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B nanHoi#i paboTe NpUBOANTCS KPaTKHii 0030p MOAX0I0B K (hopManuzanun
apryMeHTAllM{ ¥ PacCMaTPUBAIOTCS PA3JIMYHbBIC METO/IbI TPUMEHEHHS CTE-
reHe 000CHOBaHUS B cucTeMax aprymeHranuu. CterneHrn 000CHOBaHUS
MO3BOJISIOT 3(p(PEeKTHBHEE MOACTUPOBATh PA3JIMYHbIC 3a/[a4l apryMeHTa-
LMY ¥ TIO3BOJIIOT HE TOJIBKO OTBEYATh Ha BOTIPOCHI O MPAB0NOI00HOCTH
TOTO WJIM MHOTO YTBEPXKJCHHS, HO U JIaBaTh €i YMCIIOBYIO OICHKY. B 3a-
KIJIFOYCHNH TIPUBOJIUTCS IPUMEP PealTU3aliK OJTHOTO U3 METOOB.

BBenenue

JIro0ast coBpeMeHHas! HHTEIUIEKTYalbHas CUCTEMa TTOIEPKKU TPH-
HATHUS PELICHUN COMEpKUT 0a3zy 3HaHWH. /laHHbIe 0a3bl 3HaHUU (op-
MHUPYIOTCS, KaK HpPaBWJIO, HA OCHOBE SKCIEPTHBIX 3HaHMH. OgHaKo
Takue 0a3pl 3HAHWH YacTO COAEpKaT MPOTUBOPEUMBYIO MH(POPMAIIHIO.
[Tpu4rHBl BOSHUKHOBEHUS MTPOTUBOPEUYHIA MOTYT OBITh Pa3THYHBIMHU:
omOKu (hopMaIM3alny 3HAHUM, HeBEepHasi HHTEPIIpETaIHs, IPOTHBO-
pPEYMBOCTh MHEHMH HECKOJBKHX SKcneproB. [Ipobmema oOpaboTku
MPOTHUBOPEUYMH SIBISIETCS OYEHb aKTyallbHOW, TaK KaK KJIaCCUYECKHE
METO/Ibl JIOTHYECKOTO BBIBO/IA HEMIPUMEHMMBI Ui 0a3 3HaHMH, conep-

! PaboTa BbINONHEHA TpH rHAHCOBOI moanepkke PODU (mpoekt Ne 14-07-
00862).



KamX ITpoTuBopedrsi. OHUM U3 CTOCOO0B OOHAPYKEHHS U pa3peliie-
HUSI BHYTPEHHUX MPOTUBOPEUNH SBJISICTCS IPUMEHEHHUE apTyMEHTALIH.
ITox aprymenrarueil 0ObIYHO MOHMMAIOT MPOLECC MOCTPOCHUS Tpes-
TIOJIOKEHUH, OTHOCUTEIIEHO HEKOTOPOW aHaIU3UPyeMOH MpOOIeMBbl.
Kak npaBuiio, 3ToT nporecc BKJIouaeT B ce0si oOHapy>KeHHe KOH(IUK-
TOB U IIOUCK IYTEW UX pELICHUs. B OTIIMYKe OT KIACCUYECKOU JIOTUKH,
apryMeHTalus MpeanoaaraeT, YT0 MOTYT ObITh JOBOJIBI KaK «3a», TaK
U «IIPOTHBY» HEKOTOPOTO MpEANONoKeHNnd. HepocTaTkoM KitacCu4ecKux
CUCTEM apryMEHTaLMH SBJIETCS OIIEPUPOBAHUE Kau€CTBEHHBIMHU CTa-
TyCcaMH apryMEHTOB — «IOPaXEH» U «HE MOpakeH». BBenenue crermne-
Hell 000CHOBaHHUS MTO3BOJISIET ONIEPUPOBATH HE TOJIILKO TEPMUHAMH «32)
U «IIPOTUB», HO U JaBaTh YUCJIOBYIO OLIEHKY apryMEHTaM U KOHTpap-
rymeHTaM. st HoATBEP)KACHHUST HEKOTOPOTO IPEAOIOKEHHST HEOOXO0-
MO JI0Ka3aTh, YTO CYLIECTBYET OOJIbIIE JJOBOJIOB «3a» W CTENEHb UX
000CHOBaHMSI BBIIIIE, YEM Y JI0BOJIOB «IIPOTHUBY.

B paznene 1 OyayT KOpOTKO MPUBEIECHBI OCHOBHBIE OIPECIICHUS U
WJIeU, UCTOIb3yEMbIE MIPU PEATU3ANHA CUCTEM apryMEHTalluH, B pa3-
nene 2 OyaeT mpuBeeH 0030p MOIX0I0B K IPUMEHEHHIO CTereHel 000-
CHOBaHUS B cHCTeMax aprymMeHrauuu. B pazaene 3 npuBoguTcs npumMep
MPUMEHEHHS CUCTEMbI apIYMEHTAIIUU CO CTETIEHSIMH 000CHOBAHHSI.

1. TeopeTnyeckue OCHOBbI APryMeHTALUH

CylecTByeT HECKONBKO (hopMallM3alliii TEOpUH apryMeHTAIlHU.
Hanpumep, cuctembl aOCTpakTHOW apryMEHTAIlMHU, MPEJIOKCHHBIC
Hanrom (Dung P.M.) [Bondarenko u mp., 1997], aprymenTanuosHas
cuctrema Jluna u [llooma (Lin F., Shoham Y.) [Lin u xp., 1989], cuctema
Bpecsuiika (G.A.W. Vreswijk [Vreeswijk, 1989], cuctema aprymenra-
nuu [omnoka (John L. Pollock) [Pollock, 1992] u HekoTopsie npyrue.

B nanHnoit pabote Oyaet noapoOHO paccMOTpeHa cucTemMa apryMeH-
Tallii, OCHOBAHHAs HAa IEPECMATPUBAEMBIX PACCYXJICHUSAX, MPEIIIO-
»keHHBIX J[>koHOM Ilommokom [Pollock, 1992].

1.1. IlepecMaTpuBaemMble paccyKAeHUA

IIpexne yem MepexonnuTh K U3I0KEHUI0 OCHOBHOIO MaTepHaila, J1a-
MM HEOOXOAMMBIE ONIPEIEICHUS U BBEIeM 0003HAYCHUSI.

Kak y»e roBOpHIIOCh, apryMeHTalus — IPOLECC IIOCTPOSHUs apry-
MEHTOB 32 U [IPOTUB HEKOTOPOI'O MIPENIIOIOKEHUs. Ap2ymenm — napa,
COCTOSIIIIAs] 13 MHOXECTBA MOCBUIOK U 3aKII0UEHUS. 3alTUChIBATh TAKHE
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napsl Oy/ieM B CIeIyIoIeM BUae: p/X, TIe p — 3aKiIodeHne, a X — MHO-
’KECTBO MOCBLIOK.

Hanpumep, apryment (p&q)/{~a,b} o3Ha4gaet, 4T0 U3 MOCBUIOK ~a, b
clelyer 3akimoueHue p&kq. Ha Beex mnmoctpanusx 6yaem 0603HauaTh
apryMeHTHI oBajlaMH. J1Jisl apryMEHTOB C ITyCTBIM MHOKECTBOM ITOCBLIOK
(Takme apryMeHTHl Ha3bIBalOT (DakTamMu) OyaeM MUcaTh TOJNBKO 3aK-
mroueHne. Hanpumep, pakrom sBisieTcs yTBepKaeHue, 9To 3eMils Bpa-
maetcs Bokpyr CoiHua.

KitoueBbIM MOMEHTOM B JIOOBIX CHCTEMax IMEpecMaTpUBAEMBIX
paccyKIeHUH sBIseTCsl MOHATHE KOHGIMKTA. bynem paccmarpuBaTh
JIBa THIIAa KOH(IMKTOB — onpoBepskeHue(rebutting) v noapwi(undercut)
[Barun u ap., 2008]. Onposeporcenue — cutyanus, Korna HEKOTOPbIE
MOJTyYEHHbIE apPTyMEHTHI OIPOBEPrailoT BBIBOJBI PaHEe MOJyYCHHBIX
paccyxnenuii. I/loopvie — HecuMMeTpuuHas (hopMa aTaku, KOTJa OJIMH
apryMEHT OTPHULACT CBSI3b MEKAY IMOCBUIKAMH U 3aKJIIOUEHUEM APYTOro
aprymeHnTa. Ha rpade BpIBOAa MOApBIBAIOIINE aPTYMEHTHI M TIOPayKEH-
HbIE UMH apTyMEHTBI OyZieM COeIMHSTh )KUPHON ITYHKTUPHOM CTPENIKOH.
[TopakeHHbIE apryMeHThI OyJieM IToMeUYaTh TEMHO-CEPBIM IIBETOM.

2. CteneHu 000CHOBaHUSI B NlepecMaTPUBaeMbIX
paccysKIeHHsIX

2.1. BepoATHOCTHBIN MOAX0/ K cTeNeHsIM 000CHOBAHUA

B BeposTHOCTHBIX MOJENAX Ul KQKI0TO apryMeHTa Ha rpade ap-
T'YMEHTOB 33J1a€TCsI BEPOSTHOCTD, ITOKa3bIBAIOIIAS CTEIIEHb YBEPEHHO-
CTH B JOCTOBEPHOCTH apryMeHTa. TakuMm 00pa3oM, KaKJblid apryMeHT
A nonydaet 3Hauenue P(A) w3 uatepsana [0,1], tme O cooTBeTcTBYET
MOpaXKeHHOMY apryMeHTy, 1 HanOosnee 000CHOBAHHOMY apryMEHTY.

I'paghom seposmuocmeri apryMeHTOB Ha3bIBaeTCs KOpTex (4, R, P),
rae A — MHOKECTBO apryMEHTOB, R — MHOKECTBO CBS3CH MEXAYy HUMH
u P — QyHKIMS, KOTOpask oNpeaenseT BepOsSsTHOCTD Ui KaXk/JI0ro apry-
menTa 4 (P:A—[0,1]).

Cy1iecTByeT HECKOJIBKO CIOCOOOB 3a/1aHUsI BEPOSITHOCTHOH (pyHK-
uun P. B mpocreiiliieM ciaydae €e MOXKHO ONpeNenuTh Kak 1 st He
BCTYNAIOIMX B KOH(IMKT apryMeHTOB, M Kak 0 I MOpa’KeHHBIX.
3amanHas TakuM 00pa3oM Mozeb OyJeT B TOYHOCTH COOTBETCTBOBATH
KJIACCHMYECKOW CUCTEME apryMEHTallMM C KaYeCTBEHHBIMH CTaTyCaMH
«TIOPAKEH» U «HE TIOPAKEH.

PaccMmoTpumM HeKoTOpBIE crIocoOBI 3aManus GpyHKIMN P.



2.1.1. nucmemuueckuit nooxoo [Hunter, 2010], koTopsIii nHAUES
HA3bIBACTCSl «PAllMOHAIBHBIMY» paclpeiesieHueM BEpOsSITHOCTEH. JTo
TaKue pacrpesiesieHus], B KOTOPBIX aTaKyIoIUM apryMeHTaM IpUCBau-
BaEeTCsl BHICOKHH yPOBEHb JOBEPHs, B TO BPEMs KaK aTakyeMbIM apry-
MEHTaM TPUCBAUBACTCS HU3KUU ypOBEHb J10Bepus, U HaoOopot. [Ipu
SMUCTEMUYECKOM ITO/IXOZI€ BEPOSTHOCTHOE pacIpeiiesieHne HaJl apry-
MEHTaMH HCHOJIB3YETCs, YTOOBI HAMPSIMYIO YKa3aTh, KAKHE apTyMEHTBI
Haubonee A0cTOBEpHBI. TO €CTh, YeM BBIIIE BEPOSITHOCTH apryMEHTa,
TeM Oosiee 0OOCHOBAaHHBIM OH CYHMTAETCS. DTO yIOOHO, T. K. KpoMme
CTPYKTYpHI rpada, TO ecTh HHPOPMAIIMH O TOM, KaKUe apryMEHTBI MBI
paccMaTpuBaeM, Mbl MOXKEM OINPEACIUTh «PAalMOHAIBHBIC) CTEIICHU
npezacraBieHus 00 aprymeHTax. OOBIYHO MPH SMUCTEMUYECKOM IOJI-
XOJI€ UCIIOJIB3YETCA CIENYIOIAasi HHTEPIPETaLsl BEPOATHOCTEH:

* P(4A) = () moka3bIBaeT, YTO CYIIECTBYET YBEPEHHOCTb, B TOM, YTO
A 710KHO;

* P(4) < 0.5 noka3bIBaeT, 4To A CKOpee BCEro JIOXKHO;

* P(4A) = 0.5 moka3bIBaeT, 4TO HET YBEPEHHOCTH B TOM, UTO A JIOKHO
WJIN UCTUHHO;

* P(4) > 0. 5 noka3bIBaeT, YTO A CKOpee BCEro UCTHHHO;

* P(4) = I noka3bIBaeT, YTO CYIIECTBYET YBEPEHHOCTb, B TOM, YTO
A ACTUHHO.

2.1.2. I'pynnosoii nooxoo [Haenni u np., 1999], B xoTOopom wc-
MOJIb3YETCS pachpesiesieHre BEpOsTHOCTEeH HaJl moarpadaMu apryMeH-
TOB UCXOJHBIX rpadoB. TakuM 00pazoMm, ONpenesoTcs JOIMyCTUMbIE
(c HENIPOTUBOPEYMBBHIM pacHpeieIECHHEM BEPOSITHOCTEH ) TOIMHO-
’KECTBa apryMEHTOB.

Jst aprymenta A B rpade G, ¢ pyHKIMEH BEepoOsSTHOCTH P,
P(A) 3TO BEpOATHOCTB TOTO, YTO A CYILIECTBYET B IPOHU3BOJIBLHOM
nostHoM noarpade G, u 1 — P(A) BEeposSATHOCTB TOTO, 4YTO A HE CO-
JEPXKUTCST B IPOU3BOJIBHOM NOJHOM noarpagde G.

2.2. Illpunnun ciadeiineil cBsA3U

B nannom moaxone Aist OnpenesieHus: cTerneHeil 000CHOBaHUS HC-
nosib3yercs yncionas mkaina [0,1], rae 0 cooTBeTCTByeT MOpakKeHHOMY
aprymMmeHTy, | — Haubosiee 000CHOBAaHHOMY apryMEHTY.

CreneHu 000CHOBaHUS MOTYT OBbITh IBYX THIIOB:

1) ctennenn 00OCHOBaHMSI UCXOHBIX aPTyMEHTOB;

2) cTerneHrn 00O0CHOBAHHMS MTEPECMATPUBAEMBIX TIPABHUII.

IlepBbiii THI cTeneHeld OOOCHOBaHHS TMPUCBAMBAETCS KaXIOMY



HCXOJHOMY apryMeHTY, U NPEACTaBIsieT cOOOM HEKyH OLEHKY MO-
CTOBEPHOCTH HCTOYHHKA, M3 KOTOPOTO TIOJIYYECH JAaHHBIA apryMeHT.
Hanpumep, 1no TeneBu3opy ckaszaiau, 4TO BEPOSTHOCTb ocankos 70%.
CoOTBETCTBEHHO MbI MOKEM IIOCTPOUTDH apryMeHT A /:3aempa(002icov)
co creneHpto obocHoBanusa ().7. Ctenenu oOOCHOBaHUSI OyJeMm 3a-
nuceiBaTh QyHknued Jus(A). To ecTh Ans MPUBEIACHHOTO IMpHMEpa
Jus(3asmpa (0001c0v))=0.7. KOHKpeTHbIE MEXaHU3MBI ITOJIyYEHHS CTe-
neHe 000CHOBaHUS 3aBUCST MPEXKIE BCEro OT MPEAMETHON 001acTH.
Hanpumep, 310 MOTYT OBITH cTaTUCTHUYeCKHE TaHHBIE (B 90% 3TOT Hc-
TOYHHUK JIa€T BEPHbIC JAHHbIEC) MM SKCIEPTHBIE OLEHKHU (BEPOSTHOCTh
pocra akmuit 60%).

Bropoii Tum crereHeit 000CHOBaHUS CBSI3aH C TiepecMaTpUBaCMBbl-
MU npaBuiiaMu. Kak y’ke roBOpuiIoch BhILIE, YACTO MEpecMaTpUBaEMble
nmpaBuiia MOSBISIOTCS B pe3yibrare (opMannu3alny 3HaHUU dKCTepTa
Buna «Ecnu A, To yarie Bcero B». Takue mpaBuiia Tak:ke MOTYT HECTH
B ceOe HEKOTOPYIO YHCIIOBYIO OLEHKY.

Hanpumep, npumenenue ananbsruia B 85% NPUBOIUT K CHUKEHUIO
TeMmepatypsl Tena manueHTa (dpopmansHo R1: (Y x) npuem (anann-
2UH, X)|=> nonudicenue_memnepamypui(x)).

OnHOBpEMEHHOE HCIIONIb30BaHUE 00OUX THIIOB CTETIeHEeH 00O0CHO-
BaHMS ABJISIETCS JOBOJBHO CIOXKHOM 3a1aueil 1 TpedyeT JOMOITHUTEIb-
HBIX HCCIENOBaHUN. B HaHHON cTaTbe OrpaHUYMUMCS PACCMOTPEHUEM
cTerneHell 00OCHOBaHMS IMEPBOIO THUNA — JJIS W3HAYAIBHO 3aJaHHBIX
apryMEHTOB.

Wrak, HaMm HE0OX0IMUMO 3a1aTh QYHKIHIO Jus(A) Ui BEIYUACICHUS
mo00ro U3 apryMeHToB B rpade BbiBoja. byaem cuutarh, 4yTo JUIsl U3-
HayaJbHBIX API'YMEHTOB 3Ta BEJWYMHA sBJsieTcsa onpezeneHHoM. Ha
3HAYEHHE 3TOH QyHKIMH OyIyT OKa3bIBaTh BIMSIHUE 1Ba (haKTopa — Je-
pPEBO BBIBOJA apryMeHTa (T.€. CTereHb 000CHOBaHMS apryMEHTOB, KO-
TOpBIE UCIOJIb30BAINCH B BBIBOJIC JTAHHOTO apryMeHTa) U KOH(DIMKTHI
C ApYrHUMHU apryMeHTamu. (st ymoOcTBa paccMOTpHUM 3TH ABa (aKTo-
pa pazaensHO: Jus,,.(A) — yHacleqOBaHHAs CTEIICHb OOOCHOBaHUS U
Jus,,,(4) — Ha CKOTBKO KOH(IIMKT NOJphIBACT 00OCHOBAHHE apryMEHTA.
[Tycts Anc = {Anc;}, i€ l..n — MHOKECTBO apryMeHTOB ANC;, y4acTBO-
BaBIIMX B BHIBOJIE apryMEHTa A, N — KOJTMYECTBO TAKUX apTyMEHTOB.

Jus,,.(A)=min({Jus(Al), Jus(A2)... Jus(An)}), 2.1)

rae A, A, ...,A, — apryMeHTbI, UCTIOIb30BABILHUECS MPH BHIBOJE A.

anc



@opmyny (2.1) Ha3pIBalOT MpUHOUTIOM crabeiimeit ces3u [Pollock,
2001]. Otmerum, uto u3 dopmyisl (2.1) creayer, 94TO eciau MPOU3BO-
JIUTh BBIYMCIICHHUE CTEeIIEHEH 000CHOBaHMS PEKYPCHUBHO, HAUYUHASI OT HC-
XOJ/IHO 3aJIJaHHBIX apryMEHTOB, TO MOYXHO MCKaTh MUHUMYM HE M3 BCEX
apryMeHTOB B 0asuce, a TOJBKO Ha MpeapaylneM mare. Takum oOpa-
30M, €CIIM Y apryMEHTa OJIMH MPE0K, TO €ro yHaceI0BaHHAs CTEIICHb
000cHOBaHWMsI OyJICT paBHA CTEIICHH 0OOCHOBAHUS €ro MPeJIKa.

Ecnmu npu Beraucienun Jus,,. WUIyTCs HauOoliee ciadble apry-
MEHTBI, TO TPHU OIpPEIEICHUH TOTO, HACKOIHKO KOHQIUKT yMEHb-
maeT 00OCHOBAHUS, HCIIONB3YIOTCS HamOoJee CHUIbHBIE apTyMEHTHI.
ITycth A,,,; — MHOKECTBO apryMEHTOB, BCTYHAIOMUX B KOH(IUKT ¢ A,
n=| 4.,,4, Torna

max{Jus_, (Aconfl;)}, n > 0;

Iuscm(ﬂ} = qiELln (22)
ﬂj E NPpOTHEHOM QIyHae.

B dopmyne (2.2) ucnonszyercs Jus,,, A7 TOro, 4ToObI BEpHO 00-
pabaTeIBaTh Cliyyau, KOT/Ia MEKIAY apryMEHTaMHU eCTh KOH(JIMKT THIIA
OIPOBEPIKECHUE.

Hrtak, okoHYATEIbHO:

fﬁ-ﬂ'{ﬂ] — Ijmﬂnn{‘q] _Jmcm{‘ql;mﬂm{‘ﬂ = fmcm{‘q:]:

0.5 mpoTHEHOM CIy<ae.

(2.3)

JlanHass Mojienb CTereHedl 000CHOBaHMS ObLIa YCIICHIHO Pealn30-
BaHa U MPOTECTUPOBAHA HA HEKOTOPHIX 3a7a4ax. B 3akimtoueHue npuse-
JIeM TIPUMEp PElICHHUs] TECTOBOW 3aJ]au CO CTETICHSIMU 000CHOBAHUSI.

3. IlpuMep paGoThHI CHCTEMbI APTYMEHTALINH

[IpuBenem pelieHre TECTOBOHM 3a7auu, MOIYYEHHOE B pa3padaThi-
BAEMOM CUCTEME apryMEHTAalIUH.

Nwmeercs cnenyromas 3anava:

[IpennpuHUMAaTENb XOYET BIOKUTH HEKOTOPYIO CYMMY B pa3BHBaro-
Hyiics OU3HEC ¥ MONYYHTh OT 3Toro Joxo/. Ecth komnanus CMP, ko-
topas 3aanmMaetcs [T ouznecom. [lo cratuctuke IT peiHOK HaxoAUTCS
Ha moabeMe U 75% IT koMITaHWi TOKa3bIBAFOT TOJIOKUTETHHYIO THHA-
Muky pazsutusi. Komnanust CMP 3annmaeTcs pa3zpaboTkoi mporpaMm-
HOTO OOECTIEYeHHUS I10]] OTIEPAIIMOHHBIE CUCTEMBI cemeiicTBa Linux. B
Poccun menee 10% monb3oBateneit Linux u, cienoBarenbHO, CIIPOC Ha
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MpOAyKIHIo Oy et He BeyuK. OHako 80 MpOIeHTOB MPOU3BOICTBA KOM-

MaHUKM HANpPaBJICHO HA MEXKIYHAapOIHBIH PBIHOK MPOrpaMMHOro ole-

CrieueHwUsI JJ1sl BeO-CepBEPOB, KOTOPHIE B OCHOBHOM paboTatoT Ha Linux.
3anumem ycnoBus popmanbHo Ha s3bike JITITITL

Al. IT(CMP) justifiacation: 0,75

A2. noo_Linux(CMP) justifiacation: 1

A3. pvinox_covima(ons_cepsepos) justifiacation: 0,8

A4. (V¥ x)(unsecmuposamu(x)>00x00)

RI. (VY x) (IT(x) ) |=> (V x) pocm_axyuii(x)

R2. (¥ x) (pocm_axyuii(x) |=> uneecmuposamu(x))

R3. (VY x) (noo_Linux(x) |=> nioxoti_cnpoc(x))

R4. (¥ x) (nnoxoii_cnpoc(x) |=> ~uneecmuposamu(x))

RS5. (VY x) pwinox_covima(ons_cepsepos) ==> ((noo_Linux(x)) @
nioxou_cnpoc(x))

Ha pucynke 1 npuBeneH rpad BbIBO/IA 1JIs JAHHOM 3a1a4H.

PaccmoTpum penienne TaHHOM 3aAa4y MO3TAITHO.

1) U3 aprymenra A1: IT(CMP) u npaBuna BeiBoAa R/ momydaercs
nepecMaTpuBaeMbiii apryMeHT A6 Jus(A6)=Jus(A1)= 0.75.

2) U3 aprymenra 42: noo_Linux(CMP) u npaBuia BeiBoga R3 mo-
JIlydaeTcsl IMepecMaTpuBaeMblii apryMeHT AS8: nuoxot cnpoc(CMP).
Jus(A8)=Jus(A2)=1.

3) Aprymentr AS8: nnoxoii_cnpoc(CMP) ¢ moMoIplo mpaBuia
R5 BcTynaer B KOHQUIMKT THIA MOJAPBIB C apryMEHTOM A3: pblHOK
covima(ons_cepsepog). Cornacuo dhopmyne 1.3 Jus(A3) = Jusanc(A3)-
Jus(48)=0.2

4) U3 aprymenta A6 u mpaBuna R2 mony4aercs apryMeHT A7:
Hneecmuposamv(CMP). Jus(A7)=Jus(A6)=0,75.

5) U3 aprymenTa A8 u npasuiia BbiBoja R4 mojlyyaeTcs apryMeHT
A9 : ~Hneecmuposamuv(CMP).

6) Aprymentsl A9 u A7 BcTynaroT B KOH(PIUKT THIIA OMPOBEPIKeE-
HUE, CTeeHb 00OCHOBaHMs aprymeHTa A7 Bbllle, M CIEIOBATEIbHO,
Jus(A7)=0.55, a apryMeHT A9 CTaHOBHUTCS TIOJHOCTHIO IMOPAKCHHBIM
¢ Jus(49)=0.

7) Ucnonw3ys npaBuia 0OpaTHOTO BBIBOJA U3 MHTEpeca [nS, moiy-
yaeTcst uHTepec [nl 1, 3 KOTOporo nosyyaercs unrepec Inl4.

8) U3 aprymenra A10: Hngecmuposams( x)->00x00, apeymenma
A7: HUnmeecmuposamv(CMP), npuMeHss yHU(QHUKAIUIO W MPABHIO
Modus Ponens, momyuaem apryment A/2. CormacHo NMpHUHLUIY Clia-
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Oerimeit cBszu Jus(A12) = 0.55. DTOT apryMeHT NOATBEPKAAET UHTE-
pec Ini4.

9) OkKoHYATENBHO TOJy4YaeM, YTO HWHTEPECHl TOJATBEPX JICHBI CO
creneHbo 00ocHOBaHMS 55%. To ecTh mHBecTHIUSA B Komnanu CMP
MIPUHECET J0XOJ C BEPOSITHOCTHIO 55%.

Al IT{CMP)

justification:0,75 A2 :nop_Linux| CMP)

justification: 1

R %) (IT(x) |3:|=,_ POCT aKUMALK) R3( Y %) (nog, Lmuxrx?] |=> nnoxol_cnpoc(x)

i

B poct_aKiumA( CMP)
- justification:0.75

A3 prawok_cltaal AnR_coppopon)
justification:0.8

RZ( W x) (poct_axumi(x) ) [=> Thix)
H FTTTLLLL

aansenttt e

Ad ¥ x){(MHBRCTHPOBATH] X) -> AoNoa))
justification: 1

-
A12: poxog ——————— A10; (MHBBCTHPOBATE( _X) -> goxon)
justification:0,55 justification:1
In14: aoxon/ {uncx ute_cpeactes( 0
justificason 0,55 a1
In11: (Bnox uTe_cpegcrea( _xd)-> noxon)
jussfication:0 55

185 { 3 x){mpox wre_cpeacTeal x)-> gomon))
justification 0,55

Puc. 1. I'pad BeIBOZIA

B IMPUBEACHHOM ITPUMEPE JIs1 BBIYUCIICHUA cTencHer 000CHOBAHUS
MPUMCHAJICA NPUHIUIT cia0eIeli cBs3u. I/ICXO)IH n3 3aJaHHbIX CTC-
IeHel 000CHOBAaHMS AJI1 Ha4YaJIbHBIX aprymMcHTOB OBLIM BBIYKCIIEHBI
crerneHu 00OCHOBAHHUS BCEX BBIB€ICHHBIX apr'yMCHTOB, YTO IIO3BOJIUJIO
JAaTb KOJIMYECCTBCHHYIO OLCHKY JOCTOBECPHOCTU IMOJYUCHHBIX BHIBOJOB.

3akJjaroueHue

KoH(uukThl B 6a3ax 3HAHWH SBISIIOTCSI CEPHE3HOM MPOOIEMOU pu
MOCTPOCHUM JIOOBIX MHTEUIEKTyallbHBIX cucTeM. llouck, aHanus wu,
BO3MOJKHO, Pa3pelIeHre ITUX KOH(IMKTOB — BayKHASI M MHTEpecHas 3a-
nada. B manHO# cTarbe ObLT pacCMOTPEH OJIMH M3 MOJXOJ0B K JaHHOU
mpobsieMe — HCII0JIb30BaHUE apryMEHTalld, a MMEHHO TEOpUH Iepe-
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CMaTpUBAEMbIX PACCYXIEHHHA. BBIIM paccMOTpEHBI TEOPETHYECKHE
OCHOBBI TIEPECMATPUBACMBIX PACCYXKICHHH M JaH 0030p CHCTEMBI,
OCHOBaHHOHM Ha HHMX. Kpome Toro, mpuMeHeHHe MeXaHH3Ma CTeneHe
00O0CHOBAHHMS MTO3BOJIMIIO PELINTH BAXKHYIO 33/1a4y — JaBaTh HE TOIBKO
Ka4eCTBCHHBIC OIICHKHU («IIOPAXKECH» MM «HE IMOPaKEH»), HO M KOJIHU-
yecTBeHHbIEe. PazpaboTaHHas MporpaMMHasi CHCTEMa CIIPAaBUIACh CO
MHOTHMH 3aJlauaMH, HE PEHIaeMBbIMH C TOYKH 3PEHHUS KIIACCHYECKOM
noruku. OHa ObUIa MPOTECTHPOBAHA M OTJIA)KEHA Ha MHOTHX TECTOBBIX
3ajadax u3 cTathu BpelicBuka «Interpolation of Benchmark Problems
in Defeasible Reasoning» [Vreeswijk, 1995].
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MOAEJIMNPOBAHMUE IMOBEAEHUS UHTEJUVIEKTYAJIBHOTI'O
AT'EHTA ITPH HENTPEABUJIEHHOM YBEJIMYEHHNUA
JJIAUTEJBHOCTHU EI'O AEAYKTUBHOI'O IIUKJIA
B YCJOBUSX )KECTKAUX BPEMEHHBIX OT'PAHUYEHUI
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PocHUU UT u AIl, Mocksa
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MDBU, Mockga

B pabote 00cyxaaeTcst HOAXOA K MOBBIIIEHUIO yCTORYNBOCTH PAllHOHANb-
HOTO arenTa, QyHKIMOHHUPYIOIIETO B KECTKOM pealbHOM BPEMEHH, K BO3-
HUKHOBEHHIO HETPEIBHICHHBIX CUTYallli, CBSI3aHHBIX C €ro (DyHKIHO-
HUpoBaHHeM. J[aHHBIN OX0Jl OCHOBAH Ha KOHLEMNIMKA METAIlO3HAHUA U
peanu3yercs CpeACTBaMU T.H. aKTUBHBIX JIOTHK.

BBenenue

Opnolt 13 HanboJiee BaXKHBIX M CIIOKHBIX MPOOJIEM TEOPUHU WHTEI-
JIEKTYaJIbHBIX CUCTEM SIBIISICTCS] 00ECTIEUeHHE UX YCTOWYHBOCTH («HEY-
S3BUMOCTH») K HEMIPEIABHICHHBIM 3apaHee CUTYAIHAM («aHOMAIHSIM»
[Anderson et al., 2005]). AHOMaMK BO3HUKAIOT M3-32 HECOBEPIIICHCTBA
MMEIOIINXCS y areHTa 3HaHWK O BHEIIIHEH cpejie M 0 COOCTBEHHBIX TO-
3HABATEJIbHBIX MPOLECCaX W OTPULATEIHHO BIUSIOT Ha €ro (yHKIHO-
HupoBaHue. OCOOEHHO TSHKETIBIMU MTOCIIEACTBUSL aHOMAIUI MOTYT OBITh
B MHTEJIJICKTYaJbHBIX CHCTEMaX T.H. KECTKOI'O peallbHOTrO BpeMeHu. B
pabote [BunbkoB u jap., 2010] ObLT IPeIIOKEH TIOIX0/1 K MOJICINPOBa-
HUIO MIOBEACHUS HHTEIIEKTYaJIbHOTO areHTa, HalpaBJICHHOTO Ha TIOBHI-
IICHUE YCTOWYMBOCTH K aHOMAIIUSIM B YCIIOBUSX KECTKHX BPEMEHHBIX
OTpaHMYEeHUH. DTOT MOAXOJ] OCHOBAH Ha HMCIOJIb30BAHMH KOHIIECTIIIH
METaro3HaHusl, PeaJTM30BaHHON CPEJICTBAMH CIeHUaIbHO pa3padoTaH-
HOTO JUIS 3TOM IeJM CeMeiCTBa T.H. aKTUBHBIX JOTUK. OJHAKO cyIiie-
CTBYET Ba)XHBIH KJIACC aHOMAJIMK, PACCMOTPEHHBII HUXKE, IPU BO3HUK-
HOBEHHMH KOTOPBIX YKa3aHHBIA MOJXO/ OKa3bIBACTCS HEACHCTBEHHBIM.
B pabote mpemiaraercsi crioco0 TpeoiofieHus] TaHHOH TpoOJIeMbl, B
OCHOBE KOTOPOTO JIEKHT CHEIUATN3UPOBAHHBINA BapUaHT TPaHYIISALIUH
BpPEMECHU.
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1. PesKuM KeCTKOro P€aJIbHOT0 BPEMEHU

Cucremsbl peabHOr0 BpeMEHH MOXHO MOJPA3JeIUTh Ha J[BA Kilac-
ca — CUCTEMBI MSTKOTO M CHCTEMBI JKECTKOTO PEaTbHOTO BpeMeHH. J{iist
CHCTEM MSTKOTO PEaTbHOTO BPEMEHH XapaKTEPHO TUIABHOE YXyIIICHUE
Ka4yecTBa MX pabOTHI MPHU YBEJINYCHUH BPEMECHH OTKJIMKA Ha U3MCHE-
HUSI, TIPOMCXOJAIIME BO BHemHeH cpene. [lo-mpyromy obGcrout nemo
JUISL CUCTEM JKECTKOT'O peajbHOTO BPEMEHH, JUIs KOTOPBIX XapaKTEepPHO
CyLIECTBOBaHME KPUTHYECKOro BpeMeHHoro nopora (deadline) peme-
HUSI CTOSILIEH Iepell CUCTEMOM 3amaud. lIpeBbllieHHE 3TOro mopora
YpeBaTo KaTacTpOPHUSCKUMH MOCICACTBUAMU. THITUYHBIM IPHUMEPOM
AQHOMAJIMH JUTSI HHTEJUIEKTYaTbHBIX CHCTEM TaKOTO POJIa SBIISIETCS CUTY-
aIus, KorJa CoObITHE, 0)KUIAeMOE B Ha3HAUCHHOE BPEMSI, TEM HE MEHEe
HE HACTYIWJIO M MOKHO TOBOPUTH O BOSHUKHOBEHHUH YTIPO3BI TPEBBHI-
IIEHUs] BPEMEHH, OTITYIICHHOTO Ha OCYIIECTBJICHHE MO3HABATEIHHOTO
npolecca, LeIbl0 KOTOPOro SIBISETCS pelIeHHe 3aiayd, T.e. O Kara-
CTPO(UYECKOM yXY/IIIEHHH KadecTBa (PYHKIIMOHHMPOBAHUS KaK CaMOTO
areHTa, TaKk M BCei MHOTOAr€HTHOM CHUCTEMBI B LIEJIOM. SICHO, 4TO U B
MHOTOAareHTHBIX CHCTEMaX >KECTKOTO PEaNbHOTO BPEMEHH BPEMEHHOM
pecypc Kax/JI0ro areHTa TakKe CTpOro OrpaHuueH, pa3 TO UMEET MECTO
JUISL BCEW CHCTEMBI B IIEJIOM.

2. KoHuenuus MeTano3HaHus

Tak kak Ul MHTEIUICKTYaJbHOTO areHTa, ()yHKIMOHUPYIOIIETO B
pEeKUME KECTKOTO PEeaTbHOTO0 BPEMEHH, BPEMEHHOH pecypc OTBOIMT-
csl, B TIEPBYIO OuYepe/ib, Ha OCYIICCTBICHHE HEKOCTO MO3HABATEIBHOTO
mpoIrecca, TO ¥ aHOMAJIMU, ¢ KOTOPBIMH MOXET CTOJIKHYTHCSI TaKOH
areHT, NpOSIBIISAIOTCS B TOM, YTO IO3HABATENbHBIA MPOLECC HAYMHACT
U/ITH «KaK-TO HE TaK», KaK OJKUJIACT areHT. SICHO, YTO JUIS TOTO, YTOOKI
BOBpEMsI BBIIBUTH aHOMAJIbHOE TEUEHHE MO3HABATEIBLHOTO Ipoliecca,
areHTy nmotpedyercsi, B HEKOTOPOM CMBbICIIE, METaro3HaBaTelIbHAs JIes-
TEJIBHOCTD.

TepmuH «MeTano3Hanue» (metacognition) Ot BBeeH J]. dndiiBen-
mom [Flavell, 1979], [Flavell, 1987] u onpenener M Kak OCBEIOMIICH-
HOCTh MHAMBHAYYMA O CBOUX KOTHUTHBHBIX IPOLECCAX U CBSI3aHHBIX C
HUMH CTPATETHsX, WIH, TOBOPS €ro CJIOBaMH, KaK «3HAHUE U MTO3HAHUEC
OTHOCHUTEJBHO TTO3HABATENBHBIX SIBICHUIY. B Ipyrux ncrounukax me-
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Taro3HAHNUE YaCTO ONMPEACIISIFOT MPOCTO KAK PACCYKJCHHSI O paccyxkie-
Husix (Hampumep, B [Stefanuk, 1990]), umest B BUIy NpU 3TOM «IIO3HA-
HUE BTOPOTO TOPSIIKAY.

3. MeTakOrHUTHBHBIN IMKJI

[ToHsiTHE «METaKOTHUTHUBHBIN» IUKJI OBLUIO TPEATIOKEHO B [An-
derson et al., 2006] B KOHTEKCTE HCIIOJIL30BAHUSI TIPUHITUIIOB METa-
MO3HAHMS [T YIIYYLICHUS YCTOHYUBOCTH K aHOMAIIUSIM PalliOHAIBHO-
IO areHTa ¢ OrpaHMYCHHBIM BPEMEHHBIM pecypcoM. OH onpexaensercs
KaK [IUKJINYECKOE BBIIIOJHEHUE CIEIYIOIMINX TPEX ITAIOB:

camMoHa0JI0ieHne (MOHUTOPHHT);

caMOOIleHKa (aHaIN3 BBISIBICHHOW aHOMAJIHH) ;

CaMOCOBEPIICHCTBOBaHWE (PEryJisilusl MO3HABATEIBHOIO  IPO-
mecca).

Ortan caMOHa0I0IeHHsI, HA KOTOPOM BBISIBIISIETCSl HAJTMYUE aHOMa-
T TTO3HABATENFHOTO TPOIIECCa, CTPOUTCS C MPHUBS3KONH BO3MOYKHBIX
NEeUCTBUI areHTa, BIUSIOIMX HA BHEIIHIOI CPEdy, K 0’KUAaeMbIM TO-
CIIE/ICTBHSIM DTUX AeHcTBH. [Ipr3HaKOM HATMYMS aHOMAJIUU TIPH ATOM
SBIISIETCS] HECOOTBETCTBUE OXKMAAHUM areHTa ¢ mocTynarouei nadop-
Maieil o BHemrHe#d cpexe. Ha sTame caMOOIEHKH yCTaHaBIWBAETCS
CTENEeHb YTPO3bl JUIA KadecTBa (YHKIMOHUPOBAHUS areHTa, KOTOPYIO
TauT B ceOe BBISBICHHAs AaHOMAJIHUs, a Ha 3Talle CaMOCOBEPILIEHCTBOBA-
HUSI, €CITU YIpo3a peajbHa, MPOUCXOIUT BHIOOP HOBOHM CTpaTeruul pe-
IICHUS 3aJ1a41, CTOSIICH repe] areHToM. Takum o0pa3om, JIorndeckast
cucteMa, (popMaIn3yomas pacCy X JICHUS areHTa ¢ >KeCTKO OrpaHHYeH-
HBIMH PeCypcaMH, JI0JDKHA J1aBaTh €My BO3MOYKHOCTH OIICHUBATh MMe-
IOIUICS Y areHTa BpeMEHHON pecypc B Ka)/Iblii MOMEHT BPEMEHH Ta-
KUM 00pa3zoM, 4ToObI B 3aBUCUMOCTHU OT PE3YJIbTaTOB OLIEHKU areHT MOT'
MEHSATh XOJl CBOUX PacCyXAEHHH (TeMIopajbHas 4yBCTBUTEIBHOCTb
[Elgot-Drapkin, 1998] ). Kpome Toro, arenT A0iKeH ObITh TOJIEpaHTEH
K MPOTHBOPEUHSAM B CBOMX 3HAHMAX M OBITH CIIOCOOCH MX BBISBIIATH.
Heo0xoauMbIM yCcITOBHEM TaKKe SIBISETCS] CIIOCOOHOCTH areHTa OICHH-
BaTh B K&)XK/IbIi MOMEHT BPEMEHH TIOJIHOTY UMEIOIIMXCS Y HETO 3HAHUM
U OCO3HABaTh HE TOJBKO TO, YTO OH 3HAET, HO U TO, YETO UMEHHO OH He
3HaeT. Jlornueckue CUCTEMBI, JAIOLINE areHTaM TaKue BO3MOKHOCTH,
OyIyT pacCMOTPEHBI HUXKE.
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4. Paccymeﬂnﬂ BO BPEMEHU U METAPACCYKACHUSA
HA OCHOBE AaKTHBHOM JIOTUKH

Jns Toro, 4toObl JaTh BO3MOXHOCTh HAOMIOJAaTh 32 MPOLECCOM
paccy’KIeHHs areHTa 80 6peMs €ro OCYIIECTBICHUS, OblIa MpeIoxKe-
Ha JIOTMYECKasl CHUCTEeMa, MOJYYHUBIIAs HAa3BAHHME «IIaroBas JIOTHKA
[Elgot-Drapkin, 1998], craBmas ucTOpruYecKd MepBOW peanu3amuei
Oosiee OOMIICH KOHIETIIINH, MTOTYYUBIICH Ha3BaHNE «aKTHBHAS JOTHUKa)
[Anderson et al., 2004], Anderson et al., 2005],[ Anderson et al., 2006].
CoxpaHsist BO3MOYKHOCTh paccykJIaThb 00 areHTax, Kak Obl «rsijis Ha
HHUX CO CTOPOHBI», B TO )€ BpPEeMs aKTHBHAs JIOTHKA MO3BOJIIET CaMo-
My areHTy COOTHOCHTBH MPOLIECC CBOETO PACCYKIACHHS C COOBITHUSIMHU,
MPOUCXOAAIIMMH BO BHEIIHEH Cpejie B pe3ysibTaTe ero JesTeIbHOCTH
wim nomuMo Hee. Kak MoJens eyKIuy, akTUBHAs JIOTHKA XapakTe-
pU3yeTcs S3bIKOM, MHOXXECTBOM JICAYKTUBHBIX MPABUII, 4 TAKKE MHO-
KECTBOM «HaOMoIeHui». PaccykaeHne Bo BpeMEHH XapaKTepH3yeT-
Csl BBIIOJTHEHUEM LIUKJIOB JICTyKINHU, HA3bIBAEMBIX wazamu. Tak Kak B
OCHOBE aKTHBHOM JIOTMKH JISKUT JUCKPETHAsi MOJENb BPEMEHHU, TO 3TH
[Iard UrparoT PoJib BPEMEHHOTO 3TaJIOHa — BPEMS U3MEpSIeTCs B IIarax.
3HaHMs areHTa acCOUMHUPYIOTCS ¢ MHIEKCOM IIara, Ha KOTOPOM OHH
ObUIM BIIEPBBIE MTOTYYEHBI.

To, 4To y3HaN areHT Ha Imare ¢ (f-3HaHus1), UCTIOJB3YETCs /ISl BbI-
BOJIa HOBBIX 3HaHMM Ha mare (7 + 1). Hanbonee BaXKHbBIC Ie/TyKTUBHBIC
MpaBujia BbIBO/IA B AKTUBHOM JIOTHKE MPEICTaBICHBI HUXKE:

1 now (ty OTCYET BPEMCHH,
t+1l:now(t+1)

rae now (.) — OJAHOMECTHBIA METaNpennuKaT, BbIPAKAIOMINN TEeKyllee

BpeMsi;
t: b, & > w modus ponens ;
t+1:y

t:@, sub (o}, 0 ).[0] HEeraTUBHAsS UHTPOCICKIIHUS,
t+1: —|K(t, (1))_,

rae ¢ — mobas GopmMyiia, He U3BECTHAS areHTy i Ha Ilare ¢, HO SIBJISIO-
masicss 1oihopMyJIoOil HEKOTOPOH HM3BECTHOU eMy (opMylbl ¢, sub
(-,.) — IBYXMECTHBIN METANpPEIUKaT, BIPAXKAIOIINA OTHOIICHHE «OBITh
oA opMyJIoi», ¢ |, | | — KOHCTAHTBI, 0003HAYAIOIIHE UMEHA (DOPMYJI
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¢ 1 @, [¢] — HOTAIUS, O3HAUArOIIAs, YTO (POpMyIIa ¢ OTCYTCTBYET B Te-
KyIIUX 3HAHUSAX areHTa Ha mare f, K(.,.) — IByXMECTHBII MeTanpeu-
KaT, UCIIOIb3YEeMBIH JUIS BBIPQXKEHHS TOTO (haKTa, 4TO areHTy M3BECTHA
HeKoTopast hopMyia B HEKOTOPBIf MOMEHT BPEMEHH;

t: ¢, = & -BBISBICHHUE «IPSIMBIX)» TPOTUBOPEUHIA,
t+1l:contra(t,|d), =)

rne contra(.,.) — AIByXMECTHBI METANPEINKAT, UCTIOIb3YEeMbIH IS BBI-
pakeHHs TOro (pakTa, 9YTO B TEKYIIMX 3HAHHSX arcHTa MPUCYTCTBYIOT
dbopmyna ¢ u ee oTpuIiaHue — ¢ B HEKOTOPHIF MOMEHT BPEMEHU .

HabnroneHust MOTYT OCYIIECTBISTHCA Ha JTIOOOM IIare JeIyKTHB-
HOTro mpotecca. Pesynpratom HaOmoneHus sBisieTcss popMmyiia, BeIpa-
KaIoIasi HEKOTOPOE YTBEP)KACHHE W aCCOLMHPOBAHHAS C COOTBETCT-
BYIOIIIUM IIaroM.

5. HempeaBuaeHHoe yBeJU4eHUE JJIUTEJIbHOCTH
AeAYKTHBHOI0 LIMKJIA

Kak yxe oTmeudanoch BblllIe, pacCyk/JI€HHUE BO BPEMEHH OCYILECT-
BIISIETCSL TIOCPEJICTBOM BBITMIOJIHGHUSI ITUKJIOB JISAYKIIMH, Ha3bIBae-
MbIX maramu. Ilpyn sToMm nenaercs OOMyIEHUE, YTO IIAard Paccyk-
JeHUH HMMEIOT MPUMEPHO OJMHAKOBYIO [UIMTENbHOCTB: €CIU IJIU-
TEIbHOCTh PA3JMUYHBIX IIaroB TAKXKE pasziMuHa, TO ATOH pa3HULEH
MOXHO mpeHeOpeuyb. OJHAKO Ha MpPaKTHKE 3TO HE BCEraa Tak — Ha
JUINTEJIBHOCTD JIEAYKTUBHBIX LUKIOB MOTYT OKa3bIBaTh BIIHMSIHHE pa3-
nTu4aHbIe (DaKTOPhI, MHOT/IA HE Mojjatommecs yuety. HetpyaHo BuieTs,
YTO B TaKUX CJIydYasX CBOICTBO TEMIOpaJbHOW YyBCTBUTEIbHOCTH
areHTa yTpayuBaeTcs: M3MEpPEHHE BPEMEHHM B JACAYKTHUBHBIX MIarax
OKa3bIBACTCS CIIMIIKOM HETOYHBIM. DTO 03HAYAET, YTO aHOMAJIUHU JIaH-
HOTO TUIa MOTYT OBITh HE PACMO3HAHBI ar€HTOM, b€ MTOBEJCHUE OIHU-
CBIBAETCS CPEICTBAMHU aKTHUBHOM JIOTUKU.

6. MHokecTBeHHasl TPAHYJISIUSA BPeMeHH

Kak npencrasnsercsi, npo6iieMy, ONMCAaHHYIO B MPEABLAYIIEM pa3-
Jiesie, MOKHO MPEOJ0IETh, €CIN KaXI0OMy KOHKPETHOMY J€AYKTHBHO-
My LIMKIIy COIIOCTaBUTh €I0 MHIUBUAYAIBHYIO JUIUTEIbHOCTh, OTKa3aB-
IIUCh TIPH 3TOM OT IOCTyJaTa O HEPANMUYUMOCTH Pa3INYHBIX ACIYK-
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TUBHBIX IUKJIOB MO BPEMEHH HMX OCyIIecTBIeHus. Ecnm mpu ucmosns-
30BaHUU JUIUTEIBHOCTU JETyKTUBHOIO IIMKJIA B KAYECTBE BPEMEHHOTO
sTajoHa (KaK 3TO MPUHATO B aKTHUBHOM JIOTMKE) MBI UMEEM IpUMEp
rpaHyJsiuy BpeMeHnHou nHpopmanuu [Tapacos, 2011], To nmepexos k
WHJIMBUIY aJIbHOM UTMTEIBHOCTH KaXKIOTO IIUKJIa €CTECTBEHHO HA3BaTh
MHOKECTBEHHOW T'paHyJIALUeH BpeMEHH: TeNeph KaKIOMY JETyKTHB-
HOMY LMKy COOTBETCTBYET HWHIMBHyallbHas BpPEMEHHas IpaHyJa.
[TpencraBiieHHBIH HUKE TIOAXO/] K PEIICHHUIO MTPOOIEMBI HEPEIBUICH-
HOTO YBEJIMYEHHs AJIUTEIBHOCTH ACTYKTUBHOTO IIUKIA Oa3upyercst Ha
MOCTPOCHUSIX, MpHUBeIeHHBIX B [BuubkoB, 2008], 1 ocHOBaH Ha cieay-
IOIIEM.

Bpemsi paccmarpuBaercsi Kak OECKOHEYHas MOCIEI0BATECIbHOCTD
HaTypaJbHBIX yucen u3 MHoxxkecTBa N. bynem o6o3nauars ee Gek (ri1o-
OanmbHBIE Yackl). Tak Kak MOJIETMPOBAHNE TIOBEJCHUS MHOTOAr€HTHOM
CHCTEMBI OCYIIECTBIISICTCS B PA3JIMUHBIX YCIOBHAX (= MPOTOHAX), KaXkK-
JIOMY TaKOMY IPOTOHY CTaBSITCS B COOTBETCTBHME T.H. 4achl MPOTOHA
moaenu Ck, oTpaxkarolue ero creruuky (IPUHIAI TPaHYJISIIHHA Bpe-
MeHH). Yachl MporoHa MO — 3TO KOHEYHas UM OECKOHEYHasi CTPO-
T'0 BO3pacCTarolas Mo I0CIeI0BaTeIbHOCTD II00aTbHBIX YaCOB, YICHBI
KOTOPOH MHTEPIIPETHPYIOTCS KAK MOMEHTHI BPeMEHH (Ha TII00aIbHBIX
yacax) 3aBEpUICHUs JAEAYKTHBHBIX ILUKJIOB. MHOXECTBO BCEX TaKHX
MOMEHTOB BpeMeHH 0003HauuM Ck*. Kaxknmplii «THK» 4acoB MpPOTOHA
MOJIETT COOTBETCTBYET OJIHOMY BBITIOJIHCHHIO KOHKPETHOTO JIeTyKTHB-
HOro nukia. [Ipu 3ToM MopsAKOBBIA HOMEpP STOTO LUKJIA COBMAAaeT HE
C MOMEHTOM BPEMEHH €r0 3aBEPIICHHUS, a TOJIBKO C TIOPSIKOBBIM HOME-
POM PTOrO MOMEHTA BPEMEHHM Ha 4yacax MPOTOHa MOJENN. DTO MO3BO-
JSIeT, MEHSISl YaChl IPOTOHA MOJIENI, UMUTHPOBATDH Pa3IMYHbIC yCIOBUS
paboTel MHOTOareHTHOW cucTeMbl. Vcmonb3yroTes Takke 1Be (QyHK-
unu — clock (.) u rank (.). IlepBast oroOpakaeT MHOXeCcTBO N BO MHO-
xectBo Ck*. Tepm clock (n) nHTEpIpeTHpPYETCS KAK MOMEHT BPEMEHH,
UMEIONINN MTOPSIKOBBIA HOMEpP # Ha 4acax MpOroHa Mojenu. Bropas
(yHKIMS SBJSIETCS OOpaTHOW 10 OTHOLICHHUIO K MEPBOH, T.€. JIJIsl BCEX
t € Ck* rank (t) = clock ' (), ec 3HaUCHUEM SIBJISCTCS TOPSIKOBBIM
HOMEp MOMEHTa BpeMeHH ¢ Ha 4acax rnporona mojenu Ck. Torna, eciu
BpeMs 3aBEpPLICHUS MPEIbIAYIIEero ASAyKTUBHOTO IUKIa OBUIO t, ciie-
JYIOIINN JIeyKTUBHBIA IMKJ 3aBEPIIUTCS B MOMEHT BpeMeHu clock
(rank(t) + 1). O603naunMm (clock (rank (t) + 1)) kak next (t), T.e. MOMEHT
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BpPEMEHH, CIIAYIOIINI mociae MoMeHTa t Ha dacax ck. Torma, B ycio-
BUSIX TPaHYJISIIMK BPEMEHH JIEAYKTUBHBIC MIPABUIIA BBHIBOJIA U3MEHSTCS
CJIeYoIUM 00pa3oM (Ha mpuMepe NpaBuiia 0TCUeTa BpEMEHH):

t. now(?)

next(t): now(next(t))

7. llpumep oOHApYKeHUSI AHOMAJIMHU
MO3HABAaTeJbHOI'0 Npolecca

Hwxe npuBesieH mpuMep nporiecca MeTapacCykIeHHN, Koraa (axT,
YTO BONPEKH OKUIAHHUSIM areHTa HEKOTOpoe coObITHE A He CTajo BO-
BpeMs eMy U3BECTHO (MOMEHT BPEMEHHU 2), IPOSBIIACTCA B BUJIE TIPSIMO-
ro IPOTUBOPEYUSL.

[Tpumep 7.1.

ITycts ck = (0, 1, 13, 15,17, ...)

0: ... now (0), (now (t) A t>5) > K (next (t), 4), ...

1: ... now (1), (now (t) A t>5) > K (next (t),4 ), = K (1, A4), ...

13: ... now (13), (now (t) A t=5) > K (next (t),4 ), = K (1,4 ), —
K13, 4),=-K((5,4), ...

15: ... now (15), (now (t) A t>5) > K (next (t),4), - K(1,4),—
K(13,4),-K{15,4),K(13,4), ...

17: ... now (17), (now (t) A t>5) > K (next(t),4), - K(1,4),—-K
(13,4),-K(15,4),K(13,4), contra (15, K (13,4),-K(13,4)) ...

B momenTsl Bpemenn 0, 1, 13, 15 cpaboTaiio nmpaBuiio HeraTHBHON
HWHTPOCIHEKLNH, B pe3yJIbTaTe Yero ObLJIM MOCIEI0BATEIbHO BbIBE/ICHBI
dopmyner - K (1,4),-K(13,4),— K (15,4 ). BmomenT Bpemenu 15
cpaborano npaBuio (now (t) A t>5) > K (next (t), 4), BeIpaxaroniee
OXHJIaHHE, YTO IO MPOIIECTBUH 5 €ANHUI] BPEMEHH areHT Oy/1eT 3HaTh,
YTO B pe3yJIbTaTe OCYILLECTBIIIEMOr0 MM IO3HABaTEIBbHOIO IpoLecca
npou3onio codbitie A. B MoMmeHT Bpemenu 17 cpaboTano MmpaBmiio
OoOHapy>XEHUs! NPOTHBOPEUUS, B JTAHHOM CIIy4ae MeEXIy OXHJIaHHEM
areHTa, 4YTo OH y3HaeT O HACTYIUICHUH COOBITHS A IO MCTEUYEHHH 5
eIMHHII BPEMEHH, U (PAKTOM, UTO K YKa3aHHOMY BPEMEHHU NH(POPMAITIH
O HACTYIJICHUH COOBITUS A areHTy He MOCTYMWIO. 3aMETHM, 4TO 0e3
MHOKECTBEHHOW TPaHyJISIIMU BPEMEHH JTaHHAsi aHOMaJIus He Obl1a Obl
BbISIBJIEHA BOBpPEMSI.
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3akjaoueHue

PaccmoTpeHHass B JaHHOM JOKJIaJie MHOYKECTBEHHAsI TPaHYJISIUS
BPEMEHU OPUCHTHUPOBAHA HA MPUMEHEHUE B MHOTOAr€HTHBIX CHCTEMax
KECTKOTO peanbHOro BpeMeHH. OTMBIT MPaKTUYECKOTO MPUMEHEHHS
METaI03HaBaTEIbHBIX CTPATETH B COYSTAHUHM C MHOXKECTBEHHOM Ipa-
HYJISIHEH BPEMEHH CYIIECTBEHHO PACIIUPSAET KJIACC HETPEABUIACHHBIX
CHUTYAIIM, KOTOPbIE MOTYT OBITh YCIIEITHO Pa3pelIeHbl PU MOACITUPO-
BaHWH MTOBEJICHUS MHTEIUICKTYalIbHBIX areHTOB. TeM He MEHee paccMo-
TPEHHBIM TIOJIXO/I HE CIIe/IyeT TPAKTOBATh KaK IMaHAIlCi0, PEIIaroIlyio
BCE MPOOJIEMBbI, CBS3aHHBIE C 00CCIICUCHUEM YCTOMYMBOCTH K aHOMa-
JUSM WHTEJUIEKTYATbHBIX crcTeM. He BBI3bIBa€T COMHEHHI TAKXKe, 9TO
Ha MYTH PElIeHUs ATUX MPOOJIEM METAKOTHUTHUBHBIA TOAXO]T SBIISETCS
HEOOXOIUMBIM 3BEHOM.

Buaaronapuocrn. Pabora Beinonnena npu ¢puHancoBoi nojepxxke POOU
(mpoextsr 09-01-00877, 12-07-00083,13-07-00396).
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YK 007:519.816

OCOBEHHOCTHU NOCTPOEHUSA HEYETKHUX
BAMECOBCKHUX CETEH JTOBEPUS 1151 MOJAEJTUPOBAHUA
TEMIIOPAJIBHBIX PACCYKJIEHUI

A.C. 3axapoB (authl989@yandex.ru)
®dumnan MOU B r.Cmonencke, CMOIEHCK

B pa60Te npeanaracTces MEXaHu3M ydeTa TEMIIOPAJIbHBIX BBICKa3bIBaHUH B
paMKax arrapara HCUCTKUX 0aileCOBCKHUX CETEH JAOBEpUs, 4YTO IMMO3BOJIACT
MPOBOAUTHL MOACIUPOBAHUEC TEMIIOPAJIbHBIX paC(Zy)KZ[eHI/Iﬁ Ha UX OCHOBC.
OnuChIBalOTCS 0COOSHHOCTH TIOCTPOCHU L npe;[naraeMoﬁ FH6pI/IHHOI71 MO-
JCIIH.

BBenenue

Baiiecockue cetn noepust (BCJI) [Pearl, 1987] siBisitorest ahdek-
TUBHBIM CPEICTBOM, TO3BOJISIFOIIMM MOJEIMPOBATH MPaBAONOA00HBIE
paccyJeHus, ¥ IOTOMY MMEIOT IE€PCIEKTUBBI UCIOIb30BaHUs B CU-
cremax nozyepxku npuaatus pemennit (I111P). Oxnako obmacts npu-
MeHumoct BCJl cyliecTBEHHO OrpaHUYMBACTCSI HEBO3MOXKHOCTBIO
3¢ (EeKTUBHOTO MPECTABIEHUSI Psijia CYIIECTBEHHBIX B 00JIACTH MOJie-
JMPOBAHUS MTPABONOJOOHBIX PACCYKICHUI aCIEKTOB, CPEIH KOTOPHIX
OJTHUM U3 KJIIOUEBBIX SIBIISIETCS BO3MOYKHOCTD MPEJCTABICHUS Pa3iny-
HBIX BHUJIOB HEONPEAEIEHHOCTH (MIOMHUMO cTOoXacThieckoii). JlanHas
npo0ieMa 0TYaCTH PelIaeTcs anmapaToM HeYeTKHX 0alileCOBCKUX CeTeH
nosepust (HBC/I) [bopucos, 2009], koTopsie, 001aas BCeMH BO3MOXK-
HocTsaMu BCJl, 03BOJIAIOT MOAEIMPOBATh PACCYKIACHUS B YCIOBUAX
HAJIWYMs JTUHTBUCTHYECKOM M SMUCTEMOJIOTHYECKON HEONpEeAeICHHO-
ctu. Hedetkue OaiiecOBCKHE CETH JOBEpUs MPHUHATO paccMaTpHUBATh
KaK YacTHBIM BHJ THOpUIHBIX OaiiecoBckux cereil [Pan, 2000], ocHo-
BaHHBIX HA B3aUMOJICMCTBUU ammapara TEOPUH HEYETKUX MHOXKECTB U
OaitecoBckux ceTert noBepus. B pabore [Ren, 2005] mpuBoauTcs mpu-
Mep MPaKTHYECKOTO MPUMEHEHUS] HEUETKUX 0ailleCOBCKUX CeTel uis
aHaJin3a PUCKOB.

Omnaxko, xoTst HBC u ycTpaHstoT 4acTh OTpaHUYCHUN KITACCUYSCKUX
BC/l, sToro B mojaBisAouieM OOJBUIMHCTBE CIy4aeB HEJOCTATOYHO,
ITOCKOJIBKY ITPAKTUYECKH Kaxkaas peanbHas 3anada [P tak ninm nHa-
4e 3aTparuBaeT BPEMEHHOM acleKT paccyxkaeHui. [loaromy Ha nmepBbIil
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IJIaH BBIXOJAT TaK HA3bIBACMBIC TEMIIOPAJIBHBIC PACCYXKIACHUSA — pac-
CYXKIACHUS, B KOTOPLIX YYHUTBHIBAIOTCA BPECMCHHBIC 3aBUCUMOCTH MCIKAY
HOCBUJIKaAMHM U 3aKJIFOUCHUAMMU.

1. HeueTkue 0aiiecoBCKHE ceTH
H TeMIopaJibHasi JIOTHKA

Temnopanvuas n02uka SIBASETCS Pa3sHOBUIHOCTBIO MOJAIBHON JIO-
THKHU 1 MOXET OBbITh UCIIOJIb30BaHA JIJIs PEHICHHUS 3a/1a4 MOICTUPOBAHUS
paccyXJIeHHH, Koraa HeoOX0IMM y4eT UX BPEMEHHOT0 acrekTa. Tem He
MEHEe HCCIIEOBAaHNs, Kacaroluecs: TeMIopanbHoi Joruku [Epemees,
2006], [Epemees, 2011], [Barun u nip., 2008], He 3aTparuBaroT BOIIPOCHI
HCIOJIb30BaHMS NP MOJEIMPOBAHUU PACCYKICHUM Mep HCTUHHOCTH
BBICKA3bIBAHMI, & B YACTHOCTH, BEPOATHOCTHOW M HEYETKON BEpOAT-
HOCTHOW M€p UCTUHHOCTH.

Cosznanne HeYeTKON 0alleCOBCKON CETH € MOICPKKONW TeMIOpalib-
HBIX 3aBUCHMOCTEH SIBJISICTCS 3aJlayei, pElIeHHEe KOTOPOU aKTyallbHO
U CIOCOOHO MOBBICUTH BBIPA3UTEIBHOCTh KIIACCHUECKOU OaiiecOBCKOM
cetu noBepusl, a 3HauuT U dpdekrnBHocTh [P ¢ ux ucnons3oBaHu-
eM.

IIpocmuvim memnopanvHbiM 6blCKA3bl6aHUEM Ha3bIBAETCS BbICKa-
3bIBAaHUE, XapaKTEpPU3YOIlllee IUHAMMKY HCTHUHHOCTH KJIACCHUYECKOIO
BBICKA3bIBAHMSI, IIyTEM NIPUMEHEHUST HEKOTOPOTO MeMNOpaibHO20 One-
pamopa [Epemees, 2006] [Epemees, 2011].

Jns MopgenupoBaHusl pacCyKICHHUI C UCIIONb30BAHUEM allllapara
Heuetkux OaiiecoBckux cereil (HBC) ocoOblil nHTEpeC MpeacTaBisioT
oIrepaTopbl MPOIJIOro BpeMeHU. B kauecTBe Mepbhl MCTUHHOCTU BbI-
CKa3bIBaHMM O COCTOAHUAX nepeMeHHbIX Mojaenu B HBC npexanaraercs
WCIOJIb30BATh ammapar HeUYeTKUX BEPOSTHOCTHBIX Mep, MO3TOMY IS
3¢ (HEeKTUBHOTO MOJIETUPOBAHUS TEMITOPATBHBIX PaCcCy X ACHUN He00XO0-
IUMO pa3paboTaTh MPUHIMITEI BEIYMCICHUS] HEUETKONW BEpOSATHOCTHOM
MEpBbI ISl YTBEPKACHUH, UMEIOLINX TEMIIOPATIbHYIO IPUPOY.

KitoueBbIMU TEMITOPAJILHBIMK ONIEpAaTOPAaMU IPOIIJIOTO BPEMEHHU
SIBIISTIOTCSL «KOTA-TH00 B TIPOIIIIOM» (), «BCErJa B MPOIIIOM» (),
«Korjaa-nubo B MPOLUIOM Ha WHTepBaje n..m» (e”), «Bcerga B Ipo-
oM Ha uHTepBaiie n..my» (o) ) [Epemees, 2011].

CnootcHbiMUu MmemMnopanbHeIMu 8biCKasbleanusamu OyieM Ha3bIBaTh
BBICKA3bIBaHUSA, B KOTOPBIX MPOCThIE TEMIIOPAJIbHBIE BBICKA3bIBAHMS
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CBsI3aHBI MEXy COOOH TEMITOpabHBIMU OTHOILEHUSIMH. [ Ipeaiaraemplii
[OXOJl OCHOBAaH Ha pe3yibTaTax, MPEJIOKEHHBIX B paMKax TEMIIO-
panbHON MHTEpBaIbHOM JTOTUKHN AnleHa. Ha MHOXecTBe TeMITopaabHBIX
BBICKA3bIBAHUN OIPEAEINM MHOXKECTBO TEMIIOPAIbHBIX OTHOIIECHUHI
Rt ={before,after,during} [Allen, 1991]. Ilo pesympTaram aHamm3a
npukiaaaeix 3agad [P B ob6nactu MeIUIIUHCKONW AMArHOCTHKH, MTPH
aHaJIM3€ OPTraHU3AIMOHHO-TEXHHYECKHX, (DMHAHCOBBIX M WH(pOPMAIH-
OHHBIX PHCKOB BBIIICYKa3aHHBIC OTHOIICHUS ONpe/esieHbl Kak Hanbo-
Jiee 3HauuMBbIE.

I pammamuka crox#CHbIX MEMNOPALHBIX 8bICKA3bIGAHUI HEOOXO0IU-
Ma 715t GOopMaNIbHOTO ONpeeNieHHs MPUHAIEKHOCTH HEKOTOPOTO BbI-
CKa3bIBaHUs K KJACCy CJIOKHBIX TEMIIOPAJIbHBIX BbICKA3bIBaHMM. s
omnpezAesieHus TaHHOM I'paMMAaTHKH Bocmojb3dyemcs (opmoit bakyca-
Haypa:

S — TMP | R(TMP,TMP); TMP — Ty;
R — Before | After | During; T —#|e|¢"|e”

3neck Before, After, During,¢ ,e,4" " A\, y — TEPMUHAIIBI [PAM-
MaTHKH, IPUYEM Y — HEKOTOPOE HEMOJaJIbHOE BbICKa3biBaHue. Kak ciie-
JYET U3 BBILICONMCAHHONW IPAMMATHKH, B BBIPAXKEHUHN YCIOBHOM BEPO-
STHOCTH CaMmoO YCJIOBHE MOXET OBITh JIN0O PUMEHEHHEM HEKOTOPOTO
TEMIOPAILHOTO oreparopa 7' K HeMOJaIbHOMY BbIcKasbiBaHuio (7),
00 TEMIOPaJbHBIM OTHOLICHHEM MEX1y Bbicka3biBaHusMu (R(TMP,
TMP)).

CroXHBIE TeMIOpaJIbHbIE BBICKa3bIBAaHUS, MUCXOAS M3 TpeOOBaHUS
HENPOTHUBOPEUYUBOCTH, HE MOTYT OBITH COCTaBJICHBI IMPOU3BOJILHBIM
00pa3oM Ha OCHOBE MPOCTHIX TEMIIOPATBbHBIX BHICKa3bIBAHUU H TEM-
MOpaNBHBIX OTHOIIEHWH. B Kkiaccuueckoil OaiiecOBCKOW ceTH 3aja-
I0TCSl YCIIOBHBIE BeposiTHOcTU Bujta P(A=x,|B=x,,C=x.,..) , B
0aiiecCOBCKOW CETH C MPOCTHIMU TEMIOPATLHBIMU BBICKA3bIBAHUSIMU —
P(A=x,|T(B)=x,,T(C)=x.,...), rne T — npMMEHEHHE HEKOTOPOTO
TEMIOPAJILHOTO orieparopa. B 0aliecOBCKO ceTH CO CIOXKHBIMHU TEMITO-
PAIBHBIMU BBICKA3bIBAHUSIMH JJISI IPOCTBHIX TEMITOPAJIbHBIX BBICKA3bI-
BaHUHI MOT'YT yKa3bIBaTbCs TEMIIOPAJIbHbIE OTHOLIEHHUS, B KOTOPBIX OHU
YYaCTBYIOT, IPUYEM JIt00ast IepeMEeHHas He MOXKET ObITh OJTHOBPEMEHHO
1 CBOOOJTHOM, U CBSI3aHHOW HEKOTOPBIM TEMITOPAJILHBIM OTHOIICHUEM C
Jpyroil NepeMeHHOM!, T.€. JOIyCTUMbI YCIOBHbIE BEPOSATHOCTH BUAA
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P(A=x,| R('(B) = x,.T(C) =%, ).T(D) = x,....

3nech R — HEKOTOpOE TEMIIOPaIbHOE OTHOLIEHHUE.

OpnHako HCIOJIb30BaHUE TEMNOPaibHBIX Bbicka3zpiBaHui B HBC
HUMEET PsAJl CYIIECTBEHHBIX OCOOCHHOCTEW, KOTOPbIE HEOOXOIMMO yUH-
TBIBAaTh Ul HEMPOTHBOPEUYMBOIO MOAEIMPOBAHHS MPABIONOAOOHBIX
pacCyKIeHUH C NX TOMOUIBIO.

2. Oco0eHHOCTH MOCTPOEHHUS TEMIIOPAJIBHBIX HEYeTKIUX
0alieCOBCKHUX ceTeH

BaiiecoBckue ceTr ToBepus SBISIOTCS MATEMAaTHYECKUM amapaToM
JUIsl BBIPasKE€HUS! IPUUMHHO-CIIECTBEHHBIX CBSI3€H MEXy Pa3IUYHbIMU
MEPEMEHHBIMU M W3BJIICUCHHS WH(POPMAIMH, HETPUBHAIBHO CIEIYIO-
Iei U3 OMUCAHHBIX 3aBUCUMOCTEH. [[oHsATHE TOTHON rpyIIIBl COOBITHIA
UrpaeT BaXXHYIO poiib B (hopMyHrpoBke OaifecoBa mpaBuia, JIEKAIIETo
B OCHOBE 0alleCOBCKHX CETeH JoBepusl.

OpnHako B cly4ae UCIOJIb30BAHUS TEMIIOPATBbHBIX BBICKAa3bIBAHUI
MOHSITHE IOJIHOW TPYIIBI COOBITHI BeChMa HETPUBHAILHO. B wacrt-
HOCTH, BBICKa3bIBaHUE, TPOTHBOIIOIOKHOE BBICKA3bIBAHUIO «COOBITHE
A HacTynano Bcerja B MPOIUIOM» HIIH «COOBITHE A HACTyHaso KOTja-
00 B MPOIIOMY, YXKe He TaK POCTO ONpeIenTh. Perenne naHHon
3a71a4y aKTyaIbHO, TIOCKOJIBKY TT03BOJISIET 0000IIUTE (POPMYITy TIOTHOM
BeposiTHOCTH U Qopmyiy baiieca Ha ciy4ail TeMIopaibHBIX BBICKA3bl-
BaHMI, YTO HEOOXOIUMO B Cllyyae HAJIMUYHs NPUYNHHO-CIIEICTBEHHBIX
CBA3€H, YUUTHIBAIOINX BPEMEHHOMN aCIEKT.

B pabote [Barun u ap., 2008] B Ka4ecTBE OCHOBBI JIJISI TOCTPOCHUS
MOJIaJIbHOM JIOTMKU HUCIOJIb3YETCS] MCUUCIIEHUE INPENUKATOB I1EPBOro
nopsiaka. JlaHHbIN 1OX0] MOYKHO MCIIOJIB30BATh JJISl HAXO0XKICHHS OT-
PHUIIaHUS TEMIIOPATBHBIX BHICKA3bIBAHUM.

[IycTh # — HEKOTOPBIIA MOMEHT BPEMEHH, P — HEKOTOPOE BBICKA3bIBA-
HUe, Toraa (hpa3y BUIA «BBICKa3bIBaHHE P UCTHHHO B MOMEHT BPEMEHH
t » Oynem o0o3HavaTh Kak Pt. MoJanbHOCTh «KOTa-TM00 B MPOILIOM
P» MOXXHO BBIpa3UTh CIEAYIOMIMM 00pa3oM: HAMIETCs TaKOH MOMEHT
BPEMEHH B IIPOILJIOM, B KOTOPBIH HCTUHHO P, 9TO Ha S3bIKE HCUUCIICHUS
MPEAMKATOB 3aMuChIBacTCs Kak 37 : Pf. MonanbHOCTh «BCeraa B MPo-
oM P (akTUYecku O3HavaeT CIEAyIoIee: B KaKIblii MOMEHT Bpe-
MEHH B MPOLUIOM UCTUHHO P — B TEPMHMHAX MCUYHUCICHUS MIPEIUKATOB
3amKCchIBaeTCs Kak Vi : Pr.
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Torma oTrpumanneM MOAAIBHOTO BBICKA3bIBAaHHUS «KOTHA-THO0 B
npouuioM P» Oyner dopmyna cienyromero Buaa: —Jf : Pf, U3 KOTO-
PO, NOJIB3YsICh AKCUOMATUKON HCUMCIICHU NIPEAUKATOB (IPaBUIIO OT-
pHLIAHUST KBAaHTH()UIIMPOBAHHBIX (HOPMYIT), MOXKHO BhIBECTH V1 :—PIL,
YTO SKBUBAJICHTHO «Bcera B mponuioM —F ». Paccykxnast aHamoruyHo,
OTpHILIAHNE MOJAJIBHOIO BBICKA3bIBAHUSI «BCETAa B IPOLUIOM P» MOX-
HO TIPEACTaBUTh Kak — V' : Pt , uto maer 3¢ : — Pt , T.e. «koraa-mmudo B
npouuiom —F ».

ITycte nepemeHHble A U B MOTYT IpUHUMATh 3HAYEHUsS «» (UCTU-
Ha) 1 «f» (J10kb). Torma oTpuianneM BBICKA3bIBaHUS «A = t» SBISET-
csl BbICKa3bIBaHue «4 = f». AnanoruuHo mjsi B. Takke mpeanonaoxum,
4TO0 MeXIy A M B CymEeCTBYeT MPUYMHHO-CICICTBCHHAS CBS3b BHIA
«4—B».

baiiecoBo npaBmiio B 3TOM ciy4ae, Oy1y4d MPUMEHEHHBIM IS Ha-
XOXJICHUS] BEPOSITHOCTH COOBITHUS «A KOTJIa-IMOO0 B IPOIJIOM PABHO 1,
JIaeT CIENYOUUN Pe3ysbTaT:

P4, |B)= P(B,| 4,)*P(4,)

P(4,)* P(B,| 4,)+P(A;)*P(B,| 4.;)

MoianbHbIe ONepaTOPhl «KOTIa-THO0 B MPOILIOM Ha UHTEPBAJIC OT
m 1o n» (#") 1 «Bceraa B MPOILJIOM Ha WHTEpBaje OT m A0 n» (@)
TaK)Ke SABJISIOTCS 1yabHBIMU.

