 3aTeMHEHHBIX KJIETKaxX TaOJIuIl) TpaH3U-
TUBHOCTb MPUBOAMUT K OTHOIIICHUIO SKBUBaJCHTHOCTHU
U, CIeI0BaTeIbHO, K BO3MOXHOCTH ITOJIYYUTh pa3ou-
eHMe JUISl UICXOHOTO MHOXecTBa chparMeHToB. Tak, B
cJlydyae BTOPMYHBIX TTPU3HAKOB U3 TabJ. 8 Tosydaem,
4TO TAKOBBIM pazoueHueM siBisiercst {{1,2,3,4}, {5}},
YTO O3HAuyaeT CJEAyIolllee: COCTaB KaMHEH Mo BTO-
PUYHBIM TIpu3HakKaMm y MyxuuH B 2005—2008 1. He
u3MeHsics, a 2009 . B 3TOM CMBbIC/IE OTJIMYAETCS OT
MIPEAbIIYIINX.

IMocTaBuM 3amady HaXOXICHHS TPaH3UTHUBHOIO
MPUOJIIKEHUS — TaKOTO TPAH3UTUBHOTO OTHOIIICHHS,
KOTOpoe ObLI0 Obl HamboJiee OJU3KUM K 3aAaHHOMY.
Ecin Ry u Ry — maTtpulibl pepJeKCUBHBIX, CUMMET-
PUYHBIX OTHOIIEGHUI, TO IJISI OINpeHesIeHUs UX Me-
pbI OJIM30CTU WCIIONIBb3yeM paccTosiHue XeMMWHTa, a
MMEHHO:

p(Rl,Rg) = |{Z,j 1< <j <n, Rl(l,j) 7é
# Ra(i, )} -

Torma ecnmu Ry — Marpulia 3aJlaHHOTO OTHOILIEHMS
(Hampumep, MaTpulia U3 Tad. 8 1l MepBUYHBIX MPU-
3HAKOB), TO UCKOMOI1 Marpuueil R}.(Ry) U3 MHOXe-
cTBa R Marpuil BceX pedIeKCUBHBIX, CUMMETPUY-
HBIX, TPAH3UTHUBHBIX OTHOLIEHUI OYIET CIeayIoNast:

Rir(Ro) = arg( min_p(Fo. F).

IMonyuennoe pewenne R (Ry) Heobsi3aTeIbHO
equHCTBeHHOe. [lpu stom R (Ry) Heobs3atenb-
Ho sBisiercsi TrCl(Ry) — TpaH3UTUBHBIM 3aMbIKa-
Huem sl Ry. boisiee Toro, uncio ciydaeB s, Koriaa
TrCl (Rp) BOOOIIIE HE TIONagaeT B MHOXKECTBO HalieH-
HbIX R (Ro), yBenmuuBaetcs ¢ poctoM n. Kak mto-
CTpaLMsI 3TOT0, Ta0JI. 9 COmepKUT MepBbIe 3HAUYCHUST OT-
HOILIEHUS § /7, TIe r — OOlLee YUCI0 HETPAH3UTUBHBIX
OTHOIIIEHU cpeu BceX pehIeKCUBHBIX U CUMMETPUY-
HBIX OTHOIIeHUM. Jnsg n > 7 momoOHbIe 3HAUYEHMS
MOJTYYUTh 3a MpuemieMoe Bpems He yaaetcs. Cremy-
€T OTMETUTh, YTO JIJIs1 IPOBEICHHBIX B paMKax pabOThbI
SKCIIEPMMEHTOB IPUIIUIOCH PEalM30BbIBATh aJITOPUT-
MBI [TepeunciieHns BceX pehIeKCUBHBIX 1 CUMMETPUY-
HBIX OTHOIIEHUI U TIEPEUUCIEHUS] BCEX OTHOIICHUN
9KBUBAJIEHTHOCTH (Uepe3 MMOCTPOEeHUE BCeX pa30ueHUt
MHOKECTBA).

st moucka peuteHuit R3.(Rop) B maHHOW pabo-
Te ObLI HPUMEHEH aJITOPUTM IPOCTOro rnepedopa: st
Bcex pehIeKCUBHBIX, CAMMETPUYHbBIX M TPAH3UTUBHBIX
OTHOLICHU OJACYUTBIBATIMCE paccTosiHust p(Ro, Rr),
MUHUMYM p* U3 KOTOPBIX JIaBaJl pPellleHre MCKOMOM
3amauu. [lomoOHas mpouenypa HaxoxueHust Ri.(Ro)
peanbHO cpabaThiBaeT npu n < 14; NprUYMHAa IPOCTa:
OBICTPBII POCT MOIIIHOCTH IIepe0rupPaecMOro MHOXeCTBa

Ta6imna 9 Jlona ciydaes, Korna
TPaH3UTUBHOE 3aMbIKAHUE HE T1O-
najgaeT B MHOXECTBO NpHO/IMXKa-
JOLUX TPAH3UTUBHBIX OTHOLIEH U

s/r
0%
57%
72%
91%
94%

He noctynHo

NN Ln A WS

>

Tao6smna 10 Pasouenus qaHHBIX 10 TogaM

Mon | Tun npusHakos | p* RT
M [MepBuuHbIE 1| {{1,2,3,4},{5}}
BropiuHbIe 0 | {{1,2,3,4},{5}}
[MepBuuHbIE 1| {{1,2,3,4},{5}}
F {1,2,3,4}, {5}}
BropuuHbie 2 (1,2,3,4,5}

OTHOIIIEHUIi 9KBUBaJIEHTHOCTH (3TO CyTh uncia bemnna,
aMUMEHHO: TIpUn = 2 —3T0 2, MpUn = 5 — 3T0 52, npu
n =10 — s1o 115975, mpu n = 14 — 310 190899 322,
npu n = 15 — aro 1382958 545).

HanomHuM, 4TO MUHMMYM MOXET OBbITh HE €IUH-
CTBEHHBbIIi, TTO3TOMY IIPpX BHIOOPE COOTBETCTBYIOLIETO
pa30reHusT BOBHUKAET HEKOTOPBII ITPOou3BoIL. Pe3yib-
TaThl aHAJIN3a BCEX MCCIIEAYEMbIX CJIydaeB CBEICHbBI B
tabn. 10. g KeHCKOro mojia U BTOPUYHbBIX MPU3HA-
KOB ObLJ10 oTOOpaHo paszouenue {{1,2,3,4},{5}} kak
HauboJiee OTBevalolllee paHee CIeJaHHOMY BBIBOAY O
TOM, 4TO S5-I bparmeHT (maHHbie 3a 2009 1) 3HAYUUMO
OTJINYAETCSI OT OCTAJIbHBIX.

IMonydyeHHble pa3OMeHMsT TIO3BOJISIIOT BBICKA3aTh
MPEAIOIOXKEHUS O COAEPXKAHMU U3MEHEHUI B COCTaBe
KaMHei# Ha pybexke 4-1o 1 5-ro ¢hparMeHTOB (TIepexo/,
ot 2008 x 2009 r.). [lnsg BbIIEJECHHBIX TUIIOB KaMHeEMH
(cM. Taba. 6) MCCaemoBaOCh M3MEHEHME 4acTOT UX
BCcTpeyaeMocCTH 1jist nepuonos BpemeHu 2005—2008 rr.
u 2009 . ®dopmasbHOE CpaBHEHME YaCcTOT BCTpeda-
€MOCTH 3a 3TU MEePUOJbI IMO3BOJUJIO BBIACIUTH YacTh
TUIIOB KaMHEH, UISI KOTOPhIX M3MEHEHMS ObLIM 3Ha-
YUMBIMU. 1T MYXKCKOTO ITI0JIa pPedb MIET O THUIIax
KaMHEH, IO COCTaBy BXOASIINX B siueiiku Ao, Aop,
Ayp 1 A¢ (HamOMHMUM, 9TO B A OKa3bIBAIOTCS KAMHU
daxtnuecku Toabko ¢ CYS), 17151 XKeHCKOro 1oJjia — 3TO
Ao 1 Apop. COOTBETCTBYIOIINE JaHHBIE O J0JI€ KaM-
Hel, BXOISIIUX B IEPEUYMCIICHHBIC STYUSUKU, TPUBEICHBI
Ha puc. 3; Ha HUX IITPUXOBBIMU JIUHUSIMHA 0003HAUe-
HBI OIICHKW 4YacToT f mis pazouwenus {1,2,3,4,5}, a
CILIOIIHBIMY JIMHUSMU BbIICJICHBI OLICHKU 4acTOT f*,
noJtydeHHble uis pasouenus {{1,2,3,4},{5}}.
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Puc. 3 Msmenenus cocraBa KaMHeil B 3aBUCMOCTH OT Tojia: (a) TIoJ MyXCKoW; (6) mon xeHckuii; I — O; 2 — OP; 3 — UP;
4 — C; urrpuxoBbie IMHUY — f, pasouenue {1, 2,3, 4, 5}; crutomnbie tunuu — f’, pasouenue {{1,2,3,4},{5}}

HpI/IBeI[eHHI)Ie PE3YIAbTAThI CBUACTECIBbCTBYIOT O PC-
AJIMCTUYHOCTH CJACOYIOIINX BBIBOIOB!:

— 11711 000X I10JIOB U3MEHEHUSI B IEPBYIO OYEPEIb
Kacarorcs KamHel tuna O u O + P;

— IUTS MY3KCKOTO TT0JIa TAK3KE XapaKTepeH POCT ITOJIU
KaMHeii, Bknodaromux U + P u C.

5 3axirroueHue

B cratbe paccMOTpeHbl METOAbI MCCAeA0BaHUS
OJTHOPOJHOCTU JIaHHBIX, YYUTbIBalOLIME creunudu-
Ky TIpeIMeTHOIl 00JacTM: MHOTOMEPHOCTb NAaHHBIX,
OenHbI CIEKTP pas3iMYHbIX 3HAUEHUI MoKa3aTtelieit,
HEBO3MOXKHOCTb ITIPUMEHUTD MPOCThIE aAeKBaTHbHIE Be-
POSITHOCTHBIE MOJEJIU JIJISI HUX.

TIpenyaraercst U aHAIU3UPYETCS KPUTEPUA 3HAUM -
MOCTHM, OCHOBAaHHbBIA Ha PACCTOSSHUM MEXIY MHOXe-
CTBaMM TOYEK B €BKJIMIOBOM IPOCTPAHCTBE, CTPOUTCS
3 deKTUBHAs OpUTMHAIbHAS peaau3aiust OyTCTper-
Metoaa. [Ipu MHOXECTBEHHOM HCIOJb30BaHUM JaH-
HOTO KpUTEPUS BIIEPBbIE MPUMEHSIOTCS UIEU alIpOK-
CUMAallM¥ BO3HUKAIOIIMX CBSI3ei MexXIy (pparMeHTamMu
JIAHHBIX C TOMOIIIbIO OTHOIIEHUSI 3KBUBAJIEHTHOCTH,

102

YTO MO3BOJISIET OOOCHOBAHHO TMPOBOJAUTHL pa3dueHue
HUCXOMHBIX TaHHBIX.

B xone aKcrepuMeHTOB IOJyYeHbl CTaTUCTUYE-
CKM 000CHOBaHHBIE Pe3YJITAThl KAK 00 0COOEHHOCTSIX
pPacmpoCTPaHEHHOCTH META0OJUYECKUX TUIIOB MOYE-
KaMEHHOIi 00JIe3HU B 3aBUCUMOCTH OT T10J1a TIAlIMeHTa,
TaK M O XapaKTepPHbIX U3MEHEHUSIX B COOTHOILIEHWU
STUX TUIIOB C TEYEHUEM BPEMEHU.
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Abstract: The article considers the methods for researching homogeneity of the data on chemical composition of
urinary stones. Multidimensionality of the data, scarce spectrum of various values of indicators, impossibility to
apply simple adequate likelihood models to them, and, also, absence of experience in such type of modeling in
the field of urology are the cause of the considered problems specificity. The test of significance based on distance
between sets of points in Euclidean space is suggested and analyzed. It is used to analyze a composition of stones
dependence on the sex of a patient. In the case of analysis of changes in the composition of stones with time (as
time goes), the proposed criterion is used as an element of pairwise comparisons of data for different time intervals.
That is the first time when the idea of approximation of emerging relationships between groups of data with the
help of equivalence relations is used. It allows reasonably carrying out the stratification of the original data. The
experiments produced statistically valid results about the features of urolithiasis depending both on the sex of the
patient and the changes over time.
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O METOJE IMTPOI'HO3NUPOBAHUA U KITIACCUDPUKALNNU
JUIA HEH3YPUPOBAHHDBIX JAHHbBIX

T. B. 3axaposa', E. M. Abpamona?

AnHoTanua: B naHHoli paboTe pernanach 3amada KiaccuyuKaluy MalMeHTOB ¢ MHCYJIMHOHE3aBUCUMBIM caxap-
HbIM quaberoM (MHC/) v BbIsIBIEHUSI MPU3HAKOB, MO KOTOPBIM Y MALlMEHTOB MOXHO MPEANOJIOXUTh HATUUYUE
JAHHOTO arHo3a. B mepBoHavyasibHOM BU/E MENUIIMHCKKE TaHHBIC HE YAaIOCh KilaccubUMpoBaTh. OCHOBHOM
MOMEXOM TSI UCTIOJIb30BaHUS KJIACCMYECKOrOo MeToAa TMCKPUMUHALMM CTaja HEIOCTaTOUHOCTh U HEMOJHOTa
MaHHBIX. [l 00pabOTKM TaKMX JaHHBIX IMpemiaraeTcs METOJ KJIacCU(pUKALIMU, B KOTOPOM OTIPEICTICHHBIM
00pa3oM BBIOMpPAIOTCS pa3IMYHble HA0OPHI AUCKPUMUHAHTHBIX IMPU3HAKOB U CTPOSITCSI KJIacCU(UKALIMOHHbIE
GyHKUMY 1T Kaxaoro Hadopa. Yuciio Takux HaOOPOB 3aBUCUT OT CTEINEHUM HEIMOJHOTHI JaHHBIX: YeM 00JIb-
IIe TTOTePSTHHBIX JaHHBIX, TeM OOJIbIIC YMCIO pa3IMYHBIX HabopoB. [laumeHT Kimaccu@UUMpyeTcs Kaskmoit
JTUCKPUMMHAHTHOM CUCTEMOM M OTHOCUTCS K TOM TpymIie, I KOTOPOi ObUIO MOJIyYeHO MaKCUMaJlbHOE Yh-
clo coBmaaeHuit knaccudukanuu. Takass MHOTrocTyreH4yaTasl KiacCudukauus KOMIEHCUPYET MaJlblii 00beM
BBIOOPKHU ¥ MAKCUMAJIbHO MCTIOJIB3YeT MH(MOPMAIINIO O KAaXKIOM ITallueHTE.

KirouyeBble cioBa: ruroresa; lieH3ypupoOBaHHBIC JaHHbIC; TMCKPUMUHAHTHbBIE MIEPEMEHHbBIC; KJIacCU(hUKALIMOH-

Hble QYHKIIMT; TPOTHO3UPOBaHUE
DOI: 10.14357/19922264130411

1 BBenenue

3agaun KiaccuuKaluMyd W MPOTrHO3MPOBAHMUS
SIBJITIOTCSI  TOCTAaTOYHO BaXXHBIMU M aKTyaJbHBIMHU
rnpobjemMamMu, pellaeMbIMU METOJaMU MaTeMaTude-
CKOI CTAaTUCTUKHU. 3ajadu ToJ00HOTO pojpa B Me-
JTULIMHCKUX UCCIIEOBAHUSIX UMEIOT TOTIOJIHUTETbHYIO
3HaYUMOCTh. [IpaBMJIBHO MOCTaBICHHBIN AUArHO3 Ha
HavaJbHBIX CTAAUSIX 00JIE3HU MOXKET 3HAYUTEIbHO 00-
JIETYUTh CaMo JICUeHUE U MPOMIUTH KU3Hb YeJIOBEKa,
TeM 0oJiee eciiv 3TO onacHoe 3a00J1eBaHueE.

®OTY PLICMD Pocanpasa (Poccuiickuii ieHTp cy-
JNeOHO-MeTUIIMHCKON 9KCcnepTu3sbl, . MockBa) mpeno-
CTaBWJI aBTOpaM CTaTbW JaHHbBIC, XapaKTepU3YIOIIne
Takoe TsbKenoe 3aboyieBaHMe, KaK caxapHblil quader.
Yucnao OOJBHBIX caxapHbIM nuabetom B Poccum co-
crapisieT okojio 10 MiH yenoBek. M3 Hux moutn 80%
crpanaior MHC/, unu auaderom 2-ro tuna. [Mpubau-
3UTEJIbHO Y TT0JIOBUHBI BeeX 0oabHbIX MHC]I 3a60e-
BaHME HE paclio3HaeTcs BoBpewms. Ilepenm aBTopamu
OblIa TOCTaBJIeHA 3a7a4a BbISIBICHUS MAllEHTOB C T10-
JIO3pEeHUEM Ha 3a00J1eBaHUE.

CylIecTBEHHOI OCOOEHHOCTBIO aHaTU3UPYeMBbIX
JAHHBIX OBUTO OTCYTCTBUE Y KAKUX-TO MAlIMEHTOB O~
HUX JaHHBIX, Y KAKUX-TO — IPYTUX, T. €. HAJIMLIO ObUIa
pasyiinyHas HermoJiHasi MH(opMalusl 0 KaXIoM Malu-
eHTe. B Takmx ciyyasx maHHbIE MPUHITO Ha3bIBaTh

MHOTOKPAaTHO IIEeH3ypUPOBaHHBIMU. KaK CTPOUTH BbI-
00opky? EcrecTBeHHO, HE XOTEJIOCh TEPSITh HUKAKYIO
MOJIE3HYI0 MH(MOPMALIMIO O MALIMeHTax, TeM 0oJiee YTO
YUCJIO HAOII0IaeMbIX MAllUEHTOB ObLIO HEBEUKO.

3agauM OLIEHMBAHUS, CBS3aHHbBIE C MEIUIIMHOM,
JacTo IMPUXOOUTCS peIllaTh IO HEMOJHOU BBIOOPKE.
JIst Takux 3aga4 pa3padboTaHbl ClielMalbHbIe METOIbI,
Hau0OoJiee U3BECTHBIMU U3 HUX SIBJISIIOTCSI METO/IbI aHAa-
JIN3a BBDKMBAEMOCTH, HAIPUMEP MOCTPOSHUE TaOIUIL
BpeMeH XMU3HU. OTMETUM, YTO aHaJI13 BBLKMBAEMOCTHU
MIPUMEHSIETCSI K MHOTOMEPHBIM HEIPEPhIBHBIM BEJIM-
YruHaM, B JAaHHOM e CIyJae OOJBIITMHCTBO MepEMEH-
HbIX HaOJIoAeHUsT ObLIM AUCKpeTHbIMU. Crienuduka
BCEX MPUMEHSIEMBIX TIPU 3TOM METOJOB OIMpPEAEIIeTCs
HaJIMYMeM LIEH3yPUPOBAHHBIX HAOIIOICHUA.

HccnenoBanue, mpoBeIeHHOE aBTOPaMU B COTPY/I-
HuuectBe ¢ PHCMD3 PoczapaBa, ObLJIO OCHOBAaHO Ha
MeTomax AMCKPUMHMHAHTHOTO aHaimm3a. JIMCKpUMM-
HaHTHBIN aHAJIN3 TTO3BOJISET pelllaTh MHOTHE ITPUKIIAI -
HbI€ CTATUCTUYECKME 3aa4M, CBSI3aHHBIC C pacIio3Ha-
BaHueM [1]. Ero meTonmpl IMPOKO MPUMEHSIIOTCS U B
MEIULIMHCKUX UCCIeNOBaHUsIX [2—4].

B naHHoOI1 paboTte pelanach 3agadya Kjaaccuduka-
uuu nanueHToB ¢ MHC] (nanee — CJ1) v BbISIBIEHUS
IPU3HAKOB, 110 KOTOPBIM Y YeJIOBEKA MOXHO ITPEIIo-
JIOXUTh HaJIMUKMe JAaHHOTO IMarHo3a. ABTOpaM ObLIU

'MockoBckuil rocynapcTBeHHbI yHUBepcuTeT UM. M. B. JloMoHOCOBa, (haKyjibTeT BBIYMCIMTEIbHOI MaTeMAaTUKU U KUOEPHETUKH,
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IPEeIOCTaB/ICHbI JaHHbIE 10 IPYIINAM JIIOIei, TaK Ha-
3bIBaeMbIe «00yUarolINe BEIOOPKU»:

rpynmna 1— ¢ HeguarHocTupoBaHHbIM CJI (rpu Xu3-
Hu nuarHo3 C/I He BBICTaBJISIICS);

rpymmna 2— ¢ BelsiBJIeHHBIM CJ1;
rpyrnmna 3 — 310pOBbIe.

B mepBoHauaybHOM BUIEC MEOWUIIMHCKWUE JTaHHBIC HE
ynanoch kiaccuduipoBatb. OCHOBHOI TTOMEXOI s
HCTOJIb30BaHUS KJIACCUYECKOTO MeToaa TUCKPUMUHA-
LMY CJIY>KUJIa HEAOCTaTOYHOCTh M HETMTOJTHOTA JaHHBIX.
Taxxe paboTa OCIOXHSIIACH MaIbIM 00BEMOM BBIOOD-
K1, HEKOTOPBIMH HETOYHOCTSIMU 3aIIOJIHCHUST MEIM-
LMHCKMX KapT M pa3IMu4veM PEeTrUCTPUPYEMBIX Iapa-
METpPOB.

J11st 06paboTKM TaKMX JaHHBIX ITPeIJIaracTcs dBpr-
CTUYECKUIT MeToN KilaccuduKaluy, B KOTOPOM OIlpe-
JIEJICHHBIM 00pa30oM BBIOMPAIOTCS pa3InyHble HAOOPbI
ITUCKPUMWHAHTHBIX ITPU3HAKOB M CTPOSITCS KJIacCH-
(pukanmoHHble GYHKIMY 7151 KaXa0Tr0 Habopa. Yucio
TaKUX HaOOPOB 3aBUCUT OT CTEIIEHU HEIOTHOTHI JaH-
HBIX: YeM OOJIbllIe TTOTePSIHHBIX JaHHBIX, TeM OOJIbIIIe
YUCIO pa3InYHbIX HabopoB. Kaxabiit Habop onpene-
JIIeT CBOM KiacCU(PUKAILIMOHHBIC (DYHKINHU I Kax-
IO M3 TpexX TPYIN (TaKyl COBOKYITHOCTb HA30BEM
IUCKPUMUHAHTHOM cuctemoii). HoBbI mamueHT co
CBOMM HaOOpPOM TPU3HAKOB KiIacCUDUIIMpPYETCs KaxK-
JIOM TUCKPUMUHAHTHOM CUCTEMOM M OTHOCUTCS K TOM
TpyIIIe, ISt KOTOPOil OBIJIO TIOJy4eHO MaKCUMallbHOE
YUCJIO COBMaIeHWi kinaccudukanuu. Takas MHOTO-
CTyIeHyYaTasl KjaaccuduKalys B HEKOTOPOM CMBICIIE
KOMITEHCHUPYET MaJIblii 00beM BBIOOPKU U MaKCUMAaJIb-
HO HCMOJb3yeT MH(OpMAIMIO O KaXXIOM IallieHTe.
ITonpoGHOe onucaHue MeToIa MPUBENEHO HUXKE.

B cxomHoil mocTtaHOBKe 3amauv KilacCuUKaluuu
pewanuce B [5—7].

