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CTPYKTYPHAA JEKOMITIO3NLINA MATPUYHBIX CUCTEM

A. C. Onenun!

Annoramus: PaccmaTpuBaeTcss omviH M3 BO3MOXHBIX TIOIXONOB K paclapauieIMBaHUI0 MAaTPUYHBIX CHCTEM
IyTeM WX CTPYKTYPHOU JEKOMIO3ULIMYA HA COBOKYITHOCTh MTOJACUCTEM, HE3aBUCUMBIX Ha OTIPEAETICHHOM JTare
BbrunciaeHuit. ChopMyTpoBaH KOHCTPYKTUBHBIN aJITOPUTM IEKOMITO3UIIMOHHOTO METOA M IaHa OlLIeHKa ero

BbIYMCJIIMUTCIbHBIX 3aTpar.

KnoueBsie ciioBa: MaTpuYHasi CUCTEMa, JICHTOYHAST MaTpUIa; ITOJIHAsI MaTPUIIA; TPEYrojbHasl MaTpuIla; GJIOUHast
TpexararoHajibHass MaTpWIla; JeKOMIIO3UIIMS; BEKTOp pa30ueHwusi, OTpe3oK pa3bueHus; dakropusanus; LU-

Pas3I0KEHUE,; pacrapalyIcIMBaHUE

PasBuTtrie coBpeMeHHBIX MH(POPMAIIMOHHBIX TEX-
HOJIOTHIT BPSII JIM BO3MOXHO 0€3 pa3pabOTKM pallu-
OHaJBHBIX TOAXOAOB K CTPYKTYPHOM OpraHu3auuu
BBIUMCIIUTENbHBIX 3adad U ajaroputmoB. OT 3Toro
HaIpsIMYIO0 3aBHUCUT MPOU3BOAUTEIBLHOCTb U 3 heK-
THUBHOCTb BEIYMCIIUTEILHBIX ITPOIIECCOB ITapajlIeIbHBIX
cpencts obpaboTku. Ecnu 3amaum Ha ypoBHE ajiro-
PUTMOB He 00JIalaloT TOCTaTOYHOI CTEeTNEeHbIO Mmapa-
Jleii3Ma, TO He CieoyeT OXUAAaTh BBICOKOW IPOM3-
BOJIUTENBHOCTU TIPU UX pELIeHWU Ha MapaieJIbHbIX
BBIYMCIIATEILHBIX CUCTeMax. To e camMoe OTHOCHUTCS
U K BEKTOPHOI 00paboTKe.

Hepenko addekTruBHBIE, 000CHOBAHHbBIE TEOPETH -
YeCKHU 10 TOYHOCTH, YCTOMIMBOCTU U TIHIATEIHHO OT-
paboTaHHBIE Ha IMPAKTUKE BEIYMCIUTEILHBIC aJTOPUT-
Mbl [1, 2] B cBoeil OOBIYHOI (HOPMYIMPOBKE MOTYT
MPU HEKOTOPBIX YCJIOBMSIX TEPsITb CBOMCTBA Iapa-
JIEILHOCTU Y CTAHOBUTHCS MPEUMYIIECTBEHHO MOCIe-
IoBaTeIbHBIMA. VIMEHHO B TaKHMX CUTYAIMSAX BaxKHO
MIPeIITPUHUMATH IIIATH IT0 CTPYKTYPHOU MOIN(PUKAITNN
aJITOPUTMOB, C TEM UTOOBI MOBBICUTH UX CTETNEHb Ma-
pauienu3Ma. MHorma sTa 1eab JOCTUTaeTcs 3a CuUeT
HEKOTOPOro YBEJIWYEHUS] OOIIEro 4ucjiaa ornepanui,
HO TIpW 3TOM HapallliBaHME ITapajiIeIbHBIX CBOICTB
ITO3BOJISIET CO3IaTh BeChbMa 3HAYMTETBHBIN ITOTCHITNAT
TIPOU3BOIUTEITBHOCTH.

Ciemyer OTMETHTh, YTO IIpobjieMa CTPYKTYpHOI
MOIUMUKALIUU UCXOAHOTO aJITOPUTMA C LIEJIbIO TTpUIa-
HUs eMy 0oJiee BBICOKOH CTeleH Mapaiieru3Ma siBJisi-
eTcsl BeChbMa HeMpOCTOH U, IO CYIIECTBY, pABHOCUJIbHA
CO3[IlaHUI0 HOBOT'O aJITOPUTMA, B KOTOPOM COXPaHEHbI
YepThl CTAPOTO B crielnpuIecKux ycaoBusx. [Toaxonb
K pelIeHUIO 3TOM MPOo0JieMbI pa3HOOOPa3HHI [ 3] ¥ CHITb-
HO 3aBUCST OT XapaKTepa BEIUMCIUTEbHBIX 3aaa4. [Tpu
3TOM IO OOJIbIIIEH YaCTU OCYILIECTBIISIETCS BHISIBJICHUE
W peanusalivs MapaieJIbHbIX CBOMCTB aJrOpUTMOB B

paMKax MX MCXOMHOM CTPYKTYyphl. [lanee OymeT m3io-
JKE€H OOWH M3 BO3MOXHBIX IOIXOIOB, CBSI3aHHBIA CO
CTPYKTYPHO# IEKOMITO3UIIMEI MaTPUUHBIX CUCTEM, U
00CYXIAeHbI €r0 OCOOEHHOCTH.

Bynem paccMaTpuBaTh TMHEHHOE ypaBHEHHE C MaT-
pUlieii IEHTOYHOTO TUIIA, [e MaTpUla UMEET pa3Mep
(N x N) u mmpuHy JIeHTH 2m + 1, rIe m — 4YHuciio
JuaroHajei Haj (I101) rIaBHOM AMAaroHaIbio

m
E QiitjTivy = fi, ©1=12,...,N, (1)
j=—m
xl—mzoa x2—m:01"'ax0:01
ZN+1 =0, ZNyi2=0,..., TNym =0.

B ToMm ciydae, Korma 3HaueHME 1 IO BETMYMHE
cpaBHUMO ¢ N, MaTpulia 0JM3Ka K TOJHOM, U ISl ee
pellIeHMS IIUPOKO UCTIONb3YIOTCS, HAIIPUMep, METO/bI,
OCHOBaHHbIE Ha Tpoleaype dakropuzanuu. OmHaAKO
aHaJIN3 TTOKA3bIBACT, YTO TUIIMYHBIN IIPOIECC BHIUMC-
JICHWU BIOJb TJIaBHOM IWMAroHajiu B IIOJOOHBIX Me-
TOMaxX SIBJISIETCS] TIOCIICAOBATEIFHBIM, a TapaljIeIN3M
00YCJIOBJIEH HaJIMYMEM TOOOYHBIX IMAroHajen, mpu-
yeM mapajjie/uIu3M TeM BbIle, YeM OoJibllie 3aaeii-
CTBOBAaHHBIX AWAroHaJIei, T.¢. 9eM OOJIbIIe IMMPUHA
JIEHTBbI MaTpuLbl. [To3TOMY IIpU MaJIOi LIMPUHE TEHTHI
npoiiecc (pakTopru3aliv CTAHOBUTCS MPEUMYLLIECTBEH-
HO MOCJeI0BaTEAbHBIM Y MAJOMPUTOIHBIM TSI cUeTa
Ha TMapaJIeJIbHbIX cpeAcTBax. Mexay TeM MaTpUuHbIe
CUCTEMbI C MaJIOW IIUPUHON JIEHThI YaCTO MPUMEHSI-
I0TCS B peaJIbHBIX BBHIYMCICHUSIX, W WX ITapajuiesIbHasT
pean3anus BeCbMa aKkTyajibHa.

IIpemnaraeMslii TTOAXON 3aKITIOYACTCSI B TEKOMIIO-
3ULMU (pa30UEeHUN) MUCXOIHONH CUCTEMBI Ha COBOKYII-
HOCTb TIOACUCTEM, HE3aBUCHMBIX APYr OT Apyra Ha
ofpeJeJIeHHOM 3Tarie BblurciieHuit. CBsI3b 3TUX MOJI-
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CTpyKTypHast IeKOMITO3UIIVSI MATPUYHBIX CUCTEM

CUCTEM OCYILIECTBIISIETCS MyTeM (DOPMYTUPOBAHUS OT-
JeJbHOM 3a1auM, KOTopast MO3BOJISIET BHIMOJTHUTD pac-
yeT MOACHUCTEM B TapaylJieJbHOM peXHuMe, a 3aTeM
BBIYMCIIUTh OKOHYATEJIBHBIN pe3ynbTaT IS MCXOTHOMN
CUCTEMBI.

HMtak, pazobbeM BCIO MOCIEIOBATEIbHOCTh HEU3-
BECTHBIX Ha 1 + 1 OTPE3KOB € MOMOIIbIO 12 BEKTOPOB
Xp =A{xili = ig,ix+1, ... ig+m—1}Lk=1,2,....n,
Xo =0, X;,+1 = 0. Orpe3ok c HoMepoMm k orpaHUYeH
clieBa BEKTOPOM X _ 1, CIIpaBa — BEKTOPOM X .

Pemenne cucremsr (1) OymeM MCKaTh B BUIE

zi=yi+ Y > 0wy, =12, ,N. ()
k=1p=1

3amnuiieM 310 BhIpaKeHNE B BEKTOPHO-MaTPUYHOM
(opme 17151 TPOU3BOIILHOIO BEKTOpa pa3oueHus X;:

n
X =Y+ Y VVx,. 3)
k=1
31ech BEKTOPBI UMEIOT pa3Mep 1, MaTpULIbl — pa3Mep
(m x m):
L, Yi,
X, = Tig+1 LY, = Yii+1 :
Liy+m—1 Yig+m—1
o) O] o)
zt,l zt,2 e zt,
*) &) &) &)
‘/t = it+171 it+172 o lt+1 m
(k)... (k)... (k)...
Viptm—1,1 Yiyim—-1,2 - Yidlm—1,m

Jnsg Toro 4toObl paBeHCTBO (3) TOXIECTBEHHO
VIOBJIETBOPSUIOCh Ha BEKTOpPe X, HEOOXOTMMO BBI-
TTOJTHEHUE YCIIOBUIA:

E, t=k;
)

vk _
¢ 0, t+k,

Y, =0;

rme E — eqmHMYHAA MaTpuIia pa3mepa (m X m).
[Moncrasisast Beipakenue (2) B cucreMy (1), momy-
YyaeM Cepulo 3a/1ay:

m
Z Qi iviYits = [is
j=—m

m

&) _
E @ii+jVigp = 0,
j=—m

i=1,2,...,

S, (&)

Hanee mpuMeM BO BHMMaHME, YTO Ha TpaHMIAX
oTpe3ka k, T.e. Ha BeKTopax Xj_1 U Xj, COINIACHO
ycIoBHSIM (4), UMEIOT MECTO I'paHUYHbBIEC pABEHCTBA:

Yer1=0; Yr=0;

voV=e; vy Y=o

v =0; vP=E

U3 5THX paBEHCTB CJIEAYET, YTO Ha OTPE3Ke k TOJb-
ko nBe dyukn (v~ 1 v¥)) u3 cucrem (5) GymyT
MMeTb HEHYJIEBbIE PEIICHUS], TIOCKOIbKY TOJIbKO OHU
MMEIOT HEeHyJIeBble 3HAUCHUSI Ha TPaHULAX (IPH HyJle-
BOI MpaBoii yacTu cuctem). Jist ynoocTBa 0003HAUYUM
dynxkmmio v(* 1) Ha orpeske k uepes uF). TIpugem
CITeIyIOIIeil COBOKYITHOCTY CHCTEM Ha OTpe3Ke k:

Z agkz)—i-g 1-?—] fz(k)7 Y11= 0; Y = 0; (6)

k) (k) _
Z @i ipjUityp =

j=-m

0; oM =£; uP=o,

Lo (7
p=14...

o5 .
Z a“+] i+jp 0;

U

v =0; v\Y =g,

®)

BerencTBre yCIOBUil Ha TPaHHUIAX HEM3BECTHBIX
3HaueHnit cuctemsl (1), uY) = 0 Ha mepBoM OTpe3Ke,
v(") = 0 — Ha otpeske n + 1.

C yuyetoMm 3amau (6)—(8) BeIpakeHUe (2) Ha OTpe3-
Ke k IpHHIMaeT BUI

k k k
( ) = - yz( ) + Zuz(’p)xik—1+17*1 +
p=1

+ ngj)xik"'p_l . (9)
=1

Terepp 3anmumreM cucteMy (1) Ha BekTope Xy, yIu-
TBIBasI, 4TO CJICBa OT HETO PACIIONIOKEH OTPE30K k, a
crpaBa — OTpPe30K k + 1:

AR X®) 4 Box, + cRHD xRHD) — 0 (10)
3nech BepXHUE MHAEKCHI OTHOCSATCS K OTpe3kaM, a
HIDXKHUE — K BEKTOpaM pa3oueHus,

WHOOPMATUKA U EE TPUMEHEHUWS Tom 2 BbImyck 3 2008 3



A. C. Onenun

aik,ik—m aik,ik—m-'rl aik,ik—l
A0 0 Qi +1,i)—m+1 Qi +1,i—1 ;
0 0 Qip+m—1,i,—1
Qi i, Qi i +1 Qi i +m—1
Qjp 41,3, Qi +1,i+1 Qi +1,ip+m—1
By = ;
aik-'rm—l,ik aik-'rm—l,ik-‘rl aik-l-m—l,ik-‘rm—l
Qi ig+m 0 0
(k+1) _ Qi +1,i,+m Qij+1,ip+m+1 0 )
C = ;
Qi +m—1,ix+m  Gig+m—1,5+m+1 Qi +m—1,i,+2m—1
X#) = {Zili = ig—my- -y ik—1}; 2. Haittu pemenne csisyromieit 3agaun (11) Ha BekTO-
Xy ={xili =g, ., ikym-1}; Pax pasGHeHNsL.
E+1) _ S : .
XD — L0ili = g ooy lkgomo1}; 3. (I;)I:I'{I/ICJ'II/I’I(“I; )HeI/I3BeCTHBIe 3Ha4yeHus cuctemsl (1) mo
. . opmyJe (9).
Fp ={fili =i, ... igrm—1},

rae A%) — BepxHsist TpeyroyibHasi MATPULIA, CBSI3aHHAS
C OTpe3KoM k; Bj — IOJHAas MaTpulia, CBA3aHHAs C
BekTopoM k; C*T1) — HypkHsis TpeyroibHast MaTpuLIa,
CBSI3aHHAas C OTPE3KOM k + 1.

Beipasum Bektopel X (F), X (+1) g cucreme (10)
yepe3 BEKTOPHI pa30ueHMs, UCITONb3yd dhopmyiy (9):

X® —y® g®x, | +vE X,
X(k-’rl) — Y(k-‘rl) 4 U(k+1)Xk 4 V(k-‘rl)XkJrl .
BI/IZ[ BBCIACHHBLIX 31€Ch BEKTOPOB 1 MaTpUIl ACEH U3

BeIpaxkeHmsI (9). [Tocie momcTaHOBKM 3THUX COOTHOIIIE -
Huli B cucteMy (10), Toxyanm

ApXp—1+ BpXy + CXpy1 = Fy.,

k=1,2,...,n, (11)

rae

Ay = ARy E) .
B, =A®y® L g 4 okt i),
Cp = Dy (E+1)
Fr = F, — AWy ®) _ oty (k+1)
Cucrema (11) umeeT OJOYHYIO TpexAUaroHajlb-
HYIO MaTpUIly U SIBJIIETCSl CBSI3YIOIIEH MJIs TOICHC-
TeM (6)—(8).
Wrak, misa pemeHusa 3agadu (1) B COOTBETCTBHU

C U3JI0KEHHOW CXeMOU JeKOMITIO3ULIUM HEeOOXOAMMO
BBITTIOJIHUTD CJICAYIOLINE NEVICTBUS:

1. Penmuts 3amaum (6)—(8) Ha oTpe3Kax pa3doueHus.

Hanee 3aliMeMcsl OLIEHKON BBIYMCIMUTEIbHBIX 3a-
TpaT IeKOMITO3UILIMOHHOH cXxeMbl. BHauyajie BCHOMHUM,
YTO, HEMOCPEICTBEHHO TIPUMEHSIST IS peIleHUs 3a-
TaHHOMU cucTeMBl (1) Takoil MMPOKO pacIpocTpaHeH-
HBIM MeToA, Kak LU -pa3ioxeHue, TpeOyeTCsl BBITION-
HUTb Topsaka m2N onepaunit. CienyeT BBISICHUTD,
MPUBOJIUT JIM JEKOMIIO3ULIMOHHAS CXeMa K yBeJuue-
HHUIO 00beMa BBEIYMCICHWI M eCIU TPWBOIMT, TO Ha
KaKylo BEeTMYMHY 10 cpaBHEHMIO ¢ LU -pa3ioXeHNEM.

Bynem mosaraTh, 4TO OTpe3KU pa30MeHNS IIPUMEp-
HO paBHBbI U UMEET MECTO OObIYHOE paboyee COOTHO-
HIEHWE TapaMeTpoB: m K n < N, rne n > 1. dnsa
pellIeHMsT IMHEHHBIX CUCTEM Ha OTpe3KaX UCITOJIb3yeM
anroput™ LU-pasnoxenusi. Torma mist cucteMbl (6)
0 MOPAKY BEIMYMHBI MMeeM 7 3amad 1o m?(N/n)
ornepauuii Kaxnaas, T.e. Bcero m?N onepaumii. Cuc-
Tembl (7) u (8), eciu B HUX TPaHUYHbIE BEJIUUMHBI
repeHeceHbl B MpaBble YaCcTU, JalOT B COBOKYITHOCTU
nopsinka m3N onepauuii. Cesizytomas cuctema (11)
MOXeT ObITh pelieHa 3a m>n onepauuil. W, Hako-
Hell, ¢opmyna (9) comepXuT mpuMepHO mN orepa-
uuii. O4eBHMOHO, YTO B MPUBEICHHON OLIEHKE OIlpe-
JeNsIolell aBasgercd BeanuuHa m>N, Kortopas Npu
JIOCTATOYHO OOJIBPIINX 3HAYCHUSX I PUHBI JICHTHI MO-
KeT CYLLECTBEHHO IPEBOCXOAUTH OLieHKY m2N, uMme-
TOIIYIO MECTO TIPH PEIIeHUH NCXOMHOM crcTeMBI (1) 6e3
MpUuMeHeHus Aekommo3uunu. M 3aech Bo3HUKAET Ipa-
BOMEPHBII1 BOIIPOC: HE SBJSETCS JIU JOMOJHUTEIbHasI
BBIUMCJIUTEIbHAS Harpy3Ka, cBsI3aHHas ¢ JeKOMITO3U-
LMei, CIMIITKOM upe3MepHoii? OmHaKo 3Ty Harpy3Ky
MOXHO 3HAYMTEIFHO CHU3UTh, €CJT O0OpaTUTh BHUMA-
HUeE Ha TO, YTo MaTpullbl cucteM (7) u (8) He MEHSIOTCS
10 MHJAEKCY p, TIOCKOJbKY TPaHUUYHbIE BEJTUUMHbI, KaK

WHOOPMATUKA U EE TPUMEHEHUS Ttom2 Bhimyck 3 2008
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YKa3bIBaJIOCh BhILIE, TIEPEHECEHBI B ITpaBbie YaCcTU. DTO
00CTOSATENLCTBO MO3BOJISIET UCMOJIH30BaTh CIIELU(PUKY
LU -pa3noxeHusi, KOTopasi COCTOUT B TOM, YTO 3Tam
pasoXeH!s Ha TPEYTOIbHbBIC MHOXUTEIIH IS KaXKIOM
n3 cucteM (7) m (8) MOXeT OBITH BBIIIOJHEH OXHO-
KpaTHO. A TIOCKOJIbKY 3TOT 3Tl SIBJISIETCS] JOMUHUPY-
IOIIMM TI0 3aTpaTaM, TO OLICHKY YMCia orepauuii ais
Hero OJjiaromapsi yKa3aHHOMY CBOMCTBY MOXHO CHHU-
3uth ¢ m3N go m2N. Tlpu 5ToM Ha 3Tare peleHust
TPEYTOJBHBIX CUCTeM anroputMa LU -pa3iokeHusT 3a-
TpaThl ocTaloTcsl Ha ypoBHe m2N omepauuii. Jlo6as-
N5 clofia yucio onepauuit m2N mwia cucteMsl (6),
MoJlydaeM OLIEHKY BBIYMCIUTENbHBIX 3aTpaT 1eKOMIIO-
3ULMOHHOrO MeTofa nopsaaka Cm?N onepauuii, rie
C — HebojpIasg MO BeMWYMHE KOHCTaHTa, TOYHOE
olpenesieHre KOTOpOi TpebyeT 00Jiee AeTaTbHOTO pac-
cMoTpeHus. [IpuHLMNUANBbHO BaXXHO TO, YTO OLEHKY,
COBMAAAOIIYIO C TOYHOCTBIO 10 KOHCTAHTHI (T. €. He3a-
BUCUMYIO OT LIMPUHBI JIEHTHI) ¢ OLIEHKOW MCXOIHOTO
aJTOPUTMA, YOAJIOCh TOJNYYUTH, WCIIONB3YST MUMEHHO
cneunduky LU -pasznoxenus. B ciiyuyae airoputmMos, B
KOTOPBIX OTCYTCTBYET MOA00OHAs crielin¢uKa, 3aTpaThl
Ha JIeKOMIO3UIIMI0 3HAYUTEIbHO BO3PACTAIOT. YKa3aH-
HOe OOCTOSITEJIbCTBO HAIISIAHO AEMOHCTPUPYET BaxK-
HYIO U TIPWJIOXEHUI CUTYalUIo, KOTa CTPYKTYpHas
JIEKOMITO3UIIMS 3aa4y Ha Moja3agayyd TpeOyeT BHHUMa-
TEJILHOTO OTHOIIIEHMS K aJITOPUTMAaM peaTu3allii.

HWtak, mnpuMEHUB JOEKOMIO3ULIMOHHBIN METO,
MOXHO mpubau3utesbHo B C' pa3 yBeIWYUTh OO0b-
€M BBIYMCJICHUI, HO OMHOBPEMEHHO MOJYIUTD CYIIIE-
CTBEHHBIH ITOTEHITAJ pacHapayieanBaHus. JleiicTBu-
TeJIbHO, caMmas 3aTpaTHas 9acThb METOHa, CBSI3aHHAS C
cucreMaMu (6)—(8), pacmamaeTcst Ha n + 1 He3aBU-
CUMBIX TO/I3aJ1a4 Y MOXET BBITIOJHATHLCSA KaK B Mapa-
JIeJIbHOM, TaK 1 B BEKTOPHOM pexkume. PellieHue cBs3y-
fouieit 3amaun (11) cBOOMTCS K BEKTOPHO-MATPUUYHBIM
ornepaumsiM, KOTOpble €CTECTBEHHO pacrnapasuieiiBa-
oTca 1 BekTopusyorcs. Mopmyina (9) BHOCUT MeHee
3HAUYUTEIbHBIN BKJIaA B OOLIMIA 00bEM BBIUMCICHUN U
Takke obiamaeT napauieTbHbIMU CBOMCTBAMM.

OTMeTHM, YTO XapaKTepHas CTCIICHB ITapajijIeIi3-
Ma CXeMBI IEKOMITO3UITH OTIPEAEIIICTCS YMCIIOM ITOJTY -
YeHHBIX HEe3aBUCUMBIX ITO3a1a4, T. €. ITapaMeTPOM 1.
CrnenoBaTeibHO, HepaBeHCTBO n > C' ycTaHaBJIUBa-
€T NMPUOJMXEHHBI KpUTEPUid, MOKa3bIBAIOIINIA, KOTa
3 ¢eKT Mo BpeMeH! BBEIYMCICHUI 3a CUET mapasiie-
JIM3Ma CXeMBI JeKOMITO3HIIUHM MOXKET CTaTh BBIIIIE, YeM
IMOTepr M3-3a OOJIBIIEro YMcia omepainmii. WM aror
3 deKT OYIET YCUTUBATHCS C POCTOM 7.

CrenaeM HeCKOJIBKO 3aMeUYaH1 i1 0 KaUyeCTBE BHIYUC-
JIEHU# Mo IeKOMITO3ULIMOHHOM cxeMe. He yxymmmrcs
JIM OHO TI0 CPAaBHEHUIO ¢ HETTOCPEICTBEHHBIM CUETOM?
KauecTBo pereHnsT TMHEIHON CUCTeMBI 3aBUCHUT, KaK
M3BECTHO, OT CBOMCTB ee MaTpulibl. Eciiu 11 MaTpuLibl
3afaHHON cUcTeMbl (1) BBIMOJHEHBI JJOKATbHbBIE YCIO-

BUSI YCTOMYMBOCTY (HaIpUMep, TUaroHajJbHOe Mpeood-
JIaiaHue), TO 3TU YCIIOBUS CITPABETUBHI U TSI TIOIMAaT-
pHII, KOTOpbIE YIACTBYIOT B mon3anavax (6)—(8). ITo-
3TOMY Ka4eCTBO BBIYMCIIEHWI B TIO3aadyax OCTAETCS
Ha YPOBHE TIPUHSTOTO ajJlropuT™a perieHus. Yro kaca-
eTcs cBasymwleit cuctemsl (11), To ycoBuUs ee yCTo-
YUBOCTH TaKKe SIBJISTIOTCS TPOM3BOTHBIMU OT CBOMCTB
HMCXOIHOM MaTPUIIbl M HE OKa3bIBaIOT CKOJIBKO-HUOYIb
CYIIIECTBEHHOTO CAMOCTOSITEIBHOTO BIMSTHUS Ha Kade-
CTBO BBIYMCIIMTEILHOTO TIpotiecca. M Bce ke, mpuBoms
TEOPETUIECKUE COOOPaKEHUsI, CIEAyeT NUMETh B BUY,
YTO KaYECTBO BHIYMCIIUTEIbHBIX TPOLIECCOB, OCOOEHHO
B CJIOXKHBIX 3a/1ayax, HauboJiee HaJeXXHO obecIeurBa-
€TCSI C TIOMOIIIBIO MTPAKTUIECKUX BEIYUCTICHU.

[Mpusenem bopMyTMpOBKY METOAA TEKOMITOZUIINT
IUTST PAaCTIPOCTPAHEHHOTO B peaTbHBIX 3aMavyax cirydast
m = 1, T.e. VI CUCTEMBI C TpeXIUaroHaJbHOU MaT-
puneit. Takast cucteMa OOBIYHO 3aIMChIBAETCS CIEIY-
IOIIUM 00pa3oM:

a;Ti—1 +biw; i = fi, i=1,2,...,N;

z0=0; 2xny41=0.

B aToM ciiyyae BUI CTPYKTYpPHOM TEKOMITO3ULINY U3
BEKTOPHO-MaTpUYHON (hOpMBI TIEPEXOIUT B CKaISIP-
HyIO (BEKTOPBI pa3OMEHMST CTAHOBSATCS CKAJSIPHBIMU
BEJIMYMHAMM):

oy + 0y 4+ Pyl = 12
%(f)—l =0, %(f) =0;

agk)uz(-li)l + bgk)ugk) + cz(-k)uz(-l_f_)l =0, 13)
ugfll =1, uff) =0;

R
=0, o o1

CBHSy}OH_[aH CHUCTEMA an/I06peTaeT BUO:

QTh-1+ 0kTk + ChTp1 = i, k=1,2,...,n; (15)

T=0; Tp+1=0;
Tk = Ty,

(k)

ir—17

Tp—1 = T4 -1 Tlt1l = Tip+15

ap = Q) —1U

7 (k) (k+1)
br = @iy 105, "y A biy + i1ty {15

- (k+1) .
Ck = Cip+1Y 41 5

— k k+1
fo=fi. — aikfl.%(k)_1 - Cik+1y§k+1)

Hewu3sBecTHbIe 3HaUEHUSI HA OTPEe3KaX BbIYUCIISIOT-
cs1 1o hopmyiie:

x(,k) = yik) + ul(,k):zjik,l + Ul(k)fik . (16)

3
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B cxeme (12)—(16) BBIYMCIUTEIbHBIE 3aTpPaThl IO
CPaBHEHMUIO CO CJIyyaeM, KOT/Ia IIIMpUHA JIEHTHI BEJIMKa,
MUWHUMAaJbHbI, U, COOTBETCTBEHHO, POJIb CIEeUMUKA
TIPUMEHSIEMBIX aITOPUTMOB (B PACCMOTPEHHOM BBIIIIE
CMBICJIE) TaKXKe MUHUMAJTbHA.

OTMeTNM, 9TO OOBITHO AJITOPUTMBI PEIIEHUST TAKUX
CHCTEM UMEIOT CYIIECTBEHHO OTPAaHNYEHHBIE BO3MOX-
HOCTM JUISl pacTliapajUleIMBaHus, MO3TOMY IpUMEHe-
HUEe JEKOMIMO3UIIMOHHBIX IMOAXOIOB U WX pacha-
paJUlenMBaHUsI, KOTIA 3TO HEOOXOAMMO, SIBISIETCS
0COOEHHO TIONIe3HbIM. Hampumep, cucTemsl ¢ JIeH-
TOYHBIMU MaTPULIAMU BECbMa YaCTO BCTPEYAIOTCS MPU
YUCJIIEHHOM pelleHur 3agady MaTeMaTUyecKoil du-
3UKU.

Bo3MoxHO Takke NMpUJIoXKeHWe MeToja B 3aJayax
MOCTPOEHUST KAHOHUYECKUX PA3JIOXKEHUM ClydalHbIX
yuxuwmit [4] (mpobiema pacrapaiiennBaHUASI TaAKUX
3aga4 obcyxpaanach ¢ akagemMukoMm B. C. bypueBsiM u
K. ®-M. H. A. M. CTennaHOBBIM).

B 3akmouyeHne mogyepKHEM, YTO METONBI CTPYK-
TYPHOI IEKOMITO3MIIMK, HECMOTPSl Ha pa3HooOpasue
BCEBO3MOXKHBIX MPWJIOKEHUI W pealn3alnii, COCTaB-
JISIIOT I10 CYTH eAMHBIA, BeCbMa MOIIHBIN (yHIaMEH-
TaJbHBII MHCTPYMEHT pachapajuleIMBaHUs 3agad U
IMO3TOMY TPEACTABISIOT 3HAYMTEIbHBIA WHTEpEeC IJIsT
BBIYMCITUTEIBLHBIX aCIIEKTOB MH(GOPMATUKA U MHGDOP-
MaIMOHHBIX TEXHOJIOTHIA.
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CONCURRENT DESIGN AND VERIFICATION OF DIGITAL

HARDWARE

S. Baranov', S. Frenkel?, V. Sinelnikov?, and V. Zakharov*

Abstract: The main goal of this paper is to present a new design verification methodology for complicated digital
systems, designed by high-level synthesis. This methodology is based on Algorithmic State Machine (ASM)
transformations (composition, minimization, extraction, etc.), special algorithms for Data Path and Control Unit
(CU) design, and very fast optimizing synthesis of finite state machines (FSM) and combinational circuits with
hardly any constraints on their size, that is, the number of inputs, outputs, and states. Design tools supporting this
methodology allow very fast implement, check and estimate many possible design versions, to find an optimized
decision of the design problem and to simplify the verification problem for digital systems. In contrast to existent
semi-formal approaches to verification of industrial systems, based on combination of simulation and formal
verification approaches, a formalized method based on concurrency of synthesis and verification that is providing
regular efficient way to verify the system designed properties starting from its semi-formal specification up to field

programmable gate array (FPGA) implementation is considered.

Keywords: digital systems design; formal verification; finite state machine

1 Introduction

Designers of complex digital systems on chips need in
practical validation methods and tools to guarantee a
perfect design before the process of manufacturing is
started. This validation is performed mostly as a “veri-
fication,” checking if a system design is correct with
respect to a specification (which is understood here as
an initial description of aimed design on a given repre-
sentation level (e.g., FSM, register-transfer (RTL), or
gate level) [1]. The goal of design verification is to ensure
both the functional and timing correctness of a design
implementation with respect to its specification.

How to verify the correctness of high-level synthe-
sis becomes a key issue before mapping the synthesis
results onto a silicon. In the meantime, it has been ob-
served that verification becomes the major bottleneck,
i.e., up to 70%—80% of the overall design costs are due
to verification.

To provide an ideal verification, one needs a specifi-
cation of the target design, giving a unique description
of requirements to the target design. In very general
case, this is, in fact, a necessary condition of exhaustive
verification. But realization of the algorithm verification
is a very difficult problem, because presently, the design
activity being a hierarchical in nature, involves different
professionals in the design process. For example, a sys-
tem designer transforms algorithms of the target design

"Holon Institute of Technology, Holon, Israel, samary@012.net.il

to a behavioral RTL description, logic designer trans-
forms the behavioral RTL description to a structural
RTL description. Circuit designers generate transistor-
level netlists that implement the structural RTL.
Layout designers generate layouts for the transistor-level
schematics.

At this stage, there are numerous verification prob-
lems. They include functional (logic) verification, tim-
ing verification, electrical verification, and physical de-
sign rule verification.

Full-automatic verification of complex processor de-
sign is a dream of all system designers. Hardware module
is formally verified by stating a property on the design
and then checking that the design satisfies the property.
Ususally, the property expresses a condition on the hard-
ware module that should never happen in a reachable
state (or conversely, a condition that should always be
true in a reachable state). Formally, the property is an
invariant which is a boolean formula over some signals
of the module. The module M satisfies the invariant [ if
every reachable state of the module satisfies I [2].

Unfortunately, the exponential complexity of all for-
mal verification algorithms is well known that, it seems,
excludes this dream realization, at least for large designs
with very large state spaces which cannot be handled.
Therefore, one of the ways to overcome the verification
complexity is using of the combination of formal and

2Institute of Informatics Problems, Moscow, Russia, slf-ipiran@mtu-net.ru

3Holon Institute of Technology, Holon, Israel, samary@012.net.il

4Institute of Informatics Problems, Moscow, Russia, VZakharov@ipiran.ru
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informal verification models [3] to solve the verification
problem as effectively as possible.

Speaking on informal specification, they usually take
into account the checking via simulation (driven by ran-
dom and handwritten inputs). However, simulation
test cannot handle all possible cases and also is rather
expensive and not scalable [4].

Further, from the economical point of view, it is de-
sirable that a hardware design project should start with a
modular and abstract specification. An implementation
should be constructed through successive refinement of
the specification while maintaining the interfaces be-
tween modules.

However, usually formal verification models are
automatically compiled from RTL source code, that is,
from rather late and error-prone stages of design process,
when designer have to describe the logical structure of
design manually.

It would be desirable to use some knowledge re-
ceived during synthesis, and moreover, the verification
technique should match a target system synthesis. For
this goal, a designer needs tools and methodology for
concurrent activity in design and verification.

The main goal of this paper is to analyze the state-
of-the-art of the current design verification practice to
submit, relying on this analysis, a new methodology for
high-level and logic design and verification of compli-
cated digital systems. This methodology is based on
using of the ASM for specification of digital systems at
the high level [5]. In fact, the ASM model description
of a digital system is a flowchart with microoperations
and conditions of their execution in its nodes. One of
novel aspects of this approach is that the verification
should match the design (synthesis) technique. In fact,
we can speak about “concurrency” of the synthesis and
verification activities in the framework of this approach.

This methodology is supported by software design
tool Abelite which allows very fast implement, check
and estimate many possible design versions, to find an
optimized decision of the design problems and to sim-
plify the verification problem for digital systems. We
consider a possibility to provide semi-formal specifica-
tion, harmonized with the synthesis process, providing
the receiving test benches for verification by simulation,
guaranteed enough coverage if all synthesis require-
ments are carried out. The synthesis takes into account
area/delay overhead constraints.

2 Principal Notions

Let us outline some principal definitions for the hard-
ware verification area.

2.1 Errors

As the cause of possible incorrectness of a design, there
are some bugs of designers (at various stages of the design
process). Let us consider, first of all, the fault model,
presence of which forces us to study the verification. The
causes of the faults (or bugs) can be the following:

incorrect specifications;

misinterpretation of specifications;

missed cases;

protocol nonconformance; and

timing errors.

Note that one of a frequent cause of these errors can
be some misunderstanding between designers working at
various design stages.

So, we should take into account these possible errors
(“bugs”) in our verification studies. As it was mentioned
above, we can try to understand if there are some of
the bugs in the design either by simulation of the design
model under some stimulus or by formal verification.

These causes can lead to various errors at the structur-
al level of modeling, in CU and Data Path, in particular.
These are, for example [6]:

— Bus error: a bus of one or more lines is (total-
ly) stuck-at-0 or stuck-at-1 if all lines in the bus
are stuck at logic level 0 or 1. This generalization
of the standard single stuck line (SSL) model was
introduced in [6] in the context of physical fault
testing.

— Module substitution error: This refers to mistakenly
replacing a module by another module with the same
number of inputs and outputs. This class includes
word gate substitution errors and extra/missing in-
version errors.

— Bus source error: this error corresponds to connect-
ing a module input to a wrong source.

More advanced fault models of VHDL! RTL design
were considered in [7]. For example, they have con-
sidered change of the value of any constant and of any
occurrence of a variable, driving it to one of the values
which have an Hamming distance equal to one from
the fault free configuration (e.g., given the expression
a+ b+ a, then the two a may fail either together or sepa-
rately). Also, the following possible errors have been
considered:

— change of the value returned by a function, allowing
it to return any of the faulty values with a unitary
Hamming distance from the fault free value; and

— incorrect loop conditions such that the cycle is never
executed.

I'WVHDL — very high-speed integrated circuits hardware description language.

8 WH®OPMATUKA U EE IPUMEHEHUS tom2 BBHITyck 3 2008



Concurrent design and verification of digital hardware

2.2 Verification test plans

The verification test plan identifies the features of the
design that are to be verified. Generally, features to be
verified are interpreted and extracted from the design’s
specification or requirements document, as well as being
described or enumerated by the engineer based on his
knowledge of the design implementation.

2.3 Verification levels

The verification process is generally partitioned into the
following design levels of granularity: block-level (some-
times referred to as unit-level verification), chip-level,
and system-level. But from the modeling point of view,
we have the following granularity: algoritmic level, com-
putational model level (usually, FSM), RTL, gate level,
netlist, layout, and silicon [1]. Each design level can be
considered in terms of the modeling levels.

3 State-of-the-Art of Verification

Let us consider briefly all approaches to the design
verification.

Figure 1 shows a general model of verification where
“Design specification” and “Implementation” corre-
spond to different stages of design process. For example,
“Design specification” may correspond to an FSM while
latter is an RTL one.

Design automation and verification from RTL and
below has received most of the interests until the end
of the 1990s, resulting in different software tools. At
RTL, one or more automatic algorithms (BDD!-based
equivalence checking, satisfiability (SAT) solving, FSM,
model checking (MC), and bounded MC) are applied
to: (7) prove a design equivalent to a specified logic func-
tion or to output of the circuit simulation; and (i7) prove
that the circuit design fulfills a set of logical and tem-
poral properties [1]. Despite the inherent complexity of
these methods, their combination with the techniques
such as symbolic simulation (semi-formal, in fact) has
been reported as being essential in the verification of
processor components and memory subsystems [8].

In contrast, the first formalized functional specifica-
tion of a SoC?, expressed at the so-called “transaction
level,” is usually written in terms of algorithms and
abstract communications between large macroblocks.

Designers extensively execute test cases on simu-
lation models written in languages such as Matlab, C,
SystemC, etc. for which no formal hardware semantics
and associated formal model extraction is available.

IBDD — binary decision diagram.
2S0C — system-on-chip.

Design

. . Implementation
specification

\/ \/

Verifier
Yes No
Correct Incorrect
implementation implementation

Figure 1 General verification model

In general, there are three classes of verification
techniques: Simulation, Formal Verification, and Semi-
formal Verification. Below we outline these techniques.

3.1 Simulation-based verification

In the modern chip design practice, design of micro-
architectural specification is typically not formal and
consists of textual descriptions, block diagrams, and pa-
rameter values. Hardware (in particular, RTL) descrip-
tion languages (HDLs) are such as Verilog or VHDL.
Simulation-based design verification tries to cover de-
sign errors by detecting a circuit’s faulty behavior when
deterministic (functional) or pseudorandom tests (simu-
lation vectors) are applied [3]. Simulation-based meth-
ods are readily applicable as typical design flows use
an HDL, e.g., VHDL or Verilog, descriptions that can
be simulated using standard logic simulation tools, or
C/C++ descriptions in conjunction with a proprietary
(cycle-based) simulator. Also, logic simulation is the
area hardware designers are very familiar with.

Besides the immediate input vector simulation, so-
called “Symbolic simulation™ is used. The symbolic fault
simulation is performed to avoid generation of new test
vectors whenever a fault is covered by already generated
test vectors. The internal BDD-based representation
allows the analysis of more than one fault concurrently,
thus improving the overall efficiency of the test gener-
ation procedure; in fact, implicit analysis of faults can be
performed, while previous approaches required explicit
analysis of each fault. More details are not reported here
due to the space constraints [9, 10].
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As for abstraction level, this approach deals with
relation between faults at the behavioral and register-
transfer or logic levels.

The simulation algorithms depend on the design
error models. A set of error models that satisfy the
requirements for the restricted case of gate-level logic
circuits was developed in [3, 11].

The effectiveness of simulation can be increased if it
is guided by coverage analysis [3]. A variety of coverage
metrics have been proposed [6]: code coverage from
software testing [12], FSM-based metrics [13]. The
shortcoming of these metrics is that the relationship be-
tween a metric and the classes of design errors that they
detect is not well understood.

The most important issues in simulation-based
functional design verification are test generation, cor-
rectness checking, and functional quality measuring.
Note that the effectiveness of the simulation depends
on the design level. Block-level verification offers the
best simulation performance (i.e., takes less time to
verify) while system-level verification offers the worst
performance. A drawback of block-level verification is
that creating a test-bench, which is required to model
the block-level environment (i.e., used to drive input
stimulus into the block-level design and validate out-
put responses), might become as complex as the actual
design itself.

3.2 Formal verification

From the point of view of verification reliability, the
main benefit of formal verification is that its every step
is completely justified, that means that a formal proof
of correctness can be easily performed. These methods
rely on a language with mathematically-defined syntax
and semantics. It is important that formal verification
conducts exhaustive exploration of all possible behaviors
compare to simulation, which explores some of possible
behaviors:

— if correct, all behaviors are verified;
— ifiincorrect, a counterexample (proof) is presented.
Then:

— correctnessisguaranteed mathematically, regardless
the input values;

— no need to generate expected output sequences;

— can generate an error trace if a property fails: better
understand, confirm by simulation;

— formal verification is useful to detect and locate
errors in designs;

— consideration of all cases is implicit in formal verifi-
cation.

That is ensures consistency with specification for all
possible inputs (equivalent to 100 percent coverage!).

Presently, it is possible to define three principal ap-
proaches to formal verification:

(1) model checking;
(2) theorem proving; and

(3) equivalence checking.

3.3 Theorem proving

The theorem proving approach to formal verification is
to describe the implementation as well as the specifica-
tionin a formallogic, that is considering the specification
as a formal theory [14].

It means that theorem proving based verification
refers to the use of a finite set of well-founded formulas
(axioms of a formal theory) and proof rules to prove the
correctness of systems.

That is:

1. A finite set of rules of inference is given. A rule of
inference allows the derivation of a new well-founded
formula from a given finite set of well-formed formu-
las.

2. A formal proof in the theory S is a finite state of
formulas f1, fa,..., fi, ..., fn such that for every i,
formula f; is either an axiom or can be derived by
one of the rules of inference from the given set of
formulas.

For example, let us specify by HOL (high-order
logic) language [15] formally the simple circuit from
Fig. 2.

out

Figure 2 Possible implementation of the AND circuit in
NAND-NOT elementary gate basis

We should specify the following objects:
both NAND and NOT;

implementation of the AND; and
the behavior model of NAND and NOT;
the intended behavior of the AND; and

proof that the implementation satisfies its intended
behavior.
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The specification of implementation is, in fact, a
definition of the AND circuit correct work. The AND
gate correct work can be described by using predicate
calculus (supported by HOL) in terms of correct behav-
ior conditions of NAND and NOT:

NAND(a, b, 0) = 0 = —=(aded);
NOT(i,0) = 0= —i.

The AND correct implementation can be defined as:
AND_IMP(a, b, 0) = 32.NAND(a, b, 0)&NOT(z, 0)

where — means negation, o is the output variable, i is the
formal variable of NOT input, AND_IMP(q, b, 0) means
an implementation of desirable Boolean function by the
circuit (see Fig. 2) that is the correct output of AND
suppose that will be formed by correct NAND and NOT.
The desired behavior of the AND:
AND_SPEC(a,b,0) =0 = a&b.

To define what it means for an implementation to
satisfy some specification (the theorem proving), we can
verify that the input/output behavior of the implemen-
tation always agrees with input/output of the specifica-
tion, that is

AND_IMP(a, b, 0) — AND_SPEC(a, b,0),

that is, the behavior of the implementation implies the
behavior of the specification.

To prove this theorem it is enough to prove the
satisfaction all of above logical conditions [14].

It is important that it ensures that parts fit together
with no gaps. Many parts of a big problem can be solved
automatically [9]. However, theorem prover mostly
check detailed manual proof [4]. Therefore, main ob-
stacle is that this is a time-consuming process that can be
performed only by experts who are educated in logical
reasoning and have considerable experience in this area.

3.4 Model checking

This is one of mostly popular formal verification meth-
ods. Model checking means to develop an abstract
model of a circuit and to prove that this model satisfies
the formal specification of the circuit implementation
by comparing possible states of the system. If the model
checker fails to prove a specified property of the model,
an error is found [16—18].

In contrast to above example from the theorem prov-
ing where we describe all objects to be implemented, the
MC deals mostly with requirements to target design, but
not with the circuit structure. That is, a specification
for MC verification is a collection of properties. There
are many facets of hardware behavior that are of inter-
est to the verification process including correct result

generation, proper sequence of events including tim-
ing relationships between them, as well as other design
properties such as arbitration “fairness.” In particular,
a property can be as a statement that particular pair
of signals are never asserted at the same time, or it
might state some complex relationship in timing of the
signals.

Properties are specified in a notation called temporal
logic. This allows concise specifications about temporal
relationships between signals and can be automatically
verified.

From the formal point of view, MC is used to verify
finite state concurrent systems.

A labelled transition system is a tuple (S,A,—)
where S is a set (of states), A is a set (of labels), and
— S x A x Sisaternary relation (of labelled transitions)
If p, ¢eS and aeA, then (p, o, ¢) — represents the fact
that there is a transition from state p to state g with la-
bel a. Labels can represent different things depending on
the language of interest. Therefore, we should represent
input expected, conditions that must be true to trigger
transition, or actions performed during the transition.

However, there are also many reasons to use the MC
for sequential hardware verification, say, for verification
of their RTL implementation [16].

Before verification, it is necessary to state the prop-
erties that the design must satisfy. The specification is
usually given in some logical formalism. For hardware
and software systems, it is common to use temporal logic,
usually CTL (computational tree logic) which can assert
how the behavior of the system evolves over time. Let us
consider briefly the CTL formulas.

There are two types of formulas in CTL: state for-
mulas and path formulas. State formulas represent the
properties of a specific state, whereas path formulas
specify the properties of a specific path. From the prac-
tical point of view, the notion “path” means a path in a
tree of computations (in particular, operations).

Computational tree logic introduces the following
two path quantifiers:

(1) A — the universal path quantifier; and
(2) E — the existential path quantifier.

For example, let pl and p2 denote various properties
of paths. The path quantifiers are used as follows:

Apl — all paths beginning at some state s satisfy the
property pl.

Ep2 — property p2 is satisfied for some paths be-
ginning at some state s.

Computational tree logic introduces the following
temporal operators:

X — the next time operator;

F — the eventually/future time operator; and

G — the global operator.
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((AG (AF (((f1=0)&(f2=0))&(f3=1))))&((((f1=0)&(f2=0))&(f3=1)) ->(AX (( true

Source | Trace | Log |

File Show

MODULE main

(VAR
f£1,r£2,£3

SPEC

[AG (AF(f1=0 & f2=0 & f3=1

))

IASSIGN

: boolean;

init(fl):=1;
init (£2) :=1;
init (£3) :=1;

))& ((£1=0 & £2=0 & £3=1

mext (£1) :=~£]) =
next (£2) :=(£1&£2) | (~£1&(~£2)):
next (£3) :=(~f3&f1) | (~f1) & ((~£3&£2) | (~£2&£3)):

) —> AX (fl1=1 & f2=1 & f3=1

Figure 3 Three-bit counter property specification

For example, the F operator is used to express a
condition that must hold true at some time in the future.
The formula Fp is true at a given time if p is true at some
later time. On the other hand, Gp means that p is true
at all times. Usually, we read Fp as “eventually p” and
Gp as “henceforth p” [17].

Using this notation, we can specify one property of
a binary count Modulo 4 with the control inputs “stall”
and “reset” as:

AG][(—stall &-reset &(count = C)&(C < 4)]
— Az (count = C' + 1)]

where “count” is the next state, C' is the current one,
and “—” means “implies.”

This means that for all times when inputs “stall” and
“reset” equal to logical one, the counter transits to the
next state if the current state is less the 4.

In practice, MC often is used as a Symbolic Model-
ing Verification (SMV), e.g., in the Cadence SMV input
language, Verilog [18]. Symbolic modeling verification
is quite effective in automatically verifying properties
of combinational logic and interacting FSM. Some-
times, when the checking of a property fails, the tool
will automatically produce a counterexample. This is a
behavioral trace of the FSM that violates the specified
property.

An implementation description for a circuit design at
any given level serves also as a statement of the specifica-

tion for a task at the next lower level. In this manner, top
level specifications can be successively implemented and
verified at each level, thus leading to the implementation
of an overall verified system.

Symbolic modeling verification uses Ordered BDD
(OBDD) algorithm to check whether the CTL specifica-
tions are met [18]. Ordered BDDs provide a canonical
form for Boolean formulas that is often substantially
more compact than conjunctive or disjunctive normal
form. Because the symbolic representation captures
some of the regularity in the state space determined by
circuits and protocols, it is possible to verify systems with
extremely large numbers of states (more than 102°).

Figures 3 and 4 demonstrate verification a property
of 3-bit counter by SMV version 2.1 tool.

We can see that even such simple design (3 possible
states) requires 115 nodes of BDD to verify one property.
Allthe more, for large designs, especially those including
substantial data path components, the user must break
the correctness proof down into small enough pieces for
SMYV to verify.

There are two mechanisms provided for this pur-
pose: composition and refinement. In the compositional
method, one verifies temporal logic properties of one
part of the system and uses these properties as assump-
tions when verifying another part of the system. In the
refinement method, one uses a high level model of the
system as a specification and verifies separately that each
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Figure 4 Result of the figure 3 property verification

system component implements its part of the high level
specification [10].

In general, MC has a number of advantages over
traditional other approaches to this problem that are
based on simulation/testing and theorem proving men-
tioned above. Given sufficient resources, the proce-
dure will always terminate with corresponding nega-
tive or positive answer for the verification question.
Although the restriction to finite state may seem to
be a major disadvantage, MC is applicable to several
very important classes of systems, e.g., hardware con-
trollers [16].

The properties descriptions are performed usually
manually. Also, analysis of the verification results is the
manual activity. In case of a negative result, the user is
often provided with an error trace. In this case, analyzing
the error trace may require a modification of the system
and reapplication of the MC algorithm.

Moreover, since it is necessary to convert a design
into a formalism accepted by an MC tool, in the case of
owing to limitations on time and memory, the modeling
of a design may require the use of abstraction to elimi-
nate irrelevant or unimportant details that require many
efforts of the designer, and they must be experienced in
formal logic.

Symbolic MC is primarily useful in verifying the
control parts of a circuit. It is impractical for most data
paths, since it suffers from the state explosion problem
where the state space of the design that must be explored
grows extremely large. In addition, performing MC on
design modules requires that an interface specification
for the module is available so that only legal inputs are
considered. However, in practice, detailed interface
specifications of design modules are rarely available and
so verification often requires the creation of the interface
specification. This can be a complex task. Besides, the
MC formal verification approach is heavily dependent
on experienced users who must specify the properties of
the design that are to be checked. The reliance on a de-
sign engineer, who must provide knowledge about design
behavior and the design properties to be analyzed, has
limited the adoption of this technology. An additional
issue is that there is no metric to judge design property
coverage and, thus, there is no confidence that all design
properties have been verified.

3.5 Equivalence checking

Equivalence Checking (EC) approach to design verifi-
cation is used to check the functional equivalence of
different versions of a design at various stages of the de-
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sign and enables designers to identify and correct these
errors. This approach is based on some algorithms of
toggle equivalence of Boolean functions [19].

One of widely used EC-based design verification
tools is Encounter Conformal EC of Cadence [19, 20].
The tool includes technologies developed independent-
ly from the design flow, including production-proven
HDL parsing, synthesis, mapping, optimization, and
data path algorithms. Using Encounter Conformal EC
ensures that the maximum number of design bugs will
be caught.

Unfortunately, it covers rather later stages of design
process, usually starting from RTL, comparing, for ex-
ample, RTL with gate level. Thereby, it checks only
targets implementation errors, not design errors. But the
hard bugs are usually in both descriptions.

Note that often designers try to combine different
formal verification tools and methodologies, for ex-
ample, theorem proving (for combinatorial parts of a
design) and trajectory evaluation (that is a modification
of MC) [9].

3.6 Petri Nets based verification

Petri Net theory formal verification algorithms are used
presently to detect design errors for high-level synthesis
of dataflow algorithms. In [21], the Petri Net theory is
adopted to verify the correctness of the synthesis result,
because the Petri Net model has the nature of dataflow
algorithms. In fact, it proposes three approaches to real-
ize the Petri Net based formal verification algorithm and
conclude the best one which outperforms the others in
terms of processing speed and resource usage. Presently,
there are several examples of using the Petri Nets in syn-
thesis and verification of asynchronous circuit [21, 22].

3.7 Semi-formal verification

As it follows from the above, the formal verification
tehniques do not address the problems of finding bugs
during verification. On the other hand, the most com-
mon problem is that these tools fail when they hit a
capacity limit in time, memory, or both.

However, the simulation techniques are also very
time-consumting due to the large number of test vectors
needed to manifest all functional issues also prohibitively
large.

This problem leads to the concept of semi-formal
verification [23]. The idea is to combine the strengths
of simulation — namely, ease of use and the ability to
handle large designs with the thoroughness of formal
verification along with various combinations of formal
and simulation-based approaches to verification cost
reduction.

In fact, there are two possibilities to perform such
combination:

(1) a “mechanical” combination of the verification
techniques: part of design is verified by simulation,
while another by a formal method; and

(2) by using a semi-formal specification for implemen-
tation and establishment of properties for the formal
verification. For example, Property Specification
Language (PSL) can be used for an alignment cir-
cuit [24]. Finally, a set of properties for the veri-
fication of this module was established and proved
using two verification tools.

Property specification language is an extension of the
CTL. The integrating feature of PSL tool (that is both
formal and simulation-based abilities) is due to the fact
that it can be used for functional specification on one
hand and as input to functional verification tools on the
other.

Property specification language can also be used as
input to verification tools, for both verification by simu-
lation, and as formal verification using a model checker
or a theorem prover. Besides, PSL specification should
be used to automatically generate checks of simulations.
This can be done, for example, by directly integrating
the checks in the simulation tool, by interpreting PSL
properties in a testbench automation tool that drives the
simulator, by generating HDL monitors that are sim-
ulated alongside the design, or by analyzing the traces
produced at the end of the simulation.

Since complex microprocessor systems design veri-
fication activity deals, in general, with many optional
variants (formal verification and simulation), it should
be useful to have a characterization of both verification
algorithms and verification process on a whole which in-
cludes the decomposition issues, dividing possible (po-
tential) design bugs classes between formal verification
and simulation, final quality analysis, etc. Obviously, we
need a guide to provide this hybridization [3]. Following
well showed itself conception of coverage analysis used
widely in test pattern generation practice, it would be
very attractively to have also similar one for the design
formal verification. Some steps towards this notion de-
velopment are just in progress [11, 25]. As for formal
verification, the notion of coverage in functional verifi-
cation is to cover the entire functionality specification
required from the implementation. This notion involves
two questions [26]:

(1) whether we can provide (to take into account) (ex-
plicitly or implicitly) all possible input sequence,
and

(2) whether the specification contains a sufficient set of
properties.
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However, in fact, the coverage metrics computation
has the same exponential complexity as the properties
modeling, or exhaustive simulation. Thereby, it remains
the mentioned above problem to find the design bugs
relying on the semi-formal verification results. We can
overcome these drawbacks if the verification activity
would follow the target design synthesis. In particular,
these circumstances allow the RTL as a higher possible
level of design. Meanwhile, as it is shown by numerous
results, many design bugs can be detected at the earlier
design stages.