Tax, BbICKa3bIBaHHE «KOTAa-TK00 B MPOIUIOM HA WHTEPBAJIC OT M
JI0 1 UCTUHHO P» (Pw ) MOXET OBITh BBIPQXKECHO B TEPMHHAX JIOTUKH
MpEeaIuKaToB IEPBOro ﬁopﬂnKa AHAJIOTUYHO BBICKA3BIBAHUIO P‘ C yue-
TOM CJIEIYIOIIETO OTPAaHUYCHU: € [m,n] W BCIIOMOTATCILHBIX OIIpeae-

JICHUH:
V(x : A(x))B(x) <> Vx[A(x) = B(x)] (1.1)
A(x: A(x))B(x) <> Ix[A(x) A B(x)] (1.2)

VYTBepxaeHue ¢ e[m,n] 0003HaYMM Kak X" ,TOr/ia paccMaTpuBae-
MO€ BBICKa3bIBAaHHE B TEPMUHAX JIOTUKHU IPEIUKATOB, COTIACHO OIIpeie-
nenuio (1.2), BeIrmsaauT kak: 3¢: X" A P. AHaJIOTMYHO, BBICKa3bIBAHUE
«BCEra B MPOLLIOM HAa UHTEPBAJIE OT M 10 7 UCTUHHO P» (P, ), € yue-

TOM BBEJCHHBIX 00O03Ha4YeHMI, corjacHo omnpexaeneHuo (1.1), Mmoxer
OBITh BBIPDAXKEHO B CIEAyIOIIEM Buae: Vi: X" — P.
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s HaxoXIeHWs OTPUIAHMN pacCMaTPUBAEMBIX MOJAIBHBIX
BBICKa3bIBAHUN, KaK U paHee, OyJeM CUHMTaTh, YTO OHU DKBUBAJICHT-
HBl OTPHLIAHHUIO MX (POPMYIHPOBOK B TEPMHMHAX JIOTHKH NPEIUKATOB.
Tak, oTpuIaHUEM MOJAIBHOIO BBICKA3BIBAHUS P, ABIAETCA bopmy-
na: =3t X" AP=Vt:=X""v-P=Vt: X" = =P, 4TO DKBHBAJIEHTHO
(=P),, , T-e. «BCer/Ia B MPOLUIOM Ha MHTEPBAje OT m JI0 71 JIO)KHO Py».
OTpHLaHHe MOJAIBHOIO BBICKA3BIBAHUSI P, MOXKET OBITh BBIPAXKEHO
GopMynoit —V¢: X" — P=3t:—~(—X""v P)=3t: X"" AP, uTO 9KBH-
BaJIEHTHO (ﬁP)% , T.e. «BCeTJa B IPOIIJIOM Ha MHTEPBajE OT m N0 7
JIOKHO P».

Kak crnenctBre 13 BRIIIENPUBENCHHBIX PE3YIbTaTOB, ISl HAXO0XK/Ie-
HUSI BEPOSITHOCTU COOBITUSI «A KOTAa-1ud0 Ha MHTEpBalie OT M J0 N
PaBHO » JAET CIEAYIOINN Pe3yIIbTar:

P(Bl‘ |A’;'lnt)*P(A.;lnt)
P(A,, Y*P(B,| 4y )+ P(4, )*P(B, | A, )

Taxum 00pa3om, JiJisi HEMPOTUBOPEUMBOTO UCTIONIB30BaHMs Oatieco-
BOTO IpaBuJia MpH paboTe C BEPOATHOCTHBIMU OLIEHKAMH HCTUHHOCTH
BBICKA3bIBAHUN, YUUTHIBAIOIIUX TEMIOPAIBHBIA aCHEeKT, HEOOXOAUMO
3aJaBaTh YCJIOBHBIE BEPOATHOCTH C YYETOM OIIMCAaHHOM BBILIE Jyallb-
HOH NpUPOJIbI TEMIIOPAIBHBIX ONEPATOPOB MPOLIOrO BPEMEHH.

Eme ogna oco6ennocTs nmocrpoenusi HBC ¢ TemmnopaibHBIMHU BbI-
CKa3bIBAaHHMSMU 3aKIII0YACTCS B OCYIIECTBICHHH MPSIMOTO U OOPaTHOTO
BBIBOJIA B YCJIOBHSIX HAJIMYMS CIOKHBIX TEMIIOPAJIBHBIX BBICKA3bIBAHUM.
31ech NMpUMEHSETCS MOAXO0M, CYyTh KOTOPOTO 3aKIJIIOYaeTcsl B 3aMEHE
CJIO)KHOT'O TEMIIOPAJIbHOI'O BBICKA3bIBAHUSI COBOKYITHOCTBIO IIPOCTBIX C
JOTIOTHUTEIBHBIMU OTPaHIYEHUSIMU.

PaccMoTpuM BapuaHTBl TEMIIOPAJIBHBIX OTHOIIEHUH MEXIy Ipo-
CTBIMU TEMIIOPAJIbHBIMU BBICKA3bIBAHUSIMH, U JUIsl KaKOrO0 BapuaH-
Ta yKakeM Croco0 ero mpeacTaBieHus 0e3 NPUMEHEHHsI OTHOLICHUS.
[Mpumem crenyronue obo3Havuenus: [, =[x,,x;] — HUHTEpPBaJ BPEMCHH,
Ha KOTOPOM ONPEIeIISIeTCS] HCTUHHOCTD BBICKA3bIBaHUS A, [, =[x,,x,]—
WHTEpBaJI BPEMEHU, HA KOTOPOM ONPEIEISIETCS] HCTUHHOCTD BBICKA3BI-
BaHUs B.

«A UCTHHHO 6ce20a 6 npouiiom u 00 3mozo By». «A NCTUHHO 6cee-
da 6 npoutiom u nocie 3moz2o B». JlaHHble BbICKa3bIBaHUS SIBISIFOTCS
0ECCMBICTICHHBIMH M WX UCTHHHOCTH HE MOXET OBITh yCTAaHOBIICHA.
WnTepBan I, —3T0 Bce MHOXKECTBO MOMEHTOB BPEMEHM OT Hayajla Mo-
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JENMPOBAHUSA 10 TEKyIIEro MoMeHTa. [I0CKONbKy HE CyIIeCTBYET MO-
MEHTa BPEMCHH, CJIEAYIOMIETO 32 KAKUM-JIM00 MOMEHTOM U3 [, WIIH XKe
IIPEIIECTBYIOIIEI0 €My, TO UCTUHHOCTh 3aBUCHMOIO BBICKA3bIBAHMSI
HE MOXeET ObITh YCTAaHOBJICHA.

«A UCTUHHO 6ce20a 8 npouliom u 8 meuerue 3mozo B». JlanHoe BbI-
CKa3bIBaHHE 0e3 MOTepH CEMAaHTUKU MOXKHO IpeoOpa3oBaTh K BUIY «A4
UCTUHHO 6cez20a ¢ npoutiom U B». BooOle, oTHOLICHNE «68 meuenuen
[IPY UCIIOJIb30BAaHUH COBMECTHO C TEMIIOPAIBHBIM OIIEPaTOPOM «BCETJA
B IIPOLINIOM» MOKET OBITh OIYIICHO.

«A MCTHHHO 6ce20a 6 NpPowlioM Ha UHmepeaie om m 00 N U 00
smozo B». B cinyuae eciu unmepesanvt epemenu 0aia A u B e nepece-
Karomcsi, BOSMOXHBI J1Ba cilydasi: [, IpelllecTByeT uHTepBaily [,— B
JTAHHOM CIIy4ae BBICKa3bIBaHHE MOXKET OBITh MpeoOpa3oBaHo K «A4 Hc-
TUHHO 6ce20a 6 npouwiiom Ha unmepeaie om m 0o n U B». Eciu I,
HpeALecTBYeT /,, TO BhICKa3bIBaHHE OECCMBICTIEHHO U CTENEHb €ro HC-
TUHHOCTH HE MOXeT ObITh ycTaHoByieHa. Ecnu xxe unmepsanvt 1, u I,
nepecexkaiomcs, TO BO3MOXKHBI JBe cuTyauuu. Ecam x; > x,, 10 cTe-
MeHb UCTUHHOCTHU BBICKa3bIBaHUS HE MOXKET ObITh ycTaHOBiIeHa. Eciu
X, <X,, TO HHTEPBAJIOM BPEMEHH, HA KOTOPOM OIPENENIETCs] NCTHH-
HOCTb B, yZI0OBIETBOPSIIOIIMM OIpaHUUYEHUIO OTHOLICHUsT «beforey, siB-
JII€TCSI MUHTEPBAI [X,,x,].

«A UCTUHHO 8ce20a 6 NPOWIoM HA UHmMepsaie om m 00 N u No-
cne smoeo B». JlaHHBIN cioydail aHaJIOTMYEH PacCMOTPEHHOMY paHee.
B cnyuae, xorna [, npenmectByer /,, CTENEHb UCTUHHOCTHU BBICKA-
3bIBAHUS HE MOKET ObITh ycTaHoBleHa. Eciu [, cnenyer 3a /,, TO BbI-
CKa3bIBaHHE MOKET OBbITH NMPeoOpa3oBaHO K BUIY «A UCTHHHO Gce2dd
6 NpowIoM Ha unmepegare om m 0o n U By. Eciu ke uHTEpBaNBI [, U
I, mepecekaroTcs, TO MPH YCIOBUU X, < X; CTENEHb UCTHHHOCTH BbI-
CKa3bIBaHMs HE MOXKET ObITh ycTaHOBIIEHA. MHave, B ciyyae BBIIOJHE-
HHS YCIIOBUS X, > X, MHTEPBaJIOM BPEMEHH, Ha KOTOPOM OPEIeIseTCs
UCTUHHOCTB B, yIOBIETBOPSIONINM OTPaHUUCHHUIO OTHOIICHUS «after»,
SIBJISICTCSL MHTEPBAT [X),X,].

«A UCTMHHO 6ce20a 6 NpouLiomM Ha unmepeaie om m 0o n 1 6 me-
uenue 3moeo B». B ciydae BBINOIHEHUS OAHOIO W3 JBYX YCIOBHUI
Xy <X,,Xy <X, WIH X, >X,;,X, >X, CTCIICHb HCTHHHOCTH JITAaHHOTO BBI-
CKa3bIBaHMs HE MOXET ObITh yCTAHOBJEHA. B mpoTuBHOM ciydae uc-
TUHHOCTh BBICKa3bIBaHUSI B MOXKET OBITh OIpeliesieHa Ha MHTEpBajie
[max(x,,x,), min(x;,x;)].
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Hcexond nU3 TOro, Kak MpU MPSIMOM BBIBOJE BBIYMCIISIETCS MCTHH-
HOCTh BBICKA3bIBaHUS C TEMIOPAJIBHBIM OMNEPATOPOM «KOT/IA-TH0O0 B
npouuiom» [3axapos, 2013], MOKHO CKa3aTb, YTO OHA MOJHOCTHIO OTI-
penensercs KakuM-TO OJHUM MOMEHTOM BPEMEHH, HCTHHHOCTD IOJ0-
[IepaTOPHOTO BBICKA3bIBaHUS B KOTOPOM MakcuMasbHa. [loaToMy orpa-
HUYEHUs, HaKJIalblBaéMble TEMIIOPAJIbHBIM OTHOLIEHUEM, TaKXK€E 3aBU-
CST OT JJaHHOTO MOMEHTa BPEMEHH U (POPMYITUPYIOTCS OTHOCHTEIHEHO
Hero. [Ipumewm cienyromee 0603HaueHUE: {, — MOMEHT BPEMEHH, KOTO-
pBIil onpenensieT HCTUHHOCTD BBICKA3bIBAaHUS «4 MCTHHHO K020a-1ubo
8 NPOULTIOM.

«A MCTUHHO K020a-1ub0 6 npouiom U 0o smoeo B». Ecin t, > x,,
TO MWCTHUHHOCTb BBICKAa3bIBaHUs B olpeleisercss Ha UHTepBale
[x,,min(x,,?,)], B IPOTHBHOM CIIy4ae BCE CIOXXHOE TEMIOPATILHOE BbI-
CKa3bIBaHUE CUNUTAETCS JIOKHBIM.

«A UCTUHHO K020a-1ub0 8 npowiom 1 8 meuenue smoeo B». Ecin
t, €[x,,x,] , TO HCTHHHOCTb B ONpeAeNseTcs B MOMEHT BPEMEHH /, , B
MIPOTUBHOM CJIy4ae BbICKa3bIBAaHUE JIOXKHO.

«4 WCTHUHHO K020a-1ub0 8 npowiiom W nocie smozo By. Ecmn
t, £ X, , TO ICTUHHOCTb BBICKa3bIBaHUS B ONpENeNseTcs] Ha HHTepBaje
[max(x;,?,),x,], B IPOTUBHOM CITy4ae BCE CIONKHOE TEMITOPAIBHOEC BhI-
CKa3bIBaHUE CUMTACTCS JIOKHBIM.

no*

3akjaroueHue

Takum o0pazoMm, B paboTe TPEIIOKEH Croco0 COBMECTHOTO HC-
MOJIb30BaHMs TEMIIOPAIbHBIX BHICKA3bIBAHUH 1 HEUETKUX 0aileCOBCKUX
ceTeil, Moka3aHbl OCOOEHHOCTH MOCTPOEHMs IPEIsIaraeMoro Kjiacca
mozeneit. st npensaraeMoi MOJEIN CO3JaHbl aIrOPUTMBbI IPSIMOTO U
00paTHOTO BBIBOJA, UMEIOIIUE ACUMITOTHYECKYIO BEPXHIOIO TPAHUILY
cnoskaoctr O(n?), TIe n — 9UCII0 epeMEHHBIX Moaean. Beé aTo mo3Bso-
JSIET HEMPOTUBOPEYMBBIM 00Pa30M IMPOBOIUTH HHTEPIPETALIUIO perrae-
MO 3a71aui TOAACPKKH MPUHATHUS PEIICHUH B TEPMUHAX MOJICJIN U B
JaJIbHEHILIEM HCII0JIb30BaTh IIOJIYUYEHHYIO MOJIENb B IPOLIECCE PELLECHMUS
YKa3aHHOU 3a1a4H.
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PACIIPOCTPAHEHUE OT'PAHUYEHUMN
M OBPUCTUYECKUU MMOUCK
C IPUMEHEHHUEM MATPUYHOTI' O ITPEJICTABJIEHUSA
KOHEYHBIX ITPEIUKATOB!

A.A. 3yeHko (zuenko@iimm.ru)
OI'BYH HucTHTYT HHOOPMATHKYA U MATEMaTHYECKOTO MOJICITHPOBAHHUS
texHosorunaeckux nporeccos KHI[ PAH, Anarutst

B pabote npeaiaratTcs METO/Ibl PACIPOCTPAHCHHUS OTPAHUYCHHUIT U IBPH-
CTHYECKOT'O TIOKCKA, HAIPABJICHHBIC HA PEIICHUE 33/1a4 YAOBJICTBOPCHUS
OrpaHUYCHUH, I/Ie IEPEMEHHBIC OIPE/ICIICHBI HA KOHCUHBIX JJOMEHax. Pa3-
paboTaHHBIC METOBI HCIIOJIB3YIOT MATPUYHOE MPEICTABICHHE KOHEYHBIX
MPEIUKATOB, YTO MO3BOJISIET 000UTUCH O€3 TpeoOpa3oBaHMs OTPaHUYCHUN
B COBOKYITHOCTh OMHAPHBIX OTHOIICHUH U JIAeT BO3MOXKHOCTB 3(dekTrB-
HO PeIyLMPOBATh IPOCTPAHCTBO ITOUCKA.

BBenenne

Cornacao [Russel, 2003] 3aoaua yoosremeopenus oepanuuenui
(Constraint Satisfaction Problem — CSP) ompezaeneHa MHOXeCTBOM
NePeMeHHbIX X, Xy, ..., X, 1 MHOXECTBOM oepanuueruti C,, C,, ..., C,.
Kaxnas mepemMeHHasi x; UMEET HEMyCTyl obracmb onpedenenusi D,
(obnacmv 603moxcHbIx 3HaueHull, domen). Kaxnoe orpanuuenue C,
BKITIOYAET HEKOTOPOE IOJMHOKECTBO IMEPEMEHHBIX U 33/1aeT JOIYCTHU-
MbI¢ KOMOMHAIIMM 3HAYCHHI IS 3TOr0 NoAMHOKecTBa. COCTOsSTHHE 3a-
Jlau OIMCBIBACTCS KaK npuceausanie 3HaUCHUH HEKOTOPBIM (yacmuy-
HOe npuceaugaHue) WIN BCEM IMEPEMEHHBIM (noHOe Npuceausanue):
{x,;=v, x,=v, ..}. [IpucBauBanue, He HapyIIalOLIee HUKAKUX OrPaHH-
YCHHH, HA3BIBACTCS 00ONyCmuMblM TIPUCBAUBAHUEM. Pelienuem 3a0ayu
CSP sBnsiercst mMOTHOE NMPUCBAaMBAaHUE, KOTOPOE YIIOBIETBOPSET BCEM
OTPaHUYCHHUSM.

[Hanee paccmarpuBarorcs Tonbko 3amaun CSP, roe nmepeMeHHbIE
UMEIOT KOHeuHble o0nactu onpeaenenus. [lo onenke Bartak [Bartak,

! Pabora BbinonHeHa npu GuHaHCOBOI moaaepxkke PODU (mpoektsr NeNe 12-
07-00550-a, 12-07-00689-a, 13-07-00318-a, 14-07-00205-a, 14-07-00256-a, 14-07-
00257-a), OHUT PAH (npoext 2.3 B pamkax Tekyuiei [Iporpammel GyHIaMeHTaTbHBIX
Hay4HbIX HccnenoBanuid) u [Ipesnauyma PAH (npoexr 4.3 IIporpammbr Ne 16).
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1999], 6omee 95% mpunoxkennii 3amad CSP ucnons3yroT KOHEYHBIE J10-
MEHBI.

Meronpl pemieHus 3a/ad yAOBJIETBOPEHUS OTPAaHUYEHHHA MOTYT
ObITh pa3buTsl Ha TpH Kiacca [Ruttkay, 1998]. IlepBblii kitacc copepKuT
pa3iuyHble BAPUAHTHI AITOPUTMOB NOUCKA 6 2YOUHY ¢ 8036pamamu,
KOTOpBIE CTPOSIT PELIeHUE IMyTeM PACHIMPEHUs] YaCTUYHOTO MpHCBAU-
BaHM IIar 3a [IaroM, UCTIONB3YS Pa3InYHbIe IBPUCTUKU M MPUMEHSIS
pa3yMHbIe CTpaTeruy BO3Bpara u3 TYNMKOBBIX BepunH. Kaxmoe pene-
HHUE JIOJDKHO TPEACTaBIATh cOOOH IOJHOE MPUCBAaMBAHUE U MOATOMY,
B XYZILEM cllydae, JOJDKHO HaXOOUTHCS Ha TIyOUHE 71, €CIIM UMeEeTCs
1 TIEpEeMEHHBIX. J[pyruMu cioBamu, JIEpeBO MOMCKA UMEET KOHEUHYIO
rryOuHy 7 (110 KOJTUYECTBY MepeMeHHbIX ). [1o 3Tum npuunHam ams pe-
menus 3ag1a4 CSP mupoko NpuMeHsIoTes alNropuTMbl IOMCKa B ITyOu-
Hy. B Takux 3amadax cam myTh, 10 KOTOPOMY JOCTHTAeTCs HEKOTOPOE
peleHne, He MpeICTaBIsIeT HHTepeca.

Ko Bropomy kinaccy OTHOCSTCS allrOPUTMBL paACnpOCMPaneHust 02pa-
HUYenutl, KOTOPble UCKIIOYAlOT M3 MPOCTPAHCTBA MOMCKA HEKOTOPHIC
3JIEMEHTHI, HE BXOJISIUE B pelleHne, oOecrieunBasi CHUKEHUE pa3Mmep-
HOCTH 3aJ]a4d. DTH aJITOPUTMBI HE CTPOSIT CaMU I10 cebe perieHune, mo-
CKOJIbKY MCKJIIOUAIOT HE BCE DIIEMEHTHI, He BXOs1IKe B pemenne. OHu
MPUMEHSIOTCS. WM JJIsl TPENpoLecCuHra 3afadu 10 MCHOJIb30BaHHS
ITOPUTMOB JIPYrOr0O THIIA, WIM IEPEMEKAIOTCS C [IaraMu aJropuT™Ma
JPyToro Tuna (Harnpumep, MOUCKa ¢ BO3BpaTaMu) JUIs TIOBBIILIEHUS [TPO-
W3BOJIUTEIBHOCTH TOCIEIHETO.

Haxonen, cmpykmypHule aneopummsl HCIOAB3YIOT HHYOPMAILIHIO O
CTPYKTYpE MEPBHUYHOTO WJIM ABOWCTBEHHOTO Tpada orpaHnYeHHI 3a/1a-
Y. AJITOPUTMBI 3TOTO KJIacca MPOU3BOAAT JEKOMITO3HLIUIO UCXOAHOM
3amaun CSP Ha cmabo cBs3aHHBIE 1MO/33Ja4M, KOTOPHIE MOTYT OBITH
PEIIEHBI C TIOMOIIBI0 METOJIOB MPEIBIIYIIUX JBYX KiIaccoB. Takum 00-
pa3oM, CTpYKTYPHbIE aJITOPUTMBI TAaKXKe MCHOIb3YIOTCSI B COUETAaHUU C
aIITOPUTMaMH JIPYTUX THIIOB.

3amaun CSP, kak mpaBWIIo, pENIArOTCs C MCIIOIB30BAHUEM 2paos
WIn eunepepagos ozpanuyenuil. TpaauIMOHHO NPH PELICHUU 3a/ad
CSP orpanmdeHrs ¢ KOHEYHOH OOJIACTHIO OIPENENECHUS CBOISITCS K
MHO>KECTBY OMHAPHBIX OTHOLICHWH MOCPEACTBOM BBEICHHUS J10CTATOY-
HOT'O KOJIMYECTBA BCIIOMOIaTeNIbHBIX IEPEMEHHBIX.

B nacrosimeit padore it 3 GeKTHBHOTO PEeNIeHHUs 3a/1a4 B paMKax
KOHIIETIIIUY MPOrPaMMHUPOBAHMs B OTPaHUUEHUSIX MpeasiaraeTcs pu-
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MEHSATH IOJIX0/, OCHOBAHHBIH HA WCIOJB30BAaHUH MATPUYHOTO TIpeIl-
cTaBJIeHUs orpaHndeHuil. [Ipeanaraemeie qanee METOIbI IPUHAICKAT
K [IEPBBIM JIByM KJIaCCaM METOJI0B KOMOMHATOPHOTO TIOMCKA 1 TTI03BOJISI-
10T 000MTHCH Oe3 peBapUTENbHON «ONHAPU3ANNY OTPAHIMYCHHH.

B kauecTBe MareMaTH4YeCKOro armapara JJisi MOACIUPOBAHUS Orpa-
HUYEHMI ucronb3yercst anredpa xoprexer (AK) [Kymuk u ap., 2010],
[3yenko, 2013].

1. MaTpu4HoOe npeacTaBjieHle OrpaHUYeHUH

B [Kynuk u gp., 2010] npuBoastcs ocaoBel AK 1 nemoHcTpupy-
eTcsl ee MpUMEHEHHE /ISl YHU(DHUKAIMKA TpeACTaBICHUS 1 00pabOTKH
Pa3IMYHBIX BUAOB JAHHBIX W 3HAHUH, a TaKKE PEUICHUS Pa3IUIHBIX
3a]a4 JJOTHYECKOT0 U JIOTUKO-BEPOSTHOCTHOTO aHanu3a. biuskuii mo-
X0J] mpuMensiercst Taxke B [Zakrevskij, 2013 ] nnst penrenus 3agaq pac-
MO3HaBaHMs 00pa30B M yNPOIIEHUs 0a3 3HAHUIA.

Koneunsie mpenukatel B AK MOXXHO C:KaTo MpencTaBUTh C IIOMO-
LIBI0 BYX THUIMOB CTPYKTYyp: C-cucteM u D-cuctem. KoHKpeTHbIE IK-
3eMILISIPBI OTUX CTPYKTYp Has3biBatoTcsi AK-00bekTaMu.

C nomompio C-cucteM ynoOHO TPEACTaBIATh AUIbIOHKTHBHBIC
HopMasibHbie popmbl (JIH®D) xoHeuHbIx mpeaukaToB. [IpoaeMoHCcTpH-
pyeM 310 Ha npumepe. IIycTh 3a1aH KOHEUHBIN IPEAUKAT:

o(x, v, 2) = (x=a,b) A (y=a,c) v (z=d).

Jnist IpOCTOTHI BCe TEPEMEHHBIE OIPEEeTICHbl Ha OTHOM H TOM XK€
MHOXeCTBe {a, b, ¢, d}. 3aech u nayee OyjaeM HCIOIL30BaTh 3aIUCh
BUaa (x=a,b) myst 0003HaueHMsI BhIpakeHus (x=a) v (x=b). YuuTbiBas,
YTO 00J1aCTh ICTUHHOCTH OJIHOMECTHOTO Ipeaukara (x=a,b) ectsb {a,b},
TO 00J1aCTh UCTHHHOCTH NpEJKaTa (X, y, ) MOXKET OBbITh ITpeICTaBIIe-
Ha B Bujie creaymomeil C-CHCTeMBbI:

RIXYZ] = [{a;b} o {;}}.

Atpubytel X, Y, Z C-cuctemsr R[XYZ] cOOTBETCTBYIOT NEpEMEH-
HBIM X, ¥, Z GOpMYIIBI O(X, ¥, Z). 3aMEeTUM, YTO «*» — coKpalieHHOoe 000-
3HAYEHHE BCETO JMara3oHa BO3MOKHBIX 3HAUEHHH (loMeHa) aTpulyTa.

C-cucremy R[XYZ] M0XHO TIpeoOpa3oBaTh B MHOTOMECTHOE OTHOIIIE-
HUE CIeAYIoNHUM 00pa3oM:

({a,b}x{a,c}x{a,b,c,d}) O ({a,b,c.d}yx{a,b,c,d}x{d}).
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C nomoipto D-CUCTEM MOJAETUPYIOTCS KOHBIOHKTUBHBIE HOPMaJlb-
Heie popmbl (KH®D) koHeuHBIX IpeuKaToB. D-crcTeMa 3auCchiBACTCsI
KaK MaTpHlla KOMIIOHEHT-MHOECTB, KOTOpasi OrpaHUY€Ha [IEPEBEPHY-
TBIMH IPSIMBIMH CKOOKaMH.

D-crcteMbl TO3BOJISIFOT JIETKO BBIYUCIIATH J0NOJHEHUE C-CHUCTEM:
BBIUMCIISIETCS IOIOJIHEHUE Ul KaX10M KOMIIOHEHThI-MHOKecTBa. Ha-
npumep, npeaukat —¢ = (—(x=a,b) v —=(y=a,c)) A —=(z=d), 4o paBHO-
cuiibHO — = ((x=c,d) v (y=b,d)) A (z=a,b,c), MOKET OBITH BBIPAKECH KaK
D-cucrema R [XYZ):

RXYZ] - {e,dy {bdy @ {

%) < A{a,b,c}

[TycTas xomoneHTa «J» — 3T0 GUKTUBHASI KOMIIOHEHTA, HE CO/IEp-
YKaIlast HU OJHOTO 3HAYEHUSI.

2. ba3zoBble MeTObI BLIBOAA HA OIrpaHUYCHUAX

2.1. KoHuenuus yce4eHHOTro JOMeHAa

ITpu pemenuu 3anay CSP gepeBo moucka MOXKHO MPEJCTaBUTh KaK
0epeso 4acmuyHblX NpUceausanuli — TO AEPeBO, I Kaxaas BEpIIU-
Ha COOTBETCTBYET HEKOTOPOMY HaCTHUYHOMY IpHCcBauBaHui0. KopeHb
JiepeBa OTBEYAET MyCTOMY NpUCBaMBaHMIO. B BepimHe v BeIOMpaeTcs
JUILIb OJHAa NIepEeMEHHAst, KOTOPOil erie He ObUIO MIPHCBOEHO 3HAUYCHUE
Ha MpeABIYIINX YPOBHSIX JiepeBa MOUCKa.

[Tockonbky nepemennbiM 3amaun CSP B AK cooTBeTcTBYyIOT atpu-
OyThbl, 3alaHHBIC HA OIPENICICHHBIX IOMEHAX, TO BIOJIHE €CTECTBEHHO
paccMaTpuBaTh MPOIECC MPUCBAMBAHUS 3HAYCHHS MEPEMEHHOM Kak
Hepexol OT CTaporo JAOMEHA aTpuOyTa K HOBOMY OJHOIJIEMEHTHOMY
nomeny. [loscHum 3Ty MbIcib 6onee AeTanbHo.

PaccmoTpuM, Kak peanu3yercsi onepaius MpucBanBaHus epeMeH-
HOM HEKOTOPOr'o 3HAYECHHUS C UCIIOJIb30BAHUEM MAaTPUYHOI'O IPE/ICTaB-
JICHUsI JIOTUYEeCKUX orpanuyeHuid. [lycTh y Hac M3HAa4YalbHO 3aJaHO
{cy id.ep {hy
laj  {eg g}
COOTBETCTBUE MEXAY aTpuOyTaMu U UX IOMEHaMu cieaytomiee: X — {a,
b,c}t,Y—{d, e, [}, Z— {g, h}. Texymee npucBanBanue (Hanpumep, x=b)
MO>KHO 3371aBaTh C-CHCTEMOM, COCTOSIIEH U3 OJHON CTPOKHU:

E[XYZ] = [b} * *].

orpanuudenue B Bune D-cucrembl C[XYZ] = } {, IIpUYeEM
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Torga mpouecc nprcBaWBaHWs 3HAYEHUS TEPEMEHHON W BBIYMC-
seHus «ocratka» D-cuctembl C[XYZ] BBITISAUT TaK:

}{c} {d.e} {h}
{a} f{e} {g}
{C} * * {a} * *

* {del *|ng|* e * | gl o* *]{
xR * % (g}

. [{b} (e} }
IR

[Mocnenanee BrIpaKeHHE TOTYUYCHO B Pe3ysIbTaTe MPUMEHEHUS OTIe-
paruu 0000IIEHHOTO TepecedeHus (0003HAYaeTCss CHMBOJIOM «M\g»)
CHayaja K MHOXKHUTEIIAM 1 1 3, 3aTeM K MHOXKHUTEIIAM 2 U 3.

[Tepeceuenne ABYX MoydeHHBIX C-CHCTEM yiKe HE YIaeTcs Mpeji-
CTaBUTh B BHJIE €AMHOW D-cucTembl B mpocTpaHcTBe X — {a, b, c},
Y- {d, e, f}, Z— {g, h}. OnnHako, ecinu nepeldTH K MPOCTPAHCTBY X —
{b}, Y—{d,e,f}, Z— {g, h} (a Takoli mepexo BIIOIHE OOOCHOBAH C y4e-
TOM TOTO, YTO PE3yJIbTAT MEPECCUCHUs] B KOMIIOHEHTaX aTpuOyTa X He
MOJKET UMETh 3HAYCHUH, OTIIUYHBIX OT b, TOCKOJIIBKY B KXKI0U U3 TIepe-
CEKAeMbIX CHCTEM HET JPYTUX 3HAYCHUH B JIAHHOM CTOJIOIIE), TOT/A:

X Y Z

by id.ef} igh
@ {d.e} {h}
% et gl

Jns yno6erBa 00BACHEHUS 3/1€Ch U JJaliee B BEPXHHX JIByX CTPOKax
D-cucTeM 3anMChIBAIOTCS] UMEHA aTPUOYTOB M MHOKECTBA IO CTHUMBIX
3HaYEHHUI ATHX aTpUOyTOB (JIOMEHBI aTPUOYTOB).

Ecnu cpaBHUTE Mexay coboit cxomnyto D-cuctemy u Ty D-cuc-
TeMy, KOTOpas IOJIydeHa IOciie MPHUCBAWBaHUS, TO MOXHO CIeNaTh
BaYXHBIH BBIBOJ] O TOM, YTO OIE€palvsl IPUCBAUBAHUS CBOJIUTCS K 3aMe-
HE CTaporo JoMeHa arpudyTa X Ha HOBBIN JIOMEH C BBIYEPKUBAHUEM U3
COOTBETCTBYIOIIETO CTOJIOLA TEX 3HAYCHHUH, KOTOPbIC HE IPHHAICKAT
HOBOMY JIOMEHY.

Ha cnenyromem mare momcka Mbl MOXKEM HECKOJIBKO YIPOCTHTH
D-cucteMy, 31MMUHUPOBAB aTpUOyYT X, MOCKOJIbKY OH OoJiee HE CBS3aH
OTPaHUYCHHUSIMU C IPYTHMHU aTpUOyTaMHu:
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Y VA

{d.e. [} {g.h}
}{d ef  {h {
{e} {g}

Bynem cumtaTh, 4TO OTpaHWYEHHS 33aJa4l MOJETUPYIOTCA B BHIIE
HEKOTOpol D-cuctembl. COCTOSTHUE 3a/1a4 B TEPMUHAX BBEJICHHBIX Ma-
TPHUIIECTIONOOHBIX CTPYKTYP MOJHOCTHIO XapaKTepU3yeTcs C MOMOIIbIO
COBOKYITHOCTH OJIHODJIEMEHTHBIX JIOMCHOB aTPUOYTOB, KOTOPBIE YXKE
SJIUMUHUPOBAHBI U3 D-CUCTEMBI U CaMOM D-CUCTEMBI, TPEACTABIISIONICH
c0001i OCTATOK, MMOTYYCHHBIN U3 UCXOJHON D-CHCTEMBI B X0/I€ TIPUCBAU-
BaHWIA ¥ TPUMEHEHI TIPABUII PETyKIINH, KOTOPBIE ITPEICTABICHBI HIKE.

OHUM W3 OCHOBHBIX OTJIUYHIA METOJIOB, MPEIaracMbIX B JIAHHOH
pabore, or paHee pa3padboraHHbIX B AK MeTom0B, sBIsIeTCS TO, YTO B
HOBBIX METOJ[aX PEIICHNE CTPOUTCS ITyTeM IOIIarOBOTO YCEUYCHUS J0-
MeHOB. CaMoO pelIeHre MPEACTABISICTCS B BUJE COBOKYITHOCTH JOME-
HOB WJIM YCTaHOBJIEHUH TOTO (DaKTa, 4YTO BCE BEPIIMHBI JIepeBa MOMCKa
SIBJISTFOTCS] TYTTUKOBBIMHU.

Janee mepetizieM K OMMCAHMIO MPE/IaraéMbIX METOJIOB IOMCKA Pe-

menus 3aaauun CSP, onuiem ncnonb3yemble 3BPUCTUKHU U IIPUMEHsIEe-
MbI€ TIPaBHJIa PEAYKIIMU MPOCTPAHCTBA TTOUCKA.

2.2. Bbi0op HauJy4lIero npeeMHMKa Ha OCHOBE IBPUCTUK

Cpeay METoIOB MOKCKA B IIIyOHHY, UCHOJIb3YEMbIX IPU pEIICHUN
CSP, MOXXHO BBIJENIUTH T€ METOJIbI, I1€ NIEPEMEHHBIE IIPU KOHCTPYH-
POBaHUHU YACTUYHOTO MPHUCBAMBAHUS IMPOCMATPHUBAIOTCSA B HEKOTOPOM
3apaHee BbIOpaHHOM mopsiake. OIHAKO TaKoe CTaTHUECKOEe YMOpso-
YEeHUE MEPEMEHHBIX PEIKO MPUBOAMT K 3ddextuBHOMY moucky. Cie-
JIOBaTENbHO, BHIOOp MEPEMEHHOM W IMPHCBAMBAEMOro €H 3HAYCHHS
JIOJDKEH OCYILECTBIIATHCS JUHAMUYECKH Ha KayKAOM Il1are rnoucka. s
OCYIIECTBICHUS] TTOZOOHOTO BBHIOOpA MPUMEHSIOTCS PA3IUYHOTO POAa
sepucmuky. MeTonpsl, HCIIONIB3YIOLINE YBPUCTUKH, HA3bIBAIOTCA METO-
JaMU UHDOPMUPOBAHHO20 VITU IEPUCIMULECKO20 NOUCKA. ITH METO/IbI
MO3BOJISIIOT OTJIOKUTH HMCCIIEIOBAaHME MEHEEe NEepPCHEKTHUBHBIX BETBEH
JiepeBa MOUCKa, OT/IaB MPEANoUYTeHUE 0oJiee MEePCIEKTUBHBIM C TOUKH
3peHUsI NIOJIy4YEHUS CKOPEHILETro peLIeHusl.

Jnst BEIOOpa «HAMITyUIIIero» MpeeMHHUKa TEKyIIeH BEpIINHEI AepeBa
MOMCKa HEOOXOAMMO OTBETHTH HA BOIIPOCHL:
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1. Kakoii nepemMeHHOHN Ha JaHHOM IIare NpUCBanBaTh 3HAUYCHUS?

2. Bribop kakoro u3 3HauCHUI TIEpEMEHHON OBICTpEe BCEro MOXKET
MIPUBECTH K LEIH?

Jg oTBeTa Ha TaHHBIE BOIIPOCHI B HACTOSIIEH paboTe nmpeiaratoT-
Csl TAKHE IBPUCTUKU:

91. Beibupatb atpudyT D-CUCTEMBI C JOMEHOM, COJICpKAIUM Hau-
MeHbIIIee KOJIMYECTBO 3HAUYEHUH, YTO MO3BOJISIET MPOBEPSTH MEHBIIIEE
KOJIMYECTBO TIPEEMHHKOB.

92. B ciyyae HEOIHO3HAYHOCTH BBIOOpA, IPOU3BOIMMOTO COTJIAC-
HO J1, BeIOMpaTh aTprOyT, KOJIUYECTBO HEMYCTHIX KOMIIOHEHT KOTOPO-
r'0 MaKCUMAIILHO.

93. [lns popmMupoBaHUsS HOBOTO OJHOAJIEMEHTHOTO JIOMEHA BBHIOH-
patp HauboJee YacTo BCTPEUalomIeecst B KOpTekax D-CHCTEMBI 3HaUe-
Hue arpulyTa.

2.3. Penykuusi NpocTPaHCTBA MOUCKA

Wrak, mocTpoeHne iepeBa MoMCKa COCTOUT B MIEPEX0/e OT HEKOTO-
poit D-cUCTeMBI K OJTHON MJIN HECKOJIBKUM D-CUCTEMaM MEHBIICH pas3-
MEPHOCTH, TO €CTh OCYIIECTBIIICTCS «Pa30op CIydaeny. ITOT MEePEXo;]
YIIpaBIsIeTCS TPEAIOKEHHBIMI dBpUCTHKaMU. [loMuMo mpumMeHeHus
IBPHCTHUK, MO3BOJISIONUX Oosee 3pPEeKTHBHO OpPraHU30BaTh «pazdoop
CllydaeB», MOKHO CYIIECTBEHHO YCKOPHTBH MpOIecC MOWCKa MPH pe-
menuu 3amad CSP, paccMarpuBasi BHyTPEHHIOI CTPYKTYPY TEKYIIETO
COCTOSTHUS 33/1a9H. 3a9acTyI0 IMPOCTPAHCTBO TIOUCKA MOKET OBITH 3Ha-
YUTEITHHO PEAyIIUPOBAHO BOOOIIE O€3 OpraHn3allii «BETBICHHUS C TI0-
MOIIIbIO AJITOPUTMOB, IIPEOOPA3YIOIINX OMUCAHUE TEKYIIIETO COCTOSTHHS
B 3KBUBAJICHTHOE eMy Oosiee pocToe onrcanne. OOBIYHO TaKHUE allro-
PUTMBI IMEIOT TIOJTMHOMHATFHYIO OIIEHKY BPEMEHHOU CII0KHOCTH.

Tenepb MpeACTONT OTBETUTH HA CIEAYIOUTHE BOTIPOCHI:

1. KakoB mpu3HaK TOro, 4TO TEKyIash BETKA MOUCKA SIBISIETCS TY-
MMUKOBOW (COOTBETCTBYIOIIEE ATOW BEPIIMHE TEKYIee NMPHUCBaBaHUC
HEJOITyCTUMO)?

2. YTo cmy’XHAT IPU3HAKOM YCIIEITHOTO 3aBEpIIEHUs Tpolecca Imo-
ncka?

3. Kak yMeHbIIUThL pa3MepHOCTh MPOCTPAHCTBA TOMCKA, HE Tpude-
ras K BETBJICHHIO?

s oTBeTa Ha ATH BOMPOCHI PACCMOTPHUM CIIEIYIOIINE YTBEPIKIEe-
HUsI, IPUBOJIMMBIC 371Ch 0€3 JI0Ka3aTeIIbCTB:
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Ymeepoicoenue 1 (¥Y1). Ecnu xoTs1 Obl 01Ha CTpoKa D-cuCTeMBI Ty-
cTa (COAEPKUT BCe MyCThle KOMIIOHEHTHI), TO D-cructema mycTa (cooT-
BercTBYtomas et KH® HeBwimonanma).

Ymeepowcoenue 2 (¥2). Eciv Bce KOMIIOHEHTHI HEKOTOPOTO aTproy-
Ta MYCTHI, TO JAHHBIN aTpruOyT MOXKHO YJaIUTh U3 D-cuctembl (yaans-
IOTCSI BC€ KOMIIOHEHTBI, CTOSIIIIE B COOTBETCTBYIOIIEM CTOJIOIIE).

Ymeepoicoenue 3 (¥3). Ecnmu B D-cucteme ecTh CTpoka (KOPTEX),
coJiep Kallias JIUIIb OJHY HEMYCTYI0 KOMIIOHEHTY, TO BCE 3HAUYCHUS, HE
BXOJSIINE B 3Ty KOMIIOHEHTY, YAAJISIOTCA U3 COOTBETCTBYIOLIETO JI0-
MeHa (KOMIIOHEHTa CTAHOBUTCS HOBBIM JIOMEHOM JaHHOTO aTpuOyTa).

Ymeeporcoenue 4 (Y4). Ecnu ctpoka D-CHCTEMBI COCPKUT XOTs ObI
OJIHY TTOJIHYIO KOMIIOHEHTY, TO OHa yjansercs (MOXKHO yJaJIuTh COOT-
BETCTBYIOLIUI 1n3bIOHKT u3 KHO).

Ymeepoicoenue 5 (¥5). Ecnum koMmoHeHTa HEKOTOPOTo aTpuOyTa
D-cucteMbl COAEPKUT 3HAUEHUE, HE NMPHHAMJIESKAIEE COOTBETCTBYIO-
LIeMy JIOMEHY, TO 3TO 3HaYCHHE yIAISIeTCsl U3 KOMIIOHEHTBHI.

Ymeeporcoenue 6 (¥6). Ecnmu ogHa cTpoka D-CUCTEMBI TIOJTHOCTHEO
JOMHHHUPYET (MOKOMIIOHEHTHO COJEPIKUT) APYTYIO CTPOKY, TO JOMHHHU-
pyromas cTpoka yaaisiercs u3 D-cucTeMBbl.

OTBeT Ha MepBBIM M3 MOCTABIECHHBIX BOMPOCOB jJaeT HaM Y1, TO
€CTb NPUIHAKOM HeOONnYCMUMOCMY YaCTUIHOTO IPUCBANBAHUSI SBIISET-
sl IycTOTa D-CUCTEMBI.

OTBETOM Ha TPETHUI BOTIPOC CITYKAT OCTATbHBIE YTBEPKACHHUS, HaCTh
U3 KOTOPBIX TO3BOJISIET UCKIIIOYATh 3HAUYEHHS U3 JJOMEHOB aTpuOyTOB
(Y3, ¥5) unu gaxxe camu atpudyTsl (Y2), a yacTb — UCKIIIOYATh U3 pac-
CMOTpEHUs JuIHue CTPOokH (Y4, Y 6).

IIpusnak ycnewinoeo 3aéepuienus Mpolecca MOUCKa — BbIYEPKHBa-
HUE U3 D-CUCTEMBI 6cex CTPOK M CTOJOIOB Oe3 00pa30BaHMS ITyCTHIX
cTpok. [pyrumu cioBaMu, pe3yJbTHPYIOIIEE COCTOSHUE B ATOM cllydae
OyZeT XapaKTepu30BaThCs TOJBKO COBOKYMHOCTBIO HEITyCTBIX yCEUeH-
HBIX JIOMCHOB.

OnucanHble TPeoOpa3zoBaHus COXPAHSIIOT MHOXKECTBO PEIIEHHH J10-
TMYECKOTO YpaBHEHHs (CHCTEMBI ypaBHEHUil), Mojenupyemoro D-cuc-
TeMOH. B HEKOTOPBIX Cllydasx, HAIIpUMep, MTPH pPEeIIECHUH 3a1aun «BbI-
nomHUMOCcTE KH®», MOKHO TPE/UIOKUTE JTOTIONHUTENBHBIE IPaBUiia
peIyKIMHU, HE COXPAHSIOIINE MHOXKECTBO KOPHEH, a COXpaHsSIoImune
TG cBOKCTBO BhImomHIMOcTH KH® [Zakrevskij, 2013]. Oqnako mpu-
MEHSTH JIONIOJTHUTENbHBIE PaBUIIa PEIYKIMH HYKHO ¢ OOJIBIION OCTO-
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POXXHOCTBIO, OCOOCHHO B Clly4ae, KOTaa, KpoMe IPOYero, epeMeHHbIe
CBSI3aHBI HEJIOTHYSCKUMHU (KOJMYCCTBEHHBIMH) OTPAaHUYCHUSIMHU, JTHK-
TyeMbIMH CTIeIU(DUKON TIPEIMETHON 00JIACTH, TaK KaK Ha HEKOTOPOH
UTEpaluy MOKHO HCKIIOUUTH BCE IOMYCTHMBIE (CEMAaHTHUECKH KOp-
PEKTHBIC) PEIICHHUSI.

3aKjao4YeHue

Pazpaboransl HOBBIE MeTOBI pemeHns 3a1a4 CSP, ucrons3yromue
MaTpUYHOE TMPEICTABICHUE KOHEYHBIX NpeankaToB. OHU MO3BOJSIOT
o0oiTHCh 0e3 pa3ioXKeHUs OTpaHWYCHHN B OMHAPHBIC OTHOIICHWS.
AHanmm3 BHYTPEHHEH CTPYKTYpPbI TAKUX MATPHIL 1aeT BO3MOKHOCTH 3(-
(EKTHBHO penylupoBaTh MPOCTPAaHCTBO moucka. Briepsoie B AK pac-
CMOTpPEHa WHKPEMEHTHasl IOCTAHOBKA 3a/laud IMOWCKA M pa3paboTaH
METOJI PacIpOCTPAaHEHUSI OIPAaHUYCHUH, OCHOBAHHBIM Ha IMOLIArOBOM
YCEYCHUH JIOMEHOB aTprOyTOB M MONXy4eHHH penieHus 3amaun CSP B
BUJI€ COBOKYITHOCTH IOMEHOB. B otinune ot nmesmuxcs B AK u npy-
THX TIPOTOTHUITAX METOJIOB «CJIETIOT0» TIOMCKA, B pa3pab0TaHHBIX METO-
Jax MIHPOKO MPUMEHSFOTCS DBPUCTUKH.
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texnonorunaeckux nporeccos KHI[ PAH, Anarutst

B pabore npemnaraercs Moaudukanus 6a30BbIX METOI0B BbIBOJA HA OTpa-
HUYCHHUSAX, pa3pabOTaHHBIX paHee aBTOPOM JUIsl PELICHUs 3a/1ay yIOBJIeT-
BOPEHUS OIPaHUYEHUI C KOHEYHBIMU JOMEHAMU U UCIOJIB3YIOUIMX Mart-
pUUHBIE CTPYKTYpH! anreOpel kopreskei. CyTh MoAM(pUKALUU COCTOUT B
IIPUMEHEHWUH JIOTIOJIHUTENBHBIX TIPAaBUII PEAYKLIUH IIPOCTPAHCTBA MTOUCKA,
JIUKTYEMBIX CHEU(UKOH KOHKPETHOH MPeIMETHOW 00JacTH, 4TO MO3BO-
JISIET CYILECTBEHHO YCKOPUTbH IIPOLIECC PELICHUS 3a1a4H.

BBenenue

B Hacrosee BpeMsi METO/IbI pellieHHsI MHOTHX 33]a4 KOMOHHATOP-
HOTO TIOMCKa, B TOM YHCJIE€ ONTHMH3AIMOHHBIX, pa3padaThIBalOTCs B
paMKax HamnpaBJIeHUS IPOrpaMMHUpOBaHus B orpanndeHusix (Constraints
Programming) [Russel et al., 2003]. OrpannueHuss MOT'YT UMETh BT
ypaBHEHUH, HEpPaBEHCTB, IOTHYECKUX BhIpakeHUH u T.11. [Bartak, 1999].
[Tpu pemieHnN MHOTHX PEaNbHBIX 33/1a4 YJOBJIETBOPEHHUS OT PAHUICHUIH
(Constraint Satisfaction Problem — CSP) crannapTHble JOrHuecKue uin
YUCIICHHBIE METOJIbI OKa3bIBAIOTCS JIMOO HEJOCTATOYHO IPPEKTHUBHBI-
MU, 00 HETIPIMEHHUMBIMH, OCOOCHHO €CII JIaHHBIC OIHCHIBAIOTCS B
BUJIC MHOKECTB M MHTEPBAJIOB, COJCPIKAIINX JIOMYCTUMBIC 3HAYCHUSI.
[TocnenoBaTenbHOE MEXAHUYECKOE BBIMOJIHEHHE MOJOOHBIX METO/OB
(make, eci 3TO BO3MOXKHO) YacTO MPUBOJHUT K OMIMOOYHBIM pe3yiTh-
TaTaM, TO €CTh UCKIIOYCHHUIO BCEX JIOMYCTUMBIX BAPHAHTOB PELICHUS
3agaun CSP. [ToaToMy BO3HUKAET HEOOXOIMMOCTh B pa3pabOTKe HOBBIX
(P PEKTUBHBIX METOOB, MPEAIOJIATAIONINX COBMECTHYIO 00pabOTKy
Pa3HOPOIHBIX OTPAHUYCHHI.

! PaGora BbIMONIHEHA TIpU (pUHAHCOBOW Toiepkke PODU (mpoekthr NeNe 12-
07-00550-a, 12-07-00689-a, 13-07-00318-a, 14-07-00205-a, 14-07-00256-a, 14-07-
00257-a), OHUT PAH (mipoekt 2.3 B pamkax Tekyieii [I[porpaMmmbl pyHIaMEHTaTIbHBIX
Hay4HbIX HccnenoBanuid) u npesuanyma PAH (npoexr 4.3 IIporpammsr Ne 16).
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B [3yenko, 2013] [3yenko, 2014] paccmarpuBaercsi IpuMEHEHNE
MaTpULENOJO0HBIX CTPYKTYp anredpsl koptexkedl (AK) C-cucrem u
D-cuctem [Kymuk u nip., 2010] nns pemenust 3anau CSP, onucans 6a-
30BBIE METO/IbI BBIBOJIA HA OTPAHIMYCHHSAX, KOTOPBIE CBOJSTCS K JIOTHYe-
CKUM BBIPQKEHHSIM HaJl OJTHOMECTHBIMHU TIPEIMKAaTaMU. DTH METOJbI, B
OTJIMYME OT TPAAULMOHHBIX METOAOB pemtenus 3aaau CSP (nanpumep,
METOJIOB TEOPHH TpadoB), MO3BOJIIOT OOOUTUCH Oe3 I00ABICHHUS BCIIO-
MOTaTeNIbHBIX TIEPEMEHHBIX U MPeoOpa3oBaHus OrPAaHUYCHHUI ¢ KOHEU-
HOM 00J1aCTBIO OIPEETICHUS K MHOKECTBY OMHAPHBIX OTHOIICHHH.

[Ipu opranm3amuy MoOMCcKa HEKOTOPBIE TUIIBI OTPAHUYCHUH MPUXO-
auTCcsl 00padaThIBaTh C IIOMOIIBIO AJITOPUTMOB CIEIUAIBHOTO Ha3HAYe-
HUsl, OoJee AIPPEKTUBHBIX MO CPABHEHHUIO C METO/IaMHU OOIIEro Ha3Ha-
4yeHus. B Teopun yaoBieTBOpeHUs OrpaHUYEHUI MO100HBIE OTpaHnye-
HUS Ha3bIBAIOTCS TIIO0AJBHBIMU orpaHudeHusIMHU [Rossi et al., 2008],
TaMm JK€ NMPHUBOAMUTCS TUNHM3ALUS TJI00AJIBHBIX OIpaHMYEHUH, B 4acT-
HOCTH, MIPEJCTAaBUMBIX B BHJE JTMHEHHBIX YPaBHEHUI WIIM HEPABEHCTB.
JIist KayK/I0To THIIA TPEIUTaratoTcsl CreMalIn3uPOBAHHbBIC AJITOPUTMBI.
JlpyruMu cioBamMu, MpoLEeaypa MOUCKa KOHCTPYUPYETCS B 3aBUCUMO-
CTH OT KOHKPETHOH MpeIMETHOM 00IacTH MyTeM 3a1anus Habopa ri1o-
OaJbHBIX OTrpaHUUYCHHU (HEOOXOIMMBIX JOMOJHUTEIBHBIX MPOBEPOK).
OnHako 3TH CHEUHAIbHBIC AITOPUTMBI OOBIYHO TaKXKe HCIOIb3YIOT
rpads! win runeprpadpl orpaHUueHUN 1 00JIaal0T TEMH K€ HeJJ0CTAaT-
KaM¥, 4TO U TPAJUIIMOHHbBIC METO/IbI O0OIIEro Ha3HAYCHHUS.

Ecnu 3amaua CSP mpencraBieHa mocpecTBOM MaTpPUIl KOHEYHBIX
npenukatoB [3yeHko, 2014], To mpu MOMOIIH JIAITH 0A30BBIX MPABUIT
pPEeNyKIIMU HE BCErAa yAaeTcs YCIEUIHO PacHpOCTPaHUTh OTpaHUYe-
Hus. J[eno B TOM, YTO HEKOTOpPbIE THUIIbI OrpaHUYEHHH npu Gopmanu-
3amuu B cTpykTypax AK mopoxaaroT TpoMo3kne KOHCTPYKIIUH U UX
eNIeCO00pa3HO PACCMATPUBATh B KAYECTBE INI00ATBHBIX OTPaHHYCHUH.
['moGanbHBIe OrpaHWYeHHs B HACTOAIIEH paboTe mpeznaraercs 3ana-
BaTh B BUJIE JIOTIOJHHUTEIBLHBIX TIPABHJI PEIYKIUH POCTPAHCTBA MTOHC-
Ka, 00eCIeYnBaIOINX UCKIIOYEHNEe HEKOTOPBIX 3HAYCHUH M3 JOMECHOB
aTpuOyTOB, KaK TOJbKO HAYMHAIOT BBINOJHATHCS OIpE/AEICHHBIE YC-
JIOBUSI.

Janee pa3zdoupaercs, kKakuM 00pa30oM ITPOU3BOIUTCS 00pPadOTKa CIie-
IIMAJIbHBIX BUIOB OTPAaHUYEHHH HA OCHOBE YIIOMSHYTOH MOIU(pUKALIUH
MPEIIOKESHHBIX paHee aBTOPOM 0a30BBIX METOJIOB BBIBOJIA HA OTPaHU-
YCHUSIX.
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1. PaGora ¢ ri100a1bHbIMH OTPAHUYEeHUSAMH

PsipmcenenoBanmii 0 y10BJI€TBOPEHUIO OTPAHUYEHHUH C KOHEUHBIMU
JIOMEHAMH UCTIONb3YET NOHATHE 2100a1bH020 oepanuuenus [Rossi et al.,
2008]. KmaccudeckuM mpuMepoM TII00aTbHOTO OTPAHUYCHHS CIYIKUT
orpannyenue Alldiff, koropoe yka3bpIBaeT, YTO BCE yUaCTBYIOILIME B HEM
HepeMEHHbIE 10JDKHBI UMETh pa3Hble 3HaYeHUS . DTO OrpaHHMUYCHHE YacTOo
WCIOJIb3YETCsl HA MPAKTUKE U B CBSI3U C 3TUM MPEIJIaraercsi Kak BCTpo-
€HHOE OIpaHMYEHHE BO MHOTMX KOMMEPUYECKHUX U HCCIIEI0BATEIbCKUX
cucTeMax NMporpaMMHUPOBaHUs B orpaHuueHusix [Aggoun et al., 1993].

VY rno0anbHBIX OrpaHUYEHUI ecTh JiBa npeumyiiectsa [lllepOuna,
2012]. Bo-niepBbIX, OHM 00JIETHAIOT 33Ja4y MOJIEIMPOBAHUS MPUKIA]I-
HO¥ mpoOiemMbl B Buje 3a1auu CSP. BmecTto 3anucu 3aa4u ¢ TOMOIIIBIO
MHOTHX MCXOJHBIX OMHAPHBIX OTPAaHUYCHHUN €€ yAaeTcsl ONUcaTh C MOo-
MOIIbI0 HEOOIBIIOT0 YHCIA INI00ANBHBIX OTPAaHUYEHUH A1 MHOXKECTB
nepeMeHHbIX. Bo-BTOPBIX, MOKHO pa3padoTaTh allrOPUTM PACIpOCTpa-
HEHHUS OTPaHUYEHHH CIIEIMATBbHOTO BU/IA, YUUTHIBAIOINI OCOOEHHOCTH
OTPaHUYCHUS U TOATOMY OoJjiee 3 (HEeKTUBHBIN.

Tax, Hanpumep, orpanndenue Alldiff moxer oOpabaThIBaThCS, KaKk
u nroboe apyroe orpanudenue, ecnu Alldiff 3ammcath B BUAE CTPOK
D-cuctembl. DTOT COCO0O MOPOXKAAET JOBOJIBHO TPOMO3/IKHE KOHCTPYK-
UUHU. AJBTEPHATUBHBIN c1I0cO0 — pa3padoTaTh ClieHUATBHYIO IPOLEAY-
PY, AOMOJIHSIOIIYIO H3JI0’KEHHbIE paHee 6a30Bble METO/Ibl, KOTOpasi Obl
rapaHTupoBaina coOnroaenue orpanndenus Alldiff Ha ypoBHe TOMEHOB
MIEPEMEHHBIX.

Jpyrumu mpuMepamMu ri100ajbHBIX OTPAaHUYEHUH SIBISIIOTCS TJIO-
OanmbHOE Kapounanvhoe ocpanuuenue (global cardinality constraint
(gee)) [Regin, 1996] u kymynamusnoe oepanuuenue [Aggoun et al.,
1993]. I'mobGanbpHOE KapaUHAIBLHOE OTPAHUYCHHE OMpPEIETSeT YCIOo-
BHE, YTO YHCIIO IEPEMEHHBIX, KOTOPBIM PUCBOCHBI 3HAYCHHUSI, JOIKHO
OBbITh MEXXIY 33JaHHBIMHM BEpXHEH M HIDKHEH rpanunamu. KymynsaTus-
HOE OTpaHWYCHHE HaJl MHOXECTBOM IE€PEMEHHBIX, MPEICTaBISIOMINX
BpEMEHa BBIMOJIHEHHS PA3IUYHBIX padoT, rapaHTUPYET, YTO paboThI
YHOPSI0UEHBI C YYETOM HMMEIOUIMXCSl B HAJIMYUU BEJIMYUH PECYpPCOB,
UCTIOJIb3YEMBIX B JI00BIE TepHoibl BpeMeHH. OrpaHrnyeHus: 000uX yKa-
3aHHBIX TUIIOB OOBIYHO HMCIOJIB3YIOTCS IPU COCTABICHUH PACIHCAHUMH,
YHOPSAI0YEHUH padoT U B KaJI€HAaPHOM IUIAHUPOBAHUH.

B AK pabora c rio6anbHbIMU OTPaHUYCHUSAMHU PEATTU3YETCS ITyTEM
BBEJICHUSI CIICIIMATTM3UPOBAHHBIX MPAaBUJ PEYKIIMH POCTPAHCTBA T0-
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HCKa, JTOTOJIHAIOLIMX T€ MPaBUiia, KOTOPBIE MCIIOIB3YIOTCS B 0a30BbBIX
MpeIMETHO-HE3aBUCUMbIX METOJIaX BbIBOAA Ha orpaHuueHusix. Iloka-
K€M Ha KOHKPETHOM IpuMepe, KaK OCYIIECTBIISETCS COBMECTHas 00-
paboTKa JTOTUYECKUX U KyMYJISITUBHBIX OTPAaHUYCHUN B paMKax Ipel-
JlaraeMoro Mnojaxoa.

2. IIpumep aHaamn3a rj100a1bHBIX OrPAHHYCHUI

[Ipexxae yeM MPHCTYNMUTh K PACCMOTPEHUIO MpUMeEpa, MPHUBEAEM
TUIb Te 0a30BbIe MpaBWiIa PEAYKLIUH, KOTOpbIe OyIyT MPUMEHEHbBI B
JTaTbHEHIIIEM

Ymeepoicoenue 3 (¥3). Ecnmu B D-cucteme ecth cTpoka (KOpTEx),
coJieprKalas JUIIb OJHY HEMYCTYI0 KOMIIOHEHTY, TO BCE 3HAUCHUS, HE
BXOJSIIIME B ATY KOMIIOHEHTY, YAAJSIOTCS U3 COOTBETCTBYIOIIETO J0-
MeHa (KOMIIOHEHTa CTAHOBUTCSI HOBBIM JIOMEHOM JIJaHHOTO aTpuoyTa).

Ymeeporcoenue 4 (Y4). Ecnu ctpoka D-CHCTEMBI COACPKUT XOTs ObI
OJIHY TIOJHYIO KOMITOHEHTY, TO OHa yJaisercs: (MOKHO YJaluTh COOT-
BETCTBYIOLINH TU3BbIOHKT 13 KHD).

Ymeepoicoenue 5 (¥5). Ecnum koMIoHeHTa HEKOTOpPOTo aTpudyra
D-cucteMbl COAEPKUT 3HAUEHUE, HE MPHHAJISKAIIEE COOTBETCTBYIO-
IeMy JOMEHY, TO 3TO 3HAaYE€HHUE yNAJICTCS U3 KOMIIOHEHTHI.

[TonHbI epedeHb MpaBuII, IPUMEHAEMBIX B 0a30BBIX METO/IaX BbI-
BO/Ia Ha OrpaHUYEHUsIX B cTpykTypax AK, moxxHO HaiiTu B [3yeHKo,
2014]. 3necy coxpaHeHa yCTaHOBJICHHAsI B YIIOMSIHYTOH CTaTbe HyMe-
pauus npaBuIL.

@opmynuposxa 3adayu. IlycTh UMEIOTCS CIIUCOK 3amaHuii (paboT)
W OTpaHUYCHUS HA TO, KAKUE 3a/IaHUsl MOTYT OBITh BBIITOJHEHBI OJ[HO-
BPEMEHHO, BBITTOTHEHHE KaKUX 3aJlaHUH JTOJKHO MPEIIIeCTBOBATH BbI-
MOJTHEHHIO JPYTUX U T. A. TpeOyercs HaiTW Ha3HAYEHWE BPEMEH Ha-
yaj paboT 3aJaHUsAM TaK, YTOObI BCE OTPAHUYEHHSI yJIOBIETBOPSIINCE.
PaccmoTpum 3amady cocraBiieHHs] pacliMCaHusl JUIsl IATH 3aJaHuil T,
T,, Ty, T,, Ts, K&Ka0€ U3 KOTOPHIX MOXKET OBITh BBIMOJHEHO 32 OJIUH
yac. 3ajanus MoryT HaunHaThest B 1:00, 2:00 wim 3:00. JlroObie pado-
TBI MOTYT BBIIOJHATHCSI OTHOBPEMEHHO, YIUTBIBAsI OTPAaHUYEHUS Ha TO,
yto: 1) 7, HaunHaetcs nocne 73, 2) Ty HaunHaetcs 1o 1, u nocne 75, 3)
T, HE MOXET HAUWHATKLCSA B TO XKe Bpemsi, uto T, unu 71, 4) T, He MOXKeT
HaunHaThes B 2:00.

Kpome uncTo norndeckux orpaHUueHUM, HAKIaIbIBACTCS CIEAYIO-
iee KyMyJISITUBHOE OTpaHUYeHHE: JIs BeIoJHeHus 1, Tpedyercs S ue-
JIOBEK, A 3ananus 1, — 7 yenoBek, ana 15 — 3 denoBeka, mid 1, — 5
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4enoBek, it 15 — 4 uenoBeka. KonuuecTBo paboT, KOTOpbIE MOTYT BbI-
MOJTHATHCSI OJTHOBPEMEHHO, OTPaHUYEHO MMEIolIeiica paboyeil cuioi
(10 yenosek).

Pewenue. MoxHO TOCTPOUTH MOZIETH COCTABIICHHSI I'paduKa, BBEAS
nsATh aTpubyToB X, X;, X;, X, X5, COOTBETCTBYIOLINX 3aaHUSIM, C JO-
MeHamu {1, 2, 3}, rae: 1 —1:00, 2 —2:00, 3 — 3:00.

BunHo, uto ¢popmynupoBKa 3aauu ONMUpaeTcs Ha JiBa THUIa OuHap-
HBIX OTHOLICHUI: HAYMHATHCSA J10/TI03KE YEM» U «BBIIOIHATHCS OJTHO-
BPEMEHHO/HE OHOBPEMEHHO». 3alHIleM YCJIOBHS 3a/1a4i B BHJIE pac-
CMOTPEHHBIX paHee MaTPULICTIOAOOHBIX CTPYKTYD.

Bregem atpulytst X;, X,, X, X,, X;5, KOTOpbIE COOTHOCSTCS C 3a/1a-
wusimu 1, T,, Ty, T,, Ts, cooTBeTCTBEHHO. Bee atpuOyThl HMEIOT OHY
u Ty *e obnacth onpenenenus D = {1, 2, 3} — BpemeHa Hauasna paboT.
PaccmoTpum, kak hopmann3oBath B Buae D-CUCTeMBbI OTHOIICHUE « 7
HaunHaeTcst nocie 75y». OtHomeHue « 7 HAYMHAETCS 10 WK OJTHOBpe-
MeHHO ¢ 73» Ha si3bike AK BBIMISAUT Tak:

=
CILX\X] = {2} {2.3}].
3y {3
Torma ero JonoJHEHUE, MpeACTaBIsONIee cO00H TpedyeMyro Gop-
MaJTM3aIlnio, 3alMChIBAETCS B BHJIE:

{23} <

DIX.X] = {3} {1}
{12} {12}

IIpencraBieHne Bcex OrpaHUYEHMM B BHIE [D-CHCTEM MOKET IIO-
Ka3aTbCs CTPaHHBIM. 37eCb HEOOXOAMMO UMETh B BUAY TO, UTO Ipell-
JlaraeéMble METOJIbl OPHEHTHPOBAaHBI HA OINPEAEICHHOE MPEACTABICHUE
3HaHui. He cocraBnsieT MpUHIMIMAIBHON CIOKHOCTH Pa3padoTaTh
JIBOMCTBEHHBIC METOJIbI, 00padaThiBaronire C-CUCTEMBI.

[To ananoruu, copmupyem D-cuctembl D2 u D3, COOTBETCTBYIO-
mue ycloBusM « 75 HaumHaercs nocie 1s», «T, HauuHaercs nocie 15»
(paBHOCWIIBHO yTBepxkaAeHUIO «71; HaumHaeTcss M0 7,», 3aJJaHHOMY B
YCJIOBHUH 3a/1a4M):

23, O 23, ©
D2[XXs) = ({13 {1 |, D3[X,X] = ({13 {1}
1.2y {12 1.2y {12
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dopManuzanus CIEAYIOMEro OTHOMEHN « 1, HE MOKET HaYNHATh-
sl B TO )K€ BpeMs, uTo 7 uiu 7,» OCYIIECTBISIETCS IyTEM MEepeceUeHUs
JBYX IpeCTaBIeHHBIX HUXke D-cucteM D4 u DS.

23 {23} 23 {23}
DAXXo] = |{13) {13} m DS[XOX] = {13) {13}
12y {12 12y 1,2

Tax D4[X,X,] momy4daeTcss BBIUMCICHHEM IOMONHEHUs 0T (4=
{1 {l
{2} {2}|, Momenupyromel yrBepxkacHue «7, HAUMHAETCS B TO XKe
{3y {3
BpeMs, uTo T)».
Haxonen, yrBepxkaenue «7, He MOkeT HauuHaThes B 2:00» 3amu-
ChIBaeTCs Kak OTpUIlaHue yTBepxaeHus «7, naunHaercs B 2:00» (3a-
MUIIEM €T0 B IIOJIHOM MIPOCTPAHCTBE IPU3HAKOB):

DOX XX XX, =[* * * {2} *|=]|o @ @ {3} 2|

Torna oOmas hopMyIHpoBKa 3a7a9d MOXKET OBITh BEIpa)KE€HA KaK
cienyromas D-cuctema:

Xl XZ X} X4 XS
(1,23} {123} {123} {123} {123}
1 742,3} & %) & [
2 {13} %) {1 %) %)
30412} %) {12, O %)
4| @ %) 23 O %)
50 @ %) {13 o {1}
6| @ %) {12y @ {12
7| @ %) g 23 O
8| @ %) o 13 o
9| @ %) {12y {123 o
10 [{2,3} {23} %) %) %]
11|13} {1,3} %) %) %)
12 [{1,2} {1,2} %) %) %)
13| @ 2.3} g 23 O
14| @ {1,3} o {13 o
15| @ (1,2} g {12y O
16| @ %) @ 13 O
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s ynoOGcTBa 00BSICHEHUS 37IeCh B BEPXHUX JIBYX CTpokax D-cuc-
TEMBI 3allUCBHIBAIOTCSI MMEHA aTpHUOyTOB M MHOYKECTBA JOMYCTUMBIX
3HAa4YEeHUH 3TUX aTpUOYTOB (JOMEHBI aTPUOYTOB).

Anammsupyst ctpoku 1, 4, 7, 16, mo ¥3 MOXHO yceub IOMEHBI 1Jisi
X, X; X,, IOly4uM TakM€ COOTBETCTBUS MEXKIY aTpuOyTaMH M UX J0-
menamu: X, — {2, 3}, X, — {1, 2,3}, X; — {2, 3}, X, — {3}, Xs — {1, 2, 3}.
[Ipu aTom mnst omHOBpemMeHHOTo BhiTtoHeHus 1, u T Tpedyetcs 10 de-
noBek, 1, u T, — 12 genosex, 7, u T; — 8 4en0BEK, a JUIsl BHIIOJHEHUS
pabot T, u T5s — 9 yenosek. CienoBarenbHO, KyMYJISITUBHOE OrpaHUYe-
Hue a7 MoMeHTa BpeMeHd «3:00» HapylieHo JIuiib U 3agaHuil 7,
u T,. JInst ycrpaHeHus 3TOH HEKOPPEKTHOCTH M3 JIOMeHa aTpubyTa X,
HCKJIFOYAETCs 3HaUeHue «3», UMeeM:

le {25 3},)(27 {1’ 2}9)(37 {2’ 3}’X47 {3}5)(57 {1’ 25 3}

3arem atpuOyT X, dnUMUHUpPYETCS U3 D-HCXOJHONW CHUCTEMBI, TO-
CKOJIBKY €T0 JIOMEH CTaJl OJTHO3JIEMEHTHBIM MHOXECTBOM {3 }.

B pesynbrare «HacTtpoliku» D-cucTeMbl Ha HOBbIE JOMEHBI, MIPH-
MEHSISI IPaBWIO Y4, UCKIIIOUAIOTCS U3 PACCMOTPEHUS CTpoku 1, 4, 7, 8,
10, 12, 13, 14, 15, 16.

Hanee, ucnone3ys Y5, momyunm (37eCh U Jajiee, IOMAMO CaMOn
D-cuctemsl, OyieM 3aluChIBaTh JTMMHUHAPOBAHHBIC aTPHOYTHI C HX JI0-
MEHaMH, TO €CTh JIaBaTh MOJIHOE onrucanue coctossaust CSP):

X,—1{3}
Xl XZ X% XS

2,3y {12} {2,3} {L,2,3}

2 |3 %] g o
32y @ {2y ©
5|0 g {3y {1
6 | g {2} {1,2}
9 |@ o {2} @
{3y o o o |

Ha ocHoBe ananm3a cTpoKu 2 MOXKHO CY3UTh IOMEH aTpudyTa X, 10
enuHcTBeHHOTO 3HadeHus (X, — {3}). Ilockonbky panee ObLIO MOTyYe-
HO X, — {3}, TO ¢ y4eToM OrpaHHUuYEHHUI Ha PabOUYYIO0 CHITy CyMMapHOE
KOJTMYECTBO MEepPCOHama, 3aecTBoBaHHOTO st padot B 7, u 7, B 3:00,
paBHO 9. 3HauWT, HUKaKas apyras padoTa yKe He MOXKET ObITh BBIIOJI-
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HeHa omHOBpeMeHHo ¢ T u T,. lpyrumu cioBamu, 3HAYCHHE «3) MOXK-
HO MCKJIIOUUTH U3 00JacTell onpeaeneHus Ipyrux arpu0ytoB. Ha teky-
mem mare umeeM: X, — {3}, X, — {1,2}, X; — {2}, X5 — {1,2}. ITockomnb-
Ky Oomee He OOHApPYKEHO HApPYUICHUS KyMYJISATHBHOTO OTPAaHUYCHHS
U HeNb3s yceub JIOMEHBI, TO MEPEHIEM K PacCCMOTPEHHUIO D-CUCTEMBI,
OCTaBIIICHCsl TIOCIE «HACTPOMKW» Ha HOBBIC JIOMEHBI (coryiacHo Y4
1 Y5, yXoasaT BCe CTPOUKH, KpOME MSTOM, a B MSATOM OCTACTCS JIMILb
OJlHA HEIycTas KOMIOHEHTa). ATpuOyThl X, U X; DIIMMUHHUPYIOTCS U3
D-cucremsl. [Toryuum:
X - 35 X5- {25, X, - {3}

XZ XS

12y 1.2}

lo Wl

Otkyna Xs={1}, cnenoBarenbHo, X,={2}, mockoiabKy padbotsl 7, U
T5 HEe MOTYT BBINOJHATHCS OJHOBPEMEHHO. B pesynbraTe HaMu moury-
YEHO peIICHUE:

X =35, X - {25, X — {25, X, = 35, X — {15,

Hpyrumu cnoBamu, B 1:00 Bemmonnsiercst 75, B 2:00 BbInodHSIETCS
onHoBpemeHHo 7,1 Ty, B 3:00 0JHOBpEMEHHO TPOU3BOJISATCS PAOOTHI
T'uT,

B nannoii 3aaue B KauecTBE JOMOIHUTEIBHOTO MPaBUIIa PEAYKIUN
WCIIONIb3YETCA KyMYJIATHBHOE OrpaHUYEHHUE, YTO TO3BOJIET PEUIUTh
3a71a4yy 3a MOJIMHOMHUAIIBHOE BpeMs, TO ecTh 0e3 OpraHu3aluu BETBIIE-
HUSL.

3akjaroueHue

B pabote paccMOTpeHBI BO3MOXHOCTH MOTUGDUKAIH TPEI0KEH-
HBIX paHee aBTOPOM 0a30BBIX METOJOB BBIBOAA Ha OTPaHUYCHMSX,
MPECTaBUMBIX B MATPHUIIECTIONOOHBIX cTpyKkTypax AK. DT MeTos!1 no-
MPEeXHEMY OMHUPAIOTCS Ha KOHLEMNINIO YCEUeHHOT0 JOMEHa, HO A7 00-
paboTKH OrpaHUYEeHN I KOHKPETHON MTPEIMETHON 00JIaCTH UCTIONIB3YIOT-
Cs1 TOTIOJHUTEIbHBIE MTPaBUIIa PeyKIUU TPOCTPAHCTBA ITOUCKA, YTO IO~
3BOJISIET CYLIIECTBEHHO YCKOPUTH pelleHue 3a1aul. B HacTos1ee Bpemst
UMeeTcs KJIacCU(PUKAIMS BUIOB TJI00IBHBIX OTPAHUYCHUH, YTO JTAeT
BO3MOJKHOCTh CO3/aBaTh TUIIOBBIE AJITOPUTMBI JJIsl paOOThl C HUMHU.
[IpeumyiuectBo npumenenust AK npu peanuzanuy BbIBOJa Ha OIpaHu-
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YEHUSIX COCTOHT B TOM, YTO HE TpeOyeTcs peIBAPUTEILHO TPAHCIHPO-
BaTh OpaHUYCHUS B OMHAPHBIC OTHOIIEHUS (rpadbl U T.11.), TOCKOIBbKY
MpOLIeCC MOMCKa HE CBOAMTCS K BBIBOAY Ha rpadax, a omupaercss Ha
MaTpHUYHbIE CBOMCTBa CTPYKTYp AK.
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PEAJIMBALIUSA ITIOJCUCTEMbBI BPEMEHHOI'O BBIBOJA
HA BA3E TOYEYHO-UHTEPBAJIbLHOM BPEMEHHOM
JIOI'MKH JJIs1 CUCTEM NNOJAEPKKH ITPUHATHUA
PEIIEHU PEAJIBHOT'O BPEMEHUA

N.E. Kypunenko (kurilenkoiy@mpei.ru)
OI'BOY BIIO «HannonansHBINM HCCIEA0BATEIbCKUN YHUBEPCUTET
«MDI», Mockpa
J.A. llopuukoBa (daria-chan@mail.ru)
OI'BOY BIIO «HannonansHBIN HCCIEA0BATEIbCKIUN YHUBEPCUTET
«MDI», Mockpa

PaboTa MOCBsIICHA HCCIIEIO0BAHHUIO AITOPUTMOB BBIBOJA B TOUCYHO-HH-
TepBaJIbHON BpeMEHHOH Jioruke. OMUChIBACTCS MEXaHU3M BBIBOJIA B JaH-
HOM JIOTHKe, 0a3upYyIOMIMKCS Ha Mepexoe OT MpeACTaBICHUs HHPOpMa-
LM O BPEMCHU B BHJE OrpaHMYCHH K ToyedHOMY rpady. [IpuBoaurcs
APXUTEKTypa MPOTOTHIIA MOACKHCTEMbI BDEMEHHOI'O BBIBOJIA Ha OCHOBE TO-
Y4EYHO-UHTEPBAJIBHON BPEMEHHOM JIOTUKH JJIsI HHTEIICKTYaJIbHBIX CHCTEM
MOAJCPIKKH IPHHATHS PELICHUI PEaIbHOTO BPEMEHH.