WUccnenoBanne, mpoBedeHHOE B AaHHOI paboTe,
MO3BOJISIET YCTAHOBUTH HEKOTOPHIE COBOKYITHOCTHU Me-
JMULIMHCKUX U3MEPEHUN, KOTOphIe SIBIISTIOTCS MHQOP-
MAaTHBHBIMU 1 BIIOCJICACTBUUA CMOTYT ITOMOYb IIPH T10-
CTaHOBKe U BbIsIBAeHUU auarHo3a CJI.

2 [IlocraHoBKa 3amauu

Kuaccudukaliys 60JbHBIX TPOBOAMIACH HA OCHOBE
MEIUIIMHCKMX TTOKa3aTelIei TIPY IMOMOIIY JUCKPUMM--
HaHTHoro aHanu3a B rnakete STATISTICA.

ITycTh 3amaHO MPOCTPAHCTBO M3MEpPEeHUil (B pac-
CMaTpuBaeMOl 3amadye 3TO I1aTOJO0roOaHATOMUYECKHUe
U3MepeHus), obramamplnee pasMepHOCTbIO m > 1.
DjleMeHTaMH JaHHOTO IIPOCTPAHCTBA SIBIISIIOTCS BEK-
TOPBl & = (X1,...,&4, ..., L) , TOC T; — 3HAUCHUE
MpU3HaKa HOMeEp ¢ I KOHKpeTHoro namueHTta. Kpo-
M€ TOro, 3afgaHbl n TpynIn (kjaaccoB). Jlis Kaxkmoro
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00JIbBHOTO HEOOXOIMMO yKa3aTh IPYMITy, K KOTOPOil OH
MPUHAIEXUT.

B mnpoctpaHcTBe M3MepeHUId MOXHO BbIACIUTH
MHOECTBO BEKTOPOB 0Oyyarollieil BbLIOOPKH, T. €. BEK-
TOPOB, [IJ151 KOTOPBIX U3BECTHA MTPUHAIJIEXKHOCTb K KOH-
KpeTHO# rpynme. CHMBOJIOM «j 0O003HAYMM YMCIIO
U3MepeHuii obyuarolieil BbIOOPKU, TMpUHAIIEKAIINX
rpymre k, mycth 2 %) — BekTOp 113 06yyaroIeit BLIGOp-
KU, COOTBETCTBYIOLLIUIA j-My NAllMEHTY U3 IPYIIHLI k.

B ocHOBe 1MHEeiTHOro IMCKPUMUHAHTHOTO aHaIu3a
JIEXXUT HaXOXIeHUEe TaKOW TMHEeMHO KOMOMHALIMU TTe-
pPeMeHHBIX, KOTopasi Obl ONTUMAJILHO pa3iesniia pac-
cMmaTpuBaeMble rpyrbl. CeMencTBO JIMHEMHBIX (hyHK-
LW

d(k):a(()k)+a§k)*x1+a;k)*x2+-"+a7g§)*xma

k=1,n

Ha3bIBaeTCs TUCKPpUMHUHAHTHOU (pyHkmueii. Ee apry-
MEHTOM CJIy’KaT KOMIIOHEHTBI BEKTOpa x, IIpUHAaIJIe-
Kalero npocTpaHcTBy uamepeHuii. KoadduimeHTo
ay) nojjiexaT omnpenesieHU0 Ha OCHOBe oOydalolleit
BBIOOpKM. B 3amaue, paccMaTpuBaeMoil B HACTOSIIIEI
pabote, 4yucio Ipynn paBHO TpeM. IloaTomy HeoO-
XOIUMO PacCUMTaTh 3 JIMHEWHbIE NMCKPUMUHAHTHBIC
GyHKLMU.

st pacueTa K03(DHUIIMEHTOB TMCKPUMUHAHTHBIX
(GYHKUMIT HYXXEH CTaTUCTUYECKUIT KPUTEPUIi, OLICHU-
BaIOIIMI pa3Inyus MeXIy IpyrnnaMu. 3agady Imorcka
HaWIydIIe TUCKPUMUHAILIMY JTAHHBIX MOXKHO CBECTH K
MOMCKY TAKUX JUCKPUMHUHAHTHBIX hyHkumit d*) | ko-
TOpPBIE OBV OB OCHOBaHBI HA MAKCUMYME OTHOIICHUS
MEXTPYMIIOBOI Bapualluy K BHYTpurpymnmnosoi. IIpesa-
MOJIOKMM, YTO BCE HAOMIONCHUS SIBJISIOTCS peajin3a-
L1eit HEeKOTOPOIi CllydaiiHOM BeIMYMHbBI X , UMEIoLIeit
MHOIOMEpPHOE HOpMaJlbHOe pacrpeaesieHue. Takoe
MIPEATIONIOKEHNE SIBJISICTCST OOIIUM JUTIST OOJIBIIIMTHCTBA
METOIOB TUCKPUMMHAHTHOIO aHaI13a.

BBenem HekoTOpble 0003HAUYEHUSI.

k
CumMBosioMm xg) 0003HaYMM CpeJHee 3HaueHUe

IpU3HaKa ¢, PACCYUTAHHOIO [JIs IIPEACTABUTEIEHU
Ipynnel k, CUMBOJIOM T; — CpeJHee 3HaueHUe MpH-
3HaKa ¢ IO BCeM TNallMeHTaM cpa3y W3 Bcex TpyIll.
Yepes xl(l’k) 0003HAYMM i-If MpU3HAK y [-TO MalueHTa
B rpymnne k.

Hcrionb3ysa BBeneHHBIE OCPEAHEHUs, OIpeaeJIuM
KBagpaTHble MaTpulibl W u T':
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O merone IIPOrHO3MPOBAHUA 1 KI[aCCI/I(I)I/IKaHI/II/I JJIA HEH3YPHUPOBAHHBIX JaHHBIX

Matpuna W Ha3bIBaeTCs BHYTPUTPYIIIOBOI BBIOO-
POYHOUN BapUALIMOHHON MATPULIEN MPU3HAKOB 7 U j.
Matpuna 7 Ha3bIBaeTCsl MaTpUlieil paccestHUs 00b-
eIMHEHHBIX TaHHBIX.

Ilycte B = T — W. Benau4yuHsl 31eMeHTOB B 10
OTHOIIEHMIO K BeJUYMHAM 3jieMeHTOB W maiT mepy
PA3IUIUS MEXKIY IPyIIaMu.

KoadduimeHntsl pazaensionmx (GyHKIAN MOTYT
OBITh HAMIEHBI TT0 METOAY TMCKPUMUHAHTHOTO aHAJIH -
3a Duiepa Kak 3JeMEHTbI MAaTPUIIBI, 0OpaTHOM K W,
YTO COOTBETCTBYET OOIIEi BEIYUCIUTEIBHOM ITPOLIeTY-
PE€ MHOXECTBEHHOM JIMHEMHOM perpeccumu.

Jnsa HaxoxneHus p HabopoB KOI(PDOULIMEHTOB Ka-
HOHUYECKUX TUCKPUMUHAHTHBIX (DYHKIIMI HEOOXOIM -
MO pellInTh 0000IIEHHYIO 3aa4y Ha COOCTBEHHbIE 3HA-
YEHMUST:

B — N W) | Hu<k>H:1, i=T.k.

Haiinenusie v*) ycrons3ytorest st moacuera Ko-
3D OULIMEHTOB TMCKPUMUHAHTHOMN (DYHKIINN:

agk) = V(k)\/ak -n.

J11s1 TpoBepKU «KayecTBa» HalIeHHBIX KO3(PPuIm-
€HTOB BO3bMEM CTAaTUCTUUYECKYIO runoresy Hy : mp =
= Mmo = = My, 3aKII0YAIOLIYIOCS B IIPOBEPKE
OTCYTCTBUS PAa3IUYUI MEXTY TPYNIOBBIMU CPETHUMU.

J1s1 NpUHATUS WIX OTKJIOHEHUS rumnote3sl Hy uc-
MOJAb3YeTCsl KPUTEPUid, OCHOBaHHbIN Ha U-CTaTUCTU-
Ke YuWiIKca, KOTOpas BBIYMCISIETCS KaK OTHOIIEHUE
ornpeaenuteneil (IeTepMUHAHTOB) MaTPULIbI BHYTPU-
rpynmnoBoii Bapuanuu W U MOJHOU BapUallMOHHOM

martpuibl 1"
_ det(WW)
~det(T)

Ecnu 3nauenus crtatuctuku U OJIU3KU K €AUHULIE,
TO BEPOSITHOCTh OLIMOKU AUCKPUMUHALIMU OJIu3Ka K 1.

TTocne Toro Kkak GyHKIMU MOCTPOEHbI, MOXHO IPO-
BECTH KJ1acCU(PUKALIMIO JTI000r0 IMTPOU3BOJILHOIO U3Me-
peHus1. AIropuT™M KiaccuduKaum cieayonni.

B xaxnyro (pyHKIIMIO B KaueCTBe apryMEHTOB IO/~
CTaBJISIIOTCS KOMITOHEHTbI BeKTOpa HaOJIOAeHUN x U
BBIUMCJISIIOTCSl 3HAYeHUsT PYHKUMU. 3a HOMEpP TpyIl-
nbl, K KOTOPOM MpUHAMJIEXUT HaOM0IeHUe, OepeTcs
HOMep TOil (hyHKIIMM, 3HAYeHUE KOTOPOIl OKas3aloCh
HanOOJIBIIIUM.

3 Pemenwue 3amauu
3.1 IlepBuuHast 06paboTKa TaHHBIX.
Pa3BenouHblii CTAaTUCTUYECKUIA aHATIN3

Ha mepBBix aTamax pa®oOThl AealvCh ITOMBITKA
MPEJACTaBUTh MMEIOIIMECS UCXOMHbIC TaHHbIE B Hau-
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bosee ymoOHoOI u HarisgaHoi dopme. Bce maHHBIE
ObLIM COOpaHbI B TaOJIUILY.

WM3HavyanbHO JaHHBIE COCTOSUIM M3 HaOIIOOCHMI
Haza 272 nmauueHTamMu o 132 nmpusHakam. Kpome To-
ro, 4to 00beM BLIOOPKM ObLT HEOOJIBIIIUM, 00padboT-
Ka OCJIOXHSJIACh HEIMOJIHOTON NaHHBIX: MPAKTUYECKU
y KaXJOTo IMalMeHTa OTCYTCTBOBAJ Psili HAOIIOICHUIA
BCJIEACTBUE YTEPU MaHHBIX, KOTOpPbIE HE MOIEXKAIN
BOCCTaHOBJIEHMIO. TakuM 00pa3oM, UMeINCh HAOII0-
JIEHUsT Hall TallMeHTaMU CO CBOMMM Habopamu Ipu-
3HAKOB y Kaxoro. OTMETUM, YTO UCXOAHAsI MaTpUIia
JTAHHBIX ObUTA 3aIlOJIHEHA MEeHee YeM Ha YeTBepTh, 10
OOJIBILIMHCTBY MPU3HAKOB HAOJIONEHUS MMEIUCh HE
6osee yem y 10 manMeHTOB.

OuYeBUIHO, YTO BXOAHBIC HAaHHBIE MOJDKHBI OBITH
pa3IMUMMBbI B Kaxknoit rpyrmne. Ho yacTs mpemocTas-
JICHHBIX MPU3HAKOB paBHsIach KOHCTaHTE (B OCHOB-
HOM 3TO ObUIM OWHAapHBbIE MPU3HAKU) U HE MOTIJa
CIIY>KUTh MaTepuajioM Jyist ucciienoBanust. Yactsb mpu-
3HAKOB OTHOCWJIACH K TUITY KAYeCTBEHHBIX 1 ObLiIa Tie-
peBesieHa B UYMCIOBOM BUI TTyTEM Pa3yMHOTO YIOPSIO-
YMBAHUS U MOCJIEAYIOLIEN KOTUPOBKU LIBETOB.

IMocne mepBuUYHOII 00pabOTKMU OBLIO OTOOPAHO
90 mauMeHTOB M3 IepBOM IPyNHIbl M 62 malnueHTa
U3 BTOpOil. 3aTeM Ipu Tomolu moayias Discrimi-
nant Analysis makera STATISTICA c ucnonb3zoBaHnueM
00yJaromMx BEIOOPOK OblLIa MpoBeneHa Kiaccuduka-
LIUST JAaHHBIX, PE3YJIbTaThl KOTOPOI MpeaCTaBICHbI Ha
puc. 1.

W3 puc. 1 BuaHO, YTO IaHHBIE HE YIAJOCh pa3-
JIEJTUTh TI0 COBOKYITHOCTU BCEX IIPEIOCTaBJIEHHBIX
Mpu3HaKoB. TpeboBaloch CHU3UTh PA3MEPHOCThH TPO-
CTpaHCTBa MPU3HAKOB, OCTaBUB Haubosee MH(GoOpMa-
TUBHBIE. [103TOMY CIEIYIONIMM 3TAIrloOM CTaj MOAOO0p
3HAUMMBIX TIPU3HAKOB M3 mMmewomuxcs 132 mpusHa-
KOB U OTCEMBaHUE MAllMEHTOB, HE MMEIOIINX JaHHBIX
TpU3HAKOB. BrIOOpKa MpU3HAKOB MPOU3BOAMIIACH TAK:
M3MEPEHUST TIOJDKHBI OBUTM MPUCYTCTBOBATH HE MEHee
YeM Y ITOJIOBUHBI TTAIIMEHTOB, IPU3HAKN BHYTPU TPYIIIT
TIOJDKHBI OBLTM pa3iMyaThCsl, MALIMEHTHl C TaHHBIMU

i =
- 2
ok © 3
-1+

ok :

3+

4

S5+

6+ g

7 | | | | 1<>

-4 -2 0 2 4 6 8

Puc. 1 [lenenne Hava bHBIX TaHHBIX Ha 3 Tpymmel [ —
HeIMarHOCTUPOBaHHbIC; 2 — IMAarHOCTUPOBAaHHbBIE; 3 — OT-
CYTCTBME IMarHo3a
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MeHee yeMm 1o 10 mpu3HakaM He BHOCHUJIMCH B Tab-
JIALLY.

3.2 Anroputm KiaccuguKauu

JJ1sT TTIOCTpOeHUST aJeKBaTHOM MOAENN OBIIN BBI-
OpaHbl 32 mpu3HaKa, KOTOPbIe CUUTAIMCh Haubosee
3HAYMMBIMU 10 MEAULIMHCKNM IToKazaHusM. Clemy-
IOIIMM 3TaIrloM ObLIO HaXOXIEHUE TUCKPUMUHAHTHBIX
¢yHkumii. Pe3ynbraThl, mojsiydeHHbIe B moapasn. 3.1,
MoKasaJii, 4TO IIpU HUCIIOJb30BAaHUM BceX 32 Mpu-
3HAKOB TepsIeTCsI CYIIeCTBEHHAs] YacTh HAOIOMCHUIA.
[MauneHTH ¢ He MOJHOCTHIO 3aIIOJTHEHHBIMU BEKTO-
paMu HaOJIOACHMI HE YYUTBHIBAIOTCS TPU HaXOXIe-
HUM KO3(DOULIMEHTOB TUCKPUMUHAHTHBIX (DYHKIIWIA,
5TO CTAaHOBUTCS MPUYMHOI MOTEPU TOYHOCTU pacye-
TOB. BelreacTBre OTCYTCTBUS Y OOIBITMHCTBA MallMeH-
TOB HAOJIOAEHUI 1O BceM 32 Mpu3HaKaM M XKeJIaHMUs
COXPaHUTb KaK MOXHO O0OJibllle HAOJIOAEHUIi, ObLIO
MIPUHSITO PelIeHue O TOCTPOSHUU HECKOIbKUX CUCTEM
IUCKPUMUHAHTHBIX (pyHKuMii. TlocTpoeHne Kaxmoit
13 32 KOMOMHAUMI MMPOUCXOAUIIO CASAYIOIIUM oOpa-
30M: CHayaJla M3 MaTpUIbl HAOMIOOCHUN yIAISIUChH
BCE MALMEHTHI, HEC MMeEIOIIe HaOMIONeHUI 1T0 IaH-
HOMY IPM3HAKY, 3aTeM yIAISIMCh MPU3HAKKU, HE 3a-
MOJHEHHbIE LETUKOM IS KaXIOro M3 OCTaBIIMXCS
nareHToB. [Ipoaenas gaHHyIo ornepaiiuio 32 pasa, aB-
TOPBI MOTYYWIU 32 KOMOMHALIMY TPU3HAKOB (110 OAHOM
KOMOWHAIUM Ha KaXbIi TpU3HaK). bpuUtn yuTeHbI BCe
MMaIeHTHI M He TIOTepSTHO HU OTHO M3MepeHue. [lpu
COXpaHEHMU MaKCHMaJIbHOIO O00beMa NaHHBIX OBLIO
MOJIy4eHO 32 CUCTEMbI TMCKPUMUHAHTHBIX (DYHKIIWIA,
YTO MMO3BOJIMJIO B JAJIbHEHIIIEM TTPOBOAUTH O0Jiee TOU-
HYI0 TUCKPUMUHAILIMIO MALIMEHTOB, YBCIMYMBAs pa3-
Mep BbIOOpKU. [Ipu momoiu 32 NUCKPUMUHAHTHBIX
CHCTEM CTaJI0 BO3MOXHBIM 32 pa3za MpOBOIUTHL JUC-
KPUMMHAIIMIO TTalIMeHTOB U 00Jiee TOYHO OMpPenesiTh
HOMeED I'PYMIIbI MalMeHTa.

Jljist oripenesieHusT BO3MOXKHOCTH MCITOJIb30BAHUS
JTUKPUMUHAHTHOTO aHaiu3a HEOOXOAUMO ObUIO MpO-
BEPUTH JaHHbBIC HA MPUHAIICXKHOCTh K HOPMAJIBHOMY
pacrnpeeieHuIo.

B mpoiiecce mpoBepku Ha HOPMAaJbHOCTb OBLIU
MIPOU3BEACHEI CIICAYIONINE N3MEPEHUS:

— IpoBepKa MaTPULIbl JAHHBIX UTSI TUCKPUMUHALIMI
rpynn 1 u 2;

— IIpoBepKa MaTPULbl JAHHBIX IO COBOKYITHOCTH
rpynn 1 u 2 ¢ rpymnmoii 3;

— IIpoBepKa MaTPWIIBl JaHHBIX I KaXIOW U3 CO-
BOKYITHOCTE! MPU3HAKOB, HAWICHHBIX B IIPEIbIIY-
LIEM ITYHKTE.

Pesynbrarhl B KaXXa0M cilydyae OKa3aauch pa3HbIMU.
MHorue npru3Haku He ObUIX paclipeieieHbl HOpMallb-
HO, 4To BMIHO u3 Tabj. 1. byksoit N ormeuancs
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Taomuua 1 Tumnsl pacnpeneneHus NPU3HAKOB

[TpusHaxk Pacnpenenenue
HO-02A N
0B-02
CCC-06
CCC-07C
CCC-14
I1-3
IK-2
TTK-6a
HO-47A N
0B-03
CCC-07
CCC-07D
CCC-15
I1-5a* N
IK-3
x-7
CCC-01A
CCC-04A
CCC-07Aa*
CCC-12*
[1-1a
IT-6A
xK-4
IK-7A
CCC-02
CCC-05A
CCC-07Ba
CCC-13*
[1-2a
IK-1
IXK-5
K-8

ZzZ

zZzZ zZzzZ2Z

zzZz2zZ Z

TIPU3HAK, JIJIS1 KOTOPOTO BHITTOJIHSIACH TUTIOTE3a O HOP-
MaJgbHOM pacrpenesieHn. CHUMBOJIOM * OTMEUEHbI
YUCJIEHHbIE TPU3HAKMU.

B tabu1. 1 mpuBeneHbl JaHHbIE IJ11 OOIIEH MaTPULIbI
JIAHHBIX 110 TpeM rpynmnaM. OcraBiecs MpU3HaKy ObI-
JI TIepEeKOAMPOBAaHBI U3 KauyecTBeHHbIX. [1pu mpoBep-
K€ JaHHBIX JUISl KaXKI0M ITOArPYIINbl HA HOPMaJIbHOCTh
pe3yJIbTaThl 0KAa3aJuCh CICAYIOIIMMU: B MOATrPYIIIaXx,
MOCTPOEHHbIX IJIS1 AMCKPUMMHALIMK IPYII 1 1 2, OKO-
70 80% Tmpu3HAKOB OBUTH pacripeieseHbl HOPMaJbHO.
B moarpynmax, mMOCTpOeHHBIX JIsT AMCKPUMMWHALIUN
cOBOKyMHocTei#t rpynm 1 u 2 ¢ rpynmnoi 3, okoo 40%
MPU3HAKOB 00JIafaii HOPMaJIbHBIM PACIIpeIeICHUEM.
CiieiyeT OTMETUTh, YTO HOPMaJbHOCTh IIPU3HAKOB HE
SIBJISIETCS] KpUTUIECKO IJIsT TPaBUIILHOM pabOThI AMC-
KpUMHUHAHTHOro aHanu3a [1, 2].

3.3 HccnenoBaHue pa3nnyuii MauueHTOB
rpymn 1 u 2

ITocne 00pa®OTKM JAHHBIX OBLIO TMOJIYYEHO ITPO-
CTPaHCTBO M3 32 MPU3HAKOB, B KOTOPOM Oblja TpO-
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Tab6umna 2 Pasnenenue 1-it u 2-ii rpymnm o Habopam napa-
METPOB

KoM06uHaius nmapameTpon Snaverue
U-cratuctuku
X1 Xs X17 Xis 0,945466
X1 Xo X X7 Xig 0,940606
X1 X3 Xy X Xa7 Xig 0,911782
X1 X7 Xg X17 X1s 0,945990
X1 Xs Xi0 Xa7 Xas 0,948152
X1 Xs X11 Xa7 Xag 0,942741
X1 Xg X12 X14 Xa7 Xas 0,930141
X1 X Xi2 Xu4 Xa7 Xig 0,930141
X1 Xg X15 X16 X17 X138 0,924349
X1 Xs Xi6 Xa7 Xas 0,939543
X1 Xs Xa7 Xis Xi9 Xo2 0,958094
X1 X X17 X1s Xoo Xo2 0,944039
X1 Xs Xi7 Xis Xo2 0,945476
X1 Xs Xi7 Xis Xo3 0,938776
X1 X X7 X1s Xog 0,912175
X1 X Xa7 Xis Xoa Xo9 0,945256
X1 Xs Xu7 Xas X3 0,929865
X1 X X17 X1s Xo2 X32 0,946031

BeJeHA JAMCKPUMMHALIAS IO METOMAY, ONMUCAHHOMY B
nozpasf. 3.2. Bbulo BUIHO, YTO TIOJyYeHHBIE TPYIIITHI
He pazfensitorcsi cratuctuyecku. [lpuBeneM cpenHue
3HAUEHUsI CTATUCTUKU YWIIKCA JUIT HEKOTOPBIX KOM-
OvHauMi Tpu3HakoB (Tabdja. 2). B T1abna. 2 mpusHaku
MepPEKOANPOBAHDI.

BumHo, 4uTo BCe 3HAUEHUST CTATUCTUKM MPEBOCXO-
14t 0,9. Takum 06pazom, Tpymmsl | ¥ 2 Mo BBIOpaHHBIM

MpU3HAKaM OKa3aJluCh CXOXH. ODTO COOTBETCTBOBA-
JIO ACHCTBUTEIBbHOCTH: MCCIEeIyeMble KaTerOpUU JIMIL
o611 60s1bHBI C/1.

3.4 PeuieHue 3amauu pasaeaeHuUsI
COBOKYMHOCTe! rpynn 1 u 2 u rpyniisl 3

J17151 mpoBepKM IpenjaraeMoro MeToa pasieaeHust
ObLIM UCIIOJIb30BaHbI JaHHbIE MAIMEHTOB, HE HMe-
foix CJII. Anroput™ kinaccudukauuu ObLT ONUCAH B
noapasa. 3.2.