Therefore, let us consider a new approach to the
verification which takes into account the structure of
synthesized system at every of abstraction levels, starting
from algorithmic one up to gate level.

4  Algorithmic-State-Machine-
Based Synthesis
and Verification

Let us consider an approach to concurrent synthesis
and verification of digital systems, including complex
microprocessors, based on design specification by ASM.

Algorithmic state machine is a flowchart consisting
of state boxes, condition boxes, and boxes “Begin” and
“End.”

Figure 5 Example of ASM

As an example, we will use the ASM in Fig. 5. Let
us look at operators following operator Y;. The fact that
operator Y3 is implemented after Y; when z1x423 = 1,
operator Y; isimplemented after Y, when 22, = 1, and
operator Y5 is implemented after Y;, when xzjz425 = 1
or z} = 1, can be represented as a formula

Yy — z17423Y3 + m1247hYs + 12, Y1 + 21Y5. (1)

The ASM-based synthesis is based on ASM transfor-
mations (composition, minimization, extraction, etc.),
special algorithms for Data Path and CU design, and
very fast optimizing synthesis of FSM and combination-
al circuits with hardly any constraints on their size, that
is, the number of inputs, outputs, and states.

From the functional point of view, each rectangle
(an operator vertex) of the diagram corresponds to
execution of some microoperations written inside, and
from the timing viewpoint, its passing means to tran-
sit to the next clock of synchronous system designed.

IntCycle

Fetch2

Y
AdrR2:=IR1(12-15)

AdrW:=IR1(8-11)
BoR[AdrW]:=BoR[AdrR2]

Y

AdrW:=IR1(8-11)
BoR[AdrW]:=IR2

<
<€

Y

Adrl—IR2
Checldnt AdrW:=IR1(8-11)
BoR[AdrW]:=M1[Adrl]
D
End

Figure 6 Algorithmic state machine with included blocks
(15 vertices)
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Adr0:=Ext Adr
Ext_in:=MO[Adr0]

Adrl:=Ext Adr
Ext_in:=M1[Adr1]

Adr0:=Ext_Adr
MO[Adr0]:=Ext Out

Adrl:=Ext Adr
M1[Adr1]:=Ext_out

Y

"y
End

DMACycle

Adr0:=PC Adr0:=PC Adrl:=x“FFFF”

IR1:=MO[Adr0] IR2:=MO[Adr0] MI[Adr1]:=PC
v v v
PC:=x“FFFF”
PC:=PC + 1 PC:=PC + 1 TEN-=0
R:=0
Y
End End End End
Fetch 1 Fetch 2 IntCycle ChecklInt

Figure 7 Included blocks

Each rhomb means corresponding conditions (con-
ditional vertexes) — Boolean variable. That is, the ASM
represent both algorithmic and time-ordering specifi-
cation of target systems with desirable ordering of the
microoperations. The aim of this synthesis is to get both
a CU and Data Path of the target design.

High-level synthesis based on the ASM contains
three stages (Figs. 6 to 8).

Stage 1 corresponds to the construction of combined
functional ASM and FSM.

In particular, drawing functional ASM in ASM Cre-
ator is presented in box 1 in Fig. 6. At this stage, we
suppose that we know the main units of Data Path, say
memory, Arithmetic Logic Unit (ALU), Block of Regis-
ters (BoR), program counter, instruction register, input
and output registers, etc. However, at this stage, we do
not have a structure of Data Path — we do not know how
these units are connected, what buses (multiplexers)
should be used, which units are connected directly with-
out buses, etc.

Let us consider principal steps of this stage.

Step 1. Functional ASMs specification (see box 1 in
Fig. 8). When constructing a very complicated digital
system, sometimes it is very difficult to describe its whole

16

behavior by one ASM. In such case, it is possible to de-
scribe separate subbehaviors with ASMs Gy . . . Gg and
then to combine them into one combined functional
ASM G. From the verification point of view, the de-
composition ability described above is very important
feature if the system models become very large. The
drawing and decomposition are provided by the software
tool named ASM Creator. At this step, a designer draws
separate ASMs for each subbehavior (for each operation
or a group of operations) in our ASM Creator. We can
use included blocks as well. It means that one operator
vertex can represent a whole ASM or a subgraph of
ASM. An example of ASM with four included blocks
(see shaded operator vertices) is presented in Fig. 6.
Blocks themselves are shown in Fig. 7.

Step 2. Combining of several Functional ASMs into
one Combined Functional ASM (see box 2 ASM combiner,
Fig. 8). At this step, separate subbehaviors presented by
ASMs Gy, ..., Gg are combined into one combined
functional ASM G. At the same time, this procedure
minimizes the number of operator vertices in the com-
bined ASM.

Step 3. Minimization of combined Functional ASM
(see box 3 ASM minimizer, Fig. 8). This procedure
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ASM creator
1 ASM1I ASMn

Functional ASMs
4 in the internal format

ASM combiner
2

Functional

</ combined ASM

ASM minimizer

3

Minimal combined

< functional ASM
ASM composer
4
Combined functional ASM
4 with included components
FSM synthesizer ASM insertor
5 Proper combined 10
functional ASM Z<
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FSM2HDL ASM corrector
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7 simulator in simulation? 3

To the Data Path construction

Figure 8 Construction of combined functional ASM and FSM

minimizes the number of conditional vertices in the
combined functional ASM. Such minimization allows us
toreduce dramatically the number of verticesin the ASM
(sometimes, in two or three times) and to reduce the
complexity of logic circuits at the stage of logic design.

Again, in the description at the level of a functional
ASM, we do not have Data Path structure and each unit
insuch functional ASM is presented as a variable. Forex-
ample, in microoperation BoR[AdrW] :=MJ[Adrl] for
the word of memory M with address Adr, we do not
know yet, and would not like to know, how these units
are connected and what signals must come from the CU
to Data Path to implement this transfer. Really, a Data
Path does not exist yet and our goal at the second stage

(Data Path Construction, see Fig. 8) is to construct a
Data Path formally using only the combined functional
ASM. But we have not finished yet with the first stage.

Step 4. Synthesis of FSM from combined Functional
ASM (see box 5 FSM synthesizer). This procedure con-
structs various types of minimized FSM tables for Mealy,
Moore, and their combined model with or without state
assignment (/og or one-hot).

Step 5. Construction of VHDL (Verilog) code for the
Sfunctional FSM (see box 6 FSM2HDL tranformer that
can include both VHDL and Verilog transformers).

We canuse Functional FSM in VHDL for a function-
al simulation (not an RTL simulation, it is possible to
make it later when we construct a Data Path).
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Figure 9 Data Path design

Step 6. Extraction of one or several ASMs from Com-
bined ASM (see box 8 ASM extractor). If we detected
error during the simulation, we can extract ASM with
error (see box 8 ASM extractor), repair it (see box 9 ASM
corrector), and return corrected ASM into combined
Functional ASM (see box 10 ASM inserter).

We have a special program “Check ASM equiva-
lence” that verifies the equivalence of two ASMs. That
permits designer to check each step of ASM trans-
former.

Stage 2 corresponds to Data Path synthesis.

First, a Connection graph from the functional ASM
design is constructed. Such graph contains a list of
sources and targets for each component of an oper-
ational unit and some metrics that will be used in the
optimization of the Data Path. Next, an optimized list
of parallel microoperations to increase the speed of the
designed system is constructed. Then, we design the
Graph of incompatibility from the Connection graph
and the List of parallel microoperations. On the final
step of Data Path synthesis, we construct multiplexers
(buses) by coloring the Graph of incompatibility and the
List of direct connections from the Connection graph
(Fig. 9).

Stage 3 deals with a CU of the target system (Fig. 10).
It contains the foloowing three steps.

18
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Figure 10 Control unit design

Step 1. After design of the Data Path, we can immedi-
ately transfer from the functional ASM to the structural
ASM.

Step 2. Construction of VHDL (Verilog) code for the
structural FSM (see box 17 FSM2HDL transformer that
can include both VHDL and Verilog transformers).

That is, using the functional ASM (stage 1) and the
MUZXes and the List of direct connections, we immedi-
ately construct the structural ASM. This ASM describes
the behavior of the CU corresponding to the Data Path.
On the last step of this stage we construct the FSM and
its multilevel logic circuit.

Step 3. VHDL code design.

The Data Path constructed according to our design
methodology does not contain any “cloud” (irregular)
circuits. It makes it possible to simplify considerably
VHDL or Verilog code for the Data Path using the struc-
ture style of VHDL to combine VHDL or Verilog codes
of units. Moreover, the presented formal methods of
system design allow us to formalize the design of test
bench for the Data Path and to reduce it considerably.
VHDL code for the CU is constructed automatically.
VHDL code for the top level of the system is the result of
combining VHDL codes of the Data Path and the CU.

The design methodology is implemented in Abelite
software tool [27].
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4.1 About algorithmic state machine
formalities

A possibility to use some ASM-based formalized veri-
fication is due to some formal rules, used for ASM
flowchart construction [5, 27]. Namely, to provide this
unique correspondence between the ASM flowchart and
a target data path and CU, it is enough that a synthesis
algorithm would obey the following rules [5]:

1. State boxes should contain only register statements,
control signals in parentheses.

2. All operations within a state box should be con-
currently executable in one clock cycle.

3. If the operations in two consecutive state boxes can
be executed in the same clock cycle, then these two
state boxes can be combined into one state box.

4. For each register-transfer statement, there must be a
path between the source and destination registers.

If a transformation takes place during the transfer,
then a combinational device, such as an adder or ALU,
must be inserted into the path between the source and
destination registers if there are several paths.

Finally, control signal inputs must be attached to
each register and multiplexer so that register transfers
can be precisely controlled. It is essential that as it was
mentioned above, we may simulate the ASM description
to check its correctness regarding to some initial descrip-
tion (formal or informal) of the target design, providing
necessary numbers of feedbacks, including customer’s
checking. This activity, as it was mentioned above, deals
with generation of some test benches. Let us define the
possible bugs of ASM description as Behavioral faults.

4.2 Verification test benches preparation
during synthesis

It can be shown that if a target system has been synthe-
sized with the use of design methodology described
above, all paths of its Data Path are activated by the
microoperations, represented in minimized ASM (ob-
tained at Stage 1, see Fig. 8). It means the verification
of the Data Path if the synthesis leads to irredundant
logical structure. This is achieved due to minimization
mentioned above.

Let us describe explicitly some properties of the
Abelite design methodology, affecting the verification
problem, as well as some assumptions necessary to cor-
rectly map of behavioral faults to structural bugs in the
synthesized structures [7].

1. The behavioral synthesis tool maps each high-level
operator to a regular structure of modules (in a sin-
gle module, in particular), and each such structure
corresponds to a single microoperation. It means

that the allocation algorithm cannot share modules
between equal microoperations (that is provided by
the synthesis technique mentioned above).

2. Taking into account the delay (in term of clock cy-
cles) introduced in the high-level description, it is
possible to include explicitly various synchronization
statements in the behavioral (ASM) description. That
is the description contains the ordering of microop-
erations, namely, each of rectangle take one clock for
its execution.

3. The structural bugs listed above of a structural (RTL,
in particular) implementation are considered only at
the interface of each block, that is, faults internal to
blocks are not considered (this assumption will be
partially removed in the following).

This set of faults at the structural (Data Path, RT)
level is called SE.

Let BF is a set of behavior design faults (possible
incorrectness in the ASM description). Let MSF be the
set of structural faults on the input and output lines of
each module of data path [7].

Proposition 1. Each fault msf € MSF is equivalent to
a fault belonging to BF and vice versa.

The msf fault modifies maps the functionality of
module M into the module M’. From property 1, there
is one and only one microoperation OP that is imple-
mented by the module M. Moreover, from the definition
of the behavioral fault, there is a fault bf € BF on the
same input (or output) line affected by msf so that the
faulty microoperation OP’, associated with bf, has the
same behavior of M’. Moreover, the faulty behavior of
the FSM-based CU is equivalent to the faulty behavioral
description where OP’ replaces OP. The equality of
the faulty descriptions implies that each fault of MSF is
equivalent to a fault of BE The opposite can be shown
in a similar way.

The most important result of the proposition con-
cerns translation of behavioral test vectors into RTL test
sequences [7]. In fact, a test vector, identified for a
behavioral fault bf, detects the equivalent RTL fault smf,
if the test vector is applied to the sequential circuit for
T clock cycles, where T is at most the sequential depth
of the faulty circuit. Since this information cannot be
known at the behavioral level, it can be upper-bounded
by using the worst-case complexity of the algorithm and
the information concerning the chosen microoperations
ordering.

This proposition [7] shows that it is possible to for-
malize and to automate design of the test bench for Data
Path using the Abelite design methodology. As it was
mentioned above, the main thing in this methodology is
the isomorphism of the Data Paths and the ASM paths,
and the ability to minimize the number of possible ASM
paths.
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Table 1 Instruction set

Code Format and addressing mode

. Short Long
Type Name Description b0—b4 b5 — 0 b5 — 1
. Dir Imm
DI r—o0 wr=1

aosh add Add Opl and Op2; store result in Opl 00001 .

and  Bitwise logical AND between Op1 and Op2 store result in Op1 00010 )

sub Subtract Op2 from Op1; store result in Op1 00011 .

shl Shift Op2 one bit to the left; store result in Op1 00100 e

shr Shift Op2 one bit to the right; store in Opl 00 101 °

cil Rotate Op?2 to the left; store result in Op1 00110 e

cir Rotate Op?2 to the right; store result in Op1 00111 .
load lod Copy Op2 into Opl 10000 e °

str Copy Opl into Op2 10 001 .

inc Increment Op1; store result in Opl 10010 e

dec  Decrement Opl; store result in Op1 10011 .

com Complement Opl; store result in Opl 10100 e

branch bcz If z = 1, load new address into PC 01 000 ° °

bcf If v = 1, load new address into PC 01001 ° °

bce If ¢ = 1, load new address into PC 01010 ° °

bun  Branch unconditionally to a new address 01011 . °
inout ski Skip next instruction (if flag of input fgi = 1, increment PC twice) 11 000

sko Skip next instruction (if flag of output fgo = 1, increment PC twice) 11001

inp Copy input register into one of the registers of BOR and reset fgi 11010

out Copy one of the registers from BOR into output register and reset fgo 11 011

ion Set flag interrupt enable (ien) to 1 11 100

iof Set flag interrupt enable (ien) to 0 11101

So, taking into account the mentioned above prop-
erties of designs synthesized by Abelite, we can produce
in semiautomatic manner a set of test benches (both in
VHDL and Verilog) to verify both ACM flowchart and
synthesized circuit, including Data Path and CU, both
functional (FSM-based) and RT levels.

The input for these test benches generation are some
tables data which are collected during the synthesis.
These data are the logical values which determine cor-
responding branches in the ASM flowchart. These data
are used in corresponding section of VHDL (or Verilog)
program of the target design, generated automatically
during the synthesis. For example, let us consider the de-
sign of rather simple RISC processor, with instructions
set from Table 1.

The test benches to verify the correspondence of the
design functional and structural level can be extracted
from Table 2, generated during the synthesis. This ta-
ble, in fact, establishes a mapping between functional,
microoperation-based model of the microprocessor (left
part of the table), and structural representation of the
Data Path. This is what we can use to generate any
test benches both for functional and Data Path models
verification.

The desirable behavior we can get from functional
simulation. Functional FSM simulation in VHDL for
not an RTL simulation — it is possible to make such
later when we construct a Data Path.

As for post-RTL levels verification (gate level, etc.),
we can use presently the widely-spread tools such as
Mentor Graphic, Cadence, Synopsis, using their VHDL
(Verilog) models, generated as a result of described above
synthesis with Abelite (Fig. 11).

In contrast to the considered semi-formal methods,
the ASM-based verification methodology saves a con-
nection between diagrammatic description (formal, in
fact) and its structural representation, as it deals not only
with some system’s properties, but also with structural
elements, mapped from ASM by corresponding algo-
rithm synthesis. It allows to localize errors at different
description levels, while recognition of design errors is
rather difficult to derive from a fact of violation of some
properties.

On the other hand, while traditional formal methods
deal explicitly either with functional faults or timing
ones, ASM-based specification represents both
functional (as microoperations) and timing-ordering as-
pects.
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Table 2 Process table

Functional ASM

Structural ASM

Minimized
L . . . Structural
Microinstr Functional microoperations . . structural
microoperations . .
microoperations
Y1 yl AdrW:=IR1(8-11) 4 ctrrmux3 :=0 ctrrmux2[1] :=1 yl
y2 BoR[AdrW][:=RALU 16 ctrrmux2 := 0110 ctrrmux2[2] =1 y2
bor_en =1 sbor_en := 1 y3
Y2 y3 AdrR1:=IR1(8-11) 4 ralu_en ;=1 ralu_en := 1 v4
v4 AdrR2:=IR1(12-15) 4 cfen:=1 cflen:=1 y5
y5 ALUI1:=BoR[AdrR1] 16 zflen =1 zflen =1 y6
y6 ALU2:=BoR[AdrR2] 16 viien:=1 viien:=1 y7
y7 ctrALU:=IR1(0-4) 5
v8 RALU:=ALU 16
v9 cfi=c 1
yl0  zfi=z 1
yll  vfi=v 1
Y3 v4 AdrR2:=IR1(12-15) 4 ralu_en ;=1 ralu_en := 1 v4
y6 ALU2:=BoR[AdrR2] 16 cfen:=1 cfen:=1 y5
y7 ctrALU:=IR1(0-4) 5 zfen: =1 zfen: =1 y6
y8 RALU:=ALU 16 viien:=1 viien:=1 y7
v9 cfi=c 1
yl0  zfi=z 1
yll  vfi=v 1
Y4 yl2  Adrl:=IR2 16 ctr_muxl := 001 ctrrmuxI[2] =1 y8
yl AdrW:=IR1(8-11) 4 ctr-mux3 :=0 ctrrmux2[3] :=1 v9
y13  BoR[AdrW]:=MI1[Adrl] 16 ctrrmux2 := 0001 bor_en:=1 y3
rdwrM1:=0
bor_en :=1
Y5 yl AdrW:=IR1(8-11) 4 ctromux3 =0 ctromux2[0] :=1 y10
yl4  BoR[AdrW]:=IR2 16 ctrmux?2 := 1000 bor_en:=1 y3
bor_en =1
Y6 v4 AdrR2:=IR1(12-15) 4 ctrrmux3 :=0 ctrrmux2[1] :=1 yl
yl AdrW:=IR1(8-11) 4 ctromux2 := 0101 ctromux2[3] =1 v9
yl15  BoR[AdrW]:=BoR[AdR2] 16 bor_en =1 bor_en :=1 y3
Y7 yl2  Adrl:=IR2 16 ctr_muxl := 001 ctrrmuxI[2] ;=1 y8
y3 AdrR1:=IR1(8-11) 4 ctr_mux2 := 0000 rdwrml =1 yll
yl6  MI[Adrl]:=BoR[AdrR1] 16 rdwrM1 := 1
Y8 y3 AdrR1:=IR1(8-11) 4 ctromux3 =1 ctr_mux3 =1 yl12
yl17  AdrW:=IR1(12-15) 4 ctrmux2 := 0000 bor_en:=1 y3
yl8  BoR[AdrW]:=BoR[AdrR1] 16 bor_en ;=1
Y9 v3 AdrR1:=IR1(8-11) 4 ralu_en :=1 ralu_en := 1 v4
yS ALUI:=BoR[AdrR1] 16 cfen:=1 cfen:=1 yS
y7 ctrALU:=IR1(0-4) 5 zfen: =1 zfen: =1 y6
y8 RALU:=ALU 16 viien:=1 vien:=1 y7
y9 cfi=c 1
yl0  zfi=z 1
yll  vfi=v 1
Y10 v4 AdrR2:=IR1(12-15) 4 ctrmuxl1 := 100 ctromux1[0] :=1 y13
y19  PC:=BoR[AdrR2] 16 pcen:=1 pcen:=1 yl4
Y11 y20 PC:=IR2 16 ctr_muxl := 001 ctrrmuxI[2] =1 y8
pcen:=1 pcen:=1 yl4
Y12 y21  PC:=PC+l1 0 pc_count ;=1 pc_count ;=1 yl5
(Continued)
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Table 2 Process table (Continued)

Functional ASM

Structural ASM

Minimized
L . . . Structural
Microinstr Functional microoperations . . structural
microoperations . .
microoperations
Y13 yl AdrW:=IR1(8-11) 4 ctrormux3:=0 yl y3
y22  BoR[AdrW]:=InpR 16 ctr_mux2 := 0100 yl6
y23  FGI:=0 0 bor_en:=1
fgi_reset := 1
ctrrmux2[1]:=1
bor_en :=1
fgi_reset := 1
Y14 y3 AdrRI1:=IR1(8-11) 4 outr_en := 1 y17
y24  OutR:=BoR[AdrR1] 16 fgo_reset ;= 1 y18
y25 FGO:=0 0 outr_en := 1
fgo_reset :=1
Y15 y26 IEN:=1 0 ien_set := 1 ien_set := 1 y19
Y16 y27 IEN:=0 0 ien_reset ;= 1 ien_reset := 1 y20
Y17 y28 PC:=x“FFFE” 16 ctromuxl =011 ctromuxI[1] :=1 y21
y27 1EN:=0 0 pcen:=1 ctromuxI[2] ;=1 y8
y29 R:=0 0 ien_reset := 1 pcen:=1 yl4
r_reset ;= 1 ien_reset := 1 y20
r_reset := 1 y22
Y18 y30  Adrl:=x“FFFF” 16 ctromuxl =101 ctromux1[0] :=1 y13
y31  MI1[Adrl]:=PC 16 ctrrmux?2 := 1001 ctrrmux1[2]:=1 y8
rdwrM1 :=1 ctrrmux2[0] :=1 y10
ctrrmux2[3]:=1 v9
rdwrml =1 yll
Y19 y32  AdrO:=Ext_Adr 16 ctromuxl := 000 rdwrm0 := 1 y23
y33  MO[Adr0]:=Ext_Out 16 rdwrMO := 1
Y20 y34  Adrl:=Ext_Adr 16 ctromuxl := 000 ctromux2[2] :=1 y2
y35  MI[Adrl]:=Ext_Out 16 ctrrmux2 := 0010 rdwrml =1 yll
rdwrM1 :=1
Y21 y34  Adrl:=Ext_Adr 16 ctr_mux1 := 000 ctrrmux2[3] :=1 v9
y36  Ext_in:=MI1[Adrl] 16 ctr_mux2 := 0001
rdwrM1 :=0
Y22 y32  AdrO:=Ext_Adr 16 ctromux1 := 000 ctrrmux2[2] =1 y2
y37  Ext_in:=MO0[Ad10] 16 ctromux2 := 0011 ctromux2[3] ;=1 v9
rdwrMO := 0
Y23 y38 R:i=1 0 rset:=1 rset:=1 y24
Y24 y39  Adr0:=PC 16 ctr_muxl := 010 ctrrmux1[1]:=1 y21
y40  IR1:=MO[Adr0] 16 rdwrMO0 := 0 irl_en:=1 y25
irl_en:=1
Y25 y39  Adr0:=PC 16 ctr_muxl := 010 ctromuxI[1]:=1 y21
y41  IR2:=MO[Adr0] 16 rdwrMO := 0 ir2en:=1 y26
ir2.en:=1

As it was mentioned above, one of very important
thing in this methodology is the ability to minimize
the number of possible ASM paths. For example, let
a microprocessor that should be synthesized contains a
multiplexer presented in Fig. 12.

From this figure for MUXI1, it is evident that ext_adr
(in0) must be transferred only to two inputs of our
units — adr0 and adrl, ir2 (inl) — to adrl and pc, all
other inputs of MUXI1 must be transferred only to one

of the three possible units reachable from MUXI1. So,
instead of checking 6 x 3 = 18 transfers through MUXI,
we must check only 9 (the number of units written over
the inputs of MUX1). In the same way, instead of check-
ing 10 x 3 = 30 transfers, it is sufficient to check only
11 transfers through MUX2 during simulation of Data
Path.

The test benches for CUs in case of using Abelite will
be obtained automatically.
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Figure 11 Algorithmic-state-machine-based verification

Another experience of using Abelite for verification
goals dealt with design and verification of a bridge for PCI
to AXI protocols buses. The formal model of the bridge
verification (e.g., based on a language of the temporal
logic) becomes very big and time-consuming for imple-
mentation [28]. The semi-formal Abelite methodology
allowed to prepare some test benches with reasonable
time expenses relying on ASM-based high-level specifi-
cation of the bus protocols for verification purposes.

5 Concluding Remarks

Main benefit of formal-verification approahes is that
they do not require the user to create any test vectors and
can significantly accelerate verification efforts for large
designs.

However, formal verification is a time-consuming
process that can be performed only by experts who
are educated in logical reasoning and have consider-
able experience. Besides, present formal verification
techniques allow the model levels starting from FSM
and RTL levels, while the higher levels can be very
error-prone ones.

Various semi-formal approaches dealing with com-
binations of formal methods with some fault-simulation
techniques also require a lot of manual work. This activi-
ty affects considerably on the amount of verification cost
of general design process [3].

MUX1 6 x 16

4 ext_adr —’adrO adrl in0

. adrl pc .
3 ir2 ——» inl

adr0 )
2 pc ———» in2
adr0 adrl
out T
pc
1bor2 ——» ind
pc
1 x"fffe" —» in3
adrl .
1 x"ffff' ——————» in5
ctr
3

Figure 12 Multiplexer 6 x 16

The suggested approach allows to overcome these
drawbacks in cases, when the design process is be-
ginning just from an algorithmic level of a target system.
It is possible also to use this approach in cases, when
there is an HDL description at RTL level, and we would
like to verify relatively the algorithm of the target system.

These possibilities are due to concurrency of design
synthesis and verification test bench generation, which
provide a congruency of models at different design
levels, which are the objects of comparison for design
verification. Note that in contrast to formal verification,
which do not address the problems of finding bugs
during verification purgatory, the Abelite-based verifi-
cation allows to localize possible errors (bugs) in target
designs.
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O BEPUOUKALNMU HA STAITE CUHTE3A HNPPOBLIX CUCTEM
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AnHoTtamusg: OmnucaHa HOBasi METONOJIOTUS yyeTa TpeOOoBaHMU BepudUKALUMKU MPOEKTOB LUMPOBBIX CUCTEM
B TIpollecce MX pa3paboTKM, HAYMHAsI C 3Tara aJrTOPUTMUYECKOTO OMHMCAaHUs. MeTomoyiorus ocHOBaHAa Ha
HCcrofb30BaHMM Moneau Algorithmic State Machine (ASM) u anroputmax UX KOMIO3ULIMUM U MMHUMU3ALIUU.
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JlaHHBIi TOAXO0A MpeAHA3HAYEH [IJIs CHHTE3a B BUJIE YITPABJISIOIIEro aBTOMaTa 1 MOACUCTEMbl 00pa0OTKH JaHHbBIX
(Data Path) mugpoBbIX cCTEM JIIOO0TO TUIIA M CIIOKHOCTH (B TOM YMCJIe MUKPOIIPOLIECCOPOB C KOHBEHEPOM),
MUKPOIPOTPaMMHBIX aBTOMATOB, KOHTPOJUIEPOB MPOTOKOJOB U T.[.). B oTauMyue oT M3BeCTHBIX Moaydop-
MaJIbHbIX MTOJIXO0B K BepU(UKalMU MPOEKTOB, OCHOBAHHBIX HA KOMOMHAIIMY MOAEIMPOBaHUS U (hopManbHOM
BeprdUKAIUK PA3TUIHBIX YacTeil IPOeKTa, paccMarpuBaeTcs GhopMaTn30BaHHAS TIPOLENYPa, ITO3BOJISIONIAS
MOJYYUTh TECTOSHYU /151 BepU(UKALIMU BCEX 2JIEMEHTOB CUHTE3UPYEMOI CXeMbl HEMTOCPEACTBEHHO U3 UCXOIHO-
rO aJITOPUTMUYECKOTO OTTMCAHUSI, C YUETOM OCOOEHHOCTeH peanu3anuu cTpykTypbl Data Path u ynpasnsitowero
aBTOMarTa.

KioueBbie ¢jioBa: MpoeKTUPOBaHME HUPPOBBIX CUCTEM; (hOopMasibHasI Bepu(PUKalKs; KOHEYHbIE aBTOMATHI
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®YHKILMUA CTOUMOCTHU PECYPCOB B 3KOHOMMHWYECKOUN

MOJIEJIN YITPABJIIEHUA TPU/T
4. M. Aranapos!

Annoramus: PaccmarpuBaetcs 3amaya MakCMMU3AIMU JIOXOJa BiIafesiblla PeCcypcoB JIOKAIBHOTO y3Jia TPUI C
SKOHOMMYECKO! MOMENBIO YIIPABIIEHUSI, B KOTOPOU BBIAEsIEMble BHEIITHEMY TTOJTb30BaTENI0 PECypCHI OIIauMBa-
I0TCs, @ CyMMa IUIaThl 3aBUCUT OT CIPOCa U MPEUIOKEeHUs Ha pecypchl. B paccmarpuBaemoit Moienu ouepesb
r7100aTBHBIX 3aIaHUH GOPMUPYETCSI TOJBKO B LIEHTPE TUNITAHUPOBAHUS PECYPCOB IPUJI, B KOTOPOM OCYIIIECTBIISIETCST
TIOMCK, BBIOOP U pe3epBUPOBaHUNE TPEOYyeMbIX PECYpPCOB, U OTIPaBKa 3aJaHUs HA PECYPChl IPOVCXOAUT OIHO-
BPEMEHHO C MX BHIOOPOM U pe3epBupoBaHueM. [Ipemraraercst GyHKIMS CTOMMOCTH PEeCYpCOB, MCIIOIb30BaHUE
KOTOPO¥ TTO3BOJINT WX BJIANEJbIly OCYIIeCTBUTH 3(hGheKTUBHOE paslesieHre PecypcoB JIOKAIBHOTO y3Jia TPUL
MEXIY TTI00aTbHBIMY U JIOKAJIBHBIMY 3a0aHusIMU. [IpuBeneHbI pe3yabTaTsl aHATUTHYECKOTO UCCIIEIOBAaHUS pac-
cMaTpHBaeMOii 3a1a4M ¥ CPABHUTETLHOTO aHAIM3a TIPeAIaraeMbIX PEIICHU I C MCITOIb30BaHNEM KOMITBIOTEPHOTO

MOACIMPOBAHUA.

KiroueBbie ciioBa: Tpua; MOAEJIb paCcrpeacJI€HUA pECYpCOB; MHOTOIIPOLECCOPHBIC 3alaHUA; BJIaACICL pECYPCOB;

MapKOBCKHI ITPOIIeCC; CTPaTeTrwst

1 Bseneuwue

OnHoit 13 3 heKTUBHBIX MOJIEIei pacpeneaeHus
pPecypcoB TpUJ CUMTAETCS IKOHOMUYECKas, TIe lieHa
KaXXIIOTO pecypca oIpenessieTcs TOTPeOHOCTSIMH B HEM
MOJIb30BaTeNell U ero JOCTYMHOCTHRIO [2, 1]. [ImaBHBIMU
CyOBEKTaMU B 3TOW MOJENU SIBJISTFOTCS MIOJIb30BATENN U
BJIaJeNbLIbI pecypcoB. O0a cyObeKTa MMEIOT COOCTBEH-
Hble cTpateruu. [losb3oBaTenu pecypcoB MPUMEHS -
[OT CTpPaTeTUM PEIICHMS CBOMX IPHMKIIATHBIX 3a1ad B
3aBHCUMOCTH OT TPeOyeMOoro BpeMEHM M HaJTUYHOTO
bromKkeTa. BramenmbIbl peCcypcoB MCITOIB3YIOT CTpaTe-
TUIO TIOJIyYEHUST HauOOJIbIIEN BBITOABI OT BJIIOKEHHBIX
CPENCTB.

3anaya Biajenblia — pacipeneieHue MpuHaIexa-
IIUX €My BBIYMCIUTEIbHBIX PECYPCOB (MPOLIECCOPOB,
OIepaTUBHOM W TIOCTOSTHHOM MaMSTH, IIpOTrpaMM M
TaHHBIX) MEKTY TI00aTFHBIMA 1 JIOKAJIBHBIMY 3aTaHM -
M. 2KecTkoe pazaeneHne pecypCcOB BEIYUCTUTEILHBIX
koMIutekcoB (BK) Mexmy J1oKaabHbIMU 1 INI00ATbHBI-
MM TIOTOKaMUW MPUBOIUT K (pparMeHTallUu PecypcoB
n ux npoctoio [3]. Jlyume, ecau o6OMM MOTOKaM
IIOCTYITHBI BCe Pecypchl (4acTh pecypcoB), HO TOIIa
HEoOXOIM MeXaHM3M, KOTOPHIN OBI, COXpaHSsIs IIpaBa
BJIAZIENIbIIEB PECYPCOB, PETyIMPOBal MHTEHCUBHOCTh
MOCTYTUIEHUS TI00ATbHBIX U JIOKAJIbHbIX 3aJaHUH.

B kavecTBe TaKoro MexaHu3Ma B 9KOHOMUYECKOM
MOJIEJI YITpaBJIeHUS TPUJ IpeiaraeTcss KOHKYPEHIIUS
JIOKAJTbHBIX M TJI00aJbHBIX 3aJaHUl Ha OCHOBE CpaB-
HEHUS VX JJOKAJTBHBIX IIPUOPUTETOB, Ha3HAYAEMBIX JIO-
KaJbHOU cucTeMoit ympasiaeHust pecypcamu (JICYP).

Breluncienre J0KaabHOTO MPUOPUTETA TJI00aTbLHOTO
3aJaHus MpeajiaraeTcsl Mpou3BOAUThL (HampUMep, Kak
B [4, 5]) dyHKumMeit, 3aBUCSIINEH OT ITOTPEOJISTEMBIX
pecypcoB M IIJIaThI 3a 3agaHne. KOHKpeTHBIN BU 3aBU-
CUMOCTH YCTaHaBJIMUBaeTCs BiaaenbleM Kaxaoro BK.
B 4acTHOCTHM, BHEITHUIT TTOTOK MOXET OBITH TTEPEKPHIT
MOJIHOCTBHI0. OIHAKO OCTAaeTCsI BOMPOC O BUIE 3aBUCH-
MOCTH CTOMMOCTH TIPEIOCTABICHUS PECYPCOB OT TUIIA
3aIaHus.

Hwxe paccmaTpuBaeTcss Mopeidb TPHUI C HEOT-
YyXIaeMbIMU pecypcaMu (COBMECTHO WCIOJb3yeMBbl-
MU BHEIIHUMH ITOJIb30BATEISIMM M UX BJalebliaMu),
B KOTOPOIi peajM30BaHa IBYXypOBHEBas OpraHM3aIusI
yrpasieHus pecypcamu (puc. 1) [2].

OcHOBHbIE (YHKIMU BepxXHEro (IJI00aJIbHOTO)
YPOBHS — 3TO (DOPMUPOBAHUE OYEPENU TIO0ATBHBIX
3aJaHUI1 ¥ B COOTBETCTBUU C TIPUOPUTETAMU U 3aIIPO-
caMu TTOJTh30BATENIei OCYIIECTBICHNE TTOUCKA U BhIIE-
JieHue TpedyeMbIX pecypcoB. K 0CHOBHBIM (DYHKIIUSIM
HUXHEro (JIOKaJTbHOI0) YPOBHS OTHOCATCS: (hOPMUPO-
BaHHE OTBETa Ha 3aIllpOC BEPXHEro ypOBHSI, MOHUTO-
puHr cocrosius BK, B3aumoneiicTBre ¢ BiagenblieM
PECYPCOB M, TIOCJIe TOTO KakK 3afaHue JIOCTaBJIeHO Ha
BK, ocy1iiecTBieHre KOHTPOJISI HAJl €70 BBITTOJTHEHUEM.

[1obanpHOE 3amaHMe B paccMaTpUBacMOl Mope-
Ju otmnpabisieTcss Ha BK Tonbko mocie BbIOOpa emy
BEpPXHUM U HMXXHUM YPOBHSIMU YIpaBJeHUS Tpedy-
€MbIX BEIYMCIIUTENbHBIX pecypcoB (TpolieccopoB). Bbi-
60p pecypcoB OCYIIECTBIISICTCS B COOTBETCTBHU C TPE-
0OBaHUSIMU 3aJaHUS W COTJIACHO YCTAHOBIICHHOMY B
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DOyHKIINS CTOMMOCTH PECYPCOB B 9KOHOMUYECKOU Mozenu yrpasierust [P
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IToTok m1o0aabHBIX 3aJaHHH

!

Jucneruep

BK

ITorok
JIOKQJIBbHBIX
3aJJaHUI

Wntepdetic
CIIO

Oo6pabarsiBarorie KoMrboTepsl BK

[T

I

Ouepenp
JIOKaJIbHBIX
3a/laHui

U

[

(I
|

[T

Puc. 1 CrpykrypHas cxema rpun

JIOKAJIbHOM y3JIe COTJIAIIEHWIO MEXIY BIIaJeblieM U
monb3oBaTesieM (rmocpeactBoM JICYP). ImoGampHBIE
3aaHus] MOTYT OBITb KaK OJIHOIIPOLIECCOPHbIE, TaK
¥ MHOTOIPOLIECCOPHBIE, TTPUUYEM OJHOBPEMEHHO HC-
MOJIb3yeMble MHOTOIPOLIECCOPHBIMU 3aJaHUSIMU BbI-
YHNCAUTEBHBIE peCypCchl MOTYT IIPUHAIIEXAaTh Pa3HBIM
BK. JlokanbHble 3agaHusg B JaHHOW MOIEIW BCeTIa
OIHOMPOILIECCOPHBIE. 3aJaHus pa3inyarTCcs 1O JIo-
KaJIbHBIM TIPUOPUTETAM, KOTOpPbI€ YYUTHIBAIOTCS MpU
pacripeJieieHu PecypcoB clieayioum odopaszoM. Jlo-
CTaBJIeHHOE Ha JJOKAIbHBIN YPOBEHbD III00aIbHOE 3a/1a-
HHe cpa3y XXe 3aHMMaeT BCe BhIIEIEHHBIE eMY PECYPCHI
BK u mocrne 3aBepiiieHUsT BBIMOJHEHUST OCBOOOXIAET
BCE 3aHSThIe pecypchbl omHOBpeMeHHo. Eciau B Mo-
MEHT TOCTYIUIEHUST TJI00aAbHOTO 3aJdaHUsl BbIACICH-
HBIE €My pecypchbl 3aHSATHI JOKAIbHBIMU 3adaHUSIMU,
TO TIOCJIEAHNE OCBOOOXKIAIOT 3T PECYPCHI, TIEPEXOISAT
B COCTOSTHUE OXWMIAHWS W MPOJOJIKAIOT BHITIOJIHEHUE
rnocjie ocBoOOXIeHUsT pecypcoB. IIpuopurtersl rino-
0OaNbHBIX 3a1aHU ITO0 OTHOIIEHUIO IPYT K IPYTy OIpe-
JEJII0TCS BeTMUMHAMU TIIaThl 32 TpeOyeMble PecypChl,
onpeesseMBIMI Ha BepXHEM YpPOBHE, Y YYUTHIBAIOTCS
Ha CTaJWU BBIIEJIECHUS pecypcoB MpU (OPpMUPOBAHUU
oyepeau Ha I1obaJbHOM ypoBHe. JIoKallbHOE 3alaHue,
B OTJINYME OT I100aIbHBIX, TPU OTCYTCTBUU CBOOOTHO-
ro pecypca TpebyeMoro TMIla CTAaHOBUTCSI B ouepeb B

Hakonutenae BK (mpu HaqivuuyuyM BaKaHTHOTO MECTa) U
IIpH TIOSIBJICHUHM CBOOOIHOTO pecypca TpeOyeMoro TH-
11a 3aHMMaeT €0 U BHITIOJIHSIETCS COTIAaCHO BEIOpaHHOM
B BK mucuumniune oocnyxuBanus. Ilpu orcyrctBuun
CBOOOMHBIX MECT B HAKOIUTEJIe JIOKaJbHOE 3aJaHue
TepseTCs.

B paccMmarpuBaeMoit Moies i PUHSTO Cleaytoliee
corjlaleHue MexXay T100aJbHbBIMU MTOIb30BaTEISIMU U
BJIaJIe/IbIIaMU PECYPCOB:

(1) ecnmu B MOMEHT TOCTYILJIECHUS IJIO0AJIBHOTO 3a/1a-
HUST HAaKOMUTENb (TIOCTOSTHHASI TIaMSITh) XOTST OBl
Yy OOHOTO TpeOyeMOro THIIa TPOIECCOPOB TON-
HOCTBIO 3aHAT (OTCYTCTBYET TpeOyeMblii 00beM
CBOOONHON MaMsATH) WM HET B HAJIMYMU HeoO-
XOAUMOTO YMCIa CBOOOMHBIX (MU 3aHSATHIX JIO-
KaIbHBIMY 33TaHUSIMU) TIPOIIECCOPOB TPEOYEMOTO
TWTA, TO OHO HE TOJy4aeT BBIUUCIUTEIbHBIE pe-
cypchl B j7anHOM BK;

(2) ecnu HeT orpaHUYEHUI, YKa3aHHBIX B I1. 1, TO TJ10-
OasibHOE 3a/IaHKE MOTYYaIOT MPOLECCOPHI AAHHOTO
BK (B mepBylo ouepenb, CBOOOTHBIE) COTJIACHO
BBIOPAHHON BIANETBIIEM PECYPCOB (DYHKIIUM CTO-
WMOCTH, €ClTM B JaHHBII MOMEHT BpeMeHU TLIa-
Ta T0JIb30BaTe/Isl HE MEHbIEe 3HaUeHUs] (YHKIUU
CTOMMOCTH, UHAYE TTOJTyYaeT OTKa3;
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(3) ecau rmobdanbHOE 3aJaHKe MOMYYalOT MPOLIECCOPHI,
3aHATHIE JIOKAIBHBIMU 3aJaHUSIMK, TO OHU OCBO-
0OXIAIOTCS, a 3aHSBIINE WX JIOKAJTbHbIC 3aJaHUs
3aHMMAIOT CBOOOIHbIE MECTA B COOTBETCTBYIOILEM
Hakonuree. [lociie 3Toro mocTynupIiasi I100a1b-
Hasl 3asiBKa 3aHMMaeT BBIIEJICHHBIC €l pecypcHl,
a BBIOBIBIIIEE JIOKAJIbHOE 3aJlaHue J000CITyK1Ba-
eTCsI TIEPBBIM K€ OCBOOOIMBIINMCS ITPOIIECCOPOM
TpeOyeMOro THUIIA.

INpennaraercst GpyHKIMST CTOMMOCTU TIPEAOCTaBIIe-
HUS PECYPCOB IS INIO0AIbHBIX U JIOKAJbHBIX 3aJaHUH,
yBeMuuBawlias noxon Bianenabia BK. JlanHas GyHk-
1IMsI OmpenessieT 3aBUCUMOCTh TpeOyeMOoi IIIaThl 3a
BBITIOTHEHUE 33[]aHUSI OT TEKYIIETO COCTOSTHUS Pecyp-
coB. IIpennaraemast GpyHKUMSI CTOUMOCTU MOXET OBITh
WCTIONb30BaHa BianeibiieM pecypcoB BK st Beiron-
HOTO pa3fe/ieHUs] BBIYMCIUTEIbHBIX PECYPCOB MEXIY
BHEITHUMM U BHYTPEHHUMM TOJIb30BATEISIMU.

2 ITlocraHoBka 3agauu

B kauectBe momenu BK paccmarpuBaeTcst cucte-
Ma MaccoBoro oociyxuBaHusi (CMO) ¢ I pa3iuyHbI-
MM ITyaCCOHOBCKMMM IMOTOKAMM 3as/BOK (3amaHuii), M
pa3IMYHBIMU TUTIAMU TPUOOPOB (pecypcoB) U B; npu-
6opamu [-ro Tuna, | = (1, M). TTycTh MOTOKY 3as1BOK
MPOHYMEPOBaHbI yucaamu 1, . . ., I, TUTIBI TPUOOPOB
yucnamu 1, ..., M, 1> M.

BBeneHsI ciemyronme IpeaioIoXKeHNs

1. MateHcuBHOCTY TTocTynaommux Ha CMO noTokoB
paBHbl 0 < )\; < oo, i = (1, ). Jlna xaxno-
ro MOTOKa C HOMEPOM % 3aJJaHO MHOXECTBO TUIIOB
npubopoB L;, Ha KOTOPOM OH MOXET 00CIIy>K1BaTh-
cs. 3asBKa IOTOKAa ¢ HOMepoM ¢ (i-3asiBKa), TIe
i € (1, M) (TOKaJbHbIE 3aBKM), MOXET 3aHUMATh
OIWH JII000I CBOOOIHBIN MpUOOp ¢-TO TUMA, T.e€.
L; = {i} nna i € (1, M). 3asBK1 OCTaJIbHBIX MO-
TOKOB (c HOoMepamu ¢ € (M + 1, I)) (rmoGaibHbIe
3asIBKM) MOTYT TPeOOBaTh IJII OOCITy>KWBAHMST OII-
HOBPEMEHHO HECKOJIBKO IIPUOOPOB, TIpUYEM 00sI13a-
TeJIbHO Pa3IMYHOI0 TUMA (T. €. MHOXECTBO L; MOXET
COCTOSITh U3 00JIee YeM OHOTO 3JIEMEHTA).

2. Mpubopsr I-ro tuna, | € (1, M), uMeroT oot
HAKOIIUTEIh EMKOCTH A;, KOTOPBI MOTYT 3aHUMATh
TOJIEKO JIOKAJIBHBIE [-3aBKU.

3. Ecju B MOMEHT NOCTYIUIEHMS JIOKAJTbHOM i-3asIBKH,
i € (1, M), B HaKonuTeJIe MPUOOPOB i-TO TUIIA HET
CBOOOIHBIX MECT, OHa Ccpa3y IMOKUIAET y3e, B TIpo-
TUBHOM CJIy4yae IMpU HaJIUYMK CBOOOIHOTO Ipudopa
COOTBETCTBYIOLIETO TUIIA CPa3y MOCTYyIIaeT Ha 00-
CIyXXUBaHUE, a IPU OTCYTCTBUM — 3aHUMAaET MECTO
B HaKOTIUTEJIE.

4. Ecau B MOMEHT TOCTYIUIEHUS IJI00aJIbHOM 4-3as1B-
KM, i € (M + 1, I), XoTs GBI y OMTHOTO TPeGYeMOTro
TWTIa TPUOOPOB B HAKOMUTEJIE OTCYTCTBYET CBOOOI-
HOE MECTO WJIU BCE TTPUOOPHI 3aHSITHI TJI00TBHBIMU
3asiBKaMu, OHa Cpa3y IMOKUIAET CUCTEMY.

5. Eciy B MOMEHT MOCTYIUIEHUSI T100aTbHON 3asIBKU
HEeT OrpaHWYCHMI, YKa3aHHBIX B II. 4, TO 3asBKa
IOITYCKAeTCSI WJIM HE IOITyCKAeTCsS Ha BBITIOHE-
HHE COIVIACHO BBIOpAHHOI CTpaTeTMU paclipemeie-
HUS PECYPCOB, 3aBUCSIIEH OT TEKYIIIETO COCTOSTHUS
CHCTEeMBI (UMCJIa 3assBOK KaXKIOro TUIIA B CUCTEME).

6. Ecnm rmoGayibHas 3asiBKa JIOMYCKAeTCs B CUCTEMY 1
BCe TIPUOOPHI HEKOTOPOTO TPeOyeMOTo THUIIa 3aHsI-
ThI 3asIBKAMH, TO OJHA U3 JIOKAJbHBIX 3asIBOK, 3a-
HUMarmIas TpedyeMblii MprudOp, 0CBOOOXKIAET €ro
Y 3aHUMAaeT CBOOOTHOE MECTO B COOTBETCTBYIOIIIEM
Hakonutesne. Cpasy 1ociie 3TOTo MOCTYMUBIIIAS T10-
OastbHasI 3asiBKa 3aHUMAET 110 OHOMY CBOOOTHOMY
npubopy TpedyeMOoro TuIla, a KaXias BbIObIBILAS
3asiBKa JI000CITyXKMBAETCS TEPBBIM e OCBOOONNB-
IIAMCS TIPUOOPOM TpedyeMoro Tuma.

7. Bpems oOciyxuBaHMs i-3a9BKU (CyMMapHOeE Bpe-
M$l 3aHSTUSI TTPUOOPOB ¢-3asIBKOI) — BKCIOHEH-
LIMAJIbHO paclipeie/ieHHas ciyJyaliHasi BeJIMYMHA C
napaMmeTpoM 0 < p < 00, HE3aBUCHUMasl OT JAPYTrUX
CIIy4yaitHbIX COOBITHIA B y371e, ¢ = (1, I).

8. BoimosHeHHas 3asiBKa OCBOOOXIAET OJHOBPECMCH -
HO BC€ 3aHATLIC €10 HpI/I60pI>I " IIOKKUAACT CUCTEMY
HaBcCeraa.

9. M3BecTHa Iuiata 3a BBIIIOJIHEHUE JIOKAJIbHOM i-3a-
sSBKM, 7 = (1, M).

BBenem o0o3HaueHUS:

d; > 0 — muaTa 3a BBINOJHEHUE ¢-3aIBKU, ¢ =
= (17 I);

k; — 4mMCI0 i-3a5IBOK B CUCTEME B HEKOTOPBI MO-
MeHT BpemenH, i = (1, 1);

k= (k1,...,kr) — BeKTOp-CTONOEL, OMMCHIBA-
IOIIMI COCTOSTHUE CUCTEMBI;

T
b, = (bu,-..,bn) — BeKTOp-CTpOKa, TIe by = 0,
€CJIi prOOPHI [-TO THIA HE TPEOYIOTCS ISl BHITIOTHE-

HUS i-3a9BKU, U b;; = 1 B IPOTUBHOM CJIyYae;
o I
m; = b;fk = > byk; — cyMMapHOe YHUCIIO 3asIBOK
i=1
B mpu0Oopax [-ro TUMA U B UX OYEPEaU;
N={k: 0<bhE<B+Ampul=1,.. M
n0 <k < {niLn{Bl} npu i = M +1,...,I} — npo-
eLl;

CTPaHCTBO COCTOSTHUM CUCTEMBI (MHO)KGCTBO BCEX BO3-
MOXKHBIX COCTOSIHUI CI/ICTGMBI);

I
D, =B — > byk; — uucio npubopos [-To
i=M+1
THTA, HE 3aHATBIX ITI00aJBHBIMU 3asiBKAMMU;
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N;={k: k€N, k; <D;+A;} —MHOXECTBO cO-
CTOSTHU, TIPY KOTOPBIX B CUCTEME €CTh XOTA OBl OIUH
CBOOOHBIN MTPUOOP IS i-3as1BOK, @ € (1, M);

N; ={k: k€ N;, D; > 0mna Bcex! € L;} — MHo-
JKECTBO COCTOSHUIA, IIPU KOTOPBIX B CUCTEME €CTh TPE-
OyeMoe YMCIIo TPUOOPOB VTS i-3as1BOK, ¢ € (M + 1, I);

N;={k: ke N, k; = D; + A;} — MHOXecTBO
COCTOSIHUIA, TPU KOTOPBLIX B CUCTEME HET TPEOGYEMOTO
qucia npubopoB s i-3a51BOK, i € (1, M);

N;={k: D;=0wummk € N; x0T bl U1 OHOTO
I € L;} — MHOXeCTBO COCTOSTHHIA, TIPY KOTOPHIX B CHC-
TeMe HET TPeOYEMOTo YKciia MPUOOPOB I i-3asdBOK,
ie(M+1,1I);

X(A) — byHKUMSA-UHAUKATOD:

(4) 1, ec/iv BBITIOJTHSIETCS yeyioBUe A |
X =
0, eciTi He BBITIOTHIETCS yclIoBUe A .

Mycts 7(k) = (r1(k), ..., r7(k)), Tae Kaxaas KoM-
noHeHTa 7 (k) MOXeT TIPUHUMATh OHO U3 3HAYEHUIA:
Owm 1, ecim k € N;, u 1, ecmu k € N;. Tonutuxy
pacnpenenenus pecypcoB BK onpenennm ¢ moMolibio
uenouncaeHHoi GyHkuu 7(k) ceayromm o6pasom.
Ecimit B MOMEHT TIOCTYTUIEHUS 4-3asBKU CHCTEMA HAXO-
JIATCS B COCTOSIHUY k, TO OHA TIPUHUMAETCSI B CUCTEMY
B ciydae 7;(k) = 0 v He npuHUMaeTcs ipu 7; (k) = 1,
i=1,...,,I1. Habop 7 = {7(k), k € N} Gynem Ha3bI-
BaTb cmpameeueil pacnpedeneHus npubopos (pecypcos).
B nanbHeiiiem OyaeM paccMaTpUBaTh TOJBKO CTallM-
OHApPHBIE CTPATETNN (ITOCTOSIHHEBIE BO BPEMEHH) U TIOJ
CIIOBOM CTpaTerusl OygeM IOHUMATh CTallMOHAPHYIO
crparernio. OOGO3HAYMM 4Yepe3 ¢~ CpemHee CymMMap-
HOTO J0X0/a (TIpeArnoaaraeMoii IaThl 3a BbITOJHEHNE
3asIBOK, BKJTIOYAst U JIOKAJIbHBIE), TEPSEMOTO CUCTEMO
B €IMHUIY BpEMEHU M3-3a 3aHATOCTU TIPUOOPOB WA
HEJIOITyCKa B CUCTEMY 3asBOK. [1ycTh R — MHOXECTBO
BCEX BO3MOXHBIX T.

CraBuTCs 3ama4a; HallTH CTpaTeruio 7° € R Takylo,
YTONPU T = 7* QYHKUMA " JOCTUTAET MUHUMAJILHOTO
3HAYEHUS, T. €. .

: r__ T
ming” = g

3 Penrenwue 3amauu

st pelieHusl 3amadd BOCITOJIB3YEMCSI arlliapaToM
TEOPUN MapKOBCKMX TTPOIIECCOB MPUHSTHS PEeIeHUH,
a IMEHHO UTePAIIMOHHBIM AJITOPUTMOM ITMHAMUYIECKO-
ro MPOrpaMMHUPOBaHMS, HA3bIBAEMBIM UTEPALIUOHHBIM
anropuT™MoM XoBapga [6, 7].

OTMeTHM, UTO IS KaXI0W (DUKCUPOBAHHOM CTpa-
TerMd 7 € R mpollecc mepexoia paccMaTpuBaeMoi
CMO u3 OmZHOTO COCTOSIHUSI B JAPYTO€ OIUCHIBAETCS
MapKoBcKuM miporieccoM [8]. Tlyetb A;(k) — mHTEH-
CHUBHOCTb ITOCTYMAOLIETO B CHCTEMY ITOTOKA 7-3as1BOK B

coctosinuu k, ju(k;) — MHTEHCUBHOCTH OOCTYXKEHHOTO
MOTOKA -3as1BOK B COCTOSSHUU k U 7 — (DUKCHPOBAH-
Has cTpaterusi. Toraa u3 BBeNeHHBIX TIPEMTOIOXKEHUI
Y OTIpeNieSIeHUsI CTPATETUU T CIIEMYET, YTO AJIsl JII0OOro
ke N

0, ecmur;(k)=1,

(k) = -
() i, ecmuri(k)=0,
uD;, ecmk; > D;, i€ (1, M),
plki) = q pki,  ecnmmk; < D;m
ie(l, M)ynmiiec (M+1,1);
i=(1,1).