BBenenne

B mpormecce pa3paboTku COBPEMEHHBIX HMHTEIUIEKTYaIbHBIX MPH-
JIOKEHUH, TAKUX KaK WHTEIJUICKTYaIbHBIE CHCTEMBI TIOICPIKKH TTPHHS-
Tus pemennii peansHoro Bpemenu (MCIIIP PB), yacto HeoOxoanmo
MPEJICTABIIATL U 00pabaThIBaTh OONBIION 00beM WH(pOpPMAIIHU, U3Me-
Hsrotelics co BpemeHeM [Eremeev et.al, 2003]. IIpu pemenun 3amau
BO MHOTHX MPOOJIEMHBIX 00JIACTSIX HCKyccTBeHHOro nHTemexkTa (UN),
TaKuX KaK IJIAaHUPOBAHUE, «IIOHMMAaHUE» €CTECTBEHHOTO S3bIKa, JHa-
THOCTHKA ¥ OOBSICHEHHE, TIPOTHO3UPOBAHUE, TPeOyeTCs UMETh pa3BHU-
ThIE CPEJCTBA MPEICTABICHUS W aHalM3a BPEMEHH M BPEMCHHBIX 3a-
BHCUMOCTEH, BPEMEHHBIX OrpaHndeHud. B psne ¢armanckux paboT
MO0 HMCKYCCTBEHHOMY WHTEIUICKTY KOHCTATHUPYETCS OIpeAesronast
pOJb TIpeJCTaBIeHHsI 3HAHUM O BpeMeHH M mpocTpancTBe [[locnenos
u 1p., 1989]. BelmonHeHHbIE 32 JOCTATOYHO JUTUTEIBHBIA MPOMEKYTOK
MCCIIeIOBAHUS TIPUBEIU K MOSIBIICHUIO JOCTATOYHO OOJBIIOr0 KOJIHYe-
CTBa BPEMCHHBIX JIOTHK U MOJIEJICH, OTIIMYAIOLIUXCSI CIIOCO0aMH BBeIe-
HUS (paKTOpa BPEMEHHU U BBIPA3UTEILHBIME BO3MOXKHOCTAMU [Epemees

50



u ap., 2004]. OnHako ux 00JaCTh NPUMEHEHHS YacTO CIEPKUBACTCS
CJIO)KHOCTBIO QJITOPUTMOB BBIBOJIA — BEJIb /I MHOTUX cucteM MU, ome-
PHUPYIOHIMX OOJIBIIMM KOJMYECTBOM MH(OpMAIMU U ACHCTBYIOIIHX B
YCIJIOBUSIX KECTKHX BPEMEHHBIX OIPaHUYEHUH, OAHUM U3 BaXKHBIX KpU-
TEpPHEB KAauyecTBa SIBJISICTCS MPHUEMIIEMOE BpPEMsI PEaKIUK Ha 3alpOChl
MOJIb30BaTEN WM U3MEHEHHE HH(OpMaLluH, HOCTYHAIONIEeH B CUCTEMY
[EpemeeB u ap., 2010]. B cBsi3u ¢ 3TUM BechbMa akTyalbHOH SIBISIET-
csl BBIpabOTKa alrOpUTMOB BBIBOJIA U TIOUCK MOJICJICH TPEACTaBICHUS
nH(pOpPMAIIH O BpEMEHH, 00ECTIeYMBAIONINX OaaHc MKy HEOO0XO0 1~
MBIM YPOBHEM BBIPa3UTEIbHOCTH U Npou3BoauTensHocTy [Kanapammu-
Ha u jp., 2014].

B pamkax ngaHHO# paOOThI paccMaTpUBAIOTCS UCIOIB30BAaHHUE TO-
YeYHO-WHTEPBAIbHON TEMIIOPAJIbHON JIOTHKH M peanu3anus aaropur-
MOB BBIBOJIa ISl TIOCTPOCHUS TMOACUCTEMBI BPEMEHHBIX PACCYKACHUH,
KOTOpasi MOKET ObITh MCIIOJIB30BAaHA Ul PEIIEeHHs 337a4 BPEMEHHOTO
BBIBOJIA B COCTABE COBPEMEHHBIX MHTEIIJIEKTYaIbHBIX CUCTEM.

1. IlpeacraBienne nHgopManuu 0 BpeMeHH

OnHUM M3 CcHOCOOOB SIBHOT'O MOJEIMPOBAHMSI BPEMEHU SIBIISICTCS
npecTaBieHue MHOOPMAIUN KaK 3aBUCUMOCTEH, WM OTrpaHUYCHUH,
Mexay BpemenHbIME ipumuTuBaMH [Ladkin, 1987]. B aTom ciryuae or-
penensercs crpykrypa Z = (V,D,BTR,C) [Epemees u ap., 2004], rae:

- V={V,V,..,V,} — KOHEUHOe MHOXECTBO BPEMECHHBIX TNEPEMEH-
HBIX;

— D — o0nacTh 3HaYCHWI BPEMEHHBIX TIEPEMEHHBIX;

—BTR={r,7,,...,r,} — KOHEUHOE MHOXECTBO B3aUMOHNCKITIOYAIOTIIUX
OvHapHBIX 0a30BBIX BPEMEHHBIX OTPAaHHMYCHHH, MTOIHOE O0BETMHEHHE
KOTOPBIX SIBIISICTCS YHUBEPCAIBHBIM orpaHndeHueM U (He HaKiIabl-
BAaIOIIUM KaKUX-THOO0 OTpaHHUYCHHUH );

- C={C)|C={r,ry..1i); k>0; 7,1, .1 € BTR; 1,j < m}, KOHEUHOE
MHOKECTBO OrpaHuyeHui, rae C; — orpaHM4eHUE Hajl BPEMEHHBIMU
nepeMeHnbiMu V; u V), unrepnperupyemoe kak (V,r,V)...(V,r, V).
Eciu C; COCTOMT TOJIBKO M3 OJHOTO JM3BIOHKTA, TO OHO HA3bIBACTCH
TMOYHBLM.

DNeMEeHThl MHOKECTBA V MOTYT MHTEPIPETHPOBATLCS KAK MOMCH-
TBI, HHTEPBAJIBI BPEMEHH WX JIHTeNbHOCTH. O0IacTh 3HaYeHNUI repe-
MEHHBIX [, COOTBETCTBYIOIINX MOMEHTaM BPEMEHH M JUTUTEIBHOCTSIM,
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MIpEICTaBIsAeT COO0M MHOXECTBO YHCEIN, a JJIi MHTEPBAJIbHBIX TEepe-
MEHHBIX — MHOXKECTBO YIIOPSIOYCHHBIX Tap 3HAYCHHIA.

3anava cornacoBanus BpeMeHHbIX orpannueHuii (3CBO) cocrout B
onpedenenuu coenacoganrocmu [ Tpourkuii, 2001]. s aToro HeoOx0-
JIUMO TIPOBEPHTH, CYIIECTBYET JIM TaKOW BBHIOOP TOYHOT'O BPEMEHHOTO
orpanuyenust C;* < C; 11 KaXK 10| Mapbl BPEMEHHBIX NIEPEMEHHBIX V
1V, 9TO OHM HE NPOTUBOPEYAT APYT APYTY.

B HekoTopbIx citydasx TpeOyercst 00ecriednTh HOUCK BCEX COTIIACO-
BaHHBIX CIIEHAPHUEB.

Hmns cormacoBanust 3CBO MOXHO TTOCTPOUTH MUHUMAIBHOE TIPEI-
crapnenue. [lepexon k munumansHoit 3CBO mpenmnonaraer mnepeBoj
BCEX €€ OTpaHHuYeHN B MUHUMallbHbIe. MUHUMAaNbHBIM OrpaHUYEHUEM
C;"" 11sl BpEMEHHBIX IEPEMEHHBIX V; M V; Ha3bIBA€TCS MHOMKECTBO, CO-
CTOSAILEE TOJIBKO U3 BBIOJIHUMBIX OTpaHUYEHUM it V, u V.

JHocratouno yacto nocine pemeHust 3CBO tpeOyercss UMeTh BO3-
MOXXHOCTb Onpeoeiums GblNOJHUMbIE 02PAHUYeHUss MKy 3aaHHON
Mapoii BpEMEHHBIX NIEPEMCHHBIX.

2. PaciimpeHHasi TOYeYHO-MHTEPBAJIbHAS
Mo/ieJIb BpeMeHH

PactmpenHasi TOue4HO-WHTEpBajbHAsT MOJETH SIBISCTCS CHHTE-
30M TOYCUHOW W MHTEpBaIbHOU Moxenel [Zaidi et al., 2006]. B aroit
MOJICSTM BPEMEHHBIMU MPUMHUTHUBAMH SIBIISTIOTCS MOMEHTBI BPEMEHH H
BpeMeHHbIe. MOMEHT 0003Ha4aeT MrTHOBEHHOE COOBITHE, a HHTEPBAI —
Juisieecst Bo Bpemern. O003HaYMM MOMEHTHI BpEMEHU Kak pZ, pV, a
uHTepBaibl — X=(sX, eX), rne sX — MOMEHT BpEMEHH, ONPECIISIOLINHA
Ha4ajJo BPEMEHHOTO HMHTEpBala, a eX — MOMEHT BPEMEHH, OIpejie-
JISIIOIINN KOHEIl BpEMEHHOTO MHTEpBana. B naHHOW MOJENH BO3MOXK-
HBI CJICAYIOIINE THUITBI BPEMEHHBIX OTPaHUYCHHN: «MOMEHT-MOMEHT,
«MOMEHT-UHTEPBAI», «MHTEPBAI-HHTEPBAD) (OrpaHUUCHUS THUIIA «MO-
MEHT-HUHTEPBAI» M «AHTEPBAI-UHTEPBAI» MOYKHO MPEACTaBUThH B BHIIC
TOYCYHBIX OTPAaHUUYCHHUI MEXTy Ha4ajloM U KOHIIOM UHTEpBaia).

B Habop 0a30BbIX BpeMEHHBIX OTPAHWYCHUN BXOJAAT KaK KadyecT-
BEHHBIC:

® (a30BbIC TOYCYHBIC OTPAHHUCHUS: 0OHO8pemeHHOo (=), panbuue
(<), nosace (>), panvuie unu oonospemento (<), nozaice wiu 0OHO8pe-
MeHHO (), He 00HO8peMeHHO (#);
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® 0a30BbIC UHTEPBANILHBIC OTpaHudeHus: before (b), after (a), meets
(m), overlaps (0), during (d), starts (s), finishes (f), equal (=) [Allen,
1983] (puc. 1);

® 0a30BbIC TOUCYHO-UHTEPBAIbHBIC Orpanndenus: before (b, <), af-
ter (a, >), starts (), finishes (f), during (d) (puc. 2),

TaK U METPUYECKHE OTPaHUICHUSI.

Metpuueckre OrpaHHUYCHHUs OTIPECIISIOTCS Ha OCHOBE CIICAYIOIINX
¢bynknwmii [Zaidi et al., 2006]:

Length[sX, eY|=d, d € R" — nnivHa uHTEpBANa;

Stamp(pX)=t, t € R — TOYHOE TTOJI0KEHUE MOMEHTA BPEMEHHU.

Hns pemienust 3CBO B ToueyHO-UHTEPBAIBHONW BPEMEHHOM JIOTHKE
BBITIOJTHSETCS TIepeXo/1 K ToueuHomy rpady [Zaidi et al., 2008].

3. Ucnonb30BaHne TOYCYHBIX rpad)oB
B 32/12a4aX BPEMEHHOI'0 BbIBO/A

Bepmmaam TodeyHoro rpada COOTBETCTBYIOT MOMEHTBI BPEMEHH,
a peOpa — orpannyenusm [Zaidi et al., 2006]. dopManbHO TOYECUHBII
rpad PG —aro oprpad (V, E, D, T), rne:

V' — MHOXECTBO BEpIIHH, KaX1asi U3 KOTOPBIX MPEICTABISIET MO-
MEHT BPEMEHM Ha YMCJIOBOH IKane. MOMEHTSI p,p;,...p, MOTYT OBITh
TPECTaBJIEHbl OHUIM MOMEHTOM [p;;p;;...;p,] , €ciii 0003HAYAIOT OJHY
U Ty )K€ TOYKY Ha YHCJIOBOM IIKaJIe BPEMEHH.
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E,; E,=EUE.,

rae E — MHOecTBO pebep, u Kaxkaoe pedpo e,, MexXly BEpPIIUHAMH V,
U v,, TaKke o003HauaeMoe (v, Vv,), PEACTABIISICT OTPAaHUYCHHE V,<V,.
Takue pebpa HaszsiBatoT LT-pebpamu;

E_ — MHO)ecTBO pebep, Ilie Kaxoe pedpo e;, MeX1y BepLUIMHAMU
v, M1 V,, TaKkKe 0003Ha"aeMoe (Vv,, v,), IPEJICTABISET OrpaHUYCHHE V,<V,.
Takue pedpa HazpiBaroT LE-peopamu;

D — ¢ynkuus anuabl pedpa: E—-R™;

T — dyHKIUS TOYHOTO TMOJIOKEHUSI MOMEHTA BPEMEHHU BEPIIUHBI:
V—>R.

Ecnun mexny nBymsi BepmmHamu p u q Haxoxutcst LT-pe6po, To
TOYKa, MPEJCTABJICHHAs BEPIIUHOW P, HAXOIUTCS HA IIKAJIC BPEMCHU
CTPOTO paHbllle TOUKH, IPEACTABICHHON BepinHoi q. Eciu xe mexy
BeplIMHaMHu p 1 q Haxoautcs LE-pebpo, Touka, COOTBETCTBYIOIIAs BEP-
IIMHE P, HAXOJUTCS HA BPEMEHHOMW IIKaJIe PaHbIIE WU OJJHOBPEMECHHO
C TOYKOW, COOTBETCTBYIOIICH BepinnHe (. Ecim pedpo B3BemeHo uuc-
JIOBBIM 3HaU€HHEM, 3TO 03HAYAET, YTO JUIMHA COOTBETCTBYIOIIETO eMYy
BPEMEHHOI'0 MHTEPBaJla paBHA 3TOMY 3HAUYEHHUIO.

Anroput™m nepexona ot 3CBO k ToyeuHoMy Tpady J0CTATOYHO
npoct. Ha nmepBom are Bce MHTEpBaJIbHBIC IIEPEMEHHbIE IIPEICTABIIS-
I0TCSl KaK Mapa TPaHUYHBIX MOMEHTOB BPEMEHH, CBSI3aHHBIX OTPaHU-
yenreM <. Ha BTOpoMm sTarie orpaHHyYcHHs THIIA «MOMEHT-HHTEPBAI)
U «UHTEpBAI-UHTEPBAI» MPeoOpa3yroTcs B TOUYCUHBIC OTPaHUYCHUS.
Kak1p1i1 MOMEHT v CTAaHOBHTCS BEPIIMHON V U KayKJI0€ TOUEUHOE Orpa-
HUYEHHE < MEKIY MOMEHTAMH V,, V, CTAHOBHUTCSI PeOpoM (v, V,).

[Tocne moctpoeHus ToUedHOTO rpada OCYIMECTBISIETCS €ro yIpo-
menne. meromasicst Merpuueckas HHGOpMaIysi MOXKET ObITh HCIOJb-
30BaHa JUISl YMCHBIICHUSI KOJMUYECTBA BEPIIMH B TOYCUHOM Tpade U
COKpAIIIeHHUs TOMCKOBOTO TpocTpaHcTBa. JIroOble BEpIIMHBI, 00J1a1at0-
LIMe OJIHUM M TeM ke 3HaueHueM ¢yHkuuu 7, ckiaenBarotcs. s Bcex
BEPIIMH V, V,, Takux, 410 1(v;,)<T(v;) HEOOXOMMMO MOCTPOUTH PeOPO
nmanel D(v, v))= T(v)-T(v)).

[TycTs v* — MHOXKECTBO BepIUH V TakuXx, 4t0: Vv, ev* (v, v) € E,.

ITyctb *v — MHOXKeCTBO BepiuMH V TakuXx, 4ro: Vv, ev,* (v, v) € E,.

Jli1st KaXkJ10¥ BEpIIMHBI V;€ V IPOBEPSETCS MHOKECTBO V,*: eCIIn JIJIs
BEPUIUH V;, V; U3 MHOKECTBA V,* BBIIOJIHEHO:

1. D(v, v)< D(v, v;), Torna pe6po (v, v;) 3aMeHsieTcs pedpom (v;, v,),
nputom D(v;, v,)= D(v;, v)- D(v, v)) , 1 BepLIMHA v, yIaIsSeTcs u3 v;*.
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2. D(v, v)= D(v, v,), TOr1a BEPIIMHBI Vj ¥ vk MOTYT OBITH 00BEIN-
HEHBI B Vv, U D(v, vi,v)= D(v, vy) = (v, V).

JLy1s Kax 101 BEpIIMHBI V;€ V IpoBepsieTcst MHOKECTBO *V;: eCIH JJIst
BEPUIUH V;, V; U3 MHOKECTBA *V; BBIIOJIHEHO:

1. D(v, v))< D(v,, v,), Torna pebpo (v;,v;) 3aMeHsieTcst pedbpom (v, v)),
uputom D(v,, v;))= D(v;, v;)- D(v;, v;) , 1 BEpLIMHA V; yIAISETC U3 *V,.

2. D(v;, v)= D(v;, v;), TOr1a BEPIIMHBI Vj M VK MOTYT OBITH 00BEIN-
HEHBI B Vv, U D(vj;vy, v)= D(v;, v)) = (v, v).

Ha puc. 3 mokazan npumep ymnpoleHus rpada ¢ momoImsko orme-
panuii ckieiiku BepmmH H pedep. B mcxomHom rpade D(sY, eX)=
D(sY, eZ), noatomMy BepuuHbl eX, eZ MOTYT ObITh CKIICEHBI B OJHY
eXeZ.

Jn1st IpOBEPKH COTTIACOBAaHHOCTH TEMIOPATBHOM HH(POPMAIHH Clie-
JyeT TpOBEpUTh Tpad Ha alUKIMYHOCTh. Hanmuume 1ukinoB B rpade
yKa3bIBaeT Ha HECOTJIACOBAHHOCTh JAHHBIX U MPOTHBOPEYMBOCTDH Bpe-
MEHHBIX orpaHnueHuii [Gerevini et al., 1995].

AJNTOPUTM BBIYMCIICHHUS BBIBOJUMBIX OTPAHUYCHUN ONMUPAETCS Ha
aJITOPUTM OIPE/EICHUS BBIIOTHUMBIX OIPAaHUYECHUI MEX/y MOMEHTa-
MU BpeMeHH. UTOOBI OnpeaenuTh OrPAaHNICHUE MEXKAY IBYMSI MOMEH-
TaMu p ¥ ¢, HEOOXOTUMO:

1. BesicHuts, cymiecTByeT o1 orpanuueHue (p,{<},q).

2. Haittu juinny untepsana (p, q).

3. HaiiTu TOuHBIE OTMETKM MOMEHTOB BPEMEHH p, ¢ HA BPEMEHHOI
IIKaje

MexonHeii rpad

Ipad nocne onepaumii

CKNEMKU

Puc. 3. Yopouenue ¢ noMouibio onepanuii CKienku
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s moucka myTeil B OpUEHTHPOBAHHOM Trpad)e MOKHO HCIIONB30-
BaTh anroputmbl Dnoiina win JelKcTpsl, HO CIACAYET MOMHUTh, YTO
NP PENICHUH 33a]a4i BO3HHMKAeT HEOOXOAMMOCTh MCKAaTh MyTh B WH-
BepTHPOBaHHOM rpade (rpade, B KOTOPOM Bce pedpa UMEIOT POTHBO-
TTOJIOKHOE HAIIPABJICHHE).

4. Peaniu3yeMblii IPOTOTHII

PaccMoTpeHHBIE alNropuTMBbl peaan30BaHbl B paMKax IPOTOTHIIA CH-
cTeMbl BpeMeHHbIX paccyxeHuit (CBP), oGecnieunBatoriero:

— IpeCTaBIeHUE U XpaHEHUE BpEeMEHHON HH(POpMalNK;

— BU3YaJIM3alMI0 TOYEUHBIX I'padoB, B TOM YHCIIE U HA MPOMEXKY-
TOuUHBIX 3Tanax pewenus 3CBO;

— pelIeHre 3a7auu COrflaCOBaHHOCTH;

— noctpoerre MUHUMaNbHOM 3CBO;

— OTBETHI Ha 3aMPOCHI TTOJIB30BATENS O METPHUECKON HH(OPMALIUHL.

Taxoke B MPOTOTUI UHTETPUPOBAH IPY>KECTBEHHBIN MOJIb30BATEINb-
ckuii uHTEep(deiic, MO3BOJISIOIINN BBOAUTh BPEMEHHBIC OTPAaHUYCHUS U
METPHUYECKYI0 HH(POPMAIIHIO IPOCTHIM /ISl ITOITB30BATEIS 00PA3OM.

YrporieHHast apXuTeKTypa IpOTOTHIIA H300pakeHa Ha puc. 4.

OCHOBHO#1 3JIEMEHT CUCTEMBI — pelIaTeNb, KOTOPbIA 00padaThIBaeT
TEMITOpANbHYI0 HH(OPMALINIO, HAXOJUT PEIICHNE 3aaul COTIacOBaH-
HOCTH U BBITIOJHSIET 3aMPOCHI MOJIb30BATEIS.

MuTepdeic

nofne3oeaTena

h 4 Y
Napcep Pewarens

TemnopancHan
MHbOpMaLKMA

Puc. 4. Apxurexkrypa CBP
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[Tapcep mpeoOpa3oBBIBaCT BBEICHHYIO IMOJIb30BATENIeM HH(OpPMa-
IIUI0 BO BHYTPEHHEE MPEJCTABICHNUE U MEpeJaeT B XPaHWIHIIE TeM-
nopanbHON MHpopManuu. M3 xpanunuina uHGOpMalus CUUTHIBACTCS
pematenem u Tpancopmupyercsi B popmy TodeuHoro rpada ass npu-
MEHEHHMSI K HEH aJlrTOPUTMOB BBIBOJIA.

Cucrema moJiep>KUBaeT MHTEPAKTUBHOE B3aUMOACHCTBHE C MOJb-
3oBateneM. [lonb3oBaTenh MOKET JOMONMHATH HHPOPMAIIHIO, U CHCTe-
Ma aBTOMAaTHUYECKH IPOBEPSIET €€ «Ha JIeTy». B ciyyae BOBHUKHOBEHHS
MPOTHUBOPEUNI MKy BPEMEHHBIMU OTPAaHUYCHHUSIMUA CHUCTEMAa BBIJACT
MIOJIH30BATEIIO TIPETYTIPEHKACHHS.

3akjaroueHue

[TocTpoenune u peanuzanusi aaropuTMOB, PEATU3YIOIINX BBIBOJ B
pPacCIIMPEHHON TOYEYHO-UHTEPBAJIbHON BPEMEHHOW JIOTHMKE, a TaKXe
CO3JlaHNE IMOBTOPHO HCIOJNB3YEMBbIX KOMIIOHEHT BPEMEHHOTO BBIBO-
Jla JUI MHTEJUICKTYaJbHBIX CHUCTEM TO3BOJIIOT PACHIMPUTH KAa4eCTBO
peleHus psaa 3a7ad UCKYCCTBEHHOTO MHTEIJIeKTa. PaccMOTpeHHbIE B
paMKax JaHHOM paOOoThI aJIrOPUTMBI PEATH30BaHbI B COCTaBE MPOTOTHU-
Ta MOJICUCTEMBI BPEMEHHBIX paccyxaeHuil. [I[poBeieHHbIE ¢ TOMOIIIBIO
MPOTOTUIIA HKCIIEPUMEHTBI MTOKA3aIH, YTO aJITOPUTMBI YIIPOLICHHS TO-
YeyHBIX Tpad)oB MO3BOJISIIOT CHU3UTh 00bEM HETOYHON MH(pOpMAIUU U
XOpOIIO CKa3bIBAIOTCS HA 00BEME MOUCKOBOTO MPOCTPAHCTBA IS TO-
CIITYIOIUX aJITOPUTMOB.
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VK 512.563.6

O PELHEHUAX IMTPOAYKIHNOHHO-JTOI'MYECKOI'O
YPABHEHMS HA BYJIEBOHM PEIIETKE

C.J. MaxopToB (sd@expert.vrn.ru)
Boponexckuii rocyaapcTBeHHbI YHUBEPCUTET
WN.1O. UBaunoB (hourlscorp@gmail.com)
BopoHexckuil rocyapCcTBEHHBIN YHUBEPCUTET

BBonuTcs kiacc NmpoayKUMOHHO-JIOTMYECKUX YpPAaBHEHHUM Ha KOHEYHOU
OyneBoii pemierke. PaccMaTpuBaloTCs BONPOCH! PaspeIIMMOCTH TaKHX
ypaBHeHHH. BBOAATCS MOHSATHS KAHOHMYECKOTO OTHOIICHUS Ha OyJeBOH
peLIeTKE U CTPYKTYPHOTO PaccIOCHUsI KAHOHUYECKOTO OTHOLIEHHS, KOTO-
pbIe O3BOJISIIOT CBECTH MOUCK MTPUOIIMIKEHHOTO PELLICHUS yPaBHEHUS K 3a-
nadye 00X0/1a BEPUIMH OPUEHTUPOBAHHOTO rpada. Pe3ynbraTsl MOTyT OBITH
IIPUMEHEHBI AJIs1 ONTHUMHU3ALUH JIOTHYECKOTO BBIBOJA U BEpU(UKALIUU CO-
OTBETCTBYIOIIUX 0a3 3HAHUH.

BBenenue

Wnest npencraBiaeHusi U UCCIEIOBAHUS JIOTHYECKUX CHCTEM ajre-
OpanyueckrMu MeToJamMu Oblia 3ajoxeHa B padorax A. Jlunnenbayma,
A. Tapckoro. CoriacHO UX TEOPHUH, MHOXKECTBO (POPMYJI ITPOTTO3HUIIHO-
HAJIHOTO sI3bIKa HYJIEBOTO TOpSIKA PAacCMaTpUBAEeTCsA Kak ainredpa,
orepanuy KOTOPOH COOTBETCTBYIOT JIOTHYECKHUM CBSI3KAM 3TOTO S3bIKA
[PaceBa u ap., 1972]. Ilpu 5TOM 0611 anredpanyeckas I0THKa, TPEo-
cTaByIsIst 3 PEKTUBHBIN anmapaT Ui HCCIEI0BAHHUS CAMUX JTOTHIECKUX
TEOpHUH, B psAfie CllydyaeB OKa3bIBAeTCs HelOCTaTOuHO 3()(eKTHBHON B
CHITy CBOEH YHUBEpCaIbHOCTH. K TaKOBBIM OTHOCHTCS 001aCTh ITUPO-
KO pacHpoOCTpaHEHHBbIX Ha MPAKTHKE JIOTMYECKUX CHUCTEM HPOAYKLH-
oHHOro tuna. OHM OCHOBBIBAIOTCS HA MpaBWiIax (MPOAYKLHUSAX) BUAA
« A mopoxaaer B», e A U B — dJIeMEHTbl HEKOTOPOH HepapXuH.
CemaHTHKa TPOIYKIUI OOBIYHO MMIUTMKATHBHA: «ECIH CIIPABEIUBO
A, TO CIpaBeASIUBO B », OIHAKO BO3MOXKHBI U IPYTHe UHTEPIIPETALUN
nonoOHbIX npaBui [Yeukun, 1991], [MaxopTos, 2009a].

EctrectBenHON 1 3 (EKTUBHONW MOJIENBIO TPEJCTABICHHS 3HAHUHN
CITyaT MaTemaTudeckue pemetku [Teis u np., 1990]. B moHOTpaduu
[MaxoptoB, 2009b] pa3paboTan MaTeMaTUYECKHiA anmapar, O3BOJISIO-
muii GopMabHO HMCCIIEAOBATh MPOIYKIMOHHO-IOTHYECKHE CHCTEMBI.
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3a OCHOBY MOXKET OBITh B35iTa OyJieBa pelIeTKa C BBEJCHHbIM Ha Hell 10-
MOJIHUTEIFHBIM OTHOIIIEHUEM, TTPEICTABISIONIAM MHOKECTBO MPOIYK-
nuii. [lonyyennas anreOpandeckasi cuctema Ha3BaHa LP-ctpykrypoit
(Lattice Production Structure). B [Maxoptos, 2004] Obu1 BBElieH U UC-
CJIeJI0OBaH KJIACC MPOYKIIMOHHO-JIOTMUYECKUX YPaBHEHHH, TO3BOJISIOMINX
ONTHUMHM3UPOBATh OOpPATHBIM JOTUYCCKUH BbIBOJ. OJHAKO CEMaHTHKa
9THX YPaBHEHHUH OCHOBBIBAETCSI BCETO Ha JBYX JIOTHYECKUX CBA3KAX —
WMIUIMKAIMA U KOHBIOHKIMHU. TakuM MUHUMaJIbHBIM HaOOpPOM JIOTH-
YECKHUX CBSI30K OPaHUYMBAIOTCS THIOBBIE MPOAYKIIMOHHBIE CHCTEMBI.

B mHacrosimeli pabote BBOJIWTCS HOBBIN KilacCc ypaBHeHHA B LP-
cTpykrype. B omnmmune ot [Maxopros, 2004], oH o0namaer MOIHBEIM
HA0OPOM CBSI30K MPOMO3UIIMOHAILHOTO s13bIka. OOOCHOBAH CIOCO0 Ha-
XOX/IEHUS NPUOJIMKEHHBIX peleHnid. BBuay orpanndeHHoCcTH o0bema
CTaThbU PE3yJIbTATHI JIaHbl 0€3 JI0OKA3aTeNLCTB. Y PaBHEHUSI MOTYT MPH-
MEHATHCA ISl ONTUMHU3AIMN JIOTHYECKOTO BBIBOJA B MPOTyKIIMOHHBIX
cUCTeMax, MpaBHJia KOTOPBIX COJEPKaT HE TOJNBKO KOHBIOHKIIUH, HO
TaK)Ke TU3BIOHKIIUU U OTPHUIIAHUS.

Jlornyeckuit BeiBoA B LP-cTpyKTypax mepekiinKaeTcst ¢ HaXoxk/e-
HUEM (DYHKIIMOHAIBHBIX 3aBUCHMOCTEH B PEIISIIIUOHHBIX 0a3aX JaHHBIX.
[Ipr ux BBIBOJE MCHOIB3YIOTCSA JEIyKTHUBHBbIC TpaBuia APMCTpPOHTa
([Armstrong, 1974]), npumensiemble K sieMeHTaM OyneaHa. OgHaKo
U3 «PEUIETOYHBIX)» ONepalii HCIOIb3yeTCs UL 00beTUHEHNE, U Ha-
0op mpaBui APMCTpOHTa CYIIECTBEHHO OeqHee mpaBui BeIBOAa B LP-
CTpyKTypax. bim3kum k teopun LP-CTpykTyp MOXKHO Takke CUMTaTh
FCA-anamm3 ¢opmansaeix monstuii [Ganter, 1999], npumensiemslii B
WCCJICJIOBAHUSAX IBYXMEPHBIX JIAHHBIX C CEMAHTUKOU «O0BEKTHI-PU3-
Hakm». OH TakKe OCHOBAH Ha pEIIeTKax M paccMaTpuBaeT OWHApPHBIC
OTHONICHHS] MEXTy MHOxecTBamMH. OJIHAaKO ATH JIBE TEOPUHU CyIIe-
CTBEHHO paznuyarorcs. B wactHoctu, nmmukanuu FCA nopoxaaroTcst
PEIIETOYHBIM MOPSIKOM U MOITOMY HE 00pa3yroT IIUKIIOB, B TO BpeMs
Kak oTHomuIeHusi B LP-cTpykTypax He UMEIOT MOIOOHBIX OrpaHryYeHHHA
(moxpobHee 00 oTauumsx cM. B [Maxoprtos, 2009b]).

1. OcHOBHBIE CBe/leHHSI 0 pelIeTKaX U OMHAPHBIX OTHOLIEHHUSIX

HeoOxonumast nHOpMaIus o pemeTkax coaepx urcs B [bupkrod,
1984], [I'peruep, 1981]. HamoMmHuUM w1 OCHOBHBIE TIOHSITHSI.

Pemnierkoli HazpIBaeTcss MHOXKECTBO [, YaCTHYHO YMOPSJOYCHHOE
HEKOTOPHIM OTHOIICHHEM <, MpHYEM IS JIto0OW mapbl x,yeF cy-
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LIECTBYIOT UX TOYHAsl HUXKHSISL (IIEPECEUEHUE X A V) M TOUHASI BEPXHS
(oObenuuenue xv y) rpanu. Pemerka F orpaHuveHa, eciu B HEH Cy-
IIECTBYIOT HAMMEHBUINA M HauOONBIIWK 35eMeHThl O,/ COOTBETCT-
BEHHO.

OneMeHT x peweTkd [F Ha3bIBAaeTCs HEPA3I0KHUMbBIM, €CIH M3
xX=xvx,, X,x, €F cmeayer x=x WId X=X,; KOHEPA3IOKHMBIM,
€ClM U3 x=y,Ay,, ¥y, €F cnenyer y=y, umm y=y,.

DONeMeHT x OrpaHMYEHHON pemieTkd F Ha3bIBa€TCSl aTOMOM, €CITU
O <x ¥ HE CyNECTBYET Takoro x, € F, uto O<x, <x (x TOKpHIBAaET
O); KOaToMOM, €ciii x </ U He CyIecTBYeT x, €F, uro x<x, </
(/ TIOKpBIBaeT x ).

Pemerka F Ha3bpIBaeTCs PEMIETKON C TOMOJHEHUSMU, €CIIU AJIs IO~
0oro snemeHta xelF cymiecTByeT aleMeHT x' € F , Ha3bIBaeMbld JI0-
IIOJTHEHHUEM JJIEMEHTA X , TAKOM, YTO xAXx' =0 , xvx'=1.

Pemerka F Ha3pIBaeTCs AUCTPUOYTUBHOM, €CIM JUIsI JIFOOBIX dIie-
MEHTOB X, y,z € F' BBIIIOJIHSAIOTCS. PABEHCTBA!

x/\(yvz)z(x/\y)v(x/\z), xv(y/\z):(xvy)/\(xvz).

ByneBoii pemerkoil HazbBaeTcs AUCTPUOYTHBHAS peEIIETKa C J0-
nonHeHusiMHA. JIF000# 3neMeHT KoHeuHOo# OyneBoil pemietku F, oOT-
JUYHBIN 0T O, UMEET eJMHCTBEHHOE MPEJICTABICHUE B BHJIE 00BETIHE-
HUSI aTOMOB, a JII000 2JI€MEHT, OTJINYHBIN OT / , UMEET €AUHCTBEHHOE
Ipe/ICTaBlICHHE B BUJIE NTEPEeCeUeHHs KOaTOMOB.

Bunapnoe otHomeHnue R (manee — MPOCTO OTHONIEHHWE) Ha Oye-
BOH pemieTke HaszbiBaeTcs [Maxoptos, 2009b]: konmpanosuyuourvim,
ecin u3 (x,y)eR crnenyer (y',x')eR; oucmpubymugnbvim, eClv W3
(x, Y ),(x, Vs )e R cienyer (x, » /\yz)e R,awu3 (xl,y),(xz,y)e R creny-
et (x, v x,,y)€ R ; npodykyuonHo-nozuveckum (anee — IpocTo J0oruye-
CKHM), €CII OHO COJIEPXKHT OTHOLICHHE <, a TAaK)Ke KOHTPANO3UIHOH-
HO, TUCTPHOYTUBHO M TPAH3UTHBHO.

JlornyeckuM 3aMbIKaHHEM MPOHM3BOJIBHOTO OTHOIICHHS R Ha3bl-
BaeTCs HaMMEHbINEe JIOTMYECKOe OTHOILICHME, coaepskaiiee R . [IBa
OTHOLIEHUS R ,R, DKBHUBAJIEHTHHI (R, ~R,), €CIIM OHU HUMEIOT O0LIce
JIOTHYECKOe 3aMbIkaHue. LP-CTpyKTypoll HyJleBOro mopsjaka Ha3blBa-
ercs OyneBa pelleTka ¢ 3aJlaHHbIM Ha Hel JIOrMYeCKUM OTHOLIEHUEM
[Maxopros, 2009b].

YnopsjgouenHas mnapa (x,y) 271eMeHToB OyneBoit pemerku F jo-
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IMYECKH CBsi3aHa OTHOLIEHHEM R cCFxF (o6o3HauaeTcs x——y,
[MaxoproB, 2009b]), ecivt BEITIOTHEHO OJJHO U3 YCIOBHUI:

(x.y)eR; (1.1)
x<y; (1.2)
yv R ;xv; (13)
CYIIECTBYIOT TaKHUE y,,y, € F, 94TO (1.4)
NNV, =V, X . >V, X . > Va5
CYILIECTBYIOT TaKue x,,x, € F, 94T0 (1.5)
X VX, =X, X u Y, X R >V,

(1.6)

CYILECTBYET Takoh z € F,uto x—2—z, z—%>y.

B [Maxoptos, 2009b] nokazano, 4to Jis IF0OOT0 OTHOIIEHHSI R Ha
OyJIeBOU pelIeTKe JIOTMYECKOe 3aMbIKAHUE COBIAACT ¢ MHOXKECTBOM
—& 5 Bcex ymoOpsAMIOYEHHBIX Map, JOTMYECKH CBA3aHHBIX OTHOIIIE-
HHUEM R .

2. Kanonnuyeckoe OTHOLIEHNE M HAYAJHLHOE MHOKECTBO

Bynem paccmarpuBath TONBKO KOHEUHBIE OyJIeBBI pemeTku. H3Be-
ctHo [['peruep, 1981], uro Takas pemreTka nzomopdHa OyIeBOM permeT-
K€ BCeX I10JIMHOKECTB HEKOTOPOI0 KOHEUHOI'0 YHUBEPCYMa.

Wrak, nanee Bcroxy F=2" — OyneaH KOHEYHOTO MHOXECTBa F
MOIIIHOCTH 71> 0. Bocronbzyemcs 0003HaYeHUSMU TEOPUU MHOMKECTB:
aJIeMeHTHI penieTku F o0bvHO OyseM 0003HaYaTh OONBIIUMH JATHH-
ckumMu OykBamu; eciu 4,BeF, T0 AcC B — NPUHAAJTIEKHOCTh Hapsbl
(4,B) OTHOLIEHHIO PEIIETOYHOrO YACTHYHOIO MOpsAiKa < (OHO COBIa-
JTAET C OTHOIIIEHHEM BJIOXKeHus1), A()B —nepeceuenne 4 u B, AUB —
obbenuHenne 4 U B, A — nonojnHenue >aeMenta A4 (T.e. A=F\A).

3aMeTHM, YTO HAUMEHBIINI 3JIEMEHT perieTku F ecTh mycToe Moj-
MHOKECTBO & MHOXKECTBA F , HAMOOJIBIINI 3JIEMEHT — CaMO MHOe-
CTBO F, aTOMBbI — OJHO3JIEMEHTHBIE NOJMHOXECTBA MHOXKECTBa F ,
K0aTOMEI — (7 —1)-37IeMEHTHBIE TIOJIMHOXKECTBA MHOXKeCTBA F . Takum
o0pazom, perietka F uMeeT 2" AJIEMEHTOB, n aTOMOB U 1 KOATOMOB.

Koatowmsl pemietkun F Oynem 0003Ha4aTh MaJI€HbKUMU JATUHCKUMU
OykBamu. Kopasnooicenuem 31eMeHTa A € F, OTIM4YHOrO OT F, Oyjem
Ha3bIBaTh €r0 IPECTaBICHUE B BUJE [IEPECEUCHUs] KOATOMOB.
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IIycte R — oTHowmieHHE Ha peierke. [lanee Bcroay nox joruye-
CKUM OTHOLICHHEM OyjIeM MOHUMATh JUCTPUOYTHBHOE, TPAH3UTUBHOE
OTHOIIIEHHE, CoJepiKaliee <, He TpeOys MpH STOM CBOWCTBA KOHTpA-
HO3UIMOHHOCTH. PacCMOTPUM OTHOLIEHHE —X—(, KOTOPOE CTPOMTCS
AHAJIOTHYHO —X—, HO WCKJII0Yas KOHTPANO3UIIMOHHOE TpaBmwio 1.3.
OueBngHO, ——>) c —F .

Ananornuno [Maxoptos, 2009b] MOKHO 110Ka3aTh, 4YTO —=—( €CTh
HaWMEHBIIEe JIOTMYECKOE OTHOIIEHHE, CojlepKamiee R, T. €. — > —
JIOTHYECKOE 3aMBIKaHUE R . DKBUBAJIEHTHOCTH R,,R, OINpeIeIHM pa-
BCHCTBOM ——>) = —2—, 1 0003HaYUM R, ~, R, .

Omnpenesenne 2.1. OTHOmIEHHE R HAa3bIBACTCS KAHOHUYUECKUM,
€CJIM MIPaBbIe YaCTH BCEX €O Map SBISOTCS KOATOMAMHU.

Teopema 2.1. Tlycts R — oTHOWICHHE Ha pewieTke F u (4,B)eR,

pu4eM B = ﬂB,. . Torga oTHomIeHUE R', MOJYyYEHHOE U3 R IyTEM 3a-

MEHEI TIaphl l(A,B) MHOXeCTBOM map {(4,B, )i =1,....k }, 5KBUBaTCHTHO
R.

Caencrue 2.1. J{ns mo0oro otHomeHust R Ha pemierke F, mapbl
KOTOPOI'O HE COAep)KaT F B MPaBOW YacTH, CYIIECTBYET YKBHUBAJICHT-
HOE KAHOHMYECKOE OTHOIICHHUE.

HavanrHOoe MHOXKECTBO, ONpEJelieHHEe KOTOPOTO JaeTcsi HUXKE, C
TOYKH 3PEHUS 0O0OPATHOTO JIOTUYECKOTO BHIBOA COOTBETCTBYET MHOMXKE-
CTBY (hakTOB, HE BBIBOJMMBIX B MPOAYKIIMOHHON CHCTEME Ha OCHOBa-
HUU UMEIOIIETOCS] MHOYKECTBA TIPABHIL.

Omnpenenenue 2.2. Konepaznoxxumbliid 3ieMeHT X € F Ha3bIBaeTCs
HAYAIbHBLIM TIPH OTHOIIIEHHH R , €CIU IS JII000# mapsl 4—— B U3
B=B X ciaenyer A=A4NX, A,B €F.

3ameuanne 2.1. HemocpencTBEeHHO U3 OMPEICIICHUS CIEAYET, YTO
AJIEMEHT F SIBIISIETCS] HAUaIbHBIM TPHU JTFOOOM OTHOIIEHHH R , TaK Kak
utst moboro M e F cripaBeymBo M =M (F .

Onpenenenue 2.3. Hauanvnovim muoscecmeom peuietku F npu ot1-
HOIIEHNM R Ha3bIBaeTCs MOAMHOXKecTBO F, (R) (wmm mpocto F, ), 06-
Pa30BaHHOE I10 CIICTYIONINM MTPABHIIAM:

1) ecmu X — KOHEPA3IOXKUMBIA HAYAIBHBIA MPU OTHOIICHUU R
anemeHT pemetku F, 10 X € F (R);

2) ecmu 4,Be€F,(R), 10 ANB€F,(R).

Jlemma 2.1. Ecmit x e F —koatomu M < x, M € F, TO x y4acTByeT
B KOPAa3JI0’)KEHUH dJIeMeHTa M .
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Teopema 2.2. KonepasnoxuMeblil 25ieMeHT X € F sBIsieTCsl Ha4alb-
HBIM TIPY OTHOIICHWH R TOTJa ¥ TOJIBKO TOT/Ia, KOT/Ia JUIsl JTF000# mapsl
(4,B)eR w3 B=B X cuexyer A=4NX.

3. IIpoaAyKIMOHHO-10THYECKOE YPABHEHHUE

BBeneM MoHsITHE MPOAYKIHOHHO-JIOTHYECKOTO ypaBHEHHsT Ha Oy-
JIEBOM pelieTke. 3a/aua MOUCKa PEIICHHUs TAKOTO YPaBHEHHsI COOTBET-
CTBYET 0OpaTHOMY JIOTHYECKOMY BBIBOJY B MPOJYKIIMOHHOM CHCTEME,
JIOTHKA KOTOPO# MCIIOIB3yeT MOJHBINA HAOOP JOTHYECKUX CBSI30K IPO-
HO3UIHOHAILHOTO SI3bIKA.

Ecmu nist 4,B € F BoinonHeHO 4—X—, B, TO Oy/ieM TOBOPHTb, KaK
9TO MPUHATO B TEOPHU OTOOPAKEHHIA, YTO A SBISIETCS MPOOOPa3OM
B TIpH OTHOILIEHHH —X—>,, B SBIACTCS 00pa3oM A TMpU OTHOIICHUH
—~* >, u mucatb R" (4)=B (mog R™ mOApasyMeBACTCS OTHOLICHHE
—£ ).

Omnpenenenune 3.1. /lpodyxyuonno-rocuueckum (najee — MPOCTO
JI02uYeckuM) ypaBHEHHEM Ha penieTke F Ha3bIBacTCs ypaBHEHHE BUIA

R" (X)=B, (3.1)

rae BeF — 3agaHHbBINA 2JIeMEHT, X — MUCKOMBIN B [F 3JIEMEHT.
Omnpenesenne 3.2. Pemenuem ypasHeHust 3.1 HazbIBaeTcs MakCu-

MaJIbHBIN IPpo00pa3 B U3 HauaJbHOro MHOKecTBa F, . [IpnbnmkeHHbM

peuienneM ypaBHenus (3.1) Ha3piBaeTcs J1t000# poodpas B u3 F, . Ilo

OTIPEJICIICHUIO PEIICHHE SBISIETCS U MPUOJIMKCHHBIM PEIICHUCM.
Paccmotpum ypaBHeHue

R" (X)=BNB, (3.2)

Y COOTBETCTBYIOLINE €My YPaBHEHHUS
R"(X)=B, R"(X)=B, (3-3)
Teopema 3.1. Ecium X,,X, — pemenus ypaBHenuii (3.3), TO

X = X,NX, — peuienue ypaBuenus (3.2).

Teopema 3.1 m03BOJISIET CBECTH MOUCK (TOYHOTO WIIN MTPUOIMKEHHO-
ro) pemieHust ypaBHeHus (3.1) K MOUCKyY (TOYHBIX WIIA TPUOITNKEHHBIX )
pEeLIEHU MHOKECTBA YPABHEHUN C IPABOM YACThIO IPOCTEUILIETO BUAA.
[Mpearmonoxum, 9To 3JIEeMEHT B OoTaW4eH oT F . Torma cymiecTByer Ko-
paznoxenue B=5b)...N\b,,tne b, eF, i=1,....k —koatomsl. Eciin X,
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— petenue ypasHenust R™ (X )=b,, To no reopeme 3.1 X = X, N...N X,
— peurenue ypaBHeHus (3.1). AHanoru4Ho, ecnu X, — NpUOIMKEHHOE
petlienue ypasHenus R™ (X)=bh,,10 X = X, ...N X, — IpUGIHKEHHOE
peuenue ypasaenus (3.1).

[pearnonoxKuM, 4To JeBbIe U MPABbIC YaCTH Map OTHOLICHHS R HE
cozepxar ayeMeHT F . Toryma 6e3 orpaHu4eHust OOIIHOCTH MOXKHO CUH-
TaTh, YTO R — KaHOHWUYECKOE OTHOIIEHHE, HE COJepIKaliee map OTHO-
mienust < . Eciim 910 He Tak, To mo ciieAcTBUi0 2.1 R MOXHO NPHBECTH
K KaHOHMYECKOMY BHJY M HCKIIIOYUTH M3 HEro Mapbl OTHOLICHUS <,
MOJTyYHB B KOHCYHOM HUTOTE OTHOLICHHE, SKBUBAJICHTHOE R .

PaccMoTpuM BoIpoc moucka MpUOIMKEHHOTO PEIICHHs YPaBHEHHUS

R4 (X)=b, (3.4)

rae belF — 3amaHHBIA KOATOM.

BBeneM mnoHATHE CTPYKTYPHOTO PAacCiIOCHUS OTHOLIEHUS R Ha
BUPTYaJbHBIE CIIOM aHAJIOTMYHO TOMY, KakK 3T0 Jenaercss B [MaxopTos,
2009b] st KaHOHWMYECKOTO OTHOIICHHS Ha aTOMHO-TIOPOXKICHHOM pe-
merke. CHavana pa3o0beM OTHONICHHE HA MOJMHOXECTBA, B KaXKI0€
U3 KOTOPBIX OTHECEM Haphl ¢ OJMHAKOBBIMM KOATOMaMHM B IIPaBOi ya-
CTH. DTO BO3MOXKHO, TaK KaKk R — KaHOHHWYecKoe oTHoueHue. [lycTp
{R" lp= 1,...,P} — OMKMCAaHHOE Pa30MEeHUE OTHOIICHUS R .

Omnpenesaenne 3.3. Croem R, B OTHOLIEHUMM R Ha3bIBAaeTCs IMOJ-
MHO>KECTBO, 00pa30BaHHOE MapaMH, B3ATHIMU 110 OAHOM W3 Ka)IOTro
MHOXKecTBa R”, p=1,...,P.

ITycts {R,|t=1,...,T} — COBOKYIHOCTb BCEX CJIOEB B OTHONICHHH R .

Tak kak R c R, T0O —*“—>) c —~%—. [lo3TOMYy ecim I HEKOTO-
poro X, eF, (R) Bbimonneno X, —%—,b, Gyaem roBoputs, uto X, —
npubaKeHHoe perieHue ypasHeHus (3.4), nopoowcoennoe cioem R, .
Takum oOpa3om, eciu Z ,s=1,...,q — npUONMKEHHbIE PEIICHUS ypaB-
HeHust (3.4), TOPOKIACHHBIE TEMU CIIOSIMH, B KOTOPBIX 9TH MPUOIMKEH-
HBIE PEIIEHHs] CYLIECTBYIOT, TO X :5(: U...Uf(\t: — TpUOIMKEHHOE
peweHue ypaBHeHHs (3.4) (T. K. NIpUOIMIKEHHbIE peleHust o0pas3yoT
noapemtetky). Ilpu 5ToM X ecTh HaMOOJNBLINI 3JIEMEHT CPENU IIPH-
ONOKEHHBIX pelieHuid ypaBHeHUs! (3.4), KOTOpbIE MOYKHO MOIYyYUTh C
noMouisro onepauuii (,U u3 )7:5 =1,...,q [['peruep, 1981].

Wrak, 3a7a4a noucka mpUOIMKEHHOTO perieHust ypaBHeHHs (3.1)
pa3buTa Ha MHOKECTBO O/13a/1a4, KaXK/1asi U3 KOTOPBIX CBOJUTCS K IO-
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UCKY NpHOIMKEHHOIO pelieHusi ypaBHeHus: Bujaa (3.4) B OTAEIbHOM
cIoe.

[TokaxkeM, KaK MOYKHO OCYIIECTBUTH MIOUCK TPUOIMIKEHHOTO pellie-
Hus ypaBHeHUs (3.4), MOPOKIEHHOTO ci10eM R, . st 3TOro mOCTPOUM
OpPHUEHTHPOBAHHBIH rpad G, , BEpUIMHAM KOTOPOrO MOCTABUM BO B3a-
MMHO OJIHO3HAaYHOE COOTBETCTBHE KOATOMBbI pemieTku F, mpuueM B
JanbHelineM e OyneM pasnuuarth BepumHy rpadga G, u KOaToM pe-
wetku F, el coorBeTcTBYromuit. Kaxknoi mape (A,b)e R comnocraBum
MHOXKECTBO JyT (a;,h),i=1,...,r rpada G, TOraa u TOILKO TOT/, KOT-
na a (1...Na, —Kopasznoxenue snemMenTa 4 . OTMETHM, 4TO IOCTPOEH-
HBIIA Tpad HE COACPKUT METENb, TAaK KaK OTHOIICHHE R , PABHO KaK H
€ro MOJMHOXKECTBO R, , HE COAEPKUT Map OTHOWICHUS < (ITO ClieayeT
H3 JIeMMBI 2.1).

Teopema 3.2. Eciiu koatoM b He SIBISICTCSA BXOIHOW BEPIIMHOM Tpa-
da G, urpad G, auMKIHYEH, TO MHOXKECTBO BCEX BXO/HBIX BEPLIMH
rpada G, , U3 KOTOPBIX JOCTUXKMMA BEPIIMHA b , COCTOUT U3 KOATOMOB
KOPAa3JI0KEHUS MPUOIMKEHHOT O perieHus ypasHeHus (3.4), HTOpoxIeH-
HOT'O CJIOEM R, .

3akiao4eHue

B nacrosimieii pabote BBeJCH HOBBINM KJacC MPOIYKIIMOHHO-JIOTH-
YEeCKUX ypaBHEHHH Ha KOHEYHBIX OYJIEBBIX pEIIETKaxX W PAaCCMOTPEHBI
BONPOCH! MX pazpemmMocT. Ilpeaioxken n 060cHOBaH croco0 mowc-
Ka MPUOIMKEHHOTO PEIIeHUs] ypaBHEHMsI, OCHOBBIBAIOIIUICS HA TIPe/I-
CTaBJICHUH CJIOEB OTHOIICHHUS B BU/I€ OPHEHTHPOBAHHBIX I'padoB U 00-
X0JIe BEpIINH 3THX IrpadoB.

[Tonyuennsie pe3ynbrathl (mogobHo [bonorosa u mp., 2011]) mo-
I'yT OBITh UCTIONB30BAaHbI ISl ONTHMHU3AIMKA 00PaTHOTO BBIBOAA B IIPO-
OYKIMOHHO-JIOTUYECKUX CHCTEMax, B MPaBUIIaX KOTOPBIX UCIOJIb3YeT-
Csl TIOJNIHBIM HAa0Op JIOTUYECKUX CBSI30K MPOIMO3UIIMOHATBHOTO SI3bIKA.
Takum 06pa3zom, pacuupena 00JacTh IPUMEHEHHS METO/Ia PEJIEBAHT-
HOTo 00OpaTHOTO BHIBOJA, CYIIECTBEHHO CHI)KAIOIIETO WHTEHCUBHOCTD
oOMeHa ¢ BHENIHEH MaMsThIO.
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METOJA YCKOPEHHOI'O JIOTUMYECKOI'O BBIBOJA
JJIs1 PEHHIEHUS 3ATAYN
®OPMAJIbHOM BEPU®UKAIIAU!

B.1O. MeabuoB (meltsov69@mail.ru)
I'.A. YnctsikoB (gennadiychistyakov@gmail.com)
Bsitckuii rocynapcTBeHHsli yHuBepeuTet, Kupos

B paboTe npuBOANTCS IOCTAaHOBKA JIOTMUYECKOH 3anaun popMalbHOHN Be-
pUQUKAMKU U KPATKO OMHUCHIBACTCS CHELHUAIN3UPOBAHHBIN METOJ JIOTH-
YEeCKOro BBIBOAA, IpEIHA3HAYEHHbIM Ul pelieHus 3Toi 3agauu. Meron
YUHUTBIBAET 0COOCHHOCTH CTPYKTYP MOCBUIOK B 0a3e 3HaHUM, YTO [103BOJIS-
€T OCYILECTBIITH TOUCK BO3MOXKHOTO peleHus: Haubosee 3G PeKTUBHBIM
o0pa3om.

BBengenue

B coBpemeHHOM MHpe IpaKkTHYECKH Bce cdepbl YelI0BEYECKOil e-
SITEJIBHOCTH, TaK WJIM MHAYe, CBSI3aHbl C BBIYMCIUTEIBHON TEXHHKOM.
VnpasiieHre OrpoMHBIM YHCIIOM CIIOXKHBIX IIPOLIECCOB BO3JAraeTcsl Ha
OBM, KOMOBIOTEPH! NPUMEHSIOTCS ISl PEIICHUs] KaK MOBCEIHEBHBIX
3a7a4 00ecneyeHNs KU3HEACATSIIFHOCTH, TaK U CIIEHU(PHUECKHIX 3a/1a9
B KOHKPETHBIX MPEIMETHBIX 00JacTax. B cBs3U ¢ 3TUM HEHM30€KHBIM
CTaHOBUTCS MOBBIIICHUE TPEOOBAHUM K HAJEKHOCTH HCIIOIB3yEMOTO
MPOTPaMMHOTO 00ECTICYCHUSI.

B nocnennue aBaauaTh €T aKTUBHO pa3BUBAETCS TeOpUs GopMalib-
HOU Bepu(UKAIMK, W3ydarolasi METO/bl, KOTOPbIE MO3BOJIIOT OJIHO-
3HaYHO OMNPEAEIATh KOPPEKTHOCTh MPOrpaMM M ajJropuTMOB. Takoi
pe3ynbTaT CTAHOBUTCS BO3MOXKHBIM OJarojapsi IpUMEHEHHIO CTPOTHX
MaTeMaTUYeCKUX TEXHUK, CIIOCOOHBIX, B OTJIIMYHE OT ITOBCEMECTHO HC-
MOJIb3YEMOI'0 TECTUPOBAHUS, OJJHOBPEMEHHO aHAJM3UPOBATh BCE BO3-
MOJKHBIEC TPAEKTOPUH BBITIOJHEHHS 00bEKTa BepU(UKALINH.

CyTb MOJOOHBIX METOMOB COCTOUT B MCCIEAOBAHUU MOJEIHU IPO-
rpaMMBbI HJIH aJTOPUTMA Ha MPEIMET COOTBETCTBHS MPEIbIBISIEMBIM K
HUM TpeboBaHUsIM (crierudukanyn). [lpu sTom as onucanust U Mojie-
1M, ¥ TpeOOBaHUH MPUMEHSIFOTCS (DOpMaIM3MBbl Pa3HOTO POJIA.

! Pabora BeIMONTHEHA TpH (prHAHCOBOM moanep:kke Cosera 1o rpantam Ilpe-
suznenta Poccuiickoit @eneparmu (mpoext Ne CIT-1891.2013.5).
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1. ®opmanbHas BepuduKanus aJIropuTMOB M IPOrpamMm
€ IOMOIIbIO METO/10B JIOTHYEeCKOr0 BbIBO/A

Ha cerofHsimHuii 1eHb NPUHSATO BBIIEISATH TPU TEXHUKH (HOpMatb-
HOH BepU(HKAIMU: TIPOBEPKA SKBUBAJICHTHOCTH, JICIyKTUBHBIN aHAIIN3
u npoBepka mopeneit (model checking). Jlenenue o0ycioBieHO cro-
cob0aMu TIpeACTaBICHUST MOJCTH HCCICAYeMOro 00beKTa U crenugu-
Karuu. MeTo/ bl Ha OCHOBE TEXHUKH MPOBEPKH SKBUBAJICHTHOCTH OTIC-
PHUPYIOT UCIIOJIHAEMBIMH MOJCISIMU (IIPEHUMYIIIECTBEHHO Pa3IndHbIMU
aBTOMAaTaMHM), IOATOMY Hallle BCETO MX 00JacTh NPUMEHEHUs OIpaHU-
YMBaeTCs BepU(HKAIMEH anmapaTHBIX CHUCTeM. B Merogax Ha OCHO-
Be JieayktuBHoro ananu3a U model checking ucronbs3yroTcst JToruko-
anreOpanyueckue MOJIEIH, U, CICA0BATEIILHO, MOKET ObITh MPUMECHEH
armapar TeOpHHU JIOTHIECKOrO BBIBOJIA.

1.1. lenyKTUBHBIII aHATU3

TexHuka OeAyKTUBHOIO aHajaW3a MPEIIOJaraeT, 4To U MOAENb, U
crienuQuKanus 3a1aHbl ¢ TOMOIIBIO JIOTHKO-aIreOpandeckux CpeCTB.
Kak npaBuito, a5t uX onucanus IPUMEHSIOTCS Pa3InyHble HCUMCIICHUS,
MOJIaIbHbIE JIOTUKH M BCEBO3MOKHBIE areOphl.

Bepuduxanust ¢ moMonpio JelyKTUBHOTO aHaIM3a 3aKI04YaeTcs B
JI0Ka3aTeJIbCTBE TEOPEM, OINPEEIIAIOIINX OTHOLUIEHHUS! MEXy MOJEIIbIO
u cienudukanueii. XapakTepHbIMHU Y€PTaMH 3TOTO MIPOLIecca SIBISIOTCS
€ro CJI0KHOCTh M HEBO3MOXKHOCTb MOJTHOM aBToMaTH3auuu. B xoxe Be-
puduKay HEPeaIKO BOSHUKACT HEOOXOAUMOCTD BBEICHHS BCIIOMOTa-
TeJNBHBIX JIeMM. Takum 00pazom, popManbHas MpoBepKa KOPPEKTHOCTH
00BbEeKTa MCCIIEIOBAHUS C MOMOUIbIO TEXHUKU ACTyKTHBHOIO aHAJIN3a
MOJKET OBITh BBITIOIHEHA TOJIKO BEICOKOKBATM(UIIMPOBAHHBIM dKCIIEP-
TOM B 00JIaCTH JIOTHYECKOI'0 BBIBOJIA, @ CaM IIpoliecc TpedyeT MOCTOSH-
HOT'O KOHTPOJIS C €r0 CTOPOHBI.

1.2. IIpoBepka monenei

VKa3aHHOTO HEJOCTAaTKa JIMIICHbI METOIbl Ha OCHOBE TEXHUKU
model checking, ycranaBnuBaromue cOOTBETCTBUE UCTIOIHIEMON MO-
Jieni 00bEeKTa MCCIIeIOBaHus (KIIacCUIecKoi (popMOH TpecTaBIeHUS
SBISIETCS CTpyKTypa Kpurike) mpembsBiseMbiM TpeOOBaHUSM, BbIpa-
KEHHBIM B BUIe (OPMYIIBI MOAAIBHOM JIOTUKU (KaK MPaBUIIO, TIPHMeE-
HSIOTCS TEMITOPAJbHBIE PACIIMPEHUS JIOTUKH BBICKa3bIBAaHHN ).

[TonpobHoe onrcanue 0COOEHHOCTEW TEXHUKH ITPOBEPKU MO/IEIIEH,
(dbopmasbHBIC ONpe/eNeHNs] CTPYKTYpbl Kpunike u pacnpocTpaHeHHBIX
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MO (HKALNI TEMIOPATIBHBIX JIOTUK MIPecTaBiIeHb! B padote [Kaprmos,
2009]. B xauectBe mpumMepa Ha pUCyHKE | H300pa)KeHBI CTPYKTypa
Kpunke u nepeBo rpammarudeckoro pazoopa (JAI'P) ¢popmynsr Temmo-
palbHON JOTUKA JTMHENHOTO BPEMEHH.

Fa A-GB

AN ()

N\«

S = {sp, 81, 82} ° °
Sp = {sd}
R ={{sy, sa}, {}, {s1}}

AP = {a, B}

L= {0, {a}, (B} o

Puc.1. Ilpumep crpykrypbl Kpurnke u JII'P cierndukarmn

O4eBHIHO, YTO COOTHOILUCHMS MEXKAY COCTOSHUSIMH CTPYKTYDPBI
Kpunke u cBoiicTBa COCTOSTHMI MOTYT OBITH 3allMCaHbl Ha SI3BIKE JIO-
THKH TIPeIUKATOB MepBOro mopsaka. Cnenudukanus B Buxe hopmy-
JIbI TEMITOPAJILHOM JIOTUKU TaKKe MOKET OBbITh IIpeoOpa3oBaHa B HAOOP
YTBEPKAECHUM JIOTUKU NpeaukaToB. s 3TOro JOCTaTOYHO COMOCTa-
BUTH Kaxaou BepuinHe P npequKaTHYHO KOHCTAHTY U OIUCATh CBSI3U
Mexy HUMHU. QopManbHBIA aclekT moJo0HOro mpeoOpa3oBaHus pac-
cMaTpuBaeTcs B padore [Menbuos u ap., 2013].

Toria HamU4Ke OMIMOKU B UCCIIEAYEMOM 00BEKTE MOXKET OBITH IMO/I-
TBEPKJCHO IyTEM JI0Ka3aTeIbCTBA UICTUHHOCTH OTPHUIIAHUS MTPEINKATa,
COIIOCTABJICHHOI0 KOPHEBOH BepInHe crenudukanuy. B kauecTse nc-
XOJ/IHBIX MOCBIJIOK MCITONB3YIOTCS BHIPAKEHHS, ONMHMCHIBAIONINE MOIEIbD
o0BeKTa U TpeOOBaHUSI.

1.3. IlocTaHoBKa Jornyeckoii 3a1a4u (popmMaibLHOMH

Bepuduranuu

JlanHast 3aja4a UMeeT CIIeAYIONy0 (hOpMabHYIO ITOCTAaHOBKY .

Tpebyercsi yCTaHOBUTH BBIBOJUMOCTb YTBEPKACHUS 1—> —P(s,)
n3 couepkamuxcs B 0a3e 3HaHul KB mochlIok. basa 3HaHMI MOXKET
OBITH TpeACTaBlIeHa KaK OOBEIMHEHUE TOCBUIOK M3 JIByX MHOKECTB
KB = KBf UKB,, KBy N KB, = @.31ecb KBf — MHOXKECTBO (haKTOB,
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OTMHMCHIBAIOIINX CBOMCTBA MOJIEIH HMCCIEAYyEeMOTo OOBEeKTa, a KB,

MHOECTBO YTBEPKJECHUHN, COOTBETCTBYIOIINX MPEABIBIIEMBIM K 00b-
eKTy TpeOoBaHusIM. DaKTHI SBISIOTCS OJJTHOTUTEPATLHBIMU CEKBEHITHSI-
MH BHIa 1 — A(al,...,a‘ A|) , THe A — HEKOTOpas MpeauKaTHas KOHCTaH-

Ta, BOBMOYKHO, C CHMBOJIOM OTPHUIAHMS. Y TBEPIKICHHUS UMEIOT (hopmy

m
l—>\/lAi(ai,1,...,ai"A,‘) .

e

[Tpu »TOM BCce MpeaUKaTHBIE KOHCTAHTHI COBNAJAIOT C OJHUM W3
umeH Parent, Event, End, liself, P,P,, P,, ..., P.. O0nacte momyc-
THMBIX 3HAYCHHH apryMEHTOB BCEX NPEAUKATOB, 3a HCKIIOYCHU-
eM Event, OTpaHMUYCHA DJIEMEHTaMH MHOKECTBA COCTOSIHUH MOJICIH
S . [TepBblii U3 apryMEeHTOB JIByXMECTHOTO MpeIuKaTa Event TPUHUMA-
eT 3HAYCHUS U3 MHOXECTBA COCTOSIHMU MOJIENH, BTOPOH — U3 MHOMXKE-
CTBa aTOMapHbBIX MPEeIUKaTOB AP.

2. MeTo JIOrH4€ecKoro BLIBOAA JeJIeHHeM N3 LIOHKTOB
HA OCHOBe ONpeae/IsiionIero JieMeHTa

Jns perenust chopMyIUPOBAHHON 33aJaull MOXKET ObITh IPUMEHEH
IIMPOKUI CIEKTP U3BECTHBIX METOJIOB JIOTHYECKOTO BBIBOJA [Baruu u
ap., 2008]. Tem He MeHee, Hammyumiero 3pdexra yaaercss JOOUTbCS
IIPU UCTIOJIB30BaHUU CPEICTB, CIIOCOOHBIX YUUTHIBATh CHELU(UIECKUE
ocobeHHOoCTH 0a3bl 3HaHWH. [IpUMEpOM TaKOTO CPECTBA SIBJISIETCS Me-
TOJ1 JIOTUYECKOTO BHIBO/IA JICJICHUEM TU3BIOHKTOB HA OCHOBE Opeesi-
tomero anementa (MJIB/IJIOD), pacumpsitomnii 0000IIeHHBI METO/
JIOTUYECKOTO BbIBOJIA AenieHneM au3bioHkToB (OMIIB/IT).

2.1. Ob1ee onucanue MeToaa

B cBs3u ¢ mpuMeHeHneM OTHOHM U TOM ke 0a30BOH oneparuu — Jie-
JICHUE TU3BIOHKTOB — 001ui npuHIun padotet MJIBJIJI0D Bo MHOTOM
COBMAJIACT C MPUHIMIIOM paboThl Kiaccuueckoro OMJIB/I1. HanGonee
CYIIIECTBEHHBIE PA3INYUS 3aKITFOYAIOTCS BO BBEIEHUU HOBOW MPOIIETY-
pol (orpaHrUeHHOE 00pa30BaHNE OCTATKOB), BBEJACHUH MOHSITHS OTpPE-
JEIISIIONIETO DJIEMEHTa, B TPUMEHEHHUH OTIepaliii pa3OoueHus TN3bIoH-
KTa ¥ WCIOJIb30BAHUH TIPEIMETHO-OPHEHTUPOBAHHBIX ONTHUMH3AIINH.
JIy1st HaITyqIero moHMMaHUs pacCMaTPHBAEMOT0 METOJ1a PEKOMEH/TY -
eTCsl 03HAaKOMUTKCS ¢ MoJHbIM onrcanneM OMJIB/I/I, cogepxammmcest
B pabote [Ctpabpikun, 1999].
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Ha Bepxnem yposae MJIBZIJIO3 mMoxeT ObITh NIPEJCTABICH KaK CO-
BOKYITHOCTb B3aHMOCBSI3aHHBIX IIPOIIEIyp: MOJIHOE 00pa30BaHUE OCTAT-
KOB, OTpaHHYEHHOE OOpa30BaHME OCTATKOB, JEJICHHUE NU3BIOHKTOB U
miar JIOTH4ecKoro BeIBOAa. PaccMoTpuM JaHHBIE MPOLEAYpPHI MOAPOO-
Hee.

B xo71e BBINOTHEHUS TPOLIEAYPBI TOJTHOTO 00pa30BaHUs OCTATKOB
(hopmupyeTcs MaTpula OCTATKOB OT JIEJIEHUS JINTEPAJIOB JU3bIOHKTA-
JIeTMMOTO Ha JINTEpajbl TU3bIOHKTa-nenutens d . [lo uroram ananmusa
MaTpHIbl BBIHOCUTCS 3aKJIIOYEHHE O BBIBOAUMOCTH d , IPUHUMAETCS
pelIeHre 0 NOCTPOSHUH MAaTPHUIIbl OCTATKOB CIIEAYIOMIETO YPOBHS MU
HEO0OXOAMMOCTH MOPOKACHUS BCIIOMOTATEJIbHBIX 1IeJIel BBIBO/IA.

[Tpouemypa orpaHMYEeHHOT0 0OPa30BaHUS OCTATKOB ® aHAJOIMYHA
MpOLEAYpPE M, OAHAKO B MPAaBUJIA IOCTPOCHUS MAaTPULIBI OCTATKOB BBO-
JSITCSL HEKOTOPbIE M3MEHEHHsI, 00YCIIOBIICHHBIE MOSIBICHUEM CIIEIHAITb-
HOT'O JINTepalia — ONPEIeNIAIONIEero AIeMEHTa.

CyTb mpoueaypbl AefleHUs] JU3IBIOHKTOB () COCTOUT B JIEJICHUHU
JTU3BIOHKTA D Ha LEJIEBOM AM3BIOHKT ¢ MYTEM MOCTPOSHUS] MaTpH-
IIbl OCTATKOB HYJIEBOT'O YPOBHS (C MOMOIIBIO MPOLELYPbI &) U, €CIH
3TO moTpeOyeTrcs, MOCIEAYIOIUX YPOBHEH (C MOMOIIBIO MPOLELYPHI
®). ITo uroram 3Tux AeHCTBUI HOPMHUPYETCsl YACTHBIN MPU3HAK pellie-
HUsL Q. Pe3ynbraTom aeneHus sBIISETCs 3aKII0UeHHE O BHIBOAUMOCTH
d 4epe3 nu3bIOHKT D (O =0), HEBO3MOKHOCTH JI0Ka3aTh UCTUHHOCTh
d 4epe3 D (Q=1), curHaja o He0OXOJAUMOCTH BBIIOJIHEHUS OTIEpaIin
pa3oueHus qu3bIoHKTa (Q = F ) KITH MHOXKECTBO JTU3BbIOHKTOB-OCTATKOB
N, KOTOpBIE CIIEIyEeT UCIONb30BaTh AJIs J0KazarenbetBa d (Q=G).

B xoze BbInoHEeHUS IPOLIEAYPHI IIara BEIBOJIA W KO BCEM yYTBEPK-
JICHUSIM U3 MHOXECTBA AU3BIOHKTOB MCXOIHBIX CEKBEHLUI U BBIBO/U-
MOMY TU3BIOHKTY d TPUMEHSETCS mporeaypa € , mocie 4ero Gopmu-
pyeTcsi mpu3HaK OKOHYAHHWS BbIBOAA p. B mTore mpuHHMMaeTcs pelie-
Hue 00 UCTHHHOCTH d ( p=0), J0)KHOCTH d ( p =1) WIN BBIIOJHACTCS
omeparus pa30ueHus AM3bIOHKTA ( p = F' ), WU BBIBOJ MTPOIOIIKAETCS
Ui HAabopa BCIOMOTATENbHBIX IIeJIeH, TMOJIyYeHHBIX B pe3ylibTaTe
KOHBIOHKIIMH BCEX OCTAaTKOB M3 MHOXKECTB N KaKJOH MpoLeaypbl Q
(p=0G).

Cyts MJIBIJIOO 3akitouaercst B IOCJIEI0BATEILHOM MPUMEHEHUU
MPOLIEAYPHI 11ara BEIBOJA W U MOPOXKICHUU BCIIOMOTATENbHbIX IeNei
710 T€X 0P, TOKa He OyIeT J0Ka3aHa NCTUHHOCTD MJIM JIOKHOCTh IIEPBO-
HAYaJIbHO BBIBOJUMOMN CEKBEHIIHH.
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2.2. Onpenessiiomiuii 3j1eMeHT

[Tox ompenensiomum 31eMEHTOM HOHUMACTCS OJUH U3 JUTEPATIOB
Ka)xJ10ro yreepxaeHus KB,.

B xo71e mocTpoeHus MaTpHUIIBI OCTATKOB HYJIEBOTO YPOBHS /ISl TU3b-
IOHKTOB D U d (mpoleaypa orpaHUu4eHHOT0 0O0pa30BaHMs OCTATKOB)
MPOU3BOAHAS OT JEJICHUS JIIOOOT0 OTIIMYHOTO OT OIPEIEISIIOIIETO Iie-
MEHTa IuTepana u3 D Ha M060it TuTepan u3 d onpeesercs Kak 1.

Kpome Toro, mpousBoaHas OT JI€JICHHUS ONPEIENISIONIEro 3JIeMEHTa
D Ha mo00# JInTepai u3 d MIPUHUMACTCS] PABHOM CIIEUMAIbHOMY 3HA-
YeHUIO0 0, ecIM 9TH JTUTepaibl He YHU(DUIIUPYIOTCS TONBKO MO MPUYUHE
HaJIMYUS CHMBOJIA OTPUIIAHUS TIEPE OJJHUM U3 HUX U OTCYTCTBHS TaKo-
BOro nepes aApyruMm. Takas cuTyanus sSBiseTcs NPU3HAKOM Heo0Xoau-
MOCTH BBITIOJIHEHUS ONEpalu pa30MeHns JU3bIOHKTA d .

Hanmune onpezpensromiero sjneMeHTa IMO3BOJSET JKECTKUM 00pa-
30M 3a/1aBaTh JJISl K&KIOTO YTBEPKICHHUS TOT JINTEPal, BHIBOJUMOCTD
KOTOpPOTO B OOJIBIIEH CTENEHHU IIeTIecO00pasHo J0Ka3bIBaTh Yepe3 3TO
yrBepxkenue. Crenuduka 6a3pl 3HaHUN 33124 popManbHOH Bepudu-
Kalli¥ TaKoBa, YTO B KaKIOM YTBEPI)KICHHH BCETNa HAHIETCS POBHO
OJIMH TaKOW DJIEMEHT. YUeT dTOW 0COOEHHOCTH MPETSITCTBYET pa3pac-
TaHUIO JIepeBa JIOTHYECKOTO BBIBO/IA B IIMPHUHY.

2.3. Onepauus pa3oveHnnsi TU3bIOHKTA

Omnepanusi pa3OMeHns] AU3BIOHKTA OMPEAEISIETCS CIETYIOMIM 00-
pa3oMm.

[Iyctp B mpoliecce BBINOJIHEHUS MPOLEAYPHI 11ara BeiBoAa W npu
JIeJIEHUY HEKOTOPOr0 MHOXKECTBA IU3bIOHKTOB MCXOIHBIX CEKBEHLUH
D' € M Ha TU3BIOHKT BBIBOJAUMOM CEKBEHUMHU d MJI1 HECKOJBKUX JIM-
Tepanos d'cd Tpoleaypa OrPaHHYEHHOTO 0OPAa30BAHMS OCTATKOB ®
3aBepIIniach ¢ MOJyYeHHEM POU3BOIHOM 0.