B Tab6n. 3 mpuBeaeHbI 3HAaYEHUST CTATUCTUKU YUIIK-
ca Juisl pa3IMYHbIX KOMOUHALMIA TapaMeTPOB.

Ha puc. 2 npuBeneHa nucKpuMUHAIMSI JAHHBIX HA
3 rpynmnbl. Y3 prucyHKa MOXHO BUIETh, YTO TPYMIbI |
1 2 He OTJIMYMMBbI, HO 3aMETHO pa3/ie/ieH1e Ha OOJIbHbBIX
CJ1 v 310pOBBIX.

3.5 IIpumep knaccuduKalmOHHBIX
(yHK1IMI 1 BepuduKauus
MPeAIOKEHHOTO MeTo1a

ITpoBepka pe3ysibTaTOB IPOXOAWJIA TP TTOMOIIN
HOBOT'O MacCuBa JaHHBIX HAllMEHTOB 1-ii, 2-i1 U 3-i1
rpymi. IIpoueHT BepHOro mporHosa cocraBui 75%—
80%. Takum obOpa3oM, IoJydeHHasl KiacCuUKaLmst
IIpH TTOMOIIY 00yYaloIeil BEIOOPKH Ha peaTbHbIX TaH-
HBIX IIOKa3ajia XOpOoIlWe pe3yibraThl. bbura cyiie-
CTBEHHO CHMIXEHAa Pa3MEpPHOCTh IUCKPUMUHAHTHBIX

Tabmuna 3 Pasnenenue Mexy IpymmnaMu o Habopam IapaMeTpoB

KombuHalus mapameTpon 3naucue
U -cratuctuku

X1, X, Xq7, X8 0,74961
X1, X2, X3, X17, X18 0,732198
X1, X3, X4, X, Xu7, X18 0,726553
X1, X5, X6, X7, X5, X12 — X290, Xo2 0,210394
X1, X6, X7, X5, X12 — Xig, X20, X22 0,349879
X1, X7, Xg, Xu7, X18 0,669331
X1, Xs, X9, X12, X14, X17, X18 0,527898
X1, Xs, X10, X17, X18 0,630852
X1, Xs, X12, X13, X14, X17, X138 0,708013
X1, Xs, X17, X138, X19, Xo2 0,688674
X1, Xs, X12, X13, X14, X17, X138, Xo1, X022 0,604662
X1, Xg, X17, X185, Xo3 0,684530
X1, Xs, X12, X13, X14, X17, X18, X024 0,548464
X1, Xg, Xq2, Xu3, X14, X17, X185, Xo4, Xo5, X6 0,518108
X1, Xg, X12, X3, X14, X17, X138, X26 0,525807
X1, X3, X4, Xg, X11 — Xis, X220, Xo2, Xo7, X30, X31 0,128547
X1, Xs, X17, X138, Xo2, Xo9 0,674781
Xg, X14, X17, X185, Xo2, X30, X31 0,668601
X1, X3, X4, Xg, X11 — X4, Xa7, Xa8, Xo2, X30, X31 0,646518
X3, X, Xg, X13, X14, X17, X138, X22, X30, X31 0,652206
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4
3L ™
2%
1%
0%
o
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2k
3
4 ! ! ! ! ! ! !

Puc. 2 KoneuHoe sejieHue IaHHbIX HA 3 TPYIIILL: | — Heaua-
THOCTUPOBaHHbIE; 2 — NMarHOCTUPOBAaHHbIE; 3 — OTCYTCTBUE
JMarHosa

IIPU3HAKOB U ITOJIydeHa BBICOKAs JOCTOBEPHOCTH IIPO-
THO3MPOBAHUSI.

11 HeKOTOpOoro Habopa IMPU3HAKOB HILKE ITPHUBE-
JIeHa CUCcTeMa KiacCU(PUKAIIMOHHBIX (DYHKIIWIA:

f1=5,91X; +12,03X3 — 31,42X, + 7,94 X5 —
—0,02X1,—1,8X15—6,1X15+16,77X14+137,72X 15+
+13,9X16+1,80X17—2,35X 15— 11,34 X 20— 0,02 X 00+
+42,23X 57 + 3,96 X530 — 0,48 X5, — 96,71 ;
fa = 5,53X1+24,2X5— 46,25 X, +5X5 — 0,01 X 11 +
+17,87X12 + 23,5X13 — 14,41 X4 + 93,54 X5 +
+ 23,43X16—2,4X17—7,93% X 15— 3,63X20—0,02 X0+
+21,74X 97 + 4,84 X350 — 0,19X 3, — 65,22
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Abstract: The classification method for noninsulin-dependent diabetes mellitus patients cohort is presented and
the technique for identification of diabetes mellitus indicators is described. The basic medical data we dealt with
turned out to be unfit for classification. The main obstacle for applying classical discrimination approaches was
insufficiency and incompleteness of original data. For data processing, the authors suggest to select different sets of
discriminant characteristics and to obtain classification functions for each set. The number of these sets depends
on data incompleteness degree. The more data are omitted, the more different sets are needed. Each patient finally
refers to the group, for which he gets the greater number of matches in classification. This multistep procedure
reimburses small sample size and insufficiency and incompleteness of original data.
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CONCEPTUAL DECLARATIVE PROBLEM SPECIFICATION
AND SOLVING IN DATA INTENSIVE DOMAINS*

L. Kalinichenko?, S. Stupnikov!, A. Vovchenko', and D. Kovalev!

Abstract: Various notations aimed at defining the semantics of a computation in terms of the application domains
have been experienced for conceptual modeling. For example, entity-relationship (ER) approach and UML
(Unified Modeling Language) diagrams allow one to specify the semantics informally. Ontology languages based
on description logic (DL) have been developed to formalize the semantics of data. However, it is now generally
acknowledged that data semantics alone are insufficient and still representation of data analysis algorithms is
necessary to specify data and behavior semantics in one paradigm. Moreover, the curse of ever increasing diversity
of multistructured data models gave rise to a need for their unified, integrated abstraction to make specifications
independent of real data in data intensive domains (DID). To overcome these disadvantages, a novel approach for
applying a combination of the semantically different declarative rule-based languages (dialects) for interoperable
conceptual specifications over various rule-based systems (RSs) relying on the logic program transformation
technique recommended by the W3C (World Wide Web Consortium) Rule Interchange Format (RIF) has been
investigated. Such approach is coherently combined with the specification facilities aimed at the semantic
rule-based mediation intended for the heterogeneous data base integration. The infrastructure implementing the
multidialect conceptual specifications by the interoperable RSs and mediating systems (MSs) is introduced. The
proof-of-concept prototype of the infrastructure based on the SYNTHESIS MS and RIF standard is presented.
The approach for multidialect conceptualization of a problem domain, rule delegation, rule-based programs and
mediators interoperability is explained in detail and illustrated on a real nondeterministic polynomial time (NP)
complete use-case in the finance domain. The research results are promising for the usability of the approach
and of the infrastructure for conceptual, declarative, resource independent and reusable data analysis in various
application domains.

Keywords: conceptual specification; W3C RIF; logic rule languages; SYNTHESIS; database integration; mediators;

RIF-BLD; RIF-CASPD; multidialect infrastructure; rule delegation
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1 Introduction

For decades, informatics is investigating proper facilities
for conceptualization of the diverse application domains,
descriptive and predictive data analysis to extract infor-
mation from data, decision making, and generally, for
the problem solving based on such insight. Many times a
point was reached when the level of maturity of the con-
ceptual modeling techniques could have been evaluated
as satisfactory from the theoretical and practical points
of view. But every time new technological developments
and research results disproved such optimistic opinions.
Now, in the epoch of the data intensive research? and
system development, a lack of the proper declarative
conceptual modeling facilities is felt again. For instance,
the call for such facilities has been expressed in the
ACM (Association for Computing Machinery) publica-

tion “Challenges and Opportunities with Big Data” [2].
In particular, the call considers important to examine a
combination including

— facilities for support of variety of data (heterogeneity
of data types, representation, and semantic inter-
pretation) and semantic data integration; and

— declarative specifications required to meet the pro-
grammability and composition of complex analyt-
ical pipelines in an understandable form applying
appropriate high-level languages to express the an-
alytics.

This paper is related to such statements investigat-
ing a novel methodology and infrastructure supporting
conceptually-driven problem specifications and solving
in the DID. This research is motivated by aiming at the

*This research has been done under the support of the REFBR (project 11-07-00402-a) and the Program for Basic Research of the Presidium

of the Russian Academy of Sciences.

Hnstitute of Informatics Problems, Russian Academy of Sciences, Moscow 119333, Russian Federation

2Data Intensive Research (DIR) has emerged as a new paradigm for inferring information from data (known as the 4th paradigm for scientific
domains [1]) emphasizing the increasing value of observational, experimental, and computer-generated data in virtually all domains. Similarly,
“Big Data” is developing as a recognition of the increasing significance of massive multistructured data in almost each area of the human activity.
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specification reusability in various domains over differ-
ent sets of information resources (IRs), widely diverse
data, and knowledge semantic integration capability as
well as at the accumulation of reproducible data analy-
sis and problem solving methods, related specifications,
and experience in various DID.

One of the intended outcomes of the work is to
expose current practically reachable limit of declara-
tive conceptual specification construction applying the
wealth of various available facilities of logic program-
ming, knowledge representation, semantic Web, and
heterogeneous database mediation in a coherent, coop-
erative way.

Conceptual specifications should be expressed in
terms of an application domain independently of de-
sign and implementation concerns. Usually, the domain
specification understandable and acceptable in the re-
spective community includes a set of coherently tied
ontologies together with a conceptual schema of the
domain defined on the basis of such ontologies. Con-
ceptual specifications of the applications in this domain
are defined in terms of the conceptual schema to express
abstract representations of information structures and
algorithms of their analysis for the application problem
solving.

This research reflects an intention to define and
implement facilities for conceptually-driven problems
specification and solving in DID to create the perspec-
tives ensuring the following capabilities for expressing
the specifications:

— declarative nature of the language facilities involved;

— an ability to provide complete and precise specifi-
cation of the abstract structure and behavior of the
domain entities, their consistency, relationship, and
interaction;

— well-grounded diversity of semantics of the mod-
eling facilities providing for proper expressiveness,
compactness, and precision of the definition of be-
havior of the domain entities and problem solving
algorithm specifications;

— arrangements for the probable extensions of the
modeling facilities for conceptual specifications sat-
isfying the changing technological and practical
needs;

— provisions for specification independence from im-
plementation languages and systems;

— provisions for specification independence from spe-
cific IRs combined with facilities for their semantic
integration and interoperability coping with the in-
creasing diversity of the techniques used for imple-
mentation of programs, databases, services, ontolo-
gies, and other resources;
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— built-in methodologies for creation of unifying spec-
ification languages providing for construction of
semantic preserving mappings of conceptual speci-
fications into their implementations in specific lan-
guages and systems; and

— combination of ease of a human perception with a
sufficient efficiency and expressiveness of the imple-
mentation for publication in communities intended
for specification reuse.

The brief vision of the state-of-the-art in conceptual
modeling (not claimed to be exhaustive) is as follows.
Various notations aimed at defining the semantics of a
computation in terms of the application problems to be
solved have been experienced for conceptual modeling
for many years. Structured and object-oriented speci-
fication notations for conceptual modeling in graphical
(diagram) form dominate. Entity-relationship approach
models the domain in terms of entities, attributes, and
relationships, extended sometimes with cardinality con-
straints, aggregation, sets, temporality, taxonomic struc-
tures. Many parts of UML are the diagrams for specific
purposes (e.g., class diagrams, activity diagrams, use
cases, state charts, object interaction diagrams) used
for the domain modeling and the design phase in soft-
ware engineering. Such notations often allow one to
specify the semantics informally, in terms of natural lan-
guage; or the semantics is hard-coded using the tools
supporting the notation [3]. Various logic specification
languages, such as ontology languages based on DL,
have been developed to describe the semantics of data.
With certain limitations, the ontology languages allow
one to define formal models of domain concepts, their
taxonomic relations, and constraints over them. They fa-
cilitate automated reasoning (inference) over taxonomic
structures. However, it is now generally acknowledged
that data semantics alone are insufficient and repre-
sentation of behavior is necessary to specify data and
behavior semantics, algorithms for data analysis in one
paradigm.

This is just what paper is focused on, emphasizing
the importance of declarative nature of the specifica-
tion facilities. In particular, the approach proposed is
aimed at conceptual modeling related to DID applying
rule-based declarative languages possessing different,
complementary semantics and capabilities combined
with the methods for heterogeneous data mediation and
integration.

In the work presented, the issues of interoperability
of declarative programs defined in the languages having
different semantics combined with an ability to integrate
various IRs (such as data and knowledge bases, software
services, ontologies) for problem solving are investigated
on the basis of two fundamental techniques:
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(1) constructing of the unifying extensible language
providing for semantic preserving representation
in it of various IR specification languages (e.g.,
such as data definition (DDL) and manipulation
(DML) languages for databases); and

(2) creation of the unified extensible family of rule-
based languages (dialects) and a model of interop-
erability 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 develop-
ment [4, 5] accompanied by the methods and facilities for
constructing its extensions. The kernel of the SYNTHE-
SIS language is based on the object-frame data model
used together with the declarative rule-based facilities
in the logic language similar to a stratified Datalog with
functions and negation. The extensions of the SYN-
THESIS kernel are constructed in such a way that each
extension together with the kernel is a result of semantic
preserving mapping of some IR language (mainly, a data
model language considered to be a combination of the
respective DDL and DML) into the SYNTHESIS [6, 7].
The canonical information model (CIM) is constructed
as a union of the kernel with such extensions construct-
ed for various IR languages. Canonical information
model is used for development of mediators positioned
between the users, conceptually formulating problems
in terms of the mediators, and various distributed IRs
(such as databases and services) needed for a specific
application. 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 in the current work is
based on the RIF standard [8] of W3C. Rule inter-
change format introduces a unified family of rule-based
languages (dialects) together with a methodology for
constructing semantic preserving mappings of specific
languages used in various RSs! into such dialects. Be-
sides, a methodology for extension of the family with
the definition of new dialects is also defined as a part of
RIE From the RIF point of view, an IR is a program
developed in a specific language of some RS. For the
logic dialects, the RIF family should include declara-
tive, high-level languages reflecting in a systematic way
the basic semantics of rule-based languages of various
existing logic-based RSs. These RSs and their declara-
tive rule-based languages form now a mature technology
with decades of theoretical development, practical and

commercial use based on logic programming and non-
monotonic reasoning.

The approach proposed here is built on the tech-
niques briefly introduced above aiming at construction
of declarative specifications containing definitions of
the concepts and their relationships in the DID area
(conceptual schema), conceptual definitions of prob-
lems, and their respective algorithms in declarative form
simplifying their reuse. The conceptually-driven problem
specifications of an application can be defined applying
advanced declarative languages, modularization, and
composition facilities. Thus, the problem specifica-
tions can be considered also as domain-driven, that is,
they are defined in terms of the domain independently
of IRs (databases, services, workflows, mediators) and
implementation notations.

The paper presents the results obtained including
the description of an approach and an infrastructure
supporting:

— application domain conceptual specification and
problem solving algorithms? definitions based on
the combination of the heterogeneous database me-
diation technique and rule-based multidialect facil-
ities;

— 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
multidialect conceptualization of a problem domain,
rule delegation, rule-based programs, and mediators in-
teroperability is explained in detail and illustrated on a
real NP-complete use-case in the finance domain. For
the conceptual definition of the use-case problem, Web
Ontology Language (OWL) is used for the domain con-
cepts definition and programs in two dialects RIF-BLD
(Basic Logic Dialect) and RIF-CASPD (Core Answer
Set Programming Dialect [9]) mapped into the SYN-
THESIS formula language and answer set programming
(ASP) based DLV [10] language, respectively.

The paper’® is structured as follows. After intro-
duction, the sections containing an overview of the ap-
proach and an infrastructure for distributed multidialect
rule-based programs support are given. In section 4,
the lessons learned during the use-case specification
and implementation are summarized. A related work

'Examples of RSs include SILK, OntoBroker, DLV, IBM ILOG, IRIS, etc. More examples can be found at http://www.w3.org/

2005/rules/wiki/Implementations.

2In the approach proposed, the logic programming model of computation is assumed.
3The approach presented in this paper has been reported for the first time at the ADBIS’2013 conference and annotated in a short

publication [9].
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section, the future plans section that outlines the inten-
tions for the future research, and the conclusion which
summarizes the results end the paper. The detailed de-
scription of the use-case and its implementation is given
in an appendix. Such detailed exposition of the results is
justified by the novelty of the approach and a necessity
to show and make readable all the steps required for
the specification and implementation of the use-case
applying the languages and the infrastructure proposed.

2 An Approach for Conceptual
Problem Specification and Solving
Based on the Techniques
for Heterogeneous Database
Mediation and Multidialect
Program Interoperability

According to the above, the problems of integra-
tion of various IRs and interoperability of rule-based
programs arising during application development are
proposed to be resolved on the combination of two
techniques:

(1) construction of the unifying extensible language
providing for representation in it of various IR lan-
guages preserving their semantics and for creation
of mediators for integration of heterogeneous IRs;
and

(2) creation of the unified family of languages (di-
alects) for expressing the problem solving algo-
rithms and the model of interoperability of pro-
grams represented in such dialects.

2.1 Heterogeneous Database Mediation

In this research, the first technique is based on the results
of the SYNTHESIS language project [4] including the
methods and means for the development of this language
extensions and for its use for database integration.

The Unifier of information models [11] is the main
facility created for the development of the SYNTHESIS
language extensions and the mappings of specific data
models into such extensions. Preserving semantics of a
specific data model by its mapping into SYNTHESIS
in the Unifier is based on the specification refinement
principle (it is said that specification A refines specifi-
cation B if it is possible to use A instead of B so that a
user of B does not notice such substitution) developed
by Abrial [12]. Thus, it is possible to construct provably
correct extensions of the SYNTHESIS language and
mappings of specific languages into them based on the
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proof of refinement. Such methodology has been ap-
plied for mapping into SYNTHESIS of diverse database
languages, service and process specification languages,
ontological languages [5—7, 11]. Now, a possibility of
mapping into SYNTHESIS of various multistructured
data models typical for the Big Data epoch (such as, e. g.,
various NoSQL models [13], graph-based models [14],
triplet data model [15], and array data model [16]) is
studied.

The main characteristic properties of the SYNTHE-
SIS language use as the kernel of the extensible language
are as follows:

(1) the merge of the kernel extensions constructed for
diverse data models is treated as a single language
known as the CIM; and

(2) CIMisconsidered as a basis for the development of
mediators positioned between the programs pro-
viding for problem solving in terms of mediators
(the application domain terms) and specific dis-
tributed IRs (such as database, services) selected
for the problem solving. The mediator specifica-
tion for a class of problems includes definitions of
the application domain concepts expressed by the
respective declarative specifications, specifications
of the classes of the domain entities, specifications
of types of the instances of the classes mentioned
and of their methods, and specification of func-
tions.

A mediatorin SYNTHESIS can be defined as a triple
(T, S, M) where T is the mediator (target) schema; S
is the IR schema; and M is the set of assertions (rules)
relating elements of the target schema with elements
of the resource schema. It is assumed that IR data
model (that is, the respective DDL and DML) has been
mapped into the canonical one; thus, both resource
and target schemas are defined in the canonical data
model. Both resource and canonical data models may
allow for the expression of various constraints X. In this
generality, a data integration setting is (S, T', 2., 3.4,
¥+) in which S and ¥, constitute the IR schema, 7" and
>+ form the target schema, and the resource-to-target
dependencies included into X,; are the assertions of the
schema mappings in the mediator. X,; should be de-
fined as a set of assertions of weakly-acyclic class [7, 17].
Note that 3, includes not only data dependencies corre-
sponding to the IR database in the original data model,
but also the dependencies generated in accordance with
the extension of the kernel of the canonical data mod-
el determining an information-preserving mapping of
the resource data model into the canonical one (some
categories of such dependencies are shown in [6, 7]).

Specifications of mediators are expressed in CIM.
Generally, a specification of M in the approach oriented
on the definition of the mediator schema 7' in terms

issue 4 115



L. Kalinichenko, S. Stupnikov, A. Vovchenko, and D. Kovalev

of the application domain independently of schemas of
IRs involved is based on the GLAV (Global and Lo-
cal As View) [18, 19] schema mapping technique. In
GLAY, two schema mapping techniques are combined:
LAV (Local as View) according to which a schema of
IR is defined as a view over the mediator schema and
GAYV (Global as View) according to which the mediator
schema is defined as a global view over the IRs schemas.
In LAV, the schemas of IR classes are considered as
materialized views over the virtual classes of the medi-
ator. Usually, GAV views are used for resolving various
conflicts between the specifications of IRs and of the
mediator. In such cases, the GAVs provide the rules for
transformation of the results of a query over IRs to their
representation in the mediator. The GLAV technique
provides for stability of the mediator specification in
time of the specific IRs change or the change of the
actual IR presence (remove of an IR, adding of new re-
sources, and so on). Also, the GLAV technique provides
for scalability of mediators with respect to the number
of IRs involved in them. It worth mentioning that the
mediators, in their turn, can play the role of IRs towards
the mediators of the higher level.

The following characterization of the GLAV setting is
applied in the SYNTHESIS project. The sound GLAVs
are assumed [18]. The GLAV mapping is constructed asa
composition of two schema mappings — GAV mapping
M,y = (S,,S4,%r4) (from resource schemas to GAV
schema) and LAV mapping My = (Sy, T, Xg¢) (from
GAV schema to mediator (target) schema). GLAV is
formed by a definition of the composition M,.4 o M, by
means of the GAV and LAV dependencies (3,4 and X4,
respectively). The GLAV mappings are formed showing
how two parts of the schema (resource and target) are
linked together by the X,.; dependencies.

Queries and programs over the mediator are ex-
pressed declaratively in the SYNTHESIS formula lan-
guage (resembling Datalog) in terms of the mediator
schema T [4]. An example of the mediator defini-
tion can be found in appendix (see subsections A3.1
and A3.2).

2.2 Diverse Rule-Based Programs
Interoperability

Another fundamental principle used in this research is
based on a multidialect technique intended for providing
diverse rule-based programs interoperability and known
as the W3C RIF standard [8]. The range of intended
applications of the RIF standard (besides the Semantic
Web) includes also development of the intelligent in-
formation systems as well as knowledge representation
in various application domains. The family of dialects
proposed in RIF has a common core (the Core dialect)
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and an ensemble of the dialects extending the core and
forming the directed acyclic graph. An arc of the graph
is directed from the dialect being extended to the dialect
extending it.

According to RIE any specific RS can act in two
independent roles — the role of provider and the role of
consumer. The first one indicates that RS is capable to
transform its native rule-based programs into the pro-
grams in the respective dialect; the second one indicates
that RS is capable to accept a program defined in a
proper dialect and transform it into the program in the
native RS language. Thus, to include any rule-based
language into the family of interoperable dialects, it is
required to provide the respective RS with two semantic
preserving transformers — from its own language into the
proper dialect (the role of provider) and from the proper
dialect into its own language (the role of consumer). In
contrast to the development of the SYNTHESIS lan-
guage extensions, each dialect extending other dialects
may have its own, different of others, semantics. For
example, for logic rule-based languages, each dialect
can use its own semantics (e. g., the classic first-order
semantics), well-founded semantics, stable model se-
mantics, etc. [14]. Unlike the SYNTHESIS language,
in which for development of the language extensions and
respective semantic preserving language mappings, it is
required to establish the refinement relation between the
specifications, in RIF for the logic rule-based languages,
it is required to establish the entailment relation between
the specifications. The entailment relation between for-
mulas f and g, f| = ¢ (f entails g) is valid if and only if
g is true for all models where f is true.