Kak BUIHO, B paccMaTpruBaeMOM MapKOBCKOM ITPO-
Lecce Mepexo CUCTEeMBbl 3 OTHOTO COCTOSIHUSI B IPY-
roe MOXeT TPOU30MTH TONBKO B JABYX CIyYasx: MpH
MOCTYIUIEHUM 3asiBKM WM MPU OKOHYaHWM BBITION-
HeHUsI 3asiBKUM. MaTpuila MHTEHCMBHOCTEN Tiepexosa
A" = (a" (k, j))@;) ¢ JAaHHOTO MapKOBCKOTO MpoLec-
ca MMeeT CIeAYIoNMii BiI. VIHTEHCHBHOCTD Mepexoza
U3 COCTOSIHUA k B j, BbI3BaHHAs MOCTYIUIEHUEM WU
OKOHYaHMEeM BBITIOJTHEH WS i-3as1BKU, PaBHA:

i HpHEENi,EZE'i‘li,

ri(k) =0;
ai*(k,j) =S plk;) mpuk; >1,7=k—1;, (1)
keN;
0 B OCTAJIbHBIX CITy4asix

npu k £, rae 1; — BEKTOp-CTONOEL, Y KOTOPOTO -5
KOMITOHEHTa paBHa |, a octanbHble paBHbI 0,7 = (1, T),
k,j € N. Torma no onpeaeaeHUI0 MaTpULIbl UHTEHCHUB-

— I - — -
Hocreit iepexona a” (k,j) = > a.'(k,j) npu k # ju
i=1

a’(k, k) = - 2:_ _aF(k,j), k,7€N.
JEN, j#k

OTMETHM, YTO paccMaTpUBaeMBIii MAapKOBCKMIA
MpoLlecC BCEra MMeeT CTalMOHAPHBLIE BEPOSITHOCTH
COCTOSIHMIA (3TO ClielyeT U3 BBEAEHHBIX MIPEIIIONOXE-
HUit ¥ TUTIa paccMaTtpusaeMoit CMO — HenmpuBoanMast
MAapKOBCKas LleIlb U KOHEYHOE YUCJIO COCTOsIHUIA) [8].

B nanmbHeiiem Bclomy OyleM MpenroiaraTh, 4to
MHOXECTBO R BKJIIOUAET TOJIBKO T€ CTPATETHH, TIPH KO-
TOPBIX PACCMaTPUBAEMBIIf MAPKOBCKUIA IIPOLIECC UMEET
TOJIBKO OJHO 3PTOJMYeCKOe MHOXKECTBO COCTOSHMIA.

OnpenenuM HauaabHYIO CTPATETHIO T

_ M
0 mpuke N;, Y by=1,
ri (k) = . =1 M
1 mpuke N;uwmm > by >1,
=1

i=(1,1).
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3aMeTHM, YTO MPU HavyaIbHOl CTpaTerny Kaxkuias
JIOMycKaeMasi B CUCTEMY 3asiBKa TPEOYET /sl BHIMOJTHE -
HHUS TOJNBKO OIMH TIpMOOP, a BCe 3asBKHU, TpeOyioliue
OIHOBPeMEHHO GoJlee OHOTO TPUGOpa, He AOMycKa-
I0TCSl B CUCTEMY.

U3 (1) cnenyer, 4to Mpu 7 = 7* WHTEHCUBHOCTU
a;(k, ) uMetoT BUL:

i HpHEENi,EZE'Fli,
ri(k)=0,1<i<M,;

a;'(k,j) = (ki) mpuk; > 1, (2)
j=k—1;, ke N,
0 B OCTJIBHBIX CJIyYasix ;

kE#j; k,jeN;i=(1,1).

O0603HaYMM Yepe3 qg HOPMY CTOMMOCTHBIX TTIOTEPh

B COCTOSIHUM k (TepsieMbIil B €IMHUILy BPEMEHH II0-
XOJI, KOTJIA CHCTeMa HaXOAUTCS B COCTOSIHUM k) TIpU
CTpaTeruu ¥, uepes3 g° — CpPeIHue CTalIOHAPHBIE CTO-
MMOCTHbIE MOTepU B €AUHMILY BpeMeHu. J[lanee mis
KpPaTKOCTH BMECTO CJIOB CTOMMOCTHBIE MOTEPU Oynem
IMCATh TIPOCTO TTOTEPU. 3aMEeTUM, YTO IIPU T Kaxk-
ZIbIE i~ TUII TIPUOOPOB U -1 TIOTOK 3asiBOK 00pa3yloT
CMO tuna M/M/B;/A; c orpaHUYEHHON OYepelbiO.
CrenoBaTeibHO, UMEEM:

Z di i + Z diXi;

i:EENi i:EENi
Ti(z)zl
B I
6 = Y dh+ D> dik 3)
ie(l M)
g = Z diNi +Zd)\7rB+A (i), keN,

i=M-+1

rae wg; 1 a,(pi) — BTOpas dopmysia Dpnanra mis cuc-
TeMbI ¢ B; npubopamMu, A; MecTaMu B HAKOIUTEJIE U
Harpyskoi p;,t =1,..., M.

CornacHo UTepallMOHHOM Tpoueaype Xosapaa [6,
7] st yJTydLICHUS] CTPATeT N IOCTATOYHO HAWTH pelie-
Hue 7(k) Takoe, 4YTOOBI XOTs Gbl B OTHOM COCTOSIHUH k
BBITIOJTHSIJIOCH YCIIOBUE:!

G+ dEHVE<g 4)
JEN
e g° U vz (j € N) aBnsI0TCA PEIIEHUEM CUCTEMBI
YpPaBHEHUIA:
=g + ) d (k)Y (5)
JEN

npu Vi = 0,0 = (0,...,0) — BekTOp-CTONGELL, COOT-
BETCTBYIOLIMI HYJIEBOMY COCTOSTHUIO CICTEMBI.

Kpowme Toro, eciin 7' — yiydiieHHasi CTpaTerus, To:

g =Y Ty,

keN

re vy =dr + > d (k)V—ar — 3 a” (k)5
JEN JEN
Haiinem ynydieHHyto ctpateruto. O003HauUM ISt
KpPaTKOCTH T; = w?Bi pA, (pi). Anst HaYaIbHOM CTpaTte-
run 7 u3 (5), moncraBus (2) u (3), MOTYIUM:

Zd/\m—i— Z di\; = Z diX; +

i=M-+1 i=M-+1
+ Z diXi + Z AiVE_q, +
m;=D;+A; m;<D;+A;
ie(T, M) i€ (T, M)
+ Z :Uf(kz)vk 1
i:kizl
- SN+ D) ulk) | Vi (6)
i€(1, M)

CucreMa ypaBHeHUI (6) SKBMBaJeHTHa CHCTEMe
YPaBHEHWIA:

M
1=1 im;=D;+A;
i€(1, M)
+ Z AV, + Z Vi~
m;<D;+A; i k >1
ie(1, M) M)
D IRRAQICETE B DR
ik, >1 m;<D;+A;
ie(M+1,1) ie(T, M)

+ > plk) +
ik >1 itk >1

K
i€(1, M) i€(M+1,1)

Yreepxkaenne. Cructema ypaBHeHU (7) MMeeT pellie-
HUE BUA:

M
Vi= tmi;
i=1

Um; = Um,;—1 + Um,; 3
Mmj—l
X3
Um; = Um; =0 npum; =0;
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um;, ecamm; < B;,
Hom; = ®)
uBi, ecmmm; > B;;
keN, mi=1,....Bi+A4;, i=1,...,M.
CnencrBue. CripaBeJINBEI pAaBEHCTBA:
dimls 4 (pi
i, = W B0 ©)

7T7T:l»71 (pi)
TIe T, (p;) — TepBas dhopMyia DpiraHra ¢ m; Iprudo-
pamMu U Harpy3kou p; B ciayyae m; < B; v BTOpas
¢dopMyna DpiaHra g CUCTeMbl ¢ B; mpudopaMmu,
m; — B; MectaMM B HaKOIIMTeJle M HArpy3Kou p; B
coyqaem; > B, m; =1,...,B; + A;,i=1,..., M.

PaccmoTpuM nieByr0 9acTh HepaBeHCTBA (4) 1T He-
KOTOpPOro (puKCUpoBaHHOTO coctosiHusa k. Iloxcra-
BUB (1) u (3) B 1eBy10 YacTh (4), MOTYIUM:

E+Y dENVE= Y didi+ D> didi+

JEN i:k€N; i:kEN;
’I"i(E):l
+ Z AiVE-‘rli + Z :u‘(kz)v_
itk€N; itki>1
r;(k)=0
= >0 N+ D k) | V=
i:k€N; ki >1
7 (k)=0
- Z didit Y didt Y didi— Y didit
k€N i:ke€N; i kGN i EENI
ri(k)=1 ri(k)= ri(k)=0
+ Z Al(Vk.H Vi) + Z u(kz)(szli V) =
i:k€N; ki1
= Y didi— Y didi+ Y MV, -V
i€(1,1) i:k€N; i:k€EN,
+ (ki) (Vi_y, = Vi) =
lklzl
- didi+ > N(Viyy, —Ve—di) +
i€(1,1) z:__ENi
+ p(ks)(Vi_y, = Vi) - (10)
ki >1

Haiinem ctpareruto, npu kotopoit (10), T.e. yieBas
yacTh (4), nocTUraeT MUHUMyMa. 3aMeTuM, 4To B (10)
BCE CYMMBI, KpOME BTOpOii, HE 3aBUCAT OT CTpaTe-
ruu. CienoBarenbHO, CTpATeTusi, HA KOTOPOW MTOCTH-
raeT MUHMUMYyMa BTOpPasi CyMMa, T. €. BEIpaKeHUe:

X:AA%HJJ%—QL
i:kE€N;

(11

u Oynmer uckomoit. OueBUmHO, 4TO BbIpaxeHue (11)
MPUHUMaET MUHUMAaJIbHOE 3HaUeHUE TIPU CTPaTeTuu 7
TaKoOM, 4To:

ri () = 0, ecmm Vi, —Vp<d;,
1, ecm Vg, —Vp2>di,
FeN:, i=1,...,I.

Kaxk cnenyet uz (9), um, < d;,m; =1,...,B;+ A,
i =1,...,M. CnegoBaTejbHO, BbipaxeHue (11) mo-
CTUTaeT MUHIMYyMa Ha CTpaTeTuH T TaKOM, 9TO

ri(k)=0, keN;, i=1,...,M,
T‘i(E)ZO, EENi, 7= s .,M,
i) = 0, ecmm dl@) <d;,
1, ecmd;(k) >d;,
keN;, i=M+1,..,1I,
rne di(k) = Y Um+1 — OGYHKIME CTOMMOCTH
LIEL;

TIPEIOCTABICHUS IIPUOOPOB MIJIST {-3asIBKU.
CornacHO 3TOit CTpaTernu:

— JIOKaJIbHasI 3asiBKa P HAIMIMHU CBOOOTHOTO MeC-
Ta B HAKOMUTEJIe TIPUOOPOB TPeOyeMOTo THUIIA I0-
ITyCKAeTCs B CUCTEMY;

— robanbHas 3asiBKa MPY HATMYUH TPEOYeMBbIX TTPH-
GOpOB JIOITYCKAETCS B CUCTEMY, €CJIM TOXO 3a 00-
CIYXKMBaHWE TOJIb30BATe/Is BBIIIE 3HAYCHUS CO-
OTBETCTBYIOIIEH (DYHKIIUY CTOMMOCTH (BEIIMIMHEI
d;(k)), B IPOTMBHOM CJTy4ae MOJIydaeT OTKa3.

Huxe mpuBemeHbl pe3yJabTaThl BBIYMCIMTEIbHO-
o 3KCIEPUMEHTA, IOJyYE€HHbIE C MCIIOJb30BaHUEM
WMUTALIMOHHON MOIEIN OMWCAHHOM BBIIIE CHCTEMBI
JIJIS1 CpaBHUTEIBHOTO aHaiu3a 3(p(PeKTUBHOCTH ClIeIy-
IOLIMX CXEM JOCTYIIA K pecypcaM:

— NEDOP — ucnomnb3yeT (hyHKIIMIO CTOMMOCTH BHIa

di(k) = {0’

115t BeeX k € N (TobabHbBIe 3asIBKM He TOITyCKa-
I0TCSI B CUCTEMY — CTpaTerus r);

ecmi=1,..., M,
ecmt=M—+1,...,1

— PRIOR — ucmomns3yet yHKIINIO CTOMMOCTH BHOA
i=1,...,I, keN

(Bce 3asIBKM JOMYCKAIOTCSI B CUCTEMY);
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Puc. 2 3aBucnMoCTb CyMMapHOTO HOXOMA BIAEIbla PECYPCOB OT CYMMAapHO# BXOAHOM HArpy3Ku (@) U MHTEHCUBHOCTU
noToka rjodanbHbix 3agaHuii (6): I — NEDOP; 2 — DINPR; 3 — PRIOR

— DINPR — ucnonb3yeT hyHKIIMIO CTOMMOCTU BUIa

dl(E) = Z Umy+1

l:leL;

TOE U, +1, | = 1,..., M, BeranCIAIOTCS 1O (HOP-
Mmyite (9) (TmobambHBIC 3asIBKU JOTYCKAIOTCS B CHC-
TEMy B 3aBUCHMOCTH OT COCTOSIHUSI CUCTEMBbI —
cTparerus 7).

bbuta paccMoTpeHa cuctema co CIeayIoIMU Ta-
pamerpamu: M = 3; I = 6; B; = 10, A; = 10 tipn
1=1,2,3;u=1d;=1,i=1,...,6;L1 =1;Ls =2;
Ly = 3, Ly = {1, 2}, Ly = {2, 3}, Lg = {1, 2, 3}
Ha puc. 2, a npuseneH rpaduk 3aBUCMMOCTUA J0OXOJa
Biagenbiia BK ot mapamerpa A — MHTEHCUBHOCTH CyM-
MApHOTO MOTOKA 3asBOK IS YKa3aHHBIX BBIIIE CXEM
pacripelieJIeHUs pecypcoB Mpu p; = pz = p3 = 0,2;
ps = ps = 0,1; ps = 0,2, Tme p; — MOJS MMOTOKA ¢-TO
tdna, i = 1, ..., 6; A = 10, 20, 30, 40, 50, 60. Ha
puc. 2, 6 TToKa3aHa 3aBUCMMOCTb I0XO/ia Blaesblia pe-
CYpCOB OT BEJIMYMHBI HATPY3KM IIOOATbHBIX 3alaHUMi
pu GUKCUPOBAHHBIX 3HAYECHUSX TOKATBHBIX HATPY30K
Al =X =A3=8.

4 3axiroueHue

[ToryaeHHBIC pe3yIBTaThl IIPUBOIST K CICIYIOIINM
BBIBOJIAM:

1. TIpenocTtaBneHue pecypcoB IJIOOATbHBIM 3adaHU-
sMm (cxema DINPR) MoxeT cyliecTBeHHO MOBBICUTh
BEJIMYMHY [OXOJA BIIAJeNblla PECYPCOB (COTIACHO
BBIYMCIIUTETbHBIM OKCIIEPUMEHTAM ITPU CUITHHO 3a-
IPYKEHHBIX JIOKAJTbHBIMU 3alaHUSIMM pecypcax —
10 10%).

2. BecKOHTPOJIBHBIA JOCTYT MHOTOIPOIECCOPHBIX
3amaHuii (cxema PRIOR) MoxeTr cyliecTBEeHHO
CHM3WUTH [IOXOJ BIIAfENblla DPECypcoB (cCOriacHO
BBIYMCIIUTETHHBIM JKCTIEPUMEHTaM TIPU CUJIBHO
3arpy>KeHHBIX JIOKATbHBIMU 33JaHUSIMU Pecypcax —
10 6%).

3. Cxema DINPR addextuHee cxembl NEDOP (He
JIOTyCKaIOIEit B CUCTEMY ITI00ATbHBIE 3aJaHUSI ), EC-
JIV CYIIECTBYET XOTsI OBbI OAVH THUI TaKWX 3aJaHUI,
JUTSI KOTOPOTO TUTAaTa 3a BBHITOJTHEHWE BBIIIIE 3HAYE-
HUSI COOTBETCTBYIOLIEH (DYHKIIMM CTOMMOCTH (T. €.

d;(k) < d;) X0oTs1 GBI B OITHOM COCTOSTHUM.

4. Vcnonw3oBaHue agalTUBHON (3aBUCAIIEH OT CO-
CTOSIHUSI pecypcoB) (DYHKLUMM CTOMMOCTU (cxema
DINPR) nosBoJisieT 3(hpeKTUBHO pEryInpoBaTh 10-
CTyI TIoOaNbHBIX 3amaHuil K pecypcam BK (mpu
CMJIbHOM Harpy3ske pecypcoB JOKaJIbHbIMU 3aJaHU-
SIMM yBeJIMUEHNE Harpy3Ku TJI00albHbIX 3aJaHUA,
Tpebyoux pecypcoB gaHHoro BK, He mpuBoaut kK
CHIKCHMIO TOXO/IA BJIaesIblia PECYpPCOB).
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MHOTOJIUHENHAS CUCTEMA MACCOBOI'O OBCJTYKMBAHUS
C KOHEYHBIM HAKOIMUTEJEM, BJIOKMPOBKOW
[TOJIYMAPKOBCKOI'O ITOTOKA 3AABOK U BBIBUBAHUEM

3AABOK N3 HAKOIIUTEJIA*

B. B. Yaruibiruu!

AnHoTtamus: PaccMmarpuBaeTcss MHOroJIMHeliHas cucteMa MaccoBoro oociyxupaHust (CMO) ¢ KOHeYHbIM Ha-
KOTIUTeeM, OJIOKMPOBKOU TMOJTYyMapKOBCKOTO ITOTOKA 3asBOK M BBIOMBAHMEM 3asiBOK M3 HAKOIUTEIST MEPBOiL
3as1BKOIA, MOCTYNUBLIEH B CUCTEMY Ha MEpUOJIe BpeMEeHU, KOra MOTOK pa3djokupoBaH. [lepuoasl 610KUPOBKU
BXOJSIETro MOTOKA U MEePUO/Ibl, KOTAa BXOASAIIUI MOTOK pa3dJoKUPOBaH, pacnpeaeeHbl M0 3KCIOHEHIIMaTb-
HOMY 3aKOHY C pa3HBIMU MHTEHCUBHOCTSIMU. HailiieHbl OCHOBHBIE CTAIlMOHAPHBIE XapaKTePUCTUKK CUCTEMBI:
pacrpejieJieHue ouepein, BEpOsITHOCTh MOTEPU 3asIBKU, CpeIHEE BpeMsl MpeObIBaHUS 3asBKU B CUCTEME.

Kirouesble cjioBa: crcTeMa MacCOBOTO OOCTY>KMBaHMUSI; TIOJyMapKOBCKHUIA TTOTOK 3asiBOK; BHIOMBaHUE 3as1BOK

1 Omnucanue CUCTEMBEI

B nocnenHue roabl HOCTPOEHUIO CUCTEM pacrpee-
JIEHHBIX BBIYMCJIEHUI KaK OMHOMY U3 MEPCIEKTUBHBIX
HarpaBJieHU it pa3BUTUSI COBPEMEHHBIX UH(OTETEKOM-
MYHUKAIIMOHHBIX CUCTEM YIEJSIeTCsT O0IbIIIOe BHUMA-
Hue. Hepenku ciyyam, Koraa AOCTYN K pecypcam,
BbIIEJIEHHBIM CUCTEME pacIIpeAeI€HHbIX BBIYMCIEHU,
OKa3bIBae€TCsl OrpaHUYEHHBIM: HaIlpuMep, Koraa ob-
CITy>XKMBaIOIIKE YCTPOMCTBA, HA KOTOPBIX (DYHKIIMOHU-
pYyeT cucTema, 3aJeiiCTBOBaHbI ISl BBITIOJIHEHUS IPY-
rux 3amgady. OpraHu3zaius AOCTyINa K 3TUM pecypcaM
MOXeT OBITh CaMOM pa3HOOOpPa3HOI: MPUOPUTETHHIN
JIOCTYI, UHTEPBAJIbHBIN JAOCTYII, pa3iejieHUe pecypca
MEXIy TOoJb30BaTelssMM U Ap. B yacTHocTH, HacTo-
smiasg pabora MOCBSIIEHAa MOAEIU C WHTEPBaJbHBIM
JOCTYIIOM K HECKOJbKMM OOCTYKWBAIOUIMM YCTPOI-
CTBaM M SIBJISIETCSl pa3BUTUEM paboThl [1], B KOTOpOit
paccmorpeHa CMO SM/PH/n/r ¢ 610KupoBKoii 110-
JIyMapKOBCKOTO TOTOKa 3asBOK. MeTonbl, NCTIOAb3Y-
eMble I OTBICKAHUSI CTallMOHAPHBIX XapaKTepUCTUK
PacCMOTPEHHOI HUXE CUCTEMBbI C OJIOKUPOBKOI IO-
JIyMapKOBCKOTO ITOTOKA 3as1BOK 1 BHIOMBaHMEM 3as1BOK
W3 HAKOIUTENSI, ONMPAIOTCSl Ha UOEU, 3AI0KEHHbBIE B
pabotax [2—4] mma CMO ¢ peKyppeHTHBIM U TIOJy-
MapKOBCKMM BXOMSIIIIMMU TOTOKAMM U MapKOBCKUM
0o0CTy>KBaHUEM.

PaccMmoTrpuM MHoronmHeltHyro CMO ¢ HakomnuTe-
JleM KOHEYHOU eMKocTh. B cucreme mMmeercs: n pa-
OoTaloLIMX HE3aBUCUMO OPYT OT Apyra WIEHTHYHBIX

MMprOOPOB, KOTOPHIE OOCITY:KMBAIOT ITOCTYITAIOIIE Ha
HUX OTHOTUITHBIC 3asIBKU.

Kaxmslii n3 mprndopoB MOXeT HaXOOUThCS Ha OfI-
Hoil u3 J, 1 < J < oo, da3 obcnyxuBaHus. Bpems
00CITy>KMBaHMS 3asBKM Ha KaXXIoM Mpubope pacrpe-
IIeJICHO TI0 3aKOHY (ha30BOTO THUIIA C TTapaMmeTpaMu h
u H, tne h — BekTOp-CcTpoKa pasmepHoctu J, a H —
KBagpaTHasi MaTpuIia ropsiaka J. OyHKIINS pacipene-
JieHus (ha30BOro TUIA BpeMEHU 00CTyKBaHUS 3aIBKU
3aluchbiBaeTCsd B BUIe (HUXKe yepe3 1 Oymem o0o3Ha-
YyaTb BEKTOP-CTOJIOEI U3 eAUHMUIIL, yepe3 0 — HYJIeBYIO
BEKTOP-CTPOKY, yepe3 O — HYJIEeBYIO MATPUILY, a 4epe3
F — eIMHUYHYI0 MATPHUILy, Pa3MEPHOCTb U ITOPSIOK
KOTOPBIX OMPEACSIOTCS HUXKHUM WHICKCOM WU U3
KOHTEKCTA):

H(z) =1-hef"1. (1)

Ecnu B cuctemy mocTymnaer 3asiBKa, HO BCE 1 TIPU-
OOpOB 3aHATHI, TO 3Ta 3asBKA TMOCTYMAeT B HAKOIH-
TeJIb eMKOCTBIO r. bynmem cuutarh, 4to r > 2; eciu
r = 0 wunu 1, To 4acTh NMOJYYEHHBIX (POpMYJT OTPEOy-
eT yrpolieHus1. Eciu HakomuTesb MOJIOH, TO 3asiBKa,
He 00CTyXWBasiCh, TOKUIAET CUCTEMY (TepsieTcst). 3a-
SIBKU M3 HAKOITUTEJISI OOCITYy>KMBAIOTCS B TIOPSIIKE WX
rocTyruieHus B cucremy. O6o3Haumm: R = n + r.

OrnuileM BXOISIIMI B CUCTEMY MOTOK 3asIBOK.

PaccmoTpuM mosymMapKOBCKMM TIpoliecc ¢ KOHed-
HBIM MHOXeCTBOM cocTosiHuit {1,2,...,1}, 1 <1 <
< 00. B KaxpIit MOMEHT U3BMEHEHUST COCTOSTHUS TIOJTY -
MapKOBCKOTO TpoIlecca TeHEPUPYETCsT HOBasl 3asiBKa,

*PaboTa BBITIOJIHEHA TTPH Moanepxkke Poccuiickoro ¢oHma hyHaaMeHTaaIbHbIX MccienoBaHuii, rpaHTbl 06-07-89056 u 08-07-00152.
'UncturyT npo6aem mHdopMatiku Poccuiickoit akanemuy Hayk, vehaplygin@ipiran.ru
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KOTOpasi TOTOBA MTOCTYITATEL B CUCTEMY Ha OOCITyKIBA-
Hue. BeposATHOCTH TOro, YTO MOJIYMapKOBCKUIA IPO-
LIECC 3a BpPeMs MEHBIIE T MEPENIET U3 COCTOAHUS %
cpasy B cocTosiHue j, i,j = 1,1, pasua A;;(z). Cpen-
Hee BpeMs MeXIy U3MEHEHUSMU COCTOSTHMIA TTOJTyMap-
KOBCKOTO ITPOLIECCA B CTALIMOHAPHOM PEXMME MOXHO
3amucarhb B BUIE

o0

a=m, | vdA(x)1, 2
/

rae 7, — BEKTOP-CTpOKa CTallMOHAPHBIX BEPOSITHO-
cTeil BJIOXEHHOH Liemu MapkoBa MOJIyMapKOBCKOTO
npouecca, A(x) — MaTpuua U3 31eMeHTOB A;; ().

Boree mompoOHOEe ommcaHWe ITOIYyMapKOBCKOTO
IIOTOKa, a TaKKe HEKOTOphIe €CTeCTBCHHBIC IOITOJ-
HUTEJIbHBIE TIPEAIOI0XEHUST OTHOCUTEBHO €ro Tia-
paMeTpoB, KOTOphIe OyleM CUMTaTh BHITTOJHEHHBIMU,
MOXHO HaliTu B pabote [4].

bynem paccmaTpuBaTh CTAllMOHAPHBIA  pPEXUM
(GYHKIIMOHNPOBAHMS TTOJIyMapKOBCKOTO IIPOIlecca re-
Hepalyy 3asiBOK. 3a «Majioe» BpeMsT A ¢ BEpOSITHOCTBIO
aA + o(A) mpoucxoqut GIOKUPOBKA MOTOKA 3asiBOK,
MOCTYMNAIOLUIUX B CUCTEMY, @ UMEHHO C 3TOT'0 MOMEHTa
3asIBKU, TeHEPUPYEeMbIe TTOJIyMapKOBCKIM ITPOIIECCOM,
B CHCTeMY He MOMAmaloT, a TepSIoTCs. 3asBKU, HAXO-
ISIIIecs] B CUCTEMe, CHCTeMy He IMOKHWAAIOT, a IIpo-
JOJDKAIOT 00CITy>KUBAThCs (3asBKU Ha Mpubopax) Win
OXUJaTh OOCIYyKMBaHUS (3a9BKM B HaKOMUTEJE) IO
MOMEHTA TTOCTYIIJICHHS TIEPBOM 3asIBKU ITOCTIEC pa30iio-
KHAPOBKH IIOTOKA.

Ecam 1ToToK 3a0JI0KMpOBaH, TO 3a «<MaJIoe» BpeMs A
C BepOATHOCTBIO SA + 0(A) TOTOK pa3dIoKUpyeTCs U
3as1BKM, KOTOpbIe OYIyT CreHEepUpOBaHbI MOCJE 3TO-
ro MOMEHTa, BHOBb OYAyT IOCTYIlaTh B CHUCTEMY Ha
obcmyxuBanue. IlpwdeM TepBasi 3asiBKa, ITOCTYITHB-
IIasi B TIepyuoj BpeMeHH, KOTIa II0TOK pa30JI0KNpOBaH,
BbIOMBAET BCE 3asiBKU U3 HAKOIUTENSI, €CJIU TaKOBbIE
HMMEIOTCS, a camMa 3aHUMMaeT TepBoe MeCTO B ouepe-
Iu. 3asiBKM Ha MpuOopax MpoaosKaloT 00CTyKUBaTh-
cs. IlepBas 3astBKa, ITOCTYIIMBINAS B IIEpUOH, KOTIa
BXOISIIIINI TTOTOK Pa30JIOKMPOBAH, W 3acTaBIasl IOJI-
HBII HAKOITUTEIh, He BHIOMBACT 3asIBKH M3 HAKOITUTEIIS
U caMa TOKWIAeT CUCTEMY, HE OOCITYyXUBIINCh. 3asiB-
KM, MOCTYIAIOII1e B CUCTEMY IO MOMEHTa OJIOKMPOBKU
Ipoliecca TeHepaluy, TakKKe 3asBOK M3 HAKOIIUTEIS He
BBIOMBAIOT, a BCTAIOT B 0YepPeb, €CIIA €CTh CBOOOIHBIC
MecTa.

TeHepanuus 3asiBOK MOJyMapKOBCKUM TOTOKOM He
3aBUCUT OT TOTO, 3a0JIOKUPOBAHO MOCTYIIEHUE 3asIBOK
B CUCTEMY WJIV HET.

B Hacrosieit pabote Ha OCHOBE METOIOB, MOAPOO-
HO M3JIOXKEHHBIX B padoTax [2, 4], MoJlydeHbI MaTeMa-
TUYECKHE COOTHOIIEHMS AJisl pacuera CTallMOHApPHBIX
XapaKTePUCTUK CUCTEMBI.

2 CrauyoHapHoOe pacrnpeneieHue
4yucJia 3a9BOK B CUCTEME

Bocnonb3yeMcst HEKOTOPBIMU TIOCTPOEHUSIMU, TIO-
JIydeHHBIMU 1S MHOTONMHETHON CMO ¢ KOHEYHBIM
HaKOMUTeIeM, TMOJIyMapKOBCKMM MOTOKOM 3asiBOK U
MapKOBCKMM 0OCTykKrBaHUEM [4], a UMEHHO TeM, YTO
npoliecc o0CayKMBaHUS BCEMU MPUOOPAMU CUCTEMBI,
00CTyXMBaHME Ha KAXIOM U3 KOTOPBIX pacipenesieHo
10 3aKOHY (ha30BOTO TUTIA, MOXET OBITH OMTMCAH B BUJIE
MAapKOBCKOTO Tpolecca OOCIYXKUBaHUS CJEIyIOIIUM
obpazom.

Ecnu B cucreme Haxogutes k, 0 < kK < n +r, 3a-
SIBOK, TO TIPOIIECC OOCTYKMBAHUS MOXET HaXOIUThCS
B OIHOM M3 I, [ < 00, COCTOSTHUI ((ha3 00CITyK1Ba-
HUS), TpUYEeM UHTEHCUBHOCTh CMEHBI (Da3 MapKOBCKO-
To Tpolecca OIpeneisieTcsa dJIeMeHTaMU MaTpuil Ay,
k = 0,n 4+ r, ecIM HU OfHA 3asiBKa HE OOCIyXUJacCh,
U 27eMeHTaMu Matpull N, k = 1,n +r, ecnu 3asB-
Ka obcnyxwunack. Ilpemmonaraercsi, uro Il = [ mipu
k=nn+r,Ar=Anpuk=n,n+r,aN, =N npu
k=mn+1,n+ r. Matpuiy A+ N Oynem npeanojarath
Hepas3JIoXUMOI, a MaTpuily N — HEHYJICBOMA.

Ecnu B cucreme Haxogutcsi k, k = 0,n — 1, 3as1BOK,
OyneM mpeanoaraTh, YTo Mpy MOCTYIJIEHUM HOBO 3a-
SIBKM B CUCTEMY MapKOBCKUI1 MpoLecC 00CTy:KUBaHUS
MepexoauT Ha ¢asy, KoTopasi onpenessieTcs JIeMeHTa-
MU MaTpuir 2.

Boree mompoOHOE ommcaHWEe CTPYKTYPBI TaKOTO
MapKOBCKOTO Tpolecca, a Takke CIocod ¢hopMupo-
BaHUsI ero MH(UHUTE3MMAIbHON MaTPUILIbI 1O 3aJdaH-
HoMy P H -pacrnpeneneHno o0CIy>KUBaHUs 3asiBKUA Ha
KaxXIoM IIprudope MOXHO HaiiTh B paboTtax [2, 4].

PaccmoTpum BiioKeHHyIO Lienb MapkoBa, ornpe-
JeJIIeMyI0 MOME@HTaM1 CMEHBI (ha3 MoJTyMapKOBCKOTO
Ipoliecca reHepallny 3asBOK.

O6GozHaumM uepe3 piy, m =0,1,i = li(u—1) + v,
u=11I v=11I k =0,R, craunoHapHYyIO Bepo-
SITHOCTb TOTO, YTO Cpa3y IMocje CMeHHbI (a3 moaymap-
KOBCKOTI'O Tpollecca B CUCTeMe HaxOOMTCs k 3asiBOK,
(¢aza mosymMapKOBCKOTO Mpoliecca TeHepaluu 3assBOK
HaxomuTcs Ha ¢a3e u ¥ MAapKOBCKUI IIPOIIECC 0OCTy-
>KUBaHUS HaxoAuTcs Ha pase v u eciu m = 0, TO MOTOK

3asIBOK 3a0JI0KMPOBaH, a eCJiv m = 1, TO MOTOK 3as1BOK

pasbnokuposat. [onoxum pi* = (pf},...,p7, 1),
Pk = (p(lzapllc)9 m = 07 19 k= OaRap = (p07 v 7pR)'

Jla BeKTOpa p CIipaBeIMBa CUCTeMa YpaBHEHUI
paBHOBecus (CYP):

p=pP, (3)

B KOTOPOIi MaTpu1lia P IepeXxoaHbIX BEPOSITHOCTEM BJIO-
KeHHOM 1Ien MapKoBa MnpeicTaBuMa B 0JI0YHOM BUIIE:
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Py O
Py Pis

Pr_10 Pr-11 Pr-12 Pr-13

Pry Pry PRy
rne P ;, i = 0,R, j = 0,min{i + 1, R}, — MaTpuusl
pasmepa l; x [;.

YToOBI MOJYYNUTh MaTEMATUIECKIUE COOTHOIICHMUST
[UISL MaTpuLl P;;, BBEIEM HEKOTOPbIE JOTTOJIHUTEIIbHbIE
0003HavYeHus.

O6Go3HaunM uepe3 g;;(x), ¢,7 = 0,1, BeposITHOCTD
TOTO, 4TO 4Yepe3 BpeMs & MOCTYIUIEHUE 3asiBOK OyIeT
3a0JIOKMPOBaHO, ecian j = 0, W MOCTYIUICHUE 3asBOK
OymeT pa30JIOKMPOBAHO, €ClTA j = 1, IPH YCIOBUH, YTO
B HAaYaJIbHBIT MOMEHT BPEMEHHU TIOCTYIUICHUE 3asSBOK
3a0JI0KUPOBaHO, eciii ¢ = 0, ¥ pa30JIOKUPOBAHO, €CITU
i=1.

MozxHo moka3zats [1], uTo

Q
=

qoo(z) = pay? + oy e~ (ath)e .
qo1(z) = afg - afﬁ e~ (eth)r
qio(z) = aiﬁ - aiﬁ e—(a+)a.
qui(x) = aLiﬁ + a;:_ﬁ o—(a+B)z

O603HaYMM Yepe3 ¢1(x) BEpOSITHOCTh TOTO, YTO 3a
BpEMS T COCTOSIHUE OIIOKMPOBKU BXOZSILETO MTOTOKA
3asIBOK HM pasy He MTOMEHSETCS IPU YCIOBUH, UTO B
HaYaIbHbBII MOMEHT BPEMEHH TIOTOK 3asIBOK OBLIT pa3-
oimokupoBaH. Yepe3s ¢11(x) 0003HAYMM BEPOSITHOCTD
TOrO, YTO 34 BPEMSI T COCTOSIHME OJIOKUPOBKH IIO-
MeHSIETCST XOTS OBl pa3, HO K MOMEHTY T OCTaHETCS
Pa36JI0KMPOBAHHBIM TIPU YCIOBUM, YTO B HAYaJIBHBII
MOMEHT BpPEMEHU ITOTOK 3asIBOK OBLT Pa30I0KMPOBAH.
Jnst dyHKUIMiA ¢1 () ¥ ¢11(2) HETPYITHO TOTYIUTD CIie-
IYIOLIE BBIPAXKEHNS:

e—(oz-i—ﬁ)m _emaT

OueBUIHO, YTO
q1(x) + Gu(x) = qui(x).
OmnpenenM ciaeayloye BCIoMoraTeIbHbIe MaTPH-
bl (30eCh ® — CMMBOJI KpOHEKEpOBa MPOM3BeIeHUS

MaTpuIl):

36

o ... o 0
o ... o0 0
0 o |
Pr_1,r-1 Pr-1,r
PR3 PR,Rfl PRR
A7 = [ ay(@)aate) @ Futa).
0
E>0,0,j=01; (4
A /cjll(x) dA(z) © (), k> 0;
0
il :/(’jl(x)dA(:zr)@Fk(:c), k>0
0
ARy = [ 40(0) dA(z) © (P () )
0
w=0,n, k>w, i=0,1;
Ay = [ 41(@)dA@) © Futo).
0
w=0,n, k>w, 1=0,1; ®)]
AL, = [ 40(@)dA@) © Fuo).
0
w=0,n, k>w, i=0,1, (6)

rie Matpuisl Fy(x), k > 0, onpeaensitoTcst COOTHOLIe-
HUSAMU

Fy(x) = &

(7

Fk<:c):/kal(y)NFo(x—wdy, E>1, ()
0

a F,, (x) — MaTpHIia, 3JIeMeHTBI KOTOPOU TTPEICTABISI-
10T CO00i1 BEPOSITHOCTU TOTO, YTO 3a BpeMsl = 00CIy-
xutcs (k — w) 3asIBOK TIPU YCIIOBUW, YTO B HAYATBHBIHN
MOMEHT B CUCTEME OBbLJIO POBHO k 3asBOK C y4ETOM
COOTBETCTBYIOIIE CMEHBI (ha3 MPOILIECCOM OOCTYXM-
BaHUS.

st matpuil Fj.,, (z) Takke MOXHO BBITMCATh pe-
KYPPEHTHBIE COOTHOIIIEHUS, aAHAJIOTMYHbIE COOTHO-
menussm (7) u (8) mist matpuny Fi(x), KOTOpble B
TOYHOCTH OyIyT COBMANATh ¢ (YOpMyIamMu, TOTyIeHHBI-
MU aj1st Matpull Fi,, () TIpU UCCIEIOBAHUN CUCTEMBI
SM/MSP/n/r B pabote [4], 1 TO3TOMY OHU 31eCh He
npuBonsTcs. B pabotax [2—4] MOXXHO MO3HAKOMUTHCS
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C aITOPUTMUYECKUMM METOIaMU YUCJIEHHOTO pacye-
ta Marpull Fi(z) n Fy,(x) 1 MaTpul, aHaJOTUYHBIX
ij ij
Al (z)m A (x).
Tenepb MaTpuibl P;; MOXHO MPEICTABUTD B BUIE

O A0l .
Pi,'H—l = 0 A;;Lil , 1= 0’ n—1 5 (9)
A% O
Py = 110 , i=0,R; (10)
Ay O
00 01
p._ Ay A
1 A10 All_ ’
1] 4,j—1
i=T,R, j=Tmin{i,n—1}; (I1)
0 AY O O
Pppi1 = 0 an) Piit1 = o il
i=n+1,R—1; (12)
AP A?,ln—l
Py = 10 11  E=m R )
Aifn Ai,nfl
?gnfl Z A(Jn
Pi.,n—i-l = J:()ifnfl ’
AR, AL+ AR
§=0
1="N + 1, R 1 b} (]4)
00 R o
AR no1 Zl AJ'
PRy = "hono1 > (15
A}%Ofnfl A}%lfn + Zl A%I
j=
AR, 0
P’Lj = 10 o )
A Aiin
i=n+2,R, j:n+2,min{i,R—1}; (]6)
A¢ AR
P — . (17)

AL AL+ AR

MoxHOo ToKazaTh, 4TO MaTpuua P, o0pa3oBaH-
Hasd U3 3aJaHHbIX 110 hopmynam (9)—(17) marpuu P ;,
SIBJISIETCS] HEPa3JIOXXKUMOM U HeTllepuoaAndecKoii. MeTto-
npl perieHust CYP ¢ Mmatpuiieit Takoro BUIa U3J10XEHBI
B paborax [3, 5].

O6osHaunm uepe3 ¢y, m = 0,1,7 = lp(u — 1) + v,
u=11I,v=1,I, k= 0,R, craLluOHapHYIO BEPOSIT-
HOCTb TOTO, YTO HETIOCPEICTBEHHO 10 MOMEHTA CMEHBI
¢a3 mpoliecca reHepalM 3asiBOK B cUCTeMe ObuIo k
IPYTUX 3asIBOK, TTOJIYMapKOBCKUIA MPOIIECC TeHepaIny
3as/BOK HaxXOomWiICs Ha ¢pa3e u, MapKOBCKHUI1 TIpoliecc
obcayxkuBaHus — Ha ¢aze v u ecniu m = 0, To To-
CTYyIUIEHUE 3asIBOK B CUCTEMY ObLIO 3a0JJOKMPOBAHO, a

ecii m = 1, TO MOCTYIJIEHNE 3asIBOK B CUCTEMY ObLIO
pasonokuposano. [lonoxum q;* = (g%, ---» 47}, 1)
— (o0 Al _ _3p
qk - (quqk)s m = 07 19 k - OaR
Hna BekTopoB qr, k = 0, R, MOXHO 3amucaThb
CJIeAYIOIIe COOTHOIIEHUS:

R
QK:ijiju kZO,TL—l,

(18)
j=k
R ~
QK:ijPj—k7 k:nuRu (19)
i=k
roe
5 A% A0 L S
Py=("" "Y), i=0R, j=0,min{in—1};
Aij Aij
~ AOO AOl
P, = ( k k ) , k>0,
Alo 4l

a matpuisl Ay, Al u A onpenensiorcsi, B cBOIO
oyepeb, COOTHOIIEHUSIMMU (4)—(6).

OTbICKAB BEKTOPHI i, k = 0, R, MOXHO BBIYUCIUTD
BEPOSATHOCTH 77, TIOTEPH HOBOI 3asIBKU, a UIMEHHO Be-
POSITHOCTDH TOTO, YTO 3asiBKa B MOMEHT Te¢Hepalluy He
BCTaHET Ha MPHOOP M He IMOoNaaeT B HAaKOMUTEIb, a
cpasy MOKHMHET CUCTeMY. 3asiBKa B MOMEHT IOCTYII-
JICHUS TepsSIeTCSA, €CAM BXOMOIIIUIA B CHCTEMY IOTOK
3a0JIOKMPOBAH WM €CJIM B HAKOITUTEJIE OTCYTCTBYIOT
cBobogHbIe MecTa. [ToaToMy

R-1

m=Y ql+qrl.
1=0

(20)

)1)'[9[ CTaHI/IOHapHOﬁ BEPOATHOCTU 72 TOTO, YTO B MO-
MCHT I€HEpallMM 3asiBKa HE€ IOIIaACT B HAKOIIMTCIIb,
MOXKHO ITOJIYYUTD CIICAYIOIIEC BBIPAXKECHUC!:

n—1 R—-1
m=> ql+> qil+qgl. 1)
=0 1=n

HaiineM BeposSITHOCTB )1 TOTO, UTO 3asiBKa Oynaer
o0c/y>XeHa TpHU YCJIOBUM, YTO OHa Mormaja B CUCTe-
My (Ha mpubOpHl WJIM B HakKomuTesab). Eciu 3asBKa
romnamaeT cpasy Ha IpuOOp, TO OHAa He MOXKET OBITh
noTepsiHa 1 OyaeT oOciyxkeHa B o0om ciaydyae. Ecim
’Ke 3asiBKa ToIajgaeT B HaKOMUTENIb, TO OHA JOJKHA
ycreTh 00CTYKUTHCS 0 TeX MOop, MOKa B CUCTEMY IT10-
cJIe CIIeMyIOIIero MOMEHTA Pa30I0KMPOBKH BXOASIIETO
ITOTOKA He TIPUAET ouepenHast 3asIBKa.

0603HaunM uepe3 pii(5), i = l(u—1)+v, u = 1,1,
v=1,1, k=T1,7, j > 0, cTALMOHAPHYIO BEPOATHOCTb
TOTO, YTO IMPOU3BOJIbHAS 3asiBKa MOMAET B HAKOITUTENb
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M TI0CJIe j-TO MOMEHTa CMeHBbI (a3 MoJyMapKOBCKO-
TO TIpoliecca OCTaHETCs B HaKOIMTEIe Ha k-M MecTe,
MpUYEM ITOTYMapKOBCKUI TIPOLIECC TeHEepalluy 3assBOK
OyneT HaXOAMThCST Ha (da3e u, MapKOBCKHUI Ipoiiecc
obcykuBaHUs — Ha dase v 1 e m = 0, TO TIOCTYTI-
JIEHWE 3asIBOK B CICTEMY OBIJIO 3a0JIOKMPOBAHO, a eCIN
m = 1, TO ITOCTYIUIEHUE 3asIBOK B CHCTEMY OBLIO pa3-
60kupoBaHo. Benem BekTop-cTpoku Py (), k = 1,7,
7 > 0, cnenylonmm oopa3om:

D11 (7)) -

Pe(j) = B%(5), - - Yk (G)s D1k (), - - -

O6o3HaunM depe3 p(j), j > 0, BEKTOP-CTPOKY
B(j) = (B1(): .+ (7). 3avemim, uro BeKTOp H(0)
MIPEACTABISET COOOM BEKTOP CTAIIMOHAPHBIX BEPOSIT-
HOCTE# TOTO0, YTO HOBasl 3as1BKA IOMAaeT B HAKOITUTEb
[P COOTBETCTBYIOLIMX 3HAYEHMSIX (Da3 IIPOLIECCOB Te-
Hepalyu U 00CTy>KUBaHMS.

PaccMoTprM GJI0YHYIO0 MAaTPULLY

P:

Poiingr O ... O 0

pn+2,n+1 p71-!—2,n-i—2 O O
= : : - - . 22)

p@—l,nﬂ p@—l,n+2 - Pr k
Prpt1 Prunto Prr-1 Prr
rae
. AP, O
i, = ~ )
A, AL
i=n+1,R, j=n+1min{i, R—1};
A AY0 AQL
Prr=

AP Al 4 AR

ITycth ouepenHas 3asiBKa, ITOCTYIIMB B CUCTEMY, 10~
Mnajia B HaKOMuTeIb. MecTo B HaKoIuTee, Ha KOTOpoe
TomnajeT 3asiBKa, onpenessieTcss BEKTopaMu, COCTaBJIS -
tomumMu BekTop P(0), — BEPOSITHOCTh TOTO, YTO OHA
OKaXXeTcsl B HAKOIUTeJe Ha k-M MeCTe, OIpeAeIIsIieTCs
BekTopoM Py (0), k = 1,r. Torma BepoSITHOCTb TOTO,
YTO cpasy MocJje CIEAYIOLIEro MOMEHTa CMeHbl (ha-
3Bl Mpoliecca reHepali OHa OCTaHETCSl B HAKOIUTEe
(He Oymer BEHIOMTA W He MOMaaeT Ha IMpuoOop), paBHA
p(l) = ﬁ(O)P, puyeM MECTO, KOTopoe OyaeT 3aHu-
MarTh 3asiBKa B HaKOIMTele, (pa3bl IIPOIECCOB reHepa-
LIMKA 1 OOCIy>XKWBaHMSI, OMPENeIsIOTCS KOOPAUHATON
BekTopa p(1). BeposiTHOCTH TOTO, UTO 3Ta 3asiBKa OCTa-
HeTCsl B HaKOIUTeJe U mocie j-il, 7 > 1, cMeHnl (a3
Ipoliecca reHepalni, paBHa

p(j) =p0)PI, j>1.

3aMeTHM, YTO MaTpHLa £ SIBIsleTcsl HeOTPHLATEIbHOI
A CyMMa 3JIEMEHTOB B KaXXIOW CTPOKE CTPOTr0 MEHb-
me eqrnHUNB. [1o3TOMy MakKCUMallbHOE IO MOIYJIIO
COOCTBEHHOE 3HaUYCHME 3TO MaTPUIIBI TAKKE MCHBIIIE
SIMHMIIBI, YTO TApAaHTHUPYET CYIIICCTBOBAHNE MAaTPUIIBI
(E— P)~L.

ITycth 3asiBKa mocJie j-it cMeHblI (ha3bl mpoliecca re-
Hepalyy HaXOOUTCI Ha k-M MecTe B HakornuTele (da-
3Bl MIPOLIECCOB TeHEePAIlU W OOCIY:KMBAaHUS, a TaKXKe
COCTOSTHHE OJIOKMPOBKH IIpoliecca TeHepaIiy OIpee-
JISTIOTCSI COOTBETCTBYIOIIMMHK KOOPAMHATAMHU BEKTOpa
Pr(4), k=1,r, j > 0). YroOsl 3Ta 3a9BKa Momnajia Ha
MpuOOP 10 OUEepeTHOro MOMEHTa CMeHBI (ha3 Ipoliecca
TeHepalli, 3a BpeMs MeXIy cMeHaMmMu (a3 TOJLKHO
00CITyXXUThCSI HE MeHee k 3asiBOK. BeposITHOCTb 3TOTo
coOBITHS paBHa Py (j)p;., TOE

n

> (A% 1+ ADL, 1)
pz — 1?10

Z;)(A}lg—k.,il + A1)
BexTop pj, npexncrasisieT co60il BEKTOP CTallOHAPHBIX
BEPOSITHOCTEH TOTO, YTO 3as1BKa IMOMAAeT Ha TPrOOp 10
O4YepeqHOro MOMEHTa CMeHBI (a3 Tpoliecca reHepa-
LIAU 3asIBOK TP YCIIOBUMM, YTO CPa3y IOC/E TPEIBILY-
IIero MOMEHTa CMeHBbI (a3 OHa HaXOAWJIACh Ha k-M
MecTte B Hakonurtene. (OO0o3Hauast yepe3 p* BEKTOP
p* = (p3,...,p}), MomydaeM, 9TO BEPOSTHOCTh TOTO,
9TO 3asiBKa, OB B HAKOITWTE b, 3aTEM ITOMAIeT Ha
npubop Mexay j-M u (j + 1)-M MOMeHTaMu cMeHbI (a3
rpoliecca reHepaiuu, paBHa

Ny * ~ )
p(j)p* =p(0)Pp*.
BeposiTHOCTb TOro, 4To 3asiBKa, MOIaB B HAKOIU-
TeJb, 3aTeM (KOoraa-HuOyab) MoMajaeT Ha MPUbop U He

OyzeT BBIOUTA OIPYroii 3asiBKO, paBHa

oo oo

p()p* =) _D0)P'p* = p(0)(E - P)'p".
j=0 j=0
Tenepb ocTanoch HalTH BeKTOPHI P (0), k = 1,7,
TeM cambIM onpenenus BekTop P(0). [Mpu k = 1,7 — 1
UMEET MECTO COOTHOLIEHKE

~ 1 .
pk(o) - (0”7pn+k)7 k= 1,7’ - 17
~ 1

pT(O) = (Ollv qn+r—1) ’

IJie BEKTOPHI P} 4} SABJISIIOTCS COCTABJAIOIIMMU BEKTO-
POB P4k, KoTOpble onpenenstorcs us CYP (3) misg
. 1
BJIOXKEHHOW Lenn MapkoBa, a BEKTOp q;,,,_; — U3

dbopmysr (19).
BeposiTHOCTB 97 TOTO, UTO 3asIBKa, IIOIIaB B CUCTE-
My, OyIeT obcyKeHa, paBHa

(23)
(24)

1 - .
Y1 = T Zplil +p0)(E—~P)"'p | . (25)
k=1
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Haiinem BepoSITHOCTb )2 TOTO, UTO 3as1BKa, IOMAB B
cucrteMmy, OyaeT BbIOUTA APYToii 3asiBKoOi. BeposiTHOCTD
TOTO, YTO 3asiBKa, HaXOJsIIasICs B HAKOMUTeNe Ha k-M
MECTe Mocje j-i cMeHbl (a3 Tpoliecca TeHepaluu ¢
MOMEHTA €€ MOCTYILJICHUSI B CUCTeMY, OymeT BbIOMTa
3as1BKOM, IOCTYITUBILEN B CIEAYIOIIA MOMEHT CMEHBI
(a3 mporiecca reHepaiuu, paBHa py () Pk, TIe

A%1q
_ =0
Px = i,l B ’
A1
Jj=0 !
k=1,r—1,;
k—1
A%q
_ =1
pr=|i
A1

00603HaUYMM Yepe3 P BEKTOP-CTONIOEIT

p:(ﬁlT,... )T

v
n uepe3 Ujy1 = P(j)P, j > 0, BEpOSITHOCTb TOTO,
4TO 3as1BKa OyneT BHIOMTA NpYyrou 3asiBKoi B (j + 1)-i
MOMEHT CMeHBI (a3 mpouecca reuepauuu. Torna mjst
CTallMOHAPHOM BEPOATHOCTH 92 TOTO, YTO 3asiBKa OyIeT
BBIOWTA IPYTOM 3aBKOM IIPU YCIIOBUHM, YTO OHA BOOOILIE
TOMNAaAET B CUCTEMY, MOXHO BBIITUCATL COOTHOLIEHUE

1 &
¢2:1_—mzvj+1:
7=0
1 _py-la
= = BO(E-P)B. Q6)

HetpynHo mokasaThb, 4TO BEPOSITHOCTU 1 U g
CBSI3BIBAET OUYEBUTHOE COOTHOIIIEHUE

Y1+ =1. 27

JeiACTBUTENBHO, CKJIaabIBast COOTHOLIeHUS (25) u (26),
MoJIyJyaemM

Y1+ Yo =

=1_—1m > Pl +BO)(E - P)"(p"+p) | (28)
k=1

BcnomuHas BeipaxkeHue (22) s MaTpULbI Pu oripe-
JIeJIeHUsT BEKTOPOB p* U P, a TakKKe YUUThIBas CTO-
XaCTUYHOCTh MaTpULbl P MepeXOqHbIX BEpOSTHOCTEN
BJIOXKEHHOM 11e MapkoBa, MOXHO 3aIucarh CIIeay-
JOlllee COOTHOILIEHUE:

p"+p=(E—-P)1.

IMoncrapsst 3Ty hopMyy B COOTHOLIeHUE (28) 1 yuu-
ThIBast hopMyJbl (18)—(20), HeTpynHO MOJYYUTh Tpe-
OyeMoe paBeHCTBO (27).

Becbma moJsie3HON XapaKTEepUCTUKON CHUCTEMBbI
SIBJISIETCSI BpeMsI, TTOTpauyeHHOe BBIOMTON 3asBKOIl Ha
OoXugaHue oOcmyXuBaHUs B Hakomnutene. st cpen-
HEro BpeMeHU U TpeObIBaHUS 3asBKM B HAKOIUTEINE
C MOMEHTa ee TMOCTYIUIEHUs B CUCTEMY TIPU YCJIOBUH,
YTO OHa OyzeT BbIOWTA IPYroii 3asiBKOM, CIIPaBEAIMBO
COOTHONIIEHUE

a > a Sl
= 2 5(0 -ijl—:
v —1_@2]% —1_@1)()2] P
Jj=1 J=1
= ——p(0)(E - P)"*p
_1—7T2p p7

IIIe CpeIHee BpeMsT a MEXIY COCETHUMU CMeHaMU (a3
Mpoliecca TeHepallluy 3asiBOK OImpenenseTcs Gopmy-
7101 (2), Matprtia P — dopmyitoit (22), BeKTOp p(0) —
dopmymamu (23) u (24), a BepOSITHOCTD w2 — (PopMy-
Joit (21).

Haiinem cpentee BpemMst w* nmpeObIBaHUS 3asIBKU B
HaKOMUTeJIe 0 MOMEHTA €€ TTOCTYIJICHHUST Ha TIpuoop.
BeposiTHOCTB TOTO, UTO 3asiBKa OKaXKeTCs Ha k-M MecTe
B HaKOIIUTEJIe TTOCJIE j-TO MOMEHTa CMEHBI (ha3 Iporiec-
ca TeHepaluu, OIpeaessaeTcs KOOpIMHATaAMH BEKTOpa
Pr(j). Torma cpenHee Bpemsl, MPOBEAEHHOE 3asiBKOIA B
HaKOMUTeJIe O 3TOT0 MOMEHTa, OIpeaessIeTcs] KOop-
IMHAaTaMU BekTopa japy (7).