Torga mpomecc JOrM4ecKoro BBIBOJA CIENYET MPOAOKHTH OT-
JENBHO 1St | d' | OTHONMTEPATBHBIX IN3BIOHKTOB, KAk Iblil H3 KOTOPHIX
MPEJCTABIISIET COOOW MHBEPCHUIO JIUTEpalIa U3 d', ¥ U1 U3BIOHKTA d’
(ecr OH He MyCT), COfepIKaIIero auTepansl d \d' . IIpu 9ToM mu3b-
IOHKT d HEO0OXOJMMO CUMTATh UCTHMHHBIM, €CJIM BBIBOJ TU3BIOHKTA d’
OyzieT 3aBepIIIeH yCIIeIHO HITH BBIBOJ KAKOTO-THO0 OHOIUTEPATBHOTO
JMU3BIOHKTA OYyJIET 3aBepIlleH HEeyClenHo. B MpoTHUBHOM cilydae In3b-
IOHKT d CIIEAYEeT CUYUTATh JIOXKHBIM.
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Crpykrypa 0a3bl 3HaHUI rapaHTUPYET, YTO HA CIEAYIOLIEM I1OCIe
BBITIOJTHEHUS OTIepallii pa30MeHUsl AM3BIOHKTA IIare BBIBOJA, B XOJIC
OrpaHMYEHHOT0 00Pa30BaHMs OCTATKOB, HE MOXKET OBITH IOJIyYeHa MPo-
n3BoMHAs . TakuM 00pa3oM, NUKIMYECKOE MOBTOPEHHE pa3OMEHHS
uckioueHo. CrieioBaTenbHO, JaHHAs onepalysi 00eceunBaeT MM0JHO-
Ty MJIBJI/IOD oTtHOCHTENBHO 3a1a4u (popMaIbHON BeprudUKaInu.

3. Ilpumep Bepupukanuu

Paccmorpum MJIBJIZIOD na mpumepe. Ilycts TpeOyercst como-
CTaBUTH AJITOPUTM M CHeUU(UKALUIO, U300paKeHHbIE Ha PUCYHKE 1.
Onucanne (HakToB U yTBEpKJIeHUH 0a3bl 3HAHUH TPEJICTaBICHO B Ta0-
are 1.

Tabnuya 1

KB, KB,

Ne daxkrt Ne VYTBepxkaeHue

L | 1— Parent(s,,s,) 1| 1> P (yx)v—Event(y,o)

2 | 1> Parent(sy,s,) | 2 | 1> P (x)v—Event(y.B)

3| 1> —End(s,) 3| 1=>=P(x)vA () v—-End(y)

4 | 1> =Event(sy,o)| 4 | 1> =P (x)Vv A ()v—Parent(y,y)v P (v)

511> =Event(sy,B)| 5 | 1>=P()vP(yx)

6 | 1— End(s)) 6 | 1> =P (x)v—=Parent(y,y)Vv Py (7)

7 | 1> Event(s; ,a) 7| 1=>P (v P ()

8 | 1> —=Event(s;,B) | 8 | 1 =>P(x)v=P, (x)Vv—=Ps ()

9 | 1> Parent(s,,s,)

10| 1— —End(s,)

11| 1> —=Event (s, ,a)

12| 1—> Event (s, ,B)
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PC3y1’IBTaTBI mnmpoueayp mara JOru4eCKOro BbiBoJia NpEaCTaBJICHbI B

Tadnuue 2.
Tabauya 2
lar BriBoauMebIit P
M3IOHKT e3ynbTar
I | =P(sy) B Xoze BBIMIONHEHMS MPOLEAYPH! (B TOIydeHa
npousBoaHas 0. BrimonHsieTcst omepauus pas-
Ouenns nu3bIOHKTA. [lomydeHa BCIIOMOTaTelb-
Has 1eib (mar 2).
2 | Ps,) ITocne BBIMOTHEHHS KOHBIOHKIIMM OCTAaTKOB B
0 npoueaype W noiydeHsl ABe BCIIOMOIaTeIbHbIC
menu (mar 3 u mar 9).
3| (s, BeinosiHsieTcst onepaiusi pa30ueHust TU3bIOHKTa
20 (war 4).
4 [Tomydens! 1Be BcrioMorareiabHbIe Henu (Imar 5
=P, (so)
u mar 8).
[Tonyuena BcrioMmoraresnbHast 11ei1b (mar 6).
S| =R(s)v=R(s) |0 texts (uuar 6)
6 Brmmonusercs onepauust pa3oHeHus TU3bIOHKTA
P (s,)
(1mar 7).
7 | P(s) Llens ycmemHo J0KazaHa € IMOMOIIBIO (hakTa
121 1— Event(s;,a).
8 P(s,) JlokazarenscTBO He TpeOyeTcs, Tak Kak pe3yiib-
=
o TaT MOJyYeH B MapajuielbHON BETBU BBIBONA
(wmar 5).
9 | P(sy) ITonyuena BciomorarensHast 1eib (mar 10).
10 | —P,(s,) ITomyuena BciomorarenbHas 1meib (mrar 11).
11| =B (s,) v —P,(s,) v BBIHO;IZH}IGTC}I olnepaum pa3OueHns TU3bIOHKTA
VP, (55) (war 12 u mar 13).
12 | P(s,) JlokazaHo OTpHUIIaHUE 1IETH BBUY HAINYUS (hak-
Ta 1 > —Event (s, ,B).
13 | —P,(s,) v —P,(s,) JlokazarenbcTBO He TpedyeTcs, Tak Kak B Iapall-

JIeNFHON BETBH BbIBO/IA (mIar 12) moxy4eH oTpu-
LaTeNIbHbIA pe3yibTar.
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Ananu3 TaObnuupl 2 NOKa3bIBAET HEBO3MOYKHOCTh BBIBOJIA CEKBEH-
uuu 1— —P(s,) U3 UCX0HOM 0a3wl 3HaHu. CieoBaTeabHO, aHATU3H-
PYEMBIii alIlTOPUTM COOTBETCTBYET CIIeIU(UKAIUH.

3akjaoueHue

[Mpemmaraemplii B paboTe METOJ JIOTUYECKOTO BBIBOJA JICTICHUEM
JU3BIOHKTOB HAa OCHOBE OIPEICIISIONIETO DJIEMEHTa MOYKET MPUMEHSTh-
cst s 3GEKTUBHOIO PEILICHUS JIOrMYEeCKON 3a1auu (popMaibHON Be-
pudukanuu. Mcrmonbp30Banne METo/1a COBMECTHO C TEXHUKOH IMTPOBEPKU
MojieNiel U 1mabIoHaMH OTMCAHUS THUITOBBIX OIIMOOK TO3BOJISET ITOJI-
HOCTBIO aBTOMATHU3HMPOBATh MpOIECC BepUPHUKAIMHA. DBPUCTHUHOCTD,
CBOICTBEHHAs allapary JJOTHYECKOTO BBIBO/IA, O0ECTICUNBAET MOTyUe-
HUE pe3yJIbTaTa C MPUEMIIEMbIMU BPEMEHHBIMHU 3aTPaTaMU JJIsI TEX KJ1ac-
COB MOJIeJIeH, K KOTOPBIM, BCIEICTBUE UX CTPYKTYPHBIX 0COOEHHOCTEH,
HE MOXKET OBITh TPUMEHEH CUMBOJIBHBIN MOIXO,.

Cpenu HanpaBIeHUH TaTbHEHIIINX UCCIICIOBAHUN HEOOXOIMMO BhI-
JIeNUTh 3a7a4dy peau3aliid ¥ HMCCIIEIOBaHUs 11e1eCO00pa3sHOCTH HC-
MOJIL30BAHUSI JIOTTOJIHUTEILHBIX DBPUCTUK Ha 0a3e MPUHIINIA KOHIICH-
TpaIuu pecypcoB.

[IpennoskeHHbI METOJ SBIISETCA MaTeMaTH4YEeCKOW OCHOBOW MpO-
TOTHITA MPOTPAMMHOT0 KOMITICKCA JJIsi BEepU(PHUKAIMH TapaJlIeIbHBIX
anroputMoB DD Veifier.
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VK 004.81

OLEHKHA 'MBPU/IHBIX BBIBO/1OB
B NPOAYKIMUOHHBIX CUCTEMAX

C.10. CoaoBseB (soloviev@glossary.ru)
(hakynsrer BMK MI'Y, Mocksa

B pabote paccmaTpuBaroTcs THOPUIHBIE IOTHYECKHUE BBIBOIBI, IIOCTPOCH-
HbIE OJHOW MPOAYKIIMOHHOW CHCTEMOW C MPUBJIEUYEHUEM IPABHI U3 APY-
roil NpOAYKUMOHHOM cucTeMbl. OCHOBHOE BHUMAHHUE yJEISEeTCs] CIIOCO0y
BBIYHMCIICHUSI OLIEHOK OPUTHMHAIBHOCTH THOPHIHBIX BHIBOJIOB.

Beenenue

B HekoTOphIX ciaydasx dKCHEepT sl BBIPAOOTKH 3aKJIFOUCHHSI BbI-
HYXKJCH — B MOpSJKE LUTUPOBAHMS — 3aUMCTBOBATh 3HAHUS CBOUX
KOJUIET. AJTOPUTM, UMHUTHUPYIOIIUH CIIOCOOHOCTh YeJoBeKa K Iiele-
HaNpaBJICHHOMY LHUTUPOBAHHIO, MPEACTABISIETCI HEOOXOIUMBIM KOM-
MMOHEHTOM CETEBBIX HMHTEJUIEKTyallbHBIX cUCTeM. lIOHSATHO, 4TO cam
(baxT CyIIecTBOBaHMS ANrOPUTMa IUTHPOBAHUS M €rO CBOWCTBA Cy-
IIECTBEHHO 3aBHCAT OT CIIOCO0a IMPEICTaBICHUS 3HAHWWA M OCOOEH-
HOCTEH peanu3aliu JIOTMYECKOro BbiBoAa. OAHAKO B JIIOOOM cilyuae
[I0JIy4E€HHOE B pe3yJibTaTe LUTUPOBAHUS 3KCIIEPTHOE 3aK/IIOUECHUE He-
n30€KHO ONMUPAETCS] Ha HEKOTOPOE KOJIMYECTBO «UYKUX MBICICH» H
MO3TOMY HYX/IAeTCsl B OLIEHKE OPUTHHAIILHOCTH.

1. AropuT™M UMTHPOBAHMA /ISl MPOAYKIHOHHBIX CUCTEM

Kak mokazano B [Ginkul at al., 2013], 175t TpoIyKITMOHHBIX CHCTEM
C MOHOTOHHBIM BbIBOJIOM [Ocumnos, 2013] anroputm LUTHPOBaHUS
€CTECTBEHHBIM 00pa3oM BCTpauBaeTCs B MPOILECIYpPy pa3pelieHus: KOH-
(IUKTOB. AJNTOPUTM HMCXOJUT M3 CYNIECTBOBAHHMS JIBYX MPOYKIIMOH-
HBIX CHCTEM, OJIHA U3 KOTOPBIX HMEHYETCS OPUTHHAIBHOMU, a Jpyras —
anbrepHaTUBHOW. OCHOBHOE H3JIOKEHHE BEIETCS MPUMEHUTENIBHO K
OpPUTHHAIBHOM cHcTeMe, a allbTepHATHBHAS CHCTEMA pacCMaTpUBaeTCs
KaK IMOTEHIHAIbHBIH HCTOYHUK nuTar. O0e MpOAyKIIHOHHBIE CHCTEMBI
pasnuyarotcs (1) mporeaypamu paspenieHus: KoHGIUKTOB, (2) Habopa-
MU TTPaBHI Opg U A pg, @ TaKKE (3) CIMCKaMU MOTEHITUAILHO BO3MOXKHBIX
HENEBBIX 3aKITI0UCHNH (Irarno3oB). [Ipu 5TOM 01MHAKOBBIE TTO CMBICITY
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3JIEMEHTBI, OMMCHIBAIOIINE MPOOIEMHBIE 00JIaCTH B O0EHX CHUCTEMaX,
MPEACTABIISIOTCS OJJMHAKOBBIMH (hakTaMu. OTHOCHUTEIBHO KaXJIO0H CH-
CTEMBI IIPEeAIOJIaraeTcs:

® Bce nMpoAyKuuoHHbIe npaBmia nmeroT Bun IF £ & ... & f, THEN f;

® IS TOCTPOCHUS 3aKITFOUEHUI MCIIONIb3YETCSl OOPATHBIN BBIBOIL;

® B pabouyro MaMsATh 3arpy’KEHO MHOXECTBO (aKTOB S, OMHCHI-
BAIOMIMX MPOOJIEMHYIO CHUTYalHWIO, JUISI KOTOPOH HEOOXOIMMO HaWTH
JIMarHo3s;

® I KaKIOM BBIABMHYTOM THIIOTE3bI MpOLEaypa pa3pelieHust
KOH(IMKTOB BbIpabaThIBaeT TMOO0 MPOIYKIMOHHOE MPABUIIO, JINOO CO-
oOmieHne 06 0TKasze B MOATBEPKICHUHU TUIIOTE3bI;

® [OJTBEPKACHHBIC TMIIOTE3bl 3aHOCATCS B padOuylo MamsTh, a
MOJTBEPAMBIINE UX TPABHIIA PACCMATPUBAIOTCS KaK MaTepual s 1Mo-
CTPOEHHSI MOTUBUPOBAHHOTO 3aKITFOUCHHSI.

[To MOTHBHPOBaHHBIM 3aKJIIOUYEHHEM AMArHo3a d MOHUMAETCs MH-
HUMAJbHOE TI0 KOJIMYECTBY 3JIEMEHTOB MHOXECTBO MPOAYKUUi P(d),
yIIOBJICTBOPSIOIIEE CICIYIOINM CBOMCTBAM:

1. P(d) conepxut poBHO onHo mpasuiio Buaa IF ... THEN d;

2. eciu P(d) conepxur npasuno IF 4, & ... & h, THEN A, To nns
Kaxzaoro daxra A, (i = 1...n) cpaBeyIMBO OJHO U3 ABYX:

oo h, € S;

6o P(d) cogepxut poBHo oano npaswio Buja IF ... THEN 4,.

Kaxx0e MOTHBHPOBaHHOE 3aKJIFOYEHUE MOXKHO MIPEACTaBUTh B BUIE
AIMKIIMYECKOT0 OPHEHTHPOBAHHOTO rpada, Kak 3TO MOKa3aHO Ha pwuc. |
I MOTUBHPOBAHHOTO 3aKJIFOYEHUS], COCTOSIIIIETO U3 TPEX MPOLYKIIUIA:
IFa&b&cTHENd,IFe & b THEN auIF f& g THEN c.

()
ONNO
& O @

Puc.1. [Ipumep MOTUBHPOBAHHOTO 3aKIIIOUEHUS

s onucanHOrO KIitacca MPOAYKIIMOHHBIX CUCTEM pealu3alus CIo-
COOHOCTH K IIMTUPOBAHUIO CBOJAWUTCS K JIBYM MOAM(DUKAIUSM CTaH-
TapTHOM TPOLEAYypbl paspemmeHns KoH(GIUKTOB. Bo-mepBbix, mMoau-
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¢unpoBaHHas NpoleIypa B KadecTBE AONOJHUTEIBHOIO apryMeHTa
WCIIOJIb3YET abTEPHATUBHOE MOTHBUPOBAHHOE 3AKIIOUEHHE, TTOJTyYEH-
HOE, COOTBETCTBEHHO, aJIbTCPHATUBHOM MNPOAYKLUUOHHOM CHCTEMOM.
AnbTepHaTHBHOE 3aKJIIOUEHHUE MCIIOJIBb3YETCsl KaK COOpHUK 1uTat. Bo-
BTOPBIX, €CJIM CTaHAapTHAS MPOLIeypa pa3penieHns: KOH(IMKTOB BIep-
BbIE CTAJIKMBAETCS ¢ HEOOXOIMMOCTbHIO BEIpa0OTaTh OTKA3 B IIOATBEPXK-
JICHUH OTIPEJICICHHOM THITOTE3bl, TO MOIU(PHUINPOBAHHAS MPOIETypa
IpeaIaraeT UCMoJb30BaTh MPaBUIIO (€CIM OHO €CTh) U3 AJIbTEPHATUB-
HOTo 3aKiroueHUs. DakTHYecKn Ha Ka)KJJOM Il1are JOrHYeCKOro BbIBOJA
MPOIYKIIMOHHASI CUCTEMA «JO0 TOCIEIHEro» MBITAETCS HCIIONIb30BaTh
COOCTBEHHBIE OPUTHHAJILHBIC MPABUIIA, U JIHIIB 110 KX HCYEPIIAHUIO 00-
palaeTcs K allbTepHATUBHBIM 3HAHMSIM.

Puc.2. [Ipumeps! anbTepHATUBHOTO (CIeBa) U THOPUIHOTO (CcripaBa)
MOTHBHPOBAHHBIX 3aKTIOYCHUI

Ecnmu anbrepHaTHBHOE 3aKITIOYCHUE JIMArHO3a d 33J1aHO, TO JIt00ast
MPOAYKIIMOHHAS CUCTEMa ¢ MOJIU(PHUIIMPOBAHHON TIPOIEIYypOi pa3pe-
IIeHHsT KOH(IUKTOB rapaHTHPOBAHHO CTPOUT MOTUBUPOBAHHOE 3aKJIIO-
YeHHUE JMarto3a d, MMeHyeMoe THOPHIHBIM 3aKiIfoueHreM. B xyamem
cilydae THOPHJIHOE 3aKIIOUCHHE COBMAJACT C AJIbTCPHATUBHBIM, a B
JyYIIeM cily4ae — THOPUIAHOE 3aKII0UYEHUE ABISCTCS OPUTHHAIBHBIM,
COCTOSIIIUM UCKITFOYMTEIBHO U3 OPUTHHAIBHBIX TIpaBuil. B o01mem ciry-
Yyae THOPUIHOE 3aKITIOUCHHUE COJICPKHUT U OPUTUHAIBHBIC, M aJIbTEPHA-
THBHBIC mpaBuia. Ha puc.2 mpuBeaeHbl MPUMEPHI adbTEPHATHBHOTO
3aKJIFOUCHHSI M TOCTPOCHHOTO C €ro MOMOIIbI0 THMOPHIHOTO 3aKIIO-
yeHus. [IpAMOYTONBHUKHA Ha pHC.2 COOTBETCTBYIOT ajlbTEPHATHBHBIM
MpaBUIaM-IIUTATaM.
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2. OueHKH rMOPUIHBIX 3aKJII0YeHUI

B unHTEpecax mpakTHYECKOro UCTIONb30BaHUS THOPUIHBIX 3aKITI0Ye-
HUH HEOOXOJUMO MMETh CIIOCO0 BBIYMCIICHUS OLICHOK MX OPUTHMHAIIb-
Hoctu. [l onpenenenHocty OyieM mosaratb, 4TO OLIEHKHA OPUTHHAIb-
HocTu O 1 1 OTBEUAIOT COOTBETCTBEHHO AJIbTEPHATUBHBIM M OPUTHHAITb-
HBIM 3aKJIIOYCHUSM.

[TockonbKy anbTepHATUBHOE M TMOPHUIHOE 3aKIIOUYECHUS MPEICTaB-
JISTIOT cOO0¥ MHOKECTBA MPOyKIuid (0003HaunM ux 4 u GG), TO B OCHO-
BY OIICHKHM pa3yMHO MOJOXKUTh u3BecTHoe [Jle3a u ap., 2008] paccros-
Hue Ouorona (paccrosuue TaHUMOTO):

lAAG| /lAuGl=1-14nGl/lAUG].

OpHaKo TMPHUMEHHUTENHFHO K OICHKE OPUTMHAIBHOCTU PACCTOSHHE
ounoTona obsagaet AByMs AeQeKTaMu.

[lepBblii neeKT COCTOMT B HEUYBCTBUTEIBHOCTU PACCTOSHUS
OouoTona K AyOnuKaTam NpOoAyKUMOHHBIX mpaBuil U3 C = Apg M Ops.
Jy6nukar, momaBlIMi B THOPHUIHOE 3aKJIIOYEHHE, HEONpaBIaHHO
YMEHBIIAET paccTosHue OMOoTOma. YCTpaHEHHe yKa3aHHOTro Jedexra
MPUBOJUT K OKOHYATEIBHOH (popmyIe

Orenka (4,G)=1-1AnG)\Cl /l4uGl.

Jns 3aKimoueHni, npencTaBiaeHHsx Ha puc.2 (npu C = ), BbIUUC-
JIEHWE OLIEHKH NMPUBOANT K CIEAYIOIINUM PE3yJIbTaTaM: |40 Gl=18,
| A N G| = 6 u, oxoruarensro, Ouenxa (4,G)=2/3.

Bropoit nedexr 3akarouaercs B MTHOPUPOBAHUU CTPYKTYPHBIX CBSI-
3eil B TMOpUIHOM 3akitodeHnd. OIHaXIbl MPHUBJICYEHHOE K BBIBOILY
IbTEPHATUBHOE TMPABUIIO aBTOMATHUECKH WHUIMHUPYET MPUMEHEHHE
JPYTHX albTEPHATUBHBIX NPABWJI, KOTOPBIE, TEM HE MEHEe, CIeIyeT
OTIMYaTh OT MHUIMMPYIOIUX IpaBui. KomnencupoBats 3TOT AedeKT
MO’KHO HCIOJIb30BaHHEM BCIIOMOTAaTEIbHON OIEHKH OPUTHHAILHOCTH

Ouenka'(4,G)=(W| +0)/ (WU B| +1),

rne W={(AF ... THENZ) e T'|(IF ... Z... THEN Y) € F' },
B={(F... THENZ)e F|(IF ... Z... THEN Y) e T},
T=GnNOp, F=(GNA)\C,
0 =1, eciiu MHOXKeCTBO T COJIEPIKUT KOPHEBOE MTPABUIIO THOPHTHO-
ro 3akiroueHus: G; B mpoTuBHOM ciydae O = 0.
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MHoxecTBa W 1 B COCTaBIIAIOT NTpaBuila, THAIUHPYIOIIHE MTONaa-
HUE B 3aKiIoueHne G COOTBETCTBEHHO OPUTHMHATIBHBIX U AJIbTCPHATHB-
HBIX ipaBuiL. J{ist mpumepa Ha puc.2 (npu C = ) npaBuia MHOXecTBa W
oTMeueHbl B G CHMBOJIaMU e, k, m, TIpaBUiIa MHOKECTBA B — CHMBOJIAMH
a, f, g; O =1 u, okonuarenabHo, Onenka’(4,G) = 4/7. BcnomorarenbHast
OIIEHKa MO3BOJISICT IPUHUMATH PEIICHUS B CUTYAIIUsX, KOT/1a OCHOBHAS
OLIEHKA HE JIAeT OTIPEICIICHHBIX PEKOMEH/TAIIH.

3akjaueHue

HpHBeI{eHHLIe OIICHKHU OPUTHUHAIIBHOCTH I‘I/I6pI/II[HBIX BBIBOJOB I103-
BOJIAKOT B MCCJICJOBAHUAX II0 B3aPIMO,Z[eI>'ICTBI/IIO CUCTEM, OCHOBAHHBIX
Ha 3HAaHHUAX, HCpCfITPI OT TECOPETUYCCKUX HM3BICKAaHUM K BBIYMCIUTEIb-
HBIM 5KCIICPUMCHTAM.

CIIMCOK JIMTEPATYPBI

[de3a u ap., 2008] Hdesza E.N., [leza M.M. DHuukione1n4eckuil cioBapb
paccrostauit. — M.: Hayxka, 2008.

[OcumnoBs, 2013] Ocunos I'.C. Jlekuiuu no UCKyCCTBEHHOMY MHTEIIEKTY. —
M.: JIubpokom, 2013.

[Ginkul at al., 2013] Ginkul G. and Soloviev S. The Quoting-Based
Algorithm for Cooperative Decision Making in Production Systems // Proc. Int.
Conlf. IIS, Chisinau: IMCS. 2013. — http://park.glossary.ru/serios/read 24.php.



CEKLIMA 2 KOMIIBIOTEPHASA JIUHI'BUCTUKA

YK 004.912, 004.032.24

KOHIENIUSA MYJbTUATEHTHOM CUCTEMBI
AHAJIN3A TEKCTA U1 TIOMMOJIHEHUS OHTOJIOT !

C.A. AuoxwuH (saanokhin@gmail.com)
H.O. I'apanuna (garanina@jiis.nsk.su)
E.A. CunopoBa (lena@iis.nsk.su)
Wucruryt cuctem nnpopmarnku uMm. A.Il. Epmosa
CO PAH, HoBocubupck

PaccmarpuBaercs moJ1xo K NOCTPOCHUIO MYJIBTUAT€HTHOM CUCTEMbI aHa-
JIU3a TeKCTa AJIsl TOTIOTHEH s OHTOJIOT MU TpeIMeTHOH obnactu. [TpeacTas-
neHbl hopMarbHAs MOJENb 3HAHWH, areHTHAS! MOJIENb U MyJIbTHAT €HTHBIN
MOJXOJ K aHAM3y TEKCTa, OCHOBAHHBIA Ha B3aUMOJEHCTBUHM HH(pOpMa-
LIMOHHBIX areHTOB, COIMIOCTABIIIEMBIX OHTOJIOTHYECKUM TIOHATHSIM, U areH-
TOB-TIPABHJI, COOTBETCTBYIOIUX CIIOCOOaM MpeICTaBIeHHs HHPOPMAIHU
B TEKCTeE.

BBenenue

B HacTosiiee Bpemst JUTsl XpaHSHHs OOJIBIIIOTO KOJn4ecTBa HHMOP-
MaIli¥ W CBS3aHHBIX C HEH JOKYMEHTOB HCITOJB3YIOTCS OHTOJOTHYE-
ckue 0a3pl 3HaHMA. OIHON M3 aKTyalbHBIX 33J1a4, BOSHHKAIOIIUX MPH
WCTIOJIb30BAHUU JTAHHOTO TOXOJa, SBISICTCS] aBTOMATHUECKOE TOMOJI-
HeHue oHTojiorui (ontology population) Ha OCHOBE TIOMCKA PEJICBaHT-
HBIX JIOKYMEHTOB, UX aBTOMATHYECKON 00pabOTKH 1 M3BJICUCHHUST HOBOH
nH(pOpMALHH.

! PaboTa BbIMONHEHa NpU (uHAaHCOBOH momiepxke PODPU (mpoekt Ne 13-
01-00643; Ne 13-07-00422) u B pamkax npoekra UCHU CO PAH Ne 15/10 «Ma-
TEMaTHYeCKHe M METOJONOTHYECKHE ACTEeKThl HHTEIUICKTYalbHBIX HH(OpMa-
LUOHHBIX CUCTEM.
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MynbTHareHTHBINA TOAXO K M3BICUCHHIO HH()OPMALIUN U3 Pa3HO-
POJIHBIX MCTOYHUKOB JAHHBIX IUPOKO pacrlpocTpaHeH. B wactHoCTH,
OH HWcIonb3yeTcst st 00paboTtkm mHbopMmaru u3 cetn HHTepHET
[Santos et al., 2006; Banares-Alcantara et al., 2005], ogHako 0OBIYHO
B TaKUX pabOTax areHTHI SBISIOTCS BHICOKOYPOBHEBBIMH CYITHOCTSIMH,
KOTOpbIE, CKOpee, HAPaBIIAIOT NOTOKU JaHHBIX, UCIIONB3Ys I UX 00-
pabOTKM cTaHIAPTHBIE AITOPUTMBI, Y€M UMEIOT JIeTI0 C JAHHBIMHU HEIO-
cpeactBenHo. [Ipu 06paboTKe TEKCTOB HA €CTECTBEHHOM SI3bIKE arcH-
ThI, CKOpee, aCCOLMMUPYIOTCS C TPAAMLUOHHBIMH JIMHIBUCTUYECKUMHU
ypOBHAMH (MOP(HOIOTHYECKIM, CHHTAKCHYECKUM ) THOO TpeTHa3Hade-
HBI PAcIO3HABATH JIMHIBUCTUYECKHE (DEHOMEHBI, TaKUe KaK AIUIIMIICHUC,
aHaopa, OMOHUMHS U T.I. DTH areHThl MO CYIIECTBY HE UCIOJIB3YIOT
3HAHHA O MPEJMETHON OOJaCTH M SBISIFOTCS BBIYMCIUTEILHBIMH TIPO-
1IeCCaMM, KOTOPBhIE MOTYT YCKOPUTh 00pa0OTKy HH(pOpMAIUH OJ1aroia-
psl mapajsienu3My, HO HUKaK He BIMSIOT Ha M3BJIeUeHHE MH(opManuu
KaueCTBEHHO.

B ornnume oT BBHINIEYNOMSIHYTBIX pabOT B HAIIEM TTOIXOE MBI HC-
MOJb3yeM areHTOB JBYX THIIOB, KOTOpPbI€ KOJJIEKTUBHO BIIAACIOT WH-
(dopmarmeli kKak 00 pacCMaTpUBaeMBIX TaHHBIX, TaK M O 3aJaHHOW OH-
TOJIOTUH. ATEHTBI-IIPABUJIAa UMEIOT JIEJI0 C OHTOJIOTMYECKUMHU M JIMHT-
BUCTUYECKMMHU OCOOCHHOCTSIMH MOABA3bIKA HMPEAMETHOM o0nacTu u
00pabaThIBAIOT JaHHBIC, MOTyYaeMble OT MH(POPMAIMOHHBIX areHTOB.
[locnennue Hambosiee OnM3kK areHtam u3 pabotel [Bonbman u nap.,
2005], xoTopble MPEACTABISAIOT CJIOBA U3 TEKCTA.

1. Mopeans npeacraB/ieHusi 3HAHUH

ATreHTHast MOJIeITb aHAJIM3a TEKCTa OIUPACTCS Ha MOJCIh MPEIMET-
Hol/mpobsieMHuoit oomactu (I10), mpeacTaBIeHHO OHTOJIOTHEH, U JTMHT -
BHUCTHUYECKHE 3HAHUS, TPE/ICTABICHHBIC JEKCMUECKOW U CEMaHTHKO-
CHUHTaKCHYECKON MOJIEIbI0 Toaba3bika I10.

1.1. OHToJIOTHSI IPEAMETHOMH 00J1acTH

Onwupasice Ha QopmanbHyto mMozaens [10, ocymiecTBisieTcst CTpyK-
Typu3auus UHGOPMAIMKM U BCEr0 KOHTEHTA CUCTEMBI. B ympoiieHHOM
BUIe (IOCTATOUHOM I 1ieTield paboThl) onmonozuto 110 MOXHO Tpen-
ctaBuTh B Buje cucteMbl O =< C, R, T, A>, tae (1) C = UC, — koHEu-
HOE HEIyCTOe MHOXKECTBO KJIaccoB, onmuchiBarommx nousatusi [10; (2)
R = UR, — KoHEYHOE MHOXECTBO OMHAPHBIX OTHOIICHWH, 33/IaHHBIX Ha
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kiaccax (moHatusx), u Fy: CxC — 2R — dyHKIms, kotopas onpeesnser
MMEHa OMHApHBIX OTHOIIEHUH Mexy kiaccami; (3) T = UT, — MHOXKe-
CTBO THITOB JJAHHBIX U V, = {V,,..,Vy;} — MHOXECTBO 3Ha4cHUN THma T;;
(4)A={a,,..,a,} — KOHEUHOE MHOXXECTBO aTpuOyTOB, Ay C A — IOAMHO-
YKECTBO KITIOUEBBIX aTpUOYTOB Il yHUKAJIbHOW HACHTU(DUKALINT DK3EM-
IUIIPOB MOHATHI U oTHoIIeHui, u F,: C U R — 2T — dyHKImst, koTo-
past ornpenesnsieT UMeHa 1 THIbI arpulOyToB kinaccoB C u oTHoeHui R.

B xauectBe mpumepa npusenem (parmeHT oHTonoruu «Haydnbie
MEpOMNpPUATHS» B KOHTEKCTE 3aJlaud aHann3a WHPOPMAIMOHHBIX CO-
oO01IeHn .

class Baxxubie narer ([lata Hauana: data; Jlara okonuanus: data;
[Ipencrasnenue cratbu: data; YBegomiienue o npunstuu: data)

class Hayunoe wmepomnpusitue (Hazsanue: string; SI3bik: SA3bIK;
Craryc: Craryc mepomnpusitus; Yactora mpoBeaeHus: string;
Onucanne meponpusitus: string; Temarnka: Temarnka)

relation Jlatel Mmeponpustus < Hayunoe mepomnpusitue, BaxHble

IaTbl >

relation Hayunsie Tpynsl < Hayunoe wmepomnpusitue, [lyonukamms >

relation [1porpammusiii komuteT < Hayunoe mepomnpusitue, [lep-

CoHa >

Hngpopmayuonnwii konmenm CHUCTEMBI, TIOCTPOCHHON HA OHTOJIO-
run O, npencrasmsiercs kak [C = <[, R, >, rme (1) [ = VI, — xoHeunoe
MHOXECTBO AK3EMIUISIPOB KiaccoB onTosoruu O, rae [; kinacca C, mpen-
CTaBIIETCS HAOOPOM arpuOyTOB a; co 3HadeHuamMHu V;: I, = U(a,v)); (2)
R, = URI, — koHEUHOE MHOXXECTBO OTHOIIIEHUH Ha MHOXeCTBE | (3K3eM-
IUISIPOB OTHOIIEHUH ), TIe 2Kk3eMIuisip RI, oTHOmIeHns R, BKitowaet MHO-
xkecTBO aprymentoB Obj; I n mabop arpubyros: R; = (Obj;, U(a;,v))).

1.2. Mozesb 3HaHUI 0 JIeKCHKe NIpeIMeTHOI 001acTH

Mogens 3Hanuit o nekcuke 110 nnu npenMeTHbI cI0Baph T0JKEH
BKJIIOYATh Crienu(HUKaluy TEPMUHOB Tpex TUmos: (1) nekcema nim of-
HOCJIOBHBIH TEPMHUH, (2) YCTOHYMBBII CIOBOKOMILIEKC — CIOBOCOYETA-
HUE, XapaKTepu3ylolieecs BBICOKOH YaCTOTHOCTHIO B aHAJIM3UPYEMOM
MOJBSI3BIKE (UCKYCCBEHHbIN UHMELIEKM, Me3UC 00K1aoa), (3) JIekcu-
YyecKasi KOHCTPYKIH — a0JI0OH, ONUCHIBAIOIINN THITMYHOE COKPAILCHUE
(op., m.0., K.¢h.-m.H.), NIV TEPMUH, COJICpKaITUil nHIEeKCHl (KU 2014,
¢ 24 no 27 cenmsbops 2014 2.).
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Takum 00paszoMm, 1excuueckas mooenb 3HaHUuL ONPEIEIIETCS TPO-
koii Buga V=<L, M, S >, rae (1) L=W U P U LT- mHO)XecTBO mpei-
METHBIX TEPMHUHOB, BKJIIOUYAOIMX W — MHOXKECTBO JiekceM, P — MHOxKe-
CTBO CJIIOBOKOMILIEKCOB, LT — MHOKECTBO JIEKCUUECKHX KOHCTPYKLUH;
(2) M — MHO)keCTBO MOpP(oIIOTHYECKUX XapaKkTepucTHK Jekcem W; (3)
S — MHOXXECTBO CEMaHTHUECKUX MPU3HAKOB (TEMaTHUECKUX M CEMaHTH-
YECKHX KIIACCOB).

CBsI3b MEX/y CIIOBapEM M OHTOJIOTHEH BBIPAyKaeTcs B COMOCTAaBIIE-
HUU CEMAaHTUYECKUX IIPU3HAKOB, IPUIMCHIBAEMbIX TEPMUHAM CJIOBApS,
C 3JIEeMEHTaMH OHTOJIOTUH (aTpulyTamMu, MOHIATHUSIMHU U OTHOIICHUSIMH).

1.3. Monesb npeacraBjieHUsi TEKCTA

3a/aueil aBToMaTHYecKoil 00pabOTKH TEeKCTa SIBIISIETCS TpeoOpaso-
BaHHME TEKCTa B CEMAHTHUYECKYIO CETh MH(POPMAIIMOHHBIX OOBEKTOB —
9K3EMIUISIPOB KJIACCOB M OTHOLICHWH OHTOJOrMH. B mpomecce oOpa-
OOTKM TEeKCTa €ro MpeJCTaBICHUE MOCTEIICHHO M3MEHSETCs, ePEXoas
OT MEHEe CTPYKTYPHUPOBAHHOTO K Oojiee CTPyKTypupoBaHHOMY. [lms
OMHCAHUSl STOTO M3MEHEHHs MPEJIOKeHa KOHUENIHs MOKPBITUI TeK-
CTa, KOIJla KaXJJ0€ MOKPBITHE MPEACTABISAETCS HAOOPOM OJHOTHUITHBIX
3JIEMEHTOB C 33AaHHBIMU TEKCTOBBIMH MO3ULUSIMU (MHTEpBajamMu). Bbl-
JIEJIAIOTCS CIEAYIOUINE TUIIBI TOKPBITHH: (1) TepMUHOIOTHYECKOE, CO-
OTBETCTBYIOIIEE CIIOBAPHBIM TEPMHHAM M3 V, HallICHHBIM B TeKcTe, (2)
CErMEHTHOE, KOTOPOE OTPaXKaeT CTPYKTYPHOE JIeJIEHUE U JKaHpP TEKCTa,
1 (3) 00BEKTHOE, KOTOPOE SIBIISETCS YIOPSA0UEHHBIM MHOKECTBOM JIEK-
CHYECKHX O0BEKTOB U IK3EMIUISIPOB KJIACCOB OHTOJIOTHH.

Tepmunonocuueckoe nokpvimue TC TEKCTa COCTOMT M3 MHOXKECTBA
yposHell, TAe Kaxaplid ypoBeHs It = (i, pos,, LO)), tae (1) i — nmopsiako-
BBl HOMep ypoBHS; (2) pos, = (b, €,) — TEeKCTOBbIC TIO3UIIMU YPOBHS; (3)
LO, — MHOXECTBO J1eKcuteckux 06vexmos, HaYNHAOIINXCS C TIO3UIIUH
b,. DTo NOKpBITHE YNOPSIOYEHO MO HAYaJIbHBIM MO3UIMSIM TEPMUHOB
b,, a anementsl LO, ynopsiiodeHs! mo AJMHE TEKCTOBOTO (parMeHra,
MOKPHIBAEMOTO TEPMUHOM.

Kaxnpiii zexcuueckuti obvekm L GopMupyeTcss Ha OCHOBE CJIOBap-
HOTO TEPMUHA, HAWJIECHHOTO B TEKCTE, U CHA0XKaeTcs CIIOBAPHOU WH-
dopmanmeit L=(v, S,, M,, A,, pos), tae (1) veV — tepmun cioBaps; (2)
S, — MHOXKECTBO CJIOBapHBIX CEMAHTUYECKUX KIJIACCOB TepMHuHA V; (3)
M, — MHOXeCcTBO MOP(OIOTHUECKHUX XapaKTEPUCTHK TepMUHA V; (4) A~
MHO)KECTBO CEMAaHTUYECKUX aTpuOyTOB; (5) pOS — MO3UIINH B TEKCTE.

Ceemenmnoe noxpvimue SC COCTOMT M3 MHOYKECTBA CETMEHTOB

85



se€SC, onpenenseMbIMH JIEBOH U TIPaBOM TEKCTOBBIMHU TIO3UIMSIMU CET-
MeHTa pos, = (b, €,) ¥ ero TUIOM t, (HarpuMep, npednodicerue, ab3ay,
3a20710860K, MeMamMuKa KOH@epeHyuu, npocpamMmublil Komumenm 1 T.11.).

Obvexmuoe nokpvimue OC TeKCTa CTPOUTCS HAJl TEPMUHOJIOTHYE-
CKUM TIOKPBITHEM, PACIIUPSISi HATOJTHEHUE YPOBHS HH(OPMAITMOHHBIMH
00BEKTaMH, MMOCTPOEHHBIMH B IIPOIECCE OCHOBHOTO aHAINM3a TEKCTA.
VYposenn 1e OC — 310 werBepka 1 = (i, pos,, s, Obj,), T/Ie TOMOITHUTEIh-
HBIC AJIEMEHTHI S, — TO MHOKECTBO UICHTH()UKATOPOB CETMEHTOB, TIO-
KpbIBalOIMX ypoBeHb, a Obj, = LO, U I, U RI, — ynopsigodenHbie mo
JUTHHE JIeKcuaeckue 00bekThl LO, 1 3K3eMInTsips! KiaaccoB I, u oTHOIIE-
Huii RI, oHTOMOTHN.

1.4. AreHTHasi MOJIeJIb AHAJIN3A TEKCTa

ATreHTHasi MOJIeJIb aHaJIM3a TEKCTa BKJIIOYAET areHTOB YEThIPEX TH-
TOB.

CrienuanbHbli  CITYKEOHBIH aceHm-KoHmponep OTCICKUBACT MO-
MEHT 3aBEpIICHUS] B3aUMOJCHCTBHS BCEX ar€HTOB CUCTEMBI.

Acenmui-9K3eMnaApbl U A2eHMbl-OMHOULEHUs.  COTIOCTABIISIFOTCS
00bEKTaM M OTHOIIEHHSIM OHTOJIOTHH COOTBETCTBEHHO U 00Pa3yIoT uH-
Gopmayuonnsie azenmvl. ITN areHTHl MOPOXKIAIOTCS HA OCHOBE CIIO-
BapHOU HMHPOPMAIIUH 1 MX TaJIbHEeHIIas [Ie7Th —3arl0THUTh CBOM aTPHUOY ThI
Y BBISIBUTH BOBMOYKHBIE CBSI3U C IPYTUMH areHTaMu. ATEHT-3K3eMILISIp —
ato AI=(C;; AR;; AIR;; SS; Pos), tae (1) C, — oHTONIOTHYECKUH KITacc
arenTa; (2) AR, — MHOXeCTBO areHTOB-TIPaBUII, KOTOPHIE MOT'YT UCIIOJIb-
30BaTh JAHHOTO areHTa B KauecTBe aprymenta; (3) AIR, — MHOXecTBO
areHTOB-OTHOILICHM, B KOTOPbIX YYacTBYET JaHHBIM areHt; (4) SS —
CTPYKTYpa, OTpakarolasi iCTOPHUIO CO3/IaHus JAHHOTO areHTa v 03HAYH-
BaHUs ero arpuoOyToB; (5) Pos — O3UIINS B TEKCTE. ATCHT-OTHOIICHHS —
ato AIR = (R;; RI,), Tae R, — oHTONMOTHYECKHIT KITACC OTHOIIICHUS arcH-
ta; RI; — MHOXeCTBO 3K3eMIUIIpOoB oTHOoweHus. [IpumepoMm areHra-
9K3EeMIUISIpa MOXKET OBITh arcHT, OMKChIBatOINN coObiTne KUHU-2014:

agent #1 ( C: Hayunoe wmeponpusitae ( 1)
Hazpanue: «KoH(epeHnsi M0 MCKYCCTBEHHOMY HHTEIICKTY»;
Craryc: HalMOHaNBHBIN; THIT MEpOTIPUATHS: KOH(PEPEHIINS;
Temarnka MeponpusTUs: { KOMIIBIOTEPHAS JIMHTBUCTHKA, ... | ):

AR:{ Jlata_npoBenenusi_mepomnpusrus, [opon, ... }; AIR: &;
SS:(base:LO, (vicocmosamucsa),struct: {LO, (v:konghepenyus),. ..
1);Pos:[59,71])
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JlaHHBIN areHT CTPEeMHUTCS 3arOJHHUTH CBOM aTpuOyThl A3vuik, Yac-
moma nposederus M 1p., a Takxke cHOpPMUPOBATH OTHOIICHUS /[ambl
meponpuamus, Mecmo, Ilpoepammuulii Komumem 1 T.11.

Acenmul-npasunia peanu3yroT MPOBEPKY COTIACOBAHHOCTH WH(OP-
Mallyy, MoJlydyaeMoi OT WH(pOPMAIIMOHHBIX areHTOB, W MpaBWJa TO-
MOJTHEHHsI OHTOJIOTMH. B COOTBETCTBUHM C MOMy4YaeMbIMH JaHHBIMH
OHHU MOTYT TTOPOX/IaTh HOBBIE 3HAYCHUS aTprOyTOB MH()OPMATMOHHBIX
areHTOB, a TAK)KE HOBBIX ar€HTOB-IK3EMILISIPOB M K3EMIUISPHI ar€HTOB-
orHomeHui. Crtocod 00pabOTKM JaHHBIX areéHTOM-TIPABUIIOM peaIn3y-
eTcs Ha OCHOBE 3aJIaHHOM CXEMBI, KOTOpasi SBHBIM 00pa3oM OTIpeernsieT
CTPYKTYPY BBIPQXKCHUH, OIIMCHIBAIOIINX OJHOTHUITHBIC (DAaKThI, M CBS3bI-
BAaeT C NIEMEHTaMH OHTOJOTHU. CerMeHTHOE MOKPBITHE OIPAaHUYHUBACT
o0nacTh IEHCTBUS areHTOB-IIPABHIL.

Arent-nipaBuio — 310 AR = (Arg; F . (arg), Res), rme (1) Arg — Bek-
TOp apryMEHTOB, TaKOW, 4TO Kaxkbli aprymeHT arg(SC;)eArg onpe-
nensiercss WHPOPMAIIMOHHBIM areHTOM OHTOJOrH4YecKkoro kimacca SC;
00 JIEeKCUYECKUMHU 00bEKTaMH C ceMaHTHUeCcKuM npuzHakoM SC;; (2)
F.(arg) — QyHKIuUs, poBepsitonIas CoriacoBaHHOCTh BEKTOpa 3Haue-
HUH apTyMEHTOB arg; MPOBEPSIOTCS CEMAHTHYECKUE, CHHTaKCHIECKHE,
CETMEHTHBIC M TIO3WIIMOHHBIC OTPaHHYCHHS, 3a/laBacMbIe DKCIIEPTOM,
HaKJIaJpIBaeMble KaK Ha OTAENIbHbIE apTyMEHTHI, TaK U Ha UX napsl; (3)
Res — pe3ynbrar mpuMeHeHus IpaBuiIa K arg. Pe3ymsratom MOXeT OBITh
KaKk OOHOBJICHHWE 3HaUCHHWW aTrpuOyTa apryMeHTa, Tak M TOPOXKICHUE
HOBOTO areHra. [IpuBenem mpuMep areHTa-npaBuiia, KOTOPHIH MOPOXK-
TaeT CBSA3b MEXKIY Hayunvim meponpusmuem ¥ €ro JaToi IPOBEICHHUS.

rule /lara mpoBeneHUss MEpONPHUITHS

argl: Hayunoe mepompusitue (),  arg2: Baxunsie gatsi ()
condition segment = [Ipemnoxenne; Pos = prior _post, Synt =
VYmp(argl,arg2)
= new Relation::/latel Mmeponpusitus (first: argl, second: arg2)

2. MyHLTI/IaFeHTHaH CHUCTEMA aHAJIN3Aa TEKCTa

K coxanenuro, 00beM CTaThH HE TIO3BOJISIET IPUBECTH MOTHBIE (HOp-
MaJbHBIE ONKCAaHUS AJITOPUTMA U IPOTOKOJIOB, TOATOMY MbI IPUBEAEM
JIMILIb OCHOBHBIE NIOCBUIKKA. Ha BX0I MyJIbTHAareHTHON CUCTEME aHaIu3a
MDA noctynaroT npaBuia MOMOJIHEHUS OHTOJIOIMH, HA OCHOBE KOTOPBIX
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(hopmMHpyIOTCS areHThI-IpaBuia (cM. 1.1.4), a Taxke pe3yapTrarsl Mpea-
BapUTEIbHON 00pabOTKH TEKCTa — TEPMUHOJIOITMUECKOE U CETMEHTHOE
nokpeiTre (cM. 11.1.3). Jlamee Ha OCHOBE MPaBUJI COTIIACOBAHUS CEMaH-
TUYECKOTO CJIOBApsl ¥ OHTOJIOTHH MPOUCXOIUT HadyalbHOE HATIOJHEHUE
00BEKTHOTO MOKPBITHS UHPOPMALMOHHBIMHA areHTaMH U OCYIIECTBIIS-
€TCsl MHUIUAIINS BCEX areHTOB.

Cucrema MDA BKIIFOUaeT MHOKE€CTBA MH(OPMAIIMOHHBIX areHTOB,
areHTOB-IIPAaBWJI M areHTa-KoHTposepa. B mpouecce B3aumonencTBus
WH(GOPMAIIMOHHBIE areHThl 000TAIIAlOTCsl 3HAYCHUSIMU CBOUX aTpuOy-
TOB U CBSI3SIMH C JPYIMMHU areHTamu. Bce areHThl JeHCTBYIOT mapaii-
JIETTBHO JI0 TEX I0p, ITOKa He OKa3bIBAETCS, YTO HU OJIMH areHT-TIPABUIIO
HE MOXET cpaboTaTh. ITOT MOMEHT OCTAHOBKH OTPEJIENIETCS areHTOM-
KOHTPOJIEpOM. MBI HCHOJIB3yeM OpUTHHAIBHBIN anropuT™M oOHapyxke-
HUS 3aBEpPUICHMs, OCHOBAHHBIM Ha IMOJCYETe AKTUBHOCTU OCTaJbHBIX
areaToB [Garanina et al., 2014].

WndopmannoHHble areHThl Ha TIEPBOH CTaANK CBOCH ACSITEIBHOCTH
paccbuIaloT YK€ O3HAaYCHHBbIE JaHHbIE BCEM areHTaM-IpaBHjaM, 3a-
WHTEPECOBAHHBIM B ATHX JaHHBIX. 3aT€M arcHTHI MEePEXOAsiT B PEKHM
oxkugaHus coodmenuii. OOpaboTKa MOCTYHAKOIIUX COOOIICHHUH 3aKITHO-
YaeTcsl B U3MEHEHUU 1) areHTOM-3K3eMIUISIPOM — CBOMX aTpuOyTOB U
OTHOIIICHHUH U 2) areHTOM-OTHOIIIEHHEM — CBOMX 3K3eMIUIsipoB. [locie
Yero areHThl PacChUIAlOT HOBBIE 3HAYCHHUS areHTaM-TIpaBHiIaM, 3auHTe-
PECOBaHHBIM B 3TUX JaHHBIX.

VY areHra-mpaBmia €cTh JiBa MapaUIeIbHBIX TOAIpornecca: odpa-
00TKa BXOTHBIX JaHHBIX OT MH()OPMAIMOHHBIX areHTOB W IMOJTy4YEHHE
ucxozsmero pesynprara. O0paboTKa BXOIHBIX JaHHBIX BKIodaeT (1)
(hopMHUpOBaHHE BEKTOpa apryMeHTOB, (2) OTCBUIKY BEKTOpa apryMeH-
TOB WJIM COOOLIEHHS 00 OCTAHOBKE IpOLlecca MOIYUYEeHHUsT Pe3ysbTara.
[Tonyuenue ucxoasiero pesyasrata Bkitodaet (1) mpoBepky coryaco-
BaHHOCTH apI'YMEHTOB M BEKTOpa apryMEHTOB, (2) 00paboTKy OHOPOI-
HBIX Tpym, (3) BeIpaOOTKy pesyiabrara u (4) onpeaeneHue areHToB, Ko-
TOPBIM HYXKHO BBICHUIATh HOBbIE 3HaueHUs. HoBble nH(OpMaLmoHHbIE
areHThl HAYMHAIOT PabOTaTh HEMEUICHHO C IaHHBIMHU, OTPEICIEHHBIMU
areHTOM-TIPaBHJIOM TIPH UX POXKACHUH.

ATeHT-KOHTpoJiep MH()OPMHUPYETCS O KaXKIOM W3MEHEHUH aKTHB-
HOCTH BCeX areHtoB. PaboTa areHTa-KOHTpoJepa 3aKiIro4aercs B MO-
CJIEZIOBATEIbHOM IO/ICUETE CYMMAapHOM aKTMBHOCTH IPYTHUX areHTOB.
Ecin Bce areHThl, KpOME HEro camMoro, HEaKTUBHBI, OH IMTOCHUIAET BCEM
coobmenne CTOII.
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Pesynsratom paborst MDA sBiisiercsi «oOoraiieHHoe» OOBEKTHOE
MOKPBITHE TEKCTA, N3 KOTOPOTO BIIOCIIEACTBUH BHIOMPAIOTCS BCe HH(POP-
MaIMOHHBIE OOBEKTHI U, MOCJIE WACHTU(UKAIUH, TOMEIIAIOTCS B KOH-
TEHT cucTeMbl. Tak, IJsl MpUMepa areHTa-dK3eMIuIIpa, MPUBEICHHOTO
B 11.1.4, pe3ynbTaroM OyaeT nHGOPMAIIMOHHBIN 0OBEKT, ONMMCHIBAIOIIUH
HayuHoe Meponpusitue KHH-2014, n Bce ero cBsi3u, MPECTaBICHHBIC
9K3EMIUIIpaMU OTHOIIECHUU: Jamwi meponpuamus, Mecmo, Hayunvle
mpyoul U [Ipoepammusiii Komumem, HAUIEHHBIMH B TEKCTE.

2.1. ApxuTeKTypa MyJbTHATEHTHON CHCTEMBbI AaHAJIHN3a TEKCTA

Ha nauanpHOM 5Tare HACTPOMKH CHCTEMBI HKCIIEPTAMU COCTAaBIIS-
I0TCsl OHTOJNIOTHA U cioBaps 110, ¢popMyaupyroTcs mpaBuiIa NOMoIHe-
HUSI OHTOJIOTHH, COOTBETCTBYIOIIWE IAaTTEPHAM MpPEACTaBICHHUS HC-
KOMOH MH(pOpPMAIH B TEKCTE. DTH 3HAHUS HCIOIB3YIOTCS B Ka4eCTBE
KOH(QUTypanuu Ui TPOTPaMMHOTO KOMIDIEKCA, OCYIIECTBIISIOMIETO
00paboTKy HOKyMeHTOB. OCHOBHBIMH MOMIYJISIMH KOMIUIEKCA SIBIISIOT-
Csl CIIOBapHBbIII KOMIOHEHT M MYJIBTHAI€HTHOE SIPO aHaJIM3a TEKCTa.
CrnoBapHBIil KOMIIOHEHT OCYIIECTBIISIET MPEIBAPUTEIBHYI0 00pabOTKY
TeKcTa, (HOPMHUPYS] TEPMUHOIOTUIECKOE M CETMEHTHOE MOKPBITHSA, HA
OCHOBE KOTOPBIX MYJIBTHAar€HTHOE SIPO OCYHIECTBISIET COOPKY IK3EM-
TUIIPOB KJIACCOB U OTHOIICHWN OHTOJIOTMU. ATEHTHI-IIPaBUIIa HHUIIHA-
JTU3UPYIOTCS AMHOXK]IBI HA OCHOBE 3aJIaHHBIX TIPaBHJI TIOTIOJIHEHHS OH-
TOJIOTHH. ATEHTBI-9K3EMIUTPbI CO3/IAI0TCS 3aHOBO ISl KayK/I0TO TEKCTA.
PesynbraThl paboThl MYJIIBTHATEHTHOTO SIpa TIOCIIe MTOCTOOPAOOTKH MO-
T'YT OBITh JOOABJICHBI B MH)OPMAIIMOHHBIN KOHTEHT CHCTEMBI.

Ha puc.1 nmpuBeseHa KoHIENTyalbHas cXeMa MpPeII0KEHHOTO TO/I-
xoza.

[Ipu peanmzanuu AaHHOTO MOAX0Aa Oblia pazpaborana OuOIMOTE-
Ka U NOCTPOCHUA MYJIBTUAICHTHBIX CUCTEM Ha S3bIKC C++, KOoTOpas
MpeCTaBIsieT cCOO0H HAbOp MIAOIOHHBIX KJIACCOB M I'€HEPaTOPOB Kilac-
coB (B TepmuHax [Ausekcanapecky, 2008]). bubmuoreka crpoekTHpo-
BaHa C y4ETOM OCOOCHHOCTEH MPEUIOKEHHOTO aIrOpUTMa — OOJBIIOE
KOJIMYECTBO CPABHUTEIBHO MPOCTHIX ar€HTOB, MHTEHCUBHBIN OOMEH CO-
OOIEHUSMHU. ATEHTHI SBJSIFOTCS aKTUBHBIMH OOBEKTaMH, CYIIECTBYIO-
IIMMH B paMKax HEKOTOPOTO JTMHAMHUECKOT0 OKpykeHus. JIroboe B3au-
MOZIEHCTBHE C OKPYKEHHEM OCYIIECTBISIETCS ITOCPEICTBOM a8amapda
JAHHOTO areHTa — CYIIHOCTH, HMMEIOIeil Habop METOIOB BOCTIPHATHS
M BO3JIEHCTBUS (aHATOTUYHBIN 1MOIX0/ puMeHeH B poekre OpenCog
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Puc.1. ApxuTtexTypa MyJIbTHar€HTHON CHCTEMBI aHAIN3a TEKCTa

[OpenCog]). Bce MmHOrOOOpasue areHTOB U X POJICH 3a/1aeTCs MOJIb30-
BaTelieM C MTOMOIIBI0 UEPAPXUU HHTEP(EHCOB.

Takum 00pa3om, pa3padarbiBacMasi CHUCTEMa SIBJISICTCS MPOTPAMM-
HOM TEXHOJIOTHEH, TIO3BOJISIIOIIEH MOJIB30BATEIISIM SKCIIEPTaM CO3/1aBaTh
HeoOxonuMbie ESI-cepBuChI, oOecrieunBarone aHanu3 JOKYMEHTOB
W U3BIcueHHe MH(DOPMAIMY Ha OCHOBE 3aJIaHHBIX MPEAMETHO-OPUCH-
TUPOBaHHBIX Mojeneld. KauecTBo oCylIecTBIsIeMOro aHallM3a 3aBUCUT
OT CTETICHU KOMIIETECHITMH YKCTIEPTOB U YPOBHS TIOAPOOHOCTH MOJIETIEH,
3a/IAfOIINX TPaBUJIa U3BICYCHNUS HH(POPMAIIHH.

3akjaroueHue

[TpetoskeHHBI MYJITBTHATCHTHBIN TIOAXO0A OYIEeT UMETh CIICHYIO-
e npeumyniectsa: (1) areHThl YCKOPSIIOT mporiecc o0padoTKH, To-
CKOJIBKY JEHCTBYIOT MapayienbHo; (2) oHU 3GGEKTUBHO HCIOIB3YIOT
pecypc aHHBIX TOYHO TOTAA U TJI€ 3TO HEOOXOANMO; (3) areHThl MOTYT
paspearb HeOAHO3HAYHOCTH MOCPEACTBOM KOHKYPEHLIMH.
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Ha Texymuit MoMeHT pa3paboTaHbl (JOpMaNbHBIE AITOPUTMBI U pe-
ann30BaHbl 0a30BbIE MOAYIM CHUCTeMBl. Taxxke Oblia mpoBeneHa ¢op-
MaJlbHasi BepH(UKaIMs KOPPEKTHOCTH paboThl areHTa-KOHTpojepa |
paboTOCIIOCOOHOCTH CHUCTEMBI C HCIOJIB30BAHUEM HHCTPYMEHTA IIpPO-
Bepku mozenerd SPIN. Ilpomomkenue paboT B JaHHOM HarpaBieHUH
BUJUTCSI B IIEPBYIO OYepelb B IIPOBEAECHUU IPAKTUYECKUX IKCIEpU-
MEHTOB M CPaBHEHHWU HX PE3YJbTAaTOB C IOCIEAOBATEIbHBIMU MeXa-
HU3MaMH aHajn3a TeKCTa, OCHOBAHHBIX HA MOJOOHBIX MOJIEISIX 3HAHUH
[Kononenko u mp., 2009].
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YK 004.9, 004.89

MOIXO/Abl K HOPMAJIM3AIIMMA CJIOBAPEN
N YCTAHOBJIEHUIO UAEHTUYHOCTHU
CYIIHOCTEM IMPA OBOTAIIIEHUA KOHTEHTA
HAYUYHBIX BA3 3HAHUIA!

3.B. AnanoBu4 (apanovich@jiis.nsk.su)
A.I'. Mapuyk (mag@iis.nsk.su)
NCH CO PAH, HoBocubupck

B nanHO# paboTe onucaHbl MOIXO/bI K PEUICHUIO TIPO0OJIeM HOpMan3a-
LUH CIIOBAapeH, YCTAaHOBJICHHSI UICHTUYHOCTH CYIIHOCTEH M (QUIBTpanuu
JTAaHHBIX, BO3HHKAIOLIMX B MPOLECCE UCIIONB30BAHUS JAHHBIX U3 o0Jiaka
LOD pnyst oboraiieHusi KOHTEHTa Hay4YHbIX 0a3 JaHHBIX W 3HaHWU. B ka-
YeCTBE TECTOBBIX MPHMEPOB HUCIIOJIB30BAIHCH TaHHBIE OTKPLITOTO ApXrBa
CO PAH, ctpykrypupoBannsie mpu nomoinu ontoiornn OHC, a taxxke
paznuuHble HA0OPBI OMOINOrpahUIECKUX TAHHBIX.

BBenenue

B cBs3u ¢ OypHO pa3BuBaromuMcs HanpasieHneM Semantic Web u
ero HoBo# BeTBbI0 LOD (CBsizanubie OTkpbIThie JlanHbie) B MHTEepHE-
T€ CTAHOBSTCS MOCTYIHBIMH OONbIINEe 00BEMBI MH(POPMAIUU, MOCBS-
LICHHOH pa3JInYHBIM HAay4YHbIM HanpasieHusiM. O6mako LOD conepxut
B HacTOAIIMH MoMeHT Oosiee 50 mmnmuapoB Tpoek RDF. C oxHol cTO-
POHBI, 3TH TaHHBIE MOT'YT OBITH HCIIOIB30BAHbI I 000TaIEHHUS NMEI0-
LIMXCSI CeMAaHTHYECKUX 0a3 MaHHBIX, C IPYrOil CTOPOHBI, UMEIOIIHECS
0a3bl JaHHBIE MOTYT OBITH TaK)Ke MOJE3HBI /I yTOUHEHHS HH(pOpMa-
e, Xpansieiics B oomake LOD.

OpuH U3 POEKTOB, ocyliecTBIsieMbIX B IHCTHTYTE crcTeM nH(pop-
Maruku Cubupckoro otraenenus Poccuiickoii akanemun Hayk (MCHU CO
PAH), nanpasnen Ha oboramenne Otkpsitoro apxusa CO PAH (http:/
duh.iis.nsk.su/turgunda/Home, http://duh.iis.nsk.su/VirtuosoEndpoint/
Home/Samples) [Mapuyk 2010] nanasiMu o61aka OTKpbITEIX CBsi3aH-
weix [lansbix (Linked Open Data, LOD) [Bizer 2009]. ®@parment ctpa-
Hupl OTKpbITOro ApxuBa, NOCBsIIeHHON akanemuky A.Il. Epiiosy,
MoKa3aH Ha puc. 1.

! Pabora BeImoaHeHa npu (huHaHCOBOH mozaepkke PODU (mpoekt Ne 14-07-
00386) u mpoexra PAH 15/10.
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3aMmeCTHTER 33BeAyHlLera

1976 1988 WHACTHIK HatheA0M BEIMMCAMT &AbHDH HOBOCHBNEEHUA TOCYAAPCTEEHHAIA YHUBEDCHT ST
MAT &M aTHHI MDD

HOMUECHA (0 CHCT S HOW W 13T S STMHECHOM Y DBSCHS4eH
nape0s -
1979 19588 npeacenarens HOOpAMHEUMOHHOND KOMWTSTE 00 BbIHMEANTSABHOM TexHE

se CCCP [HOCMO KKBT SHCCCP

Cobbimue "06UMm cofpaHiem Akadem i Hayk M3GpaHs 0

HACTHUH HACTHIH
¥ ¥ Cufupek..."

OPFEHKEATOR  ORFAHWEATO pasaHoeaHne 10-netna OTAena NporpamsMpOBaHMA
0 10 L8}

TpaTiil BESCOEHEIA CHin N0y "CHETSMHDE M TEODETHY

WHACTHMK "
OpOrpamMrposaHMe

MHCTATYT BbIHMCANTSBHOK 4 3TSM 3TIKI W 06 3TE M ATHHECHI

reoduzari CO PAH

1964 1988 WHACTHMK 2aBSOyHILLMEA OTASADM

1959 1964 WHICTHMK SABSAYIOLLAVN OTASNOM WHCTWTYT maTewmatukn mi, C./1. CoBoneea CO PAH
MpOrpat it MpOBaHIA

OTpam. B
FIOHYM SHT &

OTpameHre

Puc. 1. ®parment crpanuisl OTKPBITOTO APXUBA, TOCBSIIICHHON
akagemuky A.Il. EpmoBy

B pa6ore [Schultz 2012] npennoxeHa deThIpexIaroBasi CTpaTerus
WHTETpalii CBA3aHHBIX JAHHBIX B mpuioxkeHus. llomumo mpoliem,
crenUUecKrux JUIi KOHKPETHOTO TPUIIOKEHUS, TPeOyeTcsl PelInTh
mpoodJeMy JOoCTyna K CBsI3aHHBIM JaHHbIM (1), mpobiemMy HopMmalu-
3anuu cioBapeit (2), ycTaHOBJICHUS UACHTHYHOCTH CymHOCTel (3) u
¢unbTpannu qanabix (4). CnocoObl pemeHns 3TUX npobieM Bapbupy-
10T B JIMANa30He OT PyYHBIX JI0 aBTOMaTH3UpoBaHHbIX [Isele 2010, Ngo-
mo 2011, Shvaiko 2013]. Ilpu 3ToM Takue mpoOIEMBI, KaK TpodiIemMa
YCTaHOBIIEHUS] COOTBETCTBHUSI MEXK]Ly OHTOJIOTHSAMH, a TaKXke Mmpodiema
00beIMHEeHNS TaHHBIX U3 Pa3HbIX HAOOPOB, «eIle HAXOIATCS B IE€TCKOM
coctostHun» [Tramp, 2012]. B paborax [Apanovich, 2010, Apanovich,
2013] moxpoOHO PacCMOTPEHBI METOJBI MCCJCIOBAHUS OHTOJIOTHH U
KOHTEHTa CEMaHTUYECKUX CHCTEM IIPU IOMOILIU Pa3IMYHbIX METOIOB
Bu3yanu3auuu, pazpadoranusix B UCHM CO PAH. B pgannoit pabote
OyayT paccMoTpensl mpobinemsl (2), (3) u (4) 1 TPOAEMOHCTPUPOBAHBI
METO/IbI PEIICHHS ITUX MPOOIEM.

B xauecTBe TECTOBBIX MPUMEPOB UCIOIB30BAIMCH JAHHBIE OTKPbI-
toro ApxuBa CO PAH, cTpykTypupoBaHHbIe MPH MOMOIIU OHTOJIOTUU
OHC [Mapuyk 2010] u paznuunbie Ha0OpbI OUOIUOrpadUIECKUX JIaH-
Heix noprana RKBExplorer.com, cTpyKTypupoBaHHBIC MPH ITOMOLIH
AKT Reference ontonoruu [AKT 2014].
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1. BKCHepHMeHTbI 110 BbIpAaBHUBAHUIO OHTOJIOTH I

OnauM W3 1IabJOHOB TIOCTPOCHHUS OHTOJOTMH B TPHIIOKEHHUSX
Semantic Web siBiisieTcst TO, 4TO CyIIHOCTH, OTTCAHHBIE C TIOMOIIBIO OT-
HOUICHUH B OJTHUX OHTOJIOTHSIX, MOTYT OBITh OMTMCAHBI KAK AK3EMILISPBI
KJIACCOB B IPYTOH OHTOJIOTHH. DTOT IAOIOH KOMIIEHCHPYET OTCYyTCTBHE
arpu0yToB y npeaukaroB RDF. Takoii mabmnoH ucmnonb3yercst B OHTOJIO-
run OHC u nmo3BosnsieT onmuchIBaTh Takue (GakThl Kak, «akageMuk A.IT.
Epmos 6b11 maBoii otaena B Mucrutyre maremaruku CO AH CCCP
¢ 1959 no 1964 u pyxoBoautenem oTnaena B BeluucaIuTeIbHOM LIEHTpe
CO AH CCCP ¢ 1964 no 1988 rom» (cm. puc. 1). s atoro cymie-
CTBYET CHEUUAJIbHBIN KJACC oHC:participation, COOTBETCTBYIOIIUI OT-
HoueHuto akt:has-affiliation onronorun AKT Reference, sxzeMIuisiper
KOTOPOTO UMEIOT aTpuOyTHI from-date u to-date. 1o Tem ke mpuanHamM
Takue KJIacChl, KaK ouc:dating, onc:naming, onc:authorship, Ncnonb-
3ytorcst B oHTOsorud OHC BMEcCTO Takux MpeauKaroB, Kak akt:has-
author, akt:has-date wim akts:has-pretty-name. 1lnatoi 3a pacmmpeHue
BBIPA3UTEIBHBIX BO3MOKHOCTEH SIBIISIETCS YCIO)KHEHHE MTPOOIEMbI HH-
Terpaluy JaHHBIX, IOCKOJIbKY CHCTEMAaTH4eCKH BO3HUKAeT HEoOXOoau-
MOCTh B YCTaHOBJICHUH COOTBETCTBUS MEKIY Pa3IHYHBIMH TPYIIIaMH
KJIACCOB M OTHOUICHUH JIBYX OHTOJIOTHH C Pa3IHMYHBIMH CTPYKTYpPHBI-
MH CBOICTBaMH. A HMMEHHO, BO3HHMKAaeT HEOOXOAMMOCTh yCTaHOBIIE-
HUSI COOTBETCTBUS Mexay rpynmoit Buma «Classl-relationl- Class2»
OJTHOM OHTOJIOTHH M OHOM MJIM HECKOJIBKUMH Tpynmamu Buaa «Class3-
relation2-Class4-relation3-Class5» npyroii ontonoruu. Taxasi TpaHc-
JISAAS MOXKET OBITh OCYIIIECTBIIEHA Tpy oMol 3arpoca SPARQL 1.1.
VYrpoiueHHasi Bepcust mabIoHa 3TOro 3arpoca UMEET CIICAYIOLINM BU:

PREFIX iis:<http://iis.nsk.su#>
PREFIX akt:<http://www.aktors.org/ontology/portal#>
PREFIX akts:<http://www.aktors.org/ontology/support#>
CONSTRUCT {
_:p aiis:Class4.
_p: iis:relation2 ?instancel.
_p: iis:relation3 ?instance?2.
j
WHERE {
?instancel akt:relationl ?instance?2.
?instancel a akt:Classl.
?instance? a akt:Class2.

}

94



g ynpolueHus 3a1a4M 1MoJib30BaTessl 0 HAIMCAHUIO TaKOoro poja
3aIpOCOB HaMU pa3paboTaHa IporpaMma, KoTopasi o3BojseT reHepu-
poBatb SPARQL-3anpocsl Ha OCHOBe BU3yanu3aluu oHTonoruu. [pu-
Mep yCTaHOBJIEHHs TAKOTO COOTBETCTBUS MMOKa3aH Ha puc. 2. CHavasa B
WHTEPAKTUBHOM PEKUME YCTaHABIMBAETCS COOTBETCTBHUE MEXKIY JBY-
Ms1 HabopaMH KJIacCOB M OTHOILEHMH, a 3aTeM aBTOMaTH4eCKU IreHepu-
pyercs mabmon SPARQL-3ampoca, oCymiecTBISIONIMA TPAHCIISIIIO
JTAHHBIX.

Puc. 2. I/IHTepaKTI/IBHOG YCTaHOBJICHHUE COOTBETCTBUA MEKIY KilacCaMU
1 OTHOIICHUAMU IBYX OHTOJIOTHH

2. YcTraHoBJIeHHe HAEHTHYHOCTH CyIIHOCTel U GUiIbTpanus
pe3yJ1bTaToB

BaxHbIM 3TanoM MONOJIHEHUs OJAHOM 0a3bl 3HAHWHM MPH TTOMOIIU
Jpyroi sIBJsSETCS 3Tall YCTAHOBJIEHUS MACHTUYHOCTH CYLIHOCTEH, TO
€CTh reHepalusi OTHOLICHUH Buaa owl:sameAs. B wactHocTH, HEOO-
XOJIUMO TMPAaBUIBHO WACHTUDUIIMPOBATH TIEPCOH, ONMMCAHHBIX B 00EnX
CEeMaHTHYECKHX CHCTeMax. XOTs 3Ta mpoliieMa M3BeCTHa HCCIeIoBa-
TEISIM MHOTHE TOJIbl, OHA JAJIeKa OT CBOETO OKOHYATEIBHOIO PEIICHHUS.
[TonTBepxkneHueM 3Toro ¢axra sBISIETCS TO, YTO B MPOIECCEe HAIINX
HKCTIEPUMEHTOB MBI PEryIsIpHO OOHApPYKHMBAJIM B XOPOILIO M3BECTHBIX
CUCTEeMax MOIJCPKKH HAYYHBIX HCCIEIOBAHUI OMIMOOYHbBIE TaHHbIE,
Kacatourecs: myonukanuid nepcon u3 Otkpeitoro apxua CO PAH, B
TOM YHCiIe MyONuKamuii TaKOoro M3BECTHOTO YeJIOBEKa, KaK aKaJIeMHK
Amnppeit IlerpoBuu Epmos. [TosTomy ocTraHoBUMCST Ha 3TOM BOIpPOCE
noapooHee.
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B OtkpbITOM apXuBe Bce IEPCOHbI ONMMCAHBI IPY MIOMOLIH aTpulyTa
onc:name. On umeet popmat <damunust, Ums, OTyecTBO> 1 ABa Bapu-
aHTa HAIMCAHMS: PyCCKOS3BIYHBIN M (MHOTIA) aHIJIOS3bIYHBIN BapUaHT.
[Ipu 3TOM BO3MOXXHO MHOI'O BapHUaHTOB JIATUHCKOIO HAIIMCaHUs pyc-
ckux uMeH. Pycckas ¢amunus EpmoB moxeT mucarbcsi Kak Yershov,
tak 1 Ershov. J[7s moBbIIeHNs TOTHOTHI CPAaBHEHUS PYCCKOSI3BITHBIX
BapuaHTOB (aMHIUI ¢ MX JATUHCKUMHU SKBHBAJIECHTAMH HEOOXOIUMO
TEHEPUPOBATh BCE BO3MOXKHBIC BapHaHThl TPAHCIUTEPALUH PYCCKUX
OyKB B JIaTUHCKHE. BTOPBIM HCTOYHMKOM MHOTroOOpa3usi IMEH SBIISET-
sl TO, UTO B JIATHHCKUX MH(OPMALIMOHHBIX CUCTEMaxX UMEHA HE BCEraa
HOPMaJIM30BaHbl U UMEIOT MHOTO BAPHAHTOB. DTO MOXeET ObITh <M
Oamunust >, <Wwms [lepsas Oyksa OtuectBa ®amunus > <[leppas Oyksa
nmenu [lepsas 6ykBa OTtuectBa @ammius > u ap. B kauecte nepBoro
mara HeoO0X0MMO IO HOPMAIM30BAHHOMY PYCCKOMY MMEHHU CTE€HEepH-
pOBaTh Bce BO3MOXKHBIC BapUAHTHI TPAHCIUTEPALMH, a 3aTeM COOTBET-
CTBYIOIIME UM BapuaHThl arpuoyTa full-name u cpaBHUTH 3TN BapHaHTHI
C TeMHU HMEHaMH, KOTopble cofepxarcs B 0aze nanHsix RKBExplorer.
com.

KoneuHo, METONbI CpaBHEHUSI CTPOKOBBIX 3HAUEHWH HE SBISIOTCS
HOBOHM 00JIACTHIO MCCIICAOBAHUS U UMEIOT OOMIMPHYI0 OnOnnorpaduio
[Cohen 2003]. TTosTOMY J0CTaTOYHO CKa3aTh, YTO JJIsi CPABHEHUS Ba-
PHAHTOB MMEH HCIOJIb3YETCs] TOKEHU3UPOBAHHBIA BapHUAaHT METPHKHU
Jaro-Winkler [Cohen 2003]. To ecTh cHauana cpaBHUBAIOTCS (aMUITHH
n3 panaeix RKBExplorer u OTKpBITOrO apxuBa ¢ 04eHb BHICOKUM T10-
POTOBBIM 3HaYEHHEM, a 3aTeM C 00JIee HIU3KUM ITOPOTOM CPAaBHUBAIOTCS
BapHUaHThl MMEHH M OT4ecTBa. HeTouHoe coBmaieHue MMEH Ha JaHHOM
JTarne SBISIETCS HEOOXOOUMBIM YCIOBHEM, 00ECIEUMBAIOIIMM MOJIHO-
Ty TIOMCKA, IIOCKOJbKY B JIATUHCKMX BapHaHTaxX JAaHHBIX MOCTOSIHHO
OOHApy>KUBAIOTCSI HE MPEIyCMOTPEHHBIC TMPaBUJIAMH  BapHAHTHI
TpaHciuTepanuu. Tak, B XOJ€ 3TOro 3KCHepUMEHTa B 0a3e JaHHBIX
RKBExplorer.com Obuin 0OHapyXeHbI MyONHKalllu, COOTBETCTBYIO-
mue nepcone A. P. Yershov.