In the RIF standard, only the basic, simple dialects
have been fixed. Thus, RIF-BLD [20] corresponds
to Horn logic with various syntactic and semantic ex-
tensions. RIF-PRD (Production Rules Dialect) [21]
specifies a production rules dialect to enable the in-
terchange of production rules. RIF-PRD captures the
main aspects of various production rule systems. Pro-
duction rules are defined using ad hoc computational
mechanisms, which are not based on a logic. The con-
dition language of RIF-PRD is defined as a common
subset of RIF-BLD and RIF-PRD. RIF-Core (Core
Dialect) is a subset of both RIF-BLD and RIF-PRD
thus enabling limited rule exchange between logic rule
dialects and production rules.

Significant contribution of RIF consists in inclusion
into the standard of the Framework for Logic Dialects
RIF-FLD [22]. RIF-FLD represents quite general logic
language including the broad set of syntactic and se-
mantic constructs frequently used in logic. On the basis
of the framework, concrete dialects having specific se-
mantics can be defined. Definitions of all dialects in
the standard are strictly formalized. Rule interchange
format defines the general conception of the unified
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language construction as a family of dialects intended
for provision of the interoperability of the numerous
RSs. On the basis of the RIF-FLD framework, several
dialects have been designed in the world. They need
still to pass through the procedure of approval by W3C.
Among these dialects are the following. RIF-CLPWD
(Core Logic Programming Well-founded Dialect [23])
uses WFS [24] with the default negation and functions.
RIF-CASPD [25] uses the semantics of ASP, known
also as the stable model semantics [26]. Difference of
semantics and application areas of WFS and ASP is
a typical example showing different capabilities of the
rule-based programs expressible in the languages with
such semantics. The WFS and ASP language classes
correspond to two philosophically different approaches
in logic programming: WFS keeps the idea of defin-
ing a single (well-founded) model for a program while
ASP provides for the computation of the set of preferred
models that is more than query answering. Thus, the
ASP-based systems are specifically oriented on solving
the complex, combinatorial (NP-complete) problems.
The ASP application areas include: diagnosis, informa-
tion integration, constraint satisfaction, reasoning about
actions (including planning), routing, and scheduling,
health care, biomedicine and biology, text mining and
classification, question answering, etc. In contrast to
the ASP systems, the WFS-based systems incorporate
three-valued logic are computationally complete and
can be used as the universal logic programming facili-
ties. The joint usage of programs with different semantics
for problem solving is obviously reasonable.

The RIF standard has also defined the necessary
concepts to ensure compatibility of RIF with resource
description framework (RDF) and OWL [27], in spite
of dissimilarity of their syntaxes and semantics. Rule in-
terchange format uses its frame syntax to communicate
with RDF/OWL. These frames are mapped onto RDF
triples and a joint semantics is defined for the combi-
nation. The basic idea is that rules and OWL will view
each other as “black boxes” with well-defined interfaces
through exported predicates. The OWL-based ontolo-
gies will export some of their classes and properties,
while rule-based knowledge bases will export some of
the predicates that they define. Each type of the knowl-
edge base will be able to refer to the predicates defined in
the other knowledge bases and treat them extensionally
as collections of facts. Ontologies are assumed to provide
commonly shared conceptualization of a domain. There
may be different application-specific rule programs for
different applications in the domain.

In the use-case considered in the paper, the fol-
lowing languages for conceptual specifications are used:
OWL 2, RIF-BLD and RIF-CASPD (the examples of
specifications in these languages can be found in the
appendix, section A2).

INFORMATIKA I EE PRIMENENIYA — INFORMATICS AND APPLICATIONS 2013 volume 7

2.3 Basic Ideas of the Conceptual Problem
Solving Approach Built on the Symbiosis
of the Above

The idea of the conceptual problem solving approach
considered in the paper consists in developing a modu-
lar infrastructure in which alongside with the mediators
integrating data and services in the SYNTHESIS-like
setting, the modules representing knowledge and declar-
ative rule-based programs over various resources will be
introduced. The infrastructure is based on the following
principles:

— the multidialect construction of the conceptually-
driven problem specifications combining the SYN-
THESIS and RIF approaches. The specifications are
represented as a functional composition of declar-
ative modules, each based on its own language
(dialect) with an appropriate semantics. Semantics
of a conceptual definition in such setting becomes
a multidialect one. To the SYNTHESIS language,
one ofthe existing RIF dialects (or a new, specific di-
alect) should be put into correspondence (currently,
OWL is used for the conceptual schema specifica-
tion together with the RIF-BLD for the mediator
rules to be interpreted in SYNTHESIS);

— the specification modules are treated as peers. Rule-
based program modules are included into the spec-
ification alongside with the mediators that can be
supported by various MSs. Interoperability of such
combination of modules is based on P2P (peer-to-
peer) and W3C RIF interoperability techniques;

— combination of integration and interoperability. The
IR integration can be provided in the scope of
individual mediator modules. Interoperability is
provided between the modules supporting different
dialects according to the RIF methodology; and

— rule-based specifications on different levels of the in-
frastructure. Rule-based, inference providing mod-
ules can be used for declarative programming over
the mediators. In this case, the mediators support
schema mapping for semantic integration of the IRs
supported by various MSs.

In the paper, the ideas of construction of the infras-
tructure providing for conceptual declarative program-
ming and heterogeneous IR mediation interoperating in
the multidialect environment are presented.

The infrastructure generally outlined in Fig. 1 pro-
vides for implementation of conceptual specifications on
the basis of the CIM-like kernel and its extensions used in
the mediators combined with declarative languages of the
rule-based programming systems possessing diverse se-
mantics and capabilities. Such environment provides for

issue 4 117



L. Kalinichenko, S. Stupnikov, A. Vovchenko, and D. Kovalev

[ Conceptual multidialect specifications ]

Y

[ Mappings ]

Mediator 1

Data
intedration
mediators

Mediator N

Mediation
systems

[

Program module 1

Rule-based
program
modules

Program module M

Rule-based
systems

A

Information resources
(databases, services)

Figure 1 Infrastructure for conceptual problem solving

programming over heterogeneous resources (€. g., over
databases and services) accessed through the mapping
of specific resource schemas into the target schemas of
the mediators. Multidialect program is implemented
by means of transformation of conceptual specifications
into modular, component-based P2P program repre-
sented on the languages of the mediation and rule-based
systems. Interaction of components of such distribut-
ed program is carried out by means of the delegation
technique (see subsection 3.3).

An approach for transformation of conceptual spec-
ifications into the distributed mediators and modules
interpreted in RSs with different semantics interoper-
ating in P2P style by the rule delegation in the mul-
tidialect W3C RIF-based environment is presented in
section 3.

Practical value of the results obtained is demonstrat-
ed with a use-case in the finance domain. The important
result of the research conducted consists also in accu-
mulation of the experience of usage of the multidialect
specification facilities for conceptually-driven problem
specifications in specific domains and implementation
of such specifications in the prototype that has been
developed.
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3 Infrastructure of the Multidialect
Environment for Distributed
Rule-based Programs
and Mediators Interoperability

3.1 Conceptual Programming
over the Conceptual Schema

The aim ofthe novel infrastructure proposed is a concep-
tual programming of problems in the RIF dialects and
an implementation of conceptual specifications using
declarative languages of the RSs and MSs. Conceptual
multidialect logic programs specify the algorithms for
problem solving in a subject domain. They are im-
plemented using their transformation into RS or MS
programs.

Conceptual specification of a problem (class of prob-
lems) is defined in the context of a subject domain
and consists of a set of RIF-documents (document is a
specification unit of RIF). Each document contains the
groups of rules. Conceptual specification of a problem
is an abstract program of a problem solving.
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The subject domain conceptualization is performed
using OWL 2 [28] ontologies containing entities of the
domain and their relationships (Fig. 2, right-hand part).
Thus, the conceptual schema of the domain can be
formed. Conceptual specification is defined over con-
ceptual schema: names of the entities (classes and at-
tribites) and only they are used in the rules of the
RIF-documents as extensional predicates.

Ontologies are imported into the RIF-documents
specifying an import profile, for instance, OWL Direct.
A profile defines a semantics of an OWL. The profiles
are formally defined in [27].

Modular construction of the conceptual specifica-
tion is based on the techniques of document import
and link. Each RIF-document is defined using a di-
alect which is a specialization of the RIF Framework
for Logic Dialects (RIF-FLD) [22]. Documents import
other documents having the same semantics (the Import
directive) or link documents defined using other dialects
and having different semantics (remote module directive
Module).

Documents refer to predicates from imported doc-
uments (using the name of an imported module mod-
ule:predicate) as well as to predicates from remote mod-
ules using remote terms f@r [22]. Here, f means a term
and r means a reference to a remote module.

Retrieving results of problem solving is performed
by querying the virtual knowledge/database formed by
combined infrastructure of mediators and rule-based
systems.

Queries are formulated in terms of the conceptual
schema and the intentional predicates of the conceptual
specification of a problem. The result is a Boolean value
(if the formula is closed) or a collection of tuples of
values of free variables of the formula.

Peers specifications

-

Logic program for RS
(D;-conformant)

. uses
Logic programf - - -

f Mediator specification
(D;-conformant)

. uses
Logic program} - - -

RIF document
(RIF dialect D;)

Schema
mapping rules

RIF document

Schema
mapping rules

(RIF dialect D)) [

3.2 Mapping of the Peer Schemas
into the Conceptual Specification

In the proposed infrastructure, (1) the logic pro-
grams implementing RIF-documents of the conceptual
schema in specific RSs and (2) the mediators supporting
virtual collections of facts as the result of heterogeneous
databases integration are considered as peers.

A schema Sk of a peer R is a set of entities (class-
es or relations and their attributes) corresponding to
extensional and intensional predicates of the resources.

The RS or the MS of each peer R should be a con-
formant D consumer where Dy is the respective RIF
dialect (Fig. 2, left-hand part). Conformance is for-
mally defined using formula entailment and language
mappings [22].

The peer R is relevant to a RIF-document d of a con-
ceptual specification of a problem (see Fig. 2, right-hand
part) if:

— Dpis a subdialect of the document d dialect; and

— entities of the peer schema Sy (if they exist) are
ontologically relevant' to entities of the conceptu-
al 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 cor-
respondence of the conceptual entities referenced in
the document d to their expressions in terms of entities
of the schema Sy using logic rules of the Dy dialect.
These schema mapping rules constitute separate RIF-
document (Fig. 2, middle part). An example of mapping
is given in appendix (see subsection A3.1).

Conceptual specifications

Subject domain ; Conceptual
! specification

conceptual schema of a problem

imports,

Figure 2 Conceptual and peer specifications

In this paper, the methods for ontological matching of the schemas [15] are not considered.
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3.3 Implementation of the Conceptual
Specification

Programs defined in the conceptual specification are
implemented in P2P environment formed by relevant
peers which are related to conceptual specification by
mapping rules (see Fig. 2, middle part).

Peers communicate using a technique for distributed
execution of the logic programs. The basic notion of
the 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 a wrapper, an RS or an MS, and a peer (Fig. 3).
A wrapper transforms programs and facts from the spe-
cific RIF dialect into the language of the RS or MS and
vice versa. A wrapper also implements the delegation
mechanism. A definition of the delegation is given in the
latter part of this subsection. Transferring facts and rules
among peers is performed in RIF dialects. The wrappers
implement an interface RIFNodeWrapper (see Fig. 3).

Aspecial component (Supervisor) of the proposed ar-
chitecture 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 logic rules for the conceptual
specification, and a resource schema mapping.

Implementation of the conceptual specification in-
cludes the following steps:

— rewriting the conceptual documents into the RIF-
programs of the peers performed by the Supervisor.
A rewriting includes also (1) replacing the docu-
ment identifiers (used to mark predicates) by peer
identifiers; and (2) adding schema mapping rules to
programs (see Fig. 2, middle part);

— a transfer 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;

— atransformation of the RIF-programs into the con-
crete 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

— an execution of the produced programs in P2P en-
vironment.

During the process of rewriting 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 — transfer-
ring facts and rules from one peer to another. The details
of rule delegation approach implemented in the current
prototype of the multidialect infrastructure are provided
below.

In general case, the programs transferred to some
peer may include nonlocal rules. These rules contain
remote or imported terms. On the contrary, local rules
do not contain such terms. For simplicity, only remote
terms are mentioned in the latter part of this subsection.
To make possible an execution of a program on a node,
the program should be normalized, i. e., transformed in-
to an equivalent program including only local rules and
delegation rules. There are two kinds of delegation rules
for a peer n:

(1) factdelegation rulelike p@Qm(X) : - ¢q@n(X ) where
p and q are the predicate names; X is the variable
list; and m is the peer different from n. The rule
means that all the facts turning ¢ into #rue have
to be transferred to the peer m as facts turning p
into true. A fact is a term p(v1,...,v,) such that

m Node Rule-based
] wrapper system
/ W -
/ o Peer as a logic program
/ A I ] "interface" RIFNodeWrapper
query
— loadRules 4 loadRules - .
Supervisor submitQuery loadFact +loadRules (in rifDocument: String)
result tResult ¥ oadFacts ' .
\Q 1 l +loadFacts (in facts: String)
\\A Peer as a mediator +submitRifQuery (in refQuery: String): long
User \~ +getQueryResult (in id: Long)
Node Mediation
wrapper system

Figure 3 Peer-to-peer multidialect architecture
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p(v1,...,0,) = true where vy, . .
ues of variables X = 1, ..

., U, are the val-
., Tn;and

(2) delegation rule like g@Qn(X) : -p@m(X). The rule
hasto be transferred to the peer m where it becomes
a fact delegation rule.

The procedure of normalization (Algorithm 1) of a
program pr on a peer n is as follows. For each occur-
rence of a remote term in a rule r, a fact delegation rule
is added to pr aimed at importing facts from another
peer to the peer n or at exporting facts from n to another
peer. The rule includes a new local predicate created for
storing imported or exported facts. Each occurrence of
aremote term in a rule r is replaced by an occurrence of
the respective local predicate. In that way, the rule r is
transformed into a local rule.

Algorithm 1. Normalization(pr,n)
Input: pr is a program — a set of rules; n is a peer name
Output: normalized program pr
for each rule r € pr like head(r) : - body(r). do
if the head(r) of r is a remote term p@m (X') then
// remove r from pr
pr— pr\{r}
// add new fact delegation rule,
// here, p_m is a new local predicate
pr — pr U {p@Q@m(X) :- p,(X).}
// add new local rule
pr— pr U {pm(X) :- body(r)}
elseif the head(r) is a local predicate and
the body(r) contains an occurrence
of a remote term ¢@[(Y")
then
for each remote term ¢@I(Y")
contained in the body(r)
do
// add new fact delegation rule
// here, q_l is a new local predicate
pr—prU{gl(Y) :- qQI(Y).}
// replace the occurrence of the remote term in r
// by alocal term ¢_[(Y)
r «— head(r) :- body(r)[q@L(Y) — ¢ 1(Y)].
end for
endif
end for
return pr

The algorithm of execution of a program on a node
containing a peer n looks as follows (Algorithm 2). The
program stored on the peer is normalized. Delegation
rules produced during normalization are transferred to
the respective peers. After that, the algorithm waits for
the facts from all the peers to which the delegation rules
were transferred. During waiting, some delegation rules
can be obtained from other peers (no mutual recursion
between programs sent to different peers is presumed).

INFORMATIKA I EE PRIMENENIYA — INFORMATICS AND APPLICATIONS 2013 volume 7

When all facts are got, they become a part of the peer.
Then, local RIF-rules of the peer are transformed into
the RS or MS rule language and executed in the RS
or MS. The last step consists in transferring the re-
quired facts to other peers in accordance with the fact
delegation rules.
Algorithm 2. Execute(n)
Input: n is a peer name;
prog(n) is a program stored at n at the moment
(additional rules can be loaded into prog(n)
during execution of Ezxecute)
Output: result — a set of tuples which are the result
of the executing program
Local variables
prn — a variable to store a normalized program
pre — a variable to store local normalized rules
prel — a variable to store a program transformed
into the RS or MS rule language
prn «— Normalization(prog(n),n)
for each fact delegation rule » € prn
like ¢-L(Y) :- q@I(Y")
do
// transfer rule ¢_l@n(Y") :- ¢(Y) to peer
l.loadRule(“ql@n(Y) :- ¢(Y)”)
pre — pre\{r}
end for
wait until for all fact delegation rules, r € prn
like ¢_L(Y) :- qQ@I(Y)
a respective peer [ has transferred facts
like g(v1, . .. vy,) to peer n as facts
like g-l(v1, ... vn)
for each fact delegation rule r € prn
like ¢_L(Y) :- q@I(Y)
do
load facts from predicate ¢_l into the peer n
end for
// put all normalized local rules into pre
pre < {r|r € prn V ris local}
trans form the program pre into the resource
rule language program prel
result <+ execute the program prel on the resource
(mediator or RS) connected to n
for each fact delegation rule r € prog(n)
like p@m(X) :- ¢(X)
do
// transfer facts from local predicate ¢ into remote
// predicate p at the peer m
m.loadFacts({p(z)|z € q(x)})
end for
return result

A rule delegation mechanism described in this sec-
tion resembles one proposed in WebdamLog [30].
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4 Lessons Learned During the Use
Case Implementation

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 investment portfolio diversification problem.
The detailed description of the use case is included in
the appendix. In this section, the important lessons
learned during the implementation of the use case are
summarized.

During the implementation of the investment portfolio
use case in the multidialect infrastructure, the concep-
tual specifications were defined: a conceptual schema
of the financial domain (using OWL 2) and conceptual
specifications of the problem (using RIF dialects BLD
and CASPD). Conceptual specification was defined over
conceptual schema: names of the entities (classes and
attributes) of conceptual schema and only they were used
in the rules of the conceptual specification as extensional
predicates. Conceptual specifications were implement-
ed using a multidialect infrastructure which includes a
mediation system integrating the financial data and an
ASP [26] RS.

Application specification in the multidialect infras-
tructure is started with the informal definition of a
problem (see appendix, section Al). Then, a conceptual
schema of a subject domain is defined using OWL 2
(see section A2). Due to the fact that OWL 2 does not
provide facilities to specify functions, it is necessary to
model the functions related to the collections of facts of
the domain as OWL classes (e. g., correlation):

Class(correlation)
DataProperty(seriesl
range (DatedValue))
DataProperty(series2
range (DatedValue))
DataProperty(corr domain(correlation)
range (xsd:double))

domain(correlation)

domain(correlation)

Input and output parameters of the functions are
modeled as data or object properties of the respective
classes (for instance, seriesl, series2, and corr). The
types of the parameters are modeled as range of the
respective properties.

Lesson 1. Functions related to the collections of facts in
conceptual schema of the domain have to be modeled as
OWL classes.

The classes of the conceptual schema are used as
predicates in rules which constitute documents of the
conceptual specification of the problem. Logic rules
over taxonomic structures of the schema may require
existential quantifier in their heads (see section A2):
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Exists 7ts( And(7ts#gex:tickers
7ts[symbol->7symbol]) ):-
And(7t#srt:stockRates 7t[ticker->?symbol]
7t [isInTop500->7inTop500]
External (pred:boolean-equal (?inTop500
true))
)

The rule states that for each object ?t of stockRates
class there exists an object ?ts of a class tickers. A pred-
icate e#s denotes that the element e belongs to the
set s.

Built-in predicates (like Boolean equality pred:
boolean-equal) and functions are used as external terms
of RIE The symbol External indicates that an atomic
formula or a function term is defined externally (neither
in the current RIF-document nor in the remote RIF-
document). Built-in predicates are defined in a special
part of the RIF standard.

Lesson 2. Conceptual specification of a problem using
RIF logic rules over taxonomic structures may require
existential quantifier in the rule heads. The RIF-BLD
dialect intended for serving as the basic logic dialect
does not provide such facility. Respective extension of
RIF-BLD is suggested.

Lesson 3. Conceptual specification of a problem often
requires usage of built-in predicates and functions as
external terms.

During the application of the RIF-CASPD di-
alect [31] for conceptual specification, it was found
out that the ASP programs require a specific facility —
so-called weak constraints [10]. Such constraints should
be satisfied if it is possible, but their violation does not
invalidate the models. For instance, a weak constraint
used in the specification of the portfolio problem looks
as follows (see section A2):

Forall 7?X( :” prt:nonPortfolio(7X))

The rule states that only such stable models that
minimize the truth set of the predicate nonPortfolio are
considered as a result of the logic program (that includes
the mentioned rule). The difference of the rule with a
strong constraint like

Forall ?X( :- prt:nonPortfolio(7X))

consists in that in a program with the strong constraint
the predicate nonPortfolio(?X) has to be turned to false
for all ?X. Weak constraint requires the set of all possible
values of ?X that turns nonPortfolio(?X) into #rue to be
of minimum size.

Lesson 4. Conceptual specification using ASP-like di-
alects requires a specific kind of logic rules — weak
constraint. The RIF-CASPD dialect intended for serv-
ing as the dialect supporting ASP does not provide such
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facility. Respective extension of RIF-CASPD is sug-
gested.

To implement the conceptual schema, a mediator
intended to provide the collection of facts implied by
the schema was created. The mediator integrates the re-
spective financial data. The schema of the mediator (see
subsection A3.2) was created by mapping the conceptual
schema into the CIM (the SYNTHESIS language [32]).
The classes of the conceptual schema were mapped into
types and/or classes of the mediator schema, including
their attributes. It appeared that some of the attributes
(e.g., isInTop500) of the conceptual schema taking into
account implementation reasons better to interpret by
the methods of the mediator schema. It appeared also
that the definition of is/nTop500 as a method on the
mediator layer made it simpler to establish semantic
mappings (GLAV views) between the mediator and the
resources.

Another peculiarity of the conceptual schema imple-
mentation worth mentioning here is that the classes of
the conceptual schema (namely, correlation, mentioned
earlier in this section) can be mapped into a function of
the mediator schema:

{ correlation; in: function;
params: {+s1/{set; type_of_element:
DatedValue;},
+s2/{set; type_of_element:
DatedValue;}, -corr/real };

};

Lesson 5. The attributes of the conceptual schema can
be mapped into attributes or functions of the schemas
of the mediators implementing the conceptual specifi-
cations. The classes of the conceptual schema can be
mapped into functions of the schemas of the media-
tors.

The mapping of conceptual schema into the media-
tor schema is formally specified using schema mapping
rules constituting a separate RIF-document as shown
in Fig. 3, middle part. These rules are similar to GAV
views which represent classes of the conceptual schema
as views over the mediator schema. This allows one to
consider the schema mapping rules just as a consistent
part of the logic program that have to be executed in a
peer (e. g., in a mediator).

The document containing schema mapping rules
refers to the conceptual schema and to the mediator
schema. Both schemas are identified by URIs:

Import(<http://synthesis.ipi.ac.ru/
optimalSecurityPortfolio>
<http://www.w3.org/ns/entailment/

OWL-Direct>)

Prefix(srt <http://synthesis.ipi.ac.ru/

optimalSecurityPortfolio#>)
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Prefix(fs <http://synthesis.ipi.ac.ru/
FinanceServices#>)

Entities of the mediator schema are referred in the
schema mapping rules using external terms of the RIF,
for instance, External(?t#fs:stockRates) (see subsec-
tion A3.1). This means that the mediator schema is
neither OWL-ontology or RDF-document nor RIF-
document and possesses its own semantics.