BBeneM BekTOp-CcTONOELT
T )T

a=(al,.. . al

b

rie ay, k = 1,7, — BEKTOp-CTONOEL, KOOPANHATAMU
KOTOPOTO SIBIITIOTCS CPeIHUE BpeMeHa, MpOBeAcHHbBIE
JI0 TIONaJaHus Ha MPUOOp 3assBKOM, HAXOMUBIIEHCS B
HakomnuTese Ha k-M MeCTe B 04epeIHOM MOMEHT CMe-
HHI (Da3 mporiecca TeHepalny ¢ y9eToM (a3 IIpoIieccoB
TeHepallni U OOCTyXXWBaHUsS, IIPU YCIIOBUH, YTO OHA
IonaneT Ha IPUOOp 0 CIASHAYIOIIETO0 MOMEHTAa CMEHBI
(a3 mporiecca reHepauyu. st BEKTOPOB a . CIIpaBei-
JINBBI COOTHOIICHMUST

ay = /(E — A(2)) @ xFy_1(z)Ndxl, k=1,r,
0

rae marpuibl Fy(z), k > 0, BBIYMCIISIFOTCSI C TIOMOIIIBIO
dopmy (7) u (8).

Teneps MoXXeM 3amcaTh BRIpaXKeHHE IJIST CPETHETO
BpeMeHU w™ oXMUIaHWs Hadayia 00CITy>KMBaHMS ITOMaB-
1Ieii B HAKOMUTEJb 3asiBKU MPU YCJIOBUU, YTO OHA HE
OyneT BbIOUTA:
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B. B. Yanavieun

ITocKombKy BpeMsT OXHMIaHUS Havasla OOCTyX1Ba-
HUsI 3asIBKM, TIOMAaBIIE cpa3y Ha MPHOOPHI, PaBHO
HYJIIO, TO CpeHee BpeMsl w OXWAaHWs Havyajla 00Cy-
>KMBaHMS TIONABIICH B CUCTEMY 3asiBKM, HE BBIOMTOM
IPYTUMH 3asIBKAMU, MOKHO 3aIICaTh B BUIC

1 p(0)(E — P)"'(aP(E—P)'1+a).

w =
1—m 1
Bpemst mpeObIBaHUS TOMABIIE B CUCTEMY 3asiB-
KW, He BBIOUTON NPYTMMM 3asiBKAMU, IPEICTaBIISICT
co0oli cyMMy BpeMEHU OXXHMIAHWS Hadasia 00CTyXunBa-
HUST ¥ BpEMEHU OOCITy>KMBaHUS 3aBKW, TIPU YCJIOBUU
ee monaganus Ha pudop. [loaTomy cpenHee BpeMs v
MpeObIBaHUS 3asIBKM B CUCTEME MOXKHO OTBICKATh IT0
dopmyiie
n
1
b» ppl+
k=1

1
_1—7T1

+ p0)(E—P) L (aP(E—P) "1 +a+ b1)} ,

rme b = —hH '1 — cpenHee BpeMs OOCITyXUBaHUS
3asBKU, a h 1 H — mapameTpsl pactpeneicHus (1)
¢aszoBoro THIA Ha OTAECITEHOM IIpUOOpe.

Takum oOpa3zom, B HacTosleil paboTe Haliae-
HbI cJeaylollue mnokazaTeau (PYHKILIMOHUPOBAHUS B
cranmoHapHoM pexkxume CMO ¢ TIpepbIBalOIINMCS
OJIOKMPOBKOM TOJIYMapKOBCKMM BXOISIINM ITOTOKOM
3asIBOK, KOHEYHBIM HAKONHUTEIEM, OOCIYXMBaHUEM

(hazoBoro Trma Ha KaxIoM NMpuOOpe M BbHIOMBaHUEM
3a51BOK 13 HAKOTIUTEJIS:

— pacHpeacjacHe 4yncia 3adBOK B CUCTEME,
— BEPOATHOCTDb HEMOIIadaHUA 3asdBKHN B CUCTEMY,

— BEpOSITHOCTh TOTO, UTO 3asiBKa, IOIaB B HAKOITH-
TeJb, OyaeT O0CTyKeHa;

— cpenHee BpeMsl MpeObIBaHMSI BHIOUTON 3asiBKU B
HaKOIMUTENE;

— CcpelHee BpeMsl OXXUAaHUs Hayajla OOCTy>KMBaHMUSI
3asBKU, MOMNABIIE B CUCTEMY U HEe BHIOUTOM Ipy-
IO 3a51BKOM;

— CpE€OHEC BpEMSA HpeﬁbIBaHI/IH B CHUCTE€ME DTOM 3a-
SABKH.
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CEPBMCHO-OPUEHTHUPOBAHHBIN MMOJAXOO K PABPABOTKE
MVYJIBTUBMOMETPUYECKHNX TEXHOJOI MN*

O. C. Yuimaes!

AHHOTal.[I/Iﬂ! B Hacrosiiee BpEMsA 3HAYUTEJIbHOEC BHUMAHUE YACACTCA TEXHOJIOTHUAM MyJIBTI/I6I/IOMCTpI/I‘-ICCKOI71
I/II[CHTI/I(DI/IKaLII/II/I, T. €. I/II[CHTI/I(DI/IKaLII/II/I Ye&JIoBEKa OAJHOBPEMEHHO IO HECKOJIbKUM 6I/IOMCTpI/I‘ICCKI/IM npu-
3Hakam. B HEPBYIO OYEPEAb TAKME TEXHOJIOI'MU BOCTpC6OBaHBI B INEPCIEKTUBHBIX CHUCTEMAax rpa)KI[aHCKOﬁ
I/II[CHTI/I(I)I/IK&HI/II/I, B 4aCTHOCTU B 6I/IOMCTpI/I‘-ICCKOM nacropre. B craTtee NPEATOKEH IMOAXOA K CO3JaHUIO BbI-
COKOITPOMU3BOJIUTEIbHBIX MyJTBTI/I6I/IOMeTpI/I‘{eCKI/IX TEXHOJIOTUI U CUCTEM Ha 0a3e CCpBI/ICHO—OpI/IeHTI/IpOBaHHOﬁ
APXUTCKTYPhI. HpI/IBCI[CHLI PE3YIAbTaThL pa3pa60TKI/1 IporpaMMHOIoO obecrieyeHunst Ha OCHOBE HOBBIX MOIXOI0B.

KmoueBsie cioBa:

6I/IOMeTpI/I‘-IeCKI/Ie TEXHOJIOTUH, MyJ'[bTI/I6I/IOMeTpI/I‘-IeCKaH I/II[CHTI/I(I)I/IKaL[I/IH; MHOI'O3BE€HHas

APXUTECKTYpa, arnmnapaTHasd HE3aBUCUMOCTb, CCPBUCHO-OPMECHTUPOBAaHHAasA apXUTEKTypa

1 BBEAEHMHUE

BroMerpuueckre TEXHOJOTMU TTOJYYMIIA JOCTa-
TOYHOE pacIpoCTpaHEHWE B Ppa3IMYHBIX 00IACTIX
MpUMEHEHUS WH(MOPMAIIMOHHBIX TEXHOJOTH — OT
9JIEKTPOHHOM KOMMEPLHMU [0 IMPaBOOXPAHUTEIbHOM
NESTETbHOCTH M IMAaCIOPTHO-BU30BOIO cermMeHTa [1—
7]. CyMMuMpysl HAaKOIUIEHHBI OIBIT UCIIOJIb30BAHMUS
OMOMETPUUYECKUX TEXHOJIOTUI, 00IacTh MX TTPUMEHE-
HUSI MOXKHO pa3IenuTh Ha CIICAYIONINe 3HAYNTEIbHbIE
HaIpaBICHUS:

1. KoMmMepueckue TIpuaIoKeHUS:

— pasrpaHuyeHUe PU3NIECKOro JOCTYIIA;
— yueT paboyero BpeMeHH;

— YyIIpaBlIeHUE KOPIIOPATUBHOI CEThIO.

2. JIOCTYII K ceKpeTHO#t MH(pOopMaIUN.

3. CucrteMbl MACHTU(PUKATNY TUIHOCTH:

— CHUCTEeMbI IpaxIaHCKOM uaeHTUdUKanuu (mac-
MOPT, BU3BI, ITOJb30BaHUE OOIIECTBEHHBIMU
Onaramu);

— KPUMMHHAINUCTUYCCKHUEC CUCTEMBI.

Kpurepun xKadectBa OMOMETPUUYECKOI CHCTEMBI B
3HAYNUTEILHOM CTEIIEHW 3aBUCIT OT Ha3HAuYCHUS W
YCJIOBMI 3KCIUTyaTallMu. B 3amayax KOHTPOJIS TOCTya
B TOMeIIeHe KPUTUYHBIM TpeboBaHUWEM OymeT Bpe-
MSI CO3IaHUs MTA0JIOHA TIPU TP bSIBICHUN OMOMETPH -
YeCcKOTro m3MepeHus. [T GMOMETPUYECKUX CHUCTEM

rpaxnaHckoi naeHtudnkaum (Civil ID) npenbsaBis-
J0TCSl MAaKCUMAaJIbHO XXKECTKHE TpeOOBaHUS K BpeMEHU
CpaBHEHMUSI, OIIMOKaM 2-TO pojia U K OllIMOKaM OTKa3a
B PETUCTpALINN.

Y4uThIBasi OMBIT MHOTOYMCIICHHBIX WCIBITAHUNA
OvoMeTpruyecKux TexHoyioruit [8—14], OCHOBHBIMU
KPUTEPUSIMHU KayecTBa OMOMETPUYECKMX aJrOPUTMOB
SIBJISTIOTCSI CJIEAYIOIINE CTATUCTUYECKUE TTOKA3aTENN:

— ommbOka 1-ro poma (False Rejection Rate, mamee
FRR, unu False Non Match Rate);

— ommbka 2-ro pona (False Acceptance Rate, manee
FAR, wm False Match Rate);

— cpenHee BpeMsi cpaBHeHUs 1 K 1;
— CcpemHee BpeMsl peTuCTpaluy;
— nojs oTKa3oB B peructpauuu (Fail to Enroll Rate).

VBepeHHBI TPUPOCT TPOU3BOAUTEIBHOCTA BbI-
YUCITUTENbHBIX CPEACTB ITO3BOJISIET B 3HAYMTEIBHOU
CTETIEHU TpeHeOperaTb BPEeMEHHBIMU XapaKTePUCTH-
KaMU B OOJILIIIMHCTBE (DYHKIIMOHUPYIOIINX MU TIEp-
CIIEKTUBHBIX NMpuioxXeHnit. [1o3TOMy THUIIOBOI OlLieH-
KOl KayecTBa OMOMETPUYECKOW CHUCTEMBI SIBJISIETCSI
COOTHONIeHMe ommboK 1-Tro u 2-ro poma. Ha puc. 1
TPUBENEHBI PE3yAbTaThl U3MEPEHUs OIIMOOK pacro-
3HABaHMS B XONE OTEPAIITMOHHOTO TECTUPOBAHUS pa3-
JIMYHBIX OMoMeTpuueckux cucteM [9]. Ha puc. 2 nipu-
BEJCHBI PE3YJIbTaThl TEXHOJIOTMYECKOTO TECTUPOBAHMS
COBPEMEHHBIX POCCUNCKUX OMOMETPUIECKUX TEXHOJIO-
ruti (B3s11e1 SDK mpom3poacTsa 2007 1.).

*Pabora nomgaepxkaHa rpaHToM POD®U (mpoekt 07-07-00031) u IMporpammoii dyHaameHTanbHbIX uccaepoBanniic OHUT PAH (mipo-

exrT 1.5).

'YMuctutyT npo6iem nndopmatnkn Poccuiickoii akaneMuy Hayk, oushmaev@ipiran.ru
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Puc. 1 OmnepannonHoe TecTHpoBaHKe OUOMETPUYECKUX
cucreM [9], ommbku 1-ro u 2-ro popa: 1 u 2 — dopma uia
Visionics — FacelT (/) u (2); 3 u 4 — oTneyaToK najbla —
VeriTouch vr-3 (1) u(2); 5 — ronoc OTG — SecurPBX; 6 —
panyxHast obosouka riaza — Iridian IriScan system 2200;
7 — pucyHoK BeH — Neusciences-Biometrics; § — ¢opma
nmagonu — HandKey 11

KauectBo
01HO(aKTOPHOI
GroMeTpun

'

2| |[Kommepueckue
10 HPUITOKEHHS

ID — macnopt

FRR

Jomyck
K CEKpPETHOH

10 —— [
0

| | -

FAR

Puc. 3 TpeGosanus K omm6KkaM 1-ro 1 2-10 poaa B THTIOBBIX
TMPWIOXKEHUSX

OpHolf OMOMETPUKM TOCTATOYHO JUIS PEIIeHUS
OOJIBIIIEH YaCTH 3a1a4 TUTTOBBIX KOMMEPYECKUX ITPUII0-
>KEHWMI, TAKUX KaK pasrpaHW4YeHNe JOCTyIa B KOPITO-
PaTUBHON CETH, 3JEKTPOHHASI KOMMEPLUsI, KOHTPOJIb
IOCTyIa B IOMelIeHWe U T.4. B To e Bpemsi 60Jb-
IIas 4acTh TOCYIapCTBEHHBIX IMPOCKTOB IMPEIbSIBIISI-
eT MpenesibHO KeCcTKHUe TpedoBaHUs (puc. 3), KOTO-
phle MPaKTUYECKN HETOCTHKUMBI TTPY UCTTOIb30BaHUH
eIMHCTBEHHOM OMOMETPHUKHU.

B Takoit cuTyalluM eCTECTBEHHBIM HalpaBJICHH-
€M pa3BUTHSI OMOMETPUUYCCKUX TEXHOJIOTHI SBIISIETCS
CO3JaHNEe MYJIBTUOMOMETPUUYCCKUX CUCTEM, MCITOJb-
3YIOLIMX OTHOBPEMEHHO HECKOJbKO OMOMETPUYECKUX
n3Mepernnii. Ha puc. 4 u 5[4, 9, 11, 15] moka3aH 3Ha-
YUATEJBbHBIN MPUPOCT B KaUeCTBE pacO3HABaHUsI MPU
OIHOBPEMEHHOM MCITOJIb30BaHUM HECKOJBKUX 00pa3-
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FAR

Puc. 2 TexHonornyeckoe TeCTUPOBAHME OUOMETPUYECKIX
anroputMmoB (2007 1.). Omumobku 1-ro um 2-ro poma: 1 —
OTITeYaTOK TMajblia; 2 — u3o0paxkeHue Juua; 3 — roJjoc;
4 — noyepk

LIOB OJJHOI1 OMOMETPUKHU WU HECKOJIbKUX OUOMETPHU-
YeCKUX UAEHTU(UKATOPOB.

Eciu ¢ anropuTMHU4IecKoil TOYKM 3pEHUS METOIBI
WHTETrpaluuyd OMOMETPUUYECKMX TEXHOJOTUN 4YacTU4-
HO mpopaboTtaHbl [3—5, 15—18], To ombIT pa3pabdboT-
KU MYJIBTUOMOMETPUYECKUX MPUJIOKEHUI JOCTATOUHO
OrpaHMYEH.

B xome paboT mo co3gaHUIO TEPBOM POCCHUIi-
CKOW TOJTHOMYHKIIMOHATBHON CUCTEMbI MYJIBTUOMO-
MeTpuueckoil maeHtudukaumu AMUC [6, 7] maa
HCTIOJIF30BaHNS B aHAIMTUICCKUX Y KPUMUHAIACTH -
YEeCKMX MPUJIOXKEHUSIX ObLIM CHOPMUPOBAHBI ClEIy-
JoIlIMe OCHOBHbIE TPeOOBaHUS K CO3JaBaeMOMY pellle-
HUIO:

— BO3MOXHOCTb MHTETPALIMM B paMKax OJHOU cuC-
TEMOI MAaKCUMAIBHOTO YMCJIa METOIOB OMOMETPH -
YeCcKoW MACHTU(DUKALINY;

— BO3MOXHOCTb O}IHOBpeMeHHOﬁ KOMILJIEKCHOM
H,E[eHTI/ICI)I/IKaLII/II/I 110 HECKOJbKMM 6I/IOM€TpI/I‘Ie-
CKUM IIpU3HaAKaM;

— BO3MOXHOCTb MOJCPHU3ALIMU U 3aMEHbI OUOIMO-
TeK, PeaTu3yIOIIMX OTACIbHBIC METOIBI OOMETPH -
YeCcKoW MACHTU(DUKALINY;

— TUOKOCTb B KOH(PUTYPUPOBAHUM,;
— TrubKOCTh B pacnpeaesieHUU BhIYMCIICHU;

— obecrieyeHUe KOMIUIEKCHON WHMOpMaIlMOHHOMN
0€30MaCHOCTY U 3allUUThl OMOMETPUYECKON WH-
dopmanuuy;

— ToAfepXKKa CYLIECTBYIOIIUX POCCUIACKHX CTaHIAP-
TOB 110 OMOMETPUYECKMUM TEXHOJIOTHSIM.
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CepBHUCHO-OPUEHTUPOBAHHBIH ITOIXOM K pa3paboTKe MyTETUOMOMETPUIECKIX TEXHOIOTUI

-6 5 4 3 0
10 10 10 10 10 10 10
FAR
(a)

FRR

FAR
©)

Puc. 4 Owubku 1-ro u 2-ro poaa pasIM4YHbIX OMOMETPUYECKMX CUCTEM IO aHHbIM TecTupoBanus U.K. Biometrics Working
Group [9] (a): I-8 — cm. puc. 1, — u TeopeTnyecKkure ommMoOKu 1-ro M 2-To0 poma MHOTOGAKTOPHBIX OMOMETPUUYECKUX
cucreM [4] (6): I — dopma nuna + ormevarok nanbua (I1I1) + ronoc; 2 — dopma auna + ornevatox maisua (ITI1); 3 —
dopma nuua + pagyxHast obosouka riasa; 4 — ornedarok maibua (I1I1) + pagyxHast o6oyouka T1a3a; 5 — OTIEYaTOK
mansia (I1I1) + dopma nmagonu; 6 — ormedvarok manbia (I1I1) + ronoc; 7 — pamyxHast ob6onouka rnasa + ¢opma ragonu;
8 — ¢dopma uua + ¢opmMma nagoHu; 9 — paayxxHas obosiouka riasa; /0 — ornevyatok nanbua (NIST VIB)
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FAR

Puc. 5 Oumbkm 1-to 1 2-T0 posma pacro3HaBaHUS 10 He-
ckonbkuM oTnevyatkam mnaneues (NIST SD14) [15]: 1 —
4 otnevartka; 2 — 2 otnevaTka (ykaszarejbHble); 3 — 2 oTIe-
yaTka (bospllne); 4 — MpaBbIil yKa3aTedbHBIN; 5 — TpaBbIi
OOJIBIIION; 6 — JIEBBIN YKa3aTeIbHBIN; 7 — JIEBBIM OOJIBIION

Hanee B craTbe WU3JIOXEH MOAXON K pa3paboTKe
MYJIBTUOMOMETPUYECKUX TEXHOJIOTHUI, YUUTHIBAIOIIUIA
nepevyrcieHHble TpeboBaHus. B pasgene 2 m3noxeHa
METOJ0JIOTMYEeCKAasi OCHOBAa Pa3pabOTKU MYIBTUOMO-
MeTpudeckux TexHosoruit. [lomxon k co3nanuio anma-
paTHOI apXWUTEKTYpPhl W TPOTPAMMHON WHGPACTPYK-
TYypbl MYJIBTUOMOMETPUIECKOM CUCTEMBI, YIOBJIETBO-
pSIOIICH TepevYrCIeHHbIM TPeOOBaHUSIM, U3JIOXKEH B
pazmene 3. B paznene 4 U30XEHBI pe3yJIbTaThl pa3pa-
0OTKM TPOTPAMMHOTO OOECIIeYeHUsI, PEeaTN3yIOIIEro
JaHHBIN OAXOM.

2 MHMHTerpauus OMoMeTpuyecKmx
TEXHOJIOTUI

Pa3zpaboTka MHTErpUpOBAaHHBIX OUOMETPUYECKUIA
(MHOTO(haKTOPHBIX WJIU MYJIBTUOMOMETPUYECKUX) CUC-
TeM HMEET JiBa CYILIECTBEHHbBIX acleKTa — TeXHMUYe-
CKMIA 1 MeTomoJorndyeckuii. TexHuueckyu MHTerpanus
3aKJII0YaeTCsl B 00bEIMHEHUU HECKOJIBKUX MporpaM-
MHO-aIMapaTHbIX KOMILIEKCOB €IWHBIM UHTepdeii-
coM. C MEeTOI0I0TUYECKOI TOUKU 3peHUs] MHTErpalust
SIBJISIETCSI JOCTATOYHO CJIOXKHOM IPUKIJIAAHOU 3agadeit
NPUHSTUS pellleHnus 00 MASHTUYHOCTA HabOpoB OMO-
METPUYECKUX 00pa3lIoB.

OcHoBoO#1 sl pa3pabOTKM MPOU3BOJILHOI OMO-
METPUYECKO, B TOM 4YHCIE UM MYJIbTUOMOMET-
pUYECKOW, CHUCTEMBI SIBISIOTCS TpeboBaHUs hak-
THUYECKA CJOXWBIIUXCS OTPACIIEBBIX CTAaHIAPTOB.
Haub6oiee cucteMaTn3MpOBaHHBIM TOKYMEHTOM SIBIISI-
erca craHaapT bioAPI'! (ocHoBa cepuu craHmapToB
I'OCT P UCO/MBK 19784). CornacHo craHmap-
Ty bioAPI, 06a3oBbiMU GYHKIMSIMU MPOU3BOJBLHOMU
OMOMETPUUYECKON CHCTEMBI SIBISIIOTCS PETUCTPAITUS
(enroll) m cpaBHeHmMe (match). B xome permcrpainmm
wHOpMAaIIK, TTOJIydeHHas IIPX TTOMOIIN OMOMETPH -
YecKUX CKaHepoB, Mpeodpa3yeTcs B UMMPOBOI 111a0-
JIOH.

Ha srame CpaBHECHMUA ITPEABABIACMBIC 6I/IOM€TpI/I-
YECKME JaHHBIC CPaBHUBAIOTCA C 11a6JI0HOM perucrpa-
onu. P€3YJ'I]E>TaTOM CpaBHECHMHA 6I/IOMCT[)I/I‘I€CKI/IX JaH-

I BioAPI — Biometric Application Programming Interface — 6roMeTpIaecKuii MporpaMMHEIil HHTephEiic TIPHIOKEHHIL.
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Puc. 6 Cxema 6MOMETPMYECKOI MHTErpaLMy B TACIIOPTHOM 3a1a4e

HBIX SIBJISIETCS UM CJIO, B TOM YMCJIE U 711 MHOTO(DaKTOP-
HOI 6MoMeTprUecKoii cuctembl. Ha puc. 6 npencras-
JIEHA CXeMa MPOCTEUIEl, ¢ aJITOPUTMUYECKON TOYKA
3peHUsi, MHOTO(aKTOPHOI OUOMETPUYECKOUN CcucTe-
Mbl — OMOMETPUYECKUI MTacopT.

OTIMYNTENBHON YIPOIIAIONIe WHTETPalluio Yep-
TOW MACMOPTHOM 3ajayu (MW CUCTEM TpaxkIaHCKOM
UIEHTUDUKALIMY B 1IEJIOM) SIBJISIETCS CTPYKTYPUPOBaH-
HBIIl 1 KOHTPOJUPYEMbIiA BBOI OMOMETPUUYECKON MH-
dopmanuu. B mabiaoHe perucrpauuu pUKCUpyeTCs
CTaHIAPTU3UPOBAHHBIA HA0Op OMOMETPUYECKUX W3-
MEpEHUli, HaIpUMep napa OTIIEYaTKOB NalbLEB U Go-
torpacdus guia. CooTBETCTBEHHO B IIITATHOM PeXKUMe
GYHKIIMOHUPOBAHMS ISl BepUbUKALIUU U UIEHTU -
(pUKalM TUYHOCTU TPEIBSBISIETCS TaKOW Xe€ orpa-
HUYEHHBI U MOJHBIM HAO0Op maHHBIX. Takas cxema
OCTaBJISIET MUHUMAJIbHYIO CBOOOAY AEUCTBUI TPU UH-
TErpaLuu.

Tak KaK MacnopTHBIE CUCTEMBI OPUEHTUPOBAHBI HA
TMOCTVDKEHVE MUHUMAJTbHOM OIITMOKY 2-TO pofa, 1ee-
€c000pa3HO UCIOJb30BaTh MaKCMMAaJbHO BO3MOXHYIO
WHGOpPMaLINIO O CPaBHUBAEMbIX 00paslax, T. €. TOXKM-
JAThCSI OTBETA OT BCEX UCITOIb3YeMbIX OMOMETPUYECKUX
TEXHOJIOTUI. JIaHHBII TTOAX0[ TO3BOJISIET MAKCUMAJTb-
HO ONITUMU3UPOBATH ONIMOKU 1-TO 1 2-TO poja 3a cUeT
YMEHbIIIEHUS TPOU3BOAUTEIbHOCTH CUCTEMBI (pHC. 7).

bonee ciloXHBIM MpPUMEPOM MHOTO(MAKTOPHOMN
OMOMETPUYECKON UACHTU(DUKALIUN SBIISIIOTCS KPUMMU--
HaJIMCTUYECKHUE CUCTeMbl. B TaHHOM cilydyae HeT cepb-
€3HbIX OTPaHUYEHUI M0 BpeMeHU. [J1aBHbIM KpUTEpU-

€M SIBJISIIOTCS OIIMOKHU 1-T0 1 2-T0 ponoB. OmHAKoO B OT-
JINYME OT MACHOPTHOM 3aJJaY/ B KpUMUHAJIUCTUYECKOMN
CHCTEMe He CTPYKTYPHUPOBaH I1a0JIOH perucTpaluu, B
CUCTEME MOXKET XpaHUTBCS TPOU3BOJIbHOE KOJTUUECTBO
OHMOMETPUYECKUX 00pa3loB, MPUHAMJIEKAIIUX OTHO-
My cyObeKTy. Takxke KpMMHUHaJIMCTUYECKasl cucTema
MOXET MCITOJIb30BaTh IMPOM3BOJIBLHOE YMCIO OMOMET-
PUYECKUX aJITOPUTMOB, MCTIONL3YIOIINX OTHY U TY K€
6uomMmeTpuio. B oTiimmune oT macopTHOM 3a0a4u, THE 3a-
MeHa aITOPUTMUYECKON HAUMHKU TEXHOJOTMU MaKCH-
MaJIbHO 3aTpyAHEeHa, KPUMUHATUCTUYECKUE CUCTEMBI
MPY pa3yMHOM TTPOEKTUPOBAHUHU TTO3BOJIIIOT B IITAT-
HOM TIOpSIIKE OOHOBIISITh WJIM H00ABJISITh OMOMETpUYe-
CKWE aJITOPUTMBI.

COOTBETCTBEHHO, B KPUMUHAJIMCTUYECKOI 3aaa-
ye MOTYT ObITh peaJu30BaHbl BCE YPOBHU WHTErpa-
uuu [5-7]:

— HaypoBHe MojanbHocTe# (multimodal biometrics);

— Ha ypoBHE OMOMETpHUYECKUX 00pa3iioB (multisam-
ple);
— Ha ypoBHe ajropuT™MoB (multialgorithm).

WHTerparys Ha ypoBHE 00pa31ioB B JTaHHOM CITy4dae
MpeAroNaraeT CUCTeMaTUYeCKe PEIIeHUs, YIIydIa-
JOIIME KaYeCTBO PACIIO3HABAHUS ITPH OTHOBPEMEHHOM
MIPEObSIBIICHNN HECKOJBKUX 00pa3IioB OMTHOTO OMO-
MeTprUUecKoro m3MepeHusi. Ha pwuc. 8 mpemcraBiieHBI
rpacuKy OIMMOOK PacIlO3HABAHUS B 3aBUCUMOCTHU OT
YU CcJia TPeabsBISIEMbBIX 1) MISHTU(PUKALIMNA 00pa31ioB
OITHOTO OTITeYaTKa MaJiblia.
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Puc. 9 Cxema GuOMETPMYECKOI MHTErPALIMK B OOILEM CITydae

I1a6n0H HHTErpanuu

Y

CxeMaTUYHO TIOTOK JaHHBIX B MHOFO(I)&KTOp— MMHYECKUEC l'IpO6J'[eMBI 6HOMeTpPI'{eCKOf/JI MHTETpaliun

HOW KPUMUHAJIUCTUYECKON CUCTEME MPEICTABICH Ha
puc. 9.

B xayecTBe MaTeMaTU4ecKoro ooecrieueHust 0J0-
Ka MHTErPaLi MOTYT UCITOJIb30BaThCS ITPOU3BOJIBHBIE
aJTOPUTMBI, TIO3BOJISIIOIINE JOCTUYh HEOOXOIMMOTO
YPOBHSI CTaTUCTUYECKUX TOKa3aTesaeil KayecTBa OMO-
METpUUYECKOl cucTembl. bojiee MoapoOHO aaropurt-

U3JIOXKeHHI B [4, 15—18].

3 IIporpaMMHasi apxuTeKTypa

H[I)I/IHI/IMaSI BO BHMUMaHUA TCHACHI IO K CO3JaHHNIO
prnHOMaCHJTaGHBIX pacnpeaciI€HHbIX 6I/IOMeTpI/I'{e—
CKUX CUCTEM, CJICAYET N3HAYAJIbHO COo3daBaTh MacClITa-
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OupyeMble U pacrnpefe/ieHHbIe apXUTeKTyphl. B pam-
Kax pacHpoCTPaHEHHOM Ha CErOMHSIIHUKA [I€Hb
KOHUEMUUNU CEPBUCO-OPUEHTUPOBAHHON apXUTEKTY-
per [19, 20] cinemyeT, B IIepBYIO OdYepenb, pa3meIUTh
BHYTPEHHIOIO JIOTUKY OMOMETPUUICCKUX TPUIOXKCHUI
Ha 3JIeMEHTapHbIE CepPBUCHI. YUMTBHIBasl OMBIT pa3-
PabOTKM BEICOKOIPOU3BOAUTETLHBIX OMOMETPUUECKUX
npuiaoxeHuit [5], GyHKUMOHATBHO MOXHO BBIACIUTD
CIICYTOIIE CEPBUCHI:

— BBIYMCJUTENIbHBIE CEPBUCHI, OTBEUaIOLINE 3a BbI-
MoJIHEHUE PYHKIM I OMOMETPUYECKUX OUOJIMOTEK,
SITPO CUCTEMEI;

— CEpBUCH OM3HEC-JIOTUKHU TIPIITOKCHUS;
— CEpBUCHI XPaHWINIIA;

— KJIMEHTCKHUE MPUIOXEHUS, «TOHKUI» KIUEHT Tep-
MUHAJIbHBIX CTAHILIN;

WuTepdeiic momp3oBarens

|.A

— BCIIOMOTAaTCJIbHLIC CECPBUCHI YIIPaBJICHUA, MOHMU-
TOpUHIa, IMarHoOCTUKH,

— CEpBHCHI COOOIIECHUI/TIPEIOCTaBICHUS WHTEP-
¢deiica, oTBeuarome 3a oOMeH HHGOpMaLuei
MEXIY y3JIaMU CUCTEMBI,

— CEpBUCHI OMEPALIMOHHON CUCTEMBI, pacipeaeieH-
Hasl Cpe/ia UCTIOJTHEHUSI.

Ha pwuc. 10 mpuBeneHa cxeMa B3aMOICHCTBHS TIe-
PEUYMCIICHHBIX TPYIII cepBHCcOB. C TOYKM 3peHUS aria-
PaTHBIX CPEACTB MEPEYMCIEHHbIE CEPBUCHI MOTYT HC-
MOJIHATBCA KaK Ha OTHOM BBIYMCIIUTEIbHOM CpPEACTBE,
TaK M Ha OTAEJbHBIX CHELMATU3UPOBAHHBIX cepBepax
win Kinacrtepax. Ha puc. 11 mpuBeneH nmpumep Kom-
IUIeKca aIlllapaTHBIX CPEICTB CUCTEMBI TPakIaHCKOMN
UaeHTU(UKALINN.

v

Buemaue
CHUCTEMBI
/am— I:I
s |
| A Cepgep
Y| COOOILIEHU I

— [ —

CepBuc coo0IIeHU/CepBHC TIPeIoCTaBICHHS HHTEp(heiicoB

Ba3zoBble cepBHCHI BBIYHCITUTEIIBHBIC CEPBHCHI
Cepsuc 00paboTKu cooOIeHNiT Bbuomerpunueckuii cepsuc Ne 1 Knacrep
— OuoMeTpUYEeCKUX
CepBepoB
C 6 b i No 2
epBHC OU3HEC-TIOTUKH HOMETPHYCCKHH cepBuc Ne ===
ooo oooo
oooo oooo
CepBuC XpaHUIHIIA
o o o
\/ | Kuacrep
0a3bl IAaHHBIX
Pacnipenenennas o ~ c j KOMIOHEHTHI
CpPBEPHBII CPBHCHBIII
cpena PBep p JocTyna
areHT areHT
K JIaHHBIM
BcenomorarenbHbie Cepsepa
CEPBHUCHI Cepsuc Cepauc yIpaBJICHUA
JIMarHOCTHKH KOH(HUTI'YpHPOBaHUS I:I I:I
[ =1 =]

Puc. 10 IIporpammHasg apxutekTypa
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Puc. 11 Kommiekc alrapaTHbIX CPEACTB CUCTEMbI l"pa)KI[aHCKOI‘/JI I/II[CHTI/I(I)I/IK&L[I/H/I

Ha puc. 12 npuBemeH mnpumep pacipeaeieHHOI
ApXUTEKTYPbl CUCTEMbBI MHTEJIEKTYaIbHOTO BUIEOHA-
omoneHus [21].

[To opraAam3ainny BEIYUCICHUN W JIOTUKE ITOCTPO-
eHUS UH(POPMALIMOHHBIX TOTOKOB MPUBEACHHBIE TTPU-
Mepol (puc. 11 1 12) oTaMyalTCs TOJbKO MCTOUHU-
KoM OuoMeTpuueckoit nHpopmauuu. Eciu ciaenoBaThb
OCHOBHBIM OTpAacCJICBBIM CTaHAApTaM, CO3TaHHBIM IIO
pe3ynbratam pa3padbotku bioAPI, To 6uomeTpmueckme
MIPWIOKEHMS Ha YPOBHE IMPUKIATHOTO MIPOTPaAMMHOTO
nHTepdeiica ycTpoeHbl OIMHAKOBO HE3aBUCHUMO OT BbI-
OpaHHOTO MeToJla OMOMETPUIYECKON UACHTU(UKAIIH.
HecMmoTpst Ha BITOJTHE CTaHIAPTU3UPOBAHHEIC BHI30BBI
¥ IIPOTOKOJIBI OOMEHa TaHHBIMHU BHYTPU OMOMETpIUe-
CKMX ITPUJIOXEHU, paboTa ¢c TepMUHATbHBIMU YCTPOI-
CTBaMU MOXET TpeOoBaTh CielMaIbHON OpraHu3aluu
BBIYMCIUTEIbHOTO Tpollecca. [loaTomy pasneneHue
TepMUHAJbHBIX YCTPOICTB U OCHOBHOTO BEIYUCIUTEIb-
HOTO y3J1a TIpU TTOMOIIIM CepBepa COODIEHUI, KaK 3TO
MpuBeneHo Ha puc. 11 u 12, aBisieTcsT onpaBIaHHBIM.
Takoit moaxo Mo3BOJISIET OTACIUTH PAOOTY C BHEITHU -
MU YCTpOHCTBaAMM, Yeli MHTepdeiic 3a4acTylo He CTaH-
JapTU3UPOBaH, OT OCHOBHOT'O BBIUMCIMTEBHOTO y3I1a,
KOTOPBIi, B CBOIO OYEPENb, TOKEH OBITh peaTu30BaH
C YIETOM TPeOOBAHMIT POCCUICKIX U MEXKITYHAPOIHBIX
CTaHIIapTOB.

CormacHo bioAPI u poccuiickuM cranmapTaM 110
OMOMETPUM, pean3alvs OUOMETPUUYECKON CHUCTEMBI
npenanoaraeT Tpy TUMA JaHHBIX:

(1) mcxomHbIe TaHHBIE, TIOTYICHHBIC C TEPMUHATBHBIX
YCTPOMCTB;

(2) maHHbIe, 00paboTaHHbIE (DYHKIMSIMU CIeLMUaIu-
3UPOBaHHBIX OMOAUOTEK (bUIbBTpalys, IIyMO-
OYNCTKA U T. 11.);

(3) mudposoit 1IabI0H/MOmETs OMOMETPUIECKOTO
obpasua.

DyHKIMY OMOMETPUYECKOM CHCTEMBI:

— perucTpalys, mojiydeHue madjoHa Ha OCHOBE MC-
XOIHBIX JTaHHBIX;

— CpaBHEHME IOBYX IIAa0JIOHOB, ONpedeIcHUEe MEpHI
CXOJICTBA;

— HecTaHAapTHbIe (YHKILIMU JOTIOJTHUTEIbHO 00pa-
0OTKM OMOMETpUYECKOI MH(POPMALINH.

I1pu nonmonHUTENBHOI 00PaOOTKE JAHHBIX TIOMUMO
GbYHKIIMIT BO3MOXHO 60Jiee CIOXKHOE B3aMMOJIEeCTBIE
¢ OMoMeTpUYeCKUMHU OMOIMOTeKaMU, pealu30BaHHOE
B BUJIe KOHTPOJIOB WM ActiveX KOMITOHEHTOB.

CoOTBETCTBEHHO (DYHKITMOHAJI 6a30BbIX CEPBUCOB,
paboTarolrX B paMKaxX MyJbTUOMOMETPUYECKOTO TTPH-
JIOXEHUS, JNOJDKEH TOAAEepKUBaTh TMEpPEeYrCIeHHbIE
TUNBI JAHHBIX U BbI30BBI (QyHKUUA. B ciaydyae Ouo-
METPUYECKUX MPUIOXEHUI 0ojiee CIOXHON 3amadeit
SIBJISIETCS paboTa ¢ NMepeyrcAeHHBIMU TUTIaMU JaHHBIX
U UX Nepeaadya BHYTPU CUCTEMBI.

OCHOBOI1 /11 TPOTOKOJIa Iepeaadyu UCXOAHbIX O10-
METPUUYECKUX JAaHHBIX SIBJISIOTCS] CTAHIAPTHI IO OOMEHY

WHOOPMATUKA U EE TPUMEHEHUWS Tom 2 Bbmyck 3 2008 47



0.C. Yumaes

HcTounuk
3aripoc
Ha HJCHTU()HUKAIHIO v
Cepaep
coo0IIeHUI
oneparopa CooOmeHus gooo
[ —]

2\

BoruucnurenbHbIN

cepsep

[——1 =]

B BAA
1L
VnaneHHbII
0aHK JaHHBIX
oooo
3aganus coon

Puc. 12 Kommiekc alrapaTHbIX CPEACTB CUCTEMbI BI/II[COHa6J'lIOI[CHM9[

6roMeTtpryeckoil uHGopmauuu. Haubomnee o6mummu ¢
TOYKM 3pEHUS IIPUMEHUMOCTH K MYJTbTHOMOMETpHYC-
CKUM TEXHOJIOTUSIM sIBJisitoTcst cTaHaapThl [ TL-1-200x.
CraHgapThl JaHHOU cepuu MpearoaraioT eIyl
cocTaB HeOOXOAMMOI MH(pOpPMALIUN:

— 3aroJioBOK;

CONMpOBOAMTEC/IbHaA TEKCTOBaA I/IH(I)OpMaL[I/IH;

OroMeTpUYeCKre 00pasLibl;

CONPOBOAMTEIbHAS HMHMPOPMALMSI IO KaxXIOMy
OGrMOMeTpUYECKOMY 00pasiry.

B Hacrosmeit pegakuuu cepusi cranHmapto ITL
1-200x opueHTUpOBaHa, B MEPBYIO OYyepeab, Ha Ipa-
BOOXPaHUTEJIbHYIO JesiTeTbHOCTh. [10aTOMY B TaHHOM
dopmaTe TaHHBIX CTAHIAPTHBIC KOHTECWHEPHI TIPeIHA-
3HA4YeHBl [JIs XpaHeHus LM@poBhIX (doTorpaduit u
MAaKTUJIOCKOIIMIECKOTO MaTteprajia. ToJabKO B pemak-
muu 2007 T. JaHHBINM CTaHAAPT MOIMOJHUJCSI KOHTEMH-
HepaMu IS TEOMETPUM PYKU M Pamy>kHOUW 000s10Y-
KU T71a3a. JJaHHOE 0OCTOSITEIECTBO OOYCIOBIICHO TEM,
YTO Ha CETOMHSIITHUI IeHb pa3padbOoTaHbI CICOYIONINE
cTaHmapThl (popMaToB oOMeHAa OMOMETPUYECKON MH-
dopManueit:

— ANSI INCIST 377-2004, Information Technolo-
gy — Finger Pattern Based Interchange Format;

48

— ANSI INCIST 378-2004, Information Technolo-
gy — Finger Minutiae Format for Interchange;

— ANSI INCIST 379-2004, Information Technolo-
gy — Iris Image Interchange Format;

— ANSI INCIST 381-2004, Information Technolo-
gy — Finger Image-Based Data Interchange For-
mat;

— ANSI INCIST 385-2004, Information Technolo-
gy — Face Recognition Format for Data Inter-
change;

— ANSI INCIST 395-2005, Information Technolo-
gy — Signature/Sign Data Interchange Format;

— ANSI INCIST 396-2005, Information Technolo-
gy — Hand Geometry Interchange Format.

Kax BUmHO 13 CIIMCKa, B CTaHAApTax MPeACTaBIeHbI
OTIEYaTKM MayibleB, (opMa JIMIA, TeOMETPUS PYKH,
MOoYepK,/TOANUCH U paayxHasi obosnouka riaza. [lpu
5TOM OTCYTCTBYET CTaHAAPT Ha MYJIBTUOMOMETpUYE-
CKHe maHHbIe. B Takoil chTyanum lejiecoodpa3sHbIM
apigeTcd pa3sutue moaxona ITL 1-200x. A UMeHHO:
MpeaIaraeTcsl JOMOJHNUTh (OpMaT JaHHBIX HETOCTA-
JOIIMMA KOHTEWHEpaMM IJIsST XpaHEHUS NTaHHBIX, OT-
JIMYHBIX OT TTIEPEYNCIEHHOrO CITMCKa CTaHmapToB. s
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Tab6mma 1 Crnincok 6uomerprueckux TexHonornit AMUC

buometpus

OCHOBHBIE UICTOYHUKH

ToyHoCTb MAEHTUDUKALIMT

OTnevyaTok manbla
perucrpanuu

1. JJaHHBIe O0O0S3aTeIbHOM JAaKTHIIOCKOITYECKOM

Criennbl OTIIEYaTKOB TAJIbLIEB
CucteMbl KOHTPOJIST JOCTYIIa

BI/IOMeTpI/I‘-IeCKI/IC ImacropTa HOBOT'O ITIOKOJICHUA

OueHb BbICOKAS

dopma niiia

®otorpadun; BUIEO3amucu
Kamepsl HapykHOTO HaOTIOAEHUS
CucTteMbl KOHTPOJISI 10CTyMa

BI/IOMCTpI/I‘ICCKI/IC macropTa HOBOT'O ITIOKOJICHUA

Bricokast

Tonoc TenedoHHBIE TMHUM

No= R L =R N

3amnucu pa3roBopoB

Huzkaga

IMouepk

[Ipoun3BobHBIE PYKOTIMCHBIE 00pa3IIbI

Hwuzkas

OIMMCAHMSI TaHHBIX BHYTPH KOHTEHHEpa MOXKHO WC-
nonb3oBath cTpykTypsl CBEFF! 1 bioAPI. K Hacto-
simeMy BpemeHu B bioAPI 3apeructpupoBaHo OoJsiee
20 MeTonoB (MPOTUB 5 CTAaHIAPTU3UPOBAHHBIX) OMO-
METPpUUYECKON MACHTU(UKAIIAHN.

Jlst paGoThI ¢ 00pabOTaHHBIMU JAHHBIMU U I PO-
BbIMU OMOMETPUYECKMMU IIa0JIOHAMU lieJiecoodpas-
HO ucnob3oBaTh cxoxyio ctpyktypy CBEFFE Onnako
3[ech ClelyeT OTMETUTb, YTO TpeacTaBJIeHHbIE B Ta-
KoM Bue Uu@poBbIe MIA0JIOHBI ¢J1a00 MPUTOIHBI JIJIsI
o0MeHa CO CTOPOHHUMM aBTOMAaTU3NPOBAHHBIMU WH-
dopMaIIMOHHBIMHU CUCTEMAaMMU I10 IIPUIMHE OTCYTCTBHUS
CTaHIapToB 1O ¢hopMaTaM OMOMETPUYECKUX LMbPO-
BBIX 111a0JIOHOB TSI BceX OMOMETPUK, KpOMe OTIIeuaT-
KOB TIAJIbIICB.

4 IlporpammHas peaan3aLus

B nanHOM pasznene npuBeneHbl pe3yabTaThl pa3pa-
OOTKM TPOrpaMMHOTO KOMIUIEKCa, peaau3yIolero
U3JI0KEHHYI0 B TPENbIAYIIMX pasfenaX KOHUEMIUIOo
MYJIBTUOMOMETPIICCKOM naeHTU(GUKaImy (Automatic
Multibiometric Identification System, AMIS wm
AMMUC).

B xoze pa6ot no coznanuto AMUC 6b110 perieHo
MHTErpUPOBaTh OCHOBHBIE CHUCTEMATUYECKM HOCTYII-
HBIE OMOMETPUKM, a MMEHHO: OTIEYAaTKW ITaJIbIICB,
11dpoBoe U300pakeHre auila, ToJa0C U 00pasiibl py-
KOIMUCHOTO Toyepka. B Tabia. 1 mpencraBieH CIIMCOK
ouomeTpuueckux texHonoruit AMMUC u noteHLalb-
HbIe UICTOYHUKW UX MOJTYYSHHUSI.

®OyukumonaasHo AMUC npenHazHadeHa UIST pe-
IICHUS CICAYIOIINX 3a1a:

— WMIIOPT, 3KCIIOPT M XpaHCHHE OMOMETPUICCKUX
00pasI1oB;

— y4eT 1 00paboTKa OMOMETpUYECKUX 00pa3LoB;

— orepaTuBHasE 00pabOTKa 3aIpoCOB Ha OMOMETPHU-
YeCKy10 UIEHTU(UKALIUIO.

C TOUYKU 3peHHUS] pEeabHBIX CLEHapUeB 3KCILTY-
ataiuu AMUWC nepeunciieHHbIEe 3aJauyd pPelIaroTcs
pPa3IMYHBIMU TPYIIIaMU TTOJb30BaTeieil. YUeT U Iep-
BUYHAs 00paboTKa OMoOMeTpuuecKou WH@opMaLuu
TpebyeT CHelnaIbHON KBaTM(PUKAIIMKA W ITOTIOJHU-
TEJILHOTO aIlapaTHOTO OOECIIEYCHMSI, 9TO IPUBOIUT
K HEoOXOAMMOCTHU BBIAEJEHUS MPOrpaMMHOIO o0ec-
MeYeHUs OTAEJIbHBIX aBTOMAaTU3UPOBAHHBIX PabOUUX
Mect (ITO APM) 6uomeTpucra.

IMonroroBka 3ampoca Ha OMOMETPUYECKYIO UIEH-
TUhUKALIKWIO B OOJIBIIMHCTBE CIydyaeB HE CBsI3aHa CO
cnenuduueckoir o6paboTKON OMOMETPUYECKON WMH-
dopMallMi U MOXET OBbITb BBIMIOJHEHA OOBIYHBIMU
IMOJTb30BaTeNIIMA. B 9acTHOCTH, 3TO ITO3BOJISICT WC-
nojb3oBaTh cepBuchl AMMC nocpeactBoM web-uH-
Tepdeiica.

IIpm pa3paboTKe aInmapaTHON apXUTEKTYPHI TAKKE
MPUXOAUIOCH YYUTBIBATh, UTO OMOMETpUYecKas UaeH-
TUpUKAUMS SBASIETCS TPYIAOESMKON TIpOLIenypoil s
BBIYMCIUTEbHBIX CPEACTB 001Iero HazHayeHus. Ha-
IIpUMeEp, 3aIIpoc Ha MASHTHMUKAIINIO ToJIoca TpeOyeT
nepegadyr 0oJIbIINX 00beMOB MHGpOPMALIUM U MOXET
00pabaTEIBaThCSl 3HAYMTEIBHOE BpEeMsI, M3MepsieMoe
JecsITKaMyU MUHYT WIM JaXe JyacaMU MpU 3HAUUTENb-
HOM pa3mepe 0a3bl TMKTOPOB. Takast HU3Kasl MPOU3BO-
IUTEITBHOCTh TPeOyeT MCIOJNB30BAaHUS IS BBITIOTHE-
HUSI BEIYMCICHUIT MAKCUMAJILHO IIPOU3BOANTEIIBHBIX U
Oecriepe0oiftHO pabOTAIOIINX PECYPCOB.

ICBEFF — Common Biometric Exchange File Format — eauHBlii (popMaT pecTaBIeHHs GIOMETPHYECKIX JaHHBIX.
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BJ1 cepBepa
. HnTtepdeiic coobmeHuit Hurepdeiic
N0JIL30BaTeIsl aIMHHHCTPATOpPa
Monynb ynpapieHus .
3anpocamu > CepBHc coo0meHuit
BoruncanreabHbI
Buomerpudeckue
cepBHC
O6ubnmmoTexn
buomerpuueckue
Bu
| AcO CepBHC XpaHHJIHIIA CepBHCHI
| JIuto | Jluuo |
L | ]
| T'onoc | ! | T'onoc |
| TTouepx | | IMouepx |
| OTneyaTky MajableB | | OTreyaTky majbleB |

Puc. 13 IIporpammuas apxurekrypa AMUC

st 5bpeKTUBHOTO pellieHUs TOCTaBICHHBIX 3a1a4
B COCTaB KOMILJIEKCa HEOOXOIUMO BKJIIOUUThH BHICOKO-
MPOU3BOAUTENbHBII CEpBEP U CIEIIMaIbHO 000PYIO-
BaHHbIe APM OromeTpucTa, OCHaIlIEHHbIE CIIeIIUaTM -
3UPOBAHHEBIM allllapaTHBIM obecriedeHneM. C yaeToM
BoIernepeuricieHHoro AMUWC paspabaTeiBaiach Kak
KJIMEHT-cepBepHoOe NpuaoxeHue (puc. 13).

YyuteiBas GyHKIMOHATbLHOE Ha3HaUYEHUE KOMIIO-
HEHTOB, Mbl TIpeljiaraeM cienyloilee 06a3o0Boe pac-
MpeJesieHue CEPBUCOB M BBIYUCIUTENbHON Harpys-
KJ MEXIy KIMEHTCKUM M CePBEPHBIM KOMITOHEHTaMU
CHCTEMBI.

B cocraB xmeHTckoro komroneHta AMUC
BKJTIOUCHBI:

— uHTepdEiic MONb30BaTENS;

— MOJYJIb YIIPaBJIEHUS 3alIPOCAMU MOJIb30BATEIS;

OMOMETPUYECKIE CEPBUCHI;
— wmHTepdeiic aTMIHUCTpaTOpAa.

B cocraB
BKJIIOYEHBI:

cepBepHOro KommoHeHTa AMMUC

— CEepBUC COOOILIEHUIA;
— CEepBUC XpaHWINILA;
— OMOMETPUYECKHIE CEPBUCHI.

Koneuynomy monb3oBaTenio, omnepatopy AMUC,
OCHOBHOW (DyHKUMOHAJI MPEJOCTABISETCS TOCpPe.-
ctBoM uiau MHTpaHeT-cepBepa AMMUC (TexHosorus
«TOHKOTO KJIMEHTa»), WK clieuranu3upoBaHHoro 10

TEPMHUHAIbHBIX CTAHLIMI («TOJCTBIN KIUeHT»). [10jb-
3oBarenbckue pyHkuuu AMMC MoxXHO TpeacTaBUTh
B BUJIe KOMOMHAIIMHU CEIYIOIINX OOpallleHU:

Enroll, peructpaiius o0beKTa yueTa B XpaHWIHILIE;

Modify, usmeHeHue uHdoOpMaLUK 00 OOBEKTE
yyerTa;
Identify, GuomeTpuyeckas naeHTUPUKAIINS;

Select, 3arpoc Ha BBIOOPKY AaHHBIX U3 XPaHUJIUIIA.

[lepeunciieHHBIe OOpaIlleHUs CXeMaTUIHO IIpel-
cTaBjieHbI Ha puc. 14.

Enroll, makeT maHHbIX

A

Enroll, pe3ysnbrar TpaH3akuuu

\

Modify, makeTt faHHBIX

A

Modity, pe3ynbrar TpaH3aKLUH

Identify, nakeT gaHHBIX

A

\
Cepguc coo0uIeHu

Identify, pe3ynsrar TpaH3aKuuu

TepMUHAIIBHBIE CTAHIIMH/
uHTepQEiC MoIb30BaTeIs

\j

Select, ID

Select, makeT JaHHBIX

Puc. 14 O6MeH gaHHBIMU MeXay UHTEPHENCOM TIONIB30Ba-
TeJis1 U cepBucoM coodieHuit AMUC
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Tabmmma 2 XapakrepucTUKU GUOMETPUIECKMX LIA0IOHOB

Cpemee Cpennmii CpenHuit CreneHb
BpeMst pa3mMep
TexHomorust pasmep cxKaTust
COMAHUA HICXOILBIX mabnoHa, b | nadopMan
mabiona, Mmc | maHHbiX, Kb ’
OrneuaTku anpleB. decaTunanblieBast 1aKToKapTa 2349 700 26170 27
OrrmevyaTtku nanblies. Cien 363 35 2617 13,5
M3obpaxkeHue nuia 595 50 2933 17
Tonoc 2933 2000 54370 40
[Mouepk 3290 780 20528 38

\j

Enroll, 6uHapHBIC TaHHBIE

A

Enroll, orBeTst
[1aGnon perucrpanuu
Ortka3 B perucTpanuu (HM3K0e KadeCcTBO

OHOMETPHUYECKOro 00pasia)

[

Process (koHTpoI1), OUHAPHBIE JaHHbIE

A

TepMuHATbHBIE CTAHIIIN/
uHTepdeiic Moabp30BaTels
Buomerpuyeckue cepBuchl/
OMOIIHOTEKH

Process, oTBeTHI
OO0paboTaHHbIC JaHHBIC

JlononuurensHas nHGOPMAIHs

Puc. 15 OGMeH maHHBIMU MEXIY MHTEPGENRCOM TI0JIb30Ba-
TeJIs 1 OMOMETPUIeCKMMU OUOIMOTeKaMU KITMEHTCKOM YacTu
AMMUC

Jlnst GONBIIMHCTBA OMOMETPUUYECKUX OMOJIMOTEK
1M GpOoBOI 111a0JIOH, TTOJYYEHHBIU MPU BbI30BE (DYHK-
uu Enroll 6uomeTprueckoit 6MOIMOTEKH, IO pa3Mepy
3HAYUTEJIbHO KOMITAKTHEW WUCXOMHBIX HeoOpaboTaH-
HbIX JaHHBIX. CpaBHUTENbHBIN pa3Mep 11a0JOHOB U
MAaHHBIX TIpeICTaBlieH B Tabm. 2. B gactHocTH, M3
TaOJIUIBI BUAHO, YTO XpaHEHHE ITa0JIOHOB IIPEIIIO-
YTUTEIbHEE.

Hns cHUKeHUs1 Harpy3ku Ha ceThb INpU Mepena-
Ye MJaHHBIX BO3MOXHO YacCTUIHOE IIepepaclipenesie-
HUE Harpy3Ku Mexay KiIneHTCKuM APM u cepsepowM.
ITockonbKy omnepaiiuu, BBITIOJHSEMbIE TPU UIEHTH-
dukaiu, TpedyT obpallleHUs K OMOMETPUIECKOMY
XpaHWIHIIY, KOTOPOE SIBJSIETCS OOIIUM PecypcoM s
Bcex Tosb3oBarenieit AMUC, memecoodpa3HBIM SIBIISI-
eTcs TepepacIpeneicHe BEIYMCICHII Ha KITMEHTCKOE
BBIYMCIIATEILHOE CPEICTBO TOJIBKO Ha 3Talle ITOATO-
TOBKM NaHHBIX U (hopMuUpoBaHUs 1adsoHa. Cxema
obpalueHuit nHTepdeiica moab3oBaTesss K OMOMETpU-
YyecKUM OMOIMoTeKaM npeacTaBieHa Ha puc. 15.