Ilocne 3aBeplueHust 3Tana reHepaluM KaHAWAATOB IPOTrPaMMHO
ctpoutrcs SPARQL-3anpoc, KOTopblil 10 crnucky GamMuini, UaeHTH-
(UIMPOBAHHBIX KaK COBMABIINE B 00enX 0a3ax 3HaHUH, BBIJIACT CITCOK
naentupukaropoB RKBexplorer u arpuOyrtoB akt.full-name, coorBer-
CTBYIOIIMX Ka)KJIOMY BapHaHTy aTpuOyTa oHC. name, i CIIMCOK ITyOJInKa-
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W, CBA3aHHBIX C KOHKPETHBIM HACHTU(HUKAaTOpOoM. [IpH 3TOM KaxkIo-
My H3 3TUX HMeH OTKPBITOTO apXHBa COOTBETCTBYET HECKOJIBKO Pa3HBIX
UICHTH()UKATOPOB IEPCOH, KXKIBII N3 KOTOPHIX UIMEET CBOH COOCTBEH-
HBII aTpuOyT akt:full-name v oTaenbHBIN criMcok myOnukanuii. Tak, Ha-
npumep, Ui nepconsl «AHpeil [lerpony Epmios» uz OTKpeITOTO ap-
xuBa B 0a3e nanHbIx dblp.rkbexplorer.com Obu10 00HApYXKEHO 18 HK3EM-
TUISIPOB TIEPCOH ¢ arpulyToM akt:full-name paBubiM «Andrei P. Ershovy,
IpY ATOM OOJIBIIMHCTBY HaWIEHHBIX WIACHTH()UKATOPOB COOTBETCTBO-
BaJIO MO ofiHOM myOnukanmu. Hanpumep, 3K3eMIuIsIpy ¢ MAeHTUHKATO-
pom http://dblp.rkbexplorer.com/id/people-elac8593dbc7dbbec5766-
ea313914be4-1211d4d9974a0a977bd166da859d928f  coorBercTBO-
Baja onHa myonukanms «Mixed computation in the class of recursive
program schematay. A sx3emIusipy ¢ naentudukaropom http://dblp.
rkbexplorer.com/id/people-e1ac8593dbc7db6ec5766ea313914be4-2-
fd1e3b39206345ab05fd9be97bc0d00 cooTBeTcTBOBaNAa OAHA IyOIH-
karust «Time sharing: the need for re-orientation». [Tomumo 3TOTO 00-
HapY>KWINCh JIPYTHe MEPCOHBI C TIOXOKUMH arpubytamu akt.full-name
U cBOMMH Habopamu myOnukanuii. J[Be myOIuKauy COOTBETCTBOBAIH
JIBYM TIE€PCOHAM C pa3HbIMU HACHTU(PHUKATOpAMH U aTpuOyToM akt:full-
name paBHbIM «A. P. Yershov», oHa myOimkaius — nepcone ¢ arpuoy-
ToM akt:full-name paBubM «A. Ershovy», ojHa myOnuKamms — nepcoHe ¢
arpubytom akt.full-name pasubiM A. Yershov, 1Be myOaukanuu — nep-
coHe ¢ atpudyToMm akt.full-name paBusiMm Andrew Ershov.

Bosnukaet nBa Bomnpoca:

1) Kakue u3 BBIIEYNOMSIHYTBIX HACHTH(PHUKATOPOB COOTBETCTBYIOT
OJTHOMY U TOMY k€ (PU3M4ecKoMy OOBEKTY U, CTAJIO OBITh, MOTYT OBITH
CBSI3aHBI OTHOIICHHEM ow!:sameAs, a KaKue U3 HAX OMUCHIBAIOT Pa3HbIC
¢duzndyeckue 0ObEKTHI?

2) Bee nmn myOnukanuu, MpUIMCAHHBIC TIEPCOHE C OHUM WICHTH-
(buKaTOpoOM, IPUHAUIEKAT OTHOMY M TOMY kK€ (PH3HIECKOMY 0OBEKTY?

OueBHUIHO, YTO OTBETHI HAa 3TU BOMPOCHI UIMEIOT CYILIECTBEHHOE BIIH-
sIHUE, HaIpuMep, Ha TIOJICUeT WHAEKCa NUTHpoBaHM. Hamm skcrepu-
MEHTBI IOKA3aJI1, YTO, KaK PaBUII0, MyOIHKALUH IEPCOH, HMEIOIIUXCS
B OTKpBITOM apXuBe, OBIBAIOT Pa30pOCaHbl 10 HECKOIBKHM Pa3HBIM Iep-
COHaM C pa3HbIMH HjeHTU(UKaTOpaMu n3 0a3wl qanHbIx RKBExplorer,
Y MHOT/Ia OTHOMY M TOMY K€ UACHTH()HUKATOPY MPUITUCHIBAIOTCS Ty O~
KaIliM Pa3HBIX Gu3udecKux nepcod. CTaHIapTHBIM CIOcOOOM HIICHTH-
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(uKaMK IEPCOH CUMTACTCS UX UACHTHU(HUKALMS HE TOJIBKO 10 UMEHH,
HO U I10 a/Ipecy IEKTPOHHOW IOYTHl WM I10 IIEPCOHAIBHON CTPaHU-
ue B MatepHete. K coxxaneHuto, 1 MHOTHX MEPCOH, COCTABIISIOMNX
HaroimHeHne OTKPBITOTrO apXuBa, TaKOH MH(OPMAILMH HE CYLIECTBYET.
Kpowme 3T0ro0, 3TN JaHHBIE MOTYT MEHSTHCSI BMECTE C U3MEHEHUEM MeE-
cra pabotel. 3ato B OTKPHITOM apXHUBE MOIACPKUBACTCS WHPOPMAIHS
0 MecTax padoThl IEPCOH, C YKa3aHUEM IIepHoia padOThl B KOHKPETHOM
OpraHu3aluny, Kak 3To nokazano Ha npumepe A.I1. Epmosa. Kpome sT0-
ro, B OTKPBITOM JIOCTYIIE MOSBJISIIOTCS TEKCThI MyONMKAIMi, KOTOpbIE
TaKKe MOTYT OBbITb MCTIOIB30BaHBI JUI UACHTU(DHUKALIMH [IEPCOH.

ITo3ToMy B HAcTOSIILIMH MOMEHT BBIIOJIHEHA IIEpBasi CEpUsl IKcIie-
PUMEHTOB TI0 UJCHTU(UKALIMU TIEPCOH HA OCHOBAHUHU WX MTYyOJIHKAIIUH.
Brinonssiercs aBa Buaa npoBEpKU.

1) IlpoBepka mo mecty padorsl. Jlara kaxmoil myOnukanuu us-
Biekaercs u3 RKBEplorer nmpu nmomomm SPARQL-3anpoca, no 3toit
UHPOPMAIMK HAXOAUTCS MECTO PabOTHI MEPCOHBI, COOTBETCTBYIOLIEE
yKazaHHOMY nepuoay B OTKpPBITOM apxuBe, U HalJEHHOE MeCTO pado-
TBI CPAaBHUBAETCS C MECTOM pabOThI, yKa3aHHBIM B TEKCTE ITyOIMKaIuN
(ecm mmeercs).

2) IIpoBepka Mo cNUCKY HMTHPYEMOIl JUTepPaTyphl. YIPOILICH-
Has MpoLeAypa COCTOUT B TOM, YTO BapHaHThl UIMEHU TE€CTUPYEMOIO
aBTOpa KaKJOW MyOJIMKAalU{ CPAaBHUBAIOTCS C MMEHAMM aBTOPOB ITy-
OnMKaImii, U3BJICKAEMbIX M3 CIIMCKA IUTHPYEMOW JuTeparyphl. Ecim
oOHapy>kuBaeTcs (MPUOIU3UTENTHHOE) COBMACHHE UMEH, TO TEKyIlas
myOnuKanust 00beINHAETCS B OTHO MHOXKECTBO C Ha3BAHUSMH ITyOIH-
Kallii OTHOMMEHHOTO aBTOpa U3 CMHCKA IUTUPYEMOH JIUTeparyphl. 3a-
TEM Ta ke camasi MpoLeAypa MPUMEHSETCs K 100aBICHHBIM ITyOJInKa-
nusaM. OTa Impouenypa He BCerza M03BOJIsIeT OJHO3HAYHO ONPEAEIUTh
HWJEHTUYHOCTh MEPCOH U B JAJbHEMIIEM IJIAHUPYETCS €€ pa3BUTHE B
HECKOJIbKUX HalpaBlIeHUsX. Bo-mepBbix, mNpeamnonaraercs CTPOUTH
Oosiee pa3BETBICHHYIO CETh IIUTHPOBAHUS, YUUTHIBAIOIIYIO HE TOJIBKO
aBTOpA, HYKIAIOLIETocs B UACHTU(UKALIUHI, HO U €r0 COaBTOPOB. A BO-
BTOPBIX, BKJIIOUATh B 3Ty CE€Th LUTUPOBAHMS CCHUIKH HA BCEX aBTOPOB, a
HE TOJBKO Ha aBTOPOB C MMOXOKUMH UMEHAMH.
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3akjaoueHue

B nmanHO# paboTe paccMOTpeHBI MPoOIeMbl 000TaIICHUST HAYYHBIX
0a3 3HaHWU MPH MOMOIIM KOHTEHTa OWMOIMOrpadUvecKrX MOpTaoB
n3 obmaka LOD u moaxonmel k ux pemeHnto. COOTBETCTBUE MEXKIY
HabOpaMU TaHHBIX, 0OCHOBAaHHBIX HAa 3TUX OHTOJIOTHUSIX, YyCTAHABINBACTCSI
nipu oMo SPARQL-3ampocoB, KoTopsie TeHEepupyroTcs Ha OCHOBE
BHU3YyaJIN3allN OHTOJIOTH.

Taxke TpOAEMOHCTPHUPOBAHO, YTO OOBIYHBIE WHCTPYMEHTHI, TPH-
MEHsSEMbIe Ul YCTAaHOBJICHHUS HIEHTUYHOCTH CYIIHOCTEH Ha OCHOBE
CTPOKOBBIX METPHK CXOJCTBA, HE MO3BOJIAIOT Pa3jivyaTbh aBTOPOB IIy-
ONMKaIMid, SBISIONUXCS Te3KaMH WM Jake opHogamuibiamu. Pac-
CMOTPEHBI aJIbTEPHATUBHBIE MOJXO/IbI K PELICHUIO 3TOH MPOOIEMBI.
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YK 81°322

®OPMAJILHASI MOJIEJIb UMEHHBIX YACTEN PEUA
KA3AXCKOTI'O S3BIKA

B.)K. Eprewu (b.yergesh@gmail.com), A.C. MykaHoBa,
I'.'T. bekmanoBa, A.A. Lllapunoaii
EBpasuniickuit HarmoHanbHbIN yHUBepcuteT uM. JI.H. I'ymuinena,
Acrana, Kazaxcran

B nanHO# paboTe onmchIBaeTCs IOCTpOSHHE (hOPMaIBHBIX MOJIENIei IMCH-
HBIX 4acTell peur Ka3axCKOro sI3blKa ¢ IOMOLIbIO CEMAaHTUUECKUX IHIEp-
rpaoB, Ha IPUMEPE HMEHH CYIECTBHTEIBHOTO.

BBenenue

Kazaxckwii sI3bIK OTHOCHUTCSI K TFOPKCKHM SI3bIKaM, KOTOPBIE B CBOIO
odepe/lb OTHOCSTCSI K arrIFOTUHATUBHBIM si3bIkaM. KazaXckuil s3bIK
XapaKTepU3yeTcsi OOJIBIINM YHCIOM CIOBO(GOPM JUIS Ka)KIOTO CIIOBA.
CrnoBodopmbl 00pa3yroTcsi PU MOMOINM J00ABICHHUS K HAYaIbHOM
¢dopme ciosa (ocHOBe) cypdukcoB 1 okornuanuii. Cypdukchl 1 OKOHYA-
HUSI IPUCOCTUHSIOTCSI B CTPOTO OMpE/eIEHHON MOCIIEI0BaTeIbHOCTH.
CoBa B Ka3axCKOM SI3bIKE M3MEHSIOTCS IO YMCIIaM, Ma/ie)kaM, JTUIAM.
Ectb nputskaTenbHbIi NageX, KaK B AaHIJIMICKOM SI3bIKE.

B Hacrosiiiiee BpeMst OHTOJIOTHSI SIBJISIETCS MOIIIHBIM M PACIpOCTpa-
HEHHBIM WHCTPYMEHTOM MOJICTUPOBAHMSI OTHOIICHUI MEXIly OObeKTa-
MU Pa3IUYHBIX MPEIMETHBIX oOnacteil. [IpuHsiITO KiaccupUIUpoOBaTh
OHTOJIOTHH TIO CTEMEHHM 3aBUCUMOCTH OT 3aja4d WM MPUKIATHOW 00-
JIACTH, 110 MOJICITU MPECTABICHUSI OHTOJIOTUYECKUX 3HAHUN M €TO BbI-
pa3uTeNbHBIM BO3MOXKHOCTSIM U JpyruM napamerpam [Gruber, 1995].
[puKiTagHbple OHTOJOTMH OIMMCBHIBAIOT KOHIIENTHI, KOTOPBIC 3aBUCST
KaK OT OHTOJIOTHM 3a/1a4, TaK M OT OHTOJOTHH MPEIMETHOW 00IacTu.
[MpukitagHas OHTONOTHS Pa3padaThIBa€TCs HA OCHOBE OOIIMX MPHH-
IUTIOB TIOCTPOEHUSI OHTOJIOTHI, HO C YYETOM HCIIOJIb30BaHUsI B Kaue-
CTBE MOJICTH TIPEICTABJICHUS 3HAHHW CEMAaHTHYECKUX TUreprpagos.
JanHbli GopManu3M MO3BOJSET ONpPEACTUTh OHTONOTHI0O (OB BHUJC
tpoiiku: (V,R,K), tne V' — MHOXeCTBO NOHATHH TPOOIEMHOM Cpebl
(Bepurunbl runieprpada), R — MHO)KECTBO OTHOILICHUN MEXK/TY TIOHSTHUS-
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MU (yru u pebpa runeprpada), a K — MHOXKECTBO UMEH TOHSTHH U
OTHOIIECHHH B IaHHOH MpeIMeTHON 00IacTH.

OnHuM 13 (GOPMATBHBIX CPEICTB NPEICTABICHUS 3HAHUH SIBISETCS
SI3BIK CEeMaHTHYECKHUX TUTIEPTpadoB, B KOTOPOM MOYKHO B 3aBHCUMOCTH
OT THIIOB CBSI3€H peain30BbIBATH KiIaCCH(PUIIUPYIOLIHE, (GYHKIIHOHAIb-
HbI€, CUTYallHOHHBIE, CTPYKTYpHBIE CeTU U clieHapuu. CeMaHTHYeCKuil
rurneprpad SBISETCS paclIMPeHHEM CEeMaHTHYEeCKHUX ceTeil, rae ecre-
CTBEHHBIM 00pa3oM TMPENCTABISIOTCS N-apHbIE OTHOMICHUS, KOTOPbIE
MO3BOJISIIOT 3a/1aBaTh HE TOJIBKO aTpHOyTHl OOBEKTOB, HO M IMPEICTaB-
JIATh UX CTPYKTYpPHBIE, «ILIETOCTHBIE» onucanus [ XaxanuH, 2009].

B pa6Gorte [Zhen, etc., 2010] cemanTrueckuii runeprpad onucwipa-
eTCsl KaK «ceMaHTHuecKkasi ceTb Ha ocHoBe runeprpada (hyper-graph
based semantic network (Hy-SN))», oHu mMoryt mpencraBiarh Ooiee
CJIOKHBIC CEMaHTHYECKUE OTHOINICHHSI M UMEIOT Oosiee d3PPEKTUBHYIO
CTPYKTYPY IAHHBIX JUIS XpaHEHUs 3HAHUH B XPaHUIINIIAX.

Uzsectno [Berge, 1985], [Vizing, 2007], uto runeprpad H (V, E)
onpenensiercss napoit (V, E), rme V — MHOXecTBO BepmmH V = {v;},
ie = {1, 2,...,n}, a E — muoxectso pebep E = {g}, ] €J= {1, 2,..,
m}; Kaxaoe pedpo nmpeacTaBiseT codoi moaMHoxecTBo V. Bepaa v
1 pedpo € Ha3bIBAIOTCS MHIMACHTHBIMH, ecii v € €. [{na v € V uepes
d(v) oboznauaercst uncno pedep, HHIMIECHTHBIX BepiunHe Vv; d(v) Ha-
3BIBACTCS CTENECHBIO BepunHbI v. CTeneHp pedpa € — 4KiCiIo BEpIIHH,
WHIUJICHTHBIX 9TOMY peOpy, — 0003HauaeTcs uepes r(e).

[IpencraBnenue Moaenu MOp(HOIOrHYECKUX NPaBUI B BUAE OHTO-
JIOTUH TTO3BOJISIET MEPEBECTH MOPQOIOTHIECKYIO MOAETH NPAKTHYECKH
OZIMH K OTHOMY B OOBEKTHO-OPUEHTUPOBAHHYIO MOJIEIb MTPEACTABICHHS
TaHHBIX, TAE KJIACChI — 3TO YaCTH PEYH Ka3aXCKOTO S3bIKa, & OOBEKTHI —
UX CEMaHTHYECKHE KaTerophH, HalpuMep, OAYIICBICHHOCTh U HEOIy-
IICBJICHHOCTb.

Hcnonp30BaHNe OHTOJIOTUYECKON MOJIEIIH AJIS ITPEACTaBICHHUS MOP-
(donornyeckux MpaBWiI YacTe Pedr IMO3BOJSIET MOJHOCTBIO OMHCATh
MOP(OIOTHIECKYIO MOJIENb U UX OTHOMEeHHsA. CeMaHTHYeCKUi THUIep-
rpad UCTIONIB3YeTCs [UIs OMMCAHUS MOHATHH. Takoe mpeacTaBiIeHne 1o-
3BOJISIET TEPEBECTH B OOBEKTHO-OPUEHTUPOBAHHYIO MOJICTh JIaHHBIX,
IJIe KJIacCaMH SIBJISIOTCS] BEPIIMHBI CEMAHTHUECKOTO rHreprpada.

B at0ii paboTe moapoOHO OMUCHIBAETCS CYHIECTBUTEIHHOE Ka3ax-
CKOTO SI3BIKA.
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Lenp nccrnenoBanus: aBTOMaTU3aIMs TEHEPAUU CIOBOGOPM H HO-
BBIX CJIOB Ka3aXCKOTI'O f3bIKa U MOP(OJIIOrNYeCKOro aHain3aropa Ka3ax-
CKOTO SI3bIKa.

Dopmanu3zanus J1000ro eCTeCTBEHHOIO SI3bIKa SIBISIETCS CIIOXKHON
3agadeit. [To MHeHHIO aBTOPOB, NpobiaeMa (opMann3aliK Ka3axCKoro
SI3bIKa XOPOIIO PeIIaeTcs Yepe3 NPeUIoKEHHYIO HIKE MOJEITb.

(I)OpMaJIbHaSI MOA€JIb UMEHHU CYIIECTBUTEJIBHOI'O

Hdns wumeH cymecTBUTeNbHBIX (N) B KauecTBE CEMaHTHYECKUX
MPU3HAKOB HavaJbHBIX (DOPM BBICTYNAIOT OJYIIEBICHHOCTh (anim) u
HEoAyUIeBIEHHOCTh (inanim). B 3aBHUcMMOCTH OT 3TOro mpu3HaKa |
OIIPECIISIETCS] TPACKTOPHS CIIOBOM3MEHEHHS IMEHH CYIIECTBUTEIBHO-
ro. MM cyImecTBUTENbHOE B Ka3aXCKOM sI3bIKe cripsiraetcs (pers_end)
U U3MEHsIeTCs 10 najaexam (cases), a Takke ynciaaM (number) U umeeT
nputshkarenbHyto popmy (poss_end) [Kazak rpammarukacst, 2005].

Jns mocTpoeHHs OHTOJIOTHM MBI HCTIONB30BaJIM PENAKTOP OHTO-
norun Protégé [protégé, 2014]. Oto cBOOOAHO pacrmpocTpaHsIeMbli U
OTKPBITBI PEJAKTOP OHTOJIOTHH W (PEHMBOPK Ul TOCTpOCHHUs 0a3
3HaHui. Protégé Obut pazpadoran B CTIHI(OPIACKOM YHHUBEPCUTETE CO-
BMECTHO C YHHBEpCcHTETOM MaHdecTepa.

Ha pucynke 1 moka3ana OHTOJIOTHYECKAst MOJIC)Ib MMEHH CYILIECTBH-
TEJILHOTO C yYETOM CEMAaHTUYECKHUX MPH3HAKOB.

(ermasees |

O Fory_snd
L

Puc. 1. OnTonoruueckas MOACIIb HMCHH CYIECTBUTEIBHOTO
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hasfeg

Animj ks

5ign of animateness/ v f1 4y |nasy 4 [sign of inanimateness/ s

cazes | ks poss end kg

devided (€7 |Nom/ Vg devided / Py |1 ps Ty
devided [ €3 |Gen/ v, devided / 815 |2 ps Vg
devided [ 85 [Dat | T [devided / Py |3 ps /iy
devided / £1p |Acc) g
devided / eqy |Loc/ vy
devided f # |AbL Fig Pers end [ ky
devided [ ey, |Ins /gy dewided / P1s 1pr /P12

devided [ B15 2 pr (T3

devided [ S5 3 pr Ty

Puc.2. I'padudeckoe mpeacTaBacHUE OHTOJIOTHIA C HCITOIB30BAHUEM

CEMaHTHYECKOTro runeprpada

Ta6J'II/IIIa 1 onMCHIBACT MOHSATHS U OTHOIICHUS OHTOJIOTHYECKON MO-
JACJIM UMCHU CYHICCTBUTCIILHOIO.

Tabnuya 1
IMoHsTHS ¥ OTHOLIEHUS
ID O06o3HaueHne Onucanue
v N UM CYLIECTBUTEIIBHOE
vl Part_of speech Yactu peun
v2 Item IIpenmer
ky Anim Opny1eBIeHHBIH
v3 Sign of animateness [Ipu3HaK OMyIICBICHHOCTH
k, Inanim Heonymesnenusii
wd Sign of inanimateness IIpu3Hak HEOAYIIEBIEHHOCTH
kg Cases ITamexu
V5 Nom MMEHUTENBbHBIN Maex
vE Gen POIUTENBHBIN NaJEK
V7 Dat HaIpaBUTEIbHBIA Manex
va Acc BUHUTEJIbHBIN MaJIeAK
v Loc MECTHO-BPEMEHHOI Maaex
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vi0 Abl UCXOJIHBIN Masiex

vii Ins MHCTPYMEHTAJIbHBIN AKX
k, Pers_end [lepconampHOCTH

v1z 1 pr 1-e muro

vi3 2 pr 2-e nuuo

vid 3pr 3-e suio
ks Poss_end IToceccuBHOCTB

v15 1 ps TIPUHAICKHOCTD | JIHITY

v1é 2 ps MPUHAATICKHOCTD 2 JIHUILY

vi7 3ps MIPUHAJTIKHOCTD 3 JIUILY
ke Number Yucno

v1ig Pl MHOXECTBEHHOE

vig Sg €UHCTBEHHOC
el is a SIBIISICTCS
g2 denotes o0o3HayaeT

ed,ed has_feature nmeet hopmy
e5.e6 has nmeer
g7 —ell devided JICITUTCS
e22—e2B change H3MEHSETCA
e2? —e3l add nobasnsercs

Hna nuddepeHumanuu ceMaHTHUYECKHX TruneprpagoB or oOrie-
ro cemeiictBa rpadoB 3BEHbS M TUIEPAYTH OyJeM Ha3blBaTh CEMaH-
TUYECKUMU AYraMHy, a TaK)Ke IPUMEM, YTO B MHOXXECTBO BEPILIUH Ce-
MaHTHYECKOro runeprpada BXOAUT MHOXKECTBO KjaccoB K = k.1,
oA =1{0,1,23 .., 1} B KOKIbI U3 KOTOPBIX B CBOIO OYEpEeab BXOAUT
MHOXKECTBO dK3eMIUTsipoB kiacca [[lounnckwuii, 2012]. Bepmunay-kinacc
MOKHO MPEJICTABUTH CIEAYIOIIEH TPOUKOM:
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ky = V5. Ep.5,L

rae ¥, — MHOXKECTBO CBOMCTB Kiacca, E, — MHOKECTBO WHIMICHTHBIX
KJIaCCy CEMaHTUYECKUX AYI, 5; —MHOXECTBO 3K3EMIUIIPOB Kilacca
Bepmmna-kinacce «CymecTBUTENIbHORY:

ko = {{vy. v} {eg. 003 5,1

ky = {{v} {&:}. 5:}

ko = {{vy] {85} 53}

o = {{ve, Ve, Ve Vow Voo Vi pa Wiy b {870 By Bou Bypa By, By00 893 1 540
ky = {viz. vy Vg ) {er4. 815,805} 55

ks = {{ris. vie. 17} {017, €10, €10} 6]

kg = [{vig. vig) {820,211} 551

(2]

MpbI MOXXeM TpeAcTaBUTh MOPQOIOTHYECKYI0 MOJEIb CYIECTBH-
TEJIFHOTO C TIOMOIIBI0 CeMaHTHYECKOTO Tuneprpada:

l'uneprpad H(V, E),

meV=FK=1{k,}, E={e,} V=_{ky.ky.ky hksky ks kg}

E={e; ={kyk} e, =k} 8y, = {hykal) 832 = {ky Kub

24 = {ki.l l[i:E,}.- By = {kj_.l IICE,}J By = {k:,kg}; 8yz = {k:,ks} s B
Z ey k),

g5 — {kss kz}s fap — {kss k:t}J €31 = {kss ks}}

W3 yka3zaHHOTO CEMaHTHYECKOro rurmeprpada MOXKHO TONYyYUThH
(dbopMasbHBIC TIpaBUIIa C TOMOIIBIO CKOOOYHOH 3amucu. B 6a3e qaHHBIX
HayalbHBIX GopM ciioB oobeMoM 40000 cI0B ¢ CEMaHTUYECKUMHU pa3-
MeTkamu 25660 cioB mMeHa cCymiecTBUTeNbHBIE. KommuecTBo hop-
MaJbHBIX MPaBUJ Il UMEHM cylecTBUTenbHOro 4552. C nomoibio
9THX (HOPMANBHBIX MpaBwIl crenepupoBano 1605725 cioBodopm nme-
HU CYIIECTBUTEIBHOTO. TakiKe UMsI CYIIECTBUTEIEHOE BOZMOXKHO 00pa-
30BaTh U3 JPYTHX YaCTEH peUH.

[Ipumep CcIOBOM3MEHEHMSI OJYIIEBICHHOTO CYIIECTBUTEIHLHOTO
«Oana» — «pebEHOK» COAEPKHUT BCE CIOBOPOPMBI JAaHHOTO CYILIECTBH-
TEJILHOTO ¥ UX MOP(OJIOTHYECKYI0 HH()OPMAIINIO, KOTOPask COJICPIKUT
B COKpallleHHOM 00O03HaueHWH WHPOPMAIMIO O TOM, B KaKOM YHCIIE,
nasie)ke HaXOJUTCSl CYIIECTBHTENBHOE, OT KaKOro JIMIA IPOUCXOIUT
JICUCTBHE U €r0 MPUHAUIC)KHOCTh TOMY WJIM HHOMY Jinily. Ha mpumepe
| mpuBeIEHO CKIOHEHHUE CYIECTBUTEIBHOTO «Oana.
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[Ipumep 1. CkIoHEHUE CYIIECTBUTEILHOTO «Oaay
S=06ana

ky = {{vy. vz} {ey, €1} {Gana}}

gy = {Bana, anim},

£y7 = {6ana, coses}

ky = {{vs. ve. v7, vg, Vo, vyp. vys b Lo €g. 85040, 855,000,845 |,
{Bama, Banaxsry, Ganara, Gatadsl, Ganaga, Ganagas, Ganamen 1t

3akjaroueHue

[TocTpoeHbl OHTOJOTHYECKHE MOJEIN MOP(HOIOTHUESCKUX TMPABHI
Ka3axCKOro $3bIKa, YTO IO3BOJIMJIO 3amucarh (opMalibHbIE IpaBUiia
CIIOBOM3MEHEHHUS U CIIOBOOOPAa30BaHMs K101 yacTH peud. Ha ocHoBe
9THX MPaBUII CO37[aH MOP(POIOTHUECKUN aHATH3ATOP Ka3aXCKOTO s3bIKA.
OH MoXxeT OBbITh WUCIONB30BaH I CO31aHusl opdorpapuueckux Kop-
PEKTOPOB Ka3axCKOTO SA3bIKa, KOTOPHIX B JAHHOE BPEMs HE CYIICCTBYET.
[MonyueHHbIit MOPHOTOTHUECKHUN aHATM3ATOP MOXKET JIeXKATh B OCHOBE
Pa3IMYHBIX TPAHCISATOPOB, CEMAHTUYECKUX MMOMCKOBHKOB, UCIIOJIB30-
BaTbCsl B PEUEBBIX TEXHOJOTHSX U T.1.
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VIK 81'322.2:81'322.3:004.896

BOCCTAHOBJIEHUE TPAMMATHYECKHUX
JIUIICUCOB [TPU CUHTAKCUYECKOM AHAJIU3E!

T.FO. Ko63apesa (t.kobzareva@gmail.com)
M.E. Enudanos (xeme@rambler.ru)
I.I. Jlaxyru (delirl @yandex.ru)
Poccuiickuil rocy1apcTBEHHbII I'yMaHUTAapHbII YHUBEpPCUTET, MOCKBa

PaccmoTrpena mpo6ieMa BOCCTAaHOBIICHHSI TPAMMATHUECKHUX OSJUTHIICHCOB
IIpY aBTOMATUYECKOM CHHTAKCHYECKOM aHAJIU3€ PYCCKOTO MPEIJI0KEHNUS.
O0cyKIaroTcss TPaMMaTHIECKHe YCIOBHS MOSBICHHUS YeThIpeX Hanboee
BEPOSATHBIX TUITOB 3JUIUIICHCOB, IO3BOJISIFOIIME HAXOIUTh UX aHTELE/IEHTHI.

BBenenue

B s13bIKe CyIIeCTBYyeT HECKOIBKO MEXaHU3MOB, MO3BOJISIOLINX U30e-
rarh JIGKCHYECKHX TOBTOPOB, B YACTHOCTH — IPAMMAaTHUECKUAN DIUIUTI-
CHC — OITyIIEHNE TTOBTOPSIOIIETOCS CIIOBa WK (hparMeHTa MpeoKe-
Hus (S). YUenoBek, HE 3alyMbIBasiChb, BOCCTAHABIMBAET IO KOHTEKCTY
OTyIIeHHBIE cI0Ba: OH 835171 NUPONCOK U cbell (MAPOKOK). OH Oan cvlHy
06a neuenwvsi, a cebe 631 mpu (Nedenbst). Mawa nadena Kpachvle nep-
yamku, a MHe NPOMAHYNA Hoeble cuHue (TIEPUATKN).

OpHako aBTOMAaTHYECKUI aHAIHN3 TAKUX S HE MOXKET OBITh peann3o-
BaH CTaHAAPTHBIM CITIOCOOOM, TaK KaK SJUINIICHCHI HAPYIIAIOT OOBIYHYTO
CHUHTAaKCUYECKYIO0 CTPYKTYpY S. DTOro He OyJeT NPOUCXOAUTh, ECIH Ha
paHHUX 3Tamax aHajiu3a Mbl CMOKEM BOCCTAHOBUTH OIYIIEHHBIEC 3JIe-
MEHTHI.

Jlo Hacrosiiero BpeMeHH MPU aBTOMAaTUYECKOM aHaJHM3€ Takas 3a-
Jada He craBuiack. Huke ommcan ouH 13 BO3MOXKHBIX MTOJIXOJIOB K €¢
PELICHNIO B CHCTEME aBTOMAaTWYECKOTO aHalin3a, pa3pabarsiBaeMoil B
PITY. Crneunduka cuctemMbl ONMpEeNseTcs TeM, YTO CEerMEeHTaluus S
MPE/IIECTBYET MOCTPOCHUIO OOJNBIIEeH YaCTH CHHTArMAaTHYECKUX CBSI-
3efl, 4TO CYIIECTBEHHO YNPOIIAET pEIICHHEe MHOTHX 3ajaad aHaju3a
[Ko63apesa, 2007] .

' Pabora dvacTu4yHO moAAepkaHa TpaHTamu PODU 12-06-00366-a u

10-01-00532-a.
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Cucrema cocTouT 13 6 OI0KOB, padOTAIOIIMX B KECTKOM MOPSIIKE:

1. ITocTMopgosorus — penieHne HecIOBapHbIX MPodiieM MophoIio-
FMYECKOr0 aHaJIu3a.

2. Pa3peumienne omonnmuu yacreii peun [Ko63apesa, Adanacoes,
2002].

3. IlpeacermeHTanusi — MOCTPOCHUE MPOEKTUBHBIX (hparMeHTOB
OTIpeleNIUTEeNbHBIX IMEHHBIX U IpeiokHbIX Ipynn [Kob3apesa, 2007],
CIIO)KHOTO CKa3yeMoro W T.JI. — CBS3€H, (pOPMUPYIOIIMX €AUHHUIBI JTU-
HEWHOM CTPYKTYpPHI S /ISl 3Tara CerMeHTalluu.

4. CerMmeHTAUMs: [TIOCTPOCHUE CETMEHTOB — MPOCTHIX, MPUAATOY-
HBIX S ¥ BCSKOTO pofa 000pOTOB, IPAHUIIBI KOTOPBIX B PYCCKOM S MO
[IpaBUJIaM MyHKTyallMH 337ar0Tcs SKCIUIMLUTHO 3HAKaMU IIPEIUHAHUs
Y COYMHUTENbHBIMU coro3amu [KoG3apesa, 2007].

5. BHyTpHcerMeHTHBIN aHAJM3 — IOCTPOEHHUE CBA3EH CIIOB BHY-
TPHU CEIMEHTOB.

6. Me:kcerMeHTHBII aHAJU3 — IIOCTpOEHHUE rpada CBI3el CerMeH-
TOB.

Ve cermenTarus [Ko63apesa, 2007] u Tem OoJiee MOCTPOCHUE CBSI-
3eil CJIOB BHYTPU CEIMEHTOB B S C 3JUIMIICHCAMH MOPOXKAAIOT MHOXE-
CTBO MIPOOIIEM, TOITOMY S C JUTUTICKHCAMH JIO HACTOSIIETO BPEeMEHU HE
aHAJTM3UPOBAIHCE.

B Hactostieii padbote KpaTKO pPaCCMOTPEHBI 3JIEMEHThI TPAMMATHKH
BOCCTAHOBJICHHUSI CAMBIX YacThIX THUIIOB DIJUTMIICUCOB Ha 0a3e pe3ysibra-
TOB pabOThI MEPBBIX TPEX MOAYJICH CHCTEMBI, TO €CTh MIEPE/l CErMEHTA-
IUeH.

1. CuHTaKCHYeCKHEe AHOMAJIUYU NIPU TPAMMATHYECKHX
JJIMIICHCAX

Kaxnoii «manenbkoit apame» JI.Tennepa [Tensep, 1988] — curya-
LU, U3 KOTOPBIX CTPOUTCS S, COOTBETCTBYET IPOCTOE S MM HEKOTOPBIH
ero Tpanc(opM B cocTaBe CIOXKHOTO MpeaiokeHusi. B takom rpade B
HOPME €CTh MpeIuKaT-BepIINHA, AKTAHThl U CUPKOHCTAHTHI. M3BeCTHBI
MOTEHIMAJIbHBIE POJIM YacTel peur B ONMPENEICHHBIX (OpPMax B TAKOM
rpade.

[Toctpoenue rpada cBsizeil c10B onupaeTcss Ha HHPOPMAIHIO CIIO-
Bapsi MU rpaMMarTvku cucTteMbl. llpu smmuncuce — 3MMMHUHUPOBAHUH
CJIOB TIPU UX MOTEHIMAILHOM MOBTOPE — OKAa3bIBACTCSl HEBO3MOXKHBIM
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CTPOUTBH NMPOTHO3HPYEMBIE CIOBAPEM M I'PAMMATHKON CBs3H. Tak Kak
BO3MOJKEH JUIMIICHC [IOYTH JIFOOOro y3/1a rpada Win Jaxe HECKOJIbKUX
y3J10B OHOBPEMEHHO, AJUIMIICUCHI UMILIULUPYIOT Pa3Hble CUHTaKCUYe-
CKHE aHOMAJINH.

ba30if BOCCTaHOBJIEHUS AUIMIICUCOB CITYKUT I'paMMaTHKa, OMHCHI-
Barolasi aHOMaJIbHbIe CTPYKTYPBI C 3JIMMUHUPOBAHHBIMU IIOTEHIMAJIb-
HBIMH JIEKCHYECKUMH [TOBTOPAMU: SJUTUIICUC BO3MOXKEH TOJIBKO B OMpe-
JIEJIEHHBIX KOHTEKCTHBIX CUTYalUsX — IPU CUHTAKCUYECKOM «I1apa’uie-
JIU3Me» — MOJ00MH ABYX CTPYKTYp, Koraa 0e3 3JUIMICcHCa B OJHOM M3
(parMeHTOB MPEATIOKEHHSI BO3HUK OBI MOBTOP YK€ Ha3BaHHOM JIEKCe-
MBI WJIM HEKOTOPOTo (parMeHTa MpPeAIOoKECHNUS.

OCHOBOH COOTBETCTBYIOIIUX AJITOPUTMOB SIBJISIETCS CJIOBapb KOH-
TEKCTOB C NOTEHIMAJIbHBIMHU [TOBTOPAMH, B KOTOPBIX, YTOOBI TIOBTOPOB
n30exarh, OIyCKaeTCsl OJHO WM HECKOJIBbKUX c10B. Kpome Toro, B He-
KOTOPBIX CIIydasiX yAAaeTcsl ONpeAeauTbh MOpQOIOrHYecKue yCIOBHUS,
KOTOPBIM JOJKEH YAOBIETBOPATH AHTELEACHT IIUIICUCA.

2. Hanbosee pacnpocTpaHeHHBbIEC THIIBI JIJTHIICHCOB

PaccmoTpuM oCHOBHBIE THITBI IIMIICUCOB. B mpumepax Ha mecrte
AIIIUIICHCA CTOUT @, a B KPYIIIBIX CKOOKaX OKOJIO HErO — OJHO WJIU He-
CKOJIBKO OMYIICHHBIX CJIOB.

Tun 1. Inauncuc cyuwyecmeumenbHbvlX 6 NPUIAZONbHBIX AKMAH-
max «c coxpanenuem npeocmagumerisy.

Yacro BcTpevaercst oIyIieHre CymecTBUTensHOro (N) B UMEHHON
rpynne (WI') — anaumncucsl «c cOXpaHeHHeM MPEACTaBUTENSD, PACCMO-
tpennsie B [[lamyuesa, 1974]: B UI" anumunupoBano N, HO COXpaHseT-
csl HEKOTOpas ee KoMrnoHeHTa, ommyaromas Ul ¢ snnmuncucom ot UT ¢
AHTELIEZCHTOM.

Tun la. Ak 0Oe3 N-X03siMHA: €CTh COIJIACOBAaHHOE OIpE/CICHUE
(AK) — mpuiararesibHOe, MECTOMMEHHOE TpujiararejbHoe, MpuvacTue,
MOPSIIKOBOE YMCIUTENbHOE, HO HET N — X03siuHa AK: 4 noxynaio KHuzu
0 sotire u ucmopuyeckue @ (KHUTH). Mol 6K1104UIU 8EPXHION IAMNY, U
Hudxchan @ (namma) mym owce noeacia. Ilpasas pyka cunvhee neeoii O
(pyxn). Mos scusns Ovina onunnee, yem e2o © (KU3HD).

Tun I6. B UI' ecTb KOMMYECTBEHHOE MM MECTOMMEHHOE YMCIIH-
TeJIbHOE, HO HET MoJIHOo3HaYHOTO N: [lemp cwven yoice 08e nopyuu Mopo-
JHCen020, U s Xouy 3axkasams 06e O (IOpLUUU MOPOKEHOT0). [lems napu-
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cosan He mpu akeapenu, a 0ge @ (akBapenu). Coeramo 5 ynpasicnenutl
nonestee, yem 3 @ (ynpaxHeHus )

Tun I1. Snumunuposanue akmanma. Omnyckaercsa nenukom NI —
aKTaHT npeaukara: [lemp ne uuman cmamsu 00 smoui ucmopuu, a Meaw
yuman @ (cTarbro 00 3ToM uctopun). On OMKPLLL cecmpe 08epb, A OHA
3a6vi1a nomom 3axpvims O (1Bepb). OHu 00120 110008ATUCH IMUM CO-
bopom, Ho He cpomoepaguposanu D (3TOT coOOp).

Tun II1. Snauncuc npedouxamuenoii gepuiunbl. OnycKaercs mnpe-
JIIKAT TIPU €ro IOBTOPE B MEMOYKE COYMHEHHBIX S, UMEIOIINX OJIMHAKO-
BYI0 MOP(O-CHHTAKCUIECKYIO CTPYKTYPY: M3 namu ux cecmep Hamanwvs
ovlna 3a llemepconom, Bepa — @ (0bu1a) 3a Ilvixauesvin, Huna — @
(6b11a) 30 baponom Paywem ¢ghon Tpaydenbepe, Eruzasema — @ (Obina)
3a kHAzem... (B. HabokoB).

Tun IV. Snnuncuc ¢hpazmenma S. B 1ienoyke COUMHEHHBIX S ¢ O1U-
HAKOBOM MOP(O-CHHTAKCHUECKON CTPYKTYPOH OIMYyCKAeTCsl, HAaYMHAsI CO
BTOPOTO U3 COYMHEHHBIX, CTPYKTYPHO U JIGKCHUECKH MTOBTOPSIOLINICS
(dbparmenT: /[{eadyams 1em maxKozo manya coCmasiasniom 31oxy, COpox
— @ (JIeT TaKoro TaHIa COoCcTaBIsIOT) ucmopuio. (O.Mannenbimram) Ha
00HOM U3 IUCMOYKO8 HARUCAHO omeYy, HA Opyeom — ) (A3 TUCTOYKOB
Hanucano) mames. (http://www.folks.ru/mystery.php?art=183)

Bo3M0oXHBI KOMOMHAIIUKM PA3HBIX THIIOB JUIMIICUCOB: Mue nanuiu
600y, @ (1) Huxoeda maxoii éKycHou @ (Bozpl) He nui. A 3uar pan-
yy3cxuil A3bIK, a motl opye @ (3Haer) (=) umanvsanckuil @ (SI3bIK).

3. CuHTaKkcnuecKue 0COOEHHOCTH KOHTEKCTOB
€ YJLIMIICHCAMH

[ BoCcCTaHOBJIEHHUS AIUIICUCOB HYKHO YMETh HaXOAUTh KOHTEK-
CTBbl, CHHTaKCHY€ECKasi CTPYKTYPa KOTOPbIX UMIUIMLIHPYET MOTEHIHAb-
HBII MOBTOP. B 9THX KOHTEKCTaX, COOTBETCTBEHHO, MPOUCXOAUT OITYy-
meHne N U MX CTPYKTypa onpenessieT MOMCK aHTeLeleHTa 3JIMMHUHU-
poBanHOTO N.

Mgl 33/1aeM CTPYKTYPY KOHTEKCTOB, B KOTOPBIX MPOUCXOUT OIYIIIe-
HHUE KaKUX-TO CJIOB WIH (PParMeHTOB S, UCTIONB3YS TOIBKO MOP(OIOTH-
YeCKy10 HH(POPMALUIO U PE3yNIbTaThl paboThl aNTOPUTMOB OJIOKA Mpe-
cerMeHTanuu. To ecTh MPU BOCCTAHOBJICHUH IPAMMATUYECKUX JJUTUTI-
CHCOB MBI OIMPAEMCsl TOJbKO Ha IOCJIEJ0BAaTEbHOCTD CJIOB U 3HAKOB
NpenuHaHus 1 nocrpoeHHsle B npeacerMentanuu UL, III7 n crioxxHbIE
WMEHHBIE CKazyeMble. JIMHeHHbIe CTPYKTYpHhI, CIyXKallue i MONCcKa
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AJUTUTICUCOB U WX aHTEIIEIEHTOB, 3aJJAaI0TCS B AITOPUTMaX JIMHEHHBIMHU
koH(purypauusmu [Mensuyk, 1964] — nocienoBaTebHOCTAMU ONpeie-
JICHHBIX YaCcTeW peuH, Ha KOMIIOHEHTHI KOTOPBIX HAKJIaIBIBAIOTCS OTIPe-
JIeICHHBIE MOP(O-CHHTAKCUYECKUE YCIIOBUSI.

Jlerko BUIETH, UTO, HAITPUMED, ILTUTICUCHI THTIA | TIOSBIIAIOTCS B S,
IJie B CTPYKTypax JBYX WiH Ooyiee ()parMEeHTOB €CTh IMOTCHITUAIBHO
COBIIQIAFOIINE KOMITOHEHTHI: Tipu courHeHnu WI° ¢ moTeHIMaibHO co-
Branaromumu BepmmHamu (MI'CB), npu conomunuenun UI'CB, mpu
nonunHeHuu 1ByX MI'CB nByM COYMHEHHBIM NpefuKaram, MpH TOj-
yuHeHu# 1ByX NUI'CB naByM COYMHEHHBIM HIJIA COTIOAYHMHEHHBIM IPEJ-
JIOTaM, COYMHEHHBIM TIPeKaTaM, BEpIIMHAM COYNHEHHBIX S, IIPH MO/~
yuHeHnn n1Byx UI'CB mpenukaram cocennnx cermenTos. [Ipu atom UT°
¢ amumricucoMm 1 WD ¢ ero aHTereneHTOM HaXOIATCA BCET/Ia B Pa3HBIX
BETKaX WX JIepeBbsX rpada S. DIUIMIICUC TPU IOAYUHEHUH CETMEHTOB,
KaK ¥ JJUIATICUC TIPU COYMHEHHH CETMEHTOB, OTIPEEISICTCS] HE TUIIOM
CEerMEHTOB U HE BUJIOM WJIM HAIPaBJICHUEM CBS3H CETMEHTOB IPH TOI-
YUHEHUH, & TOJIBKO CaMUM (PaKTOM HAJIMUHUS UX CBS3U M MPAKTHUYCCKU
Bcerna — (DaKTOM MX HEMOCPEACTBEHHOTO coceicTBa. [Ipu aTom ayummri-
CHUC BO3MOXKEH M B IIEPBOM M3 JIByX CBS3aHHBIX (M.0., COCEIHUX) Cer-
MEHTOB, U BO BTOPOM.

4. OoHapyxenue uiuncucos Tuna la

Ak B S MoxeT: 1) ObITb CyOCTaHTHUBUPOBAHO (O@HHBIE dIMUX ONBINOG
€20 020p4unu); 2) BEICTYTIaTh B POJIM COIIACOBAHHOTO ONpeaeiaeHus (ox
CMO3LI OKOJLO 8bLCOKO20 00MQ); 3) BXOTUTD B CIIOKHOE CKa3yeMOe: OH XO-
men_Oblmb HEPELIM, OH CINAL CUIbHbLIL, OH 8bICOKUIL (C HYJICBOH CBSI3-
KOif) ¥ T.II.

Ecnu B pesynbrare paboThl TEpBBIX 3 Moayied AK HE UMeeT
N-xo035iMHa, HE SBJSIETCS BEPIIMHONW 000COOIEHHOTO COIIACOBAaHHOTO
OTIpeJIeNieHus], He BXOJUT B COCTaB CKa3yeMOTo M He CyOCTaHTUBUPOBa-
HO, TO 3T0 Ak mipenctasisier UI ¢ amumrncucom tuma la, Tak xak:

e B OJIOKE pa3pelieHuss OMOHMMHUM dacTtert peun [KoO3apea, Ada-
HacheB, 2002] onpeenieHsl ciry4an CyOCTaHTHBAIINN A;

e B OJIOKE MPEICErMEHTALH OIPEaesIeHbl A-CIIyTH CyILECTBUTENb-
HBIX, YUCIUTEIbHBIX, UMEH COOCTBEHHBIX B KaBbIUKaX M T.JA. B JIIOOBIX
BO3MOXHBIX B PyCCKOM SI3bIKE JIMHEHHBIX KOH(UTypauusx arpuOyTHB-
ueix UI, onpenenenst A — BepiIHbI 000CO0IEHHBIX ONPEACTUTEIbHBIX
oboporoB [KoO3apera, 2007], OyayT HaiiieHbl A B COCTaBe CKa3yeMOoro
(B 4aCTHOCTH, B HACTOSIIIEM BPEeMEHH 0e3 IJ1aroia-cBs3KH).
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5. CUHTAKCHYeCKU 02a31C BOCCTAHOBJICHU S
JLINNCUCOB Tumna la

PaccMOTpHM KOHTEKCTBI, B KOTOPBIX BO3MOXKEH JUIHTICUC TUTA |a.

1) Counnenne UI' nnm nipemioxkusix rpynn (I11), rne B ogHOM U3
NI onymien N-xo3stuH: HYoicHO 635mb KPACHYIO YAWIKY U 00IbULYIO CU-
How Q. Hysicno nocmasums wawiky Ha nepevlil CHOJ U HA GMOPOIL
Q. Hysicno nocmagums 4auiky He paoom ¢ Repeoll mapenKoll, a ciesd
om emopoii B. Bozomu ne Kpacuyio yawiky, a cunwow Q. Bozvmu ne
MONbLKO KPACHYI0 @, HO U CUHION YAWIKY U T.11.

N — Bepuinna nosiHoi I siBiisieTcst aHTEUEAECHTOM AJUIMIICUCA IPU
ycioBuM cornacoBanusi: Ak u noinas UI' npu counnenun UI' (Ho He
nipu counHennu [1I7) momKHBI cormacoBarkes Mo majexy. Jist Bcex ai-
nunicucoB | Ttuma: ecam Ak B ea.4., TO poA AK JIOIDKEH COBMAAaTh C
rpaMMaTu4eckuM poJoM N-aHTeleeHTa.

2) Conomumaenne UL ecth Ak 0e3 xo3suHa U MI'n, comomuu-
HenHas UI ¢ amnuncucom: N — BepmmHa nonHoit Ul'n = anteueaeHt -
JIUTICHCA IIPU BBITIOJIHEHUH YCIIOBHUH corntacoBanus: 2a. ConomqunHeHne
komrapatuBy: Kpacuutii Kyouk oonvute cunezo @ \ ,uem cunmii @; 20.
CONOAYMHEHHE TIIATONy: 3amenun | 3ameHsas \ 3ameHusuiull KpacHwlil
Kyoux cunum @ [ Ha cuHuii © u 1p.

3) CounHeHHE TPEIUKATOB MM CETMEHTOB — MPOCThIX S: On 635171
nepeyl0 KHUMCKy, Ho 3a0bi1 eémopylo O (KHWKKY). A 6341 Kpachyro
yawiky, a ox 631 cuniow © (wawky). [lpu >TOM npeauKaTbl MOTYT
OBITh Pa3HBIMU: A MbLI_KPACHYIO YAWIKY, A OH 110008AICS_C8OCH CUHEIL
. llpu coBnageHnn cKa3yeMbIX BTOPOE CKazyeMoe, CKopee Beero, Oy-
JIET OMYLICHO.

4) BrioxxeHne mpuIaTOYHOTO WK JICSTPUYACTHOTO 000pOTa B HEKO-
TOPBIIl CETMEHT. A 3Halo, Ymo OH yoice pazoui ce00 KPACHYI0 YaAUIKY,
K020a 51 MLl MO0 cuniow @ (wawky). Kozoa si mvln Kpacuyio yauiky,
oH pazoun cuniow @ (uawky). Koeoa s mvin Kpacuyrw O (uawky),
OH pazoun c60i0 CUHION YAWKY. 300618 0oMA KPACHBLIL KApanoaut, ou
cmarn ucnpasisims ouluoky cunum Q@ (kapanoawiom). On ucKan CUHHUTL
O (kapanoau), 3a0616 KPACHBLI KAPAHOAUL OOMA.

AK M aHTELIEICHT €r0 OTCYTCTBYIOIIEr0 X0351MHa MOT'YT OBITh B pa3-
HBIX YMCJIaX U, KaK, HallpuMep, B cydae, €CJIM OHU OKa3bIBalOTCS CIIy-
raMH pa3HbIX NPEAJIOTOB, B Pa3HbIX Najaexax: Kocoa s eulmbil cUHUE
yawiku, o1 euje 110608ancs Kpacnou Q. Koeoa s omkasancs numos u3
cuneit ©, on NOMAHYICS 30 KPACHOU YAWKOIL.

113



6. CuHTaKCHYeCKU 0231C BOCCTAHOBJICHU A
yyauncuca tuma I1o

Jnst 3TOTO THMA ANIUICUCOB MBI UIIEM CUHTAKCHUYECKHE CTPYKTY-
pBl, TO0OHBIE PAacCCMOTPEHHBIM B paszeiie 5, HaupuMep, COUMHEHUE
nByx UI, B 3TOM ciydae — ¢ YHCITUTENBHBIMHU, BO BTOPO U3 KOTOPBIX
3NMMHUHHUPOBAH MOBTOP MOJIHO3HAYHOT'O CYIIECTBUTENBHOTO: Bosbmume
06e yawiku MyKu u 00Hy © (4allKy) — caxapuozo necka. Onu npuneciu
5 kopobok c dasHo npouumanHviMu KHUSAMU, @ 08¢ O (KOPOOKH) — cO
cmapvimu anbOOMamu.

Tak Kak NpU IMOUCKE 3TUX IUIMIICUCOB B IPEJICEIMEHTAMU YKe
noctpoeHsl UI' ¢ yuCIuTEenbHBIMH, CUTHAJIOM, YTO B CTPYKTYpE €CTh
AITUIICUC, CIYKHUT TOSBICHNE KOJIMYECTBEHHOTO YUCIUTEIHHOTO \ KO-
JIMYECTBEHHOI'0 MECTOMMEHUS (MHO20, HECKONLKO, OONLUIUHCIGO U JIP.)
0e3 ciryru — noiHo3HauHOoTro N. J[J1s Bcex cutyanmii suturicuca tTumna 16
BBOJIUTCSI 0c000€ YCIIOBHE COTTIACOBAHUS YUCIUTEILHOTO B HEMOIHOM
UI" ¢ anTeneneHToM no poxy, a npu counseHnu UI' u B HEKOTOPBIX Ipy-
TUX CIIydasix — | 10 MaJexy.

7. BoccranoBienue Jauncucon tuna Il I u IV

JIJ1 STUTUTICUCOB ATHX THUTIOB MOMCK DIUIMIICUCA OMUPAETCS TOIBKO
Ha CTPYKTYpPY KOHTEKCTOB, KOTOpbIE, KaK U JUIsl IOMCKA aHTELEACHTOB
JPYTUX TUIOB SJIUIICUCOB, 33Jal0TCs IMHEHHBIMU KOHPUTYypaLUSIMH.

VYkazanuem Ha (PaKkT 3TUX THIIOB SIIUIICHCOB MOXKET OBITh TIOSIBIIC-
HUe ((aKyabTaTHBHOTO) TUPE HAa MECTE OIMYIIEHHOI'0 EMEHTa S.

Ha npennoxenne HakiIapIBaeTCsl Macka: 3a/1al0TCs YCIOBUs, HEOO-
XOJIUMBIE JJ1s1 TOSIBIICHHSI SJTUTICHCA, — COBIA/ICHUS JIBYX LIETIOYEK CIIOB,
e HOPSIAOK CIIeI0BaHMsI HEKOTOPBIX YacTe peur U COOTBETCTBYIOILUX
(hopM CIIOB CerMEHTa C JUTUIICUCOM COBIA/IAET C YacTsAMU pedr u Gop-
MaMH CJIOB Hauaja U KOHIa CeTMEHTa 0e3 dIUTUIICHCA.

8. O0beKkTHOE MOIeTUPOBAHME AJITOPUTMOB BOCCTAHOBJICHUS
3JIJIMIICHCOB

C 1e71b10 KOPPEKLMHU U NaIbHENIIEr0 COBEPILIEHCTBOBAHMS aJITOPUT-
MOB CHHTaKCHYECKOTO aHAJIM3a BIMOJIHAETCS] UX 00BEKTHOE MOJEIINPO-
BaHUE B CIEIHATLHO Pa3pad0TaHHON HHCTPYMEHTAIBLHON IPOTrPaMMHOM
cpene DCJIA (t.e. cpene mnst DxcnepuMeHToB C JIMHTBUCTUYECKUMHU
AnroputMmamu), oOecrieuyuBaromield BO3MOKHOCTh BHECEHHsSI IO XOIY
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oTnaaku pa3pabarsiBaemoit cucreMbl [ICA n3MeHeHnii B aNTOpuTMbI U
MporpaMMbl aHaJIM3a 0e3 MOJTHOTO epenporpaMMHUPOBaHUS BCEH crcTe-
MbI (0 HEOOXOIMMOCTH TaKoTo Tojaxona cM. «Brenenue» k [Enudanos
u 1p., 2010]). Bxonuoit s3p1k DCJIA, mpuMeHseMbIi I OnpeeIeHIs
B HEl 0OBEKTHON MOJIENN JIMHIBUCTHYECKOTO allTOPUTMa, CTPYKTYPHO
«TPUOITKEH» K COco0y 3allUCH alTrOPUTMOB, UCIIOJIB3YEMOMY JIMHT -
BHCTOM, YTO OOJIEr4aeT MPOoLEecc MPOrpaMMUPOBAHUS U OTIAIKU.

IIpouecc omaaku B DCJIA BBINONHAETCS aHAJOTMYHO TOMY, KaK
9TO JIeNaeT MPOrpaMMHUCT B COBPEMEHHBIX cpe/iax Juisl pa3paboTKH Mpo-
rpaMM. 37ech TOXKE UMEETCS BO3MOXKHOCTh IOILIAroBOIO BBITOJHEHUS
QITOPUTMA C YCTAHOBKOW MPEPhIBAHUS HA aKTyalbHBIX €ro y3iax, npo-
CMOTpa KOHTEKCTa BBIMIOJIHEHUS U IPOOHOTO BHIYMCIICHUS BBIPAKECHUH
3JIEMEHTOB IIPaBUJI HA MPOMEKYTOUHBIX I1arax. B mpouecce npumene-
HUSl QITOPUTMA K TECTOBOMY IpHUMeEpy (Yalle BCEro 3TO — OTIENIbHOE
pyccKoe MPEeUIOKEHIE) CTPOUTCSI Tpacca ero BEIYUCIICHUS (TIOTydeHue
C TOH WJIM MHOM CTEINEHbIO AETaIN3ally IPOTOKOJIa €r0 IPUMEHEHHS K
TECTOBOMY MpPEIOKEHHIO). FIMEIOTCSI pa3BUTBIE CPEJCTBA MPOCMOTPA
pe3yabpTara NpUMEHEHHUs aIropuT™Ma K TECTOBOMY TIPUMEPY U MPOTOKO-
J1a BBIYMCIICHHUS.

B nacrosiiee Bpemsi BBIMOJIHSIOTCS OOBEKTHOE MOJIEIMPOBAHUE U
MepBUYHAS OTJIAJKa ABYX aJITOPUTMOB BOCCTAHOBJICHHUS DJUIUIICUCOB:

e cymecTBUTENBHOTO (N) C COXpaHEHHEM COTIIACOBAHHOTO C HHUM
omnpenenenus (A);

e cymectBuTenbHOro B MI' ¢ Nnum u akynbTaTuBHBIM TUPE — 3HA-
KOM BJUIMIICHCA.

O0a >TH aJIrTOpUTMa MPUMEHSIOTCSI B KOHIIE OJIOKa IMpejicerMeHTa-
II1H, T.€. IO HUX K aHATM3UPYEMOMY TPETIOKECHHUIO YKe ObLITH TPUMEHE-
HBI aJITOPUTMBI OJIOKOB TIOCTMOP(HOJIOTHU U pa3pelIeH s YacTePEIHOM
oMOHMMHUHU. B camom Oioke mpefcermMeHTanuu yxe ObUTd MPUMEHEHBI
(cpenn mpounX) AJTOPUTMBI BBIICTICHHUS B TEKCTE OMPEACTUTEIHHBIX
(arpuOyTtuBHbIX) oTHOmeHnd UI' u mpeanoxusix rpynn I1I, ananuza
CJIO’)KHOTO CKa3yeMOro.

3akjaroueHue

B ocHoBe MEXaHHM3MOB DIUIHMIICHCA JIKHT, KaK U TIpU aHadopuye-
CKOM 3aMeIICHIH, BHYTPEHHSS yCTAaHOBKA S3bIKa HA N30EraHue MOBTO-
pa, 0HO00Opa3ust JEKCUIECKOTO U CTPYKTYpHOTO. B pabote paccmotpe-
HO, KaK TpPaMMAaTHYECKHE YCIIOBUS TIOSBJICHUS JLTUIICHCA — aHOMAJINH,
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KOTOpBIE BO3HUKAIOT B CHHTAKCUUECKOW CTPYKType S MpH 3JIMMHHUPO-
BaHWU MOTEHIMAJIBHOTO TTOBTOPA, — MOXKHO MCIOJIb30BaTh MPH MOUCKE
€ro aHTeLeICHTA.
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OnucelBacTCs METOAUKA IOCTPOEHMS CETell €CTECTBEHHBIX HuepapXuil
TEepPMHUHOB Ha OCHOBE aHAJIM3a TEKCTOBBIX KOPITycoB. Meroamka Ga3upy-
eTcsl Ha MPUMEHEHHH KOMMAKTH()UIIMPOBAHHEIX TPa(OB TOPH3OHTATBHOM
BUAUMOCTH JJIsI TEPMHUHOB, a TAaKXKe yCTAHOBIICHUU CBSA3EH BKIIIOYECHUS
MexIy HEMH. [locTpoeHa m McclieoBaHa CeTh SA3bIKa, CHOPMHUPOBAHHASL
Ha OCHOBE 00pa0OTKH MOTHEIX TeKCTOB KoH(pepenuu OSTIS-2014.

BBenenue

[TocTpoeHue OOJBINON OTPACICBON OHTOIOTHUH — CIIOXKHAS TPoOIIe-
Ma, KoTopasi TpedyeT OOJIBIINX pecypcHBIX 3arpar. [Ipu aTom ompene-
JICHHBIM 3TaTlOM ITOCTPOSHHSI OOIINX OHTOJOTHH SIBISIETCS TIOCTPOCHUE
CIIOBApHBIX HOMEHKJIATyp, Te3aypyCoB, TEPMHHOJIOTHYECKUX OHTO-
noruid. D(PEKTUBHBINA aBTOMATHYECKH OTOOpP OTAEIBHBIX TEPMHHOB
JUIS TAKUX KOHCTPYKIWH — HE pellleHHas OKOHYATeIbHO 3a/ada, e€CTh
OT/IeNIbHBIE TIONBITKH €€ PEeIIeHUs METOJaMU «B3BELIMBAHHS» CJIOB U
YCTOWYMBBIX CIIOBOCOYETAHHMN, BBIOIHAEMBIX C TOMOIIBIO PA3INIHBIX
anroput™MoB [Jlykamesny u ap., 2007]. [Ipobnema ycTaHOBIICHUS CBSI-
3ell IpU MOCTPOEHUM CeTel M3 TaKUX TEPMUHOB TaKXKE OCTAaeTcs OT-
KpBITOM.

Hwke ommcaHa METOIMKA MOCTPOCHHS CETH €CTECTBEHHOM Mepap-
xuu TepMuHOB (CENT), KOTOpYI0 MOXKHO paccMaTpuBaTh Kak TEPMUHO-
JIOTHYECKYIO OCHOBY JUISI (POPMHUPOBAHHS COOTBETCTBYIOIIEH TEPMUHO-
norudeckoil oHTonoru. CeTh €CTECTBEHHON MepapXuu TEPMUHOB Oa-
3Upyercss Ha MH(OPMALIMOHHO-3HAYUMBIX 2JIEMEHTaX TEKCTa, OTIOPHBIX
tepMuHax [Yagunova u ap., 2012], MeTono0rust BbISIBIEHUS! KOTOPBIX
npusenena B [Lande u ap., 2013-1, 2, 3]. Mcnonb3oBaHue Takux siie-
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MEHTOB I103BOJISIET (DOPMUPOBATH TEPMHUHOJIOTUUECKHE CETH, OXBAThI-
BaTh LieJible 001acTH 3HAHUK B Ka4eCTBE OCHOB JIJISl JIAJTbHEHIIETO TO-
CTpOEHUs O0IMX OHTOJOTMHA. ONOPHBIE TEPMHUHBI MPU ITOM OOBIYHO
BBIOHPAIOTCA C YYETOM TaKOrO MX CBOMCTBA, KAK «IMCKPUMHUHAHTHAS
cuia» [Salton, 1983]. Bmecte ¢ TeM 0JJHOr0O 3TOr0 CBOHCTBA YacTO OKa-
3bIBACTCSl HEOCTATOYHO JJISl IOCTPOEHUS] TEPMUHOJIOIMUECKUX CEeTeH.
WNuorna cnoBa ¢ HU3KOH TUCKPUMUHAHTHOW CUJIOM, B YACTHOCTH, HAU-
Oosiee YacCTOTHBIE M3 BBHIOPAHHON MpenMEeTHOW obnactu (Hampumep,
cioBa «Mupopmanusa», «CemanTukay, «VHTEIIEKT» B KOpIyce Tek-
CTOB I10 CEMaHTHYECKUM TEXHOJIOTHSIM) SIBJISIOTCS BaXKHBIMU JJISl pac-
cMaTpUBacMOM 3aa4u.

1. Aaroputm ¢popmupoBanuss CEUT

®dopMupoBaHHUE CETH eCTeCTBeHHBbIX nepapxuii TepMuHoB (CENT)
0a3upyercst Ha KOHTEHTE TEKCTOBBIX KOPITYCOB BRIOPAHHOM JIJISl aHAITN32
HaNpaBICHHOCTH. «ECTECTBEHHOCTBY MepapXuil TEPMUHOB B 3TOM CIIy-
Yyae MOHMUMAETCSl KaK OTKa3 MpH (GOPMHUPOBAHUU CETH OT CHEIHATbHBIX
METOJIOB CEMaHTHUECKOTO aHaji3a; BCE CBSI3U B TAKOH CETH ompejie-
JISTIOTCSI €CTECTBEHHBIM B3aUMHBIM TIOJIOKEHHEM CJIOB M CIIOBOCOYETA-
HUH, KOTOpbIE SKCTPATUPYIOTCS U3 TEKCTOB CTATUCTUYECKH 3HAYMMBIX
00beMOB (Kak MOKa3bIBACT MPAKTHKA, MUHUMAJIBHBIN 00BEM TSI TAKOTO
ananmm3a — 20 Kb). CEUT, co3maBaemasi MOJHOCTHIO aBTOMAaTHYECKH,
MOYKET pacCMaTPHUBAThCsI KaK OCHOBA I OPMUPOBAHUSI OHTOJIOTHH C
ydacTtueM 3kcnepToB. Anroput™ Gopmuposanusi CEUT npenycmarpu-
BaeT peasM3alliio nocieaoparenbHocTr maros [Lande, 2014]:

1. Ha mepBom 3Tare BbIOMpaeTcss MCXOJHBIA TEKCTOBBIA KOPITYC,
B KaueCcTBE KOTOPOTO PACCMATPUBAIOTCS TEKCThI HAYYHBIX JOKIAJIOB,
BOILIEAIINE B COOPHHMK TPYIOB HAyYHO-TEXHUYECKOH KOH(EpeHIHH
OSTIS-2014 (Open Semantic Technologies for Intelligent Systems —
OSTIS), mpommeamteii B . Muncke B pespaie 2014 roga [OSTIS, 2014].
B c6opnuk BriroueHo okosio 100 mokiazoB o0mmM 00beMOM CBEIIIIE 2
MJIH. cuMBoJoB. [IpenBapurenbHas 06paboTKa TaKOro TEKCTOBOTO KOP-
myca MpeaycMarpuBacT BbIICICHHE (PArMEHTOB TEKCTOB (JIOKIIAJIOB,
ab3aieB, MpenIoKeHUH, CIOB), UCKIIOUEHHE HETEKCTOBBIX CHMBOJIOB,
oTcedeHue QIEKTUBHBIX OKOHYAHUH CIIOB.

2. Ha BTOpOM D3Tare KaxjaoMy OTJIEIbHOMY TEPMHHY W3 TEKCTa —
CIIOBY, IBYX- WJIM TPEXCIOBHOMY COYETaHUIO (OMrpaMMe WM TpUTrpam-
Me€) CTaBUTCSl B COOTBETCTBHE OIICHKA €r0 «IMCKPUMHUHAHTHAS CHIIA», &
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nmenHo TFIDF, kotopast B KAHOHUYECKOM BU/JIE ONPEAEISIETCS KaK IPO-
M3BEJICHUE YacTOThI COOTBETCTBYOIIEro Tepmuna (Term Frequency) u3
(dparMeHTa TeKCTa Ha JBOWYHBIN JOrapudM OT BETUUMHBI, 0OpaTHOM
K KOJINYECTBY (PparMeHTOB TEKCTA, B KOTOPBIX ATOT TEPM BCTPETHIICS
(Inverse Document Frequency) .

3. Jlns mocienoBaTenbHOCTEN TEPMHHOB M MX BECOBBIX 3HAYEHUI
no TFIDF crpositcs KoMIakTUGHUINPOBaHHBIE Tpadbl TOPU30HTAIBHOM
BuguMoctd (CHVG) 1 BBITIOTHSIETCS TOBTOPHOE OIIPE/ICIIEHUE BECOBBIX
3HA4YEHUH CJIOB yXKe [0 ATOMY ajIroput™my. /laHHas npouenypa 1no3Bois-
€T YYUTHIBATh B JaJbHEHIIEM KPOME TEPMHHOB C OOJIBIION AUCKPUMHU-
HAHTHON CWJION TakyKe BBICOKOYACTOTHBIE TEPMHHBI, KOTOPbIE UMEIOT
OoJbIIoe 3HaYEeHUE 7151 00IIel TeMaTuKu TEKCTOBOTO Kopiyca [Lande
u ap., 2013-1]. B kadecTBe BECOBBIX OIEHOK TEPMHUHOB HCITONB3YIOT-
cs creneHu coorBeTcTByronMx UM y3inoB B CHVG. Ilocne storo Bce
TEPMHUHBI TEKCTa COPTHUPYIOTCS 1O YOBIBAHUIO PACCUUTAHHBIX BECOBBIX
3HaueHul cooTBeTcTBYyIOMKX y310B CHVG. lansHelimemMy ananu3y He
MOJIekKAT TEPMHUHBI U3 TaK HA3bIBAEMOTO CTOIM-CIIOBAPS, SABISIONIHECS
BOXHBIMHU ISl CBS3HOCTH TEKCTa, HO HE HECyIIHe MHPOPMAIMOHHOM
Harpy3ku. Mcnonb3yemblii B paMKax JaHHOH pabOTBl CTOM-CIOBaph
ObUT MOCTPOEH HAa OCHOBE Pa3jIMYHBIX CTOM-CIOBAapel B JOCTYIMHOM
Buge Ha BebO-pecypcax (http://code.google.com/p/stop-words/source/
browse/trunk/stop-words/ stop-words-russian.txt; http://www.ranks.nl/
stopwords/; https://trac. mysvn.ru/punbb/punbb/browser/trunk/Russian/
stopwords.txt).

4. DKCHEpPTHBIM METOJOM OIIpeNeNsaeTcss HEOOXONUMBIA pa3Mep
CEUT (uuncno N), mocie 4ero BBIOUpaeTCsl COOTBETCTBYIOLIEE KOIHUYe-
CTBO CIUHHWYHBIX CJIOB, OUTpamMM U Tpurpamm (Bcero N+N+N snemen-
TOB) ¢ HAMOOJBIIUMU BecoBbIMH 3HaueHusIMU T0 CHVG.

5. 13 otobpanubix TepMuHOB cTpositcsi CEUT, B KOTOPBIX Kak y3Jibl
paccMaTprBarOTCsl CaMU TEPMUHBI, & CBS3U COOTBETCTBYIOT BXOXKIECHU-
sIM OZJHUX TEPMHUHOB B ipyrue. Ha puc. 1 nponsuirocTpupoBad NpUHLIKI
nocrpoenns cBsized CEUT. Paznuunble reomerpudeckue Gpurypsl Ha
puc. 1 cooTBETCTBYIOT pa3iauuHbIM cioBaM. IlepBoil cTpoke cooTser-
CTBYET BBIOPAaHHOE MHOXECTBO E€IMHUYHBIX CJIOB, BTOPOMY — MHOXKe-
CTBO OMTpamMM, a TPEThEMY — MHOXKECTBO TpUrpamMm. Eciu emuHuuHOE
CIIOBO BXOAMT B OUTpaMMy WJIM TPUIpaMMy, UM OMrpaMma BXOIUT B
TpUrpammy, oOpasyercsi CBsi3b. MHOKECTBO Y3JIOB U CBs3el o0pasyer
TPEXYPOBHEBYIO CE€Th €CTECTBEHHOW HEPapXUU TEPMHUHOB.
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Puc. 1. TpexypoBHeBas ceTh
€CTECTBEHHON HEPAPXUU
TEPMHUHOB

IMocne ¢opmupoBanuss CEUT ocymiecTBisieTcss ee 0TOOpakeHUe
MPOTPaMMHBIMH CPEICTBAMU aHaM3a U Busyanu3anuu rpados. s 3a-
rpy3ku CEWT B 6a3bl naHHbIX popMUpyeTCs MaTpUlla HHIIUJCHTHOCTH
B (hopmare csv. B Tabn. 1 nmpusenens! criucku 20 Hanbosaee BECOMbBIX
TEPMHUHOB (CJIOB, OMTpaMM W TPUTPaMM) U3 COOpHHUKA TPYHOB KOH(pe-

PEHLIUH.
Tabnuya 1

Ne Crosa burpammsr TpurpamMmsl

1 | CHCTEMA TIPEJIMETHAS OBJIACTb | TTOJJIEPYKKA [TPUHSITHSI PELIEHUI

2 | BHAHUA BA3A 3HAHUI OHTOJIOT U ITIPEJIMETHOM OBJIACTH

IMTPOEKTHPOBAHUE
3 | OHTOJIOIrus CEMAHTHUYECKAS CETh UHTE/UIEKTYAJIbHBIX CUCTEM
4 | MOIED WHTEJIJIEKTYAJIbHASL VHUBEPCAJIbHBIN
CUCTEMA CEMAHTUYECKHI KOJI

5 | JAHHBIE ECTECTBEHHBI S13bIK XPAHWJIMIIE CBA3AHHBIX JAHHBIX
6 | CEMAHTUYECKUI PEIIEHHME 3AJ1IAY TOHATHS TIPEJMETHOI OBJIACTU

NCKYCCTBEHHBII

7 | s3BIK VHTEIUIEKT SI3BIK TIPEJICTABJIEHU S 3HAHUWI

8 | 3AJIAYA TIPUHSITUE PELLIEHUIA 3HAHMS IPEJJMETHOI OBJIACTU
IIPEJICTABJIEHUE OCHOBAHHAS$I HA 3HAHUSIX

9 | OBJIACTD 3HAHMIA CUCTEMA

10| OBBEKT BA3A JIAHHBIX MAIIMHHA ST OBPABOTKA 3HAHUI

11| PELLIEHUE HEMPOHHASI CETb BA3A KOHTEKCTHBIX TTPABIJI

12| CETh CHUCTEMA VYIIPABJIEHUSI | KJJACC CEMAHTUYECKUX CETEN
NHO®OPMALIMOHHA 51

13 | TEKCT CHCTEMA PELIEHUE TTOCTABJIEHHBIX 3AJIAU
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Ne Crosa burpammsr Tpurpammsl
14| oHSTHE CUTYAIIUOHHOE MHO®OPMALMOHHBIE ITIOTPEBHOCTHU
VITPABJIEHME OJIL3OBATEJIEN
15| MHOXECTBO JKU3HEHHBII TUKIT VITIPABJIEHUE TTIOJIETAMU MKC
CEMAHTHUYECKHWIA CHUCTEMA UCKYCCTBEHHOI'O
16| TIPEACTABJIEHNE AHAJIN3 MHTEJUIEKTA
VITPABJIEHME ['PA® TOPU30OHTAJILHOMN
17| OTHOWIEHNE IMPOEKTAMU BUIUMOCTH
18| OCHOBA MHOOPMALIMOHHBIN OJIEKTPOHHOE VUEBHOE U3JAHNE
PECYPC
19| THO®OPMAILIMOHHOE | PYCCKHI SI3bIK CEMUOTUIECKAS KOTHUTHBHAA
KAPTA
o OTKPBITBIE CEMAHTUYECKUE
20| YIIPABJIEHME OBJIACTb 3HAHWU TEXHOJIOTUU
METO/bI MCKYCCTBEHHOI'O
21| TIOJIL3OBATEJIb OBYYAIOILIA ST BLIBOPKA UHTEJUIEKTA
22| OIIMCAHUE KOIHUTHMBHAS KAPTA JIAHHBIE TTPEJIMETHOI OBJIACTH
MOJIB30BATEILCKUI .
23| BA3A UHTEPOELC TTOPTAJI HAYUYHBIX 3HAHWUHN

- 1 T
| METRI)ERTY, ;..1:-.11_&'?%~

0P A_YEPIET FEIER

OBJIACT,
\

FEHSOPERBIOHH

SHAH_TIPE]

MHTETREETYA]

o=
_.cu.n..?.i.m.
Puc. 2. BI/IJ_'[ CEUT SPABUII ERIAS JIAH e o
+20+
pasmepom 20+20+20 N
CREINTT A0

121



Ha puc. 2 npencrasnena HeOombIasi CETh €CTECTBEHHON HEpapXuu
TepMuHOB pazmepom 20+20+20 (20 cnos, 20 6urpamm, 20 TpurpamMm),
KoTopasi BU3yanu3upoBaHa cpeactsamu cuctembl Gephi (https://gephi.
org/).