Mapping of the correlation class of the conceptual
schema into the correlation function of the mediator
schema is defined using a rule with a frame predicate
in the head and functional predicate in the body (see
subsection A3.1):

And (?c#correlation
?c[?seriesl->seriesl 7series2->series2
?corr->corr]) :-

External (pred:numeric-equal(
fs:correlation(?seriesl 7series2) 7corr))

Lesson 6. Entities of the peer (mediator) schemas have
to be referred in schema mapping rules using external
terms of the RIE

Lesson 7. Logic programs defined in the native lan-
guages of RS or MS look more elegant and concise than
the respective programs defined using RIF-dialects. The
present authors consider this as a price paid for provid-
ing the interoperability of multidialect programs with
different semantics. More elegant notation to apply RIF
for conceptual specifications should be investigated.

It appeared that the mediation system used does not
support all the features of the RIF-BLD (terms with
named arguments, conjunctions of atoms in the head of
arule, and some others). DLV system also does not sup-
port all the features of the CASPD dialect (terms with
named arguments, conjunctions of atoms in the head of
a rule, frame terms, subclass terms, membership terms,
and some others). These systems can be the consumers
only for the subsets of the respective dialects.

Lesson 8. According to RIF, one could have expected
that the rule-based programs represented in a specific
RIF-dialect should be independent on the RS (or MS)
consumer languages at least in the class of RSs (or MSs)
conforming to this dialect. For instance, any consumer
in the class of the ASP systems should be considered
as conformant to the CASPD dialect. Noncompliance
with such condition makes the conceptual modeling in
the RIF dialects difficult: it is required to choose a
specific RS (or MS) in advance and to adjust the dialect
to be used appropriately (as it was shown in Lessons 2
and 4 or in the observation above showing that it is un-
likely that an RS or MS would support all the features of
some standard dialect). Practically, it means that at least
the RIF-dialect standards should include instructions
for the dialect adjustment making possible to produce
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appropriate subdialects or superdialects at the early stage
of the conceptual design.

5 Related Work

Among various future research issues predicted
in [33] to obtain reasonable solutions in the next decades,
the conceptual modeling has been positioned as the basis
for interoperability and for shareable information ser-
vices. The solution proposed in the present paper is
tightly related to the issues listed in [33].

Ambiguity and incompleteness of structured and
object-oriented notations for conceptual modeling in
graphical form causes the unceasing process of gener-
ating various contributions suggesting formal meaning
to the diverse graphical constructions, enhancing their
expressiveness, €. g., as in several recent papers [34—36].
The present paper suggests more radical formalization
decisions.

Diverse ontology centered conceptual modeling
tools have been developed. Just a couple of them to
mention.

KAON?2! is an infrastructure for managing OWL-
DL, SWRL (Semantic Web Rule Language), and
F-Logic ontologies. Its main feature is its own in-
ference engine. KAON2 supports the SHIQ(D) subset
of OWL-DL, DL-safe subset of the SWRL, making rea-
soning decidable [32], as well as the function-free subset
of F-Logic. This approach is related to the multidialect
architecture considered here due to a provision of using
several different languages treated as ontological nota-
tions. ICOM 3.0 tool [37] for conceptual modeling is
aimed at the support of the design of multiple extended
ER or UML diagrams with inter- and intramodel con-
straints. Reasoning support via DL to help validate the
models is provided. The system is helpful for validating
integrated models (support for the integration of mod-
els organized in several ontologies is provided). But it
is difficult to improve such notations as ER or UML
completely; they allow only to specify the semantics in-
formally, in terms of natural language; or the semantics
are hard-coded using the tools supporting the notation.

Rule-based modeling is applied in various DIS. For
example, in biology, rule-based modeling has increas-
ingly attracted attention due to enabling a concise and
compact description of biochemical systems. Proteins,
individual cells, and cell populations denote different
levels of an organizational hierarchy, each of them with
its own dynamics. Multilevel modeling is concerned
with describing a system at these different levels and re-
lating their dynamics. The approach proposed facilitates
developing and maintaining multilevel models that, for

'http://kaon2.semanticweb.org/.
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instance, interrelate intracellular and intercellular dy-
namics [38].

The idea used in the infrastructure prototype for
ontology-based access (using OWL 2) to the media-
tors integrating heterogeneous databases resembles the
idea of the MASTRO-I system [39] in which QuOnto
engine supporting inference in the DL-Lite ontologies
and conjunctive query answering is positioned above the
federated database. The latter is the result of relational
databases integration.

The rule exchange using RIF-PRD is discussed
in [40, 41]. In such case, the production rule systems
share the same operational semantics opposed to the
present approach studying the problem of rule exchange
between systems with different semantics.

Several papers on the use of database query lan-
guages for specifying declarative distributed programs
and managing data in distributed environment have
been published [30, 42—44]. In contrast to multidialect
approach, a single declarative language is used in each
of the proposed systems. Usually, it is a conventional
Datalog extended with the notion of localization and
possibly other nondatalog constructs [42]. In the multi-
dialect approach, localization is specified with the RIF
remote and imported terms.

Conceptual notion of delegation applied in the
present approach is similar to the notion of delegation
in Webdamlog defined as the “possibility of installing a
rule at another peer. In its simplest form, delegation
is essentially a remote materialized view. In its general
form, it allows peers to exchange rules, i. e., knowledge
beyond simple facts, and thereby provides the means for
a peer to delegate work to other peers” [16]. Actual-
ly, the current implementation supports delegation as a
remote materialized view. Extending the approach for
delegation of knowledge is a future work. The idea of
program normalization is similar to the rule localization
rewriting the step described in [42].

6 Future Plans

A number of related issues remain open. Some of
them that are planned to be investigated are listed below.

Conceptual specification of processes. How to de-
fine compositions of algorithmic modules in a process
structure (like Petri nets, UML activity diagrams, the
Business Process Modeling) can be found in [45] where
process modeling semantics, service discovery, media-
tion, and composition are considered. Such notations
as WSDL-S, SAWSDL, OWL-S, and WSMO (Web Ser-
vice Modeling Ontology) can be applied for that. For
example, OWL-S is a semantic web service descrip-
tion language that borrows ontological operators from
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OWL and provides a service upper ontology to de-
scribe web services and service processes in a standard
manner. The WSMO and the combination of UML
and Object Constraints Language (OCL) are viewed as
promising alternatives to OWL-S. Notation WSMO, like
OWL, is also based on the first-order logic but employs
an object-oriented style of modeling based on frames.
Unlike OWL-S, WSMO includes service and ontology
specification formalisms with well-defined formal se-
mantics, whereas OWL-S relies on OWL for ontology
specifications and on languages such as SWRL and KIF
(Knowledge Interchange Format) for formal semantics.
The present authors plan to investigate an approach
for reusable process specifications in conceptual terms
compliant with the infrastructure proposed.

Multiple layers of specifications. Metamodel-
ing as a kind of modeling across multiple layers
uses an “instance-of” relationships between layers.
UML/MOF/MDA by OMG is an example of a strict
metamodeling hierarchy in which metamodels intro-
duce higher levels of abstractions for specification and
language concepts. Similar hierarchy can be intro-
duced also in ontologies (e.g., upper ontologies above
the domain ontologies in one and the same language).
The models can be used in a descriptive or prescriptive
manner [46]. In this paper, the metamodeling issues
are not considered though in future plans, the authors
are closer to the Ontology-based software Development
Environment (ODE) approach of [47].

Hybrid specifications. Conceptual modeling should
likely explicitly involve hybrid aspects of information
(i. e., the coexistence of formal reasoning and “informal”
human interactions). Correspondingly, “hybrid ontolo-
gies” will need to be modeled and deployed within their
supporting social implementation environments [48].

Modeling hypotheses in the DIS experiments. Evalu-
ating the conceptual model and infrastructure proposed
in the paper, the following far-reaching DIS related
ideas are planned to be taken into account [49]. As the
DIS research evolves, references to previous results and
specifications are needed as a source of provenance data.
In-silico' experiments must be supported by a hypotheses
model that describes the elements involved in a scien-
tific exploration and supports hypotheses assessment.
Adopting a conceptual specification perspective to rep-
resent hypotheses would allow high-level references to
experiments and provides support for hypotheses evolu-
tion. Such hypotheses model would support scientists
in describing, running simulations and interpreting their
results [49]. In conjunction with an axiom set specified
as rules that model known facts over the same universe

and experimental data, the knowledge base may contra-
dict or validate some of the sentences in the hypotheses.
In the case of contradictions, the rules that caused the
problems must be identified and eliminated from the
theory formed by the hypotheses [50]. The conceptual
specification model proposed in the present paper looks
suitable to such intention providing for a possibility of
hypotheses representation as a set of first-order predi-
cate calculus sentences applying the multiplicity of the
dialects required.

7 Concluding Remarks

The approach presented is an attempt of introducing
the multidialect interoperable conceptual programming
over various semantically different rule-based program-
ming systems relying on the logic program transforma-
tion technique recommended by W3C RIE It is also
shown how to coherently combine such approach with
the heterogeneous data bases integration applying the
semantic mediation. Thus, the data independence of
conceptual specifications is provided. The results ob-
tained so far are quite encouraging for future work aimed
at reaching the conceptual specifications reusability in
various applications over different sets of data, as well
as for sharing and accumulation of reproducible data
analysis and problem solving methods and experience in
various DID. At the same time, the RIF-dialect stan-
dards are suggested to be made more flexible including
into them the instructions for the dialect adjustment.
This makes possible to produce appropriate subdialects
or superdialects at the early stage of the conceptual
design (see section 4, Lesson 8).

APPENDIX A

The Use-case for the Multidialect
Infrastructure

Al Investment Portfolio Diversification
Problem

The capabilities of the multidialect architecture are illustrat-
ed with the solution of the investment portfolio diversification
problem [51]. The portfolio is a collection of securities (such
as equities or bonds) of companies, and its size is the number
of securities in the portfolio. The task is to build a diversified
portfolio of maximum size. Diversification means that the
prices of the securities in portfolio should be almost indepen-
dent of each other. If the price of one security falls, it will
not significantly affect the prices of other. Thus, the risk of a
portfolio sharp decrease is significantly reduced.

! In silico is an expression used to mean “performed on computer or via computer simulation.” The phrase was coined in 1989 as an analogy
to the Latin phrases in vivo, in vitro, and in situ, which are commonly used in biology and refer to experiments done in living organisms, outside
of living organisms, and where they are found in nature, respectively (refer: Differences between in vitro. in vivo, and in silico studies. 2013.
Available at: http://mpkb.org/home/patients/assesing_literature/in_vitro_studies (accessed December 2, 2013)).
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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 security price (for
instance, closing price).

For a pair of time series X = {(d1,x1),. .., (dn,zx)} and
Y = {(d1,y1),---, (dn,yn)}, their correlation (a measure of
similarity) can be calculated. The Pearson correlation' rxy
was used between X and Y

n

D> (@i—%) (v -7

1=1

Y @i-®*) (4 -9’

i=1 i=1
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where T and i are the means of z1,...,x, and y1,...,yYn.

For the diversified portfolio, the securities which time
series are noncorrelated should be used. Noncorrelation of
the time series means that their correlation is less than some
predetermined price correlation value. This predetermined
value is a parameter of the portfolio problem. The lower is the
correlation — the lower is the risk measure of a sharp decrease
of the portfolio value.

So, the predetermined correlation serves as the maximum
risk measure. In practice, specified correlation may differ for
various types of securities.

The output data for the problem is a subset of securities of
the maximum size, for which the pairwise correlation will be
less than the predetermined one.

The problem is divided into the following tasks:

(1) computation of the security pairwise correlations (for
specified dates); and

(2) calculation of the maximum satisfying subset of securi-
ties.

To solve the first task, the financial services Google Finance®

and Yahoo! Finance® are considered, both of which provide

current and historical information about various securities:
stock prices, currencies, bonds, stock indexes, etc. In par-
ticular, the information provided includes various indicators
of the security price for all trading days of last decades. The
mediation system is used to solve the problem of resource
integration [5].

The second task can be formulated as follows. Let G be a
graph where the vertices are the securities, and an edge between
two securities exists if absolute value of their correlation is less
than a specified number. So, any two securities connected by
an edge are considered as noncorrelated. In that case, the
problem of finding the portfolio of the maximum size is exactly
the problem of finding a maximum clique in an undirected
graph. Indeed, a clique in a graph is a subset of its vertices such
that every two vertices in the subset are connected by an edge.
All the vertices (securities) in a clique are connected by edges
(noncorrelated) and any clique is a candidate for a portfolio.
A maximal clique is a maximal portfolio.

Finding a maximum clique in an undirected graph is a
well-known NP-complete problem®.

DLV [10] is one of the ASP logic programming systems
well-suited for solving such problems [31]. Answer set pro-
gramming is based on the stable model (answer set) semantics
of logic programming [26]. In ASP, the search problems are
reduced to computing stable models, and answer set solvers —
programs for generating stable models — are used to perform
search. With regard to solving the maximum clique prob-
lem, ASP methods are applicable nowadays for graphs with
thousands of vertices.

A2 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 [28]:

Ontology(<http://synthesis.ipi.ac.ru/optimalSecurityPortfolio>

range (value

domain(stockRates) range(xsd:string))

range (DatedValue))

range (xsd:boolean))

xsd:double))

Class(stockRates)
DataProperty(ticker
DataExactCardinality(l ticker stockRates)
ObjectProperty(rates domain(stockRates)
DataProperty(isInTop500 domain(stockRates)
DataExactCardinality(1 isInTop500 stockRates)
Class(DatedValue)
DataProperty(value domain(DatedValue)
DataExactCardinality(l1 value DatedValue)
DataProperty(date domain(DatedValue)

DataExactCardinality(1 date DatedValue)

IRefer: De Smith, M.J. 2013.
moment_correla.html (accessed December 2, 2013).

Zhttps:/ /www.google.com /finance

3http://finance.yahoo.com/

Statistical analysis handbook.

range(xsd:date))

Avalable at: http://www.statsref.com/HTML/pearson_product_

4Refer: Cormen, T. H., T. Leisercon, R. L. Rivest, and C. Stein. 2009. NP-complete problems. Introduction to algorithms. 3rd ed. Cambridge:

The MIT Press. 1292 p.

5To save space, “Declaration” keyword is omitted; property, domain and range declarations are combined.
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Class(correlation)

DataProperty(seriesl domain(correlation) range(DatedValue))
DataProperty(series2 domain(correlation) range(DatedValue))
DataProperty(corr domain(correlation) range(xsd:double))
DataExactCardinality(l corr correlation)

The stockRates class is used to denote securities, which are characterized by:

— identifier (attribute ticker);

— time series of historical prices (attribute rates);

— belonging to S&P 500 list of companies (attribute isin Top500).

The S&P 500 is a stock market index maintained by the Standard & Poor’s, comprising 500 large-cap American companies.
The correlation class is the correlation of time series pairs. For each class instance, the value of corr attribute equals to the
correlation of its attributes seriesl and series2 (time series).
The conceptual specification of the problem includes two RIF documents that correspond to the specified tasks. The first
of the documents (name gex is the local prefix of the document) contains a program that calculates the correlation graph of
securities (predicate noncorrelated) based on the prices in a given period of time. For each pair of securities, a correlation of their
time series (defined in section A1) of historical prices is calculated that is why the graph is called “correlation graph.” But as the
candidates for the elements of the portfolio, only noncorrelated securities (which correlation is lower than a predefined value)

are considered. That is why the predicate is called “noncorrelated.” The document is defined in the RIF-BLD! dialect [20]:

Document ( Dialect (RIF-BLD)
Import(<http://synthesis.ipi.ac.ru/optimalSecurityPortfolio>

<http://www.w3.org/ns/entailment/0WL-Direct>)
Prefix(srt
Prefix(gex
Group(

<http://synthesis.ipi.ac.ru/optimalSecurityPortfolio#>)
<http://synthesis.ipi.ac.ru/graphExtraction#>)

Forall 7t 7symbol ?ticker ?inTop500 (

))

Exists 7ts( And(7ts#gex:tickers 7ts[symbol -> ?symbol]) ):-
And (7t#srt:stockRates 7t[ticker->7symbol]

7t [1sInTop500->7inTop500]
External (pred:boolean-equal (?7inTop500 true))

Forall ?m 7n 7c 7tickerl 7ticker2 7start 7end 7ratesl 7rates2
7topl 7top2 ?dvl 7dv2 ?7datel ?7date2 7seriesl 7series2 ?corr (
Exists 7e (

And (7e#tgex:noncorrelated 7e[start->7tickerl end->7ticker2])):-
?mi#srt:stockRates 7n#srt:stockRates
?m[ticker->7tickerl rates->7ratesl isInTop500->7top1l]
7?n[ticker->7ticker2 rates->7rates2 isInTop500->7top2]
?7dvi#?ratesl 7?dvi[date -> 7datell
7dv2#?rates2 7dv2[date -> ?7date2]
External (pred:date-greater-than-or-equal(?datel 2012-01-01))
External (pred:date-less-than-or-equal(?datel 2012-12-31))
External (pred:date-greater-than-or-equal(?date2 2012-01-01))
External (pred:date-less-than-or-equal(?date2 2012-12-31))
?c#srt:correlation ?7c[corr->7corr

seriesl->7ratesl series2->7rates2]
External (pred:numeric-greater-than(?corr -0.25)
External (pred:numeric-less-than(?corr 0.25))
External (pred:boolean-equal(?topl true))
External (pred:boolean-equal(?topl true))
External (pred:string-less-then(7tickerl ?ticker2))

IThe RIF-BLD dialect is extended with the possibility to use the existential quantifier in the head of a rule.
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The first rule of the document defines the predicate-
collection tickers, in which the attribute symbol element runs
through the list of security identifiers. Here, e#p is a predicate
denoting membership of element e in collection p; predicate
e[a->v] }means that the value of attribute a of object e is v.
Securities taken only from S&P 500 list are put into tickers
collection (attribute isInTop500 equals to true). This means
that only large companies from S&P 500 are considered as
candidates for portfolio elements.

The second rule defines predicate noncorrelated, which is
a noncorrelation relation between securities. Object ?e belongs
to a relation noncorrelated if

— both securities belong to S&P top 500 list;

— the absolute value of correlation between the time series

if historical prices of securities for given attribute values
e.start and e.end is less than 0.25. Here, 0.25 is the value
chosen for the use-case as the predetermined maximal
correlation value (see section Al); and

— identifiers of securities id1 and id2 are in lexicographic
order (id1 < id2). This is required to prevent equivalent
pairs (id1, id2) and (id2, id1) to be both presented in a
relation corresponding to the predicate noncorrelated —
only one pair is sufficient.

Dates in time series range from January 1, 2012 to De-
cember 31, 2012.

The second document (prt) contains a program that com-
putes the maximum clique in a graph of correlations. The
document is defined in the RIF-CASPD' dialect [25]:

Document ( Dialect (RIF-CASPD)

Import (<http://synthesis.ipi.ac.ru/optimalSecurutyPortfolio>
<http://www.w3.org/ns/entailment/0WL-Direct>)
Module (<http://synthesis.ipi.ac.ru/graphExtraction#>)

Prefix(prt <http://synthesis.ipi.ac.ru/portfolio#>)
Prefix(gex <http://synthesis.ipi.ac.ru/graphExtraction#>)
Group (

Forall ?X(Or(prt:portfolio(?X) prt:nonPortfolio(?))
prt:nonPortfolio(?X)))
prt:portfolio(?Y)

Forall ?X ?7Y(
Forall 7X 7Y(

1= And(prt:portfolio(?X)
:— And(prt:portfolio(?X)

:— tickersQgex(7X))

(Naf noncorrelated@gex(?7X ?7Y))) )

Forall ?X( :~ prt:nonPortfolio(7X))
prt:portfolio(?7X).
) )

The program defines a predicate portfolio, whose val-
ues are the security identifiers in the portfolio, and predicate
nonPortfolio, whose values include all other securities under
consideration.

The first rule states that the only securities considered
are the securities which turn to truth the predicate tickers in
document gex.

The second rule states that a security cannot simultane-
ously belong and not belong to the portfolio. So, the predicates
portfolio and nonPortfolio divide the set of all securities into
two nonintersecting sets.

The third rule claims that any two securities in portfolio
are noncorrelated (according to noncorrelated predicate in
the document gex). Naf here means a sort of negation —
negation as failure [52]. This exactly means that securities be-
longing to portfolio form a clique in a graph of noncorrelated
securities.

The fourth rule is a weak constraint, which minimizes the
number of securities not belonging to the portfolio. So, the
portfolio itself is maximized.

Obviously, these four rules declaratively specify the prob-
lem of finding the maximum cliques in a graph of noncorrelated
securities.

Fifth rule is just a predicate portfolio(?X) with a free
variable ?X. This rule forms a result of the program, that

is, a collection of sets of identifiers of securities. Each set
corresponds to a particular solution of the problem (a stable
ASP-model for the program in the document prt) and forms a
maximal portfolio.

A3 Peers of the Use-Case Infrastructure

For implementation of the conceptual specification of the
problem of the investment portfolio diversification, the two
peers should be produced. One of them is the mediator used
for integration of data produced by the Google Finance and the
Yahoo! Finance services.

Another one is a program for the rule-based programming
system DLV [10]. The mediator produces a virtually inte-
grated collection of facts, and DLV is a system for executing
ASP-programs. Initially, the nodes do not contain any logic
programs.

A3.1 The mediator schema

The mediator schema implements the conceptual specification
of the application domain by expressing its semantics. Schema
iswritten in the SYNTHESIS [4] — the canonical information
model used for the mediator specifications:

IThe CASPD dialect is extended with the operation :~ for a weak constraint. Such constraints should be satisfied if possible, but their
violation on some tuples of variables values does not invalidate the models [13].
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{ FinanceServices; in: module;
type:
{ DatedValue; in:
date: time;

type;

value: real;
},
{ StockRates; in: type;
ticker: string;
rates: {set; type_of_element: DatedValue;};
isInTop500:
{ in: function;
params: {-returns/boolean};
};
};

class_specification:
{ stockRates; in: class;
instance_section: StockRates;

};

function:
{ correlation; in: function;
params: {+s1/{set;
type_of_element: DatedValue;},
+s2/{set;
type_of_element: DatedValue;}, -corr/real };
};
¥

The schema includes types DatedValue and StockRates,
a class stockRates, and a function correlation. Semantics of
class stockRates, type DatedValue, and function correlation
correspond to the semantics of classes stockRates, Dated-
Value, and correlation belonging to optimalSecurityPortfolio
ontology (see section A2).

The correspondence between the mediator schema and
the conceptual schema is described by the schema mapping
rules (see Fig. 3, middle part) constituting a separate RIF-
document:

Document ( Dialect (RIF-BLD)

Import(<http://synthesis.ipi.ac.ru/optimalSecurityPortfolio>
<http://www.w3.org/ns/entailment/0OWL-Direct>)

Prefix(srt <http://synthesis.ipi.ac.ru/optimalSecurityPortfolio#>)
Prefix(fs <http://synthesis.ipi.ac.ru/FinanceServices#>)
Group(

And (7t#srt:stockRates

?t[?ticker—-> srt:ticker 7top-> srt:isInTop500

?rates-> srt:rates]) :-
And (External (7t#fs:stockRates)

External (7t [?ticker->fs:ticker 7top->fs:isInTop500

?rates->fs:rates]) )

And (?dv#srt:DateValue ?dv[?v->srt:value ?d->srt:date]) :-

And (External (?dv#fs:DateValue)
External (7dv[?v->fs:value 7d->fs:date])

And (?c#correlation

)

7c[?seriesl->seriesl 7series2->series2 7corr->corr]) :-

External (pred:numeric-equal(

fs:correlation(?seriesl 7series2) 7corr))

The document consists of three rules. The first one defines
a correspondence between class stockRates of the optimalSe-
curityPortfolio ontology (denoted as srt:stockRates) and class
stockRates of the FinanceServices mediator module (denoted
as fs:stockRates) as well as correspondences between their
attributes. The second and the third rules define correspon-
dences between ontology class srt:DatedValue and mediator
type fs:DatedValue and between ontology class srt:correlation
and mediator function fs:correlation.