[lpuBeneHHast peanusanus KIMEHT-CEPBEPHOro
MPWIOXEHUST TTOTEHIIMATbHO SIBJISIETCSI HE3aBUCUMOM

OT omnepalMoHHOM cuctembl. OmHako, paccMaTpu-
Basl peaju3allvio CEPBEPHOro KOMIIOHEHTa, MPUXO-
JUTCSI YYUTBIBATh CHIELM(PUKY OOILIECUCTEMHOI YacTH.
AMMUC 6buta pa3paborana Ha 0a3e ciemylolIero oo6-
mecucremHoro ITO mpousBoacTBa Microsoft:

— OrmnepauuonHasa cucrema — MS Windows Server
2003/ XP;

— CYbJ — MS SQL Server 2005;

— Tpancnopt — Windows Communication Founda-
tion (WMC) u3 cocTtaBa KOMILIEKTa OUOJMOTEK
.NET Framework 3.0.

Hannag kondurypamus [10 mo3BoseT MoJIHOCTHIO
MEePesIOKUTh TPYAOEMKUE B peaiu3allii MeXaHW3MbI
MHGOPMALIMOHHOW 0€30MacHOCTM W pa3rpaHUYEHUs
JOCTyIla Ha OIEepallMOHHYI0 CHUCTeMY. A HMMEHHO:
BcTpoeHHBIe MexaHn3Mbl CYB/I 1 TpaHCITOPTHOI crc-
TeMBI TTO3BOJIAIOT TEPEeNTH Ha CKBO3HYIO MICHTU(DU-
Kaluio NocpeacTBoM HHCTpyMeHToB Windows Authen-
tication. COOTBETCTBEHHO, pa3rpaHUYEHUE IOJHO-
MOYMIA IO UCTIOJIB30BaHUIO OOIIMX PECYPCOB OCYIIIE-
CTBIIACTCSI aIMUHNCTPATUBHBIMU CPEICTBAMHU OIlepa-
LIMOHHOU CUCTEMBI.

BHyTpu cepBepHOro KOMIIOHEHTa yIpaBieHue Mo-
TOKaMM NaHHBIX OCYIIECTBIISICT CEPBUC COOOIICHMUIA,
KOTOpHIT oOpalaeTcs K O0IINM pecypcaM (XpaHWIH-
1Y) ¥ BBIYMCIIUTEIbHBIM OMOanoTeKaM (puc. 16).

SAnpom anropurmuyeckoro obecrneueHuss AMUC
SIBJITIOTCST OMOMETpUIEeCKIe OMOIMOTEKM, BXOISIINIE B
coctaB BeUHMcauTeNbHOTO cepsruca AMUC. B cocras
onomeTpudeckoii cocrapisiomeit AMUC BxogsaT Mo-
IyAu OAHO(MAKTOPHOU OHMOMeTpUYecKoil uaeHTUdU-
Kalluy, MOAYJIU SKCIePTHOM (ITepBUYHOI) 00pabOTKH,
MOIY/Th aHAJIN3a BUACOPSIAa M MOOYJIh KOMILJICKCHOM
00pabOTKM pe3ynbTaToB OMOMETPUYECKON UASHTU(PU-
Karmu. O0paIIeH’s K MOIYJISIM OTHOMAKTOPHOM 610~
MeTpuuyeckoil uaeHTudukauuu (puc. 17) craHgapTu-
supoBaHbl [OCT 9784.

Momays KOMILIEKCHOM OMOMETpHYECKOI MICHTH-
dukaiuu BeryucauTeasHoro cepsuca AMUC, B Koto-
POM TIPOU3BOIUTCS OLIEHKA Mepbl CXOICTBa HabOPOB
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\j

Add, SQL 3anpoc

A

Add, pe3ynbrar TpaH3aKINH

\j

Modity, SQL 3ampoc

A

Modify, pe3ynbTar TpaH3aKIHH

Cepsuc cooOuieHni
CepBuC XpaHWIAIIA

\j

Select, SQL 3ampoc

A

Select, makeT 1aHHBIX

\j

Enroll, maker gaHHBIX

A

Enroll, pe3ynbrar TpaH3aKIuu

\j

Match, naker JaHHBIX

Cepsuc coo0ueHunit

A

BoruncnurenbHbIl cepBUC

Match, pe3ynbrar TpaH3aKIuK

(a)

)

Puc. 16 OOMeH maHHBIMU MEXIY CEPBUCOM COOOILEHUI U (a) cepBucoM xpaHwinina AMUC; (6) BBIYMCIUTEIBHBIM

cepsucoM AMUC

OMOMEeTpPUUYECKUX 00pa3lloB IO pe3yJbTaTaM MISHTU-
(hukanu 1o OTAETHLHBIM MTPU3HAKAM, PEATN3YETCS CO-
IJIacHO oOmieit cxeme puc. 9. BHYTpm MoOryr OBITH
WCTIONBb30BaHbl MPOU3BOJIbHBIE AJITOPUTMBI, O0ecTe-
yyBalollne Tpedyemble OIMOKM 1-ro u 2-ro popa.
B yactHocTH, B [4, 15—18] npuBeneH MUpoKuii Kiacc
aJITOPUTMOB OMOMETPUYECKOM WHTEerpaiuu, mpenHa-
3HAYEHHBIE IS ONTUMU3alNU OMIMOOK pacro3HaBa-
HUSI.

\j

Enroll, ncxonnsie qanHbIe

A

Enroll, ma6iou

\J

buomerpuueckas
OubImoTeKa

Match, mapa ma6;0HOB

BrruncnuTenbHbIH
cepBuUC

A

Match, mepa cxoncTsa

Puc. 17 OGMeH gaHHBIMKM MEXIY BHIMHUCIUTEIBHBIM CEPBE-
pPOM U GMOMETPUYECKUMM OMOIMOTEKAMU CEPBEPHOI YacTh
AMMUC

5 3axirroueHue

B cratbe mnpensioxkeH HOBBIA MOAXOA K CO31a-
HUIO MYJIBTUOMOMETPUYECKUX TEXHOJIOTWil Ha 0ase
CEepBUCHO-OPUEHTUPOBAHHON apXUTeKTyphl. PaHee
npeobiagaay TIPUHLUNOBL pa3paboTKu OMoMeTpuye-
CKMX TEXHOJIOTMI B paMKaxX €IWHOTO IPUJIOXCHUS.
B kauecTBe OCHOBHBIX MPEUMYIIECTB BbIpAOOTAaHHO-
ro MOaX0Jaa OTMETUM:

— IporpaMMHas apXUTEeKTypa MO3BOJISIET pa3aeuTh
O0IIeCMCTEMHYIO 9acTh M pabOTy C KOHKPETHBI-
MU OMOMETpUYECKMMHU OUOIMOTeKaMu, peaan3y-
OIMUMA METOIbI OMOMETPUIECKOM MACHTU(UKA-
11u;

— peanuzanys oONIECUCTEMHON YacTW He3aBUCHUMa
OT cOCcTaBa OMOMETPUYECKNX OMOITNOTEK;

— pa3paboTaHHasI apXUTEKTypa IT03BOJISICT MOIEPHM-
3MPOBaTh M 3aMEHSTH OTAETbHBIC OMOMETPUICCKIE
OMOIMOTEKMY,;

— TIporpaMMHasl apXMTeKTypa OOeCreYrMBaeT KOM-
TJIEKCHYIO UACHTU(MUKALIMS TT0 HECKOJBKUM 010~
METPUYECKUM TTPU3HAKaM OMHOBPEMEHHO;

— MpOrpaMMHAasl apXUTEKTypa OOECIEeYMBAET BO3-
MOXHOCTb paclpeneNieHus] OCHOBHBIX BBbIYKC-
JINTEJIBHBIX Y3JIOB, XPAHWJIWILA NAHHBIX U WH-
Tepdelica mojb3oBaTeseld MeXAy pasIUYHbIMU
BBIUUCJIUTEbHBIMU CPEJICTBAMMU;

— TOJIHOE COOTBETCTBUE TpeOOBAaHUSM OCHOBHBIX
MEXIYHAPOIHBIX W POCCHUUCKHUX CTaHIAPTOB K
OMOMETPUYECKIM CUCTEMaM U OOMeHY OMOMETpH -
yecKoi nHdopMalnu;

— 3anmra WHOOPMAIIMOHHBIX PEeCcypcoB OCyIlle-
CTBJISIETCS MeXaHM3MaMM OIEepallMOHHON Ccuc-
TEMBI.

HarmpaBieHusIMU 1151 JaTbHEUIIIETO pa3BUTHSI pa3-
pabOTaHHOTO IMTOIXO0/A C IIEIbI0 00eCIIeYeHMST OOJTBIIIeH
YHUBEPCAIbHOCTH, YBEIUUEHNSI TPOU3BOAUTETbHOCTHU
U HaZEXKHOCTHU SIBJISIIOTCSI:

— obecrnieyeHUE MacIITaAOMPYyeMOCTH;
— obecrmeyeHne OTKa30yCTOMYMBOCTH;

— peaim3alusd MCXaHHU3MOB pacliapaluiCJIMBaHUA
BBIYMCJICHUI Ha 6I/IOM€TDI/I‘ICCKI/IX y3jaax.
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SAJAYU ITPEACTABJIIEHUA TUYHOCTHbBIX U KOJUIEKTUBHbBIX
KOHUEIITOB B IM®POBOW CPEJE

M. M. 3auman!, B. B. Kocapuk?, O. A. Kypuasosa®

AnHotamusa: B craThe aHAMM3UPYIOTCS KITIOUEBBIE MOJOXEHUST TOKyMeHTOB 7-ii PamouHoit iporpammelr EBpo-
neiickoro Coto3a, mpuHaAToi Ha repuon 2007—2013 rr., comepxaine GOpMYIMPOBKH psifa HOBBIX HAITPaBICHUI
Y 3a/1a4, OTHOCSIIIMXCS K Mpo0JieMaTKe MpencTaBjieHUs 3HaHWI B THOOPMAIIMOHHBIX CUCTEMaX J0JTOBPEMEH -
HOTO MCIOJIh30BaHUsI. Pe3ynbTaThl aHaau3a 3TUX JOKYMEHTOB ITO3BOJISIIOT YTBEPXKIAaTh, YTO OJHOBPEMEHHO C
TPaAULIMOHHOM MPoGieMOit MHGOPMATUKK, OXBAThIBAOLLEH BOTIPOCHI MPEeACTaBIeHUsST B LIMGPOBOiL cpele yxke
MMEIONINXCSl 3HAHUI, OPUEHTUPOBAHHBIX Ha YIOBIETBOPEHUE TEXHOJIOTMUYECKUX, IKOHOMUYECKHX, 00pa3oBa-
TeBbHBIX M IPYTMX COLMAIBHO 3HAYMMBIX TOTPEOHOCTEN OOIIEeCTBA, UX XPAHEHUS] U U3BJIEUEHHUsI, CTAHOBUTCS
aKTyaJIbHOU 3a7a4a HarpaBJisieMO reHepallii HOBBIX LIeJIEBbIX CUCTEM 3HAHUIA B TeX CIydasiX, KOTia UMeolne-
CsI CUCTEMbI 3HAHUIA He YIOBJETBOPSIOT 3TUM MOTPEOHOCTSIM M C 3TOW TOYKHU 3PSHUST SIBJISIIOTCS HETIOJTHBIMMU.
[MpensioxkeH HOBBIM MTOAXO/ K OTPaKEHUIO B LIM(MPOBOii Cpejie TMIHOCTHBIX M KOJUIEKTUBHBIX KOHIIETITOB, 8 TAKXKE
CTa/IMii UX SBOJTIOLIMK B KOHTEKCTE TeHEPALIUHU 1IeJIeBbIX CUCTEM 3HAHUIA.

KioueBbie ciioBa: JIMYHOCTHBIC, KOJUICKTUBHBIC 1 KOHBECHIIMOHAJTbHBIC KOHLCTITHI, CTaOUIbHBIE U HECTaOUJIbHBIE
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1 Bsenenue

Cornacho 0. A. llpeiinepy, cieunduyeckue mpo-
071eMbl MHGOPMATUKKM BO3HMKAIOT TaM, TJ€ BCTAalOT
3a71a4M MHOOPMALIMOHHOTO MpeACTaBACHUsI 3HAaHUI B
dopme, ynoOHOI miIsi 00pabOTKM, mepeJadyn U TBOp-
YeCcKOro peKOHCTPYUPOBAHUSI 3HAHUU B pe3ysibTare
yewnuit mojw3oBatens [1, c. 51]. Ilpu atoM wuH-
dopMaTuKa paccMaTprBagach UM COTJIACHO TMapaaur-
Me TopHa [2, 3] Kak THGOOPMAITMOHHO-KOMITBIOTepHAsT
Hayka. B HacTtosliliee BpeMsi Hapsioy C TpaaMLIMOH-
HOI 1J11 UH(GOPMATUKU TTPpOOIEMOI TIpeACTaBICHUS B
HUGPOBOI cpelie y:Ke UMEIOIIMXCSl 3HaHMI, UX Xpa-
HEHUsI U W3BJIEYEHUSI CTAHOBUTCS aKTyaJbHOM 3aja-
Yya HamnpaBJsieMOU TeHepallii HOBBIX LI€JIEBbIX CUCTEM
3HAHMI B TeX ClTydasix, KOrjia MMEIOIIMecs CUCTEMBbI HE
YIIOBJIETBOPSIIOT TEXHOJOTMYECKUM, SKOHOMUYECKHUM,
obpa3oBaTeJbHBIM U APYTMM COLIMAJbHO 3HAYMMBIM
MOTPEOHOCTIM U C 9TON TOUKU 3PEHUS SIBJISTIOTCS He-
MOJIHBIMMU.

B npouecce onucaHus TpaaulMOHHON MPOOIEMbI
MpeAcTaBAeHUsT B IMMPOBON Cpelie yKe UMEIOIIMNXCS
3HAHUI SIBHO WJIM HESIBHO MTPUCYTCTBYET MOJOXUTEb-
HBIU WA OTPULIATEIBHBIA OTBET HA CJIEAYIOIINNA OCHO-
BOTMoOJIaraloluii 1151 UH(POPMATUKK U Ipyrux objacteit
3HaHWI Bompoc: «fBiseTcs v cucTeMa 3HaHUi CyOb-
eKkTa (CyObeKTOB) U IMOpOXAAeMble UM KOHLIENITHl B
pa3Hble MOMEHTBI BPEMEHM CaMOTOXIECTBEHHBIMU ?»

B cnyyae orpuuaTenbHoOro orBeTa (Gopmyaupyemas
ImpobJieMa SIBIISICTCST HeCTAaIlMOHAPHOM, a B ciIyJae I10-
JIOXKUTEIBHOTO — CTAallMOHAPHOM!.

Ecnu 3agaBath 3TOT BOIIPOC B paMKax JIpyrux ooa-
creit 3HaHMA, To, cormacHo M. K. Mamappaiusuiu, B
KJIACCMYECKUX OCHOBAHMSIX TOYHBIX M €CTECTBCHHBIX
HayK 3aJIoKeH, KaK MpaBUJIO, MOJOXUTEIbHBII OTBET
Ha 3TOoT Bompoc. IloJIoKUTENbHBIM OTBET, KOTOPbIi
MOXET MPUHUMATLCS B SIBHOW WJIM HESIBHOU ¢hopMe,
ITO3BOJISIET HE YIMTHIBATh B IIPOOJIEMATHKE TIPEACTaB-
JICHUsI 3HaHWUM TOYHBIX U €CTECTBEHHBIX HayK 3BOJIIO-
LIMI0 3HaHUI CYyOBEKTOB B MPOLIECCE UX MTO3HABATEb-
HOI AesATeIbHOCTU. B ocCHOBaHUSAX T'yMaHUTapHBIX
U COLMAJIbHBIX HayK 3TOT OTBET YacTO OBIBAET OTPH-
IIaTeJIbHBIM, TaK KaK B IMMPOKOM CIIEKTpe ITpodJieM
3THUX 00JIacTeil 3HaAHWI TpeOyeTCs] YIMTHIBATH BOJIIO-
IO 3HAHWI CYOBEeKTOB [4].

B pabore [5] cucrema 6a30BBIX TEPMUHOB U Ce-
MHMOTHYECKHE OCHOBaHUS MH(MOPMATUKI KaK MHGHOP-
MaIlOHHO-KOMITBIOTEPHOM HayKH COPMYIMPOBAHBI
TakuM 00pa3oM, YTOObI OXBATUTh 002 BO3MOXKHBIX Ba-
pHMaHTa OTBeTa B MPeAMETHOM 00J1acTH TIpeaCTaBIeHUS
3HaHMii. [ToaToMy B Ipoliecce MOCTAaHOBKY KaXKI0M 3a-
JAY TIPEACTABICHMS 3HAHWIT B paMKax ITPeIIOXKEeHHO-
TO TTOAX0Ia K OIMMCAHUI0 CEMUOTUIECKMX OCHOBAHUI
UH(GOPMATUKU UMEETCSI BO3MOXHOCTD IBHOTO WJIN He-
SIBHOTO BBIOOpA MOJIOKUTEJIBHOTO WK OTPULIATEIbHO-
ro OTBeTa, UCXO/s U3 CIeUM(PUKY 3aJa4uu.

'Uncturyt npo6aeM nHdopMaTikn Poccuiickoil akazeMuy Hayk, im@al70.ipi.ac.ru
2WuctutyT npobieM nHdpopMaTUKN PoccHiicKoii akazeMuy Hayk, valery@al70.ipi.ac.ru
3UnucTuTyT npobieM mHdopMaTHKN Poccuiickoil akanemun Hayk, koa@al70.ipi.ac.ru
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Uto kacaeTcs MNpoOJeMbl HampaBiIsieMOl TeHe-
palMy HOBBIX LIEJEBBIX CUCTEM 3HAHUI, TO B JIOOOM
BapraHTe ee OMUCAHUS IBHO WJIM HESIBHO OyIeT Mpu-
CYTCTBOBaTh OTPUIIATEIBHBIN OTBET Ha CHOPMYIHUPO-
BaHHBII BOIIPOC, TaK KaK caMO Ha3BaHUE 3TOM IIPO-
0J1eMbl TOBOPUT O TOM, YTO B €€ MOCTAHOBKE U METO/IaxX
pelleHusT HeOOXOMMO YYUTHIBATh SBOMIOLUIO CHUCTE-
MBI 3HAHUI CYyOBEKTOB U TTOPOXKIAEMbIX UMW KOHLIETI-
TOB BO BpDEMEHM, a TAKKE IBOJIIOLIMIO BO BpeMeHU (hopM
MIpeACTaBICHNUS KOHIICIITOB B CPelle COIIMATbHBIX KOM-
MyHMKaluii 1 B 1udposoit cpene'. MHaue rosops,
npo0yieMa HampaB/sieMOil TeHepallii HOBBIX 1IeJIEBBIX
CHUCTEM 3HAHUM SIBJISIETCS HECTALIMOHAPHOM.

B crathe OymyT mpuBeIeHBI IBa IIprMepa HallpaB-
JISIeMOM TeHepaIliH IeJIEBBIX CUCTEM 3HAHWI1, KOTOPHIE
WUTIOCTPUPYIOT HEOOXOAMMOCTbD yueTa ¢hakTopa HecTa-
nuoHapHocTu. IlepBblii IpuMep — 3TO hopMUPOBa-
HHUE W BelieHUe MaTeHTHOM KJIacCU(PUKALINU C YICTOM
9BOJIIOIIMY BO BPEMEHU €€ CEMAaHTHKHN M CMBICIIOBOTO
comepXKaHUs TePMHHOB, VCIOJB3YeMBIX B TTATCHTHBIX
pyopukax. Bropoii npumep — 3T0 MHGOPMALIMOHHBII
MOHMTOPUHI, aHalu3 U WHIMKATOPHOE OLIEHVWBaHUE
Hay4YHOI 1eSITeIbHOCTU C Y4ETOM DBOJIIOLIMY BO BpeMe-
HU CMBICJIOBOTO COIEPXKaHWSI MHANKATOPOB, MCITOJIb-
3yeMbIX B IPOLIECCE OLICHUBAHMUSI.

B HacTosiee Bpemst 0003HauMs1ach MOTPEOHOCTD B
pa3paboTke MHPOPMALIMOHHBIX CUCTEM JOJTOBPEMEH-
HOTO HCTIONIb30BaHMsA, B Iporecce (yHKIITMOHNPOBA-
HUSI KOTOPBIX HEOOXOIMMO YINTHIBATh 1 (PUKCUPOBATh
pe3yJbTaThl Pa3HbIX CTaAWI FeHEpalluu U UCTIOIb30Ba-
HUs 1eeBbIX cucTteM 3HaHuii. [lpenmonaraercs, yTo
B MH(POPMALIMOHHBIX CUCTeMax Ha pa3HbIX CTAIUSIX UX
TeHepalli MOTYT HaXOAUThb CBOE OTPakeHNE TNIHOCT-
HBIE W KOJUICKTUBHBIC 3HAHUSA (JITYHOCTHBICE M KOJI-
JICKTUBHBIC KOHIICITBI) CO3MATENICH IIeeBbIX CHUCTEM
3HaHWN.

31ech BOBHMKAET €CTECTBEHHBIN BOIIPOC: YeM JIMI-
HOCTHBIC M KOJUIGKTUBHBIC 3HAHWS W KOHIIENITHI OT-
JINYAFOTCSI OT KOHBEHIIMOHAIBHBIX (OOIICTIPUHSATHIX)
3HAaHUIN U, COOTBETCTBEHHO, OT KOHBEHLMOHAJbHBIX
koHI1enToB? Kak ccopmynupoBaTh 3TH OTJIUYUS B Ta-
KOl KOHCTPYKTUBHOI (popMe, KOTOpasl TTO3BOJIMIIA OBI
pa3paboTyrkaM MH(OOPMALIMOHHBIX CUCTEM 3a(hUKCH-
pOBaTh U MCTIOJIB30BATh 3TH IIPU3HAKM C IIETbIO pa3iIi-
YeHUS pa3HbIX KaTeropuii KOHUENTOB?

Ecau oTBieubcs oT 3amaun QOPMYJIUPOBKH B KOH-
CTPYKTUBHOH (popMe MPU3HAKOB OTIMUMI JTUIHOCT-
HBIX ¥ KOJUICKTUBHBIX 3HAHWI W KOHIIETITOB OT KOH-

BEHILIMOHAJIbHBIX U OOpaTUThCA K MpUMeEpaM OIuca-
HUs caMoro (hpeHoMeHa JMYHOCTHOTO 3HaHUs, TO Ta-
KO€ OoInucaHue MOXHO HaliTW, HarpuMep, B MOHOTpa-
¢un M. Ilomanu. B ero teopuu HESIBHOTO 3HAHUS
(tacit knowledge) psim MOIOXEHWI ITOCBSIIEH JIMI-
HOCTHOMY O3HauMBaHUIO, T.€. (POPMUPOBAHUIO JTUY-
HOCTHBIX 3HAYeHUU (KoHLEeNToB). B HMX roBoputcs:
«. .. JIJMYHOCTHOE 3HAYEHUE SIBJISIETCS CAMOOOOCHOBBI-
BAIOIINM, €CJI TOJBKO TPU3HACTCS €r0 JTMIHOCTHBIA
xapakrep. OHO KakK OBl BBIIACT «BEKCEIb» Ha OIIpe-
JeJIeHHBIE YCIOBUS apTUKY/IALMNZ, KOTOpble 003aHbI
CTaTh IBHBIMU B X0OJIe HAIIMX PedIEKCUBHBIX Pa3MBbIIII-
JICHUII O caMOM 3TOM IIpoliecce «CyOCUAUPOBAHMS»
noBepus» [6].

Teopust HesIBHOTO 3HaHUS cama I0 cebe He Jaer
pa3paboTynkamM WHGOPMALMOHHBIX CHCTEM YETKHMX
MPU3HAKOB OTJIMYUIA JIMYHOCTHBIX M KOJUIEKTUBHBIX
KOHIIENTOB OT KOHBEHLIIMOHAJIbHBIX, HO €€ MOXKHO I10-
MBITAThCS MCIIOJIb30BaTh KAaK OTIPABHYIO TOYKY ISt
(GOpPMYJIMPOBKN 3TUX MPU3HAKOB B KOHCTPYKTHBHOM
dopMe. B crathe mpennpuHATaA MOIbBITKA Pa3aeJUTh
KOHLEINTHI Ha TPU KATErOpMU — JIMYHOCTHBIE, KOJI-
JIEKTUBHBIE M KOHBEHLIMOHAJIbHBIE, C(HOPMYIMPOBaB
HUX OTJIMYMS HAa OCHOBE psiga MPU3HAKOB, U OIKCATh
TEPMUHOJIOIMYECKU IIpeajaraeMylo KaTeropu3alluio
KOHLENTOB. Takoe TepMUHOJOTMYECKOE OINMCaHUE
MPEANPUHSITO B MHTEPECAX CO3JaHMUS TeX MHbopMa-
LIMOHHBIX CUCTEM IOJIFOBPEMEHHOIO MCIIONb30BAHUS,
B 3a1a4i KOTOPBIX BXOAMT MPEACTaBICHIE KOHLIEIITOB
BCEX TpeX KATeropMili M LEJEBBIX CUCTEM 3HAHUIL B
H1(pPOBOIA cpefie, a TaKKe OTPaKEHHE WX SBOJIOIUN
BO BPEMEHM.

PaccMarpuBaioTcs TONBKO Te WH(GOPMAIIMOHHBIC
CUCTEMBI I0JITOBPEMEHHOTO UCIIOJIb30BAHUSI, KOTOPHIE
co3nalTcs B MHTepecax obecrneyeHus GyHKIMOHUPO-
BaHUsI Te€X WU UHBIX MHCTUTYLMOHAJIBHBIX CHUCTEM.
TepMuH urcmumyuyuonanrvHas cucmema TPAKTYeTCS B
cooTBeTcTBUU ¢ MOoHOTpadueii I. b. KneitHepa kak co-
BOKYITHOCTb B3aMMOCBSI3aHHBIX MHCTUTYTOB [7, c. 7].
OpnHoit 13 3a1a4 MOoA0OHBIX MHDOPMALIMOHHBIX CUCTEM
YacTo SIBJISIETCS MpecTaB/ieHue B IU(bPOBOI cpesie 1ie-
JIEBBIX CHCTEM 3HaHW, (POpMHUpPYeMBIX B MHTepecax
obecnieueHUs1 GYHKIIMOHMPOBAHUS COOTBETCTBYIOLIMX
WHCTUTYIMOHAJIBHBIX CHCTEM.

Hampumep, B mHTepecax MMaTeHTHOM cdepbl Kak
WHCTUTYIIMOHAJIBHON CHUCTEeMBI ObLIa c(popMupoBaHa
¥ BemeTcsa MeXXmyHapomHas ITaTeHTHas KilaccrpuKa-

Tudposas cpena onpeesseTcs B CTaThe KAK COYETAHIE HTeMEeHTOB LM(POBOi BEIYVCITUTETLHOM TEXHUKH, CPEICTB TeIeKOMMYHHUKALIAH,
MHGOPMALIMOHHO-KOMIIBIOTEPHBIX CUCTEM, MHBIX HU(MPOBBIX CPEACTB BBOAA, XPAHEHUSI, TTOUCKA, MIEpeiaul ¥ APYTUX MPOLIECCOB 0OPabOTKU

JaHHBIX.

2 APTHKYJISIIINSA 3eCh TPAKTYeTCs KaK WIeHEHIe CUCTEMbI 3HAHMIA Ha KOHIIETITHL

3Uncturytsr T B. KireitHep ompezensieT KaK OTHOCHTENBHO YCTOWUYMBEIE O OTHOIICHMIO K M3MEHEHMIO TOBEJCHNUS WM MHTEPECOB
OTIEJIbHBIX CYOBEKTOB M MX TPYIII, a TAKXE MPOAOJIKAIOIIME NeHCTBOBATh B TEUEHUE 3HAYMMOTO Ieproja BpeMeHU hopMaibHble U Hedop-
MaJIbHbIe HOPMBI TUOO CUCTEMBI HOPM, PETyINPYIOLIUE TPUHSITAE PEIIEHUN, NesITeTbHOCTD U B3aUMOAEHCTBHE COLIMATbHO-9KOHOMUYECKUX
CyObeKTOB ((DU3NUECKUX U IOPUIUYECKUX JIUL, OpraHu3aluii) v ux rpymn [7, c. 19].
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us (MITK) kak ueseBas v 3BOTIOLIMOHUPYIOIIAs CUC-
Tema 3HaHMUA. [Ipu 3TOM MaTeHTHbBIE 3JEKTPOHHBIE
OMOIMOTEKU W Opyrue MHGOOPMAIIMOHHBIE CUCTEMBI,
obecrieunBatolIne npeacrasieHue u xpanenue MITK B
@ poBoIi cpene, ABISIIOTCS KITIOYeBBIMUA KOMITOHEH-
TaMU MaTeHTHOW MHOPACTPyKTYphl, TaK KaK B COOT-
BETCTBUU C JNEHUCTBYIOIIUMU HOPMATUBHBIMM aKTaMU
JII0O0MY PEIIeHUIO O MPUHSITUU WIM OTKIIOHEHUM Ta-
TEHTHOH 3asIBKM JOJDKCH IIPEAIIeCTBOBATD ITATEHTHBIN
TTOVCK TI0 €¢ TeMaThKe, B IIPOIeCcce KOTOPOTO MCITOIh-
3yercst MITK.

HpyrM puMepoM WHCTUTYLIMOHAIbHOU CUCTEMBI
MOXET CIYXWUTh cepa akaaeMUYeCKUX HCClIeIoBa-
HUI, BEITIOTHSIEMBIX TOCYTapCTBEHHBIMU aKaJIeMUSIMU
HayK B paMKax emnHo# [IporpamMMel (dhyHIaMEHTAThb-
HBIX HAyYHBIX MCCIIENOBaHMIT B cooTBeTCTBMU ¢ De-
JepajbHbIM 3aKOHOM OT 23 aBrycra 1996 . Ne 127-®3
«O Hayke ¥ TocyJapCTBEHHOW HayYHO-TEXHUYECKON
nmoauTuke» (B pemakumu DemepaqbHOro 3akoHa OT
04.12.2006 Ne202-®3). KirtoueBbIM CyOBEKTOM 3TOM
WHCTUTYIIMOHAJIBHOM cUCcTeMBI siBlisteTcs KoopamHa-
LIMOHHBIN COBET, BO3IIaBisieMblil nmpe3ugeHToM PAH,
a KJII0YEeBbIM KOMITOHEHTOM WHMPACTPYKTYPhl 3TOM
chepbl — MHGOPMALIMOHHO-TEXHOJOTMYECKasl CUCTE-
Ma MoHuTOopwHra Ilporpammel, pa3paOaTeiBacMas B
HacTostee Bpems criennanuctamu PAH. OnHoit n3 3a-
1a4 3TO MH(POPMAITMOHHOM CUCTEMBI SIBIISICTCST TIPEI-
CTaBJIEHUE IKCTIEPTHBIX 3HAHU I O HOBBIX MHAMKATOPaX
U TIpollecce MHIMKATOPHOIO OLIEHWBAaHUS pe3yJibTa-
TOB U 3(p¢GeKTUBHOCTU BbIMoaHeHUS [Iporpammsl, B
TOM 4YHCJie TIpeACTaBIeHUe B IIM(MPOBOM cpeme JIMd-
HOCTHBIX Y KOJUIEKTUBHBIX KOHILIENITOB B paMKax Ie-
JIEHAIIpaBJeHHO (POpMUPYEMOIl CUCTEMBbI IKCIIEPTHBIX
3HaHWN.

Ecnu obpatuthbes K 3apy0eskHOMY OIIBITY, TO MTPO-
0J1eMa reHepalMy LeJeBbIX CUCTEM 3HAHWM, TpeACTaB-
JICHUsI JIMYHOCTHBIX M KOJUICKTHBHBIX KOHIICIITOB B
1M poBoii cpene Halllla CBOE OTpaXeHHe B JOKYMEH-
Tax 7-it Pamounoit mporpammbl EBporneiickoro Coto3a.
DTU NTOKYMEHTHI coiepxkaT (hopMYyIMPOBKY HOBBIX Ha-
MpaBJICHUA W 3amad, OTHOCSAIIUXCS K IPoOJIeMaThKe
TeHepallnu, IMPeACTaBICHNS 1 3BOJIOINN CUCTEM 3Ha-
HUI, ¥ OYIyT IIpOaHAIM3UPOBAHbI B CTAThE.

3agauyM TpeACTaBIeHUs] JUYHOCTHBIX U KOJUIEK-
TUBHBIX KOHIIENITOB PACCMAaTPUBAIOTCSI B KOHTEKCTE
co3maHusg WHGOPMALIMOHHBIX CHCTEM, SIBIISTIOIIMXCST
KJTI0YeBBIMUA KOMIIOHEHTaMU WH(PPACTPYKTYpHI, 00eC-
IeynBaiomeil GyHKIMOHNPOBaHNE WHCTUTYIINOHATb-
HBIX cucTeM. Takue WHGbOPMAlIMOHHBIE CHUCTEMBI
OyzneM Ha3bIBaTh MHCTUTYLIMOHAJTBHBIMU MH(MOPMAIIM -
oHHbiMU cucteMamu (MUC). MHcTUTyIMOHAIbHBIE
H(POPMAITMOHHBIE CHUCTEMBI ITOJTOBPEMEHHOTO WC-
ITOJTb30BaHMS UMEIOT XapaKTepHBIC YSPTHI, IIPEIBSIBIISI-
[ollIMe MPUHIMITMATIBHO HOBbIE TPEOOBAHUS K UX pa3-
paboTke.

Bo-niepBbIx, neproa xpaHeHUs TOKYMEHTOB B TAKUX
MUC MoxXeT MHOTOKPATHO MPEBHILIATh UK XXKU3HU
OJIHOTO ITOKOJIEHHS alnapaTHO-MPOTpaMMHBIX CPEICTB
HX CO3MaHWS W TTOAIePXKNA. Harpumep, BBIIIOTTHEHNE
[IporpamMmbl pyHIAMEHTAIBHBIX HAYIHBIX UCCIICIOBA-
HUI rocygapCTBEHHBIX aKaJeMUil HayK ObLIO HAyaTo
B 2008 ., 1 oHa OymeT peryjaspHO OOHOBIISITbCS He
pexe, 4yeM OIMH pa3 B 5 jeT. 3a BpeMsl OeHCTBUS
3TOM HOJITOCPOYHOM IIPOrpaMMBI MPOU3OUAET CMeE-
Ha HECKOJIBKHX ITOKOJICHUH aIapaTHO-TIPOrPaMMHBIX
CPENCTB, YTO HEOOXOANMO YINTHIBATE IIPU IIPOSKTHUPO-
BaHuU MHMOpMaIIMOHHO-TEXHOJIOTUUECKOI CUCTEMBI
MOHUTOPUHTA 3TON MPOTrpaMMBI.

Bo-BTOpHIX, BO BpeMsI IUIMTEIIBHOTO XpaHEeHUS T0-
KYMEHTOB MOTYT CYIIECTBEHHO 3BOJIOIMOHNPOBATH
KJIaccu(PUKAIMOHHbBIE CUCTEMBI, T€3aypycChbl U OHTO-
JIOTMM, UCIIOJIb3yeMble B Mpolieccax TeHepaluu, pe-
cTaBJieHUs U coxpaHeHUs cucteM 3HaHuii B UUC. Tpu
5TOM B MpOIECce UX U3MEHEHUST MHOTIa HEOOXOAUMO
pa3anuyaTh 3BONIOLMIO AUYHOCHHBIX, KOAAEKMUBHBIX W
KOHBEHIIMOHAJIBHBIX KOHIICTITOB, IIPOBOMAS pasindire
MexXay cmabunvHbimu (lasting concepts) U HecmabUuabHbI-
mu konuyenmamu (volatile concepts) B cuctemMax 3HaHUMN
HNUC.

OmHa M3 HOBBIX 3a7a4, OTHOCSIIUXCS K IIpo0IIe-
MaTHKe TIPeICTaBJICHUSI 3HAHWI, CBsI3aHA MMEHHO C
HEeOoOXOIMMOCTBIO KaTeropu3aiuu KoHuentos B UMC
JIOJITOBPEMEHHOTO MCMoib30BaHus. B maHHOI cTaThe
3alaya KaTeropusaluu pelaeTcs Ha OCHOBE ormpee-
JICHUSI BBIZICICHHBIX BBIIIC KYPCUBOM CIIOBOCOUYCTAHMI
KaK TePMUHOB, TOTOJHSIOININX CUCTEMY 0a30BBIX TEpP-
MUWHOB 13 pabothl [5]. OcHOBHas 1IeJb paclIMpeHUs
9TO CUCTEMbl TEPMUHOB 3aK/IIOYaeTCsl B TOM, UTO-
ObI B IBHOM BUJI€ OMKCATh MPU3HAKU 1 HOPMATUBHLIE
acIeKThl, mo3Bosistoliue pazpadborunkam MNC 3acbuk-
CHPOBATh M UCITOJIH30BATh OTINIMS IMIHOCTHBIX, KOJI-
JICKTUBHBIX M KOHBEHIIMOHAJIBHBIX KOHIICTITOB.

2 DBOJIOLUOHUPYIOLINE CUCTEMbI
3HAHU

HarnsgHbeiM TpruMepoM 3BOTIOLIMOHUPYIOLIEH crc-
TeMbl TEXHUYECKUX 3HAHUI MoxeT ciykuTb MIITK.
Ilepeunicium Bece ee penakiiuy ¢ yKa3aHUEeM JaThl BBe-
JIeHUsT B OEeWCTBUE WM OTMETUM MOMEHT pa3leieHUs
Bceil coBokynmHocTu pyopuk MITK Ha 6a30Bbiit 1 pac-
LLIMPEHHBIN YPOBHU:

— mepsas pegakunst MITK — 01.09.1968;

— Bropas pegakuus MITK — 01.07.1974;

— Tpeths pegakunst MITK — 01. 01.1980;

— yerBepras pegakins MITK — 01.01.1985;
— nsras penakuusg MITK — 01.01.1990;
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mecras peaakiusg MITK — 01.01.1995;
cenpMas pegakimss MITK — 01.01.2000;

BocbMas penakiusg MITK — 01.01.2006 (6a3oBbrit
U PacIIMPEHHBIN YPOBHN);

— nessitag pemakuust MITK — 01.01.2009.

[IpuBeneHHBIN MepeyeHb CBUAETEIBCTBYET O TOM,
yTo ¢ 1968 o 2006 r. U3MeHEeHNST BHOCWJIMCH OIVH pa3
B 5—6 JieT, a pa3aesieHre Ha 6a30BbIi U paCIIMPEHHbBIMA
ypoBHM oTcyTcTBOBaio. Haunnas ¢ 2006 T. B TaTeHTHOMR
cdepe BCTyIIa B CHIIY odepenHast (BOCbMast) peaak-
s MIIK (manee mo tekcty — MIIK-8). B mporiec-
ce MoAroToBKu 3toi penakuuu MITK kak ocHOBHOTo
cpencTBa KiiacCuUUMPOBaHUS MTaTEHTHBIX JOKYMEH-
TOB OBIJIM BHECECHBI CYIIIECTBEHHBIC N3MEHEHUS U B €€
CTPYKTYPY, X B peTJIaMEHT ¢¢ BeleHu [§].

B otiinuue ot nipenbiaymux 7 pemakiuuii, MITK-8
OblIa paznesieHa Ha pyOprKy 6a30BOT0 1 pacliupeHHO-
ro ypoBHs. PyOpuku 6a30Boro ypoBHs, BeIpaxkalolne
CTaOMJTbHBIC KOHIIETITHI, MOTYT TIepeCMaTpUBATLCS HE
yaire, YeM pa3 B TPHW roja, a pyOpMKU pacIIMpeH-
HOTO YPOBHSI MOTYT IepecMaTpUBaThCsl 3HAUMTEIBbHO
yame. Haunnas ¢ suBapst 2007 . BHOBb BBOIMMbIE WU
U3MEHsIeMble pyOPUKHY PaCIIUPEHHOTO YPOBHS MOATO-
TaBnmmBaTcs CrelnaJbHBIM IIOIKOMUTETOM Beemup-
HO OpraHW3alNy MHTEJJICKTYaJIbHO COOCTBEHHOCTH
(BOUMC) o mepecMoTpy pacimmpeHHOro ypoHs MITK
C PEryJIIPHOCTBIO OIMH pa3 B KBapTal U IepealoTcs Ha
yrBepxaeHue B MexnyHaponHoe 61opo BOUC. Ono
3a TP Mecslla I0 BBOIA B IEHCTBUE MOBOAWT WX IO
CBEIEeHMS MAaTCHTHBIX BEIOMCTB, C TeM YTOOBI ITOCIe -
HUE MOIJIM TIPWHSITh 00eCTIeUnTeIbHBIe MepHI (TIepe-
BOJl HOBBIX PYOPMK U MOATOTOBKY MX K MYyOJMKALIUH,
O03HAKOMJICHUE KCIIEPTOB, Hayajgo UX MPOCTAaHOBKU
Ha MyOJIMKYeMbIX TOKYMEHTax U T.1.). BaxHo oTme-
TUTh, YTO IJISI OBBIIICHUS 3¢ GEeKTUBHOCTHU TTOMCKA,
Hapsay ¢ 00s3aTeNIbHBIM PYOPULIMPOBAHUEM U300pe-
TeHuit B iesoMm, MITK-8 MoXeT UCTIONIb30BaThCs U 15T
KOIMPOBAHUS OTIEIbHBIX COMEpPKATeTbHbBIX aCIeKTOB
oInucaHuit U300peTeHuii [9].

PyOpukm pacmmpeHHOro ypoBHSI Ha 3Tare pac-
cmoTpennst CrienyanbHbBIM nogkomutetoM BOUC u
COTJIACOBAaHUS MX COIEP>KaHMS BRIpaXKaIOT TMYHOCTHBIC
/WM KOJIJIEKTUBHBIE KOHLIETITHl YYaCTHUKOB 00CYXK-
neHus. Ilociae MPUHSTHS COTJIACOBAHHOIO DPEIIeHUS
¥ ero yTBepxkaeHuss MexmyHapogHbsIM 6iopo BOUC,
03HAKOMJICHUS SKCITEPTOB CO BHOBh BBOIMMBIMU WIIH
W3MEHEHHBIMUA PyOpMKaMM, Hadajla WX MCIIOJb30Ba-
HUs B IIpoliecce PyOpUILIMPOBaHUS M KOAWMPOBAHMUS
JIOKYMEHTOB OHU TPUOOPETar0T KOHBEHIIMOHAJIbHBIN
XapakTep B Ipenejax maTeHTHOU cdepbl KaK WHCTH-
TYIIMOHAJIBHOM CHCTEMBI 1, CJIeIOBAaTEIbHO, B paMKax
MATEeHTHBIX UH(OOPMALIMOHHBIX CUCTEM.

[Tpu pocTaHOBKE PYOPUK PACITUPEHHOTO YPOBHS
Ha MyOJUKYeMbIX TOKYMEHTaX OJHOBPEMEHHO YyKa3bl-

BaeTcs gara (Tom M Mecslil), Korma JaHHas pyopuKa
ObL1a BBeleHa B AeiictBue. Ilo Mepe HeoOXoAMMOCTU
PYOPUKH pacUIMPEHHOTO YPOBHS, BhIpaXKalollue He-
CTaOMIbHBIE KOHLETITHI, MOTYT IepecMaTpUBaThCS Ya-
1Ie, 9YeM pa3 B TPH roja, IoKa UM He OYIeT IMPUCBOEH
cTatyc pyoprK 0a30BOTrO YPOBHSI.

Hanpuwmep, ¢ suBaps 2007 . Obl1a BBeieHa pyOprKa
paciipeHHOro ypoBHs ¢ KogoMm A62D 3/00 moa Ha3Ba-
HueM «Croco0bl 00e3BpeXXMBaHUs U YMEHBIIECHUS
BPEIHOCTU XMMUYECKMX OTPaBJSIOIIMX BEIIECTB ITy-
TeM UX XMMHIECKOTO M3MEHEHHUS», a B paMKax 3TOi
pyopuku ¢ sHBaps 2007 T. ObUT OIpeneieH TepMUH
8pedHnbvle XumuvecKue seujecmea Kak BEIIECTBA XUMM-
YECKHX OTXOMOB, KOTOPbIE SIBJSIOTCSI OMAaCHBIMU WU
TOKCUYHBIMHU JUTS cOpoca UX B OOBIYHBIE MyHUIIUTTATb-
HbI€ 3aXOPOHEHUS.

Hrak, HaumHasg ¢ 2006 T. MOXHO HaOIIOOaTh Cy-
1LIeCTBEHHOE YCKOpeHue TeMIoB 3Boirounu MITK, uro
BBIPA3UJIOCh B pa3leIicHUM BCeX ee pyOpHK Ha JIBE Ka-
TETOPUHM B 3aBUCHMOCTH OT CTEIICHW CTaOMJIBHOCTH.
ITpum 5TOM TTOYTH B Ba pa3a COKPATIIICS IIEPUOL TIepe-
CMOTpa CTaOMIBHBIX PyOpUK 6a30BOTO YpoBHS (C 5—6
1o 3 JieT).

B 3aBepiiieHre pacCMOTpPEHMST 3TOTO TIpUMepa OT-
meTuM, uto B MITK Kak 3BOJTIOLIMOHUPYIOLLIEH CUCTEME
3HAHUI HE OTPaXKaloTCs JUYHOCTHBIE U KOJJIEKTUBHBIE
KOHIIENITHI, KOTOPBIMH OMIEPUPYIOT 3KcmepThl Crie-
muaiabHoro monkoMurera BOMC Ha artame paccMoT-
peHus1 U coryacoBaHusl copepxkaHuss pyopuk MIIK.
OTpaxaroTcsl U UCIIOJB3YIOTCSI B TTATEHTHBIX UHGOP-
MAalIMOHHBIX CUCTEMaX TOJbKO Te¢ KOHBEHIIMOHAJTbHbIE
KOHIIETITHI, KOTOPEIE C(hOPMUPOBAIIUCH KaK Pe3yabTaT
00CYXIeHUST TMIHOCTHBIX M KOJJIEKTUBHBIX KOHIIETI-
TOB 3KCIIepTOB. IlopsSimoK M cTagum paccMOTpPEHUS
M COIJIacOBaHMS CoAepKaHUsl pyOpUK pacIIUpeHHOTo
YPOBHSI OTPEAESIOTCSI HOPMAaTUBHBIMU JOKYMEHTAMMU,
YTO MO OMNpeaeSeHNI0 OTHOCUTCSI K MHCTUTYLIMOHATb-
HoMy (pakTopy sBomoun MITK. OgHako HaTpaBiIeH-
HocTbh 3Bomonu MIIK 1 caMa MoTpeOHOCTh B Cy-
1IECTBEHHOM U3MEHEHUM periaMeHTa BegeHus MITK
HaurHas ¢ 2006 I. SABISIOTCS CIEACTBUEM YCKOPEHMS
TEMIIOB 3BOJIIOLIUY CUCTEM TEXHUYECKUX 3HAHUIA.

B mmrepartype y:ke MOXHO HailTW MpPUMEPHI OIMU-
CaHWd 3aJa4 TPeICTaBJICHUs JIMYHOCTHBIX U KOJIJIEK-
THBHBIX KOHIIETITOB B BUIIE aBTOPCKUX KacCUKaII-
OHHBIX CHCTEM M OHTOJIOTHI B IIPEIMETHOM 00JacTh
Hayk o 3emute [10—13]. bbum paccMOTpeHBI 3amadyu
COTJIACOBaHUS HECKOJIBKMX aBTOPCKUX M SKCIIEPTHOM
OHTOJIOTWIA, pe3yJbTaThl PEIIeHUs] KOTOPBIX Ipea-
raeTcsl MCIOJb30BaTh B MpoIiecce co3maHus Ieorpo-
CTpaHCTBEHHOTO ceMaHTHUYecKoro Beoa (Geospatial Se-
mantic Web — GSW). B atux 3amadax sKcmepTHas
OHTOJIOTHSI SIBJISIETCS TIpEACTaBJICHUEM 3HAHWMA KOJI-
JIEKTHBA KCIIEPTOB, a aBTOPCKUE OHTOJIOTUU — TIpEe-
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CTaBJIEHUEM JIMYHOCTHBIX 3HAHU I OOBIYHBIX ITOJIb30Ba-
TeJieil, He SIBJISIOIMXCS 9KCIepTaMM B HayKaxX o 3eM-
qe. IlpemioxeH monxoja, pa3paboTaHbl aITOPUTMbI U
MIPOTrpaMMBbI, TIO3BOJISTIONINE (PUKCHUPOBATh Pa3IMIMST
MEXIY aBTOPCKUMU M SKCIIEPTHOM OHTOJIOTUSIMU. DTH
Pa3IUUMS CUCTEMATU3NPOBAHBI TTO0 HECKOJBKUM OCHO-
BaHUSIM: pa3IUuMsI B HAyYHOI MapagurmMe, B MOKPbITUU
1IeJIEBOI MpeAMEeTHOI 00J1acTH, B 00beMax MCIOJIb3Y-
€MBIX KOHIIETITOB (00beMax 3HaUYCHUI), B Te(PUHUIIN -
SIX TEPMUHOB 1 CEMAHTUIECKUX OTHOIICHUSX MEXIY
TepMHHAMHU. B0O3MOXHOCTH mpeiaraeMoro Iomxona
OBV MPOJAEMOHCTPUPOBAHBI HA MIPUMEPE MHTEPIIpe-
TallM¥ CMbICJA TepMMHaA “region”, pa3iuyusl B TIO-
HUMaHUM KOTOPOTO Pa3HBIMU ITOJIb30BATEIIMU OBLIN
BBISIBJIEHBI C ITIOMOIIBIO CITeIMaJIbHOM aHKeTHI [12, 13].

3 IIpobGyemaTuka npeacTraBieHUs
3HaHU B 7-11 PamMo4HoOI
porpamMmme

[NpuBeneHHbIe MPUMEPHl WLTIOCTPUPYIOT aKTy-
aTbHOCTh KaTeropM3allii KOHIIENTOB B WHTepecax
ITOCTAHOBKY M PEIICHUS IIPOOIeMBbI HAIIPABISIEMOM T'e-
Hepaly HOBBIX 1IEJICBBIX CUCTEM 3HAHWI M WX TIPeI-
cTaBieHus B UMMpPOBOIi cpene. BDra mpobiema Ha-
1lIJla CBOE OTpaXeHue B NOKyMeHTax 7-ii PamouHo
nporpammbl EC. Hacrosiiumit paznen cratbu conep-
XKHAT KpaTKOe OMMCaHNe IPUOPUTETHBIX HalpaBICHMI
7 TIpOOJIEMBI TEHEPALIMM LIEJIEBBIX CUCTEM 3HAHUIN B
TOM BUJE, KaK OHU HAIJIM CBOE OTPaXkKeHUE B ITHX
JIOKYMEHTaXx.

B obGnactu uMHGMOPpMALMOHHO-KOMMYHMKALIMOH-
Hbix TexHojoruit (MKT) B atux mokymeHTax cdop-
MYJIMPOBAaHO BOCEMb IIPUOPHUTETHBIX HaIlpaBICHUN
WCCIIeIOBAaHNI M pa3pabOTOK, BKIIOYass B KadecTBe
OT/IEJIbHBIX HAITPABJIEHUI «DIIEKTPOHHbIE OMOINOTEKI
" nx cougepxanne» u «IlepcrekrnBabie UKT» [14, 15].
HMMeHHO B 3THX ABYX HAIIPaBJICHUSIX HAIIUTA OTPaXkeHUe
HOBBIE T'PaHU MPOOJIEeMATUKHU MIPEACTABICHUS U COXpa-
HEeHMS 3HaHWi1 B IMppoBoii cpeme. OTHAKO B OIKCA-
HUSIX IPUOPUTETHBIX HaIlpaBJICHWI MCCICTOBaHUMA U
pa3paboTOK, KaK IPaBWIO, HE OIPeIe/ICHB KITIOUeBhIE
TEPMHUHEL.

B xadecTBe mmpmMepa pacCMOTPUM HECKOJIBKO TIO-
JIOXKEHHH, B3SITBIX M3 (hOPMYIUPOBOK MTPUOPUTETHBIX
HanpasiaeHuit B ooinactu MKT. JonarocpouHsie 1enu
MPOEKTOB IO TMPUOPUTETHOMY HAaMpPaBICHUIO BJIEK-
TpPOHHBIX O0uOIMOTEK B «IIporpamme pador mo MKT
Ha 2007—2008 roab» chOpMYITMPOBAHEI CIIEIYIONITAM
ob6pasom [16, c. 36]:

«Co3maHne HOBBIX ITOAXOHOB K COXpAaHEHWIO MH-
dopmannu 1 mpeacTaBJeHUIo 3HAHU I YesloBeKa B 1 -
POBOIi cpejie Ha OCHOBE TEPCIEKTUBHBIX TEXHOJOTUM

IO ynpaBJICHUIO JUHAMMWYECKN N3MCHACMbBIMU 00J1b-
LIIUMU 00beMaMU JAaHHBIX, FTapaHTUPYIOIIKUX COXpaHEC-
HUC [II/I(I)pOBOFO KOHTCHTA, BbIAABJICHUC 1 IKCINVIMKALIAIO
IBOJIIOIINA €T0 CEMAHTUKW» .

OTMeTHM, 9TO B IPUBEACHHON (DOPMYIUPOBKE TO-
BOPUTCS O «CEMaHTUKE LIU(PPOBOro KOHTEHTa», HO TIPU
5TOM B IIUTHPYEMOM JOKYMEHTE OTCYTCTBYET SIBHOE
WM KOHTEKCTHOE OMpeieieHe CMbICIAa 3TOT0 CJIOBO-
CcOYeTaHUSI.

IIpoGiema TIpencTaBIeHUS 3HAHUI YIIOMUHAETCS
elle B OJHOM NPUOPUTETHOM HampaBieHuu — «Ilep-
cnektuBHble UKT» B Teme « KT nmoiaroBpemMeHHOro
npuMeHeHus1». KioueBble MOJOXEHUS 3TON TEMBbI,
HAMEIONINE HEITOCPEICTBEHHOE OTHOIICHHE K ITPodJIe-
Me TIpeACTaBICHNS 3HaHUM, CDOPMYITMPOBAHBI CIICIY-
oM obpasom [16, c. 63]:

«Pa3zpaboTaTh HOBBIE MOAXOABI K TPEACTABICHUIO
U COXpaHEHMIO 3HAHUI, OPUEHTUPOBAHHBIE HA JOJITO-
BPEMEHHBIM W 0€30TKa3HBIN ITOCTYIT K HUM B YCJIIOBH-
SIX JIOKAJIbHOM TeHepauuy KOHIENTOB, X WHTEerpaiuu,
a TaKxXe TJI00aJTbHOTO MCIIOIB30BAaHUS CHCTEM IIpel-
CTaBJICHUS U COXpaHEHUS 3HAHUI C y4eTOM KOHTEKCTa
U BpeMEHHO 3BoJiIouuu cucteM. Ilpu 3ToM mojkHa
ObITh OOecTieyeHa J0JroBpeMeHHasi yCTONYMBOCTb CUC-
TEM TIPEICTABICHUS U COXpaHEHUS 3HAHWH B YCIOBUSIX
MHOT000pa3us X UCITOIH30BaHMUS 1 SBOJIIOIHA CEMaH-
THKH BO BDEMEHH» .