2. UccaenoBanue CEUT

7151 TOCTPOEHHBIX CETEM €CTECTBEHHBIX MEpPAPXUl TEPMUHOB pa3-
JIUYHBIX Pa3MepOB 10 BEIOPAHHOMY TEKCTY OBIJIO OIPENEsIEHO pacipe-
JieNieHUe MCXOSIINX CTEIEHEH y3JI0B, KOTOPOE OKa3ajioch ONU3KUM K
crerieHHOMY ( p(k)=Ck® ), T.e. 9TH CETH SIBJISIFOTCSI Oe3MacIITaOHBIMH.
Oxa3zanock, 4To K0OdQGUIUEHT a JUIsl CeTel pa3IMyHBIX Pa3MepoB (OT
20+20+20 mo 200+200+200) cocrarmsier oT 2,1 10 2,3, 4TO BIOJHE CO-
orBeTcTBYeT ceTsaM si3bika (Language Networks) [BonbinakoBa u jp.,
2011].

O4eBHIHO, YTO B COOTBETCTBHH C MPEAJIONKCHHBIM aJTOPUTMOM
MaKCUMaJIbHOE KOJIMYECTBO BXOIHBIX CBs3€ld AJIs y3JI0B JaHHOH CeTH
cocTapisieT 5 (11 y3/10B U3 OHOTO ciioBa — O BXOJSIIMX CBA3EH, IS
Y37I0B U3 2 CIIOB — MAaKCUMAaJILHO 2 CBSI3H, JUIS Y3JIOB U3 3 CIIOB — MaKCH-
MaJIBHO 5 CBsI3€# — TPU CBSI3M OT OTJAENBHBIX CJIOB M JBE OT Iap CJIOB).

Hawnbonee mHTEpEeCHPIMH C CEMaHTHYECKON TOYKH 3pPEHUS B pac-
cMarpuBaemoii CEUT okazanuch y3ibl ¢ MAKCUMAJIbHBIM KOJTUYECTBOM
BXOJIHBIX CBA3€H, cpein KOTOPhIX MOXKHO BBIIEIUTh TAKHE CIIOBOCOYE-
TaHUS: «S3bIK IPEACTABICHUS 3HAHUI; «CUCTEMa UCKYCCTBEHHOTO HH-
TEJUIEKTA»; «IOAJIEPKKA MPUHSATHUS PEUICHUI»; «OHTOJIOTHS TpeaAMeT-
HOW 001acTHY; «YHUBEPCATHHBINA CEMaHTHUYECKHUN KO,

W3 marepuaioB koHpepeHIuH OblI0 BEIOPaHO 5 JOKIIa10B U3 cOOp-
HUKa TPYIOB KOH(PEPEHIIUH, B KOTOPBIE BXOUIIN JaHHBIEC CIIOBOCOYETA-
HUSl, @ UMEHHO J10KJIa]Ibl:

o Epumenxo U.B., Xopowesckui B.®@. YCK MaprbeiHOBa — TpHI-
1aTh JET CIyCTS;

e Tapacog B.b. OT ceMaHTUYECKOTO KOJla K KOTHUTUBHOM JTMHTBH-
CTHKe U MHpopmaTrke: Hacieaue B.B. MapteiHoBa;

e Maccenwv JI.B., Maccenv A.I" CuTyallnOHHOE YIIpaBICHHUE U CEMaH-
TUYECKOE MOJIEIMPOBAHNE B SHEPIETHKE;

e Cmeganrwx B.JI. YcioBHO-pe(IeKTOpHAs OCHOBA 3alIOMUHAHUS
3HAHMI;

o Kynunuu A.A. KorHUTUBHOE MOJIETUPOBAHNE B YCIOBUAX HEOTpe-
JIEJICHHOCTH (CEMUOTUYECKHUIA TTOIXO).
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[lo ormenpHBIM AOKITAagaM Takke OBUTH PACCUNTAHBI 3HAYCHHS
CHVG s cnoB, OurpaMm 1 TpUTpamMM, IOCTPOCHBI CETH €CTECTBEH-
HBIX MEpapXuil TepMUHOB. B3anMMOCBs3b TEPMHHOB M3 BBIOpPAHHBIX
JOKJIAJIOB TIPUBEJCHA HA PHC. 3, HA KOTOPOM MOKHO BHJIETH, YTO Kak-
oMy Aoknaay (y3iibl, MASHTH(QUIUPOBAHHBIE (aMHIUSIMH aBTOPOB)
COOTBETCTBYIOT TepMUHBI. [Ip1 3TOM B IEHTpaIbHON YacTH CETH pac-
[OJIArar0TCsl TEPMHUHBI, 001IME ISl HECKOJIbKUX A0KIan0B (O-30Ha), a
«rpebenikm» Ha nepudepun COOTBETCTBYIOT CICIMAIBHBIM TEPMHUHAM,
OTpaXKAIOUUM CHeln(pUKY KOHKPETHBIX HOKIa10B (C-30HbI).

O-30Ha BOBCcE HE 0053aTEIBHO BKIIOYAET TEPMHUHBI M3 aOCOIIOTHO
BCEX JIOKJIAJIOB, I0CTaTOYHO, YTOOBI TEPMUHBI COOTBETCTBOBAJIH JIHIIIb
UX OIpeeJICeHHON YacTH (IOpory), Hanpumep rnojxoBuHe. Yem Oonblie
B JIOKJIaJI€ TEPMHUHOB, ITOTIAAIONINX B IEHTPAIFHYIO YacTh, TEM OH JIyd-
IIIe BITMCBHIBACTCS B TEMATHKY KOH()EPEHIIMH, TEM OH TOYHEE IOTIaIaeT B
ee TpeHA. B nanHoM citydae (puc. 3) UMEHHO JOKJIaabl XOPOIIEBCKOTO
n TapacoBa B OoubIIell Mepe COOTBETCTBYIOT TEMaTHIECKOMY HaIpaB-
JICHUIO KOH(epeHInH. B cOOTBETCTBHM C 3TUM HAOIIOACHUEM MOXHO
MPEATIOKNTH TAaKOI TMHIBUCTHUECKUI KPUTEPUI «PETeBAaHTHOCTI J0-
KJlaJa TeMaTHKe KOH(EepeHIMH: yeM OOoIbInasi 4acTh TOM-JIEKCUKU W3
Hero nonajaet B O-30Hy, TeM OH 0oJiee pelIeBaHTEH.

HERBTA
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Puc. 3. Cerb CBSI3U TEPMHUHOB BEIOPAHHBIX JIOKJIATIOB
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3akjaoueHue

[Ipencrapnenust 06 WHPOPMALMOHHON 3HAYMMOCTH HAOOPOB Tep-
MuHOB T iocTpoenusi CEUT, crenenu nx BaXHOCTH 71T OTPAKESHHS
CMBICJIa HAYYHOT'O TEKCTa OBIIIM MOATBEPKACHBI B X0JI€ KCIIEPUMEHTOB
¢ uaopmanTamu. Tak, /Ui BceX TEKCTOB ObUIM MPOBENIEHBI IKCIIEPH-
MEHTBI CO CTaHAapTHOU HHCTpyKuuel «IIpounTaiite Tekcet. [Togymaiite
Haj ero coxepxkanueMm. Bemmummre 10—15 cnoB, Hambonee BaKHBIX
JUTsE ero cojiepkanusy (0osee 20 MHGOPMAHTOB JIJIsl TEKCTa KaXKIOTO M3
HCCIIEAYEMBIX JIOKJIAJIOB, a Takke Bcero coopumka) [Srynosa, 2010].
[lonHoTa OTpaxeHus WHPOPMALUOHHO-3HAYMMBIX CJIOB, OUTpaMM H
TpUTpaMM It COOPHHKA B 9TOM ciiydae npeBbicuna 50%.

Takum 00pa3oM, B pe3ysibraTe MPOBEJACHHBIX UCCIICIOBAHUN:

e OmnucaH alropuTM MOCTPOCHUSI CETEH eCTECTBEHHBIX HEepapXui
TEPMHUHOB Ha OCHOBE aHaJIN3a TEKCTOB.

e Ha ocHOBaHUU 3TOro ajaropuT™Ma IO TEKCTaM JIOKJIaJ0B HAay4dHO-
TEXHUYECKON KOH(EPEHIMH MMOCTPOCHA CETh €CTECTBEHHOW MEpapXuu
TEPMUHOB.

e CeTh €CTECTBEHHBIX MEpapXuii TEPMHHOB OKa3ayach CKEHI-(hpu
IO UCXOSILIAM CBSI3SIM.

e BriOpanbl mporpamMHble CpeACTBa BU3yalH3allMd CETH ecTe-
CTBEHHBIX UEPapXUil TEPMHUHOB.

e [IpenioxkeH KpUTepuid pelIeBaHTHOCTH J0KJIa/1a 10 TEMaTHKE KOH-
dhepeHIMH.

Certb sA3bIKa, IOCTPOECHHYIO C IIOMOLIbIO IPEAJIOKEHHON METOIUKH,
MOKHO HCIIOJIb30BaTh B KadecTBe 0a3bl ISl MOCTPOCHUS OOIIEeH OHTO-
JoTuH (B paCCMOTPEHHOM MTPUMEPE — 110 TEMaTHKE CEMAaHTHUECKUX TeX-
HOJIOTHi1), MCII0JIb30BaTh Ha IPAKTHUKE B KAUE€CTBE T'OTOBOI'O K ITPUMEHE-
HUIO CPEJICTBA HABUTallMK B 0a3ax JaHHBIX, a TAKXKE U OpraHU3aluu
KOHTEKCTHBIX MOJICKA30K IMOJB30BaTENSIM HH(POPMAITMOHHO-TOMCKOBBIX
CUCTEM.
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B pabote mpexacTaBieHa myOIMYHO JOCTYIHAS BEPCHS JTMHTBUCTHYCCKON
OHTOJIOTHH — Te3aypyca pycckoro si3bika PyTes, co3maHHOro [uis aBToMa-
THYeCKOl 00paboTku TekctoB. JloctymnHas Bepcusi PyTes-lite Obiia mo-
POKICHA M3 IOJHOTO Te3aypyca Ha OCHOBE HaubOJee YaCTOTHBIX CJIOB B
COBPEMEHHOM HOBOCTHOM Kopiryce. JlaHHast cTaThst OMKCHIBACT CTPYKTYPY
te3aypyca PyTes-lite, a Taxke BO3MOKHOCTH €ro IPOCMOTPA U MOy YCHHS
JULSL HCKOMMEPUECKOTO HCIIOIb30BAHUSL.

BBenenne

OfHUM U3 TOMYJSIPHBIX JIEKCHYECKHX PECypCOB, HCIOIB3YEMBIX
IIpU aBTOMATHUYECKO 00paboTKe TEKCTOB, sBisieTcs Tezaypyc WordNet
[Fellbaum, 1998]. Te3aypyc WordNet npezacrapiser co0oil COBOKYII-
HOCTb JICKCHUECKUX MOHSITHI — CHHCETOB (HA00POB CHHOHHMOBR ), MEXKTY
KOTOPBIMH YCTAaHOBJICHBI TaKHE OTHOIICHHS, KaK THTIOHUM-THIIEPOHIM
(pOIOBUIOBBIC OTHOIICHUS ), MEPOHHM-XOJIOHUM (OTHOIICHHS YacTh —
1esoe) U HekoTopble apyrue. CeTh MOHITHH MMOJIpa3J/ieicHa Ha YeThIpe
MOJICETH, COOTBETCTBYIOIINE YETHIPEM OCHOBHBIM YaCTsIM peuH (cyiie-
CTBUTEIBHOE, IpUIarateibHoe, raroi, Hapedyne). Onucanue CHHCETOB
B KaXKJIOW TIOJICETH COJIEPIKUT HECKOIBKO OTIMUYAIOIIMXCS THIIOB OTHO-
meHui u npuHnuel ux onucanus [Fellbaum, 1998]. Ilocnennss Bep-
cus te3aypyca WordNet BkiitouaeT onucanue o6omnee 150 ThICSIY CI0B U
BBIPAXKEHUI aHIJINKCKOIO S3BIKA.

ITomoGHBIE pecypChI CTaIu CO3/IaBaThCS U JIJII MHOTUX JIPYTUX SI3bI-
KOB. B wacTHOCTH, M3BECTHO, TIO KpaiiHe# Mepe, YeThIPe MOTBITKH CO3-
JlaTh BOPJHET JIJISl PYCCKOTO si3bIka [A3aposa, 2010; ['enbdenbeiin u p.,
2003; Balkova et al., 2008; bpacnasckwii u ap., 2013].

HecMoTpst Ha CBOIO MONMYJSIPHOCTh B KOMITBEOTEPHBIX MPHIIOKEHH-
sx, WordNet n3Ha4anbHO co3/1aBajics JUIsl 000CHOBAHUS IICUXOIUHTBU-
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cruueckoid Teopun [Miller, 1998], BBIOOp MPHHIUIIOB €T0 CTPYKTYPHI,
OIMCAHUS OTHOLIEHUH MEXAy JIeMEHTaMM 0a3upoBaUCh Ha ICHUXO-
JMHTBUCTUYECKUX OKCIIEPUMEHTaX. Takas TICHUXOJHMHIBHCTHYCCKAS
OpHeHTalus npuBena K Tomy, yto WordNet HCX01HO nMenT HEKOTOpbIe
KOHCTPYKTHBHBIE 0COOCHHOCTH, KOTOPHIE MOTYT YCJIOXHATH €ro Ipu-
MEHEHHUE B MPUIIOKCHUAX aBTOMATHUECKONH 00paOOTKH TEKCTOB, TaKHE
KaK OTCYTCTBHE CBSI3€ MEXIY CETSIMH, TIOCTPOCHHBIMH JUIS Pa3HbIX
yacTel peun, OTCYTCTBHE CBSI3€H MEKAY CUHCETaMH, OTHOCSAILIMMHUCS K
OJIHOHM M TOM e TeMaTHYeCKON 00J1acTH (TaK Ha3bIBacMas « TCHHUCHAs
npobnemar) u ap. [Fellbaum, 1998], koTopsie mocTeneHHO KOPPEKTH-
pyroTCsL.

[ToHATHO, YTO UCCIIEAOBAHUSI TI0 YIYUIICHUIO CTPYKTYPHBIX CBOHCTB
CBEpXO0O0JIbIINX JTUHTBUCTHUECKUX PECYPCOB JJIsl aBTOMAaTHYECKON 00-
pabOTKN TEKCTOB OUYEHb CIIOKHBI M TPYAOEMKH, MOCKOJIBbKY HEoOXo-
JMMO HE TOJIBKO MPEIOKUTh HOBBIM MOJXOMA, HO M B COOTBETCTBUU C
MPEATIOKESHHBIMHU NPUHILUIIAMHI CO3aTh TAKOH pecypc, a Takxke Mmpojie-
MOHCTPHPOBATH €ro padoTy B KOMIIBIOTEPHBIX MPUIOKECHHUSX.

B Tedenue Oomnee 15 yieT MBI co37aBalid T€3aypyc PYCCKOTO SI3bIKA
PyTe3, koTopsIii Aenancs crenuanbHO KaKk MHCTPYMEHT Il aBTOMATH-
yeckol 00pabotku TekctoB [Jlykamesnd, /lo6pos, 2002]. beur mpen-
JIOKEH M MPOTECTHPOBAH PsJ TEXHOJOTUH C HCIOJIB30BAHUEM ITOTO
Te3aypyca, BKIOYasi aBTOMaTHYECKYI0 PyOpPHUKALINIO U KJIaCTEPHU3ALHIO
TEKCTOB, aBTOMAaTHYECKOE pa3pelIeHNe MHOTO3HAYHOCTH, aBTOMaTH4e-
CKO€ aHHOTHPOBAHHUE OJTHOTO U MHOTUX JOKYMEHTOB U Jp. [JIykamesny,
2011]; Te3aypyc HCIOIB30BajICS B MPOEKTAaX C rOCylapCTBEHHBIMU U
KOMMEpYECKHMHU OpraHu3alusMu. B HacTosiiee BpeMst Te3aypyc npe/-
CTaBJISIET COOO CeTh MOHATUH, K KOTOPBIM MpHUIHCcaHbl Oonee 155 ToI-
CSI4 CJIOB U BBIPQKEHHH PYCCKOTO SI3BIKA.

B 2014 roxy Obuta moAroToBiIeHa OOIISCTBEHHO JIOCTYITHAS BEPCHUS
tezaypyca PyTe3 — PyTes-lite, koTopast onyOnukoBana Ha caiite http://
www.labinform.ru/ruthes/index.htm. JlanHas Bepcus Te3aypyca BKIIIO-
9aeT OKOJIO 96 THICSIY YHUKAIBHBIX CIIOB M BBIPQKEHUH PYCCKOTO SI3bI-
ka. Bepcus PyTes-lite npeqHaszHaueHa Jijisi HEKOMMEPYECKOTO TIpUMe-
Henus. JloctymHbl Takxke daiinel Tesaypyca PyTes-lite B popmate xml.

B nanHO# craThe MBI 0OCYIMM CTPYKTYpYy M COCTaB Te3aypyca
PyTes-lite, ocobernocTH ero hopMUPOBAHHUS, PACTIPOCTPAHEHUS U TIPH-
MEHEHHS.
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1. Ctpykrypa Te3aypyca PyTe3

Tezaypyc PyTe3 npexacraBnser co00W JTUHTBUCTHYECKYHO OHTOJIO-
THIO, T.€. OHTOJIOTHIO, TIOHSITHSI KOTOPOH OMMPAIOTCS HA 3HAYCHUS Cy-
LIECTBYIOIIMX B SI3bIKE CJIOB M BhIpakeHWH. Kaxxioe moHsTie oHTOJ0-
UM UMEEeT YHUKAIbHOE M OJHO3HAuHOe MMs. Kaxxjoe moHsTHE OHTO-
JIOTUH CBSI3aHO C HAOOPOM CJIOB U BBIPAKEHUH, TOCPEJICTBOM KOTOPBIX
JAaHHOE [TOHATHE MOXKET BBIPAaXKaThCs B TEKCTE — T.H. TEKCTOBBIX BXOJI0B
MOHSTHUS.

Ha0op TeKCTOBBIX BXOJOB MOHATHA MOXET BKJIIOYaTh COOCTBEHHO
CUHOHHUMBI, CJIOBA Pa3HbIX YacTeil peun (Tak Ha3blBaeMble AEpUBATHI),
YCTOWUYMBEIE CIIOBOCOYETAHMSI M ApPYTHe THIBI BbIpakeHHi. Hampn-
Mmep, nmoustue [IPUBATU3 AL nmeeT Takue TEKCTOBBIE BXOIBI, KaK
npUSAmMU3aAYUs, NPUEAMUIUPOBAMb, NPUSAMUAYUOHHDBIL, nepeoams 6
yacmuvie pyku. OcCOOEHHOCTBIO BEJICHUS Te3aypyca SIBISIETCS BKIIIOYe-
HHUE B COCTAB €T0 TEKCTOBBIX BXOJI0B OOJIBIIOTO KOJIHUYECTBA CIIOBOCOYE-
TaHUH, TPECTABISIONINX CO00H OoJiee OHO3HAYHBIE CITOCOOBI YIIOMU-
HaHUS MOHSTHSI, YeM OTJIEJIbHBIC CIIOBA.

3HaueHnsT MHOTO3HAYHBIX CIIOB mpeaAcCTaBJICHbI MMOCPEACTBOM OT-
HECeHUs CJIoBa K JABYM U Oonee mousaTHsM. Hampumep, MHOro3HaqHOe
CJI0BO 60110 oTHEceHO K nonstusm I OHOYHBIH FOJIH] v KOCMH-
YECKHH BOJINL.

Brei6op Habopa OTHOIIGHWH Ui ONMUCAHWN OTHONICHHN MEXTy
CJIOBaMH B JIMHIBUCTHYECKOM PECypce IIMPOKON TEMaTHKH MpeICTaB-
nsieT co0oH CIoKHYI0 pobneMy. [ crabnnbHON paboThl HA Pa3HBIX
TUNax TeKCToB B Te3aypyce PyTes mcnonb3yercs HeOonbIION HaOOp
HAJCKHBIX OTHOLICHWH, T.€. OTHOLICHHWH, KOTOPbIE HE MCUE3aloT, HE
MEHSIIOTCSI B TEUYEHHE BCETO CPOKa CYIIECTBOBAHUS JIFOOOTO HIIM M0J1a-
BIISTIONIETO OOJIBIIMHCTBA PK3EMIUISIPOB TIOHATHS. B pesyibrare uccie-
JIOBaHWH U SKCIIEPUMEHTOB MBI MPUILIN K HA0OpY OTHOILIEHUH pecyp-
ca, IpeaHa3HauYeHHOro s 3(P(PEKTUBHON aBTOMATHUECKOH PabOThI B
MH(POPMAIIIOHHO-TIOMCKOBBIX MPUIOKEHHUSIX U MPUIOKEHHUSIX aBTOMa-
THYECKOH 00pabOTKH TEKCTOB.

B Tte3aypyce PyTe3 nmeercs 4eTblpe OCHOBHBIX TUIIA OTHOLIECHUN.

IlepBbIil TUIT OTHOLIEHWH — POAOBH/I0BOE OTHOLICHHE HUJiCEe —
évlule, IPEJCTABISICT COOON OTHOLIEHHE KJlacc — MOJKIacc, o0nanaeT
CBOWMCTBAaMU TPAH3UTHUBHOCTH U HACJICAOBAHUSI.

Bropoli Tun oTHOUIEHW — OTHOLIEHHe Yacmb — yenoe. Vicnomns-
3yeTcsi He TOJBKO JUISi ONMUCAHUS (PM3MYECKUX 4YacTeid, HO U Ui JApy-
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'YX BHYTPEHHUX CYNTHOCTECH MOHSTHS, TAKMX KaK CBOWCTBA WM POJIH
JUTS cUTyanui. BaykKHBIM YCI0OBHEM MPH YCTAHOBJICHUH 3TOTO OTHOIIIC-
HUS SIBJISICTCSI TO, YTO TOHSTHI-YACTH JOJKHBI OBITh KECTKO CBSI3aHBI
CO CBOHMM IIEJIBIM, TO €CTh KaXJbIH MPUMEpP MOHITHUS-YACTH JIOJIKCH
B TCUEHHE BCEr0 BPEMEHH CBOErO CYIIECTBOBAHHS SIBIATHCS YACTHIO
JUTSL TIOHSITHS-TIEJIOTO, ¥ HE OTHOCUTHCS K 4eMy-JIN0O Ipyromy. B atux
YCIJIOBUSIX YA€TCs BHIMOJIHUTL CBOMCTBO TPAH3UTHBHOCTH BBEJCHHOTO
TaKUM 00pa3oM OTHOLICHHS 4aCmb-yeoe, YTO OUYeHb BaXKHO JUIs aB-
TOMAaTUYECKOTO BBIBOJIA B TIPOIIECCE aBTOMATHUECKOW 00pabOTKH TeK-
ctoB. Omnrcanne OTHOIICHUH YacTh-1IeJI0€ B Te€3aypyce Hauboee Oim3-
KO K TaK Ha3blBa€MbIM BHYTPEHHUM OTHomeHusM (internal relations),
obcyxmaembiM H. I'yapuno B padore [Guarino, 2009].

E1ite o/iiH THIT OTHOIIICHUS, HA3EIBACMOTO HECHMMETPUYHOI acco-
nManmeii acu,— acy,, CBA3bIBACT JIBA MOHATHSI, KOTOPHIC HE MOTYT OBITh
CBSI3aHBI BBIIIE PACCMOTPEHHBIMH OTHOIIIEHUSIMH, HO KOT/Ia OJTHO U3 KO-
TOPBIX HE CYIIECTBOBAIO ObI 0€3 cyliecTBOBaHUs Jipyroro. Hampumep,
nousitue KHITEHUE (B ¢hu3nyeckoM CMBbICIIE) TpeOyeT CyIIecTBOBa-
Hust oHsITus AKH/[KOCTh. B OHTOJIOrHYECKUX UCCIIEIOBAHUSIX TaKOE
OTHOIIIEHUE HA3bIBACTCS OTHOIICHUEM OHTOJIOTMYECKOW 3aBUCHMOCTH
[Guarino, 2009; Guizzardi, 2011].

[TocnegHuii TMI OTHOLIEHWM — CHMMETPHYHAsl ACCOLUALUA acy
CBSI3BIBACT, HAITPUMEP, TIOHATHS, OYCHb OJIM3KHE IO CMBICITY, HO KOTO-
pbie pa3pabOTYMKHK HE PEHIMINCH COCAMHUTL B OJHO TMOHATHE (IIpe-
CUHOHHMMHMS ).

2. @opMupoOBaHUE TEKCTOBOW KOJJIEKIIUU
s nopo:knenusi PyTes-lite

Jnst  popMHpOBaHUS CIOBAapHOTO COCTaBa JOCTYITHOH BEpCHU
Pytes-lite Obio0 mpuHATO chemyroniee pemenne. Heooxomaumo ObLIO
OTpa3uTh HanboJIee YaCTOTHYIO JIEKCHKY COBPEMEHHOT'O PYCCKOTO SI3bI-
Ka, OTPaHUYMB BbIauyy TEPMHUHOJIOTHH, OTHOCSAILICHCS K KOHKPETHBIM
HpEeIMETHBIM 00JIaCTsIM M TIPOeKTaM. ba3oii 11s BBISIBICHHST 4aCTOTHBIX
XapaKTEePHUCTHK CJIOB ObLT BEIOPAH MOTOK COBPEMEHHBIX HOBOCTHBIX CO-
OOIIeHNH, MTOCKOJIbKY HOBOCTH — ATO Hanboiyiee BOCTPEOOBAHHBIN ISt
00pabOTKH XKaHP TEKCTOB.

Jnst sroro Obuta chopMUpOBaHa KOJUICKIMS HOBOCTHBIX COOOIIe-
HUI HA PYCCKOM SI3bIKE pa3MepoM 2 MIIH. TOKyMeHToB. Kosutekius He-
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00XomuMa ISl IPOBEPKH YaCTOT YHOTPEOJICHUS CIIOB B COBPEMEHHOM
pycckoit nenoBod mpose. CoOpaHHas KOJUICKIUS Obuta 0OpaboTaHa
rpadeMaTHYECKUM U MOPQOJIOTHUECKUM aHAIU3aTOpaMH, MPOU3Be/Ie-
HO COIOCTaBJIEHUE C TeKyllel Bepcueil Tezaypyca PyTes. Takoe cono-
CTaBJICHUE MTO3BOJIUIIO ONPEACITUTh YaCTOTHOCTh TEKCTOBBIX BXOJIOB Te-
3aypyca PyTe3. b1 mocTpoeH CIMCOK TEKCTOBBIX BXOJOB Te3aypyca,
YHOPSIOUEHHBIN TI0 MEpe CHUKCHUS YaCTOTHOCTH MX BCTPEUYAEMOCTH B
HOBOCTHOM KOJUJICKIIMH.

Jlis BepXHeW 4acTu Moy4eHHOro crucka (0kosio 30 ThICSY caMbIxX
YaCTOTHBIX TEKCTOBBIX BXOJIOB) ObLlIa MPOU3BE/ICHA BBIUUTKA, KOTOPAS
COCTOsIIa B TOM, YTO M3 CIIMCKa ObUTH yAaJeHbl (PMHAHCOBBIE, YKOHOMHU-
YeCKHE U CIIOPTUBHBIC TEPMUHBI, KOTOPBIC B OOJILIIIOM KOJIUYECTBE CO-
JepKaTcs B COBPEMEHHOM HOBOCTHOM TTOTOKE. A Takke ObLIH YIaJICHBI
CIIy4aifHO COBMABIIKE CO CJIOBAMHU PYCCKOTO sI3bIKa OINEYaTKu, dhamu-
TuH, (hparMeHThl CIIOB, BOZHUKIITNE U3-3a IEPEHOCOB, TAOJIHIL U T.11.

Hauano crmcka (Hambosee 9acTOTHBIE CIIOBA) BBHITJISANT BIIOJIHE
TPAAUIIOHHO: ObIMb, 200, COOOWAMb, MOUb, COOOWUMDb, 8peMs U T.I1.
[TpumMeps! CcI0B U3 KOHIIA CITUCKA JUISI BBITPY3KH BKITIOYAIOT: MAHOAPU-
HOBbLIL, MASIMbCS, KPACHYXA, KOHMpMepa v JIp.

s moaroroBku Bepcun PyTes-lite Obuta paspaborana mporpam-
Ma, KOTopas 10 3aJIaHHOMY CITUCKY TEKCTOBBIX BXOJIOB Te3aypyca Mo-
POKAAET CBSA3HBIN MmoaTe3aypyc. st 3Toro npon3BoAsTCs CIeayOIue
oTepaluu:

— TEKCTOBBIC BXOJIbl U3 CIHCKA COTIOCTABIISIOTCS C MOHSATHSIMH Te-
3aypyca — CO3JaeTcs UCXOAHOE MHOXKECTBO MOHITHH;

— K MCXOJHOMY MHOKECTBY TOHSTHH TMPHCOCTUHSIOTCS BCE MOHS-
THsI, PACTIONIOKEHHBIE BBIIIIE HUX 110 UEPAPXUHN OTHOIICHHUN (MCTIONB3Y-
I0TCSl OTHOIICHHUSI 8blle, Yeloe, dCy,);

— HaKOHEIl, BCE MOHATHS, KaK COMOCTABJICHHBIC, TAK U BBIIIECTOS-
IIHE 110 UEPAPXUU BMECTE C MX OTHOIICHUSIMH BBITPYKAIOTCSI B HOBBIH

Te3aypyc.
3. Onyo6ankoBannas Bepcus PyTes-Lite

B pesynbrare noarorosieHa Bepeus Tezaypyca PyTes-lite, koTopas
BKIIIOUaeT 26365 MOHATHN, K KOTOPBIM TPHUIIMCAHO OKOJo 115 ThIcsSY
CJIOB Y BBIpXKCHUH (C y4ETOM X MHOTO3HAYHOCTH ), MEXKTy TIOHSTHSIMH
ycTaHoBJeHO 0Koji0 108 Thicsau oTHOIIEHUN. Bepcus Tezaypyca BbLIo-
KeHa Ha calT http://www.labinform.ru/ruthes/index.htm.
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[IpousBeneHHas BBIKJIAIKA MTO3BOJISIET IPOCMATPUBATh TE3aypycC IO
andasury (puc. 1).

[naspasn O ppoexte Cripapxa
ABBLOEX3HBEIMHODRPCIY X UMUK 2104
¥E YBi VIIH VKB MY VIV, ¥CT. YIO
VU ‘

CHHCOK TERCTORELIX BXOI0E 1

¥ PYVILA ¥YE

YEABHTR YEABHTBCAH
B YEABJIATE

YEEJHTECA
VEEKATE BITEPEIL
VEERJIATLCH v

i B CBOHA D

1 B CROEH [TPABOTE

TARAK

CBOMY BI[THIAN

STBEHHOCTE

Puc. 1. AndaBuTHBIN IepedeHb TEKCTOBBIX BXOJIOB
te3aypyca PyTe3

[IpocMOTp KOHKpPETHOI'O TEKCTOBOTrO BXOJa, HAPUMEp, YOupams
(puc. 2) TO3BOJSET YBUJIETH COBOKYITHOCTH MOHSTHI, KOTOPBIM MPUITH-
CaHo JaHHOE CJIOBO, a UMEHHO K noHstusM YBEOPOYHBIE PABOTHI;
YBPATH B JIPYI'OE MECTO,; YBPATh, CJEJIATh YBOPKY. ns
Ka)KJ0TO TIOHSITUS YKa3aHbI MOJHbIE CITMCKU TEKCTOBBIX BXOJIOB, BKITIO-
YarolllKe CJI0Ba pa3HbIX YacTel peuu, a Takxke cioBocoueranus. Kpome
TOTO0, yKa3aHbl OTHOILICHUS C JPYTUMU MOHSATHIMH.

YkazaHHBIC B CTaThsIX MOHATHH TEKCTOBBIC BXOJIbI U IPYTHE TIOHSATHUS
o(hopMIIeHBI KaK CCBUIKH, TO3TOMY Ha HUX MOKHO IEepeXxoanTh. Tak, Ha
puc. 3 m3obpaxena crarbs nonatus CEJTHCKOXO3AHCTBEHHBIE
PABOTAHI, Ha KOTOPYIO MOKHO MEPENTH co cTaThi noHsATus Y6OPOY-
HbBIE PABOTAI.

TouHO Tak k€ MOXHO TMEPENUTH Ha JApPYroil TEKCTOBBIM BXO[, Ha-
puUMep npudbupams, 1 yBUJETh, YTO OH TAK)KE MHOTO3HAYHBIN M COOT-
BeTrcTBYeT TpeM noHstusm: YHBPATH B JIPYI'OE MECTO,; YBEPATH.
CHAEJIATb YBOPKY; I[IPUCBOHTH, CAMOBOJIBHO B3ATbH

(puc. 4).
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ABBCREXRSMAKIMHOORPCTY e XU NME S04
YHH.,

TexkcToBBIA BXog: VEMPATE

VEOPOMHBIE PABOTHI

(CHOP VPORAR, CETRCRAT CTEAIA, CRIRCRONOUIICTAEHHAR CTPATA. CETADIVEOPOHAIT, CTRATA
VBHEATE YEUPATD VERAM, YEOFKA. YEOPKA CELCRONOIRACTREHHAN KYTRTVE, VIOPKA YPOIAS,

HAMTIARH, CTRATA, VEOPOHBIE PAGOTH, VEOPOUTbIL.
VEPATE Vi mxu?:
RO
HBILE
BRINE  COBRATH (CHATH, COPRATRI

u:m{.a YPO AR

VEPATE B IFVIOE MECTO
AITEHEHPATS, [IPHEPATE, YEHFAHHE. YEHFPATS, YEHEATS B APYTOE MECTO, YEOPKA, YEEATS, YEPATL B
APVIOE MECTO)

BRIIE  YILATTHTE, OTIATHTE HA PACCTOAHHE

LT APKY, [PHEHEATE, [TPHEPATRCS, [IPHEOPRA, [TPHEEATE, [IPHEEATRCS, HPORECTI
YEQPKY. CHETATER VEQPRY, VEHEATh, YEHPATRCA, VEQPRA, YERATE. YEPATRCH)

Puc.2. Onucanne
MMOHSTHUH,
COOTBETCTBYFOIIINX

_mex _ Ogm_ KIe Cnpanka
ABBLAEXKIUMHAKAMHOOE CTY®X 1YW
HWE 208

CEJILCROXO3SITCTBEHHELIE PABOTBI

=)

(A PABOTE, CEIBCKIE PABOTEL CEIBCKOXOIANCTRENHEE BIEOTE,
CEIBNOIPAEOTED

BHILIE .
LENOE CEJILCKOE ‘{O‘J}lﬂt‘l}s()

HUKE  [IOJIEBRIE CEALCKOXOACTREHHBIE PABCTH
HHAE YEOPOYHBLIE PABOTEL

HMGKE  VHMUTOREHME COPHSKOR

HHAE  XPAHEHME 3EPHA
YACThs CEJBCKONOFHCTREHHBIH PABOTHHE

ABBECHNEXIMHKIMHEOONECT Yo X NS MmE 204

B Dac. DEC. DHX, (k. IO, ([OR, (OO0,
OoM.  IOE. IOL. IO,  |HEE. [Ed. [PQ. [EY.
L1

TexcToBLIR BXOA: MPHEHPATE

VEPATE B IPYTOE MECTO
UTPHEHPATS. [IPHEPATE. VEHFPANHE. VEHPATE. YEHPATE 8 APYTOE MECTO, YEOPKA. YEPATE, VEPATH B
APYIOE MECTC

BHIE  YIAJHTE, OTIANHTE HA PACCTCHHHE

HILKE OTBEITH B CTOPOHY

HIGKE  [ICJIOSEATE (YEPATE)

HHAE  YEOPEA CHETA

UIETATE. VECFRY, [IFEIEHEATS, Hﬂrﬂ‘!ﬂdmﬂ !JH'WJ’IP’"MM "ﬂlm?}(’f IPQBECTI
NEOPRY, CIETATE VEOFPKY, VEHPATE, YEH YEOPKA, YEPATE,

BLIME  HABOIHTE DOFAIOK

NPNCEONTE, CAMOBOUTLHO BIATE

tf{ﬂfﬁ(fﬂﬂ'ﬂ" HPIEAM, [EESISHEATR, [TEHGFATE, HPHS&!.U\'KPM‘J TIPIEEFATS HVHOE,

I PHEAPMARIT BATE. AHUIT, 1PHCBAHBARIE, EATR, [1PICECERIE,
ma\mnmcmm{e W?&O"OI"F!WS(TMHPM.BOHB HP!N"BOJ'J'E 'nmcwosmw
EYTE)

BLIE  BIATE B CHOE PACTIOPSAEHHE
HIGKE  XIUEHUE
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Puc. 3. CraTbs noustus
CEJIbCKOXO-
34HCTBEHHDIE
PABOTKI

Puc. 4. ITousrus,
K KOTOPBIM IPUTIHCAHO
CIIOBO npubupams



4. Bepcus PyTes-Lite B gopmare XML

Tezaypyc PyTes-Lite MoxkeT ObITh MOTY4YEeH B BUIC apxuBa (haiijioB
B (hopmare XML. HabGop ¢aitioB BkiIroUaeT B ceos:

— CIHCOK TIOHSTHH Te3aypyca, UIS KOTOPBIX yKa3aHa IMpeaMeTHast
00acTh (OOIIHIA JICKCHKOH, 00IIECTBEHHO-TIOJUTHYECKas 00J1acTh, T'€0-
rpadus); TaKKe s O0IbIIEH YaCTH MOHSTHI UMEIOTCS TOJIKOBAHHUS, aB-
TOMaTHYECKU M3BJIeueHHble u3 Bukucnosaps [Jlykamesuu u ap. 2014];

— CIIMCOK OTHOIICHUH MEXy TIOHITUSIMH Te3aypyca;

— CIMCOK TEKCTOBBIX BXOJIOB Te3aypyca. Omnrcanne TeKCTOBOTO BXO-
71a COIEPIKHUT JIEMMaTHYECKOE MPEAICTaBICHHE TEKCTOBOTO BXO/a, CHH-
TAaKCHMYCCKHI THIT (MMEHHAs TPYIIIa, [JIaroJibHasi rpyImna u Jp.), IiaB-
HOE CIIOBO MMEHHOU rpynmsl [Jlykamesud u ap., 2014];

— CITMCOK COOTBETCTBUH TEKCTOBBIX BXOJIOB TIOHATHSMH Te3aypyca.

3akjaoueHue

B nanHo# paboTe MBI IpEACTaBHIN OMYOIMKOBAaHHYIO BEPCHIO Te-
3aypyca PyTe3z — PyTes-Lite. Tezaypyc Bkitouaer Gonee 115 Thicsu
JIEKCUYECKUX €IMHUL] pyccKoro sizbika. PyTes-Lite noctynen amns mpo-
CMOTpa Ha caiiTe ¥ MOXeT ObITh MOJYYEH B BUjE (ailyioB B hopmare
XML. MbI HajieeMcst, 4TO IMyOIHMKAINS TAKOTO Te3aypyca OyneT coyei-
CTBOBATh Pa3BUTHIO PA3IUYHBIX METOIOB aBTOMAaTHYECKOW 00pabOTKH
TEKCTOB Ha PYCCKOM SI3bIKE.

Baaromapuoctu. Pabora nopnepkana gpounom «Aunacrusi» Imutpust 3u-
MHHa NIpH (PUHAHCOBOH MOJJIepKKE OCHOBATeNleH KoMITaHuu STHIeKc.
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VIIK 004.8

KOHIENTYAJIBHASA CXEMA CUCTEMBbI
ABTOMATHYECKOM KJTACCU®PUKAIIAU TEKCTOBBIX
JOKYMEHTOB HA ECTECTBEHHOM SA3bIKE
C UCIIOJIB30BAHUEM JCM-METOJA

H.J. JIsipenko (LyfenkoNick@yandex.ru)
Poccutickuii rocynapcTBEHHBIN TyMaHUTAPHBIA YHUBEPCUTET, MOCKBa

B craTtbe paccmaTpuBaeTcs 3aa4a aBTOMaTHYECKON KIacCU(UKAIUH TEK-
CTOBBIX JJOKYMEHTOB Ha €CTECTBEHHOM si3bIKe. J[aHHAas 3ajqada peaercs
C MOMOIIBIO CHCTEMBI KITaCCH(PUKANK TEKCTOB, HCIIONIB3YIONMECH pa3HOO-
OpasHble METO/Ibl MHTEJUIEKTYaIbHOT'O aHAJIN3a JIAHHBIX, B TOM YHCJIE C M0-
motpio JICM MeToaa aBTOMaTHUECKOTO MOPOKACHUS TUITOTES.

BBenenue

3a/aua aBTOMaTHUYECKON KiacCH(UKAIUM TEKCTOBBIX JIOKYMEHTOB
Ha €CTECTBEHHOM S3bIKE — 3TO 3aJa4a ONpPEAETICHUS MPUHAIICKHOCTH
HOBOT'O JJOKYMEHTAa 3apaHee 3aIaHHOMY KJIaccy, KOTOpasi peraeTcs ¢ mo-
MOIIIBI0 crcTeMbl Knaccuukanun TekctoB ADC (Automatic Document
Classifier), ucronb3ytoniell pazHooOpa3Hbie METOIBI UHTEIUICKTYallh-
HOTO aHalW3a JaHHBIX, B TOM 4ucie ¢ nomompio JJCM mertona aBto-
MaTudeckoro nopoxkaeHus runore3 [dunn, 1976-83]. Ins cucremsl
MPE/ICTaBlICHa CTPYKTypHasl CXeMa, OMHMCAaHbl OCHOBHbBIC KOHLEHIIWH,
paccMoTpeHbl ocobeHHOCTH peanm3aruu JJCM-Merona i 3a1a4 WH-
TEJUIEKTYaTbHON 00pabOTKH TEKCTA.

Han aBromarndeckoii Kitaccupukarueii TeKCTOB cTai paboTaTh yke
B koHIIe 1950-x n Havane 1960-x rr. OmHUMYA U3 IEPBBIX UCCIIEAOBAHUN,
MOCBSIIIEHHBIX paccMaTpuBaeMoi Teme, OblTi pabotsl UpBunra J[xoHa
I'yna u Pobepra Aprypa ®@apropna (Fairthorne). Ydaensie npeioxuim
HCIO0JIb30BATh KJIACCU(PHUKAIMIO JOKYMEHTOB B 001acTH MH(OPMAIIOH-
Horo noucka [Good, 1958], [Fairthorne, 1961]. OaHol U3 HIepBBIX pea-
nmu3anuil Obina nporpamma Sussenguth’a [Sussenguth, 1964], tae yxe
ObUIM SIBHBIM 00pa3oM IEpevyrciIeHbl HEOOXOIMMBIE JTAlbl TPEABAPH-
TeIbHON 00paboTKH TekcTa. Brmotk 10 konna 1980-x rogoB Hanbonee
3G PEKTUBHBIM MOIXOJIOM K KJIACCU(PHUKAIMHA ObUT «PyYHOW», C TIOMO-
LIbIO METONIOB U3 001acTn nHxeHepuu 3Hanni (knowledge engineering)
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[ConTon, 1973], HO B 1990-X rogax B CBS3H C pa3BUTHEM TEXHOJIOTUN
MaITMHHOTO 00yYeHUs JaHHBIN TTOIXO]T TTOTEPSIT MTOMYISIPHOCTb.

3a mocnenHue TOMBI OBUT TIPOSBICH BBICOKUN WHTEPEC K paccMma-
TpuBaeMoil 3amaue. BemyTcs komMMepueckue pa3pabOTKH, Hampumep,
Irosoft!, Artyl’s?, TextAnalyst’, mpoBomsaTcst uccienoBanus [Bloom,
2012], [Fukumoto, Suzuki, 2011], [Sebastiani, 2002], pa3pabarsiBa-
FOTCSI HOBBIE TCOPHH TPEACTABICHUS JTOKYMECHTA M B3BCIIMBAHUS TEP-
MOB*, CO37alOTCSI MHTETPHUPOBAHHBIC CpEAbl pa3pabOTKH, TakWe Kak
RapidMiner, Gate u nip.

[TepeuricnumM HEKOTOpbIE OCOOCHHOCTH TMpeNIaraeMol B JIOKIaJe
CUCTEMBI:

e [peJyIaraeTcs He MPOCTO MPOTrpaMMa JIJIsl PEICHUS TPUKITATHBIX
3ajJ1a4 1o Kiaccu(UKauu TeKcTa, a rardopma Jist IpoBeIeHUS Hayd-
HBIX 3KCIIEPUMEHTOB IO CpaBHEHHIO A((EKTUBHOCTU PA3INYHBIX Me-
TOJIOB KJIACCU(UKAIINN TEKCTOBBIX JIOKYMEHTOB, CHAOXKEHHAs YIOOHBIM
T10JIB30BaTEIHCKUM UHTEP(EHCOM U pa3BUTHIMU CPEACTBAMH (PopMalIn-
3aIy PE3yJbTaTOB IKCTICPUMEHTOB JIJIS TTOCIIECYIOIICH X OICHKH;

® Cpely peau3yeMbIX C IMTOMOIIBIO MpeiaracMoi TaThopMbl Me-
TONIOB KJIacCU(DHMKAIIMK HapsAy C IIMPOKO MPUMEHSEMBIMH METOJaMHU
(HarmooOMe MeToAa OIOPHBIX BEKTOPOB M K-OnrkadImx cocesei)
MPHUCYTCTBYIOT M HEKOTOPbIe BapuaHThl JJICM-MeTo1a aBToMaTnyecKoro
MTOPOYXKICHUS] TUTIOTE3, KOTOPBIN ISl aHaJM3a TEKCTOB paHee MOYTH He
WCTIOJIH30BAJICS, XOTS JJAHHBIC OTJIEIBHBIX YKCIIEPUMEHTOB CBHJICTEIIh-
CTBYIOT O XOPOIIMX BO3MOXKHOCTSIX 3TOTO METOJIA JUIS aHaN3a TEeKCTO-
BbIX MaHHBIX [KoTenpauKOB, 2012];

® HACTpOIKa MapaMeTPOB CUCTEMBI (BEIOOP MOJIETH TIPEACTABICHUS
TEPMOB M MOJICITH UX B3BEIIUBAHUsI, BRIOOP anropuTMa Kiaccuukauu
U JIp.) TTO3BOJISIET MCIIOIB30BATh ONTUMAIBHBIC 3HAYSHUS IS PEIICHUS
KOHKPETHOW 3aJ1aui KJIaCCU(UKAIIUH.

ITockonbKy OCHOBHOH OCOOCHHOCTBIO JIAaHHON CHCTEMBI SBIISICTCS
MONbITKA McTob30BaHusa JICM-MeToaa 1t Kinaccudukaiym, To, K Co-
YKAJICHUIO, HET BO3MOKHOCTH I0JIb30BAThCsI XOPOIIIO U3BECTHBIMH U 3a-
PEKOMEHIOBABIIMMHE Ce0sI CHCTeMaMH 110 aBTOMaTHYeCKOH 00paboTke

Uhttp://www.irosoft.com/en/communiques-presse/irosoft-adds-automatic-docu-
ment-classification-module-docutheque-entreprise

2 http://www.artsyltech.com/da_classification.html

3 http://www.megaputer.com/site/textanalyst.php

* Tepmamu B JaHHOM pabOTe MBI Ha3bIBaeM O0BEKTHI AHAITH3a — CIIOBOCOYCTAHUS
JUTMHOH He OoJee 7.

136



TekcTa, TakuMu kak RapidMiner, Gate u mp. Taxxe 310 00ycCIIOBIEHO
OTCYTCTBHEM Ka4e€CTBCHHOTO armapara padoThl C TEKCTAMHU Ha PYCCKOM
s3bIKe (HAaIpUMep, U1 PeIeHus 3a/1ad HOpMalM3alliuy CJIOB) M Hepea-
JTM30BaHHOM Haeel (PUIbTpaIy TEKCTOBBIX JOKYMEHTOB IO CIOBapsiM
MIPEMETHOM 00J1acTH.

Konuenrtyanbnasi cxema cucremsl ADC

MpHEMHMK AaHHEIX 06paBoTunk AaHHEIX AHanuaatop

? pe3ynsTaToR
\

(\;0!‘)"'% nBMw;\f

Bralipsan, a0k Tepmon

MoMyMTE CIHCOK TEPMOR

[1pisfiyericn
YOANWTE CTOR-CNOBa)
= Yaanums
[rpedyaTca
BIBECHTL TEPME]
_')>-| BanacHTL TEpMI
[TpefyaTca .

ADPMENWIOBETLS TEPME]
<r/ = TERMIL

[T ———

Cfncananna Bl acnepnwentos

CpREHEHHE DESYNLTETOR

VITeprpeTaums peayiuTaton

Puc.1. OcnoBHoii anroput™ padotsr ADC
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Cucrema ADC coctout u3 Tpex MOAyJei: MPUEMHHUK JaHHBIX, 00-
paboTUUK AaHHBIX M aHAIM3AaTOP PE3ybTaToOB. 3aja4ya MPUEMHHUKA JIaH-
HBIX 3aKJIFOYAaeTCs B CO3JaHNUU KOpITyca JOKyMEHTOB, TP HEOOX0IUMO-
CTH B IpeoOpa30BaHUM BXOJHOTO JToKyMeHTa (Harpumep, HTML daiin)
B TEKCTOBBIH JJOKyMeHT. B Mozyne 06paboTKu JaHHBIX MTPEIBAPUTEIHHO
00padaThIBAtOTCS TEKCTOBBIC IOKYMEHTHI (BBIJICISIOTCS, HOPMAIHU3YIOT-
CsI ¥ B3BEILIMBAIOTCS TEPMBI) U IPUMEHSIETCS aJITOPUTM KIaCCU(PHUKAIIIH.
C nomouIpi0 aHanIM3aTOpa Pe3yJbTaTOB IPOUCXOAUT HHTEPIIpETaLHs
HKCIIEPUMEHTOB M BBIYHCIEHHE PA3IUYHBIX METPUK IPPEKTUBHOCTH
(TOYHOCTB, aKKypaTHOCTb, ITOJTHOTA).

Ha puc. 1 npeacrasien ocCHOBHOM anroput™ padoTsl cucteMbl ADC
B BUJIE AMarpaMmsl aesreapHoctd UML.

IonyyeHue JaHHBIX

[epBBIii 3Tam COCTOMT B KOHBEPTALUH JOKYMEHTOB B TEKCTOBBIN
(aitn, comep)aimuii TOIBKO 3HAYUMYIO TEKCTOBYIo HH(opMaiuio. B
paMKax JaHHOTO WCCIEIOBAaHMS ITPEIIONaraeTcsi UCIOIb30BaTh B Ka-
YeCTBE JJAHHBIX MAaCcCUBBI JOKYMEHTOB U3 ceTh VIHTepHeT U mpejcTas-
nennabie html-ctpanuamu. OueBUaHO, 4TO Teru B html-1o0KymMeHTe He
HECYT CEMaHTHUYECKON HAarpy3KH U UX MOXKHO HE y4UThIBaTh. HO 00bIU-
HO yJaJICHWEe TETOB HE MPUBOAUT K 0E30IIMOOYHOMY IMOTYYCHHUIO YH-
cToro Tekcra (plain text) u3-3a Hamu4Ks OOJBIIOTO KOJIMYECTBA PeKIia-
MBI, HOBOCTHOTO MYCOpa, KOMMEHTApHEB, KOTOPHIE BHOCST OOJBIION
myM B oOyuaromlyto BeIOOpKY. [1oaToMy ObUT MpeAsioKeH U peannso-
BaH MEXaHU3M 0oJiee TOUHOTIO M3BJICUEHHS YUCTOTO TEKCTa C y4eTOM
TETrOB, KOTOPBI TOBBICHJ Ka4e€CTBO MONYYEHHS TEKCTOBBIX TaHHBIX
n3 html-noxymenToB. es MexaHu3Ma COCTOUT B TOM, YTO HAa OCHOBE
html-cTpaHunbl CTpOUTCS THCTOrpaMMa, YYUTHIBAIOIIAs JUIMHY CTPO-
KM TEKCTa (KOJMYECTBO CIIOB/OYKB) M TET, B KOTOPBII 3aKIIFOYEH TEKCT.
AHaAIM3UPYIOTCS TOJBKO T€ YaCTH JOKYMEHTA, KOTOPBIE MOIydaT MakK-
CHMAaJIbHOE 3HAYCHUE B Pe3yJIbTaTe TaKOH KOMIIO3UIIUH.

O0padoTKa JaHHBIX U KJacCH(PUKALUS

Ha Bropom sTane npoBoauTCs NpeABapUTeNbHas 00paboTKa JOKy-
MeHTa U Kiaccupukanys. Vicrnonb3ys cTaTUCTHYECKUH aHaIu3, onpesie-
JSIETCSl KOOUPOBKA JTOKYMEHTa M3 3a/laHHBIX CIIMCKOM 3HAYEHWH KOZO-
Bbix ctpanul (UTF-8, UTF-16, CP1251).

B nanHoli pabote mpesmnoiaraeTcs, 4TO HE BCE BBIJCICHHBIE Tep-
MBI HECYT CEMaHTHUECKYI0 Harpy3ky. Ecnu moctpouTs pacmpeneneHue
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TEPMOB I10 YaCTOTE MX yHOTpeOseHus], TO OoJbliee 3HaYCHUE TOTydaT
CTOI-CJIOBA, MEHBIIIEE — Y3KO CIIECIHATN3UPOBAHHBIC TEPMUHBI, @ OCTaB-
IIasCsl 4acTh XapaKTepu3yeT AOKYMEHT B 1enoM. [loaromy mpeniara-
€TCsl MCII0JIb30BaTh aBTOMAaTUYECKH CT€HEPUPOBAHHBIE CIOBapU Mpen-
METHOM JIEKCHKH, AJIsl MPOBEACHHS (QUIBTPALUN U3BJICUEHHBIX TEPMOB
U3 TEKCTA 10 HUM.

g mpencraBieHust TEKCTa B BUJIE 7-MEPHOTO BEKTOpa HUCIOJIb3Y-
I0TCs1 KOHIIETIMS Menika ciioB (bag of words), paznuyHble MOJIENIN B3Be-
muBaHus TepmoB: yactotHbd, TF-IDF, LOWBOW, MFS [Lebanon et
al., 2007], [Cabera et al., 2013].

[IpoBoguTCst HOpMaIU3aKs TEPMOB MO0 CHOPMHUPOBAHHOMY OOpar-
HOMY CJIOBapIO Ha OCHOBE ciioBaps A.A. 3amu3HsKa U peiokeHa Me-
TOJMKA JIJIsl HOPMAJIM3allMi HEU3BECTHBIX CJIOB HA OCHOBE MOHCKA MaK-
CUMaJIbHO JUIMHHOW MOACTPOKH B MHBEPTUPOBAHHOM CIIOBE.

[Ipeamnomnaraercss U3MEHSATh BEC Y HEKOTOPBIX TEPMOB: TaK, y UMEHO-
BaHHBIX CYLIHOCTEH MMEET CMBICI YBEJIMYMBATh BEC U YMEHbBILIATH €T0
Y HE3HAYMMBIX TEPMOB.

[Tocne nmosyuyeHHOro BeKTOpa MPU3HAKOB HYKHO NPUMEHHUTH ajro-
puTt™ Knaccuukanuu. s pemeHus JaHHOW 3a/1aui IMPOKO HCIIONb-
3YIOTCSl CIEIYIOIINE METOJbI: METOA k-OmmKalinx cocenel, HeWpoH-
HbIE ceTH, 0alleCOBCKHUI KiIacCU(pUKATOp, MAIIMHA OTMIOPHBIX BEKTOPOB
(SVM) u ap. B mannoit pabore nogpodbree paccmorpum JICM-meron,
T.K. IaHHBIA METOJ| MOKAa3bIBACT HEIUIOXYI0 A(PPEKTUBHOCTh B 3aj]iaue
omnpezeneHus ToHanbHOCTH TekcTa [Korenbnukos, 2012]. Meton cy-
LIECTBEHHO MPEBOCXOAUT 0a30BbIN Kiaccudukarop, oH Ha 4% iyure
SVM 6e3 nogbopa oNTUMaIbHOTO YHCIIa XapaKTEPUCTUK U MEHEe YeM
Ha 1% otinmuaercs or SVM ¢ nogbopom xapakrepuctuk. IlosTomy ectb
BCE OCHOBAHMS UCIOJIb30BaTh JAHHBIM METOA U MPEANOI0KUTh, YTO U
JUI Ipyroro Kpyra 3ajgad aBTOMAaTHYECKOW KiIacCH(UKAIMH TEKCTOB
(3aaum omperneseHHs TeMbl TEKCTa M aBTOPCTBA) JaHHBINA MeTox Oyaer
s QeKTuBeH.

B ocnoe JICM-Merona snexar ¢opMain30BaHHBIC MTPaBUIaA MPaB-
JONO00HBIX paccyxaeHuil. JJICM-meron peanusyer CUHTE3 TpeX TO-
3HaBaTeNbHBIX MIPOLEAYP — MHAYKIMH, aHAJOruK 1 adaykuun. CBoe co-
KpallleHHOE Ha3BaHWE METOJl MOJIYYHJI B YECTh aHIIMKCKOTO (hrinocoda
u noruka /[.C. Munsa. B JICM-Mertone ucnonb3yroTes 1B Kiaccuye-
CKHe JUIsl MAIIMHHOTO 00y4eHus (a3bl: BbISIBICHNE 3aKOHOMEPHOCTEH B
JaHHBIX (0Oy4eHre) U MpeCcKa3zaHie 3HAYCHHUS 1IeJIEBbIX CBOKCTB.
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AHaJIu3 pe3yJIbTaToB

B cuny cnennduku npuMeHEHHsT pa3IUYHBIX METOJOB MHTEIIICK-
TyaJIbHOTO aHAJIN3a JAHHBIX CJIEIyeT BBISCHUTH, KAKUE U3 UMEIOITUXCS
ITOPUTMOB M MOJIeJIeH NPEACTaBICHNUS TEKCTa AT Haubosee pee-
BaHTHYIO KJacCH(HKAIIMIO JJOKYMEHTOB JUIsl KOHKPETHOW MPEMETHOM
3a/a4n, T.e. TpeOyeTcs WHCTPYMEHTApHH HIJisi XpaHEHHUs Pe3yabTaToB
9KCTICPUMEHTOB M UX CPaBHEHUSI.

Jns hopmupoBanus 0a3bl JaHHBIX SKCIIEPUMEHTOB C Pa3IMYHBIMU
OIMIIUSMU O0pa0OTKU TEKCTa M KIACCH(PHUKAINN HEOOXOIUMO HUMETh
WHCTPYMEHTApUi, TIO3BOJISIIOIINN OBICTPO U yAIOOHO MPOU3BOAUTH Ha-
CTPOMKY 3KcTiepruMeHTOB. J{Jist penieHus TaHHOH 3a1a4n ObLia pazpabo-
TaHa 00bEKTHAs MOJEIb MMPOEKTa CUCTEMBI. [IpOEKT COCTOUT U3 NMEHU
(myTh K (aiiny mpoekTa), JaThl IPOBEICHHs, HACTPOHKHU MPOEKTa U ce-
puu skcniepuMenToB. [locnennee mosne BKIIIOYaeT MMs DKCIEPUMEHTA
(YHUKaNBHBIN UACHTU(UKATOP), ATy MPOBEICHHUS, CITUCOK (haiiyioB JUIs
00y4eHHUs M TECTUPOBAHUSA Kiaccu(UKaTopa, pe3yabTaTbl 1 HACTPOUKH.
[Tons «pe3ynbTaThl» U «HACTPOWKA IKCIIEPUMEHTA» — 3TO yKa3aTesu Ha
COOTBETCTBYIOIIHUE OJISI B 043¢ TAaHHBIX M0 SKCIICPUMEHTAM.

OcoOennoctn peanuzaunu JICM-meTona nis 3agau
aBTOMATHYECKOIl 00padOTKHN TeKCTa

YCTaHOBUM COOTBETCTBHE MEXKTy TEPMUHAMH aBTOMATHUYECKON 00-
paboTKM TeKCTa U TEPMUHAMHU, UcHodb3yeMbiMu B JICM-meToze.

OObekTamMu Mbl OyZieM Ha3bIBaTh TEKCTBHL. T€pPMbl WM PE3yIbTATHI
MpUMEHEHUS X3II-PYHKIIMK K HUM Ha3oBeM aromami. lleneBoe cBoii-
CTBO 00BEKTa — 3TO KJlacc, KOTOPBIM HYKHO MpPeIcKa3arh sl KaXI0ro
npumMepa. 3agady n-apHOH kinaccudukanuu OyzieM paccMaTpuBaTh Kak
MOCJIEIOBATEIBLHOCT PEIICHHsI 331a4 OWHAPHOW KiTacCUpUKAIWH, T.C.
MHOTOKpartHbIi 3amyck JJCM-niporienyp.

OOBIYHO JIJIs1 TTPENICTABICHUS 0OBEKTOB B 3aJladyax C UCIOJIb30BaHU-
em JICM-metona HCIIONB3YIOT MHOXKECTBA, KOTOpbIe Ha 0ojiee HU3KOM
YpOBHE TIPEACTABISIOTCS B BHJIE OMTOBBIX CTPOK. Takoe ImpezicraBie-
HUE cuMTaeTcs camor 3((EKTUBHOW CTPYKTYpOH, Ha KOTOPOH MOXKHO
OTIpEJIeNIUTh OTepalnnio cxojucTBa. Ha Bbuncienue cxopcrsa (mepece-
YeHHE MHOXKECTB) TpaTUTCsS Ooiblas yacTb BPEMEHHU Ha 3rtane (op-
MHUPOBaHUsI TUTIOTE3 O HAIWYUH WM OTCYTCTBUU CBOWCTB Y OOBEKTOB
(manyxuus). Ho Beca TepMOB mpeCcTaBIeHbI BEIIECTBEHHBIM YHCIIOM B
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mpomexyTtke [0,1], moaTomy HeoOxomuMo mpeoOpa3oBaTh YUCIO B OU-
TOBO€ mpezcTaBieHne. MoxHo pasaenuts natepsan [0,1] Ha 8 wim 4
OTpe3Ka TaKuM 00pa3oM, YTO KaKIbIil MOCIIEAY IO HHTepBall BKIIIO-
qaeT npepaymuii. Hampumep, Takum oOpazom:

: =0, nynesoe snauenue, 0000

€(0;0,4], Huskoe snauenue, 0001

~

€(0;0,6], Huzxoe snauenue , 0011

€ (0;0,8], snauenue ne gvtute nogeiutennozo, 0111

SR

€ (0;1], 6ce ozmooicuvie 3navenuss, 1111

IJe W; — BeC i-0ro TepMa, CJIOBECHOE OIMCAaHUE 3HAUYEHUsS Beca TepMa,
OUTOBOE NPEACTABICHUE TEPMA.

[Tocne Takux mpeoOpa30BaHU, KOHEUHO, YBEITUUUTCS PA3MEPHOCTh
BEKTOpa MPU3HAKOB, HO B CHIJIY IPUMEHEHHS UeH (PUIbTpaii Mbl Oy-
JeM paboTarh TOJIBKO ¢ MOJMHOKECTBOM MHOXECTBA TEPMOB JTOKyMEH-
Ta. I 9TOM 1enu Mbl OyleM HCIOb30BaTh HEOONBIIOE KOTUYECTBO
CIIOBapei CpaBHUTENBHO Y3KUX MPEIMETHBIX 001acTe.

Penras 3ajauy remMarndeckoil aBTOMaTHUECKON Kilaccu(pUKanuu J0-
KyMEHTOB, OyJIeM BBIOMpATh ISl pACCMOTPEHUSI HEKOTOPYIO TpeaAMET-
HYI0 0071acTh, (POPMUPOBATH y3KOCTIEHNATN3UPOBAHHBIN CIOBApPh ITOM
MPEeIMETHON 00JacTh U OTHENBHO CO3/IaBaTh CIHCOK METOK PYyOpHK.
MpI1 npeanonaraeM, 4rto CBA3b MEXIy PYOpPHKaMHU U COBOKYITHOCTSIMH
TepMOB 3apaHee HenszBecTHa. OHa Oyaer oOHapy)keHa Ha 3Tane MHAyK-
uuu. PyOpuku OyayT cOOTBETCTBOBATh MOA0OIACTAM paccMaTpUBAEMO
MPEeIMETHOM 00NacTH.

Mpsr Oynem oOpabaTbiBaTh HE MHOXKECTBO BCEX 3HAUYaIlIMX TEPMOB
JTIOKYMEHTA, 3 MHOXKECTBO TOJIBKO TEX TEPMOB JOKYMEHTA, KOTOPBIE BXO-
JST B CHEIMATU3UPOBAHHBIN CIIOBaph MpeaMeTHOH obmactu. MIMeHHO
ATO MHOXKECTBO Oyner paccMmarpuBaThcs Kak 00bekT JICM-cuctemsl.
KonndecTBo TepMHHOB c0Baps MPeIMETHON 00JIaCTH MPeInonaraeTcs
HEOONBIINM (HECKOJIBKO COT TEPMHUHOB). DTO MO3BOJUT CYLIECTBEHHO
YMEHBILIUTb Pa3MEPHOCTb OUTOBOIO BEKTOPA, IPEICTABIISIOLIETO JOKY-
MeHT (00bekT JJCM-cucTembr), ¥ IO3BOJIMT HAM HUCIIOIB30BATh U3BECT-
HBbIE AJTOPUTMBI, MpeJiaraeMble Uil paboThl C TEOPETUKO-MHOXKECT-
BEHHBIM TipezicTaBnenneM 00bekToB JJICM-meTona.
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MpI OyzeM oIy CcKaTh TaKyl0 CHTYaINIo, KOTIa BEIOpaHHBIH 3apaHee
Habop pyOpUK HE 0053aTEIHHO METUKOM BKITFOUAETCS B OIHY IPEAMET-
HYI0 00/1acTbh, Ul KOTOPOH MMeeTCs y3KOCIeMaIu3upOBaHHbIN CII0-
Bapb. [loaToMy mpornenypa WHAYKIHHA OyaeT BKIIOYATh IMepedop Bcex
MMEIOIIMXCS B HAIIIEM PACHOPSDKEHUH Y3KOCTICUATU3UPOBAHHBIX CIIO-
Bapeil, GUIBTpaLtIO MO KaXKA0MY CI0BapIO M MOPOXKICHUIO TUIIOTE3 10
BBIJIEJICHHUIO HA0Opa TEPMOB JIJIsl aBTOMAaTHYECKOW pyOpuKanuu (1o ot-
JETBHOCTH IS KaYK/I0TO CIIOBApS).

He uckmrouena u Takasi cuTyarus, Korja ojHa pyopuka Oymer ot-
HOCHUTBCS K HECKOJIBKHM MPEAMETHBIM 00macTsiM. Toraa pa3HbIM Ipen-
METHBIM 00JacTsIM, BOOOIIE TOBOPS, MOT'YT COOTBETCTBOBATH Pa3HbIC
HAOOPBI TEPMOB, OTHOCSIIITUECS K OHOMN pyOpuKe.

3akaroueHue

B nanHoit pabote paccMoTpeHa 3a/iaua aBTOMaTHYECKON Kiaccupu-
KallMH TEKCTOBBIX TOKYMEHTOB HAa €CTECTBEHHOM S3BIKE C UCITOJIB30Ba-
nuem [ICM-metona. IlpemoxkeHa KOHIIENTyajbHAsi CXeMa CHCTEMBI,
paccMOTpeHbl HEKOTOpble ocodeHHocTH peanu3anyu JJCM-merona s
3a/1a4 aBTOMAaTHYECKOM 00paboTku Tekcta. Ha Texymuii MOMEHT 3a/1a-
Ya MOJyuYeHHs] BEKTOpa MPHU3HAKOB M ero (OPMHUPOBAHUS pellieHa IS
yactotHOU u TF-IDF Mopenel npeacrasiieHus: TEpMOB. Peanu3oBaHbl
YAOOHBIH MMOJIb30BAaTENbCKUM HHTEPQEIC 1Sl TPOBEACHHUS KCIIEPUMEH-
TOB Y MX aHAJIN3a, 00bEKTHAS MOJIENb IPEACTABICHUS IPOEKTa B CHCTe-
Me ADC ¢ nomonibio xml-gaiina npoekra.
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VIK 004.853

ABTOMATHYECKOE U3BJEYEHUE TEPMUHOB
JUISL 3AJIAYY TOHOBOW KJIACCHOUKALINN
B IIOCTOSIHHO OBHOBJISIIOIINXCS TEKCTOBBIX
KOJUIEKIUSIX

FO.B. PyouoBa (yu.rubtsova@gmail.com)
Wuctutyt cucrem napopmatuu uM. A.I1. Epmosa CO PAH,
HoBocubupck

B pabote omuchiBaeTcs MOIXOM K M3BICUCHUIO TEPMHUHOB M3 TEKCTOB U
BBIYMCICHUIO BECOB VISl IIOCTPOCHUS CIOBapsi, KOTOPBIH MMOCTOSHHO 00-
HoBisieTcs. [ToyueHHBIH clI0Baph UCIOIB3YETCs ISl TOHOBOM Kilaccu(u-
KallMM TEeKCTOB Ha TPU KJacca: MOJOXKUTEIbHbIE, HEHTpaIbHble, OTPULIA-
TenbHbIC. [IpUBEICHBI CPaBHEHUSI METONOB, OCHOBAHHBIX HA PA3IHMYHBIX
CTaTUCTUYECKHX Mepax, II0Ka3aHa BBIYUCIUTENbHAs CI0XKHOCTh IIepecde-
Ta BECOB TEPMHUHOB B 3aBUCUMOCTH OT MCIONb3yEMBIX METO/OB.

BBenenue

MBI 3x1BeM B IOCTOSIHHO MEHso1eMcst Mupe. Bmecre ¢ robanbHbl-
MH U3MEHEHUSIMH TPOUCXOIAT U3MEHEHUS ECTECTBEHHOTO A3bIKa. 3BIK
MOCTOSIHHO TPaHC(OPMHUPYETCS U Pa3BUBAETCS: OJHU CIIOBA BXOJAT B
aKTHBHBIN CIIOBAPh, IPyTHE TEPECTAIOT YHOTPeOIsIThCs. Kaskaplii eHb
POXKIAIOTCS HOBBIE CIIOBA, OKOJIO IOJIOBUHBI U3 HUX — CJIEHT. CJeHr ak-
TUBHO UCIIOJIBL3YIOT B PA3rOBOPHON Peur U JUIs MUCbMEHHOTO OOIIEHUS
B COLIMAJIBHBIX CETAX, a TAKXKE JUISl BBIPAXKEHHSI SMOIIMOHAIIEHOTO OTHO-
HIEHUS K TOMY WJIM MHOMY BONpPOCY. B CBSI3M ¢ 3TUM Ba)KHO YUHUTHIBATh
MU3MEHEHUs B €CTECTBEHHOM SI3bIKE M CJIEHT TPHU pa3paboTKe TOHOBBIX
knaccudukaropos. bonee Toro, Tak Kak aKTUBHBIMA CJIOBapHBI 3amac
PEryJIApHO TOIOJIHAETCS HOBBIMHA TEPMHUHAMHM, CIIOBAPH 3MOIMOHAIIb-
HOM JIEKCUKH TaKkKe JOJDKHBI PEryJsipHO OOHOBIISATHCS, a Beca TePMU-
HOB B OTHUX CJIOBapsIX IEPECUUTHIBATHCS.

B nannolt paboTe npencTaBiIeH NOAXO0/ K CO3AaHUI0 TOHOBOTO KJlac-
cuukaropa, H3BICYCHUIO TEPMUHOB M HA3HAYECHUIO MM BECOB JUIS
IIOCTPOEHHS CJIOBAPSl SMOLMOHAIBHON JIEKCHKH, KOTOPBIN IOCTOSHHO
oOHoBnsieTcst. [IpuBesieHbI cpaBHEHHUsT Pe3yabTaTOB PadOThl TOHOBOTO
KJaccu(HKaTopa B 3aBUCUMOCTH OT IOJIXOJ0B Ha3HAuU€HHs BECOB, OC-
HOBaHHBIX Ha Pa3JIM4YHBIX CTATUCTUYECKUX MEpax, MOKa3aHa BBIYMCIIN-
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TeJIbHAs CIIOKHOCTH TepecdeTa BECOB TEPMUHOB clioBaps. Bce skcrre-
PUMEHTHI POBOAMIIMCH Ha JBYX KOJUICKIIUSX:

1. Komteknust KOpOTKHX COOOIIEHUI MUKPOOIOTOB;

2. HoBocTHAas KOJIEKIMSL.

1. Onucanue TEKCTOBBIX KOJJIEKIINIA

1.1. Konsieknust KOpoTKUX c000IeHNn MUKPO0JI0roB. B ipe/ibi-
nymiei padore aBropa [Py6rnosa, 2013] moapoOHO omucaH MoaxoJ K
MMOCTPOCHUIO KOPITyca KOPOTKUX TEKCTOB Ha PYCCKOM SI3bIKE HA OCHOBE
coobmiennii conpansHoi cetu Twitter. Twitter — 9To conpanbHas ceTh
U CePBUC MUKPOOJIOTHHIA, KOTOPBIH MMO3BOJISIET IOJIB30BATENSAM THCATh
COOOIIeHNS B peaslbHOM BpeMeHU. MIHor1a coO0IIeHrne MUIIEeTCst ¢ MO-
OMIILHOTO YCTPOWCTBA C MecTa COOBITHS, UTO J00aBISET COOOIICHUIO
OMOIIMOHATLHOCTH. M3-3a orpanudvenusi rarGopMbl JJIMHA twitter-
coobmienns He npeBbiaet 140 cumBomoB. B ¢Bsi3u ¢ aTHMU 0COOEHHO-
CTSIMH CepBHCa JIIOAM HCIOJIB3YIOT a00peBUATYPhI, COKPAIIAIOT CIIOBA,
WCTIONB3YIOT CMAaWIMKK, MUMIYT C OpporpaduueckuMy OIIUOKAMH |
ornieyaTkaMu. Twitter UMeeT 0COOCHHOCTH COITMATLHOM CETH, ITOIh30Ba-
tenu Twitter UMEIOT BO3MOKHOCTD BBIPayKaTh CBOE MHEHUE OTHOCUTEIb-
HO pa3JINYHBIX BONPOCOB: OT KA4eCTBa TeIe(HOHOB 10 IKOHOMUUYECKUX
1 TIOJIMTUYECKUX COOBITHI B MUpe. HacTo HOBbIE CICHIOBBIE CJIOBA T1O-
SIBIISIIOTCSI U3 COKPAILEHUH CIIOB WM OOBEIMHEHUS IBYX U OoJiee CIIOB
B OJIHO — 3TO JIENAETCS JIJISl TOTO, YTOOBI YIIOKUTHCS B OTBeIeHHbIE 140
cuMBOJIOB. M3-3a cBOMX OCOOEHHOCTEH IuIOIaKa twitter MHTEpecHa
JUTSL MCCIIeZIOBaTENIeH M MPOBECHHSI HAYUHBIX 9KCIIEPUMEHTOB C HEH.

B oTKpbITOM JOCTYHe HET pa3MEUYEeHHBIX OOIETEeMAaTHYECKUX KOp-
ITyCOB KOPOTKUX COOOIIEHUH, MO3TOMY ¢ rmomotnbio API twitter Obia
coOpaHa KOJUIEKIHS, COCTOAIIAs M3 OKOJIO 15 MWIIIIMOHOB KOPOTKHX
coobmiennii. Ha ocHOBe coOpaHHBIX COOONICHUH, C TIOMOIIBI0 METO/1a
[Read, 2005] u mpenoxenHo# aBTopoM [Py6moBa, 2013] dpumbTparym,
OB chOopMUPOBAH COATAHCHPOBAHHBIN KOPITYC KOPOTKUX COOOIICHUH,
COCTOSIIIIMMI U3 CIAEAYHOLUX KOJUICKIUA:

® KOJIICKIIHS TTOJ0KUTEIBHBIX coobmennit 114 991 3anucwy;

® KOJUIEKIIMSI HEraTUBHBIX coobIienni 111 923 3amucei;

® KOJUICKIIMS HEUTpanbHbIX coobmennti 107 990 3anucei.

KommdecTBo c10BOOpPM M YHUKATBHBIX CIIOBOPOPM B KOJIIEKIIUSIX
npejacrapiieHo B Tadnumie 1. Koprnyc goctynes uist myOJIMYHOTO CKavu-
BaHUs M O3HAKOMIIEHUS 110 ccbuike http://study.mokoron.com.
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Tabnuya

T KomnuuectBo crnoBodopm | KonuuecTBo yHUKAIBHBIX
I KOJUIEKIUU

B KOJUICKLIUH CIIOBO(OPM B KOJUIEKIIUH
ITonoxurensHbIe 1559 176 150 720
COOOIIIEHNS
Herarnsnsle 1 445 517 191 677
COO0OIIIEHNS
Heiirpanpueie 1 852 995 105 239
COOOIIICHUS

1.2. Kosuleknusi HOBOCTHBIX caiiToB. HOBOCTHBIC KOJUICKIIUU
ObLTH cOOpaHbI HAa HOBOCTHBIX Web-caliTax. PazMeTka Kopiryca Ha 1moJio-
JKUTEJIbHBIC, HEUTpaIbHbIC U HETATUBHBIC KOJUICKIIUU MPOU3BOINIIACH
JKcriepTaMu Bpy4uHYy0. OTIrurue HOBOCTHOHM KOJUIEKIIMU OT KOJIJICKITHH
KOPOTKHX TEKCTOB B TOM, YTO HOBOCTH MEHEE IMOIMOHAIBHBI, JIEKCH-
Ka HOBOCTEH OoJjiee HEHTpajdbHA U HE W300WIYET )KaprOHU3MaMH, CO-
KpalleHUsIMH U HEHOPMATUBHOM JieKkchKoi. Kak mpaBuiio, HOBOCTHBIC
TEKCTHI HE coziepKaT opdorpaduueckux OmMUOO0K U HE COACPKAT CUM-
BOJIOB, 0003HAYAIOIINX SMOIMK Ha MHUChbMe (cMainukoB). HoBocTHbIE
TEKCTHI CyIIecTBeHHO anuHHee 140 cuMBOJIOB.