Entities of the mediator schema and conceptual schema
are in one-to-one correspondence, the names and the seman-
tics of the relevant entities are the same. Also, the mediator
is a conformant RIF-BLD consumer. Thus, the mediator

INFORMATIKA I EE PRIMENENIYA — INFORMATICS AND APPLICATIONS 2013 volume 7

FinanceServices is relevant to the RIF-document gex of the
conceptual schema.

A3.2 Resource integration by the mediator

The mediator integrates two resources: Google Finance and the
Yahoo! Finance services. For both resources, specific wrappers
(the Google Finance wrapper and the Yahoo! Finance wrapper)
were implemented to embed the resources in the mediation
system [53].

Schema of the Google Finance service presented for uni-
formity in the canonical information model (the SYNTHESIS
language) looks as follows:
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{ GoogleFinance; in: module;
type:
{ GoogleQuote; in: type;
symbol: string;
Date: time;
Open: real;
High: real;
Low: real;
Close: real;
Volume: integer;

};

function:

{ groupByTicker; in: function;
params: {+symbol/string,
+date/time, +close/real,

-rates/{set; type_of_element:
DatedValue;}}

3,

{ isInTop500; in: function;
params: {+ticker/string,

-returns/boolean};

};

class_specification:
{ historicalData; in: class;
instance_section: GoogleQuote;

};

The schema includes a type GoogleQuote, which includes
attributes that match the identifier of the company (symbol),
date (Date), and different indicators of the security price.
Daily closing price of the shares (Close) is used to form the
portfolio.

The function top500 reflects the S&P 500 index: if the
value of the ticker parameter belongs to S&P 500 list, then the
function returns true and false otherwise.

The function groupByTicker is aimed to group flat in-
stances of the GoogleQuote type by ticker attribute to produce
atime series of an indicator of the security price for all securities
identified by ticker.

Functions of the schema are implemented by the Google
Finance wrapper.

Schema of the Yahoo! Finance service presented in the
canonical model of subject mediators looks as follows:

{ YahooFinance; in: module;
type:

{ YahooQuote; in: type;
symbol: string;
Date: time;

Open: real;
High: real;

Low: real;
Close: real;
Volume: integer;
Adj_Close: real;
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function:
{ groupByTicker; in: function;
params: {+symbol/string,
+date/time, +close/real, -rates/{set;
type_of_element: DatedValue;l}};
},
{ isInTop500; in: function;
params: {+ticker/string,
-returns/boolean};

};

class_specification:
{ historicalData; in: class;
instance_section: YahooQuote;

};

The schema includes a type YahooQuote similar to Google-
Quote and functions groupByTicker and isInTop500 similar to
respective functions of Google Finance schema.

Integration of the resources in the mediator has been
provided using GLAV-mappings. The GLAV-mapping is a
combination of GAV-mappings and LAV-mappings. The
GAV-mapping looks as follows:

financeData(x/[ticker, rates]) :-
group_by ({ticker}, [ticker, pl: partition],
GoogleFinance.historicaldata(
x/[ticker: symbol, date: Date,
value: Closel))&
group_by({ticker}, [ticker, p2: partition],
YahooFinance.historicaldata(
x/[ticker: symbol, date: Date,
value: Closel])&
is_equal(rates, union(pl, p2))

).

An intermediate predicate financeData (used to bind
GAV and LAV-mappings) is expressed as a view over re-
source classes GoogleFinance.historicaldata and YahooFi-
nance.historicaldata. Flat data structures of the resource
classes are turned into hierarchical data structures of the medi-
ator class using group_by operation. Curly braces in group_by
operation enclose the grouping attribute (ticker). Square
brackets in group_by operation enclose attributes of objects in
a collection formed by group_by operation [4]. Partition is
a default attribute storing grouped partitions. Here, resource
attributes Date and Close are grouped in the partition attribute.
Partitions from Google and Yahoo resource classes are merged
into rates attribute of stockRates class (union operation). At-
tributes of the resource classes are renamed properly in order
to meet the structure of the mediator class (for instance, Close
attribute is renamed into value).

The LAV mappings look as follows:

financeData(x/[ticker, rates]) :-
stockRates(x/[ticker, rates]).

GoogleFinance.isInTopSOO(x.ticker, b) —>
isInTop500(x, b)

YahooFinance.isInTop500(y.ticker, b) ->
isInTop500(y, b)

INFORMATIKA I EE PRIMENENIYA — INFORMATICS AND APPLICATIONS 2013 volume 7 issue 4



Conceptual declarative problem specification and solving in data intensive domains

Here, financeData predicate is expressed as a simple view over
mediator schema class stockRates, and islnTop500 resource
functions are expressed through mediator isin Top500 function
using functional inverse rules [19].

A3.3 DLV system

DLV system is a conformant RIF-CASPD consumer, and
initially, the system does not contain any logic program or
facts. Document prt does not contain any occurrence of
an extensional predicate corresponding to an entity in the
conceptual schema. Thus, the system is relevant to the RIF-
document prt of the conceptual schema, since the relevance

condition (see subsection 3.2) is reduced to the relation of
dialects.

A4 Portfolio Problem Infrastructure

In the provided example, the infrastructure (Fig. 4) includes
two nodes corresponding to the mediation system (called fsv)
and to a rule-based programming system DLV (called dlv).

Prefixes of the documents of the conceptual schema in the
rules are replaced with the actual node prefixes during rewrit-
ing the conceptual programs into the programs over the P2P
network nodes. For instance, the rules of the prt document
were rewritten as follows:

Document ( Dialect (RIF-CASPD)

Module (<http://synthesis.ipi.ac.ru/resources/FinanceServices#>)

Prefix(dlv <http://synthesis.ipi.ac.ru/resources/DLV#>)
Prefix(fsv <http://synthesis.ipi.ac.ru/resources/FinanceServices#>)
Group (

Forall

?X(0r(dlv:portfolio(?X) dlv:nonPortfolio(?)) :-

dlv:nonPortfolio(7X)))
dlv:portfolio(?Y)

(Naf noncorrelated@fsv(?X ?Y))) )

tickers@fsv(7X))
Forall ?X ?Y( :- And(dlv:portfolio(7?X)
Forall ?X ?7Y( :- And(dlv:portfolio(?X)
Forall ?X( :~ dlv:nonPortfolio(7X))

dlv:portfolio(7X).

Rules from the document gex were rewritten similarly. Rewritten documents are sent by the supervisor to the proper nodes:

gex to the mediation node, and prt to the dlv node.

After that, the node wrappers automatically execute distributed programs in accordance with the algorithm described in
subsection 3.3. First, the program normalization is done. Thus, the nonlocal rule mentioned above

DLV
node
wrapper

Rule-based
system

loadRules/

Peer as a logic program

Q submitQuery ‘ f
getResult loadRules loadFacts
Supervisor ¢ ‘
loadRules :
~— Peer as a mediator Google
User query | Finance
e result g
Mediation Mediation “
node
system result
wrapper <
query
Yahoo!
Finance
Figure 4 Portfolio problem infrastructure
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Forall ?X ?Y( :- And(dlv:portfolio(7X)
dlv:portfolio(?7Y)
(Naf noncorrelated@fsv(?7X 7Y))) )

is transformed into a delegation rule

noncorrelated_fsv(?X ?Y) :-
noncorrelated@fsv(?X 7Y)

and a local rule

Forall ?X ?Y( :- And(dlv:portfolio(?X)
dlv:portfolio(?7Y)
(Naf noncorrelated_fsv(?X 7Y))) )

Remaining rules from both documents are normalized in
a similar way.

After that, the normalized program is executed. The fact
delegation rule, which sends the noncorrelated predicate to the
dlv node, is transmitted to the fsv node. The bodies of the rules
of the program on the fsv node do not contain remote terms;
so, the program on the node can be executed without waiting
for the facts from the other nodes. In contrast, the dlv node
has to wait for the arrival of the facts from the fsv node, which
turns the tickers and the noncorrelated predicates to true. After
receiving all necessary facts, the program computing portfolio
is executed in the dlv node.

Before the execution, the normalized programs written
in RIF dialects were automatically transformed into the logic
languages supported on the nodes — the SYNTHESIS and the
DLYV, respectively. Transformations were implemented using
a model transformation language and toolkit ATL (ATLAS
Transformation Language) [54].

Toolkit ATL is a hybrid of declarative and imperative
languages. An ATL transformation program is composed of
rules that define how source model elements are matched and
navigated to create and initialize the elements of the target
models.

The result of the transformation of the prt document into
the SYNTHESIS language looks as follows:

tickers(ts/[symbol]) :-
stockRates(t/[symbol: ticker]) &
isInTop500(t, inTop500) & inTop500 = true.
noncorrelated(e/[start: tickerl,
end: ticker2]) :-
stockRates(m/[tickerl: ticker, ratesl: rates,
topl: isInTop500]) &
stockRates(n/[ticker2: ticker, rates2: rates,

top2: isInTop500]) &
in_set(dvl, ratesl) & in_set(dv2, rates2) &
dvl.date = datel & dv2.date = date2 &
datel >= ’2012-01-01’ & datel <= ’2012-12-31’ &
date2>= ’2012-01-01’ & date2 <= ’2012-12-31’ &
correlation(c/[corr, ratesl: seriesl,
rates2: series2 1) &
corr >= -0.25 & corr <= 0.25 &
topl = true & top2 = true &
tickerl < ticker2.

Note that existential quantifier in heads of the rules is
discarded during the mapping. According to the semantics of
the SYNTHESIS logic rules, the variables in the head of a rule
which are not presented in the body of the rule are bounded
by existential quantifier by default. The RIF predicates of
belonging of a variable to a class (like 7t\#stockRates) are
combined with frame predicates (like 7t [ticker->?symbol])
and mapped into a predicate-collection [4] of the SYNTHE-
SIS language (like stockRates(t/[symbol: ticker])).

The result of the transformation of the gex document into
DLV language looks as follows:

portfolio(X) v nonPortfolio(X) :- tickers(X).
:- portfolio(X), portfolio(Y),

not noncorrelated(X, Y).
~ nonPortfolio(X).

portfolio(?X).

A5 Result of the Use Case Program Execution

The maximal models of the portfolio predicate, found dur-
ing the execution of the program on the dlv node, are the
diversified portfolios of maximal size containing securities of
companies from the S&P 500 for 2012. As the result of the
program execution, the 11 stable models containing 10 ground
atoms each were generated (the maximum size of a diversified
portfolio appeared to be equal to 10). The models can be
found below. Atoms contain symbols of different companies,
e.g., DUK and SBUX denote Duke Energy and Starbucks
Corp., respectively. The full list of abbreviations is provided
in the table. The models are outlined as the sets of company
identifiers (like SBUX) related to the security ground terms
in portfolio(SBUX). Note that the models have nonempty
intersections:

Model 1: {CAH, DUK, EL, ETR, HOT, LM, PSA, TJX, TYC, UNH}
Model 2: {CAH, DUK, EL, ETR, HOT, LM, PSA, TJX, UNH, VNO}
Model 3: {CAH, DUK, EL, ETR, HON, LM, PSA, TJX, UNH, VNO}
Model 4: {CAH, DUK, EL, ETR, LM, PSA, TJX, TYC, UNH, WDC}
Model 5: {BMY, DUK, EL, FDX, IPG, KSS, PSA, STT, TJX, VIAB}
Model 6: {BA, BMY, DUK, EL, IPG, KSS, PSA, STT, TJX, VIAB}
Model 7: {BA, BMY, DUK, EL, KSS, LH, PSA, STT, TJX, VIAB}
Model 8: {AGN, BA, BMY, DUK, EL, KSS, LH, PSA, TJX, VIAB}
Model 9: {BA, BMS, BMY, DUK, EL, KSS, LH, PSA, SBUX, TJX }
Model 10: {BMY, BSX, DUK, EL, FDX, GAS, KMI, MDLZ, RRC, TJX }
Model 11:{BA, BMY, DUK, FMC, GIS, KIM, LH, LTD, MNST, SBUX}
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Tickers symbols and company names

Ticker Company Ticker Company
CAH Cardinal Health Inc. STT State Street Corp.
DUK  Duke Energy VIAB Viacom Inc.

EL Estee Lauder Cos. BA Boeing Company

ETR Entergy Corp. LH Laboratory Corp. of America Holding
HOT Starwood Hotels & Resorts || AGN Allergan Inc

LM Legg Mason BMS Bemis Company

PSA Public Storage SBUX Starbucks Corp.

TIX TJX Companies Inc. BSX Boston Scientific

TYC Tyco International GAS AGL Resources Inc.
UNH  United Health Group Inc. KMI Kinder Morgan

VNO  Vornado Realty Trust MDLZ Mondelez International
HON  Honeywell Int’l Inc. RRC Range Resources Corp.
WDC  Western Digital FMC FMC Corporation
BMY  Bristol-Myers Squibb GIS General Mills

FDX FedEx Corporation KIM Kimco Realty

IPG Interpublic Group LTD L Brands Inc.

KSS Kohl’s Corp. MNST  Monster Beverage

Figure 5 Models and their elements

Models and their elements are illustrated in Fig. 5'.

The circles in the figure denote companies.
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AnHotamusa: B cdepe KOHIIENTYaIbBHOTO MOACTUPOBAHUS JOJITOE BpeMs UCCISI0BAINCH PAa3HOOOpa3HbIe HOTa-
1IMU, MpeAHa3HAaYeHHbIE U151 OTTpeIeIeHUsT CEMaHTUKM BBIYMCIICHUI B TEPMUHAX MPeAMETHBIX ooaacTeit. [Tonxon
«CYITHOCTb—CBSI3b» M AuarpaMMbl UML 1O3BOJISIOT ONPEnesiTh CEMaHTHUKY JIMITh HeopMaabHO. OHTOJIOTH-
YecKHue SI3bIKM, OCHOBaHHBIC Ha JECKPUIITUBHON JIOTUKE, pa3pabaThIBAINCh IS (opMalu3allii CEMaHTUKH
JaHHbIX. OmHaAKO ceifyac OOIIENMPU3HAHO, YTO OJHON JIMIIb CEMAHTUKM JaHHBIX HEAOCTATOYHO — TpedyeTcs
ellle U MpeACTaBIIEHNE aJITOPUTMOB aHaM3a JaHHBIX TS CIIeMMUKAIINKA JaHHBIX U TIOBEICHNS B OMHON Tapa-
nurMme. bosee Toro, Bece yemmBalolieecsl pa3HOOOpa3re pa3HOCTPYKTYPUPOBAHHBIX MOJIE/IC JaHHBIX BHI3BIBACT
MOTPEOHOCTb B UX YHUMDUIIMPOBAHHOM, MHTETPUPOBAHHOM aOCTpaKIIMK 7151 MOJTyJYeHUs creluduKanuii, He3a-
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KOHL[GHTYEU'[LHLIG JCKIapaTUBHBLIC CHGHI/I(DI/IKB.HI/II/I U PpEIICHUE 3a/1ad B 00J1aCTSIX C MHTEHCUBHBIM UCITOJIb30BAaHUEM JTAHHBIX

BUCHMBIX OT peajibHbIX JAHHBIX B MPEAMETHBIX 00JACTSIX ¢ MHTEHCUBHBIM HMCMOb30BaHMEM JaHHbIX. C 11e/bl0
MPEOIOJICHUS Ha3BaHHBIX HEIOCTATKOB IMpEIaracTCs HOBBIM MOAXOM K MPUMEHEHWIO CEMaHTUICCKM pa3JIny-
HBIX SI3bIKOB Ha TMpaBWJiax (IMaJeKTOB) /IS CO3AaHUS MHTEpoIepadebHbIX KOHIENTYaJIbHBIX CIIeLMMUKAIA
Hall pa3IMYHBIMM CUCTEMaMU Ha MpaBwiax. [lomxom ocHOBaH Ha Ha TEXHUKE MPeoOpasoBaHMUS JOTUUYECKUX
MporpaMM, peKoMeHIoBaHHOI Popmamom oomena npasuramu (RIF) W3C. DTOT moaxon rapMOHUIHO COYETACT-
csl co cnienr@uKauusIMu, MpeaHasHaYeHHBIMU JJIs1 OTIPEeICHUS CEMaHTUYECKUX MOCPEIHUKOB Ha MpaBUiax,
o0ecIeunBaloIIMX UHTErpalio HeOJHOPOIHBIX 0a3 maHHbIX. OmnpeaeneHa MHGPACTPYKTypa, peajusyrolast
MYJBTHINAICKTHBIC KOHIICNITyaIbHbIC CIICIIM(UKALIMHT TIPY ITIOMOIINA UHTepOoIlepadbeIbHBIX CUCTEM Ha MpaBUIax
M CHUCTEM MOIACPKKU MOCPeNHUKOB. [IpeacTaBieH MOATBEPKAAONIUI MTPETOKEHHbIE KOHIETLIMY MPOTOTUIT
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Abstract: This paper presents several ways for extending the scope of program self-correction methods, based on
the “random self-reducibility” property, to hardware design. The concept can be utilized for both analog and digital
hardware-design. The extension is based on sampling, polynomial-interpolation, and error-correcting codes. In
particular, the authors suggest using the well-known reconstruction of real-numerical functions for correcting faults
remaining in analog and digital hardware, e. g., arithmetic logic units (ALU), after manufacturing testing. The
present approach can complement the state-of-the-art technique of program self-correction by uniformly testing
samples of operations and verifying the results of these samples.
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1 Introduction

The reliability of computation in the presence of er-
rors is an important research topic. In particular, it is
crucial in the scope of Digital Signal Processors (DSP)
based classification tasks and for embedded devices of
safety-critical systems. Robust methods for identifying
incoming waveforms, referred to as Modulation Classifi-
cation [1] are some examples of this type of classification
problems. The objective in these computation tasks is to
minimize the error probability.

Since it is very difficult to test and detect all of the
possible manufacturing faults in the stage of fabrication
of modern hardware, there is an increasing interest in
methods for self-correction [2]. The methods presented
in the literature (cf. [2]), however, require knowledge
related to the logical structure of the target design as well
as sophisticated models to analyze their reliability.

In addition, the task of verifying the correctness of
information processing devices such as microprocessors
is a very challenging task since, typically, an exhaus-
tive verification is an exponential function of the device
complexity.

Generally, self-correction is based on simple estima-
tion of the error probability using sampling rather than
proving correctness or exhaustive evaluation. Sampling
can be used to efficiently identify the probability of a giv-

en “black-box” device to correctly compute the results
for uniformly selected inputs.

Originally, the scope of self-correction has involved
a program that computes functions-over-finite-fields,
overcoming computation errors on a small fraction (g)
of their input [3, 4]. In this paper, however, it is shown
that the random reducibility-based self-correction ap-
proach, originally suggested to amplify the reliability of
programs [3, 4], can be used in the scope of nonfinite
fields for self-correcting hardware.

One of the main contributions of the current paper
is the introduction of novel ways to extend the software-
based self-correction paradigm to digital and analog
hardware.

The proposed approach can complement state-of-
the-art techniques by uniformly testing samples of oper-
ations and verifying the results of these samples. Hence,
it enables tolerating a small percentage of incorrect re-
sults due to manufacturing defects, thereby facilitating
the use of nonperfect hardware. In operation mode when
an operation op; has to be executed, a uniformly chosen
set of operations op;, opy that can imply the result of
the operation in hand are executed in order to maintain
a verified result.

It is essential to note that the domain/range of com-
puted functions cannot be restricted to finite fields and,
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Probabilistic methods for self-correcting hardware design

by using some techniques [4, 5], can include the real
numbers. In addition, sampling, error correction codes,
polynomial interpolation, and segmentation are used to
increase the efficiency of self-correction for any given
function over the real numbers.

The paper, which is an extended version of paper [6],
is organized as follows. Section 2 provides the prob-
lem definition and surveys related research. Section 3
presents a methodology for increasing the computation
accuracy by polynomial interpolation with error correc-
tion. Section 4 considers possible ways to reconstruct
real functions using interpolation and section 5 presents
a synopsis of approaches to possible implementation of
self-correcting based hardware. Conclusions and pro-
posals for future work are included in section 6.

2 Problem Analysis and Related
Work

The following aspects of self-correcting computations
are considered in this section: (7) incorrect function on
a small fraction of the inputs; and (i7) sampling-based
self-correcting.

2.1 Incorrect function on a small fraction
of the inputs

Consider a hardware computation device, such as an
ALU, designed to compute a function f(x) of input
values from the domain X; and assume that the device
produces incorrect results f*(x) # f(«) for a small frac-
tion of X. That is, f*(x) # f(x) forz € X¢ C X, such
that | X¢| < | X| where | A| denotes the rank of a set A.
This is depicted in Fig. 1.

Generally, the correctness of general-purpose and
application-specific microprocessors is verified by
manufacturer-testing at production time and/or self-
checking procedures which are based on online detec-
tion.

The detection of all possible permanent faults
through testing at the manufacturing cycle, however,
is not feasible; and self-checking covers only a small
fraction of erroneous bits. Hence, it requires specif-
ic knowledge about the logical structure of the target
design.

fo =>
X /)

Figure 1 Incorrect results of the computation of the target
function f(z)
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The Floating Point divide instruction on the
Pentium'® processor is one of the well-known exam-
ples for this phenomenon. Despite more than 10 years
of debugging and enhancements, the Pentium'® pro-
cessor Floating Point divide instructions have produced
inaccurate results for a fraction of inputs [7].

Nevertheless, sampling can be used to efficiently
identify the probability of a given device to correctly
compute the results for inputs selected consistently ac-
cording to a probability distribution such as uniform
distribution. Indeed, sampling-based self-correction
along with testing and self-checking is suggested in lit-
erature [3, 4].

2.2 Sampling-based self-correction

A function is random self-reducible of order k over a
set D if its value at a given point can be efficiently recon-
structed from its evaluation at random points [3, 4]. The
reconstruction is possible if, and only if, there exists a
function ¢ and a set of random functions o1, 09, ...,0,
suchthat f(z) = ¢(x,r, f(o1(z,7),..., f(on(x,r))) for
x,r € D. This property allows reconstruction of the val-
ue of a function f using a finite number of elements
taken from its domain without requiring any knowledge
about the implementation of the device that implements
the function, e.g., a hardware operational block or a
program, which performs the computation. Note that
polynomials of degree d over a finite field are random
self-reducible using d + 1 random points [4].

Consider a function with no input/output domain
restrictions. For example, these domains might include
integer values, real numbers, vectors, etc. In order to
use the reliability amplification technique utilizing the
random self-reducible property [3, 8], it is necessary to
provide a specific number of batches that yield sufficient
probability for the majority of the batches to be correct;
thereby, enabling using majority vote procedures for self-
correction. In this context, the term batch denotes a set
of program input/output instances. In other words, in
the context of this paper, reliability amplification de-
notes the increase of correct computation probability
due to computation reorganization, for example, using
the fact that the functions are random self-reducible to
reorganize the functions.

Let n be the number of batches and let p denote a
fraction of the inputs for which the computations can be
incorrect. The probability of correct computation can
be calculated as the probability that the outputs obtained
for more than n/2 of the batches are correct. This is
given by:

L

Pr <k > {gJ + 1> —1— chpkqnfk (1)

k=1
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where £ is the number of correct outputs; p = 1 — ¢;
L = |n/2] + 1is the probability of correct computation
for each batch; and C* is the Binomial coefficient.

The reliability of the computations depends on the
number of batches and on the choice of the reliability-
parameter (or confidence level) » which is the probability
of obtaining a majority of wrong results.