Takum 00pa3oM, KpoMe BBISIBJICHUS U 9KCIUIMKA-
LI 3BOJIOLIMU «CEMAHTHKHU LM(PPOBOTO KOHTECHTa»
CTaBUTCS 3a7a9a yIeTa «JIOKATbHOCTH TeHepauy KOH-
LIETITOB», OOCCITEUCHMST «IOJTOBPEMEHHOM YCTONIM-
BOCTU CUCTEM IPENCTaBICHUs U COXpaHEHMST 3HAHUA»
U «AHTETpalvu JIOKAJIbHO CTeHePUPOBAHHBIX KOHIIETI-
TOB», HO OISITh HUTJE HE OMpPeNeIeHO CMbICIOBOE CO-
IepKaHWe UCITOIb3YeMBIX CJIOBOCOUYETaHUM. OTMETHM,
yto opmynupoBku «IIporpammel pabot mo UKT Ha
2007—2008 rombl» BechbMa JIAKOHWYHBI, YTO SIBIISIETCS
CJIeICTBUEM XaHpa 3Toro fokymeHTta. MHorma cMmeicia
1IEJIOTO psifia KJTIOYEBBIX IMOJOXEHUI TPYIHO MOHSTh
13 KOHTEKCTa 3TOTO IIPOrpaMMHOI0 JOKyMeHTa. Ilo-
3TOMY MOTeHUMAIbHEIE 3asIBUTEIIN TIPOSKTOB HEPEIKO
BBIHYKIIEHBI 00pAaIIaThCsl B COOTBETCTBYIONINI TUPEK-
Topat 7-ii PamouHoit mporpammsl EC ¢ npocbk6oii 1o-
SICHUTbh CMBICJT TOJIOXKEHUI MPOrpaMMHBIX TOKYMEH-
TOB.

YTo KacaeTcs Apyrux HapaBIeHU NCCIeI0BaHNIA
B paMKax ITpo0OJIeMBI IIpeICcTaBIeHUST 3HaHMIA, TO boJee
MMOAPOOHOE MX OIMTMCAHNE MOXKHO HAMTH B TPYJaX CEMM-
Hapa “Knowledge Anywhere Anytime: “The Social Life
of Knowledge”, kotopslii coctostics 29—30 ampens
2004 1. B Bproccene [17]. Marepuanbl 3TOTO CeMU-
Hapa B PeIyIMPOBAaHHOM BHUIE WMCIIONB30BAJIUCH TIPU
dopmupoBaHnm yroMmsiHyToi «IIporpamMmel paGoT 1o
HUKT».
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3agaun npeacTaBICHUA TUMYHOCTHBIX U KOJUIEKTUBHBIX KOHLIETITOB B HI/I(I)pOBOfI cpene

B atux martepuanax ormMedaeTcs, 4TO MCCIea0oBa-
HUE TIPOIIECCOB TeHepallMi 3HAaHWM U 00pa3oBaHUS
KOHBEHLIMOHAIbHBIX CUCTEM 3HAHMIA, a TAKXKE CBSI3aH-
HBIX ¢ HUMH TIPOIIECCOB SIBIISICTCSI aKTYaJIbHOI IIPO-
61eMoi1, KOTOpast OCTaeTCsl BO MHOTOM HEpPEIIeHHOM.
OnHOBpeMeHHO (PUKCHUPYETCS TO, YTO COAepKaHUE ca-
MO 3TOM MPOOJEMBbl CO BpEMEHEM 3BOJTIOLIMOHUPYET.
YyacTHUKM ceMUHapa OINpeAeauand YeThipe aKTyallb-
HBIX HaAIIPaBJICHUs NCCIICIOBAaHNI B paMKaX 3TOM 3BO-
JTIOITMOHUPYIOMIEH ITPOOIEMBI.

3agaveii mepBoro HaNMpaBJeHHs SIBJISIETCS (POPMUIPO-
BaHME HAy4HOTO MOHMMAHMS TOTO, KaK 3HaHUS T0-
SIBJISIIOTCSI, KaKMM 00pa3oM Ha 3TOT MpOLecC U ero
pe3yabTaThl BIMSET COBMECTHAs IEATEIbHOCTh, KaK
GopMUPYIOTCS KOHBEHIIMOHAJIBHBIC CHCTEMBI 3HAHWIA.
OmHa M3 3amad 3TOTO HAIpaBJICHMS 3aKITI0YAcTCSI B
onpeaeJeHUN U GUKCUPOBAHUU Pa3IMYMii B TOHUMAa-
HUU UACHTUYHBIX MH(AOPMALIMOHHBIX OOBEKTOB pa3-
HBIMM YYaCTHUKAMU COBMECTHOI IeSITETbHOCTH.

3agaveii BTOPOro HANPABJIEHHS SIBIISICTCST MCCIICHO-
BaHWe MHOTroo0pa3ust GopM MpeacTaBiIeHNSI OMHUX U
TeX Xe KOHILIENTOB, OJHON M TO# e CUCTEMbl 3Ha-
Huit. Kpome dopm mpeacTaBiieHUs] KOHBEHIMOHAb-
HBIX U CTAaOUJIbHBIX KOHLENTOB MPEeIMETOM MCCIEI0-
BaHWUS SBIISTIOTCS (POPMBI TIpEACTABICHUS IMIHOCTHBIX
¥ KOJUIGKTUBHEBIX KOHIIETITOB, a TAKKe TIPOIIECCH BO3-
HUKHOBEHMUS U 3BOJIIOLIMY HECTAOUJIBHBIX KOHLIETITOB.
B pamkax aToro HanmpasJieHUsI TTPEAToIaracTcs BhIOJI-
HEeHUE UCCIEeNOBAaHUI TMPOIECCOB 00pa30BaHUSI KOH-
BEHIIMOHAJIBHBIX KOHIIETITOB Ha OCHOBE JIMIHOCTHEIX 1
KOJJIEKTUBHBIX KOHIIETITOB.

3agaveii TpeTbero HANpaBJIEHHS SIBJISICTCS CO3/a-
HUE HOBOTO TOKOJEHUSI MHTEJJIEKTYaJIbHBIX CUCTEM,
KOTOpBIE NOKHBI 00€CNEeYUTh CEMAHTUUECKYIO MH-
TepornepadeIbHOCTh B MPOLIECCE COBMECTHOU pabOThI
ITOJTb30BaTellell 3TUX cucTeM. Ecim ciremoBaTh ormca-
HUIO CEMUYPOBHEBOI MOIEIN WHTEPOIEepadeIbHOCTH
P. bynnen6epra, To ceMaHTH4YecKasi MHTeponepadesb-
HOCTb UMEET OTHOIIIEHUE K CJICAYIOIIMM ABYM YPOBHSIM
9TOil MOJEIN: KOTHUTUBHAs WHTEpoIepabeSbHOCTh
(6-11 ypoBeHb CEMUYPOBHEBOI MOJIE/IN) U JOKTPUHAIb-
Hast UHTepoIepabdeTbHOCTh (7-1 ypoBeHb). B cooTBeT-
cTBUU C omnpeaeneHuem P. bymmenOepra peanuzauust
KOTHUTHUBHOW MHTEpPOIepadeIbHOCTH B MPOLIECcCe CO-
BMECTHOI pabOThI MperoaraeT ooecreyeHune coria-
COBaHHOTO ITOHMMAaHMS TTOJI30BATEIIMU UICHTHIHBIX
MH(OPMALIMOHHBIX 00BEKTOB, SIBJSIONIUXCS (DOpMaMU
MpeACcTaBICHNUS KOHIIeNTOB. Peanm3anust mOKTprHaIb-
HOU MHTeporepadeIbHOCTU MpeIoaaraeT He TOJIbKO
corjlacoBaHHOe TTOHUMaH1e MOoJIb30BaTeNsIMU MHMOP-
MallMOHHBIX 00BEKTOB, HO U ObOecreyeHue MPUHSITUS
VMU COTJIACOBAHHBIX PEIIICHMI Ha OCHOBE MICHTUYHOMN
nHopmatnu. EcTecTBeHHO, YTO B MHTEIUICKTYaIbHBIX
cHCTeMaxX HOBOTO MTOKOJICHUSI TOJIKHA 00eCIIeunBaThCS
M TEXHOJIOTMYeCcKasi MHTepornepadeIbHOCTh Ha MEPBbIX

ST YPOBHSIX CEMMYPOBHEBOM MOJAEIU, B TOM YMC-
JIe Ha YPOBHSX pa3leisieMbIX MPOLEAyp, IPOIEeCCOB 1
JaHHBIX [18, 19].

B HacTosIIIee BpeMsI TOKTpHHAIbHAS MHTEPOIIepa-
OETBHOCTD JOCTUTAETCS B OCHOBHOM 3a CUET MCITOJIb-
30BaHUsI OPraHU3AIMOHHBIX MPOLENAYP M pPeriaMeH-
TOB COIJIACOBAaHUS TIMYHOCTHBIX KOHIIETITOB B ITPOLIECCE
MPUHSTHS COBMECTHBIX PEILICHMIA.

B pamkax TpeThero HaIlpaBJICHHMS KpPOME CO3ma-
HUSI METOIOB M CPEACTB MOMIEPKKN CEMaHTHICCKOM
WHTEPOINepadbeTbHOCT B MHTEJUICKTYaTbHBIX CHCTE-
Max TUTAaHUPYETCSI MCCIEeNOBAaTh BOMIPOCHI BBISBICHUS
M 9KCIUTMKALIMM OCHOBHBIX CTAJMI 3BOJIOIUU CUCTEM
3HAHWM, IPEICTaBICHHBIX B BUIE KJIacCHU(DUKAIIMOH-
HBIX CHCTEM, Te€3aypyCOB 1 OHTOJIOTHIA, B IIPOIIECCE CO-
BMECTHOM pabOTHI MoJIb30BaTeneit. [1pu aToM He mpe-
roJjiaraeTcs, 4To Mojib30BaTeIu 3apaHee OyayT BJIaaeTh
COITaCOBaHHOM MEXIy HUMM CUCTEMOM TEPMUHOB U
eIMHBIM TTOHUMAaHUEM TTPUHIIMIIOB TTOCTPOCHUST 3BO-
JTIOITMOHUPYIOIINX CUCTEM 3HAHUIA.

CreneHb HOBM3HBI HMHTEJUIEKTYaTbHBIX CHUCTEM
MpeAcTaBICHUs 3HAHMWI TIpeiaraeTcsl OleHUBaTh Ha
OCHOBE MX CPaBHEHMUSI C CUCTEMaMM «yITpaBJICHUS 3Ha-
HusMmn» (knowledge management systems), OCHOBaH-
HBIMI Ha PEAYKIIMOHMCTCKOM IIOAXOIE K TPaKTOB-
Ke 3HaHWI YejloBeKa, B KOTOPOM SBOJIOIHS CHUCTEM
3HAaHWM BO BpPEMEHM HE YIMTBIBACTCSI, TUIHOCTHEIC,
KOJIIGKTUBHBIE U KOHBEHIIMOHAIBHBIE KOHIIETITHI, CTa-
OMIbHBIC K HECTAOWIIbHBIC KOHIICTITHI HE Pa3IMYaloTCsI.

3anadeii 4eTBEPTOro HANPABJIEHUS SIBJISIETCST VICCIIE-
IOBaHWE MTPUHIIATTMATBHBIX BO3MOXKXHOCTEH U CPEeICTB
BIMSTHUS Ha (hOPMUPOBaHNE HEOOXOMUMBIX IICIEBBIX
CHCTEM 3HAHUW B TIPOLIECCE COBMECTHOM AesTelIb-
Hoctu. [Ipu 3TOM mpearoaraeTcsi, YT0 UMEET MECTO
CUTYaLIMsl HEIOCTATOYHOCTH YK€ UMEIOIITUXCST 3HAHUIA.
Peur mmet o hopMHUPOBAaHUM HOBBIX CHCTEM 3HAHMWIA,
OPMEHTHPOBAHHBIX Ha YIOBIETBOPECHHUE TEXHOJIOTHYEC-
CKUX, 5KOHOMUYECKUX, 00pa30BaTeIbHbBIX U IPYTHX CO-
LIMaJIbHO 3HAYMMBIX MOTpeOHOCTEl ob1ecTBa. B pam-
KaxX 3TOro HampaBJieHUs] TpeiiaraeTcs UCCIIeIOoBaTh,
Kakumu Bugamu nepcrnektuBHbiX MKT u mo kakoit
CTEIIeH MOXHO OKa3bIBaTh BIMSIHUE Ha IIPOIIECC Te-
HepaIvy eJIEBBIX CUCTeM 3HaHW , OTBEUAOIITNX COIT -
aJIbHO 3HAYMMBIM TTOTPEOHOCTSM Y HEOOXOIUMBIX IS
MOJTyYeHMs! 3alJTaHMPOBAaHHBIX PE3YJIBTATOB COBMECT-
HO1 nesiTeIbHOCTA. IMEHHO BO3MOXHOCTh OKa3hIBaTh
BIVSTHUE Ha TIpotiecc (hOPMUPOBAHMS HOBBIX LIETEBBIX
CHCTEeM 3HAHUU SIBJIACTCS, TT0 MHEHHIO YIAaCTHUKOB CE-
MmuHapa “Knowledge Anywhere Anytime: “The Social
Life of Knowledge”, xapakTepHoii yepToii 00llecTBa,
OCHOBaHHOTO Ha 3HAHUSIX.

IIpuBeneHHBII TepedeHD N3 YSTBIPEX HATIpaBICHMI
HUCCIIEIOBAaHUI TOBOPUT O TOM, YTO YIACTHUKH CEMM-
Hapa CyIIECTBEHHO PaCIIMPSIOT TPpaHULIbI TPEIMETHOM
00J1acTU MpeacTaBaeHUsI 3HaHU M, chOpMyTUPOBaHHOM
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B paMKax peayKIIMOHMWCTCKOro IMOaxXo/a, 3a CYeT pac-
CMOTPEHMS ITPOLIECCOB LieJIEHANPaBJI€HHOM reHepaluu
M 3BOJIIOLIMU CUCTEM 3HaHU BO BpeMeHU. [IpoBeneH-
HBII B 9TOM pa3zesie aHaJu3 TT03BOJISIET Ce/IaTh BHIBOJ,
0 TOM, UYTO MpemiaraeMoe pacllvipeHue MpeaMeTHOI
001aCTU TIPOUCXOAUT 3a CUYET CJAEAYIOIIMX HampaBiie-
HUI UCCIICIOBAHU:

— pa3paboTKa METOIOB TECTUPOBAHUS yXKe HMe-
IOLIMXCS CUCTEM 3HAHUI C TOYKU 3PEHUsS IPO-
BEPKU MX ITOJIHOTHI, aHAJIU3UPYEMOM C MO3ULIMU
YIOBJIETBOPEHMS T€X UJIM MHBIX SIBHO BEIPAsKEHHBIX
COLIMAJIbHO 3HAYMMBIX TOTPEOHOCTE ! 00I1IeCTBa;

— leJIeHalpaBIeHHOe BO3AEMCTBME Ha IIPOLIECCHI
TreHepaliy JIMYHOCTHBIX M KOJIJICKTUBHBIX KOH-
LIETITOB (HanpaeasieMoe pazeumue, B TePMHHaX
H. H. Momnceesa [20]);

— HalpaBideMad reHepalsa HOBBIX LICJICBbIX CUCTEM
3HAaHWM Ha OCHOBE MHTETpalu JIMYHOCTHBIX M
KOJUICKTUBHBIX KOHLICIITOB,

— IIpeAcTaBjiIcHNE B IMMPOBOM cpeIe TMIHOCTHRIX 1
KOJIJIEKTUBHBIX KOHIICTITOB, II€JICBBIX CHCTEM 3Ha-
HUW W OTpakeHWe CTaIuii MX BOJIIOLUUA BO Bpe-
MEHU;

— pa3paboTKa METOIOB pPacHpOCTpPaHEHUSI U OpU-
€HTUPOBAHHOTO MCIOJIb30BaHUS LIEJAEBBIX CUCTEM
3HaHWI, CrTeHepUPOBAHHBIX B MHTEPECAX yIOBIIe-
TBOPEHUST COOTBETCTBYIOIINX COLMAJIBLHO 3HAYM-
MBIX TIOTPeOHOCTEN 00IIIeCTBa.

B 3akimoyeHue pasaena OTMETUM, YTO B LIUTUPY-
eMBbIX MaTepuajlax CeMMHapa aKIEeHTUPYeTCS] WHCTH-
TYLIMOHAJIbHASI U COLMa/IbHAsI 00YCIOBIEHHOCTb MPO-
IIECCOB HAIpPaBISIeMON TeHepallny IIEJeBBIX CHUCTEM
3HAaHWI, YTO HEOOXOAMMO YUYUTHIBATh pa3pabOTIMKaM
B poriecce cozganust MM C. Bro cyliecTBeHHO YCIOXK-
HseT co3nanne MMC, 1ienblo KOTOPBIX SIBJSIETCS BO3-
JNEMCTBUE Ha TPOLECChl TeHepalluy 1IeJIEBbIX CUCTEM
3HaHui cpeacrBamu MKT, Tak Kak 1j1st pa3paboTYMKOB
NN C mHCTUTYUMOHANIBHBIE Y COLMAIbHBIE (PAKTOPHI
SIBJITIOTCSI, KaK IIPaBIJIO, BHEITHUMM OTpaHNYCHUSIMU,
KOTOpbIE OHU HE MOTYT U3MeHSITh [17].

Ornpenensisi KIOUYeBble HaIlpaBJeHMST UCCIIen0oBa-
HUI 10 TeMaTHKE MPeNCTaBIeHNSI 3HAHU, B TOM YMCIIe
MIPUBOIS OIICaHNE ITPOOIeMBI HAIIPABIISIEMOI TeHepa-
LIMM LEJIEBBIX CUCTEM 3HAHUM, YYaCTHUKM CEMMHAapa He
MPEeUIOKUIN COTJTAaCOBAaHHYIO CUCTEMY TEPMUHOB IS
OIMCaHMsI HOBBIX HampaBjieHUI ucciaenoBanuii. Ilo-
Ka HOBbIE MJIEU TOJbKO OOCYXIAIOTCS U OINpEeAeIIsSIIoT-
CsI HAIIpaBIICHUS MCCIIeIOBAaHNI, TOMO0OHAS CUTYaIlNsI,
KaK IIpaBWJIO, HEM30eXKHa, TaK KaK CCTeMa TePMUHOB
IJIST X ONMMUCAHWS TOJIBKO HadmHaeT (hOPMHPOBATH-
cs. 3aTeM, 1o Mepe pacIIMpeHUs TpaHUll MPeaMETHON

00J1aCTH IIPEACTaBIEH U 3HAHWIA, 4aCTO BO3HUKAET HE-
00XOIMMOCTD OIIPEIEIIATh HOBBIE TEPMUHBI, MCITOIb3Y-
eMBbI€e [JIs1 OIMCAaHUs HOBBIX HAIIpaBJIeHUI UCCIIeI0Ba-
HUIA, W/WIM YTOYHATH COIepKaHNe paHee BBEIEHHBIX
TEPMUHOB.

4 Karteropmuzauus KOHLIENTOB

CHauajia pacCMOTPUM CHCTEMY 0a30BbIX TEPMUHOB
MH(OOPMATUKHM, TTOCTPOSHHYIO Ha OCHOBE PE3YJIETaTOB
pa6or [21—25] u omucaHHylo B [5, 26]. B pamkax
3TOM CUCTEMbI TEPMUHOB pa3HbIe KaTETOPUM KOHIICTI-
TOB JICKCMYECKM He pasnmmuannuch. OCHOBHAS IIeib
MAHHOTO pa3iejia CTaThU 3aKJII0YacTCs B PACITUPECHUHT
CHCTeMBbI 0a30BbIX TEPMUHOB C LIEJIbIO pa3aeIeHUSI KOH-
LIETITOB Ha TPU KaTErOPUU — JIUYHOCTHBIE, KOJJIEKTUB-
HbIE M KOHBEHIIMOHAIbHBIE.

OcHoOBBIBasiCb Ha pesyjbTatax pador [21-25] u
MMOHMMAaHUM CEMUOTUYECKOTO TEPMUHA 3HAK B PaM-
KaX JJMHTBOILICHTPUIECKOTo momxona [27, 28], cHadama
YTOUHUM AeHUHHUIINN CHCTEMBI 0a30BBIX TEPMHHOB,
KoTOpas Obla ompezesneHa B padorax [5, 26]. Tlpu
3TOM OyJIeM HyMepoBaTh OMMChIBAEMbIE Jajlee TePMH-
HBI B COOTBETCTBUHM C PYC. | MPOTUB YaCOBOI CTPEJIKH,
BBIJIEJISIST UX B TEKCTE KYPCHBOM.

1. TepMuH 3Hanus OymeM TpaKTOBaTh KaK pe3yibTa-
Thl TIO3HABATEJbHON M KpEeaTMBHOM IeeycTpeM-
JICHHOM AESITeIbHOCTH YeJIoBeKa, HOCUTENIEeM KOTO-
PBIX MOXET OBITh TOJILKO Y€JIOBEK M KOTOPHIE MOTYT
OBITh pa3meicHBl Ha OTIEIbHBIC «KBAaHTHI» 3HAHUIA
(B mporpaMMHBIX TOKYMEHTax 7-if PaMo4yHOI TIpo-
IrpaMMbl UMCIIOJb3yeTCsl CcloBocoyeTaHue “knowl-
edge parts™) [23, c. 33; 24, c. 185; 29, c. 814].

2. B mpotiecax mpeacTaBieHnsT U COXpaHEHWs 3HAHUH
OCHOBHOE BHUMAaHUWE OYAET yOENIThCS TEM «KBaH-
TaM» 3HAHUI, Ha3bIBAEMbIM KOHUenmamu, KOTOpble
SIBJISIIOTCSl 9JIEMEHTAPHBIMU €IMHULIAMU WU COYe-
TaHUSIMU 3JIEMEHTAPHbBIX CIMHMUIL TJIaHa COAEPXKa-
HMA', BBIPAXAeMOro B paMKaX HEKOTOPOTO €CTe-
CTBEHHOTO fI3bIKa (B 00IIEM Clly4yae, B paMKax TOM
WJIM UHOM 3HAKOBOU CUCTEMBI).

[IpuBeneHHOe ompenesieHNEe TEPMUHA KOHUenmbol
MPEATIONIATAET, YTO OHU SIBJISIIOTCS PE3YJIBTATOM MPO-
lecca YICHEHUs 3HAHUW YeJlOoBeKa Ha «KBaHTBI»,
KOTOpbIE MOTYT OBbITb BbIpaxkeHbl B paMKax HEKO-
TOPOI1 3HaKOBOU cucTeMbl. [Ipoliecc wieHeHus He-
Pa3pbIBHO CBSI3aH C MPOLIECCOM BbIPaXKEHUS 3HAHU I
YEJIOBEKa B CEHCOPHO BOCIIPUHUMAEMOM U OTUyX-
JIEHHOH OT YesioBeKa (popMe, HAaIpUMED B BUAE TEK-
CTa Ha ECTECTBEHHOM SI3bIKE, IMarpaMMBbl UJIU B BUIE
reon300paKeHus Ha SI3bIKE KapThl.

Muave roBops, IUIaH COMEPXKAHMS €CTECTBEHHOTO A3bIKA (3HAKOBOH CHCTEMBI) MPENCTABNISET COGOI COBOKYITHOCTh TeX «KBAHTOB
3HAHU1», KOTOPbIE MOTYT OBITh BHIPAXKEHBI CPEICTBAMU 3TOTO sI3bIKa (3HAKOBOM CHCTEMBI).
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3agaun npeacTaBICHUA TUMYHOCTHBIX U KOJUIEKTUBHBIX KOHLIETITOB B HI/I(I)pOBOfI cpene

> MenransHas cepa

00BEKTHI

1. 3uanus

2. Konuentsl 9. MeHTanbHbIE 00pa3bI

(kaK elMHMIBI IIaHA JIaHHBIX

coepIKaHus)

3. Undopmarms 8. JlaHHBIE KaK ()OPMBI

4. 3nakoBas HHpoOpMAIHUS HpescTaBIeHUs MU(POBBIX
5. UadopmanmoHHsle JaHHBIX B CpeAC

COHAJIbHBIX KOMMyHI/IKaLII/Iﬁ

Cpena conualbHbIX
KOMMYHHKaLUI

6. Tpu kareropuu KoJ0B
(KOHLIENTOB, UX (GopM
MIPEACTaBICHHUS

KOJIOB
U JICHOTaTOB)

7. LluppoBeie 1aHHEIE
Kak HyJIeBasi KaTeropus >~

Hudposas cpena

Puc. 1 Cucrema 6a30BbIX TEPMUHOB [3]

Cucrema 3HaHUWIA YeloBeKa MOXET BKJIFOUATh OJUH
uiay 60J1ee TJIaHOB COAEePXKAHUSI, UTO OIPEeIsSIeTCs
YUCJIOM €CTECTBEHHBIX SI3BIKOB WM WHBIX 3HAKO-
BBIX CUCTEM, KOTOPBIMU OH BJIAJICET U TTOTBb3YeTCs
IUTST TIPECTABJICHUSI CBOMX 3HAHUU B OTUYXIEH-
Hoit popme. CorjacHO aTOMUCTUYECKOMY TTOAXOIY
K OTNMCAaHUIO CEMaHTUKU, MUHUMAJIbHBIE SIUHUIIBI
TJIaHA CONEPKaHMSI, MMEIOIINe 3HaUYeHNEe B paMKax
HEKOTOPOTO €CTECTBEHHOTO $I3bIKa WJIM WHOU 3Ha-
KOBOI CHCTEMBI, Oy/leM Ha3bIBaTh 21eMEeHMAPHbIMU
KoHyenmamu dToi 3HaKoBoM cuctemsl [30].

OTMEeTHM CIIeAYIONIYI0 OCOOCHHOCTh OIMMCHIBAEMOM
CHCTeMbI TEPMIHOB: BBIICICHIE B CHCTEME 3HAHWI
YyeJioBeKa HECKOJIbKUX TUTAHOB COAEPXKaHUS MTO3BO-
JISIET YYECTh Pa3JINUKS B YJIeHEHUY 3HAHW I YeJIoBeKa
B Pa3HBIX €CTECTBEHHBIX SI3BIKAX M IPYTHX 3HAKOBBIX
CHCTeMaX, YTO HeOOXOIUMO, HaIIpuMep, B IIPOIIecce
MMPOEKTUPOBAHNS MHOTOSI3BIYHBIX CEMaHTHUECKUX
cloBapeii M Te3aypycoB.

3mech Takke He0OXOAMMO OTMETUTD PA3HUILY MEXITY
3JIEMEHTAPHBIM KOHIIETITOM U 3HAUEHMEM CJI0BA WU
YCTOMYMBOTO CIIOBOCOUYETAHMSI, KOTIA pedb UAET O
€CTeCTBEHHOM sI3blKe. B mpolieccax npeacrapie-
HUST HAyYHO-TEXHUUYECKMX 3HAHUI B OTYYKIEHHOMN
dopMe paccMaTpuBaeTCsl TOJBKO CUTHU(MHMKATHUB-
HBI acreKT 3HaueHUs. DKCIPECCUBHO-3MOIMO-
HaJIbHbIe OIIEHKU, WIWOMBI M KOHHOTAIIMU He
paccMaTpuBalOTCSI, TaK KaK pedyb MIET O KOAM-
pPOBaHMU HAYYHO-TEXHUYECKUX 3HAHUN B LIUDPO-
Boii cpene MMUC, a He o co3maHUM XyTOXECTBEH-
HbIX mpousBeneHuit. CienoBaTeNbHO, TEPMUHBI
KOHUenm W 51eMeHmapublil KOHyenm WMCTIOb3YIOT-
¢ 1T 0003HAYEHUS] TOJBKO CUTHU(DUKATUBHOMN
COCTaBJISIIONIEN 3HAYeHU CJIOB M CJIOBOCOYETA-
Huii [31, 32].

3. TepMuH ungopmayus onpeneauM Kak (OpMbI KC-

IUTMIIATHOTO M OTYYKIEHHOTO OT 4YeJIoBeKa Ipe.-
CTaBJIeHUs] €ro 3HaHWi, MpeAHAa3HAYEHHBbIE I
repenayn, HEMOCPEACTBEHHOTO CEHCOPHOIO BOC-
MPUSTHUS U IOHUMAHKS UX APYTUMU TIoabMu. Takoe
olpefeliecHue, 10 CYTH, SIBJISIETCS BBIOOPOM M3 He-
KOTOpPOT'O MHOXECTBa OTHOM Ae(UHUIINN B paMKax
MO3ULIMOHUPOBAHMS CJIOBA UHPOpMAUUA KAK OMO-
HMMa, OXBAThIBAIOILIETrO IIIMPOKHUIL CIIEKTP (heHOMeE-
HOB, COOTBETCTBYIOLINX UM Ae(UHULINAN U CMBICIIO-
BBIX 3HaUeHwMIi [33].

. Cornacuo I1. MIHTBepceHY, TEpMUH 3HAK08AS UH-

gopmayus orpeneTUM KaK pe3ysbTaT Ipoliecca
MpeACTaBICHNs] KOHIIETITOB YEJOBEKOM B ILIaHe
BhIpaxkeHus! B M060i 3HAKOBOI (hopMme, KoTopas
SIBJISIETCSI CEHCOPHO BOCITPMHMMAEMOM 1 TTOHWMa-
eMOM IPYIrMMH Y9aCTHUKAMM KOMMYHUKawii [34].
OTMeTHM, 4TO TIPW TaKOM OIIpeAesiecHNHA TepMUH
3HAK08as UHGOpmayus MMEET OTHOIIIEHNE TOJIBKO K
3HAKOBBIM (hOpMaM TIPEIACTABIIEHUSI KOHIIETITOB, a
BBEICHHBI paHee TEPMUH uHpopmayus — K JIO-
ObIM (bopMaM TIpeICTaBICHUS JIIOOBIX «KBaHTOB»
3HAHWM, BKJTIOYast KOHIIETITHI.

. CyllecTBUTEIbHBIC UHBOpMayus N 3HAKOBAS UH-

dopmayus SABASIOTCA HEUCUYUCTSIEMBbIMU, 4YTO HeE
BCeTma ymoOHO IS ONMUCAHWS IIPOIIECCOB IIpel-
craBiieHMs 3HaHU B mudposoit cpene MMUC. ITo-
9TOMY OMNpEIeaUuM CJIeAyIolle TepMUHBI C UC-
MOJIb30BAaHUEM HCUMCISIEMBIX CYIIECTBUTEIbHBIX.
IIpencraBneHue B MjaHe BbIpaxKeHUs 3JeMEHTap-
HBbIX KOHILIETITOB B BUIE CEHCOPHO BOCIPUHMMA-
€MBIX 3HAKOBBIX (POpM OyImeM Ha3bIBaTh 1eMeHmap-
Hotmu uHgpopmayuonnsimu obsekmamu. CeHCOPHO
BOCIIpUHMMAaeMble 3HAKOBbIe (hOPMbI TPEACTaB-
JIeHUsT JIIOOBIX KOHLENTOB, BKJIIOYasl dJeMeHTap-

IMHa‘{S TOBOp4, INIAaH COACPXKaHUA NMPEACTABIISACT co0oi1 mocienoBaTeIbHOCTH JIUTEP CJIOB, (1)pa3 1 TEKCTa Ha €CTECTBCHHOM S3bIKE,

PUCYHKU U OPYTHUEC (bOpMH NpeaCTaBICHMA KOHLCIITOB B CPECAC COLMMAJIbHBIX KOMMyHHKaL[Hﬁ.
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Hble, OylneM Ha3bIBaTb UHMOPMAUUOHHBIMU 00BeK -
mamu.

6. TepmMuH Kodbl OIpedeIMM KaK KOMIIbIOTEPHBIE
SKBUBAJICHTHI TBOMYHBIX TGP (WIM UX TTOCIIEIO-
BaTeJIbHOCTEH), KOTOPbIE MOTYT MPEACTaBIsATh CO-
060l HAMarHMYeHHOCTh WJTH €€ OTCYTCTBHE, HATMIKe
3JIEKTPUIECKOT0 TOKA WJIH €T0 OTCYTCTBUE, CITOCO0-
HOCTh K OTPaxXKCHMIO CBETa WM €€ OTCYTCTBUE, B
urdpoBoii cpene [24, c. 86]. OTMeTHM, YTO JIUTE-
peI «0» 1 «1», O KOTOPBIX TOBOPHUTCS B OIpeIese-
HUU TEPMHUHA «KOIBI», IO OMPEICTICHUIO SIBISIOTCS
CYIIIHOCTSIMM CpEeAbl COLMATbHBIX KOMMYHHMKAIIWI
NNC, a ux KOMITbIOTepHbIE SKBUBAJIEHTH — LU d-
posoii cpenst MMC.

B cootBetcTBUM ¢ paGoToit [26] mpemiaraeTcs BbI-
JEeNIATh CPeAr BCEX BO3MOXHBIX KOMOB LIM(MPOBOIt
cpeast UM C Tpu crienyrolye KaTeropuu:

— KOMBI, COOTHECEHHBIE C KOHLENTAaMU 3HAHUM
yesnoBeKa-1mojb3oBatesiss MU C (kodet nepeoii ka-
meeopuu UUC);

— KO[IbI, COOTHECEHHBIE C DKCIUTMLIIUTHBIMA U OT-
YYKIEHHBIMU OT YeJOoBeKa CEHCOPHO BOCIIPH-
HUMaeMbIMU 3HAKOBBIMU (popMaMU TIpeACTaB-
JICHUsI KOHIIETITOB B IIJIaHE BBIPaXXEHUS CPeIbl
counanbHbIX KommyHUKaumit MU C (koder 6mo-
poit kamezopuu UUC);

— KObl, UACHTU(GUIUPYIOIINE ITPOrPAMMBL M UC-
MOJTb3yeMble UMY MH(OPMAIIMOHHBIE PECYPCHI, a
TakKxXe Apyrue KaTeropuu AeHOTaToOB Lu(ppPoBOi
cpenbl UM C (kodvt mpemoveii kameeopuu MHUC).

Hanpuwmep, mis KonupoBaHUSI CMbICJIa WHAWKATO-
poB B cucteMe MH(GOPMALUMOHHOTO MOHUTOPUHTA
cdhepsl HayKu, KoTopas saBisgercd nmpumepoMm UNC,
MIpeIToIaraeTcs MCIob30BaTh KOMBI TEPBOI Ka-
TETOpHH, I KOTUPOBAHUS Ha3BaHMI WHINKATO-
POB — KOJbI BTOPOIf KATErOpuH, a AJIsl KOAUPOBAHUS
MporpaMM BBIYMCJIEHUST 3HAYEHUIT UHINKATOPOB U
HCIIONIB3YeMbIX STUMHU IMPOrpaMMaMu MHMOpMaIIi-
OHHBIX PECYPCOB — KOIBI TPEThel KaTEeTOPHH.

7. B cootrBeTcTBUM C paboToil [26] ompenenuM eine
OIIHY Hynesyio Kameeopuro K0dos, KOTOpYI0 Oyaem
Ha3BIBaTh yu@gposvimu OaHHbiMU W K KOTOpOI Oy-
JIeM OTHOCHUTH Bce Koabl mudponoii cpensl MUC,
HE OTHOCSIIINECS K TPEM BBIIIIE OITpeaeICHHBIM Ka-
TeropusiM. TakuM oOpa3oM, K UM(PPOBLIM TaHHBIM
OyIeM OTHOCHUTb, B YACTHOCTH, PE3yJIbTaThl JIIOOBIX
W3MEPEHUI, TTOJYYEHHBIX C MOMOILIBIO HU(PPOBBIX
TEXHUYECKUX CUCTEM (YCTPOMCTB) U XPAHSIIINXCS B
WNNC, n pe3ynbTaThl TIOOBIX BHLIYMCIICHWI, HE SIBIIS -
JOLUXCSI UTOTOM TpeACTaBIeHUs 3HAaHU I YeToBeKa-
noab3oBatesss MUC.

8. IlpeacraBiaenue uMdPOBBIX JAHHBIX B CPeNe COLIM-
anbHbIX KoMMyHMKauit UM C B ceHcopHO BocTipu-
HUMaeMoii hopMme OyneM Ha3bIBaTh OaHHbIMU.

9. CMbICA TepMUHA MeHMAaAbHble 00pa3bl OAHHbIX Clie-
JIyeT U3 er0 Ha3BaHUs U puc. 1.

Pasznenum paccMOTpeHHBIE TEPMUHBL HA TPU IPYII-
bl B 3aBUCUMOCTH OT IPUPOILI 0003HAYAEMbIX UMU
CYIITHOCTEM, T.€. cpeabl Wi chepbl, K KOTOPO OHU
MpUHamIexkaT (MeHTaldbHast cdepa, coluaabHas WIn
mdpoBas cpena) [25]:

— 3HaHWsI, MEHTaJIbHbIe 00pa3bl CEHCOPHO BOCIIPH-
HUMAaeMbIX TaHHBIX, KOHLICNTH U 3JIeMEHTapHbIe
KOHIIENITH (CYIIHOCTH MEHTAIbHOM Cephl MOJb-
3oBateneit U C);

— uHdpopmalus, JaHHbIe, 3HaKOBasi MH{opMaLus,
UH(GOPMALMOHHBIE OOBEKTHI, 3JIeMEHTapHbIE UH-
dopMallMOHHBIE OOBEKTHI (CYIIHOCTH CPEAbl CO-
IaTbHBIX KOMMYHUKaIIHi moyp3oBateneit UM C);

— 1MdpPOBBIE TaHHBIE ¥ TPU KATETOPUH KOJOB (CYyIII-
HoctH rdpoBoii cpexst MU C).

B ykazaHHOI1 cucteMe TepMUHOB HaC MHTEPECYIOT
KOHUENTHI U 3JIeMEHTapHble KOHLIETIThI, 0003HAYeH-
HBIE Ha pHC. | HOMEpOM 2, KOTOpEIC IIpeIaracTcsI
pa3meauTh Ha TpW pa3Hble Kateropuu. Ilpexme gem
MPOBECTU KATeropu3aluio KOHLENTOB, OTMETHUM, UTO
Je(UHULIMS TEPMUHA KOHLIETIT CYIIECTBEHHO 3aBUCUT
OT TEPMMHA 3HAK08As cucmeMa, TaK Kak I10 ornpeese-
HUIO JIIOOO! KOHIIETIT COOTHECEH C TOW WJIM MHOM 3Ha-
KOBOIT cucteMoii. OmHAKO IO OIPENeSICHUIO0 CEMUO-
THYECKOTO 3HAaKa M 3HAKOBOIl CHCTEMBI IBE CTOPOHBI
3Haka (chopMa — MaTepuagbHO BbIpaX€HHasl ero co-
cTaBIsIIolIas — W 3HaU€HUe — ero uaeajabHasi COCTaB-
JIsto1ast ), Oyaydu MocTaBeHbl B OTHOLIEHVE MOCTOSH-
HOIA CBA3U, OTTOCPEAOBAHHON CO3HAHMEM, COCTABJISIIOT
YCTOYMBOE €IMHCTBO, KOTOPOE MOCPEICTBOM CEHCOP-
HO BOCIIpUHMMAaeMoii (pOpMbI 3HaKa PENpe3eHTUPYET
KOHBEHIHOHAJILHO MTPUJAAHHOE eMy 3HaueHue [35].

CrenoBaTeIbHO, B paMKaX CUCTEMbl 0a30BbIX TeP-
MWHOB M3 paboTel [26] IpMBEIEHHOE OIpeAesIeHIE
TePMUHA KOHlYenms! TI0 CBOEMY TeHe3UCy (IIPOMCXOXK-
IIEHWIO) TIpeATIoiaracT, YTO OHU SBJISIOTCS, C OMHOM
CTOPOHbI, KOHBEHLIMOHAJIbHBIMU, C IPYTrOii CTOPOHBI,
00pa3yloT yCTOMUMBOE €AUHCTBO C (POPMOI UX Mpe.-
craBiieHuss. TakuM oOpa3oM, YTOOBI OIPEaEIUTh JINY-
HOCTHbI€ M KOJIJIEKTUBHbBIE KOHLIETITHI, a4 TAKXXE HECTa-
OMJIBHBIE KOHIENTHI Tojb3oBaresieii MMC, cHauana
HEoOXOIMMO PacCLIMPUTh TOHSATUE 3HAKOBOM CHUCTe-
MbI, CHSIB 00sI3aTeJIbHbIE YCJIOBUS KOHBEHIIMOHAJb-
HOCTH 3HAYE€HMS U YCTOMUYMBOTO €AUMHCTBA KOHIENTOB
u (popMm ux mpencraBireHus. OTHUM W3 BO3MOXKHBIX
CITOCOOOB PACIIMPEHUs TTOHSITHS 3HAKOBOM CHCTEMBI
SIBJIIETCS BBEIACHUE TIOHATUM asmopckoeo u Koalek-
MUBH020 3HAK08.
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Aémopckuil 3HaKk OTIMYAETCS OT TPaIUIIMOHHOIO
CEeMHUOTHYECKOTO 3HaKa TeM, YTO JBE CTOPOHBI aBTOP-
CKOro 3Haka — ¢dopMa U 3HaYeHUE — MOTYT COCTaB-
JISITh CTAOWJIBbHOE WJIM HECTAaOWMIIBHOE €OUHCTBO, T.E.
HAXOIWUThCS B OTHOIICHUU ITOJTOCPOYHOU WU Bpe-
MEHHOI CB$SI3M, ONOCPEAOBAaHHOI CO3HAHUEM OIHOTO
noJn3oBatesi UUC, koTopast MocpencTBOM CEHCOPHO
BOCITIpUHUMAaeMOIi (pOpMBI 3HaKa 3TUM MOJIb30BaTeIeM
pENpPE3EeHTUPYET MEPCOHATBHO MPUIAHHOE EMY 3Haye-
HUE B TEUCHME IIeproia BpeMEHHU, YKa3aHHOTO IIpH
perucTpammy aBTopckoro 3Haka B UMC.

Koanexmuenoiii 3#ax OTIMYACTCS OT aBTOPCKOTO
TE€M, YTO JBE CTOPOHBI KOJIJICKTUBHOTO 3HaKa MOTYT
HaXOIWUThCI B OTHOLICHUW ITOJTOCPOYHOU WA Bpe-
MEHHOI1 CBSI3M, ONOCPEIOBAHHON CO3HAHMEM KaXKIO0-
IO U3 YIaCTHUKOB COBMECTHOM IeSITCIPHOCTH (WICHOB
KOJIJIEKTUBA), ABISIoIImXcs monb3oBarenssMu MUC, n
COIJTaCOBaHHOM MEXIYy HUMU, T. €. UCIOJIb3YIOT U CO-
IJIACOBAHHO MOHMMAIOT KOJUIEKTUBHBIEC 3HAKW KaK MU-
HUMYM JIBa Y€JI0BEKA.

Takum o0pa3oM, OIHUM U3 KITIOUEBBIX NTPU3HAKOB
OTJINYMST KOJUTEKTUBHOIO 3HaKa OT aBTOPCKOTO SIBJISI-
eTCs COTJIACOBAHHOCTH €T0 CMBICIIOBOTO COIEPKAHMS
MEXIy BCeMU 4YiIeHaMHM KojulekTuBa. OCTaBUM IIO-
Ka OTKPBITBIM BOIPOC O MPU3HAKAX OTJIWYUS KOJJIEK-
TUBHOTO 3HaKa (KOHILIENTa) OT KOHBEHIIMOHAIBLHOTO U
CTaOUJILHOTO 3HaKa (KOHIIENTa) OT HECTaOMIBHOTO.

BaxxHo oTMeTUTb, 4YTO, IOIycKas BO3MOXHOCThb
BPEMEHHOM CBSI31 (DOPMEBI M 3HAYCHUS Y OTHOTO TTOJTh-
30BaTeIISI MJIM OTPaHMICHHOW TPYIIITHI IT0Ib30BaTeNIeH,
T. €. CHUMas 00s13aTeNIbHBIC YCIIOBUST KOHBECHITMOHAIb-
HOCTU 3HaY€HUS U YCTOMYMBOTO €AMHCTBA KOHIIEIITOB
(3HavyeHUit 3HaKOB) U (hOpM MX MPEACTABACHUS, MbI
TeM CaMbIM TOBOPUM 00 MX HEIOCTYIHOCTHU IJIS1 BCEX,
KpoMe uX aBTOPOB. UTOOBI pacIIMPUTh KPYT ITOJIH30-
BaTeielf aBTOPCKUX M KOJJICKTUBHBIX 3HAKOB, TIPEI-
saraetcs peructpupoBatTh ux B MUMC, dukcupys 3Ha-
yeHUs1 U (OpMbl aBTOPCKUX U KOJIJIEKTUBHBIX 3HAKOB
C TIOMOIIBIO CPEACTB JIMHTBUCTUUECKOTO O0ECTICUEHUS
NUNC. Hanmnpumep, B Tesaypyce MM C MOXHO yKa3bl-
BaTh MX aBTOPOB, a TAKXKE IIEPHO BpeMEHH, B TCUCHHE
KOTOpOTO CEHCOPHO BOCIpMHMMaeMasl (popma 3HaKa
peINpe3eHTUPYET NMePCOHATBHO WU KOJIJIEKTUBHO MPH-
JaHHOe eMy 3HaueHue. Eciu aBTOpbl MponenaroT 3Ty
paboty, To mig npyrux moab3oBateneii MMC cranyr
IOCTYITHBI WX (DOPMEI, ONMMCAaHWE WX 3HAYCHMI, WH-
dopmarmst 06 aBTOpax, a TakKKe IepHuod BpeMeHU, B
TeYeHHe KOTOPOIO YCTaHOBJIEHAa CBS3b MexXay dop-
MOW U comepaHUeM MIJis1 aBTOPCKUX M KOJIJIEKTUBHBIX
3HAKOB.

ABTOpCKME U KOJUIEKTUBHbBIEC 3HAKU HE BOZHUKAIOT
U TeM Oosiee He (DYHKIIMOHUPYIOT pa3neabHo. B cBoeit
COBOKYITHOCTH C TPamIUIIMOHHBIMUA CEMUOTHICCKIMU

3HaKaMM OHM OOpa3yloT €IWHYIO CHUCTEMY, KOTOPYIO
OyneM HasbIBaThb 3Hako6ol cucmemoii MUC. Unave ro-
BOpsI, aBTOPCKME M KOJUIEKTUBHBIC 3HAKU PETHCTPU-
pytorcs B MUC ee mosb3oBaTesIMU U O3HAYUBAIOTCS
B COBOKYITHOCTH C TPAIUIIMOHHBIMA KOHBEHIIMOHAb-
HBIMY 3HaKaMU, SIBJISTIOIIMMICST COCTABHBIMM DJIEMEH-
TaMH €CTECTBEHHOTO SI3bIKa WJIM WHOM 3HaKOBOW CHUC-
TeMbl!.

Wcnonb3ys omnpenesieHUs] aBTOPCKOTO U KOJUIEK-
TUBHOTO 3HAKOB, MOXHO TPEIJOXUTH CIEIYIOIINA
MOJIXOJ K KaTeropusaluu KOHLENToB. Omnpeneaum
2/1eMeHmMapHbLIl AUYHOCMHbBLI KOHYenm KaK 3Ha4YeHUe aB-
TOPCKOTO 3HaKa, a AUYHOCMHbLI KOHYenm — KakK 3Haye-
HY€ BbIpaXXeHUsI Ha €CTECTBEHHOM $SI3bIKE WJIM B paMKax
HEKOTOPOI1 3HAKOBOI CUCTEMBI, COAEPKAIETO XOTsI Obl
OJMH aBTOPCKMUI 3HaK, JIMOO HOBOE 3HAUEHUE BbIpa-
JKeHMST 0e3 aBTOPCKUX 3HAKOB, CMBICT KOTOPOTO OIpe-
JieJIeH aBTOPOM B SIBHOM BMII€ U 3apErMCTpUPOBAH B
HHAC.

OnpenenuM 31emMeHmapHblii KOAAeKMUGHbII KOH-
yenm Kak 3HauyeHWE KOJJICKTUBHOTO 3HaKa, a Ko.a-
AEKMUBHbII KOHYenm — KaK 3HaYeHHWe BbIpaXXEHUs Ha
€CTECTBEHHOM SI3bIKE MJIM HEKOTOPOM 3HAKOBOW CHUC-
TEMBI, COIEPXKAIEro XOTsI Obl OMWH KOJUIEKTUBHBIM
3HaK, JIM00 HOBOE 3HAYEHUE BhIpakeHUs1 6e3 KOJUIeK-
THUBHBIX 3HAKOB, CMBICJT KOTOPOTO OTpesie/ieH B SBHOM
BUJIEC, COTJIACOBAHHO TIOHMMAETCSI KaK MUHUMYM JBY-
MsI y4aCTHUKAMU COBMECTHOU NMesTebHOCTU U 3ape-
ructpupoBaH B UNC.

Ilpedcmaenenuem auuHocmnoeo KoHyenma B I po-
BOI1 cpene OymeM Ha3bIBaTh KOM(bI) TIEPBOI KaTETOPUHU
NUUNC, xoTopble aBTOp 3TOro KOHILENTa BbIOpaI U 1o-
CTaBUJI B COOTBETCTBUE ITOMY KOHLIETITY B pe3yJibTaTe
BBITTOJTHEHUST TIPOLIEAYPhl PETMCTPALIMM COOTBETCTBY-
fonIero aBTopckoro 3Haka B UUC.

IIpedcmaenenuem KosrekmugHoeo Konyenma B -
poBoOii cpene OyaeM Ha3bIBaTh KOA(bI) MEPBOI KaTe-
ropun MU C, KoTopble yYaCTHUKN COBMECTHOM nesi-
TEJIbHOCTA COIJIACOBAHHO BBIOpaM M ITOCTABUJIA B
COOTBETCTBHE 3TOMY KOHIIETITY B Pe3yJIETaTe BBITION-
HEHUsI MPOLEAYPhl PEervucTpallii COOTBETCTBYIOILIETO
KoJiieKTuBHOro 3Haka B MMC.

PaccmoTpeHHbIe ne(DMHULIMM TpeX KaTeropuil Ko-
JIOB, TMYHOCTHOTO U KOJUIEKTUBHOT'O KOHLIETITOB MOTYT
CITY>KMTb OCHOBOM 11711 (QOPMUPOBAHUS TeX LUPPOBIX
CYIIHOCTEH, KOTOpbIe U SIBJISIIOTCSl «ITPeACTaBUTESI-
MW» IMYHOCTHBIX ¥ KOJUIEKTUBHBIX KOHIIENTOB B ITU(-
pOBOIi cpefe. DTO JaeT BO3MOXKHOCTDL MCITOJIb30BaTh
MpeIaraeMyro KaTeropu3annio KOHIETTOB IPY penie-
HUM 331a4 popMUPOBAHUSI LEJEBBIX CUCTEM 3HAHUM 1
OTpaxkaTb 3BOJIOLUIO CEMAHTUKU JIMYHOCTHBIX U KOJI-
JIEKTUBHBIX KOHIIENITOB 3TOM CHUCTEMBI B LIM(PPOBOIA
cpelie, UCTTOIb3Yd pe3yIbTaThl BHITOJTHEHNS TTPOLIETY-

' TIpuBeneHHbIE OMpeeeHIs] aBTOPCKOTO U KOJUIEKTHBHOTO 3HAKOB OCHOBAHBI Ha pe3yJIsTaTax paboTsl [35].
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pbl ux peructpaunu B UUC. Tlpumep npukiaaiHoOro
HCIOJIb30BaHUsl KaTeropusalluyi U perucTpaiuu Jud-
HOCTHBIX U KOJIJICKTUBHBIX KOHIIETITOB IIPUBOIUTCS B
CIICMYTOIIEM pa3zeiie.

Ternepb omnpenenvM TpaHULy MEXIy cmabuibHbIMU
(lasting) m Hecmabuavnoimu Konyenmamu (volatile con-
cepts). B meduHULIMSIX aBTOPCKUX U KOJJIEKTUBHBIX
3HAKOB T'OBOPUTCS, YTO MX (OPMBI U 3HAYEHUST MO-
TYT COCTaBJISITh CTA0OMIbHOE WJIM HECTaOUJIbHOE €IH-
ctBO. IlpM 3TOM TIepron BpeMeHM JOJITOCPOYHOMN MITH
BPEMEHHOM CBSI3W MEXIYy HUMHM YKa3bIBaeTCs TP pPe-
ructpauuu B UMC. B kauecTBe OCHOBHOIO MpU3HAa-
Ka OTJIMYMS CTAOWIBHBIX KOHIIETITOB OT HECTaOUJIbHBIX
BO3bBMEM KPUTEPUIi1, KOTOPBINA UCITOJIb30BAJICS LTI pas3-
nenenns MITK-8 Ha pyOopuKu 6a30BOT0 M pacIIdpeH-
Horo ypoBHei. Kak oTMedanoch BO BTOPOM pasielre,
pPYOpHKM 6a30BOTO YPOBHSI, BRIpaXKaIOIINe CTA0OMIIEHBIC
KOHIIETIThI, MOTYT ITepeCMaTPUBAThLCS He yallle, YeM pas
B TPM Tofia, a pyOPUKU PACIIMPEHHOTO YPOBHSI MOTYT
nepecMaTpuBaThCs 3HAYMTEIBHO Yallle.

B3sB 32 OCHOBY 3TOT KpUTEpHii, OyIeM TOBOPHTh,
YTO B paMKaX HEKOTOPOI MHCTUTYIIMOHAIBHOI CHCTe-
MBI CyIIECTBYET TPAHULIA MEXAY CTAOWJIbHBIMU U HE-
CTaOUJIbHBIMU KOHIIETITAMU, €CJIW BBITTOJHEHBI CIIETY-
oIIIME YCIIOBUS:

— B OTOM MHCTUTYLUOHAJbHON CHCTEME UMeeTCsI
HOPMATUBHBIN JOKYMEHT, OIpeIesTIoIINni mepu-
Ol BpeMeHU, TIPeBhIIIeHe KOTOPOTO IS 3aperi-
CTPUPOBAHHOM CBA3M MeXIy (DopMoIi 1 3HaUYEHU-
eM (KOHIIETITOM) 3HaKa TOBOPUT O CTaOMJIbHOCTHU
ATOro 3HaKa M COOTBETCTBYIOLIETO €My KOHIIEITa,
I cofepXKalluii mepedeHb CTAOMILHBIX 3HAKOB,
HaIIpuMep B BUJE CITMCKA pyOPHK 6a30BOT0 YPOBHS
CHUCTEMBI KIacCU(PUKAIINT TN 0a30BBIX TECKPUTI-
TOPOB Te3aypyca;

— cpencTBa JUHTBUCTUUYecKoro obecrnieyeHus: MNC
conepxaT MHbOpPMaIMIO O TIepUOAe BpeMEHU 3a-
PETUCTPUPOBAHHON CBSI3M MeXIy (DOpMOii 1 3Ha-
yeHreM (KOHIICIITOM) 3HaKa.

Wnaue roBopst, 1o/KHA OBITh OIpeae/ieHa XOTs Obl
OlHa cUcTeMa KilaccuduKaluu (UM Te3aypyc), oTpa-
>KalolIe 3TU KOHLIEINThI, B KOTOPOI pasiesieHbl cTa-
OMJIbHBIC U HECTAOUJIbHBIE PYOPUKM CUCTEMBbI KJIACCH-
¢dukauunu (cTabMIbHbIE 1 HECTAOMJIbHBIE IECKPUTITOPHI
Te3aypyca).

Ocrajach HeoIpeneJIeHHON TpaHUIla MEXIY KOJI-
JIEKTUBHBIMU U TPAAULIMOHHBIMY KOHBEHIIMOHAJIbHBI-
MU 3HaKaMH, a TAKXKe COOTBETCTBYIOLLIMMU UM KOHLIETI-
tamu. Ilo cBoeli CyTu 3Ta rpaHMLA SIBJISIETCS BeCchbMa
pa3mbIToii. OmHako 1 paspabotunkoB MM C BaxxHO
WMETb HEKOTOPBIH ITPU3HAK, TTO3BOJISIONINIA pa3InJaTh
KOJUIEKTUBHBIE Y KOHBEHIIMOHAJbHbIE 3HAKW U KOH-
uenthl. [ToaTOMy Npu cO3MaHUM KOHKPETHBIX CUCTEM

npeayiara€Tcd 3Ty rpaHuIy (I)I/IKCI/IpOBaTI) C NMoMoIIbIO
HOPMaTMBHOI'O JOKYMCHTA.

S5 IIpumepsl onucaHus
JIMYHOCTHBIX KOHIIEIITOB

Kareropmsamms KOHIIENITOB, KOTOpasl TIpeIoXKeHa
B IIPEIbIAYIIEM pas3nelie, B HACTOSIIee BpeMsl MCITOIb-
3yeTcsl B TPOLIECCe CO3MaHUSI CMCTEMBI MHIMKATOPOB
IJIST OLIEHWBAHMS Pe3yJBTaTOB U 3P (PEKTUBHOCTU pe-
amu3annn HUOKP IIporpamMmMsel byHIaMeHTaTBHBIX
HaydHBIX ucciegoBanuit PAH wa 2008—2012 T, a
TaKKe TOTeHIIMaJa HAayYHBIX KOJIJICKTMBOB, BBIMOJI-
Haommx HUOKP.