Koprryc HOBOCTHBIX TEKCTOB COCTOHT W3 CIEAYIOIINX KOJIICKITHIA:

® KOJUICKIUS MOJIOKUTEIBHBIX TOKYMEHTOB COCTOUT U3 46339 Ho-
BOCTEH;

® KOJUIEKIMSI HETAaTUBHBIX JOKYMEHTOB COCTOUT U3 46337 HOBO-
CTeH;

® KOJUIEKIMSI HEUTpaIbHBIX JOKYMEHTOB cOCTOUT u3 46340 HOBO-
CTEH.

KonudecTBo ¢10BOOPM M YHUKAIBHBIX CIIOBO(GOPM B KOJIICKITUSIX
MpEJICTaBIICHO B TabmuIIe 2.

Tabauya 2
Konuuectso cioBodopm | KonuuecTBO yHUKATBHBIX
Tun xonnekuun
B KOJIIEKI(UU CII0BO(OPM B KOJIIEKITUH
TTosoxurensHbIE 4553010 104 001
co00MEeHns
Herarmsibie 10 400 699 202 354
coo0IIeHUs
Heiirpaibrsie 7667 441 155 538
COO00IIIEHNS
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2. Onucanmne BeCOBBIX CXeM

BoNbIMHCTBO M3 CYIIECTBYIONIMX METOAOB aBTOMAaTHYECKOTO U
MOJTyaBTOMATUIECKOT'O U3BJICUCHHUS CJIIOB U3 TEKCTOB CTPOUTCS Ha YC-
JIOBUM, YTO BCE JIaHHBIC 3apaHee HM3BECTHBI, JOCTYIHBI M CTATUYHBI.
Hanpumep, nns ucmonp3oBaHus MeTona, ocHOBaHHOro Ha Mepe TF-
IDF [Salton et al., 1988], HeoOX0aMMO 3HATH YAaCTOTY BCTPEYAEMOCTH
TEpMHUHA B JJOKyMEHTE, CJIeIOBaTeIbHO, HA0Op JaHHBIX HE TOJDKEH Me-
HATBCS BO Bpems pacyera. Tak, Hampumep, pu 100aBICHUH HOBOTO
TEKCTa B KOJIICKITHIO TPEOYETCsI MepecunuTarh Beca JJisi BCEX TEPMUHOB
KOJUICKIIMU. BprumcimTenbHas CI0XKHOCTH IepepacyeTa BEeCOB BCeEX
TEPMUHOB B KOJUIEKIIMU paBHa O( N?). DTO CyIIECTBEHHO YCIOKHSAET
BBIUMCIICHUS, €CJIU TpeOyeTcs MPOBECTH 0OCYET JIAHHBIX B PEAIbHOM
BpPEMEHH.

Jis Toro, 9To0bl pemuTh MpodieMy TOMCKa U pacdeTa BECOB Tep-
MHUHOB B peXKXHME peaIbHOTO BpeMeHH, Oblia npeyioskena [Reed et al.,
2006] mepa Term Frequency — Inverse Corpus Frequency (TF-ICF). [{ns
pacueta TF-ICF ne TpeOyercs nHOpMaIuu 0 4acToTe MCIOJIL30BaAHUS
TEPMHHA B JIPYTHX JOKYMEHTaX KOJUICKIHMH, TAKUM 0Opa3oM, BBIYHC-
JUTENbHAs CJI0KHOCTh TiepepacyeTa BECOB TEPMHHOB B KOJUICKIIHH JIU-
HeriHa. UToObI OLIEHUTD 3P (EKTUBHOCTh METO/1a, OCHOBAHHOI'O Ha Mepe
TF-ICF, nnst 3a1auu U3BJI€UCHHsI OLEHOYHBIX TEPMHUHOB AJISl CIIOBaps
OMOIMOHATIBLHOM JIEKCUKU OBUIO TPOBEICHO CPaBHEHUE DPE3yJIbTATOB
paboTel MeTo10B, ocHoBaHHBIX Ha Mepax TF-ICF u TF-IDF.

®opwmyita 11 Berurcienus Mmepel TF-IDEF:

tfidf =if (2.1)

II€ {f — 3TO YacTOTa BCTPEYAEMOCTH TEPMHMHA B KOJUIEKIMH TBUTOB;
T— ob1iee YUCI0 COOOIICHNI B KOJUIEKIIUAX MTOJOKUTEIBHBIX U OTPHU-
narenbHbx; /' (¢, ) — 4uCiI0 COOOIICHUI B MOJOKUTENBHON U OTpHUIa-
TEJILHOW KOJUICKIUSIX, COJIEPKAIIMX TEPMHUH.

Hns Beraucnennst mepbl TF-ICF ucnoneiyercst cnemytommas Ghop-
MyJIa:

ificf = if xlog(1+_1 ), (2.2)
o (4 )

re C — 3T0 YKMCII0 KATEropuii; ¢f — 4uciio KaTeropuii, B KOTOPLIX BCTPe-
YaeTCsl B3BELIMBAEMbIN TEPMUH.

147



B mepe TF-IDF o6a ¢akxTopa B3BemMBaHUs OIEHUBAIOT TEPMUH Ha
ypoBHe nokyMmeHTa. [lpemnoxennas mepa TF-ICF sBnsiercs cmerian-
Hoii: TF onennBaer TepMuH Ha ypoBHe JokyMeHTa, a ICF Ha ypoBHe Ka-
teropun. Heo6xonumocts noapo6no onuceiBate TF-ICF o0ycnosnena
BO3MOXHBIMH pa3HouTeHusMu. Hampumep [Lertnatteed et al., 2004],
npemioxun ucrnonb3oBath TF-ICF, B xotopoit gaktop TF onenuBaet
9aCcTOTY BCTPEYAEMOCTH TepMHHA Ha ypoBHE Kateropuu, ¢akrop ICF
aHaAJIOTUYEH TOMY, YTO HCIIOJIb3YEeTCs B 9TOi padore.

3. lloaroroBka K 3KCHEPUMEHTY

3.1. IloaroroBka cJjOBapsi U TEKCTOB IJs1 Kjaccuduratopa.
[Ipexae 4yeM NPUMEHSTH TEKCTOBBIM KITACCH(PUKATOP, HEOOXOIUMO
MPEJICTABUTh TEKCTHI B BEKTOPHOM BHUE. JlJ1sl 3TOT0 KOJIEKIHS KOPOT-
KHX COOOIIEHH, OMUcaHHas B MyHKTe 1.1, moaBepriachk QUIbTpalyu.
JIJist cocTaBiIeHUs CIIOBapS U3 KOJUICKITUH OBbIITH YAaJICHBI:

e 3HaKW MpenuHaHMs (3aIsThie, ABOCTOUYMS, KaBbIYKH), BOCKIHLIA-
TEJbHBIE W BONPOCHUTEIbHBIE 3HAKH, a TAKXKE TPOETOUUS] ObUIN OCTaB-
JICHBI;

e YiajieHbl yNIOMUHAHUS 3HAYUMBIX JINYHOCTEH M COOBITHIA — CO
BpEMEHEM OTHONICHHWE K HUM MOXET M3MEHSATHCS, HO OOYYeHHBIH Ha
«CTapbIX TEKCTAX» KIacCU(UKATOP HE CMOXKET OBICTPO TIEPECTPOUTHCS;

e Y ajieHsl UMEHA COOCTBEHHEIC,

e Vnanensl Udpbl (YIIOMUHAHUS TOJOB M BPEMEHH CYTOK ObLIH
OCTaBJICHBI);

e YiajeHsl ClI0OBa, KOTOPhIE BCTPEUAIOTCS B KOJUIGKLHUSAX MEHee 5
pas;

e Bcee cepuikn 0buIM 00beIMHEHBI clIOBOM «Link» m cunranuce B
COBOKYITHOCTH.

B pesynbrare nepBast Bepcus cioBaps conaepkut 21481 cioso.

C nomonrpio popmyn (2.1) u (2.2) ansg KaKAOTO CIOBA B CIOBape
ObUIM paccuMTaHbl U COXpaHEHbI Beca 3Toro ciosa. [lanee, Ha ocHO-
BE€ IMOJIYYEHHOTO CJIOBaps, TEKCThI KOJUIEKIIMU KOPOTKUX COOOIECHHMA
W TEKCTBI HOBOCTHOW KOJUICKITUH OBLIH IMPEJICTABJICHBI B BEKTOPHOM
BHJIE.

3.2. Knacenduxarop. Jlns knaccupukaiy TEKCTOB Ha TPH Kilacca
OBbUI CTIOJIB30BaH XOPOIIO 3apekoMeH1oBaBIni ceds [Lan et al., 2009;
Sebastiani, 2002] meToa onopHBIX BeKTOpoB (Support Vector Machine).
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B kauecTtBe peanuszanMy METOJa ONMOPHBIX BEKTOPOB HCIOJIb30BAIACH
oubmuoreka LibSVM [Chang et al., 2001; LIBSVM, 2014] ¢ nunei-
HBIM SIIPOM | peryiupyrommum napamerpom C=1.

3.3. Ouenka kayecTBa Kjaccupurkanuu. B kauecTBe METpUK 115t
OIIEHKU Ka4yeCcTBa KJIacCH(HKAIIMKA TEKCTOB Ha TPH KJiacca ObLTH BEIOpa-
HBI: accuracy, precision, recall u F-measure.

3HayeHHsI TOYHOCTH U TIOJTHOTHI OBUIN PAacCUUTaHBI C TOMOMIBIO Ma-
TpUIel HeTOYHOCTEH (confusion matrix). Pa3sMepHOCTh MaTpPHIIBI COOT-
BETCTBYET KOJIMYECTBY KJIACCOB, HA KOTOPBIE KIACCUPHUIUPYIOTCS TEK-
CTbI, U paBHa TpeM. CTOJOLIbI MATPHUIIBI HETOYHOCTEH 3ape3epBUPOBAHBI
3a 9KCIEPTHBIMH PEHICHUSMH, & CTPOKH — 3a PelIeHUsIMH Kiaccuu-
katopa. Korga mpoucxoaur kimaccupukanms TOKyMEHTa M3 TECTOBOM
BBIOOPKH, HHKPEMEHTHPYETCS YUCIIO0, CTOSIIIIEE Ha IEPECEUCHUN CTPOKH
KJlacca, KOTOPBI BEpHYJT KIIACCH(PHUKATOP, ¥ CTONOIA Kacca, K KOTOPO-
My AEHCTBHTEIFHO OTHOCUTCS JOKYMEHT.

Tounocts (Precision) paBHseTCSI OTHOLIEHHIO COOTBETCTBYIOILE-
r0 IMaroHaJbHOTO DJIEMEHTA MAaTPHUIIBl B CYMMBI BCEH CTPOKHM Kiacca.

dopmyiia a1 pacyera TOYHOCTH:
.. Ax X
Precision, = ———
X i=1 Ax S

ITonnota (Recall) — 3T0 oTHOIICHHE TUATOHATIBLHOTO 3JICMEHTA Ma-
TPHIIBI ¥ CyMMBI BCETO CTOJIONA Kiacca:

Ax X
Recall, = ———.
ZizlAi,x

F-mepa npencrapisier co00if rapMOHUYECKOE Cpe/lHEE MEXy TO4-
HOCTBIO U MOJHOTOM. OHa CTPEMUTCS K HYJIIO, €CJIM TOYHOCTh MJIH I10JI-
HOTa CTpeMsTCs K Hymo. F-mepa Beruncisiercs no Ggopmye:

Precisionx Recall
F=2

Precision+ Recall

4. Pe3yabTaThl IKCIIEPUMEHTA

C 1enbio CpaBHEHUS] TOYHOCTH KJIACCU(PHUKATOPA B 3aBUCUIMOCTH OT
BBIOPAaHHOTO METOJa ONpEAETICHUS BeCa TEPMUHA B KOJJICKIMU OBLIO
MPOBEACHO HECKOJIBKO HKCIEPUMEHTOB Ha JIByX Pa3HBIX 10 CTPYKTYpE
Habopax AaHHBIX. YUCIIO TEKCTOB B KOJUIEKIIMU U, COOTBETCTBEHHO, TEP-
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MHUHOB B CJIOBape ObUTO 3a()MKCUPOBAHO IS SKCTIEPUMEHTa. TeKCTOBbIE
KOJUIEKLIUU [TOCTOSIHHO IONOJIHSAIOTCS, HOITOMY CIIOBapbh HEOOXOJUMO
OOHOBJIATH, @ BeCa TEPMHUHOB B CJIOBApE MEPECUUTHIBATS.

4.1. Kopnyc KOpoTKHX TeKCTOB. Ha mepBom 3Tare sKCIepuMeHT
OBUT IPOBEJICH JUIsl KOPITyca KOPOTKUX TEKCTOB. J1Jisi 3TOro KOpITyC CITy-
YaifHbIM 00pa3oM ObUT pa3jielieH Ha TPEHUPOBOYHBIM M TECTOBBIA. OT-
HOILIEHHE KOJMYECTBA MOJIOKUTEIbHBIX, HEUTPAIIbHBIX M OTPULIATEIb-
HBIX TEKCTOB COXPAHEHO B TPEHHUPOBOYHOW M TECTOBBIX KOJUICKIIHUSX.
TpernpoBodHas KOJIEKIHS COCTOUT U3 267924 MOKyMEHTOB, TECTO-
Basi— u3 66980. Pe3ynbraTel paboThl KiaccUpUKaTOpa MPEICTaBICHBI
B Tabmurie 3.

Tabauya 3
TF-IDF TF-ICF
Accuracy 95,5981 95,0664
Precision 0,955204837 0,94984672
Recall 0,958092631 0,953112184
F-measure 0,956646554 0,95147665

W3 Tabnunpl BUAHO, YTO NPUMEHEHHE METOJa JUIsl pacueTa BECOB,
ocHoBanHoro Ha Mepe TF-ICF, He3HauuTeNbHO yXyAIIA€T TOYHOCTH
KJIacCU(HUKANU KOPOTKHX TeKCTOB. ClieoBaTenbHo, IS pacdyera Be-
COB B IMHAMHUYECKHA OOHOBIISIEMBIX KOJUIEKLHUSAX KOPOTKHX COOOIICHUMA
MOTYT OBITh TPUMEHUMBI MeTO/1b1, ocHOBaHHbIe Ha Mepe TF-ICF. Takum
00pa3zoM, MOKHO COKPAaTHTh BBIYHCIUTEIBHYIO CIIOKHOCTD U YCKOPUTD
BpeMst paboThl AITOPUTMOB.

4.2. Kopnyc HOBOCTeli. AHATIOTHYHBIN 3KCIIEPUMEHT ObLI TIPOBEICH
mist 0oJiee JAJMHHBIX TEKCTOB, HE OTPAaHMYCHHBIX BEPXHUM JHMHUTOM
B 140 cuMBOIOB — KOJJIEKIIMH HOBOCTell. HoBOCTHasg KOJUIEKIUS
TaKxke OblIa pas3/iesieHa Ha TPEHUPOBOUHYIO M TECTOBYIO KOJUICKIIUH C
COXpaHEHHEM OTHOLIECHUS KOJIMUYECTBA TEKCTOB B KAXKJIOM U3 KaTEerOpHil.
B TpenupoBounyto kosutekiuio Bouuio 111214 nokyMeHTOB, B TECTOBYIO
27802. DkcrepuMeHT MOKa3ajl, YTO Ha JJIUHHBIX TEKCTaX METOMbI, OC-
HoBaHHble Ha Mepe TF-ICF, moka3piBaioT 3HaYMTENIBHO XYIIIME pe-
3yabTaThl, 4eM ocHoBaHHbIe Ha MeTozne TF-IDF. Pesynsrarsl paboTsl
KJ1accu(ukaropa mpeaCcTaBICHbl B Ta0IuUIE 4.
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Tabauya 4

TF-IDF TF-ICF
Accuracy 69,8619 58,1397
Precision 0,698624505 0,581402868
Recall 0,709246342 0,61278022
F-measure 0,703895355 0,596679322
3akiioueHue

B pabote mokazaH moaxoJi K aBTOMaTHYECKOMY MOCTPOSHHIO CIIO-
Bapel IS 3aJladyd TOHOBOW KJIacCH(UKAIMKM TEKCTOB HA TPHU KJiacca.
CrnoBapb CTpOUTCS Ha OCHOBE KOJUIEKIIMH, aBTOMATHUYECKHU pa3MeyeH-
HBIX Ha TPH KJlacca, W SABJSICTCS OOIIETEMATHYECKUM, TO €CTh HE TIPH-
HaJUICKUT K KaKOM-THO0 3apaHee ONpe/ICIICHHON MPeAMETHON 00J1acTH.
Beca B cioBapsix BBIUHCISIOTCS C TOMOIIBIO METOI0B, OCHOBaHHBIX Ha
JIBYX CTAaTHCTHUYECKUX Mepax. i1 METOAOB ONpeaeneHa UX BhIUMCIIH-
TeJIbHAs CJI0KHOCTH ITPU OOHOBJICHUH KOJUICKITUH — JJ00ABJICHUH HOBBIX
cooOmienwnii. B oTarune oT MeT010B, OCHOBAaHHBIX Ha IepepacueTe Beex
BECOB TE€PMHUHOB KOJUICKUWHU, BBIYHACIUTEIbHAS CJIOKHOCTh METOIA,
ocHoBanHoro Ha mepe TF-ICF, nuneiina.

OKCNEPUMEHTAJIBHO MOKa3aHO: HECMOTpPsI Ha CYIIECTBEHHOE CHU-
JKEHHE TOYHOCTH KJIACCU(UKAIMK JUIMHHBIX TEKCTOB HAa TPU Kiacca,
MIPY UCIIOJIL30BAHUM METOJI0B, ocHOBaHHBIX Ha Mepe TF-ICF, Tounocthb
KiaccupUKaIUy KOPOTKUX TEKCTOB CHU)KACTCSI HE3HAYUTEIHHO.

[lomyuenHslit B pe3ynpTare paboThl MPOrpaMMHBIA MOIYJb IO-
3BOJISIET TIEPECUUTHIBATH BECA TEPMHUHOB CJIOBApsl B PEXKUME pPeaibHO-
ro BpeMeHH, OTCIEKUBATh U YUYUTHIBATh BO BPEMEHU JIEKCUUECKHUE U3-
MEHEHUS PEUH, TAKUE KAaK BBOJ B AKTUBHBIA CIOBAPHBIN 3a11ac HOBBIX
TEPMHUHOB WJIM CHI)KCHHUE YACTOTHI MCIIOJIB30BAHUSI HEKOTOPHIX CJIOB,
Y MIepeCcCUrThIBAaTh Beca TUX TEPMUHOB B 3aBUCUMOCTHU OT MPUHATIEK-
HOCTH K KOJUICKIIHH.

K nepcriektrBam JaHHON paObOTHI OTHOCUTCS IPpUMEHEeHHEe N-gramm
1 MOP(HOJIOTUYECKON Pa3METKH TEKCTOB K KOJUICKIIUM HOBOCTEH, IS
COKpAIEHUs pa3HULIBI MEXIy METOIAMHU, OCHOBaHHbIMU Ha Mepax TF-
IDF u TF-ICF, a takske /y1st yBeJTMYSHUS TOUHOCTH KJIaCCH(DUKAIIUY TEK-
CTOB Ha TPH KJIAaCCa: IOJOKUTEIIbHBIA, HEUTPAJIbHbIN, OTPULIATEIIbHBIIA.
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CHUCTEMA PACIIO3HABAHUS TATAPCKOM PEUA
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«Hayuno-uccnenoBatenbckuii ”HCTUTYT «[IpukiamHas ceMHOTHKAY
Axanemuu Hayk Pecriy6nuku Tarapctan», Kazanb
Kazanckwuit (ITpuBomkckwuii) dheaepaibHblil yHUBepcuTeT, Kazann

B paboTe ommceIBaeTCS IPOIIECC CO3TaHUS CHCTEMbI PacIIO3HABAHMS CIIUT-
HOH TaTapcKoi pedr, BKIIOYAIONIUI B ceds pa3paboTKy CPEeACTB CTAaTH-
CTUYECKOr'0 aHaJIN3a TEKCTOB Ha TaTaAPCKOM SI3bIKE, IIPOLEAYPY CO3IAHUS
aKyCTHUYECKHX IIPaBUJI TATAPCKOM pedn, a TakKe peaan3aluio METoa pac-
TIO3HABAHMS PEYH C MCIOIB30BAaHNEM MOJICITHPOBAHNS 0COOCHHOCTEHN S3bI-
ka Ha MopdeMHOM ypoBHe. [Ipemmaraemas crucrema mokasana 75%-Hoe
Ka4eCTBO pacllO3HaBaHMs CJIOB TECTOBOIO KOPILycCa.

BBenenue

Co3nanue cucTeM aBTOMaTHYECKOTO aHallh3a peyu AJi1 MHOKECTBa
MaJIOPECYpPCHBIX SI3BIKOB SIBIISICTCSI aKTyallbHOW 3ajadeii, TpeOyrome
KOMIUIEKCHOTO M3YYEeHHS OCOOCHHOCTEH 1IeNIEBOTO S3bIKa, a TAKKE pa3-
paboOTKU MPOrpaMMHBIX CPEJCTB JUISl MOJICTUPOBAHUS BBISIBJICHHBIX 3a-
KoHoMmepHocTeil [Berment, 2004].

B nmanHoit paboTte paccMaTpuBaeTCs MOAXOA K CO3JaHUIO CUCTEMBI
pacno3HaBaHusl CIMTHOM peyd Ha TaTapCKOM S3bIKE, BKIIOYAIONINI B
ce0sl cielyrolle OCHOBHBIE 3Tallbl UCCIIC0BAHUS:

1. IIpoexTrpoBaHne U CO3/1aHNE MHOTOAMKTOPHOTO KOpITyca 3By4a-
el TaTapckoil peyu.

2. BpIABNIeHHE aKyCTHYECKMX OCOOCHHOCTEH TaTapcKOro s3bIKa:
pa3paloTKa U peanu3aius MpaBui TPAHCKPUOUPOBAHUS TaTAPCKUX TEK-
CTOB.

3. AHanM3 CO31aHHOI0 KOpIlyca 3ByYalllell TaTapcKOM pedu 1 co3a-
HHUE Ha €ro OCHOBE aKyCTHUYECKUX MOJieel (JOHEM TaTapCKOTO S3bIKA.

4. ®opmanuzanys ¥ UCIOJIb30BAHKE JUIS YIIyUILIEHHs KauecTBa pac-
[I03HaBaHMs 3aKOHOMEPHOCTEMN, CYIIECTBYIOIMX B TATAPCKOM SI3bIKE Ha
MOp(hEeMHOM ypOBHE.
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5. IlporpammHas peann3anysi CUCTEMBI aBTOMAaTHYECKOTO PACIIO-
3HaBaHUs (POHEM.

1. Cucrema pacno3HaBaHUA TATAPCKON pevyn

1.1. Kopmyc 3Byuameii TaTapckoii peyu

[Tpouecc cozmanus Kopityca 3Bydallell peud HauyMHaeTcs C JTara
MOJTOTOBKH TEKCTOBOTO KOpITyca Ut 03By4YKH. [logoOpanHbIe TEKCTHI
JOJDKHBI 00JIalaTh OTPEIEICHHBIMA XapaKTePUCTUKAMH, POIUKTO-
BaHHBIMU KOHEUYHOM cTosiEeH 3aqaueii pacno3HaBanus. B ciydae co3-
JaHWS AUKTOPOHE3aBUCHMBIX MPOTPAMMHBIX CPEACTB PACIIO3HABAHMS
CIIUTHOW peur HE0OXOJMMO yUecTh Kak ()OHETHUECKUE, TaK U JTMHTBU-
CTUYECKHE OCOOCHHOCTH TaTapPCKOTO SI3BIKA.

Tak, ¢ TMHTBUCTHYECKOHM TOUKU 3pEHUS, TEKCTHI TOJDKHBI 001a1aTh
TEMH K€ OCOOCHHOCTSIMH, YTO M MPOU3HOCHMBIE B IIpOIecCe pabOThHI
CHCTEMbl PACclO3HABAaHUSI MPEJIOKEHUSI. A y4WTBIBas, YTO Ha dTare
MPOEKTUPOBAHMS CHCTEMbl HUKAKMX OTPAaHWYCHHN Ha MPOU3HOCHMBIC
(bpa?:h] HC HaKJIaAbIBACTCs, TCKCThI JOJXXHbBI BKJIIIOUYAaTh B CC6)1 pasinyd-
HBIE 10 TIPOUCXOKACHUIO MaTepPHaJIbl: JIUTEPAaTyPHbIE, HOBOCTHBIE Ma-
TepHUalibl, a TAK)Ke CIIOHTAHHbIE (hPa3bl, UCTIONB3yEeMbIe B Ka)KIOIHEB-
HOM obwmenun. Kpome Toro, 6bu1 yuTeH (QakT UCIOJIB30BaHUS TEXHO-
norun phoneme-alignment a1 GOHETHUECKON Pa3METKH 3alTUCAHHOTO
PEYeBOTO KOpITyca Ha OCHOBE TPAHCKPHUITIUH. JlaHHas TEXHOIOTHS MO
pazyMeBaeT UTEPAIMOHHBIN MPOLIECC M0 YTOYHEHUIO TPaHUI] IPOU3HE-
CEeHUS KaX101 (POHEMBI B KaX 101 3aMMCH, U JUIS JIy4IlIero Ka4ecTBa ero
paboThI B TEKCTOBBII KOPIYC OBLIH T0OABICHBI OTJEIbHBIE TaTAPCKUE
CJIOBa. DTO MO3BOJUT HAa HAYAJIbHBIX UTEPALUSIX Ha HEOOJIBIIOM Habope
(hoHEM B OTIENBHBIX CIIOBax 0ojiee TOYHO YCTAHOBUTH MUX T'PAHHIIBI U
YIIYYIIUTh MIPOIiecC paboThl alrTOPUTMA.

B pesynbrate ObIT CO3AaH TEKCTOBBIH KOPITYC, KOTOPBIH MOKHO
MPEACTaBUTh COCTOSIINM U3 4 OCHOBHBIX YacTeH:

1. JIuteparypHbIX ()parMeHTOB;

2. OTIEIbHBIX CIIOB;

3. HoBOCTHBIX MaTepHaos;

4. CioHTaHHBIX Qpa3.

OO0muiit pazMep MOMYYEHHOTO KOpIyca COCTaBHI 776 Tpesioxe-
HuH, BKIoyaromux 6913 cnos. Cpennss AmMHA TPEJIOKEHUN cocTa-
BuJja 8,9 ciosa.
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[ TOoro 4TO0BI MPOrpaMMHBIE CPECTBA PACIIO3HABAHUS MOTJIH Pa-
00TaTh B IMKTOPOHE3aBUCHUMOM PEKHUME, TO €CTh PACIIO3HABATh peye-
Bble ()parMeHThI, IPOU3HECEHHbIE TUKTOPAMHU, HEM3BECTHBIMH CHCTEME
Ha 3Tane 00y4eHus1 CUCTEMbI, HeOOXOAMMO Ha JTare CO3/1aHus aKyCTHU-
YEeCKUX MOJIENIeH MPEe0CTaBUTh MHPOPMALIHIO O OOJIBIIOM KOJIHYECTBE
BapUaHTOB MPOM3HECEHHS OJHMUX U TeX ke (oHeM s3bIKa. [t 3Tux
ueneld Obuta mpousBeneHa 3anuch 251 aukropa. B coctaB aukTOpoB
BOIIIJIM KaK MY>KYHHBI, TaK U KEHIIWHBI, JIIOJIU Pa3IMYHBIX BO3PACTOB U
0coOeHHOCTEH POU3HOIICHHUS.

IlonyuyeHHslli B pe3yibTaTe MPOECKTHUPOBAHWS M 3alMCH PEYEBON
KOPITyC HMEET IMapaMeTphl, IpeACTaBICHHbIC B Tabaule 1.

Tabauya 1
[Tapametp Bech kopmyc | Obyuaromas yacth | TecToBas 4acth
KonmugecTro aiinos 8638 8125 513
gﬂ‘;ﬁ‘g"meﬂw‘)“" 8:14:24 7:48:12 26:12
KonmnuecTBo AUKTOpPOB 251 236 15

1.2. AKycTHYeCKHE 0COOEHHOCTH TATAPCKOI0 SI3bIKA

st paboTHI TPOTPaMMHBIX CPEJICTB PACIIO3HABAHUS PeYH HEO0XO-
nruMa uHpopMaius o coctaBe rpaduyeckoro u GOHEMHOTO an(aBUTOB
aHAJIM3MPYEMOTo f3bIKa, a TaKkKe O MpaBWIIAX Iepexoja MeXay rpa-
(hemHO 3anuchio 1 poHETHUECKOH. AlIhaBUT TATAPCKOTO S3bIKA COCTO-
uT 3 39 cuMBOJIOB: K OyKBaM pycckoro angasura B HEM J0OaBIICHBI
Tatapckue OyKBbI O-9, 0-0, Y-y, K-k, H-H, h-h. Borpoc o cocrare
(oneMHoro andaBura TATAPCKOrO S3bIKa HE UMEET OAHO3HAYHOTO OT-
BETa, TIOATOMY IPH ero (GOPMHUPOBAHUH YYUTHIBAIMCH KaK MMEIOIIHE-
Csl HAa TAaHHBIA MOMEHT pPe3yJbTaThl (POHETUUECKUX MCCIEIOBAHUN Ta-
TapCKOTO SI3bIKA, TAK M OCOOCHHOCTH pabOThI MPOrPaMMHBIX CPEIICTB
pacmo3HaBaHUs PeuH, 3aKIII0YAIOIINECcs] B HEOOXOAUMOCTH BBIJCICHHUS
OCHOBHBIX 3BYKOB SI3bIKa, KOTOPBIE BIUSIOT Ha CMBICII IIPOU3HECEHHOTO,
TPYIIUPYS IIPH ITOM CXOXKHE IO 3BYYaHUIO 3ByKH. B pe3yibrate mpo-
BEJICHHOTO HCCIeA0BaHUs ObLI1 chopmupoBaH andaBut uz 57 dhoHeM
TaTapckoro s3bika. Ha ocHoBe onpezeneHHoro andasura GoHem ObLTH
cOpMyITUPOBAHBI AKYCTHYECKHE 3aKOHOMEPHOCTH B TATAPCKOM SI3bIKE.
B xoHeuHOM WTOTE AJIS CiIydasi TATAPCKOTO SI3bIKa OBLJIO BBIJEIEHO 37
npaBwil (POHETUUECKOH TpaHckpumuu [ XycanHos, 2013].
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1.3. AKycTuyeckue Moaeu (PJOHEeM TATAPCKOI0 A3bIKA

OCHOBHOH YaCThIO MPOrPaMMHBIX CPEJICTB pacrio3HaBaHUs (OHEM
SIBIIIETCS] HA0OP aKyCTUYECKHUX MoJieliel si3bika. Kaxkaas ¢ponema Obua
CMOJIETUPOBaHA CKPBITON MapKOBCKON MOJENBIO, COCTOSAIIEH U3 TpeX
COCTOSIHMH, C OTPaHMYCHUSMHU Ha Tepexo]] Ha Ooyiee paHHUE COCTOS-
Hus. Kaxkioe U3 Tpex COCTOSHHIA MOJCITHPOBAIOCH, B CBOIO OYEpE/Ib,
cmecwto ["ayccoBckux pacrpenenenuii [Gales et al., 2007]. IIpomecc
00yueHHsI aKyCTUYECKHX MOJIesiel MPOU3BOIMIICS UTEPAIIMOHHO: HUTe-
parysi yBeJIrueHHs KoJimdecTBa ['ayCCOBCKHX pacIpelielicHui B CMecH
COIIPOBOXKJANIACH ABYMSI UTEpALMsIMU MepeoOydeHus: Ha JaHHBIX 00y-
Yarolero Kopiryca.

Bbuto Tpow3BeIeHO ONMMCaHKEe MapaMeTpoB, ¢ TOMOIIBI0 KOTOPBIX
OyZeT ONMUCHIBATHCS PEUYEBOW CHTHAN, a TAKXKE MPOBEICHBI IKCIEPH-
MEHTBI IO OIPEJICIICHUIO KOJIMUYECTBA UTEepalMid U yucily ['ayccoBCKUX
pactpeeNeHIN ISl KaXKI0OTO COCTOSIHHS MOJICIICH, TIPH KOTOPBIX Kade-
CTBO paciio3HaBaHMs ObLIO Obl HaMIy4IIMM. B xadecTBe mapameTpos,
PacCUYMTHIBAEMBIX JUISI PEUEBBIX (PParMEHTOB, ObLII BEIOPaH BEKTOP KETI-
crpanbHbIX KodduuuertoB MFCC [Deller et al., 1999]. Heob6xoaumoe
YHUCIIO0 UTepanuid oOy4eHHus ObLJIO OMpPEIENIEHO 3KCIEPUMEHTATIbHBIM
MyTeM, JJIsl YeTr0 KOJUYECTBO UTEPAIMid MOCTEIIEHHO YBEINYHBAIIOCH C
10 no 170. B xoxe sxciepuMeHTa KOIMYECTBO ['aycCOBCKUX pacmpe/e-
JICHUH B CMECSIX TOCTETNIEHHO HAPAIUBAIOCH, MTOCTIEe KaKIO0T0 yBeIruIe-
HUS TIPOMCXOJTUIIO JIBa IIUKIIA IepeoOydeHus BCeX MOJIeIeH.

Ha ocHOBe 1aHHBIX, TOJYYCHHBIX IKCTICPUMECHTAIBHBIM ITyTEM, TIPU
MOCTPOEHUM (POHETHUECKOTO PACIO3HaBaTeNs OBbLJIO PEIIeHO BHIOpATh
Mosienu GoHeMm, mosrydeHHbIe Ha 91 urepanuu. B aTux Mojaemnsx 4yucio
pacmpeneneHuii B 'ayccoBckux cMmecsx paBHseTcs 31.

1.4. MopdemHasi Moae/ib TATAPCKOTO SI3bIKA

SI3pIKOBas MOJENbh MpU3BaHA OMHUCHIBATH CYIIECTBYIOIINE B S3BIKE
3aKOHOMEPHOCTH M Ha UX OCHOBE YMETh OIICHUBATH BEPOSITHOCTH IPO-
M3HECCHHSI KOHKPETHBIX ITOCIICIOBATEIIBHOCTEH CIIOB.

B xauecTBe sA3bIKOBOI MOJEIH, YaIlle BCErO, UCMOJIb3YIOT OCHOBAH-
HYIO Ha CTaTUCTHUKE MoJenb n-rpamm [Manning et al., 1999]. Monens
N-TpaMM HCXOJUT U3 MPEATIOI0KEHHUS, UTO BEPOSITHOCTD IPOU3HECCHUS
CJIOBa MOXKHO PaccuMTaTh Ha OCHOBE IOCJENIOBATEIHHOCTH Ipelle-
CTBYIOIIUX CJIOB, a YMeSl BEIYUCISATH BEPOSITHOCTh TOSIBIICHHS KaXKJI0-
ro ciioBa w; BO ¢paze {wi,..., Wy}, MOXKHO pacCUuTaTh U BEPOSITHOCTH
npou3HeceHus (Qpa3bl MEITUKOM:
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P(W, W) ey wyy ) = H?=1P(Wi|wl WD ey Wi—1) (1.1

BeposiTHOCTH TPOW3HECEHHSI KXK/IOTO CJIOBA B Pa3IMYHBIX KOHTEK-
CTaX OMpPENEISIOTCS Ha dTare MOATOTOBKH S3BIKOBOM MOJIETTH Ha OCHO-
Be OOJIBIINX TEKCTOBBIX KOPIYCOB. B KadecTBe OIEHKH ISl YCIOBHBIX
BEPOSATHOCTEH OEpeTcsl OTHOIICHUE KOIMYECTBA HAOIIOACHUH MTOCIIe0-
BaTEIBHOCTEH CIIOB:

N(w1 ,...,w.)
P (wl. |w1 ""’Wi—l) = ! s

N(w1 ""’Wi—l)

rne N (wl,...,w.) — KOJIMYECTBO HAOIIOAEHUI I10CIEN0BATEIILHOCTH

(1.2)

CJIOB {vl,...,wj- B KOpIIyCe.

B nanHoi# paboTte ObLT HCITOBF30BAH BapUaHT N-TPAMMHBIX MOJICIICH,
KOTOpbIE OCHOBBIBAIOTCS Ha 3JIEMEHTAX, 10 pa3Mepy MEHBIIUX CIIOBa
(particle-based models). B aTom ciry4ae ciioBa mpeacTaBisiOTCS B BUIE
Mop(heM, M MPOUCXOAUT aHAJIM3 CTATUCTHUECKUX 3aKOHOMEPHOCTEH
MEXIy HUMH, a HEe LIEIbIMU CIoBaMH. JlaHHas 0COOCHHOCTH IIeHHA JUIS
CITy4aeB Pacro3HaBaHMUS SI3BIKOB ¢ Ooraroil Mopdosiorueii, Hanmpumep,
JUISL arTJIFOTUHATUBHBIX SI3BIKOB, KAKUM SIBIISICTCS] M TATAPCKUM SI3BIK.

Bce cioBa TekcToBOro Kopiyca ObUTH pa3OMTHI HA COCTaBIISIONINE
ux MopheMsl, K ocieHe Mopdeme ciioBa 100aBIISIICS ClIEHUATbHBIN
3Hak #. [lanee, 6bu1 c(hOPMHUPOBAH CIOBAPb JUI paclio3HaBaHUs, KOTO-
pBIil B KOHTEKCTE JAaHHOW pabOTHI COCTOST HE U3 CJIOB, a U3 OTAEIbHBIX
MopdeM, YTO TTO3BOIIIO YMEHBIIUTH OOIIUI pa3Mep CIoBaps MpH yBe-
JIMYCHUU TIOJTHOTHI IOKPBITHS CJIOB SI3bIKA.

1.5. Pe3yabTaThl 3KCIEPUMEHTOB

Otan pacro3HaBaHUs SBJSIETCS 3aKIIOUNTEIbHBIM U OCHOBBIBAETCS
Ha Bced mHGpOpMaNMH, MOITYYCHHOW Ha MpEeAbLAYHINX dTamnax. Takum
00pa3oM, HCHONB3YIOTCS MOCTPOCHHbIE M OOYy4EHHBIE aKyCTHUYECKHE
MOJIEITH, CITMCOK BBIICTIEHHBIX MOP(hEM ISl paclO3HABAHMSA, A TAKKE UX
TpaHcKkpunuu. [IporpaMmHbie cpeIcTBa paclio3HaBaHUS TAaKKE YMEIOT
paccuuTHIBATH BEPOSITHOCTH TOH MJIM MHOW ()pasbl HA OCHOBE SI3LIKOBOM
MOJEIIN.

Jisa mpoBeieHusT SKCIIEPUMEHTOB 110 PACcIO3HABAHUIO pedH ObuLIa
HCIOJIb30BaHA TECTOBAasl 4YacTh CO3JaHHOIO pedyeBoro kopmyca. [l
BceX Mop¢em, BOIIEIIINX B CIOBAaph, OblIa aBTOMATHYECKH CO37a-
Ha (OHETHYECKash TPAHCKPHIILUS, KOTOpask MOCIYKHJIa OCHOBOHM IS
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00BbEeIMHEHMSI CTATUCTUYECKUX MOJEJEH OTIENbHBIX (JOHEM B MOJEIH
Mop(em. Ha atare pacrio3HaBaHus ¢ TIOMOIIBIO airoputMa Burtepowu
paccUnTHIBANINCH HanOoJee BEpOsATHAS ITOCIEI0BATEIEHOCTh IPOU3HE-
CEHHBIX (DOHEM SI3bIKA, a 3aTeM BEPOSITHOCTH COOTBETCTBHSI HAlICHHOM
MOCIIEI0BAaTEIbHOCTH MOoJensIiM MopdeM u cioB s3bika. ClioBo, COOT-
BETCTBYIOLIEE MOJIETN C MAKCUMAJIbHOM BBIUUCIEHHONW BEPOSTHOCTHIO,
MPUHAMAJIOCH B KQUECTBE pe3yJibTaTa pacrio3HaBaHUsI.

Io pesynbraTam pabOThI CUCTEMBI HA TECTOBOM KOPITYCE TOYHOCTh
pacnio3zHaBaHus coctaBuia 75%. CTOUT OTMETUTH, YTO KOPPEKTHOCTh
pacnozHaBaHus poHeM mpu 3TOM coctaBuia 63%, 4TO MO3BOJISET TOBO-
PHUTH O KauecTBE padOThI CUCTEMBbI, COIIOCTABIMOM C CYIIECTBYIOIIUMHI
JUISL APYTUX SI3BIKOB 00pa3liaMu CHCTEM.

Ha Ga3e co3maHHBIX MPOrpaMMHBIX CPEACTB PACIO3HABAHUS peyun
ObLTO pa3paboTaHO MPUIOKEHHUE Ul PACIO3HABAHMS CIUTHOM TaTap-
ckoit peun, puc. 1. [Tonb3oBarenbekuii nHTEPhENHC cCHCTEMBI pacio3Ha-
BaHM (POHEM COCTOMT M3 KHOIOK, OTBEYAIONIIUX 3a Ha4yajo, OKOHYa-
HHUe 3anucH (¢aila, KHONKH, 3aIlyCKaroleil Mpoluecc pacro3HaBaHus,
a TaKkXKe JIByX TEKCTOBBIX I0JIEH, 0TOOpaXaroLUX TEeKyIlee pacrioio-
KeHHe ayuo-daiina u pe3yabTaT IpoBeIeHHOro pacno3HaBanus. [Ipu-
JIO’KEHHUE TAaK)Ke MPEIOCTABIISIET BO3MOKHOCTD 3aIIMCH pedeBoro (par-
MEHTa C TIOMOIIBI0 MUKpO(OHA U 3arpy3KH 3BYKOBBIX (haiiinoB. Popma
MPUIIOKEHHST 0TOOpakaeT MHPOPMALIUIO O TEKYyIEM BBIOpAaHHOM YcC-
TPOWCTBE 3allUCH 3BYKa, TEKylLIeM ayAuo-Qaiine (uau o0 ux Kojauue-
ctBe). TekcTOBBIH (hailil CO CTUCKOM MIPOU3HECCHHBIX CJIOB MOXET OBITh

[ stage form ) ] s

Microphone  Brewrii mukpogon (IDT High Defi -

— Load file to recognize
Current file Files loaded - 4

Cument transcription

— Recording
Currert file Record G

— Recognition
Comrectness

Accuracy Recognize @
Speed, RT 04156029

<s> sent-start UCa 3MEN [ 64 X3EPMNE ANAP sent-end </s>
<5 sent-start KYPS ELl sent-end </s>
<s> sent-start BAPIIH| sent-end </5> PI/IC 1 . Moﬂy_]'[},

pacrio3HaBaHus peunu
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3arpy’KeH B CHCTEMY JIJIsl 00eCTIeueHHsI BO3MOYKHOCTH pacdyera KauecTBa
MIPOBEJCHHOTO pacro3HaBaHus. PaccunTaHHble XapaKTEpPUCTUKH Kaue-
CTBa PACHO3HABaHMs B TAKOM CiIy4ae 0TOOPa)aroTCsl B COOTBETCTBYIO-
LIMX TEKCTOBBIX IIOJIAX JaHHBIX. KpoMme Toro, Ha 3KpaH BBIBOJSTCS pe-
3yJIBTAaThl PACMIO3HABAHMS CJIOB B TEKYIIHX (paiiiax.

3akjaoueHue

[MocTpoeHne m peanu3anusi aIrOpuTMa aBTOMAaTHUECKOTO TPaHC-
KpHUOUPOBAHUS TaTapCKUX TEKCTOB, a TAKKe CO3/IaHHE aHHOTHUPOBAH-
HOT'O KOpITyca 3Byyallell TaTapCKol pedr MO3BOJINIIO Pean30BaTh IPO-
TpPaMMHBIA MOZYJIb aBTOMAaTHYEeCKOTO PAacllO3HAaBaHHs PEYd Ha TaTtap-
CKOM s13bIke. OCOOEHHOCTBIO CO3/ITaHHON CUCTEMBI SBJISIIOCH UCIIOIb30-
BaHHE MOP(PEMHOT0 YPOBHS aHAJIM3a IPU MOJCIHPOBAHUH 3aKOHOMEP-
HOCTEH TaTapcKoro s3bika. B paMkax MpOBENEHHBIX IKCIIEPUMEHTOB
MO PAacrO3HABAHUIO CIUTHOW PEYHM TAaTapCKOTo s3bIKa MOCTPOCHHAs
cucTema nokasaina 75%-Hoe Ka4eCcTBO Paclo3HAaBAHMS, YTO TTO3BOJIUIIO
UCTIOJIB30BATh €€ MPH CO3[JaHHUU TI0JIb30BATEIbCKOTO MHTEpdeiica s
pacro3HaBaHusl PeYr C BO3MOYKHOCTSIMH 3allUCH PEYeBOTro (pparMeHra
¢ MHKpO(QOHa.
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VIIK 004.9

HNCKYCCTBEHHBIV WHTEJJIEKT:
KAPTA HAYYHOT'O HAIIPABJIEHUA
B TPYJIAX KOH®EPEHIIUI PAUN

B.®. XopomeBckuii (khor@ccas.ru)
Beruncaurensnsiii ientp PAH, Mocksa
N.B. Edpumenko (iefimenko@hse.ru)
MAC NCH1B3 HNY BIIIS, Mocksa

B pabote 06cyskaat0Tcst BONPOCHI TOCTPOEHUSI KapThl HAYYHOT'O HAIIpaBJIe-
Husi «VICKyCCTBEHHBIN MHTEILICKTY, CPOPMHUPOBAHHON HA OCHOBE HAYKOME-
TPUYECKOT0 aHaIM3a MyOIuKanuii, MpeACTaBICHHBIX B TPy IaX KOH(pEepeH-
uuit PAMN. OGpaboTka KopItyca BBIITOJIHEHA C HCIIOJIb30BAaHHEM METO/IOB
n3BJIE€YCHUS] MHPOPMAIIMH U3 TEKCTOB CTaTeil MO/ ypaBIeHUEM CHCTEMbI
OHTOJIOTMYECKUX MOJIENIEH 1 KIaCTepHU3aLiH TOJIyYeHHBIX Pe3yIbTaTOB Ha
6a3ze pa3nuuHbIX MeToJ0B. [lomyueHHbIe KapThl HAYYHOTO HANpPaBICHUS
HCCIIeIOBAaHbl C HCIIOIB30BAHMEM METOJIOB aHANIN3a BPEMEHHBIX DSIOB,
00J1aKOB TATOB U METO/IOB BBISBJICHUS CKPBITHIX KOJJIEKTHBOB.

BBenenue

B nacrosiee BpeMs HayKOMeTpHUs M OMOJIMOMETpPHUS CTAHOBSATCS
«TOPSTYMMHU TOYKAMM», TJ€ MEPEeCeKaloTcsi MHTEPEChl CIEIUATNCTOB,
paboTaromux B pa3IMYHBIX 00JacTAX HAYKH U TEXHUKH, MEHEHKEPOB,
3aHATHIX YNPABICHWEM HAyKOW, W TOCYIapcTBa, 3aWHTEPECOBAHHOTO
B 3¢ (EeKTUBHOM HCIOIB30BAaHUM CPEJICTB, OTIYCKAEMBIX Ha Pa3BUTHE
HOBBIX Hay4HbIX HalpasjeHu. [Ipyu 3ToM ISl OLIEHKH CUTyaluH B TOU
WM MHOM 00JIaCTH, KaK MPaBWIIO, UCTIONb3YIOTCS CTATUCTHUECKUE Me-
TOJIbI OMOIMOMETPUUECKOTO U (PEKe) HAYKOMETPHUIECKOTO aHAIN3a Iy~
OnMKanuii, KOTOpBIE AAJEKO HE BCET/1a aJieKBATHBI 3ajauaM IOCTPOCHHS
JEWCTBUTEIEHO HHPOPMATHBHBIX KapT HAYKH.

BMmecte ¢ Tem B paMkax Hay4yHOTo HampasiieHHs «VCKycCTBEHHBIH
MHTEJJICKT» YK€ IaBHO pa3pabaThIBAIOTCS U UCIONb3YIOTCS TOCTaTOu-
HO MOIIHBIE METO/Ibl aHAJIN3A JaHHBIX, C OJHON CTOPOHBI, U METO/IbI U3~
BIIeUeHUs] HPOPMAIIMH U3 TEKCTOB Ha €CTECTBEHHBIX S3BIKAX — C JIPY-
roii. Kak npencrasisiercsi, COBMECTHOE HUCIIOIb30BaHUE ITHUX METOJIOB
MOJKET JaTh 3HAYMMbIE U CEMAaHTHUECKH UHTEPIIPETUPYEMBIE PE3yIbTa-
ThI B 00J1aCTH IOCTPOEHHSI KAPT HAYYHO-TEXHUYECKUX HATPABICHUN.
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VY4auThIBas BBIMIECKA3aHHOE, LENBI0 HACTOSAMIEH pabOTHI SBISETCS
00Cy’KIeHHEe BONPOCOB IOCTPOCHUSI KapThl HAYYHOTO HAINPaBICHUS
«HckyccrBennslit uaTemekt» (M), chopmupoBanHoii Ha OCHOBE aHa-
nu3a MyOJIMKalui, peICTaBIeHHBIX B Tpyaax KoHpepenuuit PANU.

1. TexHoJI0TMSI IOCTPOEHUS KAPTHI
Hay4Horo HanpasJjenuss U

1.1. IIpeaBapuTenbHbIe 3aMeYaHUSs

Kak ormeuanocs Bblle, AJIs IOCTPOCHUS KapT HAyKU MPECTaBIIs-
eTcs 1eJIeco00pa3HbIM NCTIONB30BaTh THOPUIHBIN ITOIXO/, TJE METO/IBI
KJIACTepU3aLMH U KJIacCUPUKAMK padOTalOT Ha JaHHBIX, cHOpMHUPO-
BaHHBIX C IIOMOIIbIO METO/OB H3BJIEUCHUS MH(OpMALUU U3 TEKCTOB
o1 ynpasiieHueM ontosoruit [Kim, et al., 2009; Wang, et al., 2010; Li,
etal., 2011; Erdi, et al., 2013]. B ocHOBe 1mo1X0/1a K BBIJICIICHUIO U3 ITY-
ONMUKaIuil cCeMaHTUYECKH 3HAaYMMON CHCTEMbI TEPMHUHOB MPEAMETHOM
0051acTH, KOTOpBIE CIEIU(UITPYIOT XapaKTEPUCTHUECKIE BEKTOPHI ITy-
OJIMKAIWiA, JISKUT TMPUHIIAIL «4epHOTo sukay [ Efimenko, et al., 2014],
a MHTerpaiys pe3yabTaToB 00pabOoTKH KOJIJIEKIUH OT/AEIbHBIX )KaHPOB
OCYIIECTBIISIETCS. HA OCHOBE PE3YJIbTAaTOB CTAaTHCTHUECKON 00paboTKH
KoJuieKuuil myonukanuil. Cieunukoil mpeagaraeMoro mojaxozia sBisi-
€TCsl M TO, YTO MOCJIe JTUHTBUCTHUECKOW M CTaTUCTHYECKOW 0OpaboT-
KH TEKCTOB MPOHMCXOANUT aBTOMATHYECKasi TeHEPaIisi CEMAaHTUYECKUX
MPECTaBICHUI Pe3yJbTaTOB, KOTOPBIE 3aTEM OTPAKAIOTCS B IK3EM-
mwsipHyto yactb OWL-ontosnoruu [10 «ckyccTBeHHBIN HHTEIUIEKT», B
XML-aiins! 1u1s cuctemMsl kinactepusarnun Carrot, a Takoke B crierudu-
Kaly rparuecKoro MpecTaBICHUs KapThl HAyYHOTO HAIIPABJICHUS U
BPEMEHHBIE PsIJIbl TEPMHHOB.

1.2. OHTONIOTHYEeCKOE MO/IeJIMPOBAHHE NPeIMeTHOI

odnactu U

Jlns aBTOMaTH3alMy MPOLECCOB MOCTPOSHMS KapThl HAYYHOI'O Ha-
nipasnenust MU Obuia pazpaboTana cucteMa OHTOJIOTHYECKUX MOJICIICH,
B KOTOPBIX crieHU(HUIIMPOBAHBI KIIOUEBbIe TUITBI 00BeKTOB TaHHOH 110
C UX aTpuOyTamMH, OTHOIIEHHUS MEXKIy OOBEKTaMH, a TaKXKe CHUCTeMa
JMHTBHCTUYECKUX MapKepOB-MHIUKATOPOB ISl BBISIBICHHS CEMaHTHU-
YeCKH 3HaYMMBIX TePMUHOB. [Ipn 3TOM B KauecTBe MCXOAHON MOJAEIH
Hay4dHoro Harpasienus M1 ucnonws3yercs Tezaypyc, HOCTPOCHHBIN Ha
0a3e aHaM3a TEMaTHYECKUX PYOPHK, MPpeICTaBIeHHBIX B Tpyaax KU
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[JdommatoBa, 1992; I'aBpumnosa u ap., 2000; Kysneros, 2009]. dus
npuMmepa, Ha puc. | TpencTaBieH GparMeHT OHTOJIOTUYECKOW MOICIH
npeameTHol obnactu MU.

3ameTnM, 9TO pa3paboTaHHas cucTeMa MOJAEJIEH UCIIONB3YeTCsl KakK
Ha dTarle U3BJIeYeHUs] HHYOPMALIUH U3 TEKCTOB, TaK M B ITPOIIECCE T'eHe-
parnyu pe3yabTaToB 00padOTKH.

Puc. 1. ®parmeHT OHTOIOTHYECKOI MOeH peaMeTHon odmact N

1.3. ABTOMaTH3aIlUAl MPOLECCOB MOCTPOEHUS KAPT

HAYYHBbIX HANpaBJIeHUH

Kak nokaspiBaet aHamu3 IMTepaTypsbl IO CPEACTBAM aBTOMATU3HPO-
BaHHOTO TIOCTpOoeHMsI KapT Haykw [Shibata, et al., 2008; Li, et al., 2011],
B 00mel cxeme 00pabOTKM WH(pOpPMAIMU IEIECO00Pa3HO BBIICISTH
ATambl BBISABJICHUS LIEHTPOB KOMIIETCHIMH (BKJIIOYAsi OpraHU3aIMd H
ABTOPCKHUE KOJUICKTHBBI) B MPEJAMETHON 00JacTH; GOPMHUPOBAHHS pe-
MPE3EHTATUBHON KOJUIEKIIMU JTOKYMEHTOB C Y4YE€TOM BBISBICHHBIX Ha
MpEIbIIYIIEeM JTale HEHTPOB MPEBOCXOJCTBA U KOMIIETEHIIMH U COO-
CTBEHHO 00pabOTKH CHOPMHUPOBAHHBIX KOJJICKIIUI TOKYMEHTOB.

OO6cyk1eHre MEeTOIOB U CPEICTB aBTOMATH3WPOBAHHOTO (HOpMH-
POBaHMSI AKCIIEPTHBIX TPYIII M BBISABICHUS IIEHTPOB IKCIIEPTHOU KOM-
METCHIIMM B OMPEACICHHBIX MPEIMETHBIX O0JACTSIX MPEICTaBICHO B
[Xopormmesckuii, 2010].

OO0mas apXuTeKTypa CUCTEMbl TOCTPOEHHS KapT HAyKH MPEACTaB-
JieHa Ha puc. 2.
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B kagecTBe HMHCTpyMeHTapHs Uil H3BJICUYECHUS HH(POPMALUHN W3
TEKCTOB B HACTOSIIEM HCCIeI0BaHUU ucTioib3oBana mardpopma GATE,
pacumpenHas miaruHoM Russian Morph Tagger!, riae ucnonbs3yercs
OTKpBITasi BEPCUsI MOIYJIsL PycCcKoi MOp(hOIoruu KOMIaHuu SIHaeKc?,
a TakXke CHEeIHaIbHO pa3pabOoTaHHBIMH MOJIYJSIMU 0OpabOTKM MMEH-
Heix Tpynn RusChunkerNP u renepaium XxapakTepuUCTHUECKUX BEK-
TopoB noKymeHTOB (Bag of Terms) ¢ pacuerom TF*IDF Bxomsmmx B
KOJUICKITUM TEPMHHOB. TakuMm oOpa3om, B Ipoiecce 00padOTKH J0-
KyMEHTOB KOJUIEKIMH (hopmupyeTcs MHPOpMAIHs, AOCTaTOUHAS JUIS
MOCTIEIYIONIETO aHAIN3a SKCIePTaMy Ha MPEIMET HAIWYHS B CHCTEME
KOJUICKIIMH CTaTUCTUYECKU 3HAYMMON HHPOPMAIHH, HEOOXO MO JIIst
MOCTPOEHUS KapThl HAYYHOT'O HAIPABJICHUS.

Cucmena nayxomempuueciozo anarusa

Ixenepr
Maamdopma Prot

Anannik Anannik Anaanrni

Puc. 2. O6mast apXuTEKTypa CUCTEMBI TIOCTPOCHUSI KapT HAyKH

Hns ynoOcTBa aHanm3a pe3yiabTaToB OOpaOOTKH KOJUIEKIIUH J0-
KyMEHTOB ObLIT pa3padoTaH U peain30BaH crernuanbHbiid Moy (OWL
Generator), KOTOpbIH Oa3upyeTcst Ha UIesX, MPEJICTABICHHBIX B paboTe
[Witte, et al., 2010].

Ha BX0m 3TOro MOMIyNs MOCTYNaeT XapaKTEePUCTUYCCKUI BEKTOP
KOJUIEKITUH (CUCTEMBI KOJUIEKIIHIA), a Ha BbixoJie hopmupyercs ee OWL-
npeacTasieHue, coorsercrBytomee ontonoruu [10 M. Iloxydyennsie
OWL-npexncraBienust 3arpy’aioTcsi B CHCTEMY OHTOJIOTHYECKOTO

! http://gate.ac.uk/
2 http://company.yandex.ru/technology/mystem/
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MHKUHUPUHTA Protégé' n ncnonb3yroTest SKCepTaMu TS AaTbHEHIIIEro
aHanu3a. B cucreMe MOCTPOCHUsI KapT HAYKH SKCIEPTaMU TaKKe HC-
HOJIB3YIOTCS] MOIIHBINA HHCTpYMeHTapuii kinactepusanun Carrot’ u cu-
crema Bu3yanuzauun oonakoB 1oro TagCloud®.

2. Kapra nayunoro nanpasJjennss U1 B tpynax KU

2.1. Kosneknusi JOKyMEHTOB
Jns moctpoenust kapThl Hay4yHoro HampasieHuss MM aBTopamu
ObUT cOpMHUpPOBAH KOPITyC cTaTeid u3 TpynoB koHgpepeniuii K.
Pacripenenenue crateit Mo oTACIbHBIM KOH(MEPESHIIUAM AaHO B Ta0. 1.
K coxanennro, n3 2000 crareii, KOTOpble €CTh B TpyAax KOH(PEPEHITHA
KWW, B 251eKTpOHHOM BHJIE YJAIOCh cOOpaTh JUIsl 00OpaOOTKH TOIBKO
581 crTaThio B KOJUIGKLIMIO JUIsl AalbHeHel 00paboTKu.
Tabruya 1

Pacnpenesienue crareii mo orae/1bHbIM KOH()epeHUHAM

2006 {2008 {2010

KHMHM |1988]1990( 1992|1994 1996|1998 2000|2002 |2004 2012

Bceero
cTarei
Oo6p.
cTaTeil

308 | 174 | 168 | — | 126 | 73 | — 116 | 68 | 98 | 138 | 151

126 68 | 98 | 138 | 151

2.2. Cxema 00pabdoOTKH KOJJIEKINHU
O0paboTKa KOJUIEKIIUU MPOU3BOIUIIACH B COOTBETCTBHU CO CXEMOH,
MIPEICTaBICHHON Ha puc. 3.

KoHpepTupopaHie HKnacrepusaTop v
M3yannIaTop

Carrol

ple—=k

& Carrot-farmat

Creator

GATE
Seiencebdap

Statistics

GATE
Seiencehap
ShadowGroups

TF*IDF

Creator

freqVocah

|:>| freqV ocabict ':

(SN

GATE
Results
Validator

GATE
OWL
Grenerator

=

KoHeepTHpoBaHHe
& Integrum-fermat

Hnacrepuaatop

Sy

Integrum

Cuctema
Prolege

Puc. 3. Cxema 00paboTtku koyuteknnu crateit KN

! http://www.protege.com
2 http://www.Carrot.com
3 http://www.TagCloud.com
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2.3. Metoauka coopa nHpopManuu U aHAJIN3
pe3y/1bTaToB

Metoauka cbopa pe3ynbTaToB 00pabOTKH KOJUICKIMH COCTOsIa B
CIIC/TYIOILEM:

— OrtnenpHBIE CTaThH 00pabaTHIBAIMCH THOPHIHBIM MOIYJIEM H3-
BJICUEHUS] HHPOPMALIUU U3 TEKCTOB, Ha BBIXOJI€ KOTOPOro (hopMupoBa-
JIUCh CEMaHTHYECKasl CETh OTICIBHOM CTaThU M XapaKTEPUCTUUYECKHUH
BEKTOP MHOTOCJIOBHBIX U OJTHOCJIOBHBIX TEPMUHOB, IIPE/ICTABICHHBIX B
9TOH CTaThe.

— XapakTepUCTUUYECKUE BEKTOPBI CTATEM, COCTABISIIOLINX OTIE/b-
HBIE CEKIINU OJJHOI KOH(pEPEeHIINN, HHTETPUPOBAINCH B XapaKTEePUCTHU-
YeCKHe BEKTOPBI CEKIMM, a 3aTeM — B XapaKTEPUCTUUYECKHE BEKTOPHI
OTJENIbHOM KOH(EPEeHIUH.

- CeMaHTHYECKHE CETH CTaTel, COCTABIISIIOIIMX OTHEJIbHBIE CEK-
UM OJHOW KOH(EPEHLNH, UHTETPUPOBAINCH B CEMAHTHUYECKYIO CETh
CEKITUH, a 3aTeM — B OOIIYI0 CEMaHTHUYECKYIO CETh OTJIEIBHON KOH{pe-
peHIUH.

- Knacrepuzauus xapakTepucTHIeCKIX BEKTOPOB OTACIbHBIX KOH-
(hepeHIuil OCyIIECTBISUIACH C TIOMOIIBIO PAa3HBIX METOIOB U Pa3HBIMH
cCHCTEMaMH KJIacTepU3alliu.

- Ha pesynbTarax Kiactepu3aiyu OTAeIbHBIX KOHPEPEHIUH CTPo-
WINCH BPEMEHHBIC PS/IbI TS PMUHOB.

- Ha pesynprarax 00beAMHEHNSI CEMAaHTUIECKUX CeTell KoH(pepeH-
UM TIPOBOJIMJICSI aHAJIN3 BBISBICHHBIX CKPBITHIX KOJUIEKTUBOB aBTO-
pOB.

K coxanenuto, 00beM HacTOsIIEH CTaTbU HE MO3BOJISICT MpeACTa-
BUTH BCE, Jlake HambOosiee MHTEpecHbIe, pe3ynabTarhl. [loaToMy HMXKe
NPUBEICHB! JHIIb HEKOTOpbIe (pparMeHTsl oOmIel KapThl HAyKH Ha-
npaBieHus «VCKyCCTBEHHBI HHTEIUIEKT», Kak OHa c(hopMHpOBaHa Ha
OCHOBE aBTOMAaTHYECKOI0 aHaJIM3a UMEIOLIecs B pacOPsHKEHUH aBTO-
POB 3JIEKTPOHHOM KOJUICKIIMU JTOKYMEHTOB.

Tax, Ha puc. 4 npejacraBieHa dKpaHHas ¢Gopma pe3ylbTaToB 00-
paboTKu OJJHON M3 cTaTed TMOPUIHBIM MOJYJIeM HM3BJICUCHHS HH(OP-
Mallll U3 TEKCTOB, HA PHUC. 5 — CEMAHTUYECKasl CETh TOM K€ CTaThbU B
cucreme Protégé, a Ha puc. 6 — pe3ysbTaThl KIacTepU3aLuy KOJJICKIUH
crareit KMM-2006 B cucteme Carot.
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Puc. 4. DxpanHas popma pe3ysbTaToOB U3BJICUCHUS HHPOPMAITUH
W3 OHOM CTaTbH

Puc. 6. PesynbTars! knacrepuzanuu koyekiuu crareii KUM-2006
B cucreme Carot
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Crnenyer OTMETHUTD, YTO MOJIYUYEHHBIE PE3yJIbTaThl IOKA3bIBAIOT 3HA-
YUTEIHHOE YHCIIO aBTOLUTUPOBAHUHI aBTOPOB CTaTel B KOH(EPEHIUIX
cepun KMU, a taxxe CylecTBEHHYIO WHKAIICYIISIIUIO IIUTUPOBAHUN B
npeaenax OJHOW OpraHU3aIMy W/WIK MpoekTa. [Ipu 3TOM KOJIHMYecTBO
UUTUPOBAHMN, KOTOPBIC YUUTHIBAIOTCS MPH TIOJICUETE WHACKCOB IIUTHU-
pPyeMOCTH U HHEKCOB XHpIlla aBTOPOB, CYIIECTBEHHO MEHBIIIE, YEM 3TO
TpeOyeTcst sl BBISIBJICHUSI CKPBITBIX KOJIJIGKTHBOB JaXK€ B OTIEIbHBIX
HaNpaBJICHUSX MCCIeI0BaHui U pa3paboTok B obnactu M.

3akjaouyeHue

B pabote mpencraBieHa MeTOAMKAa MOCTPOCHHUS KapT HAyKH Ha
OCHOBE aBTOMAaTHYEeCKON 00pabOTKH KOpITyca HAyYHBIX CTaTel Ha MPH-
Mepe KapThl HAaydyHOTrO HampaBiieHHs «VICKyCCTBEHHBIH WHTEIICKTY,
chOpMHUPOBAaHHOH HA OCHOBE HAayKOMETPHUYECKOTO aHalu3a TPYIOB
koH(epeHimii PAMIM. O6paboTka kopityca BBHINOJIHEHA C HCIOJIb30-
BaHMEM METO/OB HM3BJICYCHUS MH(OpMAIMK W3 TEKCTOB CTaTeil Mox
YOpPaBJICHUEM CHUCTEMbl OHTOJIOTHUECKHUX MOZENEH M KilacTepu3aluu
MOJTyYEHHBIX PE3yJIbTaTOB Ha 0a3e pa3muuHbIX MeToJ10B. [loaydeHHbIe
KapThl HAYYHOTO HANPABJIEHUS MCCIEIOBAaHBl C MCIOJIb30BAHHEM Me-
TOJIOB aHajJM3a BPEMEHHBIX PSAJOB, OOJAKOB TATOB U METOJIOB BBHISB-
JICHUS CKPBITHIX KOJIJICKTHBOB.
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HUHTEJUIEKTYAJIBHASI KOTHUTHUBHASI CUCTEMA
PEAJIBHOI'O BPEMEHM JIJIAA KOHTPOJISA BE3SOITACHOCTHU
PABOTBI ATOMHBIX 3JIEKTPOCTAHI.IHI71 KOHIIEPHA
«POCOHEPI'OATOM)»

A.A. BambikoB (aleks-ltd@mail.ru)
HanmonanbHbli UccnenoBaTeNnbekuii yHUBEpCeuTeT « MO,

ML.A. Jlbiruu (Lygin@transenergostroy.ru)
000 «TPAHCOHEPT'OCTPOW»

B cratbe paccMaTpuBarOTCS BOMPOCH! MPUMEHEHHS CPEICTB KOTHUTHBHOMN
rpaduKy s ONEePaTHBHON MOAICPKKH TPHHSITHS PEIICHUH ONepaTHB-
HbIM mepcoHanoMm KpusucHoro eHTpa KoHiepHa «PocaHeproatom» mpu
pCLICHUH 3a7a4 ONCpPATHBHOIO MOHHTOPUHIA U KOHTPOJIS BBIIOTHCHHS
rpaduka HeCCHHs Harpy3KHU SHEProOJIOKaMH aTOMHBIX CTaHIUH 10 0000-
LICHHBIM [TApaMeTPaM.

BBenenue

MpeicnuTenbHBIN TpOIEcC YeloBeKa-oneparopa B mpolecce yrpas-
JICHWSI CIIOXHBIM TEXHOJIOTHYECKUM OOBEKTOM SIBIISICTCS TPOLICAYPOH,
HaIlpaBJICHHONW Ha CBOCBPEMEHHOE pelieHUe MpoOIeM, BO3SHUKAIOIINX
Ha 00beKTe KOHTpos ¥ ynpasnenus [[lymkun, 1965].

MpIieHue 4enoBeKa-oneparopa onpeenseTcs YMeHUeM YBHIETh
po0JIeMy TaM, TJie OHA CYIIEeCTBYET, H MOTPEOHOCTHIO HANTH €€ pellie-
uue [['pummn, 1982].

HarnsgHo-00pa3Hoe MBIIIICHHE — OJIMH W3 BHJIOB MBIIUICHHS Ye-
JoBeKka-oneparopa. OHO CBS3aHO ¢ 0OpPa3HBIM MPEIICTABICHUEM CUTYa-
LMW U OTCIIeKUBaHWEM H3MeHeHHH B Heil. C MOMOUIbIO HarJsgHO-
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00pa3HOro MbIIICHUS HauOoJiee MOJIHO BOCCO3JAETCS BCE MHOI000-
pasue pa3IMYHbIX (PAKTUYECKUX XapaKTEPUCTUK OO0BEKTa KOHTPOIS U
YIpaBJICHHUSL.

CpenctBa 00pa3HOro MpeAcCTaBIeHUs WHPOPMALUK Ul TPUHATHS
peleHnii, OCHOBaHHbIE Ha METOAAaX KOTHUTHUBHOW rpauku [3eHKHH,
1991], [Comnco, 1996], opueHTHpPOBaHBI HAa HCIOIL30BAHUE MEXaHU3-
MOB HarjsiIHO-00pa3Horo MelieHus. OHU B TocielHee BpeMs Ha-
XOJST Bce Ooubliiee MpUMEHEHHE B MH(POPMAIMOHHBIX CHCTEMax WH-
TEJUIEKTYaTbHON TOAJEPKKA TPUHSATHS PEIICHUH IS ONEepaTHBHOTO
YeJI0OBEKO-MAIIMHHOTO YIPABJICHUS CJIOKHBIMH U 3KOJIOTHYECKHU OTlac-
HBIMH 00BEKTaMU U TexHoJorusmu [bammeikos, 1996], [ Tpaxtenrepir,
1992]. KorauTtuBHas rpaduka — 3T0 COBOKYMHOCTh IIPUEMOB U METO-
70B 00pa3HOTO TMPENCTABICHUS YCIOBUI 3a0auu, KOTOPOE TO3BOJISET
100 cpasy yBHIETh peuleHue, THO0 MOIYIUTh HOOCKA3KY ISl €T0 Ha-
xoxxnaenwns [[locmenos, 1992].

OpHAaKO JI0 HACTOSIIEr0 BPEMEHH HE CYIIECTBYET 000OIIEeHHO-
ro B3IVIA1a HA METO/Jbl U MPUHLUIBI IOCTPOEHHS CPEICTB 0OpPa3HOro
MPEJICTaBICHUS Ui MHTEIJICKTYalbHBIX CHCTEM MOJICPKKH TPUHS-
Tus ynpasmsomux pemenuit (CIIIP-PB), dbynknuonupyromux B pe-
XKuMe peanbHoro BpemeHu [Barun u gp., 2001], [banuieikoB A.A. u
1p., 2001]. OauH U3 peann30BaHHBIX MOAXO00B K MOCTPOCHUIO TAKOT'O
knacca CIIITP-PB «OKO» [bamuibikoB A.A. u ap., 2003] npennaraercs
paccMOTpeTh B HACTOSILEH cTaThe.

1. ®yuknuu CIIIIP-PB «OKO»

CIIITP-PB «OKO» peanu3yer (yHKIUU HHPOPMAIIMOHHOW TOA-
JEP>KKU JIUI TUCTIETYEPCKOTO M aIMUHUCTPATHBHOTO TepcoHana Kpu-
3MCHOTO IIEHTpa KoHIlepHa «Pocaneproarom» B yacTu:

1. KoHTpomnsi cocTOSTHUSI SHEProOJIIOKOB U MIECHTH(QUKAIMHA (aKTa
MPEBBILICHUS NIPEesoB 0e30MacHON 3KCIUTyaTallid 3HEProOJIOKOB, B
TOM YHCIIe:

® SHEPTOBBIICIICHUS B PEAKTOPE;

e 00eCIIeYCHUS YCIIOBHI TEIUIOOTBO/IA U3 AKTHBHOM 30HBI;

e 00ECTICYCHHUS YCIIOBUIA JIOKAIHM3AUA U HAJISKHOTO yJIepKaHUS
paTuoaKTUBHBIX TPOIYKTOB;

2. KonTpons rpaduka HeCeHUS Harpy3KH naeHTH(GUKamen pakToB
M3MEHEHUs Harpy3Ku sHeprooiokoB ADC (M3MeHeHne Harpy3Ku Ha Be-
muanny 6oree AN 3a Bpems meHee AT);
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3. Unentnduxanun pakra cpabaThIBaHNS TEXHOJIOTHUECKHUX U aBa-
PUIHBIX 3aIUT, yCTPOHUCTB M CUCTEM 0€30MacHOCTH, B TOM YHUCIIE:

® ABTOMAaTUYECKON pa3rpy3Ku peakropa AEHCTBUEM TEXHOJIOIMYe-
CKOH 3aIllUTEHI;

® OCTaHOBA PeaKToOpa ACUCTBUEM aBapUITHOM 3alUTHI;

® cpabaThIBaHUsI YCTPOUCTB M CUCTEM O€30MaCHOCTH.

OyHKIMK WHTEIUIEKTYAIbHONW WH(POPMAITMOHHON TOAIEPKKH B CH-
creme «OKO» peanu3yroTcs, B CBOIO 0O4epe/lb, CICTYIOIIMMHI CPEICTBA-
MHU:

1. OnepaTHBHOTO TUCTAaHIIMOHHOTO cOopa nHpopMarmy n3 6a3 raH-
seix [IJIY, CIIIT u ACKPO konuepna «Pocaneproarom», coaepkaiimx
TEKYIIHE COCTOSIHUSI TEXHOJIOIMUECKUX, paJllallMOHHBIX [TapaMeTpOB U
nmapamMeTpoB 0e30MaCHOCTH IO CIIEAYIOIINM aTOMHBIM 3JIEKTPHUECKIM
craniusaM (ADC): banakosckoit ADC; benosipckoit ADC; KanuHuHCKOM
ADC; Konbsckoit ADC; Kypckoit ADC; HoBoBoponexckoir ADC; Poc-
TtoBckol (Bonromounckoit) ADC;Cmonenckonr ADC.

2. OnepaTHBHOTO CHUTYallMOHHOTO aHalln3a coOpaHHOW HMH(OpMa-
LMY HA [IPEIMET:

® KOHTPOJISI TEKYILETO COCTOSIHUSI TEXHOJOTHUECKUX, PaTUalloH-
HBIX 1 napaMeTpoB 6e3onacHocTa ADC;

® KOHTPOJISI BBRITIOJTHEHNUs Tpaduka HeceHus: Harpys3ku ADC;

® KOHTPOJISI AMHAMHUKU W3MEHEHHUs] OCHOBHBIX TEXHOJOTHMYECKHUX,
paJuaoHHbIX U TapaMeTpoB Oe3omacHocTH ADC.

3. OnepaTUBHOTO OIMOBEUICHUS AUCIIETYEPCKOro MePCoHaa o:

® TEKYIIEM COCTOSIHUM TEXHOJIOTHUYECKHUX, PaJUAlMOHHBIX U Mapa-
MeTpoB 6e3onacHocTr ADC;

® BLINIOJTHEHUHU Tpaduka HeceHus: Harpy3ku ADC;

® (hakTax TPEBBINICHUS MapamMeTpaMH TPEIyNPETUTEITbHBIX WIN
aBapUHHBIX TEXHOJIOTHYECKUX YCTABOK;

® pakTax OTKIOHEHUS OT rpaduka HeceHust Harpy3ku ADC.

4. DKCIEepTHOM CHUCTEMBI AMArHOCTHPOBAHMS HEIUTATHBIX CHUTYa-
LU, OCYLIECTBISIONICH MOMCK JIUArHO30B, MPOTHO30B UX Pa3BUTHS H
PEKOMEHYEMBIX YIPABIAIOIIMX JEMCTBUN B ATUX CUTyalUsX U aHO-
MaJIbHBIX COCTOSIHUSIX;

5. 'mmeprekcToBOM HMH(DOPMAITMOHHON TIOJIJICPIKKH TTOJTH30BATEIIS
npu padoTe ¢ perJaMeHTHON U DKCIUTyaTallMOHHON HH(OpMAIUEH.