According to the Chernoff inequality, the required
number of batches can be expressed as

coomh(as) @

For example, if the function computed is a quadratic
polynomial then p = (1 —r)? as each batch must include
atleast three input points (vectors). Equations (1) and (2)
show that the use of majority-vote based choice among
the results obtained from uniformly chosen batches can
“amplify” the original reliability of devices if enough
batches are used. Nevertheless, the minimum number
of batches required for obtaining a correct computation
results with a confidence level » might be very large, even
when the device has a small probability of errors. For
example, more than 10,000 batches are required in the
case of quadratic polynomials for ¢ = 0.2 and r = 0.05,
where ¢ is the small fraction the inputs and r is the
reliability parameter. On the other hand, according to
Eq. (1), the probability of correct computation with a
reasonable number of batches is less than the original
¢ = 0.2. Hence, there is no amplification of the com-
putation reliability, that is, using the Chernoff majority
rule (1) will not lead to an increase in correct compu-
tations. Consequently, in this example, given r, it is
impossible to provide correct computations on the basis
of the majority vote rule, if the number of inputs is less
than 10,000 batches, as the computations are erroneous
on a fraction of inputs that is greater than e.

A function over a group G is linear if it maps the
group G to a group H so that (z1 ® x2) = f(r1) @ f(z2)
where @ and ® are the group operations. Integer multi-
plication and modular multiplication are some examples
for such functions. From the point of view of the compu-
tation overhead, one benefit of the linearity is that given
the values f(z1) and f(x2) and given that z = x1 @ x2,
the function f(z) can be computed as f(z1) ® f(z2)
which might be an easier computation task. An impor-
tant aspect of the self-correction methods proposed in
this paper is that the linearity properties of functions
defined over finite fields can be utilized to increase the
probability of success of a batch and, therefore, reduce
the required number of batches. Error correcting codes
can be used to obtain a better success rate for a batch re-
sult [8]. Thisapproach, referred to as batch self-corrector,
has been applied to the function f(x) = xmod R over
the positive integers domain [8]. In addition, it has been
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used for self-testing, which is a part of the self-correction
techniques. For example, Spielman suggested using the
result of encoding functions defined over a finite field in
order to increase the probability of correct computations
of batches [9].

Assume that one is able to digitize (discretize) the
input domain X for a set of integer or rational val-
ues [10], thereby transforming the given function to the
domain/range of finite fields. Then, if the function
is a polynomial, it becomes an integer function. Fur-
thermore, if one is able to use the linearity properties
to reduce the number of batches, then only the “im-
proved” integer function has to be applied to the final
real computation. This results in the following stages for
computing f(z):

(1) digitize the original function to a finite field
(cf. [10, 11]);

(2) select a polynomial interpolation function over the
finite field;

(3) use error correction (e. g., the Berlekamp—Welch
algorithm [11]) to correct a batch, leading to a
reduction of the necessary number of batches ac-
cording to the Chernoff-bound; and

(4) reconstruct the digitized real number function from
the discrete domain to the real domain using poly-
nomial interpolation such as Tailor, Chebyshey,
etc. Alternatively, this stage can be implement-
ed by checking whether the original result of the
device is close to the discrete value obtained.

3 Amplification by Polynomial
Interpolation with Error
Correction

Error correcting codes can be used to exploit lineari-
ty [10]. For example, the Reed—Solomon (RS) code of
a polynomial over a finite field has linear properties [9].
Let (E, D) be an encoding-decoding pair for an error-
correcting code of a code-word of length n with rate T’
(that is, a code that can correct 7' bits or symbols)
for a polynomial function. For example, consider the
Berlekamp—Welch algorithm, of RS codes polynomials
computation in the presence of errors of interpolation
over a finite field [11]. The polynomial P is unknown;
and the only information about P is that it is of degree
of [ (say, I = 2). The polynomial E is unknown as well.
Using the relationship defined above, one can produce
a linear system whose solutions are the coefficients of P
and E. This is shown in the following equations.

Let Q(X) = aX® +bX?+ cX +d = P(X)E(X)
where a, b, ¢, and d are unknown coefficients. Substi-
tuting P(X) by R(X) = P(X)/Q(X), one obtains:
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Correctness probability, P,

0.0 :
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Correction rate, T’
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Figure 2 Correctness probability vs. correction rate (a) and vs.
errorrates: / —0.2; 2—0.3;and 3 — 0.4

aX?*+bX?+cX +d=RX)E(X)=R(X)(X —e)

which can be rewritten as:
aX®+bX? +cX +d+ R(X)e=R(X)X.

Now, one can substitute X by {0, 1,2, 3,4} to obtain
five linear equations in five unknowns. Solving this
linear system for a, b, ¢, d, and e provides the polyno-
mials Q(X) and E(X) which enable finding P(X) by
computing the quotient Q(X)/FE(X), and from P it is
possible to recover the original (uncorrupted) values. In
this case, the computation correctness probability can be
defined as the probability that the number of incorrect
symbols (from the specific finite field) is at most 7. This
probability is given by:

T
Peorr = »_ Cie'(1—e)N™" )
i=0

where N is the degree of the polynomials, which is
the number of points used for interpolation, referred
to as the block size (N = 2 in the case of a quadratic
interpolating polynomials), and e corresponds to the
probability of a symbol error. Obviously, the code dis-
tance is T' = (n — k)/2, where k is the number of data
symbols that has to be maintained. That is, for 7' =1, a
(5,3) code is obtained, T' = 2 results in a (7,3) code, and
T = 3 provides a (9,3) code, where the left value in a pair
of numbers that describe a code is the code-word length,
and the right value is the number of data symbols.

Figure 2a shows the batches correctness probability
(Peorr) computed using Eq. (2) vs. the correction rate T’
(the x axis) for different device errors.

As seen in the figure, the probability of a correct
result can be increased using the data correction en-
coding (e. g., the RS codes). Correspondingly, in some
cases, due to this encoding, one can afford to work with
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greater fraction of erroneously computed inputs. This
means that amplification of the original probability (by
using 3-symbols error correction) is possible even when
the error probability of the device is approximately 0.3;
moreover, such a correction is essential in the case that
the error probability is around 0.4. Thus, if one deals
with a discrete function (whose domain is a finite field)
where RS-encoding can be used, it is possible to improve
the probability of correct computation by repeating the
computation using uniform random inputs (from this
finite field), interpolating them, and choosing the result
according to a majority vote rule.

Figure 2b presents an example of the computation of
correctness probability vs. the logarithm (log base 10 is
denoted as “lg”) of the number of batches for different
ALU error rates with RS (7,3). This corresponds to RS
encoding that corrects two symbols (1" = 2), when the
probability of a symbol error, which is equal in this in-
stance to the erroneous fraction of inputs ¢, is P; = 0.3;
and P, = 0.647. In this case, the amplification of
the correct probability starts when 21 batches are used,
a considerably lower number of batches than for the
case of noncoded batches. In comparison, in the case
of ¢ = 0.3, error correction is impossible for noncod-
ed batches as (1 — r)® < 1/2 and is irrelevant for the
majority-vote-based choice algorithm. One should take
into account, however, the need for 4 extra points for
each batch (7 instead of 3) to achieve this improvement.

Nevertheless, adding points to a batch can signif-
icantly reduce the required number of batches even
when p is only slightly larger than 1/2.

4 Real Function Reconstruction

The feasibility of implementation of the self-correcting
algorithm proposed in this paper for an error correction
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in analog hardware depends on existence of appropri-
ate transformation of real signals input (numbers) to
finite fields. As shown below, the state-of-the-art of
analog-digital design allows finding proper solutions of
this problem.

Note that the explicit reconstructing polynomials
and rational functions over finite fields are presented by
Sigal et al. in [3]. Sigal et al. use the fact that multipli-
cation of any fixed element of finite fields by a random
uniformly distributed element of the field gives a result
that is uniformly distributed over the field. Therefore,
in order to use the random self-reducibility-based ap-
proach to self-correction of real functions, one should
consider discrete transformation of these functions to
finite fields and commence with reconstruction of the
functions.

In general, the reconstruction of real continuous
function from digital data is governed by the Nyquist
sampling theorem [8], which requires that a band-limited
continuous function is sampled with a frequency equal
to, or greater than, twice the maximum frequency of the
signal. This digitization-reconstruction model, however,
is not suitable in the context of self-correction, since the
function isinterpolated by algebraic polynomials. More-
over, the batches include randomly generated points.
Hence, nonuniform discretization is required. This
raises additional difficulties in the reconstruction [10].
In addition, the quantization of function values implies
representation by a finite number of bits (say, n bits).
Due to the finite precision representation of real num-
bers in computational devices; roundoff errors might
occur during the calculations. The problem is finding
the minimum accuracy necessary to ensure that the in-
verse quantization transformation that is a part of the
digital-to-analog transformation can perform rounding
and roundoff. This would make the function result
equivalent to the rounding of the exact result (which
could be obtained by the device) for all possible inputs.
Since real-valued polynomial interpolations, say, Tailor
polynomials, are defined over input variables given as
real numbers, they cannot be used to express the finite
bit-width limitations. Thus, one should coordinate the
number of Tailor series terms and the number of bits in
the aforementioned finite numbers representation. In
order to resolve this problem, it is possible to use the
technique presented in [5], where the coefficients of the
series are expressed in terms of a finite number of bits
referred to as fractional bits (FB). Several techniques
for finding the necessary numbers of the Tailor series
coefficients given a specific number of FBs are suggested
in [5].

Another mean for increasing the accuracy is segmen-
tation, which refers to dividing the input into subinter-
vals, slices, or segments [12]. Generally, a set of coeffi-
cients of alow-degree polynomial can be used to evaluate

144

each segment, and the error probability is computed in-
dependently for each segment [12]. Note that the degree
is an important parameter since a small degree enables
correcting more errors using the Berlekamp—Welch al-
gorithm. An evaluation of the obtained accuracy can be
controlled by varying the number of segments and/or the
polynomial degree. Using online segmentation requires
predicting the interpolation error for each segment. For
several differential functions, this error depends on the
first d + 1 derivatives f(4+1)(x), where d is the degree of
the interpolation polynomial, can be calculated during
a preprocessing stage [13].

5 Synopsys

The computation of the value of f(x) at a given point by
evaluation at several random points can be implemented
via interpolation of f(z) using samples of . For exam-
ple, the input data of an ALU, which can be faulty with
some known probability, can be considered as a set or
series of batches, each of which is a series of & random-
ly generated arguments r; ; where ¢« = 1,...,m is the
number of the ALU random inputs needed for interpo-
lation; for example, m = 2 for the linear interpolation
and k = [+ 1 in the case of the interpolating polynomial
of degree [. The variable j = 1,...,n is the number
of interpolations (number of batches of computations).
The series quantity must provide a reliable choice of
result of interpolation by majority in the sequence of
results of interpolation obtained from the batches.

The model suggested in [3, 4] which uses uniform
batches of random inputs is practical only in the case of
relatively small error probability €. Nevertheless, even
in the relatively simple case of the quadratic polyno-
mial, the batch correctness probability defined by the
Chernoff-bound success probability of 0.512 for e = 0.2
might imply a much smaller success probability for all
polynomials of degrees d > 2.

Computation in a finite field is one possible way to
increase the batches’ correctness probability. This means
operating with encoded data using coding methods such
as RS codes and the Berlekamp—Welch algorithm [9].
This coding is an interpolation as it provides compu-
tation of polynomials in all the required points, using
several points where the polynomial is known. In fact,
the building of polynomials in the Berlekamp-Welch
decoding algorithm is similar to Lagrange interpolation.
Note that, in effect, different types of errors of com-
putation (referred to as “ALU_errors”) are considered
in the compared approaches. While the symbol (bit)
error relates to a specific error rate T (say, 7' = 3), the
error considered in self-correcting program theory (e. g.,
in [3]) is only a small fraction ¢ of erroneous computed
inputs. This means that for the (1 — &) fraction of inputs

INFORMATIKA I EE PRIMENENIYA — INFORMATICS AND APPLICATIONS 2013 volume 7 issue 4



Probabilistic methods for self-correcting hardware design

w(f(x), fe(z)) < o where fco(z) is the function f(z)
computed by the ALU; u(f (), fo(x)) is the measure of
distance between the exact value f(z) and the computed
function fc(x); and o is the threshold error value. In
general, o corresponds to other erroneous quantities of
bits.

As for DSP-based classification tasks, mentioned
above as a prospective field of the self-correcting ap-
proach application, many current approaches use var-
ious polynomials to compute the classification charac-
teristics, e. g., spline approximation in image processing.
Therefore, in the event that the DSP computes the char-
acteristics correctly on all but a small fraction € of inputs,
the algorithms mentioned above are suitable, and im-
plementation of the computation schema, presented in
sections 2—4, can essentially improve the classification
reliability in comparison with the DSP characteristic .

Since the error correction can be interpreted as a
“decoding of code-words,” one can borrow several ideas
from Locally Decodable Codes (LDC) [14]. Locally
decodable codes are the correcting codes where in or-
der to retrieve the correct value of just one position of
the input with high probability, it is sufficient to read a
small number of positions of the corresponding possibly
corrupted code-word. The locally decodable code can
recover from a much higher error-rate [4]. One of the
reasons for using LDC is that the previously used RS
code consists of complete evaluations of polynomials of
total degree up to d. In particular, there are LDCs which
provide reduction of the error rate of the code with the
number of queries which can be essentially higher than
the polynomial degree d. Hence, the polynomial degree
is not a limiting factor for the fraction of erroneous
results reduction. In this context, the term query is a
measure of complexity computed by the number of bits
that need to be read from a corrupted code-word in
order to recover a single bit of the encoded word [14].
It should be noted that LDCs are based on the classical
Reed—Muller (RM) codes, which have rather simple
and fast hardware implementation [15].

6 Concluding Remarks
and Proposals for Future Research

In this paper, recent results in self-correcting computa-
tions have been presented. As the results show, in spite
of essential reduction in the number of batches needed
for suitable computation accuracy, this number might be
rather significant. The complexity of the proposed ap-
proach depends on the number of batches as well as on
the complexity of decoding the codes used for increasing
correct computation probability for each batch. Feasible
ways for improving the amplification have been pro-
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posed and it has been demonstrated that these methods
can minimize the number of batches of the computation
function used to correct the computed value and provide
a significant decrease in the error probability with the
number of the batches used. Furthermore, a hardware
implementation of this approach to self-correction can
be derived from hardware implementation of the coding
methods such as RS and RM [15, 16].

In the future, both the theory of random self-
reducibility and new results in LDC will be explored
for the problem of reconstruction of real numerical
functions for correcting faults remaining in hardware
after manufacturing testing. In addition, the authors
plan to explore nonuniform sampling methods such as
compressive sensing. Furthermore, a study of technical
details of hardware implementation as well as DSP-based
solutions will be performed.
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Ob ABTOPAX

AbpamoBa Ekarepuna Makcumosna (p. 1989) — cry-
JIeHTKa Kadeapbl MaTeMaTHU4eCcKOi CTaTUCTUKM (pa-
KYJIBT€Ta BBIYMCIUTEIbHOM MaTeMaTUKU U KUOEpHe-
TUKA MOCKOBCKOTO IOCYJIapCTBEHHOIO YHUBEPCUTETA
um. M. B. JJomoHocoBa

Apxunos O:er ITerposuy (p. 1948) — KaHAMIAT TEXHU-
yeckMux Hayk, aupekrop OpnoBckoro dunuana UITHU
PAH

Bosuenko Anekceii EsremneBuu (p. 1984) — xanmu-
JIaT TEXHUYECKMX HAyK, CTapIIMi HayYHbIA COTPYIHUK
HIIN PAH

Bopdonomeesa Oabra Bukroposna (p. 1987) — acniu-
paHT MaTeMaThuyecKoro akynbrera Yeass0MHCKOro ro-
CY/IapCTBEHHOI'O YHUBEPCUTETA

laiinamaka FOmma BacuibeBHa (p. 1971) — xanoumar
pu3nKo-mMaTeMaTUIECKNX HayK, T0LeHT Poccuiickoro
YHUBEPCUTETA IPY>KObl HAPOJOB

T'onoBanoB Cepreii AnekceeBud (p. 1950) — mokrop me-
TUIIMHCKUX HayK, 3aBemyloluii sabopatopueit HUN
ypOJIOTUHU

I'puropseBa Mapusi EBrenbeBna (p. 1986) — 6uocratu-
ctuk Il komnanuu Parexel International, Mocksa

Hones ILmomu (p. 1958) — npodeccop, TOKTOp HAyK O
nHpopmMaTKe, NeKaH (GaKyabTeTa eCTeCTBEHHBIX HAyK
VYuusepcutera um. ben-Iypuona B Herese, beap-1lle-
Ba, U3pawib

3axapoa Tarbsna BanepbeBHa (p. 1967) — xkanau-
JaT (pU3MKO-MaTeMaTUYECKMX HayK, HaydHbIiA COTPY/I-
HUK Kadeapbl MAaTeMaTUICCKON CTAaTUCTUKU (haKyIhb-
TeTa BBIUMCIMTEIBHON MaTeMaTUKU W KUOePHETUKH
MOCKOBCKOTO TOCYIApCTBEHHOTO YHHMBEPCUTETA WM.
M. B. JlJomoHocOBa

3auman Urops Mouceesud (p. 1952) — mokrop TexHu-
yecKMX Hayk, 3aBenytoiuii otaesom MU PAH

3bikoBa 3o IletpoBHa (p. 1953) — kaHauAar hpusnuko-
MaTeMaTU4eCKUX, 3aBeylolias jabopatopueit OpoB-
ckoro ¢unuana UTI PAH

Kamunnmyenko Jleonun AnapeeBmy (p. 1937) — mok-
TOp (PU3MKO-MaTeMaTUUYEeCKUX HayK, mpodeccop ¢a-
KyJIbTe€Ta BBIYMCIUTEILHOM MaTeMaTHUKU U KUOepHe-
TUKA MOCKOBCKOTO IOCYIapCTBEHHOIO YHHUBEPCUTETA
uM. M. B. JlomoHocoBa; 3aBenytoluii 1abopaTtopueit

KOMITO3UIIMOHHBIX METOIOB M CPEICTB ITOCTPOCHUS
nHpopMaunoHHbIX cuctem MITU PAH

Kosanes Imutpmii FOpseBnd (p. 1988) — acrimpanT a-
KYJIbTETa BBIYMCIUTEILHON MaTeMaTUKU U KUOepHe-
TUKM MOCKOBCKOTO TOCY/IapCTBEHHOTO YHUBEPCUTETA
um. M. B. JlomoHocosa; nporpammuct UTTNU PAH

Konosanos Muxaua I'puropbeBuy (p. 1950) — mokrop
TeXHUUYECKUX HayK, 3aBeayoiuii cekropom U PAH

Kopoaes Bukrop FOpbeBuu (p. 1954) — noktop pusuko-
MaTeMaTMYeCKUX Hayk, Ipodeccop Kadeapbl MaTema-
THYECKON CTAaTHUCTUKU (PaKyiIbTeTa BBIYMCIUTEIBHOMN
MaTeMaTUuKW U KuOepHEeTUKM MOCKOBCKOIO rocynap-
CTBeHHOro yHuBepcutera uM. M. B. JlomoHocoBa; Be-
Iyt HayuHbiid cotpynauk MITU PAH

Kpuenko Muxaui Ilerposuy (p. 1946) — nokrop Tex-
HUYECKUX HaykK, Tpodeccop, BeAyIINil HAyIHBIN CO-
tpynauk UTT1 PAH

Kysnenosa Mapus T'eoprueBna (p. 1991) — cryneHt-
Ka Kadeapbl MaTeMaTUYeCKOil CTAaTUCTUKU (DaKyib-
TeTa BHIYMCIMTEIbHON MaTeMaTUYKU U KUOCPHETUKU
MOCKOBCKOTO TOCYyIapCTBEHHOTO YHUBEPCUTETA WM.
M. B. JlJomoHOCOBa

Ileunnkun Ajekcanap Buaamumuposuu (p. 1946) —
JIIOKTOp (PU3MKO-MaTEMaTUYECKUX HayK, Tpodeccop,
rnaBHbIN HaydHbI cotpynHuk UTTW PAH, npodeccop
Poccuiickoro yHuBepcuTeTa IpyK0bl HApOIOB

Pasymuuk Poctucias Banepwesuu (p. 1984) — xanau-
JnaT (GU3MKO-MaTeMaTUUECKUX HayK, CTaplivii Hayd-
Hbli cotpynnuk UTTU PAH

Casuenko IlaBen AnatoabeBuy (p. 1967) — uHXeHep-
nporpammuct UITNU PAH

Canosoii WBan AunpeeBumu (p. 1990) — crymeHT
Kadenpbl MaTeMaTUYECKON CTaTUCTUKKM (haKyJIbTe-
Ta BBIYMCIUTETBHOW MaTeMaTUKU W KUOEPHETHKU
MOCKOBCKOTO TOCYIapCTBEHHOTO YHHBEPCHUTETA WM.
M. B. JlomoHOCOBa

CawmyiinioB Aanpeii Koncrantunosuu (p. 1988) — acrim-
paHT Poccuiickoro yHUBepCHUTETa IPYKOBI HAPOIOB

CawmyiinoB Koncrantun EBrenneBuu (p. 1955) — nokrop
TeXHUYECKUX HayK, rpodeccop, 3aBenyroimnii Kadea-
poit Poccuiickoro yHuBepcurteTa IpyX0bl HApOJI0B
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OBb ABTOPAX

CuBkoB Anzapeii BaamumvmpoBuu (p. 1957) — mokTop
MEIMLMHCKUX HayK, 3amMecTutenab aupektopa HUN
yPOJIOTUHU

CoxkosoB Uropp AnaroabeBuu (p. 1954) — axkamemuk
(meiicTBUTENBHBIN UlieH) Poccuiickoil akageMuu HayK,
JIOKTOP TeXHUYeCKUX Hayk, nupekrtop U1 PAH

Comun Dayapa CepreeBuu (p. 1987) — acniupanT Poc-
CHIICKOTO YHUBEPCUTETA IPYKOBI HAPOIOB

Crynnukos Cepreit Anekcanaposud (p. 1978) — kanau-
AT TEXHUYECKMX HAyK, CTapIIMi HayYHbIA COTPYIHUK
WUIIN PAH

CyukoB Anekcanap Ilasiaosuu (p. 1954) — mokrop Tex-
HUYECKUX HayK, BeAylI1il HaydHblii coTpyaHuk TN
PAH

Tamup Jlan E. (p. 1955) — PhD B o61actu nHgopma-
TUKU, AOLIEHT (associate professor) otmeneHust nHMOpP-
maTuku YHuBepcuteta Texaca, . CaH-Mapkoc, CIIIA
Toipcun Anekcanap HukonaeBuu (p. 1961) — mokrop
TeXHUYECKUX HayK, BEAYIIUI HAy4YHbI coTpyaHuK Ha-
YYHO-MHXeHepHoro IeHTpa «HamexxHocTh u pecypc
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Gospinx cucteM U mamuH» YpO PAH, r. Exarepun-
Oypr

®penkes Cepreii JIazapesud (p. 1951) — kanauaar rex-
HUYECKMX HayK, CTaplIMi HaydyHbIi coTpyaHuk UITTU
PAH; noueHT MOCKOBCKOTO rocy1apCTBEHHOTO TEXHM -

YECKOTO YHUBEPCUTETA PAAUOTEXHUKU, SIEKTPOHUKU
u aproMatuku (MI'TY MUPDA)

XapanckoB Banepmii Anexcanaposud (p. 1950) — Hayu-
Hbiii corpynuuk UM PAH

Illecrakos Ouser Baamumuposuy (p. 1976) — nokrop
pU3MKo-MaTeMaTUIECKNX, JOLEHT Kadeapbl MaTeMa-
TUYECKON CTATUCTUKU (aKyjbreTa BbIYMCIUTEIbHON
MaTeMaTUKU U K1ubepHeTuku MOCKOBCKOTO rocynap-
CTBEHHOro yHuBepcutera uM. M. B. JloMoHOCOBa;
crapuuii HayuHblii cotpynHuk UTTU PAH

IToprun Cepreii fIkoBaeBuy (p. 1952) — nokrop duzn-
KO-MaTeMaTMYeCcKuX HayK, Mpodeccop, 3aMecTUTeNb
nupektopa UTTU PAH

IIyonnkoB Cepreii KoncrantunoBud (p. 1955) — crap-
it HayuHblit corpynHuk UTIU PAH
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PAH) u Poccuiickoro yHusepcureta npyx06sl Haponos (PY/IH).