CoszngaBaeMast cCTeMa BKITIOUAST IMMPOKUIA CIIEKTP
WHANKATOPOB, TPaIUIIMOHHO MCITOJIb3YeMBIX B cepe
HayKH, a TaKKe psil HOBBIX. [IpuMep TpaaulIMOHHOTO
WHANKATOpa MPUBEIeH Ha pPHUC. 2, HA KOTOPOM ITAaHO
BO3PACTHOE pacIIpefic/IeHue COTPYITHMKOB OXHOTO M3
HayyHbIx KoyuiekTuBoB MITM PAH. Ha atom pucyH-
Ke TIpUBEIeHBI 3HaUeHUST MHAWKATOpa B BUE rpacdrKa
MPOLIEHTHOTO paclpeiesieHus COTPYAHUKOB 10 14 Bo3-
pacTHbIM Tpyrnnam (20—24, 25—29 u ganee 10 IpyImbl
85—89 mer). OtmeTuMm, 4TO BCe Tpapmku Ha puc. 2
1 3 TI0 OTIpeIeTICHUIO SIBIISIIOTCS TUCKPETHBIMU, HO IIJIST
HATJISITHOCTHY BCce 14 3HAYCHMI COeTMHEHBI OTPe3KaMHU.

H1s1 KaxXmoil TPYMIITBl COTPYIHUKOB BBIUYMCIISICTCST
ee JI0JIs1 B O0I1Iei YMCIIEHHOCTH HayYHOTO KOJUIEKTUBA.
Ha pucyHke BUIHO, YTO IJISI 3TOTO KOJUIEKTUBA Hau-
OOJIBIIYIO JOJII0 MMEeT Bo3pacTHas rpymnmna 45—49 ner
(24%). lanee no yObIBaHUIO CJIEAYIOT ILIECTh BO3PACT-
Hbix rpynin: 40—44 ropa (20,6%), 25—29 ner (10,3%),
30—34 roma, 50—54 roma, 55—59 ner m 75—79 net (110
6,9%). 3aTeM MOYT ISITh BO3PACTHBIX TPYIII C TOJIEH B
3,5%: 35—39 net, 60—64 roma, 65—69 net, 70—74 ro-
nma u 80—84 roma. IlpencraBuTeny OBYX OCTAaBIIMXCS
BO3PACTHBIX TPYMIT B 3TOM KOJIJICKTHBE OTCYTCTBYIOT:
20—24 roga u 85—89 Jet.

Hst onpeneneHrs] MyOIMKAIIMOHHON aKTHBHOCTH
KaXmoil M3 BO3PACTHBIX TPYIII ObLJIa TIPEOIIPUHSTA
MTOMBITKA CO3JaTh HOBBIM WHIMKATOP M pa3paboTaTh
MMPOrpaMMy BBEIYMCJIEHUS] 3HAYEHUI 3TOT0 WHIWKATO-
pa. C 2Toi1 ueblo ObLIU MPUBJIEUEHBI CIIELUATUCTHI,
KOTOpbIE MMENIM Pa3HBbIe IPEICTaBIICHUS O CO3IaBa-
€MOM MHINKATOpE.

IlepBoe ompenereHne MHINKATOPA, TIPEII0OKEHHOE
OIHUM W13 aBTOPOB 3TOM CTAaTBhM (Jajiee MO TEKCTy —
MEePBBI CIELMAINCT), OXBAThIBAJIO BCE MyOJUKALIMU
KaXXIIOi BO3PACTHOM IPYMITEI. YUYUTHIBAJINCH BCe My0-
JINKAIWM, 3apeTHMCTPUPOBaHHBIE B TeUeHUE 3aJaHHO-
ro TIeproaa BpeMeHH B 0a3¢ TaHHBIX IMPOSKTUPYeMOI
HNHbOopMaIMOHHO-TEXHOJIOTUISCKON CUCTEMbBI MOHM -
topuHra [IporpaMMbl PyHIaMEHTATBHBIX HAYYHBIX UC-
cnegoBaHuili. Eciau y myOoivKauuu ObLIO HECKOJIBKO
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Bo3spacrasre rpynmsr / qet

Puc. 2 Ipaduk Bo3pacTHOro pacnpeaeeHus: COTPYAHUKOB HayYHOrO KOJUIEKTHBA

aBTOPOB, TO COOTBETCTBYIOIIIMM BO3PACTHBIM IpyIIiaMm
nobasisiioch o enuHuile. Ha ocHoBe JTMYHOCTHO-
ro TIOHMMAaHUs HOBOTO WHAMKATOpPA IEPBBIM CITCIIH-
arcToM OBLIa pa3paboTaHa IporpaMMa BBIYHUCICHUS
ero 3HauyeHui (cM. puc. 3) 1151 COTPYAHUKOB HAyYHO-
To KOJUIEKTHBA, BO3PACTHOE pacipeneieHe KOTOPOro
MPUBEACHO Ha puc. 2.

Jst Kaxkmoi TPYIbl COTPYIHUKOB Obla BBIYMC-
JIeHa ee JoJisl cTaTell B OOl YMCIIEHHOCTU cTaTei
HAyYHOTO KOJIJICKTHBA C yY€TOM TOTO, YTO B ClIydae
HECKOJIBKIX aBTOPOB Y CTAaThHM COOTBETCTBYIOLIM BO3-
pPacTHBIM TPYIIIIaM HOOABIISIOCH o enuHMIle. Ha pu-
CYHKE BUJTHO, UTO ISl 3TOTO KOJJIEKTUBA HAUOOJIBIITYIO
JIOJII0 CTaTeil MMeeT Bo3pacTHas rpymnma 75—79 ner
(39,7%). Janee 1o yOBIBaHUIO CIIEAYIOT CEMb BO3PacT-
Hbix rpymin: 40—44 ropa (24,1%), 45—49 net (13,1%),
55-59 ner (10,1%), 2529 ner (6,5%), 30—34 rona,
35—-39 ner u 50—54 roga (o 1,5%). 3atem uayT aBe
BO3pacTHBIe rpynimbsl ¢ gojeir B 1,0%: 70—74 roma n
80—84 roma. IlpeacraBurtenu IBYX BO3PACTHBIX TPYIIIT
B KOJIJIEKTUBE OTCYTCTBYIOT: 20—24 rona u 85—89 jner,
a IIBe BO3PACTHBIC TPYNITBI HE MMEIOT MYyOJIMKAITWIA:
60—64 roma u 65—69 ser.

Ha crnenyromiem artare B Tipoiiecc co3maHusT HOBO-
TO WHIWKATOPA BKITIOUWJICS BTOPOl CIEIUAIUCT, KO-
TOPBIN TIPEITOXKWIT BHECTH CIIEAyIOlee M3MEeHEeHUe B
onpejesieHre MyoIMKaIllMOHHOI aKTUBHOCTH BO3pacT-
HBIX TPYII: €CJIM B IyOIMKauy yKazaHo N aBTOpPOB,
TO COOTBETCTBYIOIIMM BO3PACTHBIM I'PYITIIaM 100aBJIs -
JIOCh He TI0 eqHUIe, Kak Ha puc. 3, amo 1/N. Dror

rpadMK B CTaTbe HE MPUBOIUTCH. YKaXKeM TOJILKO
€r0 3HAYEHM [UIS TIEPBLIX MTATA BO3PACTHLIX MPYIIIT U3
14: 75-79 ner (47%), 40—44 rona (22,6%), 55—59 ner
(9,5%), 45—49 net (9,1%), 25—29 ner (6,3%). U3 cpaB-
HEHMS 3TUX 3HAYEHUI ¢ TpadMKOM Ha pUC. 3 CIELYET,
YTO U3 MATH NEPEYNCIEHHBIX BO3PACTHELIX TPYITIT J0-
JIA TIEPBOY YBEJIMYMIIACK, & OCTAIBHBIX YETLIPEX TPYIIIT
yMeHbIIUIach. [IpuYnHa B TOM, YTO B IIEPBOIA rpyIIIe
3HAYUTEIbHAS YaCTh ITyOIMKALIMI He MIMEET COaBTOPOB,
a B OCTaJIbHBIX YETHIPEX TPYITIAX — HA0OOPOT.

IIpemnaraeMoe M3MeHEHNE TTPOTPAMMBI BBIIHCIIC-
HUsI 3HAYCHU HOBOTO WHAMKATOPa MOTHBHPOBAIOCH
CJeNyIoIIMM MIPUMEPOM: €CJIM JIBa aBTOpa, COCTaBJIsI-
fouux rpymnny 50—54 roga', B TeueHue 3a1aHHOTO Ie-
puona BpeMeHU OMmyOJMKYIOT BIBOEM B COaBTOPCTBE
5 craTeil, a OMMH aBTOP B TPYyIIIIE 55—59 neT? omy6I -
KyeT 0e3 COaBTOPOB TOXE 5 CTaTeld, TO B COOTBETCTBUU
C TIEPBBIM BapHMaHTOM IIPOTpaMMBbI ITyOJUKAIIMOHHAS
aKTUBHOCTD MEPBOI BO3pAaCTHOM TPYIIbI OyAeT B ABa
pa3a BblllIe, YeM BTOPOIl TPYMIIbI, XOTSI B 00EUX TPYII-
nmax OyJeT onmyOoJIMKOBAaHO OMHAKOBOE YUCJIO CTaTeil —
mno 5.

OnHaKo NEPBBI CIELIMATKMCT HE COTJIACUIICS C TUM
TIOBOJIOM U TIPWBEJT CJICAYIONIUI TIpUMEp: eCJIH JIBa CO-
aBTOpa B TeUeHWeE 3aJaHHOTO TIepruoa BpeMeHU OITy0-
JIMKYIOT BIBOEM B COaBTOPCTBE 5 cTaTeil, MpU 3TOM
MEepBbI COAaBTOP OTHOCUTCS K rpytie 45—49 neT, BTo-
poii coaBTop — K rpymnne 50—54 roga, a eiie OIMH
aBTOP B IpymIe 55—59 et ony6auKyeT 6e3 CoaBTOpoB
TOXe 5 cTaTeil, To B COOTBETCTBUM CO BTOPHIM BapuaH-

TMpeanonaraercs, uto B Bo3pacTHOIt rpynme S0—54 roa IPUCYTCTBYIOT TONBLKO [1BA YeJIOBEKa.
2[Ipenmonaraercs, 4To B BO3PACTHOI IPyIIie 55—59 JIeT MPUCYTCTBYeT TOMBKO OIMH YelOBeK.

3[penmnonaraercs, 4To B KaXIOM M3 TPEX BO3PACTHEIX IPYITI IPH
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Puc. 3 Ipaduxk pacnpesneaeHus ny6MKaLMOHHON aKTUBHOCTH BO3PACTHBIX TPYIIIT

TOM TIpOrpaMMbl ITyOJIMKAlIMOHHAsI aKTUBHOCTh IEep-  BaTh HE TOJbKO pa3Hble BapUAHTHI aITOPUTMa BhIUKC-
BBIX IBYX BO3PACTHBIX TPYMITHI OY/IET B 1Ba pa3a HIKE, JICHWSI 3HAaYeHWI WHAWKATOpa, HalpuMep TpU ydeTe
YeM TPEThEell TPYIIITBI, XOTS BO BCEX TPEX IPYIIIAX OyAeT COABTOPOB W/MJIW YMCIEHHOCTA BO3PACTHOI TPYTIIIHI,
OMyOJIMKOBAHO OAMHAKOBOE YUCIIO CTaTeil — 110 5. HO Y pa3Hble UHOOPMALIMOHHBIE PECYPCHI, HATIPUMED
HMTOroM BTOPOTO 3Tarna co3IaHus HOBOTO MHAMKa- CIHUCKM XypHanoB BAK wnmm Poccuiickoro nHuekca
TOpa CTaJly BA Pa3HbIX JUYHOCTHBIX TOHUMaHUs 3T0-  HAYYHOTO HMTHUPOBAHUA.
ro MHAWKATOpa KaXIbIM M3 IBYX crielaiucToB. [lpu B npoiiecce coBMeCTHOM eATeTbHOCTU U paclliu-
9TOM OBUIO OTMEYEHO, YTO TPEIJIOKEHHBIE JIMYHOCT- PEHUS TPYIIIBl CHEeIMATNCTOB, YJacTBYIOIIUX B CO-
HbIE KOHIENTHI 001aMaloT OOIIUM HETOCTATKOM, TaK 3MaHWUW HOBOTO WHIWKATOpPA, MOTYT TIOSIBISITCS W
KaK B 000MX BapUaHTAX MPOTPAMMBbI X BEIYMCIICHUSI HE  KOJUIEKTUBHBIE KOHIIeNThl. KOHBEHIIMOHATbHBIN KOH-
YUUTHIBAECTCS YMCIEHHOCTb BO3PACTHBIX IPYIIT, JUISI KO- LEMNT MOSIBUTCS TOJIBKO B TOT MOMEHT, KOT/la B paMKax
TOPBIX COMOCTABJISIETCS MyOIMKALIMOHHAS aKTUBHOCTb.  COOTBETCTBYIOIIEH MHCTUTYLIMOHAIBHON CUCTEMBI OYy-
Hampumep, HanOobIIyI0 YMNCIEHHOCTh COTPYIHUKOB — JET IPUHSAT HOPMATUBHBIN TOKYMEHT, OTTPENEISIIONTUNA
WMeeT Bo3pacTHas rpynma 45—49 net (24%), a moass WMEHHO TOT BapUaHT ONpeAeeHUs] WHANKATOpa, KO-
rpynibl 75—79 net cocraisiet 6,9%. B cOOTBETCTBUM  TOPBIiA U JOJKEH OYIeT MPUMEHSITHCS TSI OLIEHUBAHUST
C TIepBBIM JIMYHOCTHBIM KOHIIENITOM NyOJIMKALMOH- MyOJUKAIlMOHHON aKTUBHOCTU HAyYHBIX KOJIJIEKTUBOB
Hasl aKTUBHOCTb BO3PAaCTHOM IpyInbl 75—79 jier paBHa U opraHuzanuii. [lpu atom B UMC coxpaHuTcs Bes
39,7%, a rpyniisl 45—49 et — 13,1%. Takum 00pa3oM, HCTOPUS SBOJIOLINAU JTUYHOCTHBIX, KOJIJIEKTUBHBIX U
€CJTM He YYUTHIBATh YMCIEHHOCTh BO3PACTHBIX TPYMI, KOHBEHIIMOHAJIBHBIX KOHIIETITOB, UMEIOIINX OTHOIIIe-
TO TTyOJIMKAIIMOHHAS aKTUBHOCTD ITEPBOI TPYIIITHI Pe-  HHE K CO3AAHWI0 HOBOTO MHANKATOPA.
BBIIIIa€T aKTUBHOCTb BTOPOI IPYyTIIIbI OoJsiee yeM B 3 pa- PaHee Ha mpMMepe TATEHTHOU cdepbl yxe Obl-
3a. OOHAKO C y4eTOM YMCICHHOCTH 3TO MPEBBILICHUE ;13 omucaHa aHAJIOTMYHAS TIPOLEaypa (hOPMHUPOBAHUSI
cocraBuT 10,5 pas. Eiie ofrH OTMEUEHHBIIl HEOCTA-  KoHBEHLMOHATBLHBIX KOHIENTOB pyopuk MITK. B aToi
TOK 3aKJIIOYAETCsI B TOM, YTO He YIUTBIBACTCSA PEUTHHT  porenype ZoKyMeHT MexnyHaponHoro 61opo BOUC
(MMITaKT-(aKTOPbl) ICTOYHUKOB ITyOINKALIWIA. omnpenensieT naTy BBOIA B IECWCTBUE HOBBIX W M3MeE-
Ha mnocnenyommx 3Tanax mocTpoeHUs 3TOTO MH-  HEHHBIX pacimpeHHbIX pyopuk MITK u cBsi3aHHBIX C
JIYKaTopa TUIAaHUpPYeTCsl pa3paboTaTh €llle HECKOJIbKO HHUMHU TEPMUHOB, a 3a TPpM Mecslla 10 3TOi AaThl AO-
BapMaHTOB MPOTPaMMBbl BBIYMCIEHUSI €r0 3HAYEHW, BOAWUT WX JO CBENEHMS MaTCHTHBIX BEIOMCTB, C TeM
YCTpaHSIOIIME 3TU HEJOCTATKM, YTO MOXKET IMPUBECTU K YTOOBI MOCEAHNE MOTJIU MPUHSTh 00eCIieYnuTeTbHbIE
YBEJIMYEHUIO YMCJIa Pa3HbIX TUYHOCTHBIX KOHIIETITOB, Mephl. OMHAKO B COOTBETCTBYIONIMX MaTeHTHhIX U C
COOTBETCTBYIOIIUX Pa3INYHBIM BapvaHTaM TOHMMA- (UKCUPYETCS UCTOPUS SBOJIONY TOJHKO KOHBEHIIU-
HUs HOBOTO MHAMKaTOpa. BakHO OTMETUTh, UTO pa3-  OHAJIbHBIX KOHIENTOB. McTopus 3BOIOLIMY JTUYHOCT-
JIMYHBIM BapuMaHTaM MOHUMAaHMSI MOTYT COOTBETCTBO-  HBIX M KOJIJIEKTMBHBIX KOHIIETITOB B HUX HE OTpaXkaeTcsl.
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3agaun npeacTaBICHUA TUMYHOCTHBIX U KOJUIEKTUBHBIX KOHLIETITOB B HI/I(I)pOBOfI cpene

6 OrtpakeHne PBOTIOLINNA
koHIientoB B UNC

B nanHoIi cTaThe npeiaraeTcs CaeayoIuid MOaXo
K OTpak€HUIO 3BOJIIOLMHU JUYHOCTHBIX U KOJJIEKTUB-
HbIX KoHLernToB B UMC. C Lenbio peructpaliuiu Tpex
KaTeropuii KOHIENTOB (JIMYHOCTHBIE, KOJIJIEKTUBHbBIE
M KOHBEHILIMOHAJIbHBIE) BCE NECKPUIITOPHI Te3aypyca
MUC mpemraraeTcst pa3mesuTh Takke Ha TPU KaTe-
ropun. YTo Kacaercs co3gaHus KOHBEHLUMOHAJIbHbBIX
JECKPUIITOPOB, TO OHM TPATUIIMOHHO (hOpMUPYIOTCS
JIMHTBUCTAaMU, KaK MPaBWIoO, HA OCHOBE KOpITyca TeKC-
TOB HOPMATUBHBIX JOKYMEHTOB, TOJIKOBBIX U JPYTUX
BUJIOB CJIOBapeii.

ITpennonaraercsi, YTO JIMYHOCTHBIE KOHLIENTHI OYy-
JIYT OMUCHIBATh U MPEACTABIATh B BUE JTECKPUIITOPOB
Te3aypyca UX aBTOPbl B COOTBETCTBUM C PETJIAMEHTOM
HWUAC. ITpu 3TOM Kaxknplit aBTOp OyIET UMETh BO3MOXK-
HOCTb TIOTIOJIHUTEJIbHO OTPA3UTh 3BOJIOLUIO IUYHOCT-
HBIX KOHIIENTOB BO BPEMEHU B BUIE CEPUM BapUaHTOB
aBTOPCKUX IeCKpHUIITOpoB Tezaypyca MC. Otmernm,
YTO B NPUMEPE C CO3MaHMEM HOBOTO MHAMKATOpa 3TU
JECKPUIITOPBI TOKHBI OBITh CBSI3aHbI C BapuaHTaMU
MPOTrpaMMBbl €r0 BEIYMCIEHUS U UCIIOJIb3YEMbIMU ITOM
IporpamMmoii nH(GopMaLMOHHBIMU pecypcamu [36, 37].

YToOBbl OTAMYUTL aBTOPCKUE JECKPUNTOPHI OT
JPYTUX KaTeropuii AeCKpUMTOpPOB, Mpeajaraercs Io-
MeuaTh MX KakK MepCOHaJbHbIE, T.€. BBECTU IUISI HUX
aTpuOyT «aBTOp AeckpunTopa». Kpome Toro, mpenia-
raeTcsl MCIOJIb30BaTh aTpUOyThl, (PUKCUPYIOIIE MO-
MEHTBI BDEMEHU:

— BKJTIOYEHMS aBTOPCKHX IECKPUIITOPOB U X BapH-
aHToB B Te3aypyc MNC,;

— YCTaHOBJICHMS UX CBSI3€ C IPYTMU ACCKPHUIITOpa-
MM, TIpOrpaMMaMi, THQOPMALIMOHHBIMHU pecypca-
MM ¥ KOMIIOHEHTaMU IPYTUX BUIOB 00eCTieYeHUS
NHUC.

DTO MO3BOJIUT, aHAJU3UPYS BApUAHTHI M 3HAYCHMUST
aTpuOyTOB, ONPEILIIATH ABTOPOB HOBBIX MHANKATOPOB,
HAXOIWTh BapMaHTHI IIPOTPpaMM BBEIYMCIICHHS WX 3HAa-
YeHUI W OIIEHNBATh SBOJIIOIINIO CEMAHTUKU JECKPHII-
TOPOB BO BPEMEHHU.

AHaJIOTMYHO B TIPOLIECCE COBMECTHOM AesSITelb-
HOCTH TIpeJIaraeTcsl OMMChIBaTh U MoMevaTh KOJUIEK-
THBHBIC IECKPUIITOPHI C ITOMOIIBIO aTPUOYTOB KOJI-
JICKTUBHOTO aBTOPCTBA, (DMKCHUPOBATh WX BapHWaHTHI,
MOMEHTH BpeMeHHU BKIoueHUs B Te3aypyc UMC n
BapHWaHTHI IIPOTrPaMM BEIYUCICHUS UX 3HAYCHWA.

C MeToI0JIOTUYECKOM TOYKM 3peHUs NPUBEICHHOE
OIMCaHue TIPOLIEAYPHI IOCTPOEHUSI aBTOPCKUX M KOJI-
JIGKTUBHBIX AecKpunTopoB Te3aypyca MU C u orpaxe-
HUsI 3BOJIONMN KOHIIETITOB BO MHOTOM OCHOBAaHO Ha
KOHIIETTLIMY TTPOTUBOITOCTABIICHUST U CBSI3M JBYX ITJIa-
HOB, WJIA acCIIeKTOB, M3YYE€HWs MBIIIJICHUS — TIJIaHa

00pa3oB (MAM 3HAHWIA) U TIaHA <«IIPOLIECCOB» (WU
nesitenbHocTh), npennoxeHHoi I I1. [expoBuukum
n H.T. AnexceeBbiM. HMmwu Obu1a chopMynupoBaHa
3a/ada «OoIepallnoOHAIBHO-ISSITeILHOCTHOTO aHaIM3a
MMOHSITHI W 3HAHWM, TTO3BOJISIIONIETO, UCXOms n3 dhop-
MBI KaKOTO-JIMOO CJIOXMBILETOCs TOHSITUS WIM 3Ha-
HUS, CBOIUTH €r0 K CUCTEME OIlEpallMii U NEWCTBUM,
MOPOXIAIOIINX COAEePKAHUE DTOTO TMOHATHUS UJIM 3HA-
Hus» [38, 39].

IIpenyaraemelii B cTaThe MOAXOA K OMTUCAHUIO KOH-
LENTyaIu3aluy JeHOTaTOB, HAIIpUMep MPOTrpaMM Bbl-
YHUCAEHUS WHIUKATOPOB, C TOMOIIBIO aBTOPCKHUX W
KOJUIEKTUBHBIX AecKpunTopoB Te3aypyca M C nmeer
IIBa cyliecTBeHHBIX oT/nuus oT KoHuenuuu I I1. Hlex-
poBuuikoro u H.I. AnekceeBa. Bo-TepBbiX, B HEM
YUUTHIBAETCSI TO, UTO AJIsI IUMYHOCTHBIX U KOJUIEKTUB-
HBIX KOHIIEMTOB MOTYT OTCYTCTBaTh KOHBEHIIMOHAJb-
HBbIE OKCIITUIIATHEBIE (POPMBI IIPEICTaBICHMS, YTO KOM-
neHcupyetcs nx onrcanieM B MM C. Bo-BTophIxX, BHEM
YUUTHIBAETCSI TO, YTO OOBEMBI 3HAUEHU I TUUYHOCTHBIX
M KOJUIEKTUBHBIX KOHLIETITOB MOTYT 3BOJIIOIIMOHUPO-
BaTh BO BPEMEHMU, U TIPEIJIOXKEH MOIX0A K OTPaKEHUIO
3TOW 3BOMIOLUUM B 9KCTUIMLIUTHON (popMe C TOMOLIBIO
CpeICTB TMHTBUCTHYECKOTO obecnieyenus MNUC.

OTMeTHM ellle OMH CYIIeCTBeHHBII acnekT. [1pu-
BEJCHHBIE TPUMEPHI MCTIONB30BAHUST TIPEAJiaraeMoi
CHUCTEMBI TEDMUHOB B ITPOLIECCE MPOEKTUPOBAHUSA HO-
BBIX WHIMKATOPOB WJUTIOCTPUPYIOT HEOOXOAMMOCTD
BBEIEHUS KOIOB TPETheil KaTeropuu IS IEHOTATOB.
Kak BMOHO M3 TpUMEpoB paszmeia 5, HOBbIe MHAM-
KaTopbl Ha HayaJbHBIX CTAIUSIX MX pa3pabOTKH elle
HE UMEIOT OOIIETTPUHSTHIX HA3BaHUI, OTCYTCTBYET CO-
[JIACOBAaHHOE TTOHWMAaHWE WX IKCTEPTaMU U APYTUMU
noab3oBatessMu MUC. Tlpu aToM yxke pa3paboTaHbl
BapUaHTHI ITPOrpaMM UX BbIUMcIeHUs. [ToaToMy B Tex
cJIydyasix, KOria HeT COIJIacOBaHHBIX Ha3BaHUM M KOH-
LIETITOB, ISl TIPENCTABICHUS JIMYHOCTHBIX U KOJUIEK-
THBHBIX KOHIIEITOB B g poBoii cpene MM C, a Takke
IUTST 9KCTUTMKAIIUY SBOJIOIMUA CEMAHTUKW HOBBIX WH-
JIUKATOPOB YIOOHO MCIOJIb30BaTh B KauyeCTBE KOIOB
JICHOTaTOB YHMKAJIbHbIE WIEHTH(PUKATOPHI BapUaHTOB
TPOTPaMM JJIsT BEIYUCIICHUS NX 3HAYEHW I U UCTTONB3Y-
€MBIX 9TUMHU TIporpamMmamMu npyrux pecypcos MMC.

JpyruM mpUMEpOM, WUJUTIOCTPUPYIOIIUM BO3MOX-
HOCTH TTPAKTUIECKOTO MCITOIb30BAHUS KOMIOB IEHOTA-
TOB B 3ama4ax (hOPMUPOBAHUS 1IEJIEBBIX CUCTEM 3Ha-
Hui1, gapnsgercsd Karamor nmporpaMMHbBIX omm6ok (The
Common Weakness Enumeration — CWE), 3amnucu xo-
TOPOTO CBA3aHBI MEXIY CO00i1 Te3aypyCHBIMU OTHOIIIE-
HusiMu. Kaknast 3armich 3Toro Katajora, Kak mpaBuiIo,
BKJTIOYAET Ae(bUHUTLINIO, (PparMeHT MPOTPaMMHOTO KO-
I1a, KOTOPBI WUTIOCTPUPYET CMBICIIOBOE CONEpXKaHUE
OIIMOKM, POIOBHIOBBIC M MHBIE T€3aypYCHBIC OTHOIIIE-
HUS ¢ APYTMMM OINMCaHUSAMU OIIMOOK. B mporecce
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pa3paboTKU TOAOOHBIX KaTaJoTroB WAEHTU(UKATOPHI
¢parMeHTOB MPOrpaMMHOr0 Kojia, WLIIOCTPUPYIOLIe-
ro 1eeKThbl TPOrpaMM, MOTYT UCITOJIb30BaThCs B Kaue-
CTBE KOZIOB IEHOTAaTOB. MHaue roBops1, 11st MACHTU(PU-
Kalluy MPOrpaMMHBIX OIIMOOK HA HAYaJIbHON CTaguu
X OMMCAHUS, KOT/Ia OHM ellle He UMEIOT OOIIEITPUHSI-
ThIX Ha3BaHUI, yIOOHO UCIOJIb30BaTh KOAbI I€HOTATOB
B IpOLIecce OMUCAaHUSI CMBICJIA 3TUX OLIIMOOK U BbIOOpa
IJTst HUX Ha3BaHwmii [40].

B 3akiioueHre OTMETUM, YTO HOBBIE IPaHU MTPooIIe-
MaTUKM TIpeNCTaBJIieHUs 3HaHWiI B IIU(PPOBOit cperne,
IIJTST OTTMCAHUST KOTOPBIX MPEMIOKEHB HOBBIE TEPMU-
HBI, (DOPMUPYIOTCS TIOJ BO3AEHCTBEM OOIIECTBEHHO
3HAYMMBbIX TTOTPEOHOCTEl B (hDOPMUPOBAHUU LIEJI€BbIX
CUCTEM 3HAHUI B TeX cydasx, KOraa OTCYyTCTBYIOT I'o-
TOBBIE CUCTeMbI 3HaHU. [Tpoliecchl HampaBsieMOl re-
Hepaluy 1eJeBbIX CUCTEM 3HAHUI MOXHO HaOII0OATh
B cdhepe HayKH, MHIYCTPUM TIPOTrPAaMMHBIX CPEJICTB U
MaTeHTHOM cdepe KaK OTBETHYIO peaklLMI0 Ha HOBbLIE
BBI3OBBI M OOILIECTBEHHO 3HAYUMBIE TTOTPEOHOCTH.

7 3axiIroyeHue

IIpenyioxkeH HOBBIM MOAXOM K OTPAXXEHUIO B LUD-
pOBOIi Cpelie TPOLIECCOB TeHepaluuy JUYHOCTHBIX W
KOJUIEKTMBHBIX KOHIIETITOB, a TaKXe CTaAuil UX 3BO-
mouun. CormacHo H. H. MouceeBy, ncronab3oBaHue
11 (POBOIL Cpelbl B Mpolieccax FeHepaliiy U 3BOJIOLUN
CUCTEM 3HaHMI pOXXIaeT HOBbIE CUCTEMHBIE CBOMCTBA,
HE BBIBOAMMBbIE U3 CBOMCTB OTIAEAbHBIX padyMoB. Mx
MOTEHILMAJIbHbIE BO3MOXHOCTU HE 3aBMCAT OT XeJla-
HUS U JEVUCTBUM OTHOEIbHBIX JIIOAEH, 3TO — pe3yJIbTraT
caMoopraHu3alu U HampaBiisieMoro pa3sutus [20].

Bonpocel camoopraHuzaliu M HaMpabseMOro
Pa3BUTHUS LEJIEBBIX CUCTEM 3HAHUI BBIXOIST 3a paM-
KM HacTosIeil ctaTbu. B Helt ObLIM paccMOTpPEHBI
TOJIBKO BOIPOCHI KaTEropu3alMu KOHLIETITOB U cop-
MYJIMPOBaHbl MPU3HAKM, MO3BOJISIIONIME pa3paboTIr-
kKam MM C 3adukcrupoBaTh M KUCITOJIB30BaTh OTINYUS
JIMYHOCTHBIX, KOJIJIEKTUBHBIX M KOHBEHILIMOHAIbHBIX
KOHILENTOB MpPU ONMUCAHUMU TPOLIECCOB TeHEepaluu 1
9BOJIIOLIMH LIEJEBBIX CUCTEM 3HAHUIA.

IpuBeneHHOe B pasnenax 5 M 6 OIMKMCaHKE IPO-
Leaypbl MOCTPOEHUSI HOBBIX MHAMKATOPOB U OTpake-
HUS$ 3BOJIIOLIMY COOTBETCTBYIOIIMX KOHIIENTOB B BU/IE
COBOKYITHOCTH BapMaHTOB aBTOPCKUX U KOJJIEKTUB-
HBIX IeCKpUIITOpoB Te3aypyca MMWC wmmmoctpupyet
BO3MOXKHOCTU MPAKTUUECKOro MIpUMEHEHMsI TIpeaiara-
€MOTO TI0AX0/Aa, OMMCAHHOIO ¢ MOMOIIBIO TEPMUHOB,
JIeKCUYeCKM (DUKCUPYIOLIUX TIpeiaraeMoe pasfiese-
HHUE KOHIIETITOB Ha TPU KaTerOpuH. DTO pasieiicHUe
KOHIICTITOB YBEIMIMBAET YMCIIO OA30BBIX TEPMHUHOB C 9
(cM. puc. 1) mo 12, Tak Kak KpoMe TpaaullMOHHOIO
TepMUHA KOHlUenm TIOSIBJISIOTCS ellie TpU TepMUHA —

AUYHOCMHDBLI, KOAAEKMUBHDBLIL U KOHEEHUUOHAAbHBLI KOH-
yenmeol.

IIpenyaraemoe pacuiupeHue yuciaa 0a3oBbIX Tep-
MHMHOB HE SBJISIETCS YMCTO TEPMHUHOJIOTUICCKUM BO-
IIPOCOM, TaK KaK MOSIBJICHNE HOBBIX TOHSTUIA 1 TEPMMU -
HOB, KOTOpbIE OHU 0003HAYAIOT, SIBJISIETCS CIEICTBUEM
MOCTAaHOBKY HOBOI M aKTyaJbHOU MPOoOJeMbl TeHepa-
LIMK LEJIEBBIX CUCTeM 3HAHMI, a TaKxKe CTaHOBJIEHUS
HOBBIX HaIIpaBJICHUH MCCIIeAOBAaHMH 1 pa3paboTOK, OT-
HOCSIITNUXCS K MpOo0IeMaTuKe MPeICcTaBIeHUST 3HAHUI
B LIMGpOBOI1 cpene.

[naBHBIN pe3yabTaT MpeajiaraeéMoil KaTeropuzaluuu
KOHIUENTOB 3aKJII0YaeTCsl B TOM, UTO JEKCUUECKU aK-
LIEHTUPYIOTCS Pa3IIrs MEXIY TpeMsl KaTeTOpUsSIMU
KOHIIETITOB, WX OTJIMYUTEIbHBIC TTIPU3HAKN W OCOOCH-
HOCTH cTaauii (hOPMHUPOBAHUS, SBOJIOINM KOHIICTI-
TOB U LIEJIEBBIX CHUCTEM 3HAHUI, OPUEHTUPOBAHHBIX
Ha YIOBJIETBOPEHUE TEXHOJOTUUECKUX, IKOHOMUYE-
CKMX, 00pa3oBaTe/IbHbIX U APYTUX COLIMAbHO 3HA4YM-
MBIX TTOTpeOHOCTel obOiiectBa. WMHauye roBopsi, Ha-
pAIy ¢ TPaAWIIMOHHOW MPOOJIEeMOIl M3BICUCHUS YXKe
UMEIONINXCSI 3HAHUM, OTBEUYaIOLIUX COLMAIbHO 3Ha-
YUMBIM MOTPEOHOCTAM, JEKCUUYECKU aKLIEHTUPYETCs
BHMMaHHe Ha HOBOW MpobyieMe (popMUpPOBaHUS Liesie-
BBIX CMCTEM 3HAHMI B TeX CITyJasix, KOTJIa OTCYTCTBYIOT
TOTOBBIE cHUCcTeMBbl 3HaHU. [Ipw 3TOM B MHTepecax
OIMMCAHMS JAaHHOI IMPOOJIEMBI TIPEUIOKEHO Pa3BUTHE
paHee pacCMOTPEHHON cUcTeMbl 0a30BBIX TEPMMUHOB,
JIaHO OTNMCcaHUe MPU3HAKOB, Pa3AeISIOIINX KOHUEIThI
Ha TPU KaTeTOpUM, W IPOIETypPhl OTPAasKCHUST CTATUIA
SBOJTIOLIMK KOHIIeNTOB B M posoii cpene MNUC.
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K25-JIETUIO UHCTUTYTA ITPOBJIEM UHO®OPMATHUKHN PAH*

U. A. Cokonos!, B. H. 3axapos?

Annotamus: [IpencrasieHa ucropusi coznanust UTTU PAH, naHa o6111ast xapakTeprucTiKa MHCTUTYTA, OTPakKeHbl
OCHOBHBIE 3Tallbl €T0 Pa3BUTHS. PaccMOTpeHa 3BOMIONMST OCHOBHBIX HATIPABIIEHU VCCIIENOBAHUI NHCTUTYTA,
OXapaKTepr30BaHbl BaXKHEUIIIVE TIOJydYeHHbIe 3a 25 JieT pyHIaMeHTaIbHbIe U IPUKIIaTHbIEe PE3yTBTAThI.

Kmouessie ciosa: UITTW PAH; 25 net; uctopusi; HaripaBieHUs UCCIIETOBaHUIN

1 MWMcropus co3gaHus U KpaTKas
crpaBKa 00 MHCTUTYTE.
OCHOBHBIE HayYHbIE
HarpaBJIeHUS

B cepemnuae 1983 1. pykoBomctBom CCCP 6buTO
MPUHSTO pPellleHNe O PaCIIMPEHUH U YCUJICHUY UCCIIe-
JOBAaHUI B 00J1aCTU MH(POPMATHUKU U BEIYUCITUTETEHOMN
TexHuKHU B pamkax AkageMmun Hayk CCCP. C nesblo pe-
a3alliy JTaHHOTO PEeIIeHUS B COCTaBe AKaIeMI HayK
CCCP 6b110 06pa3zoBaHo OtnesleHre MH(MOPMATUKU,
BBIYMCITATEILHOM TEXHUKH 1 aBTOMATU3aIH. [JTaBHEI-
MU UHUILIMATOPAMU MIOATOTOBKY U IIPUHSITUS pEIICHUIA
10 opraHu3anuy HoBoro OTaeneHus: ObUTU MPE3UACHT
AH CCCP Anatommii [TerpoBuy AjleKCaHIpOB U BULIE-
npe3naeHT AH CCCP Esrenwmii I1aBmoBuy Benuxos,
KOTOpHIi 1 Bo3rTaBujI HoBoe Otnenenue. B cocra Ot-
JeieHus BoNUTM MHCTUTYT TIPUKIIAgHON MaTeMaTHKU
AH CCCP, Boiuucnurenshsiii ieHtp AH CCCP, UH-
cTUTYT Tipobsiem repenaun nHpopmauuu AH CCCP, a
TaKkKe HECKOJIBbKO BHOBH 00pa30BaHHBIX MHCTUTYTOB.
29 uronsg 1983 1. 6bUTO TIpUHSATO TTocTaHOBIeHNEe 11K
KITCC u Cosera Munuctpos CCCP 06 obpasoBa-
Huu MHcTtutyta npodiem uHbopmatuku AH CCCP
(MTTUAH). CootserctBymoliee PacnopstkeHue Ilpe-
sugnyma AH CCCP 65110 jatnpoBaHo 2 aBrycta 1983 1

B Havaze 1980-x I'T. MOSIBJISIIOTCS U CTPEMUTETBHO
3aBOCBBIBAIOT HOBBIC 00JIACTH IIPUMEHEHUSI MaCCOBBIC
CpeCcTBa BEIYMCINTEIBHON TeXHUKI — TTIepCOHATBHBIC
KOMITBIOTEPHI, CYIIECTBEHHOE Pa3BUTHE TTOIyJarOT Ha-
YYHBIE OCHOBBI MH(POpMaTUKN. OTHAKO «BETOMCTBEH-
HOCTb» OpraHM3alluii, 3aHUMAIOLIUXCS IMpobIeMaMu
nHGOPMATU3AIINN, CIIYKIJIA TOPMO30OM UIST Pa3BUTHUS
nHpopmaTuku B CCCP.

MIMEeHHO C LIeJIbIO TIPEOI0ICHUST «BEIOMCTBEHHBIX»
0apbepOB IS Pa3BUTHSI METOIOB M CPEICTB MH(MOP-
MaTH3al1n U ObLI0 06pa3oBaHo HoBoe Otnenenne AH

CCCP, a unen-koppecrnonaeHT AH CCCP b. H. Hay-
MOB, BO3IIaBIABIINI MHCTUTYT 3JIEKTPOHHBIX yIIPaB-
Jsomux MamuH MuHnpuoopa CCCP (MHDYM),
OBUT Ha3HAYEeH IUPEKTOPOM-OPTaHM3aTOPOM OIHOTO
n3 HOBBIX MHCTUTYTOB — UTTUAH. OcHoBHas 3agaya
HMTINAH 65b11a onpeaeneHa Kak «IpoBeaeHue GhyHaa-
MEHTaJIbHBIX U MPUKJIAAHBIX UCCIEAOBAHUI B 00J1aCTH
TEXHUYECKUX U TTPOrpaMMHBIX CPEICTB MacCOBOI BbI-
YUCIUTEIbHOM TEXHWKW M CHUCTEM Ha UX OCHOBE», a
WHTEIICKTYaIbHOM 0a30i MepBbIX HAYYHBIX ITOApAa3-
nenennii MTTMAH cranu KoaaeKTUBBI psifa HaydHBIX
otnenoB MUHDYM, nepesenennbie B UTTMAH B Havase
1984 .

B 1984—85 r1r. mom pyKOBOACTBOM OWPEKTOpa
HITMAH b.H. HaymoBa (xotopslii B 1984 1. ObLI
u3dpaH geiictBuTebHBIM WwieHoM AH CCCP) u B
3HAUYUTEILHON CTeTIeH! Oiarofapsi ero MHUIMATUBRE U
HACTOMYMBOCTHU KOJJIEKTUB CHELUATUCTOB, MTPEACTAB-
JIBIIMX MHCTUTYTHI AKagemun Hayk CCCP, Akane-
MMt HayK coro3HbIX pecnyoiuk CCCP, Akagemuii HayK
ctpaH Bocrounoit EBpornbl, paspadotan Konuemniuio
HOBBIX IMOKOJICHWI BBIYMCIUTEIbHBIX cUcTeM. Pa3zpa-
6orka KoHuenmu mociyxuia peakiiyeir Ha cTpaTe-
TMYECKYIO Tporpammy co3nanust OBM msitoro moko-
JIeHus1, 00bsIBIeHHYI0 B Hauajie 1980-x rr. B AnoHuu u
pacUeHMBABIIYIOCS B MUPE KaK «SIMTOHCKMIT BBI3OB».

B KoHuenuuu ObUIM MpeACTaBiAeHbI [JIABHBIE Ha-
TIpaBJIeHUS UCCIIEOBAHNH 1 pa3pabOTOK C LETbIO TIO-
JIydeHMs] TPUHIIMIUAIBLHO HOBOIO KauyecTBa WHGOp-
MaIlMOHHBIX U BBIYUCIUTENbHBIX cucTeM. KoHenus
TIpeNIoIaraia, YTo MOBBIIIEHNE Ka4eCTBa CUCTEM MO-
JKET OBITh JOCTUTHYTO HAa OCHOBE COYETAHUSI HOBBIX
METOAOB MpeACTaBiIeHUsI U 00pabOTKU MH@OpMaLIUN
(IaHHBIX W 3HAHUI) U BO3MOXHOCTEN TEXHUYECKUX
U MPOrPaMMHBIX CPENCTB BBIYUCIUTEIbHON TEXHUKU
U mepenayn naHHbX. Cleayer ocob60 OTMETUTb, YTO
Konterust Obta HampaBiieHa TMPEXIe BCEro Ha Co-
3MaHKE CCTEM HOBBIX TTOKOJICHU, a He Ha pa3paboT-

*CoKpallleHHBI BAPMAHT CTaThH, OMyOJIMKOBaHHOM B XXypHase «cTopust HayKu U TeXHUKW», 2008, Ne 7.
'UncturyT npo6aem mHdopMaTiku PoccuiicKoit akaneMny Hayk, isokolov@ipiran.ru
2WnctutyT npobieM nHdopMaTuKi Poccuiickoii akageMun Hayk, vzakharov@ipiran.ru
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K 25-n1eturo uacTuTyTa ipo6iem nadopmatuk PAH

Ky OBM ngroro nmokosienus. Ceityac, crycts 6onee
20 net mocie pa3pabotku KoHienmuuu, MOXHO cKa-
3aTh, YTO UMEHHO CHCTEMHBIN TOIXOM, TOJIOXECHHBIN
B €€ OCHOBY, OBIJT IIOJTHOCTHIO TTOATBEPKICH MUPOBOM
mpakTuKou. KoHIemus co3maHmst HOBBIX ITOKOJICHUI
BBIYMCJIMTETbHBIX CUCTEM COITPOBOXKIAIACH NETATbHOM
MpopadbOTKOM HEOOXOAMMON TeMaTUKU UCCIeI0BaHU
U pa3paboToK.

KoH1emniust HOBbIX MOKOJIEHWI BBIYMCIUTEIbHBIX
cHcTeM Obljla peai30BaHa B IIpOrpaMMe HaydYHO-TeX-
HUYECKOTO COTPYOIHMYECTBA cTpaH — wieHoB CHB.
B cocTaB miporpaMmbI, pa3paboTaHHOM IO PYKOBOM-
ctBoMm b. H. HaymoBa, Obutn BKIIOYEHBI (byHIaAMEH-
TaJbHbIC M MPUKJIATHbBIE UCCIIEIOBAHMS, OCYIIIECTBIISIB-
ecs B paMKax CJISIYIONIMX KOMITJIEKCHBIX HayqHBIX
MPOEKTOB:

CUCTEMbI 00pabOTKM 3HAHUIA;

— CcHUCTeMBI 00pabOTKM M300paKeHU 1 MAIIMHHOMN
rpacduKu;

— CHUCTEMbl aBTOMAaTHU3allMM TPOCKTUPOBAHUS BBI-
YUCJIUTENIBHBIX CUCTEM U CBEPXOOJBIIMX WHTE-
rpanbHBIX cxeM (CBUC);

— cet DBM;
— CHCTEMBI IIEPCOHATBHBIX KOMITBIOTEPOB;
— OTKa30yCTONYMBEIC BEIYMCINTEIBHBIE CUCTEMBI,

— HOBBIC NIPWHIUITEI XpaHeHWsT WHMopMaum (HO-
BBIC BHEIITHHE 3aITOMUHAIOIINE YCTPOICTBA);

— TEXHOJIOTUM ITPOTrpaMMUPOBAHUAA,

— HOBBIE aJITOPUTMBI U apXUTEKTYPHI 00paOOTKU MH-
dopmanuu;

— yueOHast uH(pOpMaTHKa.

DyHgaMeHTaIBHBIE WCCICIOBAaHNS B HadaJIbHBIN
nepuon aesarenbHoctu UTTMAH Benuch B OCHOBHOM
B paMKax padoT IO 3TUM HaIIpaBJICHUSIM.

HMHCTUTYT B TIepBBIE TOOBI CBOETO CYIIECTBOBAHUS
OBICTPO Pa3BUBAJICS — B €T0 COCTAB BOILTN (hUITHAITBI B
bepasncke, Kazanu, Opnie. B 1990 1. 6611 o6pa3oBaH
COBMECTHEIN OTHeN ¢ PamroTeXHMIecKMM HHCTUTYTOM
B Taranpore. OO1Iast YMCICHHOCTb COTPYTHUKOB WH-
ctutyTta B 1988—1989 rr. mpeBsimana 1000 yet.

Haumnas ¢ 1992 r. uaCcTUTYT Ha3bBaeTcsa MHCTH-
TyTOM TIpo0JieM nHdopMaTuKu Poccuiickoii akageMun
Hayk (MITN PAH). UHcTuTyT BXxOAUT B cocTaB OTae-
JICHUsSI HAHOTEXHOJIOTHI M MH(MOPMAILIMOHHBIX TEXHO-
noruit PAH (mo 2002 . — Otnenennst MHGOPMATUKH,
BBIYMCIIUTENTBHOM TEXHUKN U aBTOMaTHU3aun, B 2002—
2007 rr. — OtneneHnst MHMOPMALIMOHHBIX TEXHOJIOTHIA
W BBIYMCIIUTEIBHBIX CUCTEM).

B Hacrostiee Bpemst pemieHueM Ipesuanyma PAH
YTBEPXAECHEI CJICAYIONIe OCHOBHbBIE HayYHBIE HAITpaB-
JICHUsI pabOT MHCTUTYTA:

— MHTCIPUPOBAHHLIC I/IH(I)OpMaL[I/IOHHO-TeJTeKOM-
MYHUKAIIMOHHBIEC CUCTEMBI U CCTH, I/IH(I)OpMaTI/I—
3alua O6H_[eCTBa;

— TEOpeTUYECKUEe OCHOBBI MH(MOPMATUKN 1 MHGOP-
MaIlMOHHBIX TEXHOJIOTUI, BKIIIOYass MaTeMarude-
CKWE MOJENN M METOMABI, CTOXaCTUYECKNE TEXHO-
JIOTUW U CUCTEMBI;

— uH(OPMAIIMOHHBIE TEXHOJOTUM HAKOIUICHUS,
XpaHEeHUsI, TOMCcKa, 00pabOTKM, ITpeoOdpa3oBaHus,
OTOOpaXKEeHMSI, 3aLIUTHI U TTepeaadynd MHpoOpMaLiu,
KOTHUTUBHBIE TEXHOJIOTUH;

— apXuUTeKTypa, CUCTEMHbIE PEIIEHMSI M TporpamM-
MHoe obecrniedeHue (ITO) BBIYMCIUTENBHBIX KOM-
TIJIEKCOB U CETEl HOBBIX MTOKOJIEHUIA.

B cocrtaB mHCcTHTYTa BXOmAT bmmmansl B Opie u
Kanununrpane.

B uHctutytre ¢ 1985 1. paboTtaeT muccepTaiMoH-
HBIIT COBET, KOTOPOMY JaHO IIpaBO ITPOBEACHUS 3aIIUT
IUCCepTAUii Ha COMCKAaHNE YICHBIX CTeTICHEH TOKTO-
pa ¥ KaHIMIaTa HayK 110 YeTBIpEM CICIIMATIBHOCTSIM:
05.13.11, 05.13.13, 05.13.15 1 05.13.17. C 1984 1. uH-
CTUTYT MMeeT 6a30By10 Kadenpy B MOCKOBCKOM MHCTH-
TyTe PaAUMOTEXHUKU, INEKTPOHUKU U aBTOMATU3ALIUU
(TexHmueckoM yHuBepcuTeTe) — MUPBA, Ha KoTOpoit
BEIyT TIpeTiofaBaHne COTPYTHNKN MHCTUTYTa; MHOTHE
BBIITYCKHUKY Kadenpsl padotaot B UTTN PAH.

MHCTUTYTOM B TeUeHNE MHOTHX JIET OCYIIIECTBIISICT-
CsI BBIITYCK €KETOTHBIX COOPHUKOB TPyHOB «CHCTEMBI
¥ cpeacTBa MHOOPMATHKM»; ITOCIEIHUIA 110 BpEMEHNU
BBITTyCK exerogHuka 3a 2007 . umeet Ne 17 («HOMEp-
Hble» COOPHUKM BbIXomaT ¢ 1989 r.; mo 3Toro ObLIO
BBINYIICHO elle 3 cOOpHUKa MO IPYyTMMU Ha3BaHUSI -
mn). Haumnaag ¢ 2001 . TpaKTUYIECKHN €XKETOTHO MIO-
ITOJTHUTEIIFHO K OCHOBHOMY COOPHUKY M3IAIOTCS €To
crneuuanbHble TeMaTuyeckue Boimycku. C 2007 1. 1o
nopydeHuto OTaeseHrs HAHOTeXHOJIOTU i U MH(popMa-
LIMOHHBIX TexHosoruit PAH uHCTUTYT ocyliecTBisieT
W30aHNe eXXKeKBapTaIbHOTO HAaydYHOTo XypHaia Otme-
neaus «MHpopmaTrka 1 e€ mpuMeHeHNsT». COTpYITHU-
KaMy MHCTUTYTa U3JaHO 3HAYUTEIbHOE YMCIO MOHO-
rpacduii, B TOM 4ucie U B 3apyOeKHbBIX U3AaTEIbCTBAX.

2 Baxneiinue nnpakTu4eckue
pe3yabTaThl padOT UHCTUTYTA

C mepBBIX THEH CYIIECTBOBAHMSI MHCTUTYTA OOJIb-
IIMHCTBO HAYYHBIX KCCIIEAOBAHUIA OBIJIO CBSI3aHO C pe-
IIEHNEM BaXXHENIINX MPAaKTUYECKUX IMPOOJIeM, MMe-
JOIINX cTpaTerndeckuii xapakrep. B 1980-x rr. Takoit
3aavyeii IBIsIIach OpraHu3auus paboT Mo CO3MaHUI0 U
HCITOJIb30BaHWIO HOBOTO KJTacca BEIYMCIUTEIBHOM TeX-
HUKU — TiepcoHabHbiX DBM. B 1984 r. (bykBanbHO B
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TepBbIe MECALIbI CYIIECTBOBAaHUS MHCTUTYTA) TIO 3a1a-
Huto [pesunuyma AH CCCP, [ockomuTeTa 1o Hayke u
texHuke u [ocriana CCCP 6b111 onpeiesieHbl OCHOB-
HBbIe HampaBJIeHUs pa3paboTku u cosganus [IDBM
B cTpaHe. B 1986—87 IT. B pamMKax COTpyIHMYeCTBa
AKaneMuii HayK COLMAJTMCTHYECKUX CTpaH U Mex-
MPaBUTETLCTBEHHON KOMUCCHUM IO BBIYUCIUTEILHON
TexHUKe Obla pazpadoraHa KoHiemnius u nporpaMmma
pa3sutus [I1DBM B CCCP u crpanax COB Ha nepu-
om mo 1995 . B Helf 6bUM ompeneIeHbl OCHOBHBIC
CTpaTeTMYeCKHe eI W BHIOpAaHBI TEeXHUICCKUE ITyTH
X JOCTIDKEHMS. BBITIONHEHNE 3HAYMTEIHHOM YacTh
paboT B paMKax 3TOil MporpaMMbl ObUIO BO3JIOXEHO Ha
HUIINAH.

Bo ncnonHeHNe TPUHSITHIX PeIIeHUI OB OCYIIIe-
CTBJICHBI paOOTHI ITO CO3MAHMIO OTEUECTBEHHOM 32-pas3-
psinHoit [IT9BM (OBl BBITIOIHEH JTOTUYECKUN MPOEKT
MMKPOIIpOlieccopa, U3TOTOBJIEH, OTJIaXXEH U UCIIBITAaH
OIBITHBIN oOpa3zel] MaluHbI). KoMIIIEKT mpou3BoI-
CTBEHHOM TOKYMEHTAlIMU OBLI TepedaH I BHEIpe-
HUS Ha psio 3aBomoB. K coxajeHMIO, OOJBITMHCTBO
9TUX 3aBOJIOB HAXOAWJIOCh HAa TEPPUTOPUU YKpauHbI, U
B pe3yJibTaTe MPOM3OIIEIIIero BIOCIEACTBUM pacnana
CCCP BbIITycK 3THUX MaIlIMH TaK X HE Hayascs.

B pamkax mporpamMmbel pabdot o [I9BM, yrBep-
xneHHoii [Toctanosnenuem LIK KITCC n CoBeta Mn-
HuctpoB CCCP ot 23 ssHBapst 1986 I., MHCTUTYT BBIIOJ-
HUJI 3HAYUTETbHYIO YacTh Pa0OT MO CO3MaHUIO CPENICTB
6azoBoro I10. B yactHocTH, ObLIa pa3paboTaHa ore-
paumonHas cucteMa MUKPOC (byHEKIMOHATBHEIN
agajor CP/M), mocTaBJIsIBIIAsICSI B COCTaBe TIEPBBIX
oreuectBeHHbIX [IDBM EC-1840, HEMPOH 19.66,
NUCKPA-1030, DaekTpoHnka-85, a Takxke MUKpoOBM
CM 1800. JIns Tex ke TUIIOB oredecTBeHHBIX [IDBM
OblJ1a pazpaboTaHa MOOMJIbHAS OMNepallMOHHAsT CUCTe-
Ma MHMOC (pycckos3branbnii «kimoH» OC UNIX), 3a
Cco3IaHne U BHEAPEHNE KOTOPOU 5 COTPYIHUKOB WMH-
cruryta ObuM B 1988 1. ymoctoeHsl mpemuun CoBeta
Munuctpos CCCP.