6. KorHUTHBHOTO 1OJIB30BaTENBECKOT0 HHTEP(dEiica, OpUeHTHPOBAH-
HOT'O Ha JIUCTIETUYEPCKUIA MEPCOHAI.
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2. I[IpyHUMIIBI OPraHU3AUMH KOTHUTHBHOI'O
noJjb30Barebckoro uurepgeiica CIIINP «OKO»

KoruntusHsbi nonb3oBatenbekuid unTepdeiic cuctemsl «OKO» mo-
CTPOEH B BHJIC YETHIPEXOKOHHOW CHCTEMbI MPEICTaBICHUs UH(POpMa-
uu (puc. 1, 2).
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Puc. 1. Bun 4eThIpexOKOHHOTO TOJIh30BaTEILCKOTO HHTEp(deiica
aJIMUHUCTPATUBHOTO nepcoHana KpusucHoro neHrpa

B xaxxaoM M3 OKOH OTOOpakaeTcsi ONpEIeICHHBIA BUI HHpOpPMa-
1uu. JIeBoe BepxHee OKHO (OKHO cOCmOsiHUs) NCTIONB3YETCs IS TIPe/I-
CTaBJICHUS TEKYIIETO COCTOSHUS TexHonornyeckux napamerpos (TID),
paaunammonHeix napametpoB (PIT) u mapamerpoB Ge3omacHoctu (I1B)
IS Kaskaou m3 rommanok ADC.

IIpaBoe BepxHee OKHO (0KHO OuacHOCMUKU) UCTIONB3YETCS TOIBKO
JUTs 0TOOpaskeHUs] COCTOSTHUSI KOHTPOJIMPYEMBIX MapaMeTpoB Kak 3Jie-
MEHTOB TPYIIOBOW CHTHaNmM3auu. JIeBoe HMXKHEEe OKHO (OKHO eunep-
meKcmosou uHghopmayuu) NpeJHazHaueHo A7l OTOOpaKEeHUs TEXHOJIO-
THYECKUX PErIaMEHTOB (3TO MOXKET OBITh U MHAsl PETJIaMEeHTUPYIOIIAs
nH(pOpMAITHsI) U CIPABOK T10 JIF000M NepeMEHHON COCTOSIHUS.
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OxHo cocmosanus 00beKTa KOHTPOJIS IpeJHa3HAueHO Il 0ToOpa-
XKeHHUS UHPOPMAIIMOHHON MOAETH 00BEKTa KOHTPOJIS B BUIC HEPAPXUH
JMHAMHYECKHX MHeMocxeM. Ha MHemocxemax mpejcTaBisieTcs ore-
patuBHast 0000IICHHAs U IeTalbHAss HHPOPMAIUS O KOHTPOIHPYEMOM
o0BbekTe. [lnHaMrKa 2JIeMEHTOB MHEMOCXEM OIPEIEIIsIeTCsl YIIpaBlIeHH-
€M 3HaYCHUSMH TEPEMEHHBIX, CUTYaI[HOHHBIM H3MEHEHHEM UX KOH(H-
TypaIlyy ¥ N3MEHEHNEM IIBETA.

Ha 0000mnieHHbIXx MHEMOCXEMaX, Ha MHEMOCXEMax BTOPOTO YPOB-
HS (CM. HUKE) KOHTPOJIMPYEMbIE COCTOSIHHSA, B KOTOPBIX OTCYTCTBYIOT
(axThI HAPYIIEHUS PErJIaMEHTHBIX TPAaHHMIl, OKPAIIICHBI B 3€JICHBIN I[BET.
KonTponupyembie coCTOSIHUS, B KOTOPBIX UMEIOTCS (PaKThl HAPYIICHUS
COCTOSIHUM, OKPAIIMBAIOTCSl B KPACHBIN LIBET.

Ha netanpHBIX MHEMOCXeMaxX, XapaKTEePU3YIONINX COCTOSHHE TEX-
HOJIOTUYECKUX, PAJAMAlMOHHBIX MapaMeTpoB M MapaMeTpoB Oe3omac-
HOCTH HOPMAaJIbHOE COCTOSIHHE aHaJOr0BOI'0 ITapameTpa 0ToOpaxaercs
3€JICHBIM IIBETOM, COCTOSIHHE MapaMeTpa, BBILICIIIEE 32 YCTaBKU, MO-
XKeT oToOpakaThCsl (B 3aBUCHMOCTH OT THIIA YCTaBKH) KEJThIM, OpaH-
’KEBBIM, KPACHBIM IIBETOM.

[Ipu cocTosHUM BKIIFOYEHO/OTKPHITO TEXHOJIOTHYECKOTO 000pya0-
BaHUsl, MPUOOPOB, YCTPOKICTB, XapaKTepPU3yEMbIX B CUCTEME TUCKpPET-
HBIMH ITapaMeTpaMi, MHHOPMALUSI O HUX 0TOOpayKaeTcsl 3eJICHbIM POB-
HBIM IIBETOM.

CocTosiHUE TEXHOJIOTHYECKOTO 000pyI0BaHHMsI, MPUOOPOB, yCTPOK-
CTB OTKJIFOUYEHO/3aKPBITO OTOOPAKAETCSI KPACHBIM I[BETOM.

HopmanbHoe cocTosIHNE 3aIUTHBIX CUCTEM, YCTPOMCTB, KOT'/1a OHU HE
cpaboTanu, oTobpakaeTcs 3eleHbIM IBeTOM. CpabaTbIBaHHE 3alIUTHBIX
CHCTEM, YCTPOUCTB 0TOOpaXkaeTCsi KPaCHBIM IIBETOM. J{J1s1 JONOTHUTENb-
HOTO TIPUBJICYCHUS BHUMaHHS MOYKHO HICTIOJIb30BAaTh MUTaHUE TMHAMUYe-
ckoro odpaza. HepoctoBepHas nH(OpMaIus BbIIEISIETCS OSITBIM IIBETOM.
[TpomexyTO4HOE COCTOSTHHE OOBEKTa OTOOPAKACTCS JKEJITHIM LBETOM.
@DOH cTaTHYECKOr0 M300paKEHUSI YEPHOTO MO0 TEMHO-CEpOro IBETa.

Ha puc. 1 B okHe cOoCTOSTHHSI MTOKa3aH 00pa3 TEKYIEro COCTOSHUS
00BeKTa 151 AIMMHUCTPATHBHOIO [IEPCOHANIA KOHIEPHA.

[Mpu nanmmanm3anuu cucteMbl «KOKO» Ha pabodem mecTe AMcCHeT-
4YepCcKOro NepcoHajga B OKHE COCTOSIHHS OOBbEKTa KOHTpoJs (puc. 2)
0TOOpakaeTcsi KOTHUTHUBHBIM 00pa3, MpeCTaBIsIONH 0000IIeHHYO
nH(pOPMAIHIO O TEKYLIEM COCTOSIHMM Beex Iuiomanok ADC (muemoc-
Xema nepeoeo YyposHs UHMOPMAYUOHHOU MOOEL).

173



O0pa3 «pomalikay B HEHTPE XapaKTepPU3yeT COCTOSIHUE BCEX BUIOB
KoHTponupyemor nHpopmanuu o miomaaxkam ADC. [Toxykpyxbs Ha
KOHIIaX «POMAIIKM» IOKa3bIBAIOT OTHOIIEHHE IJIaHa MO BHIPAOOTKe
AIIEKTPOIHEPTHU K (PaKTHUECKOI BHIPAOOTKE HA KaXKIOW M3 TUIOMIAI0K
ADC. JIBa monykpyra B LIEHTPE «POMAIIKW MOKA3bIBAIOT COOTHOILIC-
HUE [JTAHOBOM BBIPAOOTKH JIEKTPOIHEPTUH K (DaKTUIECKOH BHIPAOOTKE
Jutst KoHLepHa «Pocaneproarom» B LesioMm.

B mpaBoM okHe mpeAcTaBsieTCS COCTOSHHE BCEX 3HEPTOOJIOKOB,
pacroioKeHHBIX Ha KOHKpeTHOH mioaake ADC.
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Puc. 2. Buji 4eThIpEeXOKOHHOT'O M0JIb30BaTEIbCKOr0 HHTEp(eiica OriepaTHBHOTO
JIUCTIETYEPCKOT0 TiepcoHana KpusucHoro meHTpa

OO0pasbl COCTOSHUS TEXHOJIOTHUECKHUX, PAIHAlOHHBIX U Mapame-
TPOB 0€30MACHOCTH UCTIONB3YIOTCS VISl NpoYecca Hasueayuul, peaanusy-
€MOT0 TOJIb30BaTeNIeM 110 HHPOPMAIIMOHHON MO 00hEKTa KOHTPO-
TS, T.€. TIEPEeX0a C MHEMOCXEMBI Ha MHEMOCXEMY METO/IaMH «BTITYOb»
U «BBEPX».

Jlnst ocymiecTBICHUsI Mepexoja Ha MHeMocxeMy Oosiee HU3KOTO
YPOBHS MPUMEHSIETCSI METOJI HABUTAINU «6271Y0by» TI0 HH()OPMAIINOH-
HOHU Mozenu. [Ipu peanuzanuu 3TOro MeToga HEOOXOIUMO IO/IBECTH
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KypPCOP MBI K COOTBETCTBYIOIIEMY 00pa3y, BOKPYT KOTOPOTO MOSIBUT-
Cs1 3€JICHBII PSMOYTOJIBHHK, M HAKaTh JICBYIO KiIaBUITy MbId. [Tocie
ATOT0 B OCHOBHOM OKHE IIPOTPaMMBbI OyJIeT 0ToOpaXkeHa MHEMOCXeMa,
cozieprkaiias 0000IICHHY0 UH(POPMAIIUIO O TEKYIIEM COCTOSHUH BbI-
OpanHoit AC u Bcex ee OJIOKOB (MHemocxema 8mopo2co yposHs UH@Op-
MAYUOHHOU MOOe).

Ha MHEeMocxeMax 6mopoco yposHs uHGOPMAyUoOHHOU MOOeIU KaxK-
JIbIH 9HEproOsoK BeiOpaHHOH ADC npeicTaBIeH OTACIbHON «CTPOKOM»
TaOIUIBI, cocTosAIeH (puc. 3) u3:

® 00pa3a, XxapaKTepHU3YIOIIEro TeKyInee 3HaueHue MorrHocT ADC;

® 00paza, XapaKTepPHU3YIOIIEr0 COCTOSHUE TEXHOJIOTUYECKHUX Tapa-
metpoB (TII);

® 00pa3oB, XapaKTePU3YIOLINX COCTOSHHE apaMeTpoB Oe301acHo-
ctu (I1B).

BasaxoBckas ADC

Baox NN% | Tex. map. Ilapam. GezornmacHOoOCTH
R ) 152 HB4[ITES
2 | & HE3|[IIB4IIES
3 Gz» B3 114|115
4 Gz» B3 [IIE4[IIBS

Puc. 3. TIpumep xapakTepUCTHK KOHTPOIUPYEMBIX TTapaMeTPOB
Ha iomaakax ADC

OO0pasbl, xapakTtepusytomme coctosaue Texaonorundeckux (TII)
n mapameTpoB Oe3zonacHocty (I1B), MOMHOCTHIO aHAJIOTHYHBI COOT-
BETCTBYIOIIUM 00pa3aM Ha TJIaBHOHW MHeMocxeme. B HopmanbHOM co-
CTOSTHMHM (KOTJIa 3HAYCHHUS BCEX MapaMeTPOB MHEMOCXEMBI HaXOIATCS
B IIpeJiesiax yCTaBoOK) LBeT ¢oHa oOpasza — 3eneHblil. B ciaydae BbIxo-
Jla KaKoro-1u0o U3 mapamMeTpoB COOTBETCTBYIOIIETO THIA 33 YCTaBKH,
1BeT poHa 00pas3a — KpacHBIN.

[lepexon Ha MHEMOCXEMBI mpembe2o YPOSH UHPOPMAYUOHHOU MO-
deny OCYIIECTBIISIETCS aHATIOTHYHO TIEPeX0y ¢ MHEMOCXEMbI TIEPBOTO
YPOBHS Ha BTOPOIA.

Ha mHeMocxemax mpemveco ypoeHs uHgopmayuorHot mooenu
mpeJcTaBlieHa HanOoliee JeTanbHas uHpopMalus 000 BceX MepeMeH-
HBIX COCTOSIHUS (pHC. 4).
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Puc. 4. Bun nonp3oBaTenbeckoro HHTepdeiica TUCIeTIepCKOro nepcoHana
KpusuchHoro nenTpa ass npeacTaBIeHUs TEXHOJOTHUECKUX TapaMeTpoB

OxHO epynnogou cueHanu3ayuu OTKIOHE-
HUM KOHTPOJIMPYEMbIX IEPEMEHHBIX COCTOSHUS
MpeaHa3HauYeHo Ui 0ToOpaXkeHus o0pasa rpyr-
MOBOM CHUTHAIM3AIMK B BHJE (PAKTOB HAITMUHUS
OTKJIOHEHUH B KOHTPOJIMPYEMBIX 3JIEMEHTax
TEXHOJIOTMYECKOTO 000pYyI0BaHUS 1 TpoIIecca.

Ha sTom o6pase pakt oTKIOHEHHS IEpeMEH-
HBIX COCTOSIHUSI, NPEJCTABICHHBIX Ha KaKIOM
U3 MHEMOCXEM, BXOIIIMX B HH(OpMAIMoH-
HYIO0 MOJIeNIb 00BEKTa KOHTPOJIS (MHEMOCXeMbl
mpemve2o ypoGHs: UHPOPMAYUOHHOU MOOelL),
MPEACTABIICH OTACIbHON KHOIIKOM.

B HOpManbHOM COCTOSTHHUHM (KOT1a 3HAYCHUS
BCEX MapaMEeTPOB MHEMOCXEMbl HAXOMAATCS B
npezenax ycTaBoK) IBET (POHA KHOTIKH — CEPBIH.

banaxkoeckan A3C
1 TN NEl N2 NEF NG63
2 TN N6l NE2 NG3 NG63
3 1N N6l N62 NGE3 N63
4 1N N6l N62 N63 N63
Benoapckan A3C

3 m

Kanuuunckan A3C

1 TN N6l N2 N6E3 N63
2 1N N6l N2 NE2 NhE3
Konbckan A3C

41 TN N6l N2 N6E3

2 TN nEl Nz NE3

3 TN n&l N62 N63

4 TN NEl N62 N63
Kypckana AJC

1 In

2 m

3 m

4 m
HoBoBopoHnexckas A3C

3 TN N6l N2 NeE3

4 TN N6l NG62 NG3

S om

Pocrosckana AJC

1 TN N6l N62 NE2 N63 NGBS
CroneHckan AJIC

1 n

2 m

3 m

{11iti]
{117E]
ne3
L[iHi

L[iHi
nes

B ciryuae BbIxo/1a Kakoro-au00 U3 ImapaMeTpoB MHEMOCXEMBI 32 yCTaB-
KH, IIBET ()OHA KHOIKU — KPacHBII MUraromuii. MHemMocxema rpymnrno-
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BOH CHTHAJTM3ALMH MOXKET TAK)KE UCIOIb30BATHCS AJIsl ObICTPOro nepe-
X0J1a Ha MHEMOCXEMBI TPETHEr0 YPOBHsI (MUHYSI BTOPOIA).

OKHO THNEpPTEeKCTOBOW MH(OPMALMK — TEXHOJOI'MYECKUX peria-
MEHTOB JKCIUTyaTalluy TIpeIHa3HAYeHO Ui OTOOpPaKEHUsS] TEXHOJO-
THYECKUX PErjiaMeHTOB (MHOHM periiaMeHTHpyloume uHpopManuu) u
CTPaBOK TI0 TapameTpam cocTosiHust B popmare HTML.

Haeueayusa no cunepmexcmy B CHCTEME OCYIIECTBIISETCS 0 METO-
Ny «BTIYOBb» U «BBEPX».

TexHonornueckue periJaMeHThl 0TOOpaXkaroTcs B OKHE THUIEPTEK-
CTOBOM MH(OpMAIINK aBTOMAaTHYECKH MIPH 3arpy3Ke COOTBETCTBYIOIIEH
MHEMOCXEMEI (puc. 5).

53 Patiouwit per nament GesonacHof skcnayarauan sneprotinoka N° 1 Banakosckoi A3C ¢ peaktopom (B-320) - Microsoft Internet Explorer B[] E3

| Flb Edi View Fevoles ook Heb ‘

L AN e EE o 2
Haok Fomward Stop Refresh Home: Seach  Favortes  Histoy Mal Print Edit Discuss  Messanger
Address [] GAKponerl LenpTTPDEKT\ReglamertiBall.him =] @oo [k »

Pafioyuit perrament Gezomacuoit sk crmyatarpnt sueprobmora Ne 1 Banakopckoit A3C ¢ peaktopom (B-320) 1

Dparment

2 Ocuosnte WA OMHCAHHE SKCIMYATAHOHEHE COCTOARNE SHeprobloKa
2.1 Ocuepnure ompenenerna

22 Brerayarausosntie cocomsua sueprobuoz

2.2.1 fpockrase cocronnnsa i a sacprobuora

2.2.2. Xapaxrepucrun PY B secInyaTal HOHHEL COCTORHHAY SHERTOANOKA
2221 “Komegroe” corToanne sHeprobmora
2222 “Topmaee” cocToAnu: sHEprobroka

2.2.2.3 Cocroanne sreproboxa “PeakTop Ha MUHHMATEHO-KOHTDONHPYEMOM YpOBHE
MoWHOCTH

2.2.24. Cocroanne sueprobnoxa “Pabora na momuocts”

2225 Cocroaune seprofirora “OcTalos IIA PEMOHTA

Puc. 5. IlpencrasieHne TEXHOIOIMUECKOTO PErJIaMEHTa
B BHUJIE THIIEPTEKCTA

B cucteme mpenycMoTpeHa BO3MOXKHOCTH OTOOpakeHus rpaduue-
CKUX 3aBHCHUMOCTEH BBIBOJIMMBIX B CICIMaIbHbIC BpEMEHHBIC OKHA. B
KayecTBE TaKUX rpa)uyecKrx 3aBUCUMOCTEH pean30BaHbl:

® rpaduKu 3aBUCUMOCTH NapaMeTpa (Ui TapaMeTpoB) OT BpEMEHH
(o 8 mapameTpoB Ha OJJHOM TpaduKe);

® rpaMKu 3aBUCUMOCTH NapaMeTpa OT apaMeTpa;

® rUCTOrpaMMBbl (J10 8 mapamMeTpoB Ha OJTHOW THCTOTPaMME);
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® rpaMKM 3aBUCHMOCTH CKOPOCTH U3MEHEHHsI IlapaMeTpa OT Bpe-
MeHH (TpeHbl) (10 8 mapaMeTpoB Ha OJTHOM TPEHJIC).
[Tpumep rpaduka npuBeneH Ha puc. 6.

- CpuHT-PB - Tpena [_[O]x]
cHl|& alxn=a alz ¥ |

Texyume anauenmns

Crmcox tmdpor

Wnentudg. Suaueuue En uam.
1

P 2yvv1113BT % i
M3

i

W
e
I - T N R

kL B0 50 40 30 20 10 o
Bpemc

Tekywue gara u spema |21/11/2002 [14:4050 | V.

Puc. 6. Bun npeacraBieHns IEpEMEHHBIX COCTOSTHHS B BUJE Tpadukos

B wuHnTrepdetice mnomwsizoBarens CIIIIP-PB wundpopmanus mauarso-
ctudeckoit skcriepTHOU cuctemsbl (JJMIOKC-PB) noctynna yepe3 okHO
rpymnmoBoi curHanm3anuu. CTpyKTypHO 3Ta WH(GOPMAIIHS ITPEICTABIIS-
eTCsl HA0OPOM JIaHHBIX, PUBEICHHBIX HA PUC. 7.

Jumanmrdeckii cTex TexHogormdeckix cuctTen (I0), B HeluTaTHOM COCTOAHIH

Hua TC, Bpena | Hua TC, Bpena Hua TC, Bpeua

Hua przpannof TC, Bpema BosHEKHOBEHHA HEWITATHOH CHTYALHE

Ormicanme JTuarnos - Hafifeasad OpHYHHA BOHHKHOBEHHA HEMITATHOHR
HeIITaTHOH CHTYAIIHE BOIHHKINAA E BEEaRHof TC
CHTYaIpm
B BEBBAHHOH i TIporsos nocnedcTEHA OT BoRHHMIER HEMTATHOH CHIVALHH
TEXHONOTHYECKOH & TC
cucreme (TC) 1
EpEMA
BOYHHKHOEEHHA

& PBKDMBH,I[YEI\{LIB FUpaBIAKIIHEe pelileHHA — KoMaHE
HEITATHOH P A

cHTyauns (Bpenma) VIpAENeHHA

Puc. 7. Ctpykrypa nadopmarnmm, reaepupyemoit JIM1OKC-PB
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3akjaouyeHue

PaccMoTpeHna peanu3zanus onepaTopckoro uuTepgeiica, ocHoBaHHas
Ha METOJ[aX KOTHUTUBHOHN Irpa)uky Kak CPeACTBE MHTEIUICKTYaJIbHOM
MONJCPKKU MPHUHATUSL PEIICHUH Uil ONEpaTUBHOTO M aJAMHUHHUCTpA-
TUBHOro nepcoHana KpusuchHoro nentpa koniepHa «Pocaneproatromy».
JHannusie pabotsl mpoBoasarcsa B OO0 « TACMO-BUT».

CIIMCOK JIMTEPATYPBI

[bamuibikoB, 1994] bauuisikoB A.A. MeTo/ibl KOTHUTUBHOM rpaduku s
00pa3HOTo TpencTaBieHus cocTostHAN 3Heproomoka ADC. Tpyabl MexITyHa-
poaHoro ¢popyma uapopmaruzauuu. M.: Mammmnoctpoerue, 1994, ¢. 92-98.

[FamuibikoB A.A. u aAp., 2001] bamnsikoB A.A. IHTeneKTyaabHble CUCTE-
MBI TOIICPKKH ITPUHSTUS PEIICHUH B HEIITATHBIX CUTYAIUSIX C HCIIOIb30BAaHUEM
nH(OPMALINK O COCTOSIHUM ITPUPOIHOM cpeJibl. — M.: 3naTenbeTBo «Dquropuait
YPCC», 2001, 303 c.

[bamuibikoB A.A. u ap., 2003] bauwieikoB A.A., Unbunckuit A.H., A0-
pamenko B.O., Konecauk A.M. «OKO» — uHpopManuonHas KOpHopaTHBHAS
crucTeMa KOHTPOJISI 0€30MacHOCTH pabOThl YHEPrOOIOKOB M BBIMOJHEHUS Tpa-
(uKa HeceHUs! HArpy3KH 1Mo 0000IeHHbIM apameTpam. [Tpudopsr. Ne 9. 2003,
c. 22-30.

[Barun m ap., 2001] Barun B.H., Epemee A.Il. Hekotopsie 0a3oBbie
MIPUHINIBI TOCTPOCHHS MHTEIUIEKTYaJIbHBIX CHCTEM TTOACPKKH NPUHATHS pe-
nieHui peanbHoro Bpemenu // zsectust PAH. Teopus u cucremsl yrnpasieHus,
2001. — Ne 6. - C. 114-123.

[TCpummn, 1982] I'pumma B. I'. OGpa3Heli aHamu3 3KCHIEPUMEHTATBHBIX
nanubix. M.: Hayka, 1982.

[Benxun, 1991] 3enxun A. A. KorHuTHBHAs KOMITBIOTepHAs Tpaduka. M.:
Hayxka, 1991.

[Mocmenos, 1992] [Tocmenos J[.A. KorautusHas rpaduka — OKHO B HOBBIH
mup // TIporpaMmHbie IPOIYKTHI 1 cucTeMbl. 1992, C. 4-6.

[Mymkwun, 1965] [Tymkun B.H. OneparnBHoe MblieHne B OOJNBIINX CHC-
Temax. M.: DHeprus, 1965.

[Coaco, 1996] Conco P.JI. KornutusHasi ncuxosorusi. — M.: Tpusona,
1996. — C. 598.

[Tpaxtenrepu, 1992] Tpaxtenrepr 3.A. KoMnbsioTepHast moaaepxka npu-

uatus pewenuil. — M.: CUHTETL, 1998, 360 c.

179
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KOI'HUTUBHASA CEMUOTHUKA:
CEMMHO3UCHI U TEHITAJIBTbI

FO.P. Banbkman (yur@valkman.kiev.ua)
MexnyHapoIHBI HayYHO-YICOHBIN IICHTP HHPOPMAIIMOHHBIX
texnosnoruii u cucreM HAH u MOH VYkpaunsi, Kues

IToka3zaHO, 4TO OCHOBHBIMHU peCypcaMy B KOTHUTHUBHBIX CEMUOTHUECKHX
OIepaLysxX sBJISIOTCS IeITAIBThI, @ 0a30BBIMH IIPOLIECCAMHU — CEMUO3HU-
cel. McenenoBanbl CBOIiCTBA IeITalbTOB. PaccMoTpeHa KitacCU(pUKALus
cxeM cemuo3uca. C MoMoILIblo ATUX CXEM NPOU3BOJUTCS MHTEPIIPETALIUS
3HaKoB. MccienoBanbl MPUHIMIBI TOCTPOEHHS CXEM CEMHO3HCA C LIENbI0
MoCTpoeHHs (PopMalIbHOTO anmnapara i pealu3alyu, 1anee, KOMIbITep-
HBIX TEXHOJIOTUH 00pa3HOr0 MBIIUICHHUS.

BBenenne

Jlannas pabota sBISICTCS MPOJOJIKCHUEM HCCIICIOBAHUN CEMHUO-
TUYECKUX CTPYKTYP M KOTHUTHBHBIX IPOIECCOB (CM., B YaCTHOCTH,
[Banbkman, 2011; 2012]). Ob6wvexkmom 3TUX WCCIEAOBAHUN SIBISETCS
MOZEIMPOBAaHNE KOTHUTHBHBIX MPOIECCOB B BBHIYMCIUTEIBHOMN cpere.
3necy npeomem WMCCIENOBAaHUS — TEMITAIbTHI U CXEMbl CEMHUO3HUCA B
KOTHUTUBHBIX npolieccax. O01iee nanpasienue ucciedoganuil — paspa-
00TKa (popMaITbHBIX aNMapaToB IS IPEACTABICHHS TeIITaIbTOB U CXeM
CEeMHO3H1Ca B BEIYUCIUTEIBHON cpenie. 31ech 1eib UCcCael0BaHus — 00-
IIMH aHAJIN3 B3aUMOJICHCTBHS I'eIITAIbTOB U CEMHUO3HCA.

1. KorHuTHBHBIE POLECCH, 3HAKH U CEMHUOTHKA

[lonsATue «KxoeHumusHvle npoyeccevl» 4valle MNPUMEHSIOT K TaKuM
npoleccaM, Kak namsames, GHUMAHUe, 60Cnpusmue, oelucmeue, npuHamue
pewenuti 1 goobpadxcenue. Ham 31ech nHTEpecHsBl, B OoJblIeH Mepe,
T€ MPOLECCHI, KOTOPbIE MOKHO PaccMaTpUBaTh Kak ONEpald Mo 00-
paboTke nHboOpMaIMK WK 3HaHUH. Takue npolecchl T0JKHBI Ha BXOJIE
U BBIXOZIE UMETh HEKOTOpble MH()OPMALMOHHBIE CTPYKTYpBl. DTH HH-
(opMaImoHHBIE CTPYKTYPBI, 0YEBHIHO, TPABOMEPHO Ha3BaTh KOTHUTHB-
HbIMH. KozcHumugHvie cmpykmypul — IHBAPUAHTHI YEJI0BEYECKOT0 BOC-
HPUATHS, KOTOPbIE OTPAXKAIOT COJEPKAaHUE U CTPYKTYpPY 3HaHUH yeno-
BEKa O JIEMCTBUTEIILHOM M BO3MOXXHOM MHUPAX U OINPENEISIIOT UX KaTe-
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TOPHU3AINIO U CHCTEMY OTbITa yenoBeka [ bomanes, 2011]. U oueHs Baxk-
HO, YTO KOTHUTUBHAS CHCTEMa YeJI0BeKa KaK Hepapxuieckas COBOKYII-
HOCTb KOCHUMUBHBIX CIPYKMYp TI03BOJISIET COCTABUTH NPEICTABICHUE
0 MHpE, ONUPAACh UCKIIOUUTEIbHO Ha BHYTPEHHHUE DPEIpEe3eHTALUH.

KoruutusHas nesTeIbHOCTh MO3TOMY — MAaHUITYJIMPOBAHUE penpe-
3€HTALUSAMH, TTIAaBHOI XapaKTEepPUCTUKOW KOTOPBIX SABJISETCS UX HHTEP-
MPETUPYEMOCTh (CUMBOJINYHOCTD ).

B n1060mM citydae Bce 3TH perpe3eHTalny UMEIOT 3HAKOBYIO CTPYK-
Typy. U3Bectho [[Tupc, 1999] BhIcKasbIBaHUE «Mbl OyMaem MOAbKO 6
snakax». TakuM 00pa3oM, Mbl IPUXOIUM K ceMHoTHKE. [lInpoko n3se-
cTeH ceMuoTuueckuil TpeyronsHuk . @pere, K. Oraena, U. Puyapaca,
C. Ynbpuxa, A. Yepua u Jip., KOTOpBIN cBs3bIBaeT S (3nax), C (kowu-
yenm, ousatue) u D (0enomam). Bepumae C COOTBETCTBYIOT TPAKTOB-
Ka 3Haka S u aeHoTata D (TO4yHEee OTHOIICHUs S-D s oOecreueHus
nepexo/ia OT 3HaKa K JICHOTaTy WM HAa000pOT), KOTOpast MPONU3BOANUTCS
B TOJIOBE MHTEPIPETATOPA.

Ho nnst mccrnenoBaHusi KOTHUTHUBHBIX HPOIECCOB 1EIECO00PA3HO
(Bcnen 3a [enpoBunikwmii, 1974], [MenbankoB, 1978] u [Prikos, 2004])
paccMartpuBathb yemsipexyeoabHuk. Cxema ero mnpejcTaBiieHa Ha puc. 1.

B 9TOM ueThIpexyroibHUKE BEpIIU-
Ha «KOHIIENT» 3aMEHIETCS OTHOILICHUEM
S"-D", B xoropoM S"- 006pa3 3HaKa B TOJIO-
Be MHTeprperaTopa (MEHTalbHAas MOJEINb
3HaKa), a D"- MEeHTalbHBII 00pa3 JieHo-
Tata. bynem ero Ha3bIBaThb decucHamom.
Tepmun 3aumcTtBOBaH y Y. Y. Moppuca, HO
10]] HUM TIOHUMAETCsl HE «BUJI TOBEICHUS
[Moppuc, 1983], a cybvexmusuwiii 00pas PEATbHbIN MUP
JIeHOTaTa, CyObEKTHBHBIE 00pa3bl JHOOBIX
MOHATHM, NPEICTABICHUM U T. 1., B T. 4.
00pa3bl, He UMEIOIINE OOBbEKTUBHBIX JEHO-
tatoB. O003HaUYeHHEe ' 3aMMCTBOBAaHO W3 CHUMBOJHMKH [MEJIbHUKOB,
1978]. Um nomevaroTcs Bce 0OBEKThI, KOTOPbIE TPEACTABICHBI B TOJIO-
BE HHTEpHpeTaTopa (MEHTaJIbHbIE MOACIH, I10 CYTH).

OueBHIHO, BaKHEWUIITMM CBOMCTBOM 3HAaKa SIBISICTCS €ro (DyHKIUS
0TOOpaKeHUsI HEKOTOPOTO 00BEKTA, T.€. II000 3HAK BCET/la 3HAK HEKO-
TOpOro o0bekTa. 1310 MOTyT OBITH O0BEKTHIMAMEPUATLHO20 MUPA, 00B-
€KThI HAIllEr0 CO3HAHUS WM UOeAIbHO20 MUPA, 3HAKOBblEe CTPYKTYPHI.

MEHTANbHbIA MUP

S —

Puc. 1. OTHOIIEHUS «3HAKH -
JIEHOTAThI» B CEMHOTHKE
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3aMeTHM, OJIH H TOT K€ OOBEKT MOXKET OBITh JEHOTATOM B OJHOU
CTPYKTYpPE U 3HAKOM B JIPYTOH.

N3BectHa xommyTtatuBHas auarpamma I. I1. MenbaukoBa [Menb-
HukoB, 1978] (em. puc. 1): § —» §"—> D"—> D < S. Ilo cytn — 310
OTIpe/ieJICHNE 3HaKa. XOopollash MHTEPHpETalus STOr0 ONpeAeTCHHS
npuBesaeHa B [Prikos, 2004].

«Ecmu MbI BUIUM (CIBITIIAM, OOOHSIEM, OCA3aeM — J1ajiee MbI OyJemM
MOJIb30BaThCs O€3 yiiepOa At OOLUHOCTH 3PUTEIBLHBIMU aHAIOTHUSIMH )
00BEKT 13 BHEIIHET0 MHpa S, TO B HAIlIeM CO3HAHUH BO3HUKAET €TI0 3pH-
TebHbIN 00pa3 S”. Ecau Mbl BUIUM APYroi 00beKT — D, TO IPOUCXOAUT
TO JK€ caMoe — BO3HHMKaeT obpa3 aToro oobekTa D". Ecnu B Hamem co-
3HaHUM €CTh yCTOW4YUBas cBs3b OT S” Kk D", To MOXKET MPOUCXOIUTH
cremyroniee. Mbl BUIUM TOJIBKO 00BEKT S, aKTUBU3UPYETCs ero o0pas
S", 3aTtem 06pa3 D". To ecTb MbI HE BUIUM 00BeKTa D, HO ero oOpasz D"
aKTMBM3MpPYETCS WIM BO3HHKAeT B HalleM co3HaHuu! B sTom ciyuae
MBI TOBOPHUM, YTO S — 3TO 3HaK, a D — 310 ero neHorat. Wnu, apyrumu
CIIOBaMH, 3HaK (S) — 3TO TO, UTO 3aMEIIAeT B HAIIEM CO3HAHWUHU JPYTOH
00bekT (D)» [PoikoB, 2004].

3aMeTHM, 9TO OCHOBHBIE CEMHUOTHYECKHE Tporeccel S"— D" ummn
D"— §", BocipusiTys 3HakoB S— S” uim ux nopoxaeHus S"—S, Boc-
MpUSTHS IeHOTaTOB D—> D" IPOXOST B MEHTAILHOM MHpE (cM. puc. 1).
Tem caMbIM NOKa3aHO, YTO CEMUOMUKA 80 MHO20M UMEEem KOSHUMUG-
HblIL Xapaxmep.

2. PasHOBHJIHOCTH U CX€MbI CEMHO3UCA

[Iupc MbICTHI ceMHO3KC KaK MOCTOSTHHOE JIBMKeHHe 3Haka. CeMuo-
3WC y HETO BKITIOYAET B Ce0s IBE OIMHAKOBO BAKHBIE YACTHU: TIPOU3BOI-
CTBO 3HAKOB M X MHTEPIPETALHIO.

st Hamieli KOTHUTHMBHOM ceMuoTHKHM (cM. B [Banbkman, 2011;
2012]) Takoe MOHUMaHUE CEMHO3UCA COOTBETCTBYET aHAIN3Y W CHHTE-
3y CTPYKTYp 00pa3Hoi nH(OpMAMK U 00pa3HBIX 3HAHUH.

Jlia [Tupca MMEHHO TIOHSATHE ceMuo3uca ObLTO EHTPATBHBIM MOHS-
THEM ero ceMuoTndeckoit Teopun. [1o meiciu [Iupca, 3Hak He QyHKIHN-
OHHPYET KaK 3HaK JI0 TeX MOp, TOKa OH HE OCMBICIIUBAETCS KaK TAKOBOM.
Wnave ToBOpS, 3HAKU OO0NNHCHBL ObIMb UHMEPNPEMUPOBAHbL, UMOObL
ovims 3naxamvu. Moppuc BBen [Moppuc, 1983] cnenytomiee onpeaerne-
nue: Cemuosuc — «llpoyecc, 6 KOMOpomM HeUmMoO YHKYUOHUPYEm KaK
SHAK».
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Panee Mbl yXe HCNONB30BaIM MOHATUE unmepnpemamop. Tenepb
orpesieNiuM ero 0osiee TouHo. IHTeprnpeTaTop — TO, 94TO (MU KTO) BOC-
MPUHUMAET U/WJIN BOCIPOU3BOANUT 3HAKOHOCHUTEIH.

IIpoucxopsmue B HHTEPIpPETATOPE B Ciydae HPOCTEHIIEN 3HAKO-
BOM KOMMYHHUKaIlMM MeXay HHTepnperaropamu A u B [MenbHUKOB,
1978] MuHUMaIILHO HEOOXOJMMBIE 3BEHBS MPOIlecca KOMMYHHKAIHH
OyayT (cM. puc. 1) [FOukesuy, 2006]:

Bunumepnpemamope A: Bo3oyxnenue necurnataD,”; Bo3oyxienue
accolualuii Mexy IECUTHaTOM 1 00pa3aMy COOTBETCTBYIOIINX 3HAKOB
(D,"—> S,"); Bo30yxnenue o0pa3oB 3HakoB S,"”; OOpaTHMOE OTpaKeHHE
(mo TepmuHONOTHU MenbHUKOBa [MenpHUKOB, 1978]), B pe3ynbraTe
Yero BO BHEIHEH cpefe nosiBiasiercs GU3NUECKUii HOCUTENb 3HaKOB S,;

B unmepnpemamope B: BocnpusaTie opraHaMy pelenuuu HHTEep-
nperatopa B ¢uszndecknx Hocutene 3HakoB S,; Bo3Oyxnaenue obpa-
30B S,” HocHTeel 3HakoB S,; Bo30yxaeHue acconuanuii Mexxay oopa-
3aMU 3HAKOB S,” ¥ COOTBETCTBYIOUIMM Jecuraatom D,”; Bo3Oyxnenue
necurnata D,".

Cema (cemuno3suca) oomienus (cMm. puc. 1):D,"— S,"—> S,— S,"—> D,".

OOpatrM BHUMaHHWE Ha HAYaJN0 M KOHEI] 3TOW IeMH, COOTBETCT-
BEHHO,

D, "— «MBICIIN MHTEpTpeTaTopa-nepeaaTdnKa cCooOeHUs» 1

D," — «MBICTTH HHTEPIPETATOPA-TIPUEMHHUKA COOOIICHHS.

H3zscmemuyeckue (Tpeueckuil TepMuH «u3 (0)» — OJMHAKOBBIMH,
«3CTETUKOC»— YYBCTBYIOIIUH) unmepnpemamopvl — Takue, y KOTO-
PBIX BO30YKAEHHBIE OT OTHOTO M TOTO K€ 3HaKa (KOMOWHAIINN 3HAKOB)
JIECUTHATBI MOA00HBI, U30MOP(QHBI WK XOTs1 061 TOMOMOPGHBI [Menb-
HUKOB, 1978].

OOpaTM BHMMaHHUE, YTO KaXKABIH M3 MHTEPIPETATOPOB, y4acTBY-
IOIUX B JII000 3HAKOBOM KOMMYHHUKAIMH, Yalle BCETO yYacTBYET B
KKl MOMEHT BPEMEHH TOJIBKO OJIHOM CBOEH MOJIOBUHOM: THOO BOC-
MPOU3BOANT 3HAKH, JINOO BocnpuHUMaeT uX. COOTBETCTBEHHO 3TOMY
1eJ1ecO00pa3HO BBIJICINTS JIBA YACTHBIX BH/Ia CEMHO3HMCA, B KAKIOM U3
KOTOPBIX Y4YacTBYIOT pa3HbIE IIOJOBUHKU HHTEPIPETATOPOB: MOMOp-
HbILL ceMuo3uc — NpoIecc OT BO30YKIEHHUs AECUTHATA O TeHepaluu
3HaKa (3HAKOB) U CEHCOPHbIL CeMUO3UC — TIPOLIECC OT BOCIIPUATHS 3HAKA
(3HaKOB) 710 BO30YKJIEHHS JIeCHTHATA.

VYka3zaHHbIE BHIBI CEMHO3UCA CPOPMYIUPOBAHBI OTHOCHTEIHHO
«BHEILIHEW» (110 OTHOLICHHUIO K MO3TY CyOBheKTa) (QyHKIMOHATBHOCTH:
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MIPOM3BOCTBA U BOCTIPUATHS 3HAKOB. XapaKTepU3ys yKa3aHHBIC BUJIBI
CEeMHO3MCa OTHOCHUTEIBHO «BHYTPEHHEH» (IO OTHOUICHHUIO K MO3TY)
(yHKIIMOHAILHOCTH, HEOOXOIMMO MPHU3HATh, YTO 3TH BHJBI CEMHUO3U-
ca Bcerza (B TOM MM MHOW CTENEHH) COMPOBOXKIAIOTCS MICUXUUECKOM
JesITebHOCTBIO. [103TOMY MMEEeT CMBICH BBIJECIUTH JiBa YaCTHBIX BUJA
MICUXOCEMHO3UCA, COOTBETCTBEHHO CBSI3aHHBIX C MOTOCEMHO3HCOM H
CEHCOCEMHO3UCOM: NCUXOMOMOCEMUO3UC U ncuxoceHcocemuosuc [FOm-
keBuy, 2006].

WuTepecHast kiaaccuduKkanms CeMUOTHK TI0 KPUTEPHUIO BUJIa CUHTE3a
3HAKOBBIX CTPYKTYp npeiaraercs B [Tapacos, 2002].

Ha puc. 2 npencrasnena (cm. B [ben u nip., 1996]) 060011eHHas cXxe-
Ma MpuMepa pazindHbIX HHTEPIPETAIHiA OJJTHOTO M TOTO ke 00pa3za pas-
HBIMH HHTEpHpeTanTamMu. HaTropmopT, m300paxkaromuii Basy ¢ Gpyk-
TaMU, IOMUMO TPOYEro €CTh 3HAaK, WM PEIPEe3CHTaHT. Y paccMaTpu-
BaIOIIUX €T0 3pUTENCH ITOT HATIOPMOPT C YEM-TO ACCOLUUPYETCS. ITO
9TO-TO — MEHTAJILHBIN 00pa3 — u ecTb unmepnpemanm. VIHTEpIIpeTanT
C YeM-TO COOTHOCHTCSH, YKa3bIBaeT Ha KaKoH-TO MHOW mpeamert. [Ipu
9TOM y KaXKJIOTO BOCIIPUHUMAIOIIETO — CBOW MPEMET, C KOTOPHIM CBSI-
3aH MEHTAJILHBII 00pa3 HATIOPMOPTA: Y OJJHOTO — 3TO pedibHble PpyK-
mol; y APYTOTO — HCUBONUCH; Y TPETBETO — Macca 0enee, KOmopvlx OH
cmoum; y uetBepToro — «/{anus... XVII eex» u T.1. Cxembl ceMuo3uca:
S—>S8"—->D,",S—>S8"->D," S—>S5"> D" S— S§"— D,"”. 3o npumep
HEU3ICTETUYHOCTH.

Urax, 00beKT, niu pedepeHT, MPUHIUIHAILHO CYObEKTHBEH U 3a-
BHUCHUT OT BocnpuHuMaromero. lIInpoko u3BecTHO onpezeneHne 3Haka,
nanHoe [Iupcom (cm. B [ben u np., 1996]): «3nax, unu penpezenmanm,
ecmb Heumo, 4mo COOMHECeHO C UHbLM 8 KAKOM-TUOO OMHOULEHUU UTU O
Kakomy-1ubo npusnaxy. 3uax ao-
pecosau, mo ecmv c030aem 6 yme
Yeno6eKa IKGUBANEHMHBIN UL,
B03MOHCHO, OOJIee CIONHCHBIU 3HAK.
Tlocreonuii ecmov unmepnpemanm
nepeoeo. 3Hax 3amewjaem Heu-
mo, a umenno ceoiul obvexkm. On
3ameujaem e20 He 80 8cex OMHO-
WeHUsX, HO 8 COOMHECeHUU ¢ Mol
uoeeti, KOMoOpPYIo s1 HA3LIBAIO OA-
3UCOM, UTU OCHOBAHUEM 3HAKAN.

Puc. 2. MHOro3Ha4HOCTH CMBICIIOB —
CyOBEKTUBHOCTH JICCUTHATOB
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Ha puc. 3 mpencrasieH npuMep MHOTO3HAYHOCTH CyOBEKTHBHBIX
JIECUTHATOB OJJHOTO JIeHOTaTa. PaccMOTpuM B poiu A€HOTATA camoiem,
a B KQUeCTBE 0eCUHAmMO8 — ero OTpaKeHus (MIPECTaBIEHHs ) y CTI0ap-
JIECCHI, TIJIOTA, TTACCAXKHPA U JHUcIeTdepa. ECTeCTBEHHO, KaXI0MYy J1e-
cUrHaTy OyZeT COOTBETCTBOBATh CBOI 00pa3 3HaKa, H Kaxa0My 00pasy
3HaKa cBOM 3HaK. OObeaMHEHNE 3HAKOB B HEKOTOPOH cremeHu OyneT
crocoOCTBOBaTh 0Oo0Jiee MOJHOMY MpPEACTaBICHUIO JAeHOoTaTa. CXeMbl
COOTBETCTBYIOIIIETO cemuosuca: D— D,"— §,"— §,, D— D,"— §,"—>
S,, D— D;"— 8,"> §;,D—> D,"— §,"— S,. OnHako cxeMbl CEeMHO3HCa
MOTYT OBITH HAMHOTO CIIOKHEe. Tak Kak KX/l 3HaK IPOU3BOANUT HH-
TEPIPETAHTy, KOTOpasi, B CBOIO OYEpe/ib, SBISETCS PENPE3CHTAMEHOM
CIICIYIOIIET0 3HAaKa, MPOLECC CEeMUO3HMCAa OKAa3bIBACTCS «HNOC1e006a-
menvhbim psioom unmepnpemanmy ad infinitum [ITupc, 1999]. B Gec-
KOHEYHOM Tiporecce cemuosuca (...— S;"— D,"—> S,"—> D,"— ..—>
S;"— D,"— ...) HET nepsoco N HET nociedHe2o 3HAKA.

OpHaKo MBICTH 0 OECKOHEYHOM CEMHO3UCE HE O3HAYAET OTCYTCTBHUS
CEMHUOTHUYECKUX OPHEHTHPOB, HO OTCHUIACT K aKTyaJbHOMY B3IJISY,
COTJIACHO KOTOPOMY «MblULIeHUEe 8Ce20d OCYWeCmenaemcs 6 gopme
ouanoza — ouanoea mMexcoy pasiudHsimu gazamu , 5", max umo moli-
JleHue, NOCKOIbKY OHO OUALO2UYHO, 8 CYWHOCMU, COCHOUM U3 3HAKOBY
[[Tupc, 1999]. Tak kak Ka)asi MbICIb JIOJDKHA OBITH OOpalieHa K Jpy-
TOil MBICIIH, HETIPEPBIBHBIN MPOIECC ceMUO3nca (MM MBIIIICHUS) MO-
KeT OBITh TOJILKO MPEPBaH, HO HE MOXKET ObITh OKOHYCH. 3aMETUM, 4TO
KOTHUTHBHAsI CEMUOTHKA B TaKOW MHTEPIPETAIL[H HUCCIIEAYET TOJIBKO
MPOIIeCCH BO30YKIECHUS 00pa3oB, UX OTPaXKEHUs, TPAaHCHOPMALIUH H
uHTeprperauu. Ho cymiecTByer emie MHOro KOTHUTHBHBIX OTICPAIUid
(cm., Hamipumep, B [PrikoB, 2004]).

MEHTANbHbIN MMP@:
G

Puc. 3. MHOTO3HAYHOCTH CYOBEKTUBHBIX JIECUTHATOB OAHOTO JICHOTATa
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C Hamiell TOYKM 3pEHUs, CXEMbl PA3JIMYHbIX BUIOB CEMHO3HCA SIB-
JISIIOTCSL OCHOBOM pa3pabOTKU MoJieNiel CHHTE3a W aHanu3a o0pa3HOi
nH(pOpMAIHH.

3. I'emiTaabLThLI B CEMHO3HCE

Ncnonb3oBanue noustus cewmanvma [Beprreiimep, 1975] upe3Bol-
4aifHO Ba)KHO B CEMUO3HCE U BOOOIIE B KOTHUTUBHBIX Iporieccax. ToT
BHYTPEHHHI BPOKJACHHBIN (MJIM BCTPOCHHBIN B aBTOMAT) UHINEHYUATb-
Hblll 00pa3, KOTOPBIN MO3BOJISET OMO3HABATh ONPEACICHHBIC BHEIIHUE
00BeKTHI (3HaKW § U JeHoTaThl D) 0e3 npeaBapuTeNbHOIO HAYUYSHUS,
a TOJBKO Oaromapsi mpaBWIIbHON paboTe pernenTopoB, HA30BEM anpu-
opHblm eewimansmom [MenpaukoB, 1978]. X Hanmune mo3BONIIET HE
TOJIBKO 00ecreunBaTh OTHECEHHE BHEIIHMX OTPaXaeMbIX OOBEKTOB K
OTIPE/ICJICHHOMY MHOYKECTBY, HO M YCKOPSTB ITPOLECC BHIPAOOTKH HOBbIX
UHMEHYUATIbHBIX 00pa306 I Pa3NuyeHHs MOAMHOXKECTB 3TOTO MHO-
YKECTBa U JayKe MHANBHUIHBIX €ro mpejcTaBuresei. Takue oOpas3bl MOX-
HO OBl Ha3BaTh anocmepuopuvimu eewimanbmamu [MenpHUKOB, 1978].

be3 anpuopHbBIX remranbToB HEBO3MOXKHO 3aMbIKaHHE IIEMOYEeK ce-
MHuo3uca. ECTeCTBEHHO MPEANoNokKUTh, YTO BCETAa 1000 aKkm ono-
3HanUA (6 cemuosuce) 00aXHCeH 3A8ePULAMBbCA 8030YIHCOeHUEM anpu-
0pHO20 2ewimanibma 1O BIMSHIEM BO3ZHUKHOBEHHS 00pa3oB OMO3HA-
BAaeMOT0 OOBEKTA.

OueBuIHA COOTHECEHHOCTH AIPUOPHOTO T'eIITaIbTa C KOHKPETHBI-
MH pelenTopamu, HarpuMep, oOOHsSHUE, CIIYX, 3BYK U T.A. EcTecTBen-
HO, YTO AaNPUOPHBIA TEMITANBT, MPEACTABIAS OTPAKATEIBbHBIA OIBIT
BUJa CyObEKTa, HE MMEET MPOoOpasa B BUJe KOHKPETHOI'O OOBEKTA, T. €.
YHHUKAJILHOTO 00BEKTa B YHUKAJIBHBIX OOCTOSTENLCTBAX (Takue 0OBbeK-
THI Ha3bIBAIOTCS OKKASUOHAIbHbIMU — «CITydalHBIMIY ). SIBIIAICH 0000-
IICHHBIM M HE BO3HUKAIONIMM, a JIMIIH BOCIPOU3BOJAUMBIM [T OTIpe-
JeNIeHHOTO (DYHKIIMOHALHOTO HCIOJIB30BAHMUS, allPUOPHBINA TeIITaIbT
JIOJDKEH OBITh OTHECEH K YUCIY )3yanbHblx («OOMENPUHSTHIX») 00pa-
306. OIHAKO CPEN OKKA3UOHATLHLIX 00Pa30B, a TaKke 0OOOIICHHBIX
3HAKOB, CTABIIUX Y3yaJbHBIMU 00pa3aMu, BEIpaOOTaHHBIMHU B IPAKTHKE
CaMoro MHTEPIPETATOPa U MOITOMY YKe HE allpHOPHBIMH, a anocmepu-
OpHbIMU, ATIPUOPHBIEC TEIITAIBTHI OCTAIOTCS TIOJTHONPABHBIMU YJICHAMH
BO BceX oTHOLEHUsIX. Kak u3BecTHO, remransT He AenauTcs Ha yacTi. Ho
MOJKHO JIM COCTaBJIATh U3 OTACIbHBIX IeIUTAIbTOB HOBBIM IelTanbT?

Copepkanue BOCIPHSTHS 2eumaibmHo; OHO TaKOBO M3HAYAIbHO,
a He B pe3yJIbTaTe aKTa COeUHEHUS OTIENbHBIX OIylieHni. OQHaKo B
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BOCIPHSATHE JTIO0O0TO MPEAMETa BXOJAUT MHOTOE TaKOe, 9TO CAMO MOXKET
OBITH MPEAMETOM CaMOCTOSTEIFHOTO BocmpusTHs. Hampumep, cioso,
KOTOpOE MBI ceiiyac untaeM. B kauecTBe c10Ba OHO SIBIISIETCS 0MOeb-
Hom cewimanvmom. OIHAKO OYEBHIHO U TO, UTO B TO K€ BPEMS MBI MO-
KEeM BOCIIPUHATH U OTJICNbHBIE OYKBBI;, 8 91MOM Clyuae Kaxcods u3 Hux
maxkaice byoem npedcmaesnsims codool npeomem omoeabHO20 80CNPUsL-
musi u umems coocmeenHulll cewmanvm. Jpyroit mpumep, 0OYEBUIHO,
0epeso SIBIIIETCS TeITAILTOM; HO 50/10K0, KOTOPOE BUCUT Ha BETKE, KaK
TaKoOBOE, JIAaHO B COJICPYKAHUH BOCTIPUSITHSI B BUJE remTtanbra. OOHum
C1080M, NpeOMenbl KaK Yeai0CMHble 2eUMaIbmbl COCMOSIM U3 4acmeltl,
6 CB0I0 ouepedb makdice NpedCmasisiowux coool omoenvhble 2eul-
manvmsl [Beptreiimep, 1975].

B [Kysneros, 2012] moka3aHo, 94TO TeMITaabT 3aHUMAET YEeHMPAalb-
Hoe Mecmo B KOTHUTHBHBIX IIPOLleccax MO3ra.

B [Xokunc u ap., 2007] npemioxeHa MOJIEb «NaAMAMb — HPEOCKA-
3aHue» B Ka4eCTBE MOJIENIM €CTECTBEHHOIO MHTEIIEKTa. XOKHUHC MPH-
BOJUT OCOOCHHOCTH MaMTH HeoKopTekca. HeokopTekc: sanomunaem
MOCIIEI0BATEILHOCTH DJIIEMEHTOB, a HE OT/eNIbHBIC 3JIEMEHTHI OKpYIKa-
IOIIET0 MUPA; 6CHOMUMAen TIOCIeA0BATEIbHOCTH aBTOACCOIIMATHBHO;
3anomuHaem TOCIEA0BATEILHOCTH B MHBAPUAHTHON opMe; coxpaHsi-
em TIOCIeIOBAaTeNbHOCTH nepapxudecku. C Halllel TOUYKU 3pSHHS — ITO
CBOWCTBA TEIITATLTOB WM TEXHOJIOTUI X CHHTE3a/aHaIIN3a.

3akjaoueHue

CeMHOTHKA W CEMHO3UC BO MHOTOM HMEIOT KOCHUMUBHBIU XapaK-
Tep. OCHOBHBIMU pecypcaMi B KOTHUTHBHBIX CEMHUOTHYECKUX OIepa-
LUSIX SIBISIOTCS 2emanbmol, a 0A30BBIMU [IPOLIECCAMU — CEMUOIUCDL.
3HaKu JIOJKHBI OBITh MHTEPIPETHPOBAHBI, YTOOBI OBITH 3HAKAMH. A
3HAYUT, B CEMHO3MCE JOJDKEH Y4YacTBOBAThH ummepnpemamop (4eno-
BEK MJIM KOMIIbIOTEp B Oyaymiem). CieoBaTenbHO, BCE ONepaluu pac-
MO3HABaHMS 3HAKOB (OTOOpaKEHHE WX B 3HAUCHHE) SIBIISIIOTCS KOTHU-
TUBHBIMH. PaccMoTpena kiaccuukaius 3HaAKOB C OpUEHTalMEd Ha
MOCTPOCHUE CXEM ceMHro3Kca. MIMEHHO ¢ TIOMOIIBIO ATUX CXEM MPOU3-
BOJIMTCSI TPAKTOBKA 3HAKOB. OTHOIICHUSI MEXTy KOMIIOHEHTAMU 3THUX
CXEM CTPOSITCS B OCHOBHOM C ITOMOIIbIO aHATTN3a acCOIHAINN CBOWCTB
KOMITOHEHTOB. Vccie1oBaHbl MPUHIIMITBI TOCTPOCHHUS CXEM CEMHO3Uca
C IIEJBI0 MOCTPOSHUS (HOPMATTFHOTO armapaTa Ul peajn3anuy, Janee,
KOMITBIOTEPHBIX TEXHOJOTWH 0OpasHoro MeinuieHus. Hagatr mpomecc
KJIaCCU(HUKALINHU ITHX CXeM. PaccCMOTpeHbI MOHATHUS alipUOPHBIX U amlo-
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CTEPHOPHBIX reITanbTOB. [l0Ka3aHO, 9TO OHM SABISIOTCS HEOOXOMMbBIM
aTpubyToM cemuo3uca. Hauato uccnempoBaHue CBOMCTB IelITaIbTOB U
ux kiaccupukanus. [lomaraem, 4To 3TO HampaBieHUE HCCIEIOBAHHUMA
JOJKHO 00€CIeunTh BO3MOKHOCTD pa3paboTku (popMallbHOrO anmnapa-
Ta JUIsl MOJICIMPOBAaHUSI OOPA3HOTO MBILIIEHUS! B KOMITBIOTEPHBIX TeX-
HOJIOTHSIX.
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BU3YAJIBHBIE OBPA3bI-CUMBOJIbI
B UHTEJVIEKTYAJIBHBIX CUCTEMAX

B.A. Koopunckwuii (bakob@pedklin.ru)
I'BOY BIIO «Poccuiicknii HalmoHaJIBHBIN UCCIIEI0BATEILCKIN
MEIUIMHCKUM YHUBEPCUTET
nM. H.J. ITuporosa» Munzapasa Poccuu, Mocksa

B paboTe onuchIBarOTCS MPUHIHIIBL [IEPEX0/1a K HCIIOIb30BAHUIO BH3Yallb-
HBIX 00Pa30B B MHTEIUICKTYaJIbHBIX CHCTEMaX. PaccMaTpuBaeTcst mpumeHe-
HHUE 00pa3HBIX PSJIOB PA3IMYHOIO BUAA (HEYETKHX, BDEMEHHBIX U JIPYTUX)
B 0a3ax 3HaHMUI Ha IPUMEPE MEAULMHCKUAX AUATHOCTHICCKHX CHCTEM.

BBeaenune

Bue-cnoBecusl (10 @. Pozunepy [1993]) My3bika U KHBOIUCH, U3-
JIO’KEHHE KOTOPBIX OepyT Ha ce0sl My3bIKO- U UCKYCCTBOBENbI. ToO ke
KacaeTcst U ororpaduii, 0COOCHHO XY0MKECTBEHHBIX. XOTS HHOT/A U
nosiCHAIONIUE ci1oBa He TpeOytoTes. Tak, mpu cnoBax «Kaptuna Penuna
«OTKa3 OT UCTIOBEIN» Cpa3y BOSHUKACT 00pa3 CUISIIETO y3HUKA U CTO-
SIILETO OKOJIO HETO CBSIICHHOCTYXHUTES], €CITU K€ KapTUHA HE N3BECT-
Ha, To Oosee 00K BU3yalbHBIN 00pa3 BKIIOUaeT Kamepy ¢ purypamu
MPUTOBOPEHHOTO M CIIYKUTENs LepkBu ¢ KpectoM. Ho obpaTtumcs k
elle OJJHOM, Ha IePBbIH B3IJIs1/1 HE MHTYUTUBHO-00pa3HOoN 001acTH yxe
€CTECTBEHHBIX HayK — K MeauiuHe. UHTYUTUBHBIE 1 0Opa3Hbie Tpe/-
CTaBJICHUS IO3BOJIAIOT BBICOKOKBAIU(HINPOBAHHOMY Bpady, HMEIO-
eMy OOJIBIION OMBIT HAOIOICHHS OOJIBHBIX U TUATHOCTUKU HX 3a00-
JIEBaHHM, CTPOUTH TIEPBUYHYIO THIIOTE3Y HA OCHOBE aHAJIN3a BHEITHETO
BHJa U noBeneHus namuenrta [Koopunckuii, 1996]. 3auacTyro 1 OKOH-
YyaTeJIbHBI JAMAarHo3 BKIJIIOYAeT OOpa3Hble XapaKTEPUCTHUKU MAaTOJO-
TUYECKUX MpOosiBIeHU. DToMy cooTBeTcTBYeT y A.D. Jlocera [1993]
MeTaQOpHUEcKOe U MHTYUTUBHOE TOJKOBAaHUE «diioca» (00aHK, 00-
pa3) u «uuew» Kak Juka win nousatus. Ilpu obpamenun xe x cpen-
HEBEKOBOW M COBPEMEHHOW (QHUI0cOUN Mbl OOHAPYKHBAEM, UYTO 3TO
KaTeropuajbHasl CTPYKTypa, WHTEPIPETUPYIOLIAasl UCXOAHYH CEMaH-
TUKY KaKOro-JIM0O MOHATHS. DTO MO3BOJISIET TOBOPUTH B OTHOLICHUHU U
BepOaIbHBIX, M 00pa3HBIX XapaKTEPUCTUK KaK O CUMBOJIAX, UCTIONb3Ye-
MBIX, B YACTHOCTH, B UHTEJUIEKTYyaJIbHbIX cucTemMax. [Ipu 3ToM HyKHO
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UMETh B BHIY, YTO OMHAKOBHIC Ha3BAHUS MOTYT UMETh Pa3HOE CMBIC-
JIOBOE COJIepKaHMe, BKIIOYasi ¥ BU3yabHbIE 00pa3bl. [Ipumepom mo-
TYT CIYXUTh TBOPEHUsS Xyd0KHUKOB. Hampumep, «KpacHbIi yromok»
KOHCTPYKTHBHCTa PoTueHKO OBIIT 4acThIO PeanbHOrO MPOCTPAHCTBA U,
OJTHOBPEMEHHO, OpraHu3allMOHHON eanHuiei. Henb3st cOpackiBath co
CUETOB M ONTUYECKUE WILTIO3UH, T.€. HEOTHO3HAUYHYIO KJIaCCU(HUKAIINIO
3pHUTENBHBIX BICUATICHUN (HEBOJIHUYUI PBHIHOK C HEBUIUMBIM/BU/IU-
MbIM OrocToM BonbTrepa Ha kaptune danu). OnTHueckue WUTI03ud MO-
I'yT OBITH CBSI3aHBI C BIMSHUEM I[BETOBOI'O KOHTPACTa, OCBELIEHHOCTH
OKPY’KalOLINX MPEIMETOB, IBUKEHHUS 00BEKTa U Jp.

OtnenbHast 001acTh «<MUGOTBOPUECTBOY» Y CHMBOIIUCTOB M MeTadO-
puueckuii oopas y umaxuauctos. Kak mumet J[.A. [Tocnenos [2007],
«xynoxxuuk Ilerp ®@arees Obu1 uHTYHUTHBUCTOM. Ero co3epuanue okpy-
YKArOIIEro MUpa ObLIO JHUIIb TOJTYKOM K TOH BHYTpeHHEH paboTe, KOTo-
past IOTOM MaTepualn30Bajach B €r0 MPOU3BEIACHUSIX». Ero KapTHHBI
TaKOBbI, YTO B HUX PEabHOCTb, ONHMPAIONIAsICS HA HAIIU KOHKPETHBIE
BIICYATIICHHS, PACKPBIBACT HEJIOCTYITHOE TJ1a3y U BO3JCHCTBYET MPSMO
Ha co3HaHue. Kak rmpencraBisercs, o1 HeIOCTYITHBIM TJ1a3y 31eCh Clie-
JyeT MOHUMATh HEYTO, YTO CMOTPSIIHIA KaK Obl HE BUIUT, HO OIYIAET
ero Bozaeiicteue. CpoHM 3TOMY M JMArHoctuyeckas padora Bpaya-
MHTYUTUBUCTA, B3IJIA]] KOTOPOTO OOHAPY>KUBAET HEUYTO, HOPOXKJAroLIee
TUIIOTE3y O BOBMOXKHOM JIMarHo3e.

Jedparmenranusi oopasa ¢ mocieayronield peuHTerpainueil Herpu-
emiieMa, TaK KaK MpU 3TOM HCKaXKaeTcsl «B3auMHas (PyHKIHMOHATIbHAS
3aBUCUMOCTB 3J1eMeHTOB» [JIndmmiy, 2002]. [ToaTromMy Bpauamu UCTIOINb-
3YIOTCS pa3jIn4HbIe MHTETPAIbHBIC MOHATHS (HAIpUMep, TpyOble HIIH
raprousonoJ00HkIe YepThl jnia). Korna Mbl TOBOPHM O TapromiIono-
NOOHBIX "epTax nuia, mumer Kamio [1997], «sgcHOcTh o0opaunBaeTcs
MeTadopoi», YTO XapaKTEPHO | JUIS Pa3HbIX IPYTUX MPOSBICHUH MPH
3aboneBaHmsIX. ONBITHBINA Bpad MOKET OBICTPO ONPEENTUTh HaIpaBIIe-
HUE JIMarHOCTUYECKOTO MOKMCKA, B3MIIHYB Ha OOJIBHOTO. 3/16Ch YMECTHO
BbICKa3bIBaHue [apcua Jlopku, uTo meradopa CBA3yeT MPOTHBOJIEKA-
e MUPBI OJIHUM cKaukoM BooOpakenwust [["apcua Jlopka, 1986). Eciu
00paTUTHCS K COOOIIECTBY areHTOB, TO MOXKHO CKa3aTh, YTO «Paccy04-
He1i» (deliberative) areHT 1Mo3BOJIIET MPUHUMATE PEIICHUS HA OCHOBE
CHUMBOJILHBIX PACCYKICHUMN, HAITPUMEP, METOA CPaBHEHUS 110 00pasily
[Wooldridge, Jennings, 1995], B kauecTBe KOTOPOI0 MOXHO paccma-
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TpHUBaTh 00pa3 WIH TOKAECTBEHHYIO MeTadopy. O01acTs BU3yanbHBIX
00pa3HbIX MPEACTABICHNUN 10 CHX MOp HE HAIlIa CBOETO OTPAKCHUS B
0a3ax 3HaHMI UHTEIJIEKTYyalIbHBIX CHCTEM.

1. O0pa3bl B MeAUIIUHCKOH TMATHOCTHKE

Dddexr o3apeHus — o0bsICHeHHE (GopMUpOBaHUs 00paza 00JIe3HU
«T10 HAWTHUIO», 0€3 MOAKPEIUICHUs JOMOJHUTEIbHBIMU (paKTaMH — 3TO
yJeJI HEMHOTHX OYEeHb ONBITHBIX Bpauel. Ho dopmupoBanue rumo-
T€3, MyCTh Ja)Ke BBI3BIBAIOIIMX COMHEHHS, MOXET CII0COOCTBOBAThH
JBKEHUIO K UCTHUHHOMY JTHarHO3y, MOCTpOoeHUIO TuddepeHuanbHo-
JMAarHOCTUYECKOTO psijia, YTOUHEHHUIO TPOTHO3a TeueHus 6one3nu. Bo-
3HHUKAMOIIUE Y Bpaya BOCIIOMHUHAHMSI HOCST YacTO Pa3MBIThIM Xapak-
Tep, HO 3/IeCh BaKHA IMOCIIEIOBATEIILHOCTh CXOJHBIX MU JOTOJHSIO-
X JAPYT Jpyra 00pa3oB — BU3YaIbHbIN 00pa3Hblid psij [KoOpuHckui,
2008]. Bpau yacTo He MOMHUT (paMUIIMKM M UMEHH OOJIBHOTO, HO Y HETO
COXPaHSIOTCSl B MaMATH KIMHHYECKUE MPOSBICHHUS MATOJIOTHYECKOTO
mporecca, TMarHo3 U «OTBEThD» OpraHu3Ma Ha MMPUMEHSIBITUECS MeJIU-
kaMmeHThI. [Ipn aHanu3e TedeHus: 60JIe3HN Bpaun BCTPEUAIOTCS TAKKE C
JUHAMUKOHN MPOSIBICHUH, KOTOPBIE MOTYT UMETh TOCIEI0BATEIHHOCTD
BH3yaJIbHBIX 00Pa30B, T.€. MPEJACTABISITH COO0H BpeMEHHOUM 00pa3HbIi
PSL — KOPTEK 00pa3oB, 3aBUCSIINX OT U3MEHEHUH KITMHUYECKOW KapTH-
HBI 00JIE3HH, B 0OCOOCHHOCTHU MPH MPOrPEANEHTHO TEKYIIHUX 3a00JeBa-
HUSX (HApaCTAIOIIUX PaHee U BOSHUKAIOIINX HOBBIX CUMIITOMAX ).

O06pa3HO-IMOIMOHATIBFHAS CUCTEMA CYOBEKTUBHA, B OTIUYHE OT JIO-
TUKO-JIMHIBUCTHYECKOM, SIBJISTFOLIIENCS 00beKTUBHOM. HO nMeHHO 3MoO-
IMOHAJIbHAS CHCTEMa MpeodIIaaeT y O0JIbHBIX, 0COOCHHO MHUTEIBHBIX,
M3NIAraloluxX Bpady CBOM KaloObl. B oTBeT y Bpaua BO3HHKAaeT OCO-
3HAHHAs PelenIns KaK dJIeMEHT ICUXHUKH BCIEICTBUE TPAJAUITUMOHHOM
MBICTTUTENTLHON J€ATEIHbHOCTH U HEOCO3HAHHAS PELIETIUs 00pa3HO-HUH-
TYUTUBHBIX TIPEJICTABICHHH, KOTOPBIE, KAK OTMEUYCHO BBIIIIE, MOT'YT OBITh
MPEJICTaBICHBI PSJIOM B3aUMOIOTIOIHSIIOIINXCS 00pa3oB pa3HOro IMo-
psiaka. MpicieHHble 00pa3bl, HHOT/IA IOBOJIBHO Pa3MbIThIE, IPU BCTpEUe
C HOBBIM CIIydaeM 3a00JIeBaHMsI 3aIyCKaIOT ONpe/ie/IeHHbIE ACCOLUALIH
U 103BOJISIIOT chopMupoBaTh AU depeHIanbHbINA P, BKIIOYAIOLINHA
Te WIH WHbIe 00pa3pl. Hambomee BBIpakeHO TO y Bpauei C MpaBOTO-
JYIMApHBIM MBIIIJICHUEM, XOTS M HE MCKI0YaeT aKTUBHOCTH JIOTHYC-
CKUX acleKTOB JieBoro mosymiapus. He ciemyer 3a0biBaTh 371€Ch U O
pedieKCMBHOCTH, MPUCYTCTBYIOLIEH KaK Y HAllMeHTOB, TaK U y Bpaveu.
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3HAYUTENBHBIA WHTEpPEC TMPEACTABISICT PAacCCMOTPEHUE crenupu-
YeCKOW CHUTYalluu, B KOTOPOW BH3YaJIbHBIC XapaKTEPUCTHKH U MUMHKA
0O0JIBHOTO UMCIOT MPUHIIUITHAIBHOE 3HAUCHHE JIJIS PEIICHUS JHATHOCTH-
YeCKHOH 3a/1a4u. B 3TOM CMBbICIIe HHTEPECHBIM IIPUMEPOM SIBIISIETCS U3~
BECTHAsl aBTOPY CTaThbM paboTa PyCCKOTOBOPSIIETO Bpada-IcUXuarpa,
Ha MEePBOM 3Tare ero padbotsl B M3panie MpUHUMAIONIETO MAIlHEHTOB,
TOBOPSIIUX HA UBPUTE, IPU TOM, YTO OH JIMIIb YACTHYHO BIIAJCI IPY-
UMM SI3BIKAMH, a TIAIIMEHTHI HE BJIAJICIA PYCCKUM sI3bIKOM. [Ipumepom
3TOT0 MOKET CITY)KUTh W3BECTHBIH aBTOPY OMBIT PYCCKOTOBOPSIIETO
Bpaua-tnicuxuarpa. C oJHOH CTOPOHBI, TO, YTO BPau-TICUXHATP BHIUT
W YTO MO3BOJIACT €My MPUHSTH JUATHOCTHUYECKOE PEIICHUE, AAJICKO HE
BCErJia yJaeTcs 0TOOpa3uTh B 3aIMCH TaK, YTOOBI MOXHO OBLIO TOBO-
PUTH O TIOJTHOM cOOTBeTCTBUH. C Ipyroi cTOpoHbI, OOJIBIIIOE 3HAUCHUE
MMEIOT TIOBEJICHHE W BHEITHUI BUJI MAIMEHTA, U3JIaraloniero CBOU a-
700b1. IX TOHMMaHue He 3aBUCUT B TIOJTHOH Mepe OT 3HAHUS SI3bIKa, Ha
KOTOPOM TOBOPHUT OOJBHOM, T.€. OT MOJHOTHI U3JIaracMbIX MAIlMEHTOM
naHHbIX. [Ipu 3TOM 3ammcu «Oeceqpl» JIenanich Ha PYCCKOM SI3BIKE.
DTOT ()CHOMEH IMO3BOJISIET YBEPSHHO MOJITBEPAUTH 3HAUYCHHE 00pa3HO-
HHTYUTHUBHBIX TPEACTABACHHUHN B IpoIiecce OOIIEHUS «Bpay — MAIlUCHT.
XOTs 3TO U HENb3s1 PACTIPOCTPAHATh Ha BCE KIIACChl OOJIE3HEH, a TaKkKe
Ha Bpauei, He UMCIOIINX JOCTATOYHOTO OMbITA B JAHHOM MPEMETHOM
obnactu. OgHaKo OOJBIIAs MPEAMISCTBYIONIAs MPAKTHKA ITO3BOJISET ac-
COILIMUPOBATh BepOATU3yeMbIe H 00Pa3HO-IMOIIMOHATBHBIC TPU3HAKH.

B aToM cMbICiie MOKHO MPUBECTH CIIOBA Bpada W nucarens B.B.
Bepecaesa [1961. 3ammcku Bpaya // CobOpanue counnenuii. M.: b-xa
«Oroneky; [paBna, 1.1, ¢.337)], KOTOpBIA cuuTai, OyJaydd MOJIOJBIM
BpavoM, YTO HACTOSIIUN Bpad MOT OBl «IIOCTaBUTh NPaBUIBHBIN JTHa-
THO3: €r0 COBEPIIIEHHO 0COOCHHAs TBOpUECKasi HAOIr01aTeIbHOCTD YIle-
nuack Obl 32 Maccy HEYJIOBUMBIX MPU3HAKOB, KOTOPBIE YCKOIB3HYIIH
OT MeHs, OeCCO3HATEIbHBIM BIIOXHOBEHHEM OH BO3MECTHII OBl OTCYT-
CTBHE SICHBIX CHMIITOMOB U MOYYSUT OBl TO, YEro HE B CHJIAX MO3HATHY.

2. O0pa3Hble psiabl ¥ UX GopmMaan3anus

OOpasHbie psapl (HEHOTUITUYECKUX MPOSBICHUH O0OJE3HHM MOTYT
CIIy’)KUTh OCHOBOW Ul BH3YaJbHOH (PEHOTHUIIMUYECKON IMArHOCTHUKH
(ec MOKHO TaK BBIPA3UTHCS, MPEIMATHOCTHKH 3a00JIeBaHmii) 3a00-
neBaHuid. BkiroueHne B 00pasHBId psiJi MOXKET OCYIIECTBISITHCS Ha
OCHOBE Pa3JIMYHBIX PUHIIUIIOB!
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— IO CXOZICTBY — OJIM3KHeE NI, 00BEKTHI, CHTYaIlHX B TOM YHCIIE 1O
OT/CTBHBIM (hparMeHTaM;

— 110 MeTa(hOPUUECKOMY OTPAKEHUIO — Tapromibl U CUHAPOM Xyp-
Jep, KOJIOKOJIBUUK U «ITOXOPOHHBIH 3BOH KOJIOKOJIBYNKOBY, MIOHXTAY-
3€H W OIpEeeJICHHBIN THIT Opena;

— I10 aCCOIMALIUH.

O0pas3bl OAHOTO BU3YATBHOTO Psijia, IMEIOIINE T€ MITH HHBIE OTIINIHS
JPyT OT OpyTa, NPeACTaBISIOT COO0H Kak Obl yCIOBHO HEUETKUH 00pa3
TUIMYHOTO INpeacTaBuTess psjaa. PaccmarpuBas monsTue oOpa3HOro
psina, Hy)KHO MTOHUMATh €ro Kak 0Opa3HbIi KBa3UKOHTUHYYM OJIM3KHX
WM OTHOCHUTEJIBHO OJHM3KMX M300paKEHUH, YTO MpEroiaraeT HeveT-
KOCTb TIEPEXO0JI0B MEXIy OTIACNbHBIMH IpeacTaBuTensMu. Haumbomee
TUMMYHBIA TPEICTABUTENb Ps/ia, MPEIACTABISIONNNA co00i 00pa3HbIi
apxeTHuIl, — 3TO WM HauboJiee paHHUN M3 00pa3oB, WK Haubolee u3-
BECTHBINA. TakuM ITyTeM JOCTUraeTcsl yHopsJ04eHHOCTh PsIoB (B yacT-
HOCTH BpeMEHHBIX ). Mcronb3ys monsaTue 00pa3oB Ha ONMIO3UIIMOHHBIX
[IKaJIaX, MOKHO TOBOPHUTH O JUCKPUMUHHUPYEMBIX Psiax 00pa3oB.

B menumuze uneHsl 00pa3HOTo psaa AEMOHCTPUPYIOT pa3jindyHbIe
BapUaHTHl (PEHOTUITMYECKOTO CXOJICTBA M PA3IHUYUs B KIMHUYECKOU
KapTuHe 3a00JIeBaHus, B TOM YUCJIe HAOII0JaBIINECs CIIE[MAIUCTaMU B
pa3HbIX CTpaHax, T.C. y JIIOJeH pa3InyarouXcs STHOCOB U B PA3IIMUHbIC
BO3pacTHBIE NEPUO/IbI, COOTBETCTBYIOLINE Pa3HbIM (azaM O