Ceccus npoBoautcst Bo BTopoii pa3. B 2013 . oHa Obuta mpoBeneHa B pamkax koHpepeHuun ECMS 2013 B
OnecynHe (Hopserus).

Conpepceparenu ceccum

A. . 3eiidman (Bonoronckuii rocynapctseHHblii yHusepcutet, TN PAH)
I1. O. Adaes (PYIH)
P. B. Pazymuuk (MITU PAH, PYIH)

YneHbl NporpaMMHOro kKommureTa

A.A. Tpymo (MITU PAH, MT'Y um. M. B. JloMmoHOCOBa)

B. 0. Kopones (MI'Y um. M. B. Jlomonocosa, UTTU PAH)
A. B. Ileyunkun (M1 PAH, PYIH)

K. E. Camyiinos (PYIH)

C. 4. oprun (UITA PAH)

TemaTuka cneuuanbHO ceccumn

MaremMaTuyeckre ¥ MMUTALlMOHHbIE MOJIEJIM CUCTEM MacCOBOTO O6C.T[y}KI/IBaHI/I$I

MOI[GJ'II/lpOBaHl/IC 1 aHaJIn3 IPON3BOAUTE/IBHOCTHU I/IH(I)OpMaLlI/IOHHle " TCJICKOMMYHUKAIIMHBIX CUCTEM

MOI[CJ'H/IpOBaHI/IC 1 aHaJin3 I/IH(I)OpMa]_[I/IOHHI)IX IIOTOKOB

MaremaTryeckoe 1 UMUTAIIMOHHOE MOCIMPOBAHUE MTEPErPy30K U yIPaBIeHUS TOTOKAMU

OneHka Sq)q)eKTI/IBHOCTI/I, HagC>KHOCTU U YCTOfIqHBOCTH I/IHqJOpMaHI/IOHHI)IX CUCTEM BBICOKOW Ipoun3Boaun-
TEJIbHOCTHU

Tpyabl KoH(pepeHun My0JMKYIOTCS B H3IAHUAX, MHIEKcHpyeMbIx B cucremax Web of Sciences u Scopus.

Ba)xHble pgaTtbl

13 deBpansa 2014 r. — npeacTaBiaeHKUE MOJTHOTO AOKIana
14 mapra 2014 r. — u3BeIIeHNE O IPUHSATAM JTOKJIaa
9 anpens 2014 r. — nipeaCcTaBlIeHNe OKOHYATETLHOI BEPCUU JOKJIa/la, PETUCTPALIMS U OTjIaTa B3HOCOB
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O MEXIAYHAPOIHBIX KOH®EPEHILIUAX ITO OCHOBAM
UHOOPMALIMOHHOM HAYKH, MTPOBEAEHHBIX B 2013 TOAY

C 21 mo 23 mag 2013 . B MockBe npu MoaaepxK-
ke Ilpesumuyma PAH, OtgeneHust mMareMaTHUECKUX
HayK u OTaesnieHus] HAHOTEXHOJOTU M MH(bOpMaIIK-
oHHbIX TexHosnoruii PAH, a takxke MOCKOBCKOTO ry-
MaHUTApHOTO yHUBepcuTeTa U MHCTUTYTa Mpodiem
uHdopmaTtuku PAH cocrosinacs Ilaras Mexaynapon-
Hag KoH(pepeHnusa no GyHIAMEHTAILHBIM OCHOBAM HH-
thopmanuonnoii HayKu. D10 — TpaaULIMOHHAsI KOH(pe-
PEHIIUSI, TIPOBOSINAs TIO 3TUI0 MeXIyHapOoIHOTO
obuiecTBa MHGOPMaLIMOHHBIX ucciegoBanuii (The In-
ternational Society for Information Studies), eHTpab-
HblIl ouc Kotoporo Haxonutcss B Bene (ABcTpus).
KoHdbepeH111s 1o naHHOI TeMaTuKe IpoBeneHa B Poc-
cuu Brepsble. [lpenpiayiire KOH(PpEpPEeHIIUU COCTOSI-
auck B Manpuae (1994), Bene (1997), ITapuxxe (2005)
u ITexune (2010). OHU oKa3aiu CYylIECTBEHHOE BIUS-
HUE Ha pa3BUTHE PyHIaMEHTaIbHbIX OCHOB MH(bOpMa-
LIMOHHOU HAayKU B Pa3BUTBIX CTPAHAX U CONCHCTBOBAIN
CO3[IaHMI0 B HUX UCCIIEI0BATEIbCKUX UHCTUTYTOB U Ha-
YUHBIX LIeHTpoB. Ha koHdepeHuun B MockBe ObuiU
3acyymaHsl 18 TieHapHBIX JOKJIaM0B BEAYIINX YUEHBIX
n3 ABctpun, Mcnnanuu, Kurast, Poccuu u @panmnum, B
KOTOPBIX OBLIN PACCMOTPEHBI:

— ¢unocodckre 1 HaydYHO-METOMI0JOIrMYECKUE TTPO-
OJIeMBbI pa3BUTHUS WH(MOPMALIMOHHOM HAayKM Kak
KOMITJIEKCHOTO MEXIUCLUIIMHAPHOTO HAYIHOTO
HampaBJIeHMS, a TAKXKE €€ MECTO B CHUCTeMe HayKu
U1 o0pa3oBaHUsI;

OCHOBHBLIC PE€3YyJIbTaThbl HUccaen0BaHUil B 00JacTh
(I)YHI[aMeHTaI[I)HLIX OCHOB I/IH(I)OpMaTI/IKI/I n OIIbIT
X UCITOJIb30BaHUs B HAYKE, 06pa3OBaHI/Il/I n couun-
AJIbHO-5KOHOMMYECKOM pa3BUTUU OGLL[CCTBa;

ICPCIICKTUBHLIC HAIIpaBJICHUA JMAJIbHEWIIIETO pas-
BUTHUA (bYHI[aMCHTELT[bHI)IX OCHOB I/IH(l)OpMa]_[I/IOH—

HOl HayK, a TakXe WCIIOJIb30BaHUS €€ KOH-
LIEMIMIA U METONOB B MHTEpecax Pa3BUTUSI Hay-
K1, 00pa3oBaHus, pelieHUs rI100aIbHBIX TPOOIeM
Pa3BUTHS LIMBUIN3ALIUN;

MPEIJIOKEHHUSI TT0 Pa3BUTUIO MEXIYHAPOIHOM KO-
orepalny YYeHbIX B 00JIaCTU McClienoBaHus (QyH-
JTaMEHTaIbHBIX OCHOB MH(POPMATUKN U MX TpaK-
THYECKOMY UCITOJIb30BaHMIO.

OcHOBHBIE MaTepHalibl KOH(EPEHILIMU TIpeaCTaBIIe-
Hbl Ha caiiTe MOCKOBCKOTO T'yMaHUTapHOTO YHUBEP-
cuTteTa, Ha 6aze KOTOPOTO MPOBOAMIIACH 3Ta KOH(pe-
peHus (cM. http://mosgu.ru/nauchnaya/conference/
2013/FIS/).

B nepuon c 18 mo 21 okrsi6ps 2013 1. B ApeBHET CTO-
nuue Kuras ropone Cuanb coctostiach Ilepsas Mexk-
JyHapoaHas koHgepeHuus no ¢punocodun nndopmanumn
(ISPI-2013). Ee uauumaropaMu 1 OCHOBHBIMU Opra-
HM3aTOpaMM CTaju MeXXayHapoaHbIi LIEHTP (PuIoco-
bum nabopmanu (B coctaBe CHaHBCKOTO TPAHCTIOPT-
HOTO yHUBepcuTeTa) U MeXIyHaponHoe OOIIeCTBO
UH(OPMALMOHHBIX UccieqoBaHuil. B koHdepeHMn
yuacTtBoBaJIo 6ojiee 80 y4eHBIX M3 Pa3IUYHBIX CTpaH
mupa, Bkatouast Poccuto. Tesucnl otrodpaHHbIX [1po-
rPaMMHBIM KOMUTETOM [JOKJIaI0OB OMYOJMKOBAaHbI B
Martepuajax KOH(epeHIMU, KOTOpble HOCTYITHBI
no anpecy http://is4is.unileon.es/index.php?option=
com_content&view=article&id=81%3A2013-c1-start&
catid=83%3Aconference&Itemid=59&lang=en.

B mae 2015 . B Bene (ABcTpus) IuiaHUpyeTcs
nposectu IlecTyio MexayHapoaHyio KoH(pepeHIHIo mo
(yHzamMeHTAIBHBIM OCHOBAM HMH(OPMANMOHHON HAYKH.
[MapannensHoO ¢ Heil TaM ke OyneT npoBoauThes Bro-
pasg MexnaynapoaHas Kongepenus no gpunocopuu uH-
dopmamun (ISPI-2015).

K. K. Koaun
J.T.H., TPpOo®., TJIaBHBII HAyYHbBII COTPYIHUK
HMHuctutyTa npobiem nHdpopmatuku PAH



[IpaBuia moaroTOBKY pyKoNucei 1Jis1 MyOJUKaLUuU B XXypHase
«MHpopMaTrKa 1 €€ MpUMEHEHUSI»

Kypuan «MHbopMmaTrKa 1 €€ TpuMeHEHUsI» MyOJUKYeT TEOpEeTUUECKUE, 0030pHbIE U IUCKYCCUOHHBIE CTAThU,

IOCBALICHHBIC HAYYHBIM UCCJIICAOBAHUAM U pa3pa60TKaM B 00Js1acTH I/IH(l)OpMaTI/IKI/I nee HpI/IJ’IO)KCHPIfI.

)KypHan n3aacTcd Ha pyCCKOM A3bIKE. Ilo cricnvaJbHOMY PCIICHUIO PEAKOJIJIETMN OTACIbHBIC CTATbU MOI'YT

TeYaTaTbCsd Ha aHTJIMHCKOM SI3bIKE.

1.

TemaTtuka 2KypHaJia OXBaThIBACT CICAYIOIIMEC HAIIPpABJICHUS:

TEOPETUYECKNE OCHOBBI MH(DPOPMATUKY;

MaTeMaTHYeCKHe METOIBI NCCIICIOBAHUS CIIOKHBIX CUCTEM U TIPOIIECCOB;
WH(OPMaIITMOHHBIE CUCTEMEI U CETH;

nH(OPMaLIMOHHbBIE TEXHOJIOTUH;

apXUTEKTypa U MPOrpaMMHOE 00eCcIIeYeHIEe BEIUMCIUTEIbHBIX KOMILIEKCOB U CETEiA.

B xypHasie mevaraloTcst CTaTbU, COAEPXKALINUE PEe3YJIBTaThl, PaHee He OMyOJMKOBAaHHbBIE M HE MPeIHA3HAYCH -
HbI€ K OJJHOBPEMEHHO MyOJMKALUK B IPYTHUX U3TAHUSIX.

[My6aukanus He J0JKHA HAPYILATh 3aKOH 00 aBTOPCKUX IIpaBax.

Hamnpapiisist pykonuch B peIakiinio, aBTOPbI COXPAaHSIOT BCe IpaBa COOCTBEHHUKOB TaHHOW PYKOIIMCU U IIPU
3TOM MEepeNaloT YUPEAUTEIIM U PEAKOJUIETMM HEMCKIIIOUMTEIbHBIC TIpaBa Ha M3JaHUe CTaTbd Ha PYCCKOM
sI3bIKe (MJIM Ha SI3bIKE CTAaTbU, €CJIM OH OTIMYEH OT PYCCKOrO) M Ha ee pacrpocrpaHeHue B Poccum u 3a
py0eKoM. ABTOPBI TOJIKHBI IIPEACTABUTh B pEAaKLIMIO MUCHMO B Clieayolei popme:

Cocaawenue o nepedaue npaea na nybauxauuro:

«Mbt, HuNcenoonucaswuecs:, aBmopvl PYKONUCU «. . . », nepedaem yupeoumensm u peoxkoaieeuu ycyprana «HMu-
gopmamuka u eé npumeHeHUs»> HeUCKAI0UUMeAbHOe NPABO ONYOAUKO8AMb OAHHYIO PYKONUCH CAMbU HA PYCCKOM
A3blKe KAK 8 NeYAMHOIL, MAK U 8 21eKMPOHHOI éepcusx ycypHaia. Mot noomeepocdaem, umo OaHHAsSE RYOAUKAUUS
He Hapyuiaem agmopcKo20 npasa opyaux Aul, Ul Opeanu3ayuil.

IToonucu aemopos: (. u. o., dama, adpec)».

DTO corjalleHue MOXET ObITh MPEACTAaBICHO B OYMaXKHOM BUJIE WJIM B BUIE OTCKAHUPOBAHHOM KOMUU (C
IMOAMMUCSIMU aBTOPOB).

Penxosmierust BripaBe 3alpOCUTh Y aBTOPOB 3KCIIEPTHOE 3aKJIIOUYEHME O BO3ZMOXHOCTU ITyOJIMKAIIMU TIPE]i-
CTaBJIEHHOW CTaTbhU B OTKPBITOU TT€YaTH.

. K crarbe mpunaratorcs naHHbie aBTopa (aBTopoB) (cMm. 11. 8). [1py HanMYUKM HECKOJIbKMX aBTOPOB YKa3bIBAETCS

aMmnst aBTOpa, OTBETCTBEHHOTI'O 32 MEPENMCKY C pelaKIIneit.

. Pepakuus XKypHaJia OCYIIECTBJIACT 3KCIECPTUIY ITPUCTAaHHBIX cTaTeil B COOTBETCTBUM C HpI/IHHTOﬁ B 2XKypHaJi

MIPOLEIYPON PELIEH3UPOBAHMSI.
BosBpaineHne pykonucy Ha JOpaOOTKy He 03HAYaeT ee TIPUHSITHS K TTeYaTH.
JlopaboTaHHBII BApUAHT C OTBETOM Ha 3aMeUaHUsl pelieH3eHTa HE0OX0IMMO MPUCTIATh B PelaKIIUIO.

. Pelienue PEAKOJIICTUN O Hy6J'II/IKa]_[I/II/I CTaThM UJIY €€ OTKJIOHEHUU COOOIIAeTCs aBTOpaM.

Penkonnernss MoXeT TakKe HamnpaBUThb aBTOpaM TEKCT PEIEH3MM Ha MX CTaThio. JIMCKyccHsl 1O MOBOIY
OTKJIOHEHHBIX CTaTeil He BeIeTCs.

. PemakTypa crareii BbIChbLIaeTCs aBTOpaM JJIsl TPOCMOTpa. 3aMevaHusl K peIakType TOKHBI OBbITh ITPHCIaHbI

aBTOpaMU B KpaT4yaMIlive CpOKHU.

Pykonuce nnpenocrasisercs B 21eKTpoHHOM Buze B popmatax MS WORD (.doc unu .docx) nnu BIEX (.tex),
JIOTIOJIHUTENIbHO — B (hopMarte .pdf, Ha guckeTe, JIa3epHOM JIMCKE WU 3JIeKTpOoHHOI ouToii. [Ipenocrasie-
HHe OYMaXKHOI pyKOITMCHU HEe00sI3aTeIBHO.

. IIpu nmoaroroske pykonucu B MS Word pekomeHmyeTcsl UCITOIb30BaTh CASAYIOIIE HACTPOMKM.

ITapameTpsl cTpaHullbl: hopMat — A4; opueHTalMs — KHUXKHAas; oS (CM): BHYTpU — 2,5, cHapyxku — 1,5,
CBEpXy — 2, CHU3Y — 2, OT Kpas A0 HUXKHEro KojJoHTutyaa — 1,3.

OCHOBHOI TeKCT: CTUJIb — «OOBIYHBIN», IpU@PT — Times New Roman, pasmep — 14 nmyHKTOB, ab3allHbI
orctyn — 0,5 cM, 1,5 uHTepBaia, BbBIpaBHUBaHWE — IO IIIMPUHE.

PexoMenmyeMblit 00beM pyKOIUCH — He cBbilIe 20 cTpaHMII yKa3aHHOro hopMara.



CokpallleHus1 CJI0OB, TIOMUMO CTaHAAPTHBIX, HE JomycKaroTcs. JlomyckaeTcss MUHMMAIbHOE KOJUYECTBO
abbpeBUaTyp.

Bce cTpaHUIIBI pyKOIMCH HYMEPYIOTCS.

[la6monsr mpumepoB odopmieHUs mpencrabieHsl B MHTepHere: http://www.ipiran.ru/journal /
template.doc

8. Crarbs noJKHA cofepKaTh CICAYIONIYI0O MH(MOPMALIMIO HA PYCCKOM U AH2AUIICKOM A3bIKAX:

— Ha3BaHME CTATbH,

— ®.1.0. aBTOpPOB, Ha AHTIIMHCKOM MOXHO TOJIBKO UM 1 (haMUITHIO;
— MecTo paboTHI, C yKa3aHWeM MTOYTOBOTO aJpeca OPraHU3allny 1 3JIEKTPOHHOTO ajipeca KaXI0To aBTopa;
— cBeIeHUs 00 aBTOpax, B COOTBETCTBUU ¢ HOpMAaTOM, 0OPa3Libl KOTOPOTO MpPeICTaBIeHbl Ha CTPAaHMLIAX:
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;

— anHotauusg (He MeHee 100 c1oB Ha KaxkKaIOM U3 SI3bIKOB). AHHOTalLMSI — 3TO KpaTKOe pe3ioMe padoThI,
KOTOpOE€ MOXKET IMyOJMKOBAaThCsI OTAeAbHO. OHa SBISETCS] OCHOBHBIM HMCTOYHUKOM MHGpOPMalMU B
MHGOPMALIMOHHBIX CUCTEMaX M 0a3ax JaHHBIX. AHIJIMIICKas aHHOTAIMS NODKHA ObITh OPUTMHAJIBHOIMA,
MOKET He OBITh JOCJIOBHBIM ITEPEBOIOM PYCCKOTO TEKCTA U TOJDKHA OBITh HAITMCaHA XOPOIIIMM aHTJIMICKAM
SI3BIKOM. B aHHOTaImu He TOKHO OBITh CCBHIJIOK Ha JIUTEpaTypy U, IO BO3MOXHOCTH, (POPMYIT,;

— KJIOYECBLIC CJIOBA — XKCJIATCJIbHO U3 IIPUHATLIX B MHpOBOfI Hay‘IHO—TeXHquCKOfI JINTECPATypC TEMATUYC-
CKHUX T€3aypyCoOB. Hpe)l)'IO)KCHI/IH HC MOI'yT OBITh KJIIOUEBBIMU CJIOBAMM.

9. TpeboBaHUsI K CIIMCKaM JUTEPaTYPHI.
CChUIKM Ha JIMTEPATypy B TEKCTE CTaThM HYMEPYIOTCs (B KBaApaTHBIX CKOOKAX) M PacIojiaraloTcs B Kax1IoM
13 CIIMCKOB JIMTEPATYPhl B IOPSIIKE MEPBBIX YIIOMUHAHUIA.

Crniucku JINTEPATYPHI ITPEACTABIIAIOTCA B IBYX BapHaHTaX:

(1) Comcok MTepaTypsl K pyCCKOSA3bIYHOM 9acTn. Pycckue u aHmmiickue paboThl — Ha sSI3bIKe U B ajichaBUTE
OpUTHMHAJIA;

(2) References. Pycckuie paboThl 1 pabOThI Ha APYTUX SI3bIKAX — B JIATMHCKOM TPAaHCIUTEPALIUU C TIEPEBOIOM
Ha aHTJIMCKUI SI3bIK; aHTJIMICKUE paOOThI M pabOThI HA IPYTUX SI3bIKaX — Ha sI3bIKE OpUTHUHAJIA.

Pexomennyercst st coctaBieHus crmcka “References” mosib3oBaThesi pa3MellleHHO# Ha caiite http://
translit.ru/ (ormuus BGN) 6ecriaTHo# mporpaMMoii TpaHCIMTEPALMU PYCCKOTO TEKCTa B JIATHHHUILY.

Cricok mutepatypbl “References” mMpuBOIUTCS TTOTHOCTBIO OTOEIBLHBIM OJIOKOM, ITOBTOPSISI BCE TTO3ULIMU
U3 CMMCKA JIMTEPATypbl K PYCCKOSI3bIYHOM 4YacTU, HE3aBHCUMO OT TOTO, UMEIOTCS WJIM HET B HEM WHO-
CcTpaHHbIe UCTOYHMKU. Eciu B cricke auTepatypbl K PYCCKOS3bIYHONM YaCTU €CTh CChIJIKA HAa MHOCTPaHHbIE
MmyOvKaluy, HabpaHHbBIE JaTUHUIICH, OHU TTOJTHOCTBIO TTOBTOPSIIOTCS B cricke “References”.

Hwke mpuBeieHbl TpUMEPBI CCHIJIOK Ha pa3IndHble BUIbI ITyOnKaiui B crincke “References”.
Onmcanne CTaThU U3 JKypPHAJIA:

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.

Omnucanye CTATbU U3 3JEKTPOHHOTO JKypPHAJIA:

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).

Onucanne CTaTbU U3 MPOIOJIKAIOIIErocs H3AaHus (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.



10.
11.

Onmcanne MaTepranoB KoHgepeHmmii:

Usmanoy, T. S., A. A. Gusmanov, 1. 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 Kuuru (MoHOrpaduu, COOPHUKH):

Lindorf, L.S., and L. G. Mamikoniants, eds. 1972. FEkspluatatsiya 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.

Omucanue nepeBoAHOI KHUTH (B CITMCKE JTUTEPATYPhl K PYCCKOSIBBIYHOM YacTh HeobxomuMo ykasate: / [lep. ¢ aHmI. —
MocJie Ha3BaHUSI KHUTH, a B KOHIIE CChUIKU YKa3aTb OPUTMHANI KHUTH B KPYIJIBIX CKOOKAX):
1. B pyccKkosi3bIuHOM YyacTu:
Tumowenko C. I1., Hne JI. X., Yusep V. Konebanusi B unxkeHepHom 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 aHMI0s3bIYHOI YacTH:
Timoshenko, S. P., D. H. Young, and W. Weaver. 1974. Vibration problems in engineering. 4th ed. N.Y.: Wiley. 521 p.

Ommcanne HeOMy0JIMKOBAHHOTO IOKYMEHTA:

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.)

Ommcanue MHTEPHET-pecypea:

Pravila tsitirovaniya istochnikov [Rules for the citing of sources]. Available at: http://www.scribd.com/doc/1034528/
(accessed February 7, 2011).

Onucanue AuccepTaIMU WK aBTOpedepaTa quccepranuu:

Semenovy, 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.

Onucanne '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.

Onncanue naTenTa:

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.

IIpucnanHbie B pegakiinio MaTepHUaibl aBTOPAM He BO3BPAILIAIOTCS.

ITpu oTnpaBke (haitI0B MO 2AEKTPOHHOM MOUYTE MTPOCUM MPUAEPKUBATHCS CAEAYIOLIUX MPABUI:

— yKasbIBaTh B I0Jie subject (TeMa) Ha3BaHUe XXypHaia U (haMUIIMIO aBTOPA;
— HCMOJIb30BaTh attach (mpucoenrHeHUeE);

— B COCTaB 3JIEKTPOHHOM BEpCUU CTAThU JOJDKHBI BXOAUTH: (Daiij, comepKaliuii TeKCT CTaThH, U (aiti(bl),
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