PaspaboTaHHbIe B MHCTUTYTE KOMITHJISTOPHI C SI3bI-
koB beiicuk, Ilackamp, CU, ®OPTPAH mnponum
WCTIBITAaHNUS ¥ OBUIM TIepedaHbl B TUPAKUPYIOIINE OpP-
ranuzauuu. Kpome Toro, OblIM co3maHbl 0a30Bble
(GYHKIMOHABHBIE MAKEThI IJII OCHOBHBIX OITepaly-
OHHBIX CUCTeM oTeuyecTBeHHbIX [IDBM: TekcToBbIit
pemaktop TEKCT-OC, pensnyoHHass 0a3a JaHHBIX
PBJI, OC, makeTbl 00pabOTKM TEKCTOBOM WHMOpMa-
1M, rpadudeckoir MHGOpMaALUU, TAOJIUYHOW WMH-
dopmani, WHTETPUPOBAHHBINA ITAKET MNPUKIATHBIX
nporpaMMm aHaiuza M o0paboTku gaHHbIX MMAJI,
MakeT CTaTUCTUYECKOI 00pabOTKMU.

IIInpokoe mpakTMIecKoe MPUMEHEHHE TTOTYININ
paboOThl MHCTUTYTA T10 CpeacTBaM LUPPOBOil 00padboT-
KA U300paXeHU M CO3[JaHUIO ariapaTHO-IIporpam-
MHBIX TTIEPCOHAJIbHBIX BUACOCUCTEM «MUKPOBUIEO», a

TaKXKe CUCTEeMbl JAKTUJIOCKOMMWYECKOW MAeHTU(]UKA-
LIMU JIMYHOCTH, UCITOJIb30BaBIICHCSI B OpraHax BHYT-
PEHHUX Ae.

ITpuxon B MTHCTUTYT B KadecTBe aupekTopa B 1989 1.
yneHa-KoppecnoHgeHTa AH CCCP Uropss AnekcaH-
JIpoBuya Mu3uHa, MHOTO JIET 10 9TOT0 MpopabdoTaBIie-
r'0 B OOOPOHHOI1 MPOMBIIIIEHHOCTH, COBIAJ 110 BpeMe-
HU C HAYaJIoM KOPEHHBIX U3MEHEHU B XKU3HU CTPAHbI
n Akamemuu Hayk. [lo mHuumatuBe Mropst Anek-
CaHIPOBWYA B MHCTUTYTE CTAJIM aKTMBHO Pa3BUBAThCS
paboTel B 00JACTH ITOCTPOCHUSI WHTETPUPOBAHHBIX
UH(GOPMALMOHHO-TEJIEKOMMYHUKALIMOHHBIX CEeTel U
cucteM. Ilpu3HaHMeM HayYHBIX HOCTUXKEHUI LIKOJIbI
MmusuHa ctajo ero u3dbpanue B 1997 1. melicTBUTETb-
HBIM usieHoM Poccuiickoil akamemuu HayK. BaxHeii-
ITAM TIPaKTUYIECKUM pPe3yIbTaToM pPadoT MHCTUTYTA B
Havane 1990-x rr. ctana pa3padborka KoHuenuuu co-
3MaHUS U pa3BUTUS TEJIEKOMMYHUKALIMOHHBIX CUCTEM,
colepxalieii 00OCHOBaHME W BBIOOP MeEXAYHaApO-
HBIX CTAHIAPTOB, METONOB M CPEICTB, Ha KOTOpPBIC
MIPEIIOKEHO OPUEHTUPOBATh Pa3BUTHE MH(MPACTPYK-
Typbl TeJIEKOMMYHUKaLUI B pernoHax Poccun. buin
pa3paboTaH (pYHKUMOHAJIBHO MOJHBIM KOMILIEKC arl-
rmapaTHO-TMPOrpaMMHBIX CpPeICTB (Ha MUKPOIpOIEC-
COpHOIT 6a3e) IMTOCTPOCHUSI ceTell Tepeaadyn JaHHBIX C
KOMMYyTaIlel MaKeTOB ¥ C MHTETPAJIBHO KOMMYTAIIH -
ell, BKIIIOYAIOIINI BbICOKOIIPOU3BOAUTEILHBIN LIEHTP
KOMMYTaIIMM MaKeTOB, MaKeTHbIe afarTepbl JaHHbIX,
CpeICTBa YIpaBiAeHUs 1 aDOHEHTCKOTO COIPSIKEHUS C
CETHIO TIepeIau JaHHBIX, CPEICTBA 3JICKTPOHHOM IT0Y-
ToI X.400. Pa3paboTaHHBIN KOMITJIEKC CPEACTB HaIlleT
IIpUMEHEHUE TIPW CO3NaHWN WH(OPMAIIMOHHO-TEJIe-
KOMMYHUKAaIMOHHOI cucteMbl B [IcKoBCKoOI 0bnacTu,
cTaBlIEl MpooOpa3oM psiia MPOEKTOB IO CO3JaHUIO
MOJOOHBIX PETMOHAbHBIX CUCTEM.

C cepenuabl 1990-X IT. ”HCTUTYT aKTUBHO y4JacT-
BYeT B paboTax 110 CO3MaHUIO CHUCTeM MH(MOpPMAaIIMOH-
HOTo o0ecrevyeHUusT MPOLIECCOB YMpaBIeHUs ISl Op-
raHoOB TocydapcTBeHHO# BiacTu P®. PaspaGoraHbl
TUIIOBBIE CPEICTBA M KOMILIEKChl MH(MOPMALMOHHOM
TTOIIEPKKY TIPOIIECCOB MIPUHSATHUS PEIICHII PYKOBOI -
CTBOM CTpaHBI B HOPMAaJIbHBIX YCIIOBHMSIX M B CiIydae
Ype3BBIYAMHBIX CUTyaluii. MHCTUTYTOM BBITIOJTHEHBI
KpYIMHbIE CUCTEMHBIE pa3paboTKu 11 MuHuUcCTep-
CTBa IO Upe3BBIYafHBIM cuTyalusM P® — o pas3Bu-
THIO aBTOMATU3NPOBAaHHON MH(MOPMAIIMOHHON yIIpaB-
JISTIOIIE CHCTEMBI €IMHOM TOCYIapCTBEHHOM CUCTEMBI
MIPEAYIPEXKICHUST M JTUKBUIAIINNA YPE3BBIYANHBIX CH-
TyauMii B 4yacTM OOpaOOTKM JaHHBIX U OOecCIeueHUst
WH(GOPMALMOHHO-TeJIEKOMMYHUKALIMOHHOTO OOMeHa
€IMHOU NUCIIETYEPCKOM CUCTEMBI TOpOJIaA.

C 1999 1. TMpeKTOpOM MHCTUTYTA sIBJIsIeTCs Mropb
AnHatonbeBrnd COKOJIOB, paOOTaBIINIL IO 3TOTO B MH-
CTUTYTE 3aBEAYIOIIMM OTIEIOM M 3aMeCTUTENeM -
pexTtopa (B 2003 1. u30paH 4jIeHOM-KOPPECIOHAEHTOM
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K 25-n1eturo uacTuTyTa ipo6iem nadopmatuk PAH

PAH, B 2008 r. — akamemukom). OH MPOIOKUI
pa3paboTKy MpoeKkToB, HauyaTeix nmpu M. A. Musune.
HauuHas ¢ aToro BpeMeHU MHCTUTYT cTaj OoJjiee ak-
THUBHO y4acTBOBaTh B paboTax 1Mo WHGOPMaTHA3AIINN
Ipesnanyma PAH u ero yupexameHuii (MHCTUTYT OBLIT
Ha3HaYeH T'OJIOBHBIM MCIOJHUTENIEM T10 11eJIEBOI Mpo-
rpaMme). BBILIM Ha HOBBIN YPOBEHb PAOOTHI MUHCTUTY-
Ta B uHTepecax banka Poccum (yuactue B pa3paboTke
¥ CO3TaHNN MHOOPMAIIMOHHO-TEJICKOMMYHUKAIIMOH-
HOM CHCTEMBI OOECITeUeHUST 3JICKTPOHHBIX PAacueToB,
CO3IaHNe TIOYTOBBIX CIYKO psima TeppUTOPHUATBHBIX
yIpaBJeHUH U 1p.).

B Hacrosiee BpeMsi MFHCTUTYTOM BEAYTCS KPYITHbIE
IIPOEKTHI TI0 CO3MAHNI0 MHDOPMAITMOHHO-TEICKOMMY-
HUKanoHHEIX cucteM ¢ ['YCII, @enepanbHOM CITyK-
0oi1 Oe3omacHOCTM M MUMHMCTEPCTBOM BHYTPEHHUX
nen PO.

3 OcHOBHbIE (DyHAAMEHTAIbHbIE
pe3yJbTaThl MPOIILIbIX JIET

B nepBbie TOOBI CyIIECTBOBAaHUSI MHCTUTYTA BbI-
NEJISUTACh TPU OCHOBHBIX HamNpaBJICHUS MTPOBOAUMBIX
HCCIeNOBaHUI:

(1) pazpaboTKa apXUTEKTYPHBIX pELIeHUI U TeXHUYE-
ckux cpenctB DBM mMaccoBoro mpuMeHeHUs

(2) paszpabotka [1O DBM maccoBoro mpuMeHeHuUs;

(3) ucciaemoBaHKe U pa3paboTKa BOIIPOCOB CUCTEMHO-
ro mpuMeHeHs DBM.

B obnactit pa3padOTKM TEXHHYECKHMX CPEICTB ObI-
JIV BBHITIOJTHEHBI pabOTHI IO pa3padOTKe apXUTEKTYPHI
ceMeliCTBa YHUBEPCAIBHBIX 32-pa3psaaHbix DBM, Ko-
TOpPBIC 3aBEPINIINCH CO3MaHNEM IIPOTOTHUIIA, TIepeaaH-
HOTO B ITpou3BocTBO. COBMECTHO CO CITEIMAIUCTaMU
n3 YexociaoBakum ObLIM pa3paboTaHbI CIHEITPOIIEC-
copsl ¢ RISC'-apxuTexTypoii, opreHTHpOBaHHbIE Ha
peleHne 3amad MCKYCCTBEHHOTO WMHTeNieKTa. Ilo-
JIydeHHBIC pe3yJIbTaThl MO0 MOACINPOBAHUIO ITN(HPO-
BBIX YCTPOMCTB, CHUCTEMaM TECTUPOBAHMSI M OLICHKAM
XapaKTEPUCTUK CPEACTB BBIYMCIUTEIBHOU TEXHUKH
(IMarHOCTMYECKMiT KOMOaH, MpOrpaMMHbBIE MOIEIN
386 u 387 mporeccopoB, HaO0OPHI (HYHKIIMOHAIBHBIX
TECTOB) B HACTOSIIIEE BpeMsI MCIIOJB3YIOTCS M pa3BU-
BaloOTCs B paboTaxX MHCTUTYTA.

B 1980-e rr. MHCTUTYT NPOBOIAUJ UCCIETOBaHUS B
00JIaCTH ApXMTEKTYPHBIX PEIlleHHIi ¥ YIIPABJISIONIMX MPO-
TPAMMHBIX CPEICTB IIJIST TIOCTPOCHUS pacIpeneIecHHBIX
H(OOPMAITMOHHO-BEIYUCINTEIPHBIX CUCTEM Ha 0ase
DBM o6111ero Ha3HAYEeHUSI U TTepCcOHATBbHBIX DBM. Pe-
3yJbTaTOM paboT ctajio co3aaHue (comectHo ¢ HUA
OBM 1. MuHCKa) 01HON U3 MOCAeNHUX MalllH Kjlacca
maliHppeiiMm B CCCP — EC-1130. 3a paboThl 1o co-
3MAHUIO YITPABJISIONINX BEIYUCIUTETBHBIX KOMILIEKCOB

(COBMECTHO C 3aBOJOM BBIYMCIUTEIBHBIX U YIIPaBIIsi-
omux mamH (BYM) B KueBe) KoJuieKTUB paspa-
00OTYMKOB, B cocTaB KoTtoporo Bxoauau b. H. Haymosn
u apyrue corpynHuku MITMAH, O6b1 ymoctoeH To-
cymapcTBeHHOM nTpemun YkpanHckoii CCP. A pabora,
pe3yJaBTaTOM KOTOPOI CTaJIO TPOU3BOJICTBO TAKUX KOM -
miekcoB B BopoHexe, Obl1a ynocToeHa [ocymapcTBeH-
Hoit mpemun CCCP (B cocTaBe KOJUIEKTHBA JlaypeaToB
ob11 akanemuk b. H. HaymoB).

Hccnenoanus u pa3paboTKu B 00JlacTA NPOrpam-
MHOTO 00ecneYeHust TPATUIIMOHHO TIPEICTABMISIIOT OTHO
W3 OCHOBHBIX HAIIpaBIICHUU HESITCIHPHOCTH WHCTUTY-
ta. Komnektus yueHbix UTITMAH paspabaTbiBas 6a3o-
BbIe TporpaMMHbIe cpenctBa [IDBM. K noctukeHusim
TOTO BPEMEHMU CJIeIyeT OTHECTU Co3laHue YHUDUIIM-
poBaHHOU omnepaimoHHol cuctembl YOC 115t MUKpO-
nporeccopa K1810BM86, o6ragaBIeii yHUKaIbHBIMU
JUIST TOTO BPEMEHU BO3MOXHOCTSIMU — O0ecIieyrBall-
Csl MYJIBTUIIPOTPAMMHBIA PeXuM, MoIaepxkka pabdo-
Thl B JIOKQJIbHBIX CETSIX, MHOTOOKOHHBI MHTepdelic,
IWHAMUYeCcKasi CMeHa KOIOBBIX TaOJIMIT W COBMECTH-
MOCTB C HanboJiee pacIpoCTpaHEHHBIMU OTePaIlOH-
HBIMU CUCTEMaMU [UIST TAaHHOTO KJIacca MallliH.

B mHcTHTYTE BeTMCh PAOOTHI 110 CO3/IAHUI0 HAYYHO
000CHOBAHHOW TEXHOJIOTHH NPOrPAMMMPOBAHMSA, OXBa-
ThIBAIOIIEH BCE 3Tallbl KU3HEHHOTO IMKJIa Mporpam-
MHBIX CPEICTB JUISI BBIYMCIUTEIbHBIX CUCTEM HOBBIX
IOKOJICHUI M CO3MafoIeii OCHOBY ITPOMBIIIUICHHOTO
MIPOMU3BOACTBA IIPOTpaMM U TIPOTPAaMMHON JTOKYMEH-
Talunu.

Brumn mipenioXKeHbl HOBBIE TTOAXOOBI K aBTOMATH-
3alMU pa3pabOTKU MPUKIAIHBIX MMPOrpaMM C 3alaH-
HBIMU XapaKTepUCTUKaAMM, pa3padoTaH METOJ TTOPOXK-
JEHUS 1IeJIEBBIX MPOTPAMMHBIX CUCTEM, OIpeIeIeHbI
COCTaB U CTPYKTypa MHCTPYMEHTAJBHO-TEXHOJIOTHYE-
CKHUX CPEACTB IOAIEPXKKHM HOBOM TEXHOJIOTUH (CHCTEMa
I'EHITAK), npoBeneHbl McCClenIOBaHUS U TpaKTHYe-
cKue pa3paboTKu 1o obecrneyeHuo MobusibHocTH T10,
pa3paboTaHa U yCIelIHO MPpUMEHeHa MeTOIMKa Tepe-
HOCa IIPOrPaMMHEIX CPEICTB.

bbuin mpoBeneHbl MCCieqoBaHUs MO MOJEIUPO-
BaHWIO TEXHOJIOTMIECKMX OJTAIlOB IIPOCKTUPOBAHMUS
IIPOTPaMMHBIX CPEICTB C UCTIOJIb30BaHMEeM ceTeil [1eT-
DU U CO3JaHUI0 MHCTPYMEHTAJbHBIX CPEACTB OOBEKT-
HO-OPUEHTUPOBAHHOTO MPOrpPaMMUPOBAHUS. 3HAYM-
TeJIbHasl 4acTh padoT IO MPaKTUYECKOW peanu3aluu
TEXHOJIOTHY TIPOTPaMMMPOBAHMS, CO3TAaHNIO 0a30BbIX
makeToB IpuKiIagHoro 10 u momurpacdmaecKkoMy co-
IIPOBOXICHUIO paOOT MHCTUTYTA Besach B bepassHcKoM
¢unmmane UTTMAH, uncieHHOCTh COTPYAHUKOB KOTO-
poro goxonuina go 200 gen. K coxanenuro, mocie
pacniaga CCCP Bepagrackuit puiman mpekpaTHil CBoe
CyIIIeCTBOBAHMUE.

IRISC — Reduced Instruction Set Computer — KOMIBIOTEp ¢ YMEHBLICHHBIM HaG0POM KOMaH]L.
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B 1980-e — Hauane 1990-X IT. B MHCTUTYTE aKTUBHO
MPOBOAWIUCH Pa3padOTKU CUCTEM aBTOMAaTU3UPOBAH-
Horo mipoexktupoBaHusi (CAIIP) MammHocTpoeHuUs U
MUKPORJIEKTpOHUKN. Hanbosee 3HAYMTEIBEHBIM I10-
CTIDKEHUEM B 3TOM 00J1aCTH OBIIIO CO3MAaHME CHCTEMBI
npoekTupoBaHus neyaTHbix iat MATMCTP-2, B ko-
TOPOil ObUIM peaJiM30BaHbl MPUHIIMIIMAIBHO HOBBIE,
MPEeBOCXOIINE TOTAAIIHUE 3apyOeXkHble aHaJorH,
aJTOPUTMBI TPACCHUPOBKM IOBYCTOPOHHUX W MHOTO-
CJIOMHBIX TICYATHBIX ILJIAT. B pamkax MexmyHa-
ponHoro mpoekta KHII-3 B mHCcTUTYTE OBUIM pa3pa-
6otanbl mnpuHUMIBl opraHuzauuu CAITP CBUC
METOJOM KPEMHHEBOT0 KOMITUJIUPOBAHUS U dJIEMEH-
TeI I1O Takoro Kommmusgtopa. PaGoTel B o0iacTu
CAIIP mMammHOCTpOeHUS aKTUBHO BEJMCHh B TECHOM
CBSI3U C IIPOMBIIIJICHHBIMU TIpeanpusaTusamMu B Kazan-
CKOM ¢husiraie UHCTUTYTA (B YaCTHOCTH, ObLJIa CO3aHa
MHTEpaKTUBHas Tpaduyeckasi cucreMa sk KOHCTPYU-
poBaHus u opopmieHus yeptrexeit — CAITP MAILI).
B 1997 1. Kazauckwit hvman UTTA PAH 6s11 mpeo6pa-
30BaH B MHCTUTYT nTpobieM nHDoOpMaTUKN AKageMUn
Hayk TaTapcTaHa.

C 1999 mo 2005 rr. B MHCTUTYTEe paboTajia TpyIi-
Ma y4eHbIX, KOTOPO PYKOBOIWJ aKaaeMUK BceBosion
Cepreesnu bypues. IlpoBomminch mcciaenoBaHus B
00JIacTV HETPAAWLIMOHHBIX apXUTEKTYP U CACTEMHO-
ro ITO BBICOKOIIPOU3BOAUTEIHHBIX HH(POPMAITMOHHO-
BBIYMCJIUTEbHBIX KOMILIEKCOB, OCHOBBIBAIOIIMXCS Ha
accolMaTMBHON maMsaTu. bbutn pa3zpaboTaHbl Mpo-
TpaMMHBIE MOICIN HOBOM apXWTEKTYpPHl U ITOATOTOB-
JICHA pean3allns ee DJIEMEHTOB «B JKeIe3e».

B mHCTHTYTE B TeueHUE psiAa JIET BEINCh paOOTHI
B 00J1lacCT TeOMH(MOPMALIMOHHBIX TEXHOJOTUl. bbI-
Jla pazpaboTaHa cucteMa cbopa, CTPYKTYpU3alllu, ce-
MaHTHUYECKOTO MOMIEIMPOBAaHUS U KOAUPOBAHMUS, Xpa-
HEHWUsI, aHaliu3a, IouckKa, o0pabOTKU, OTOOpaKeHUS
W TepeJayr MHOTOACIeKTHOM M pa3Hoi 1o (opme
MPOCTPaHCTBEHHOU MHbopMaluu o 3eMie, obecre-
YHBaloOIllasi CUHTE3 3JIEKTPOHHOTO 00pa3a 3emMyiM Kak
MHOTOMEpPHOIOo TpencTaBlieHus IaaHeThl. Pa3pabo-
TaHA TEXHOJIOTHMSI BBOIA, OOpaOOTKM M BBEIHAYM IIPO-
CTPaHCTBEHHBIX JAaHHBIX B BHIE 3JIEKTPOHHBIX KapT U
TEKCTOBOI MH(MOPMAIINM, a TakKke (OPMUPOBAHUE U
BelleHUe 0a3bl MeTadaHHBIX JEKTPOHHBIX KapT. C ak-
TUBHe M yyactrueM coTpyaHukoB UTTM PAH Brep-
BBIEC B MIPOBOI1 ITpakKTHKe pa3paboTaHbl [ocymapcTBeH-
Hble (HanmoHabHBIe) cTaHgapTel [TOCT P 52055-2003
«JeoungopmanmonHoe kaprorpaguposanue. IIpo-
CTPaHCTBEHHbIE Moneau MecTHocTu. OOIme Tpe-
o6oBanusi» u 'OCT P 52293-2004 «IeouHdbopmariiu-
OHHOe KapTorpacdupoBaHue. CucreMa 3J1eKTPOHHBIX
KaptT. KapThl anekTpoHHBIC TOTOrpadmaeckue. OOIIme
TpeboBaHusl». Pa3paboraHa MeTOHONOTHUSI ITOCTPO-
€HUsI O0BEKTHO-OPUEHTUPOBAHHBIX TeOMHGbOPMAaLIU-
oHHbIX cucteM (I'MC). Co3naHbl METOIBI XpaHEHUS U

noucka MHdboOpMallud B TEKCTOBO-Tpaduyeckoil 6aze
JIAHHBIX, KOTOpPbIE€ JIETJIM B OCHOBY KOMILIEKCa Mpo-
rpamMm ['MIC Objectland, mpuHsTO#l B KauecTBe 6a30-
BOW [UIST BEAEHUSI aBTOMATU3UPOBAHHOTO 3€METbHOTO
Kagactpa B Poccuiickoii @enepaiiy 1 UCIIOTb3yeMO
BO MHOTHUX 00JIaCTSIX CTPaHBbI.

4 @yHpaMeHTaJIbHbIE
HCCJIeIOBAaHUS, TIPOBOISIIIMECS
B HacTosIIIIee BpeMs

B naHHOM paszaesne craTby KpaTKO IMpeacTaBiIeHbI
HEKOTOpBIE HAIpaBICHUS COBPEMEHHBIX MCCIIEIOBA-
Huii B UTTU PAH.

B kxon1ie 1980-x IT. B MHCTUTYTe HAYaIMCh PaOOTHI
B 00JIACTM CAMOCUHXPOHHOW CXEMOTEXHWUKW, WHWIIM-
MPOBaHHBIE KOHTAKTaMHU C MCCIIEIOBATEIbCKOW TPyII-
ot u3 JIEGHWHTPAICKOTO 3JIEKTPOTEXHUYECKOTO WH-
ctutyta. MHCTUTYT CTal BeOyIIUM B CTpaHe LIEHTPOM
HCCIIEAOBAaHUI B 3TOM HAaNpPaBICHUM CXEMOTECXHUKH.
Bruti poBeaeHBI UCCIETOBAHMUS 10 TEOPETUIECKOMY
000CHOBAHHIO METOJIOB CTPOIOil CAaMOCUHXPOHU3ALIUU
(CCCQ), pazpaboTaHbl HHCTPYMEHTAJbHbIE CPEACTBA U
cucteMbl g mpoektupoBanuss CCC-cxeM, co3maHbl
6mbmoTeKn 0a30BbIX 2y1eMeHTOB. CoBMecTHO ¢ Tex-
HoJlormyeckuM IieHTpoM MUDT ymanock BepBHIE B
OTEYECTBEHHOM W 3apyOesKHOI MPaKTHUKE U3TOTOBUTH
Ha 0Oa3e nosy3aka3Hbix BMC TecToBbie KpUCTaJlIbI,
peau3ylonIre BBIYUCIUTEIBHOE SIIPO 8-pas3psmHOTO
MHKpPOKOHTpoJiepa. [IpoBeneHHBIC NCITBITAHMS IO -
TBepOWJIN TCOPETHUECKHE BBIBOOBI O 3HAUYUTEITHHOM
paciiMpeHuu auamna3oHa padotocnocooHoctu CCC-
CXeM B 00JTaCTH TeMIIepaTyp U HaIIPSIKEHUIA 110 CpaBHE -
HUIO C CUHXPOHHOM peaii3alivent, a TakKe O BO3MOX-
HOCTM YCKOpPEHMSI pabOThl 3TUX YCTPOUCTB. PaboThl
B OTOM O0OJIACTH TPOAOJIKAIOTCA WM TIPEICTABIISTIOTCS
BeCchbMa MePCIEKTUBHBIMU; Y3Ke TOJTyYeH PSII TATEHTOB
Ha U300peTeHUS.

B uHCcTUTYTE 1OCTATOYHO AABHO MPOBOASATCS pabo-
ThI B 00sacty nepudepuiiapix yerpoiicts [IDBM. D1um
B OCHOBHOM 3aHmMMaeTcss OpIIOBCKMI (hyIraT MHCTH -
TyTa, B KOTOPOM OBLIN pa3pab0TaHbl MUHU-TIPUHTEPHI
W TIPUHTEPHI-TUIOTTEPBI, TPEBOCXOIUBIITE HA MOMEHT
CO3IaHMUsI BCe MMEBIIMECS] OTeYeCTBEHHbIC WU3IACIUSI.
DTO HampaBjIeHUE BKIIIOYAET B ceOsI M TCOPETUUCCKIE
HCCIIEAOBAHMS B 00JIaCTH IIBETOOOPA30BaHUS M CTEPEO-
CKOITMYECKOTO BOCIIPOM3BENCHUS M300paxkeHMt; pa-
OOTHI B JAaHHOM HarpaBJIeHUH aKTUBHO pa3BUBAIOTCS.

B mHCTUTYTE B TedeHWE MHOTMX JIET BEAyTCs pa-
00Tbl B 00JacTM pa3pabOTKU METOJOB WHTErpauuu
HEOTHOPOIHBIX MH(POPMAITMOHHEIX pecypcoB. buumn
pa3paboTaHBl TEOPETUIECKNE OCHOBBI, METOIOIOTHS
U apXUTEKTypa MHTepoIepadebHbIX Cpell HEOTHOPO/I -
HBIX MTHOOPMAaIIMOHHBIX PECYPCOB, METOIBI U CPEICTBA

74 WHOOPMATUKA U EE TPUMEHEHUWS Ttom2 Bhimyck 3 2008



K 25-n1eturo uacTuTyTa ipo6iem nadopmatuk PAH

cneuu@uKauuyd U MOBTOPHOTO COBMECTHOTO MCITOJIb-
30BaHUS PECYPCOB MPU MPOEKTUPOBAHUM UH(POpMAIIU-
OoHHBIX cucTeM — 513K CUHTE3, MeToa KoMIo3uiy-
OHHOTO IIPOEKTUPOBAHUS MH(GOPMALIMOHHBIX CUCTEM,
OCHOBAHHbBII Ha KOMIIO3ULIMUOHHOM UCUUCIIEHUH CIIE-
uudukanuini. DT dyHIaMEHTaJbHbIe PEe3YJbTaThl
SIBJISIIOTCST 6a3MCOM MTPOBOAMMBIX pabOT MO CO3MAaHUIO
CJIosI TIPEAMETHBIX MOCPETHUKOB B DJIEKTPOHHBIX O10-
JIMOTEKAX, MO3BOJISIIONIETO YHU(PUIIUPOBATH AOCTYIT K
pPa3HOPOAHBIM BJIEKTPOHHBIM KoJuiekuusM. Ilocie
mpekpaieHus B 1991 r. corpynHUYIecTBa B 00J1aCTH UH-
Terpallui HEOTHOPOAHBIX MH(OPMALIMOHHBIX pecyp-
COB B paMKaX KOMUCCHUHU MO BbIYUCIUTETbHON TEXHUKE
COLCTPaH YCUIMSMU COTPYIHUKOB MHCTUTYTa ObLla
opraHmn3oBaHa MockoBckas cekumss ACM SIGMOD,
Benylllasi aKTUBHYIO pabOTy U B HACTOSIIIIEE BPEMSI.

C nepBbIX JHEH CYILIECTBOBAHUSI MHCTUTYTA 00JIb-
1I0€ BHUMaHUE YIEJsIOCh UCCAeNOBaHUSIM, CBSI3aH-
HBIM C CHCTeMHbIMH NpuMeHeHussMu DBM B obGmacTu
CO3/IaHUSI METOJIOB, AJITOPUTMOB M ITPOrpaMM LTSI aHa-
Jiu3a TIPOLIECCOB M ISl 00pabOTKM WMHGpOpMalUU B
CTOXaCTUUYECKMX CUCTeMaX. DTU UCCIIeIOBAHUSI BHITTIO-
HSUIMCH ITOJ] pYKOBOICTBOM BbIJAIOIIETOCSI OTEYECTBEH -
HOro ydeHoro akaaemuka Binagumupa CemeHOBUYA
Ilyrauesa, npuieniero 8 UITMAH c rpynmoii cBoux
YYEHUKOB U COTPYIHUKOB BCKOpE Mocjie 00pa3oBaHUSI
MHCTUTYTa. HayuyHBIM KOJUIEKTUBOM ObLIM pa3pabdo-
TaHbl METOIbI, aJITOPUTMBI U TIPOrPaMMbl CTaTHUCTU-
YeCKOro aHajii3a U YCJIIOBHO-ONTUMAaIbHOIO OlleHUBA-
HUSI CTy4alHBIX TTPOLIECCOB M TOCIEA0BAaTEIbHOCTEN,
aJITOPUTMbl aBTOMaTMYECKOTO COCTABJIEHUS U pellie-
HUsI ypaBHEHUI ¢ ToMoIIbio D BM 1u1st BEpOSITHOCTHBIX
XapaKTePUCTHUK TIPOLIECCOB B HEIMHEWHBIX CTOXaCTU-
YeCKUX CUCTeMax MO UCXOJHBIM YPaBHEHUSIM MOJEIH.
Axanemuk IlyrayeB cBoeit BaxkHei1el 3agayeit canTal
JIOBEIEHWE TEOPETUYECKUX Pa3zpabdOTOK A0 MPAKTUKUA
MX UCTIOJIb30BaHUS MHXEHEPpAMU U UCCIIe0BATEISIMU.
KosiekTBoM, KOTOPBIM OH PYKOBOAMJI, ObUIM pa3pa-
00TaHbl OCHOBBI HOBO# MH(MOPMALIMOHHONM TEXHOJO-
TMM MOCTPOCHUST MaTeMaTUUYECKUX MOAENEN CIOXHBIX
CUCTEM U TTPOLIECCOB IO AKCITEPUMEHTaTbHBIM JaHHBIM
MPU HAUIMYMU HEOTIPEIEIEHHOCTEM , BKITIOUAIOILEH TeO-
pHI0 OBICTPOTO YCIOBHO-ONTUMAJIBHOTO OLIEHUBAHMS U
WIeHTU(DUKALIMU, YIIPABJICHUS U MIAaHUPOBAHUS DKC-
MEPUMEHTOB, MPOBEPKU AOCTOBEPHOCTHU, TIPUHSITUS
pemieHuil. IlosydyeHHbIe pe3yabTaThl MO3BOJMWIU CY-
1IECTBEHHO PACUIUPUTh KPYT CHELMATIUCTOB, aKTUBHO
WCIIOJIb3YIOIINX BO3MOXHOCTU COBPEMEHHBIX CPENCTB
BBIUMCIUTEIbHON TEXHUKUM UM METOAOB MaTeMaThye-
CKOT'0 MOJIEJTMPOBaHMS, 32 CYET yCTPAHEHM ST HEOOXOAM -
MOCTH 3aHUMAaTbCsl COOCTBEHHO MTPOrpaMMUPOBAHUEM.
brun pazpaboTaHbl TPUHLIMIIBI CO30AHNASI WHTEIIEK-
TyaJIM3MPOBAHHBIX TAKETOB MPUKIAAHBIX IMPOrpamMm
JUTST MCCTIEIOBAHUSI CTOXaCTUYECKUX MoJeselt, peaiu-
30BaHHbIE TTPOrPAaMMHBIMU CpeACTBaMU. 3a padOThI

B o0ylacTM cTtoxacTuyeckux cucteM B 1990 1. akane-
muK B. C. ITyraueB 0bu1 ynocToeH JICHUHCKOM MpeMuu,
MpUYEM MPEMUIO OH TOJYYUJT UHAVBUAYATbHO U ObLI
TTOCIICTHNM, KTO TTOJIyYUJI TAKYIO TIPEMUIO.

B uHcTUTYyTE TIpOBOASATCS pabOTHl B 00JACTU Me-
TONOB TpEeACTaBJIEHHS M 00padOTKM 3HaHMi. bBpumm
pa3paboTaHbl MaKeThl MPUKIATHBIX MTPOrpaMM, obec-
nevyuBaroiye MopdoJoruyeckKuit aHaJIu3 pyccKosI3blu-
HBIX TEKCTOB, B yacTHocTH ImakeT PAMOC, BKiioua-
I CJIOBaph PycCKOro si3pika Oxerosa. PazButrem
paboT, CBSI3aHHBIX C 00PaOOTKOI TEKCTOB, CTAIM CUC-
TeMBbI aHaJIu3a U PyOPULIUPOBAHUS TEKCTOB, CUCTEMBI
MOCTpOeHUs Te3aypycoB. Pa3paboTaHa KOTHUTHMBHO-
JIMHTBUCTHYECKAs] MOIENh M CHCTeMa CTPYKTYPHBIX
MIPaBWJI [T aJITOPUTMOB MAITMHHOTO TIepeBoIa 1 00-
pabOTKM 3HAHWI, M3BJIEKAeMBIX M3 TEKCTOB Ha psIe
eBporieiickux sa3b1KoB. [locTpoeH u peaqnu3oBaH B BUE
JNEMCTBYIOIIMX CUCTEM armnapar (GyHKIIMOHAJIbHO-Ce-
MaHTHUYECKOI aHTJIO-PYCCKOM rpamMmaTuku. Paspabo-
TaHbI aCCOIIMATUBHBIC MOJIEIN IIPEACTaBICHNS 3HAHWI
Ha 0a3e CeMaHTHMYECKMX ceTeil M (peliMOBBIX MOJIe-
Jell U cosgaH sA3bIK mpeacTaBieHus 3HaHuii JEKIJI.
Pa3zpaboTtaHbl MeTOABI JIOTUYECKOTO BBIBOAA, OCHO-
BaHHbBIE Ha MPEJICTABIEHUU aCCOLIMaTUBHON MONEU U
ITO3BOJISTIONINE M3BJIEKATh CEMAaHTHMIECKYIO MH(pOpMa-
IO M3 TEKCTOB PYCCKOTO SI3BIKA C aBTOMAaTHUCCKUM
dopmupoBaHueM CTPYKTyp 0a3 3HaHuit (b3) n ux mc-
MOJIb30BaHKMEM B 3aayax ¢hakTorpaduyeckoro rnovcka
U 3KCIePTHBIX pelieHuid. Ha ocHOBe 3TUX METOAOB CO-
3haHa Jjoruko-aHaautuuyeckast cuctemMa AHAJIMTUK,
HaCTpOCHHAsI Ha 3aJaqyyl JIOTUKO-aHAJUTHIeCKO 00-
pabOTKM CBOJOK KPUMHMHAJIBHOW MIUIMIIMM W 00eC-
MeyuBaroilasi aBToMaThuyeckKoe U3BJIeUyeHue 3HAYMMOM
WH(OpPMaIUKU U3 TEKCTOBBIX COOOILIEHU U €€ UCTIONb-
30BaHUeE ISl HEYETKOIO MOKCKa.

B 1989 1 mom pykoBomctBoM WM.A. MwusuHa
B MHCTUTYTE aKTUBM3MPOBAINCH PabOTHI B 0O0JIACTH
Pa3BUTHUSI C€TEBBIX HH()OPMAIMOHHDBIX TEXHOJIOTHIA ¥ TEX -
HOJIOTHH NMOCTPOEHHUS KPYNMHOMACIITAOHBIX HHGopManu-
OHHO-KOMMYHHKAIIMOHHBIX cucTeM. OCHOBHBIM (DyHIa-
MEHTAJIbHBIM PE3yJbTaTOM 3TUX HUCCIICIOBAaHMI cTaia
pa3paboTKa B3aMMOYBSI3aHHOTO KOMIUIEKCAa MaTeMa-
THUYECKHUX MOJIEIICH, METOMOB M IIPOTPAMMHBIX CPEICTB
OLIEHKU OOIIECUCTEMHBIX XapaKTEPUCTUK TEJICKOMMY-
HUKAIIMOHHBIX CUCTEM, UCTIOJIb3YIOIINX COBPEMEHHbBIE
TEXHOJIOTHH ITepeIaull JTaHHBIX. BITocaencTBuu mom py-
koBoacTtBoM M. A. CokonoBa Oblta pellieHa aKTyaJbHast
3a/aya OMMCAaHUS KJlacca KPYITHOMACIITaOHBIX Tejle-
KOMMYHUKALUMOHHBIX CUCTEM JABOMHOIO MPUMEHEHUS
KaK TMOJIHOCBSI3HBIX, TEPPUTOPUATBHO-CTPYKTYPUPO-
BaHHBIX, MYJIBTUCETEBBIX CUCTEM OOIIIEHAIIMOHATBHO-
ro MacInTaba, COBMEIIAOIMNX (YHKIINH CTICITHATBHBIX
CHCTEM M CHCTEM OOIIIETO ITOJIH30BaHNA.

Hauunas ¢ 1992 1. B MHCTUTYTE 60JIb1II0e BHUMAHUE
yaeasieTcsl pa3BUTUIO MATeMATHYECKHUX METO/I0B HCCJie-
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U. A. Cokonos, B. H. 3axapos

JIOBAHMS CJIOXKHBIX HUH(OPMAIMOHHBIX M TEJIEKOMMYHH-
kaiuonHbIx cucteM (UTC). OcyiecTBiieHbl hyHIaMeH-
TaJlbHbIe TEOpPEeTUYECKUE HCCIeAOBaHMSI, pa3dpaboTka
MoJeeii, MaTeMaTHYeCKUX M IPOTPaAaMMHBIX CPEICTB
JUIA aHalli3a U ONTUMU3ALUN XapaKTepPUCTUK pealb-
Hbix UTC (mpoiieccoB AocTaBKM UHMOPMALIMU € pa3-
HBIMM TUCUUTUIMHAMU OOCTY>KUBAaHUSI U BXOAHBIMU
MOTOKaMM, MPOLIECCOB YIPaBJIEHUS U KOMILJIEKCHOMI
00padoTky mHpopMmanmu). HoBu3HA METOIOB M pe-
3yJIBTaTOB, MOIYyYeHHBIX B 9Tol 06actu B UTTN PAH,
3aKJIF0YaeTCs B:

— pa3paboTKe METOIOB pacyeTa CeTeil ¢ yIeTOM pe-
aJbHBIX TEXHOJIOTMI Tiepefadu, OIpeaeisieMbIX
JEWCTBYIOIIUMHY MEXAYHApOIHBIMU CTaHIapTaMK
1 peKOMEHIALMSIMU, U PEabHBIX BEPOSITHOCTHBIX
XapaKTepPUCTUK MHOOPMAIIMOHHBIX ITIOTOKOB;

— KOMOMHHMPOBAaHNU METOIOB aHAIUTHUIECKOTO U
MMUTAIIMOHHOTO MOICINPOBAHUS, UTO TTO3BOJISI-
€T KOPPEKTUPOBATh SCTCCTBEHHBIC IMOTPEITHOCTH
AHATMTUIECKUX METOJOB M YUUTHIBATh CIIEIIA(H-
KY pEeaJTbHBIX CHCTEM;

— JOBeJeHUU pabOThI 40 MPOTPpaMMHON peanu3aliu,
MO3BOJISIONIEN TTPOBOAUTD PACUEThI 151 peaTbHbIX
ceTeii 0OJIBIION pa3MEPHOCTH.

BaxxubiM stanom pabot UITTW PAH B aT0i1 0b11actu
crajo BeITToTHeHME B 1999—2002 1. mmpoekra «Pa3-
paboTKa MoOmenu KOMMYTUpYyeMoil TeiledOHHON ce-
™ OAO «Poctenekom». OCHOBHON 11eJibl0 PabOTHI
ObUTa pa3paboTKa METONOB U CPEACTB MOJEIMPOBA-
Hus komMmyTupyeMoii cetu OAO «Poctenekom», mpe-
Ha3HAYeHHBIX Ui obecriedeHus: WHGOPMAIMOHHON
nomaepXXKu Tojb3oBaresieii ACY 1umdpoBoii cetu B
Mpoliecce MPUHATUS UMU PEIlIeHU MO OINepaTUBHO-
My YIIpaBJIeHUIO BTOPUYHOI TesedoHHoit ceTbio OAO
«PoctenekoM» mpu BO3HUKHOBEHMM Ha HEW HeIlTaT-
HBIX CUTyallWii (B pexXume, TTPUOIMKEHHOM K peab-
HOMy BpeMeHM). B xome paGoOTHI BBISICHUIOCH, YTO
crienrKa JAHHOM CETH HE TTO3BOJISIIa HATIPSIMYIO MC-
MOJIb30BaTh HU OJTHY U3 CYIIECTBYIOIMX B HAYYHOM JIU -
TepaType Mojeieli TenecoHHbIX ceTeld. B ¢Bs3U ¢ aTUM
TIPUIILIOCH CO3/IaBaTh CIIOXHYIO MHOTOYPOBHEBYIO MO-
NIeJib, BKITIOYAIONIYI0 WMUTAMOHHYIO MOJENb COO0-
CTBEHHO TeJie(hOHHOI CETH C YUETOM BCell criennuruku
ee IeSITeIbHOCTH U aJITOPUTMbI IMHAMUYECKOTO yIpaB-
JIEHUS CEeThlO, MCIIOJb3YIolIMe KaK UMMUTAlMOHHYIO,
TakK ¥ YIPOIIEHHYIO aHAJTUTUYECKYIO MOEJb CETH.

C 2000 . B8 UMM PAH akTuBHO pa3BUBaeT-
csl HampaBjieHMe paboT, CBSI3aHHOE C MCCJIEIOBaHU-
€M CUCTeM U ceTeit MaccoBoro obcayxkupaHus (CMO
n CeMO), MomenupyloIINX COBpeMEHHBIC W IIep-
CIIeKTUBHbBIE MH(HOPMAITMOHHO-TEXHUYECKHUE CPEICTRA
(MUTC) n ux y31el. B pamkax aToro HampaBieHUS
MOJTYYEeHBI CYIIIECTBEHHbIE TEOPETUUECKUE PE3YJIBTATHI:

pa3paboTaHbl HOBbIE MAaTEMaTUYECKUE METO/IbI, TO3BO-
JISTIOIIME BBIYMCIISITh HA OCHOBE aHAIMTUYECKUX COOT-
HOILIEHU TJIaBHblEe MoKa3aTeJu (yHKIIMOHUPOBAHUS
CMO c¢ pa3amIHBIMKA JUCHUIIMHAMA OOCTY>KMBaHUS
1 CIIOXXHBIMHA BXOISIIITUMM ITOTOKAMU, ITOJIYYECHBI HO-
BbI€ pe3yJIbTaThl B YacTu ucciaenopanus CeMO, B ToM
yuciae CeMO c oTpuniateibHbIMU 3asiBKaMU (G-CceTH)
1 3aBUCHMMbBIMU JIJTMHAMMU 3asIBOK Ha pa3HbIX Tarax 00-
CIIyXXWBaHUS; pa3paboTaHa MeTomnka pacueroB CMO
n CeMO OomblIoii pa3sMepHOCTH. Pe3ynbraThl Mc-
ciegoBaHuil ObLIM mpuMeHeHBI B psage HUP u OKP,
CBSI3aHHBIX C Pa3pabOTKOM CPEICTB MOJEIUPOBAHMS
peanbHbIx UTC.

Hapsioy ¢ pabotamMm 110 CO3mMaHUIO MaTeMaThde-
CKHUX U TIPOTPAaMMHBIX CPEACTB «HEITOCPEICTBEHHOTO»
moaenpoBanus UTC, B UTIN PAH ocyiecTBasioTcs
HCCIIEOBAHMS 110 pa3pabdOTKe TEOPETUYECKUX BEPOSIT-
HOCTHO-CTaTUCTUYECKUX METOIOB, OPUEHTUPOBAHHBIX
Ha TepCleKTUBHOE MPUMEHEHWe B 00JacTU MOJEIM-
poBanusg MTC. B gactHoctH, HaumHasa ¢ 1994 r. Be-
IIyTCSI MICCAEMIOBAaHUS B 00JACTU Pa3pabOTKM METOIOB
aHaJIM3a CIyYyailHbIX MPOLIECCOB CAOXHOMN CTPYKTYPHI.
OCHOBHBIM HamnpaBjieHWeM PaboT B TaHHOW 00JacTH
CTajo B MOCJEIHME TOIbl MOJAEIUpPOBaHNE UH(OpMa-
IIMOHHBIX PUCKOB 1 pa3pabOTKa METOIOB BEIUMCIICHUS
HaIeXXHOCTHBIX XapakrepucTnk MTC n ux 371eMeHTOB
B MHTepecax IPOCKTUPOBAHMS WM IIPOTHO3MPOBAHMS
(bYHKIITMOHUPOBAHUSI CUCTEM B CYIIECTBEHHO CTOXa-
CTUYECKOM cpefie, obecrieueHrs X KatacTpodoycToii-
YUBOCTH M MH(POPMAITMOHHOM 0e30ITaCHOCTH.

C caMoro HavaJia CyIeCTBOBaHMSI HHCTUTYTa OOJTb-
1I0€ BHMMaHUE yaeJsijioch paboTramM B 00J1acTy y4yeo-
Holt umHdopMmaTuku. WMHCTUTYT HMpUHUMAT aKTUB-
HOE yJyacTue B pa3paboTKe armapaTHO-IPOTrpaMMHBIX
KOMILJIEKCOB Y TaKeTOB MPUKIAAHBIX MPOrpaMM s
yueOHOIt mHpopMaTuku. Ha Hero Oblja BO3JIOXEHA
roJIOBHAsl pojib B BhIPAOOTKE TpeOoBaHUIi, oTOOpe U
obecrieyeHUU OCTaBKY B 00pa3oBaTesIbHbIE yUpexIe-
HUSI TEPBBIX YUEOHBIX BRIYMCIUTEIbHBIX KOMIJIEKCOB,
a TaKkXe B MOJATOTOBKE IKCIIEPUMEHTATbHBIX YUEOHBIX
MoCcOoOUIi MO KypcCy WIKOJbHON MHPOpMaTUKU. B mMH-
CTUTYTE OBLIN pa3pabOoTaHBI MAKEeTHI IIPUKIIATHEBIX ITPO-
rpaMM ISt 0OyYeHMST MAIIMHOITMCH, OCHOBaM MH(MOP-
MaTUKU U BBIYUCIUTENbHON TEXHUKM, IJIS CO3TaHUS
MPUKJIaTHBIX TTPOrPAMMHBIX CpelCTB 00ydeHuss. DyH-
JaMeHTaJIbHBIE Pe3yJNBTaThl B O0JACTH AMCTAHITMOH-
HOTO 00Opa30BaHUS Ha MPAKTUKE OBUIM OIIPOOOBAHBI
B psiie MEXIYHApOMHBIX TTPOCKTOB. WMHCTHUTYT TeCHO
cotpynauyaet ¢ opranusanusmu KOHECKO.

HHuctutyt npobaeM nnbopmatuk PAH BcTpeuaer
cBoe 25-71eTue KaK MpUu3HaHHbIN EHTP UCCIeT0BaHUI
U pa3paboTOK B 00J1acTU MH(POPMATUKU, COYSTAIOLIINIA
(byHmaMeHTalbHBIC HAayIHBIC WCCIICAOBAHMS C ITpaK-
TUKOM MOCTPOEHMST BaKHEUIIMX KPYITHOMACIITaOHbIX
UH(OPMALTMOHHO-TEIEKOMMYHUKAIIMOHHBIX CUCTEM.
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STRUCTURAL MATRIX SYSTEMS DECOMPOSITION

A. Olenin
IPI RAN, aolenin@yandex.ru

One of possible approaches to matrix systems parallelizing by their structural decomposion on the set of subsystems
independent at the certain stage of calculations is considered. The constructive algorithm of the decomposition
method is formulated and the estimation of its computing expenses is given.

Keywords: matrix system; band matrix; full matrix; triangular matrix; block tridiagonal matrix; decomposition;
partition vector; partition interval; factorization; LU-algorithm; parallelizing

CONCURRENT DESIGN AND VERIFICATION OF DIGITAL HARDWARE

S. Baranov', S. Frenkel?, V. Sinelnikov?, and V. Zakharov*

Holon Institute of Technology, Holon, Israel, samary@012.net.il
2IPI RAN

3Holon Institute of Technology, Holon, Israel

4IPI RAN, VZakharov@ipiran.ru

The main goal of this paper is to present a new design verification methodology for complicated digital systems,
designed by high-level synthesis. This methodology is based on Algorithmic State Machine transformations
(composition, minimization, extraction, etc.), special algorithms for Data Path and Control Unit design, and
very fast optimizing synthesis of finite state machines and combinational circuits with hardly any constraints on
their size, that is, the number of inputs, outputs, and states. Design tools supporting this methodology allow very
fast implement, check and estimate many possible design versions, to find an optimized decision of the design
problem and to simplify the verification problem for digital systems. In contrast to existent semi-formal approaches
to verification of industrial systems, based on combination of simulation and formal verification approaches, a
formalized method based on concurrency of synthesis and verification that is providing regular efficient way to
verify the system designed properties starting from its semi-formal specification up to field programmable gate array
implementation is considered.

Keywords: digital systems design; formal verification; finite state machine

COST FUNCTION OF RESOURCES IN ECONOMICAL MODEL OF GRID CONTROL

Y. M. Agalarov
IPI RAN, YAgalarov@ipiran.ru

A problem of profit maximization for owner of GRID local node resources with economical model of control, in
which the assigned resources for external user are paid and payment amount is dependent on supply and demand
of resources is considered. In the model, the queue of global tasks is formed only in GRID resources programming
center that performs search and selection of resources, and task sending to resources is performed simultaneously
with it reservation and selection. A cost function of resources that allows the owner to efficiently allocate the
resources of GRID local node between global and local tasks is proposed. The results of analytical investigation
of the considered problem and computer-modeling-based comparative analysis of the proposed approach are
presented.

Keywords: GRID; model resourse allocation; multiprocessor tasks; owner of resources; Markov process; strategy
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MULTICHANNEL QUEUEING SYSTEM WITH A FINITE BUFFER, A LOCKOUT OF AN INPUT FLOW,
AND A KNOCKOUT OF CUSTOMERS FROM THE BUFFER

V. Chaplygin
IPI RAN, vchaplygin@ipiran.ru

A multichannel queueing system with a finite buffer, a lockout of a semi-Markovian input flow, and a knockout
of customers from the buffer by a first customer arrived into the system over the period when the input flow is
unlocked is considered. The periods of lockout and the periods when the input flow is unlocked have an exponential
distribution with different intensities. The main stationary characteristics such as a queue distribution, a loss
probability, and a mean sojourn time are found.

Keywords: queueing system; semi-Markovian input flow; knockout of customers

SERVICE-ORIENTED APPROACH TO MULTIMODAL BIOMETRICS DESIGNING

O.S. Ushmaev
IPI RAN, oushmaev@ipiran.ru

Novadays, multimodal biometrics is rapidly replacing tedious procedures of identification. Particularly operating and
perspective civil ID systems use multimodal approach. The formal method for designing high-speed multibiometric
technologies and systems is suggested. The effectiveness of the approach is shown by an example of developed
experimental software with service-oriented architecture.

Keywords: biometric identification; multimodal biometrics; platform independent; service-oriented architecture

PERSONAL AND COLLECTIVE CONCEPTS REPRESENTATION IN THE DIGITAL SPHERE

[. M. Zatsman', V. V. Kosarik?, and O. A. Kurchavova®

'TPI RAN, im@al70.ipi.ac.ru
2IPI RAN, valery@al70.ipi.ac.ru
3TPI RAN, koa@al70.ipi.ac.ru

Key issues of the 7th Framework program documents of the European Union accepted for the period 2007—2013
are analyzed. This program contains formulations of some new directions referring to the knowledge representation
problem in information systems of long-term use. The results of the analysis allow us to assert that simultaneously
with a traditional informatics problem covering representation, storage, and extraction in the digital sphere of
already available knowledge and meeting technological economic, educational, and other socially significant
challenges, there is a problem of generation of new goal-oriented knowledge systems when available knowledge
systems do not satisfy these challenges and from this point of view are incomplete. The new way to personal and
collective concepts respresentation in the digital sphere and also stages of concepts evolution in the process of
generation of new goal-oriented knowledge systems is offered.

Keywords: personal, collective and conventional concepts; lasting and volatile concepts; personal and collective
concepts representation in the digital sphere
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TOWARDS THE 25TH ANNIVERSARY OF IPI RAN

I. A. Sokolov! and V. N. Zakharov?

TPI RAN, isokolov@ipiran.ru
2IPI RAN, vzakharov@ipiran.ru

The history of IPI RAN creation, its general characteristics, main stages of development are presented. The
evolution of the main directions of scientific researches is considered. Main fundamental and applied results
obtained during 25 years are described.

Keywords: Institute of Informatics Problems RAS; 25 years; history; directions of scientific researches
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06 aeémopax

Aranapos SIsep Mup3abekoBuu (p. 1952) — xkanmunat
TeXHUYECKMX HayK, NOILICHT, BEmyIIM{ HAy4HBIA CO-
tpyaHuk UTTN PAH

Bapanos Camapuii Mocudosua (p. 1938) — mokTop
TEXHUYECKUX HayK, ITpodeccop XOIOHCKOTO TEXHOJIO-
rMYeCcKOro MHCTUTYyTa, M3panib

3axapoB Buktop Huxonaesuu (p. 1948) — xangupat
TeXHWUYECKUX HayK, MOLEHT, yueHblit cekpetapb UITU
PAH

3anmvan Urops Momnceesma (p. 1952) — kaHIumaT Tex-
HUYECKMX Hayk, 3aBenyrooimuii oraenom UITU PAH

Kocapuk Banepuii Banentunosuy (p. 1970) — HaydHbIi
cotpynuuk UTTU PAH

KypuaBoBa Oubra AnarosbeBHa (p. 1961) — crapumit
HayuyHbIi coTpygHuk UITU PAH

Onennn Anarosmii Cremanosuy (p. 1946) — moktop
(bu3MKo-MaTeMaTUYECKUX HayK, BEmyIIW Hay4HBIN
coTpynHUK MHCTUTYTa MpobJjieM MPOeKTUPOBAHUS B
MUKpoaJieKTpoHuke PAH

Cunepankos Biaannvmup Edumosnd (p. 1945) — xarmm-
JaT TeXHUIECKUX HayK, MpeTiofaBaTelib YHUBEpCUTETa
bap-Wnan, U3paunb

CoxkogioB Urops AnatoaneBnmy (p. 1954) — akageMux
(meiicTBUTEIBHBIN WieH) PoccuiicKoli akageMuy HayK,
JIOKTOP TeXHUYecKux Hayk, gupekrtop U1 PAH

Ymvaes Ouier Cranucaasosmy (p. 1981) — xkaHmu-
JaT TEXHUYECKMX HayK, CTApIINiA HAyYHBII COTPYIHUK
HIIN PAH

®penkeanr Cepreii JlazapeBuu (p. 1951) — xaHgupar
TEXHUYECKUX HayK, IOLIEHT, CTaplliuii HaydHBIA CO-
tpyniHuk WMIINM PAH, noueHTt daxynbrera Bbruuc-
JIUTEIbHBIE MAIIWMHBI M CUCTEMBI MOCKOBCKOTO WH-

CTUTYyTA paIVOTEXHUKM, SJICKTPOHUKHN N aBTOMAaTHUKHN
(MUPDA)

Yamawirua Bacummii BacunbeBuu (p. 1978) — kaHau-
naT GU3MKO-MaTeMaTUYEeCKUX HayK, CTaplliMii Hayd-
Hblil corpynHuk UTTU PAH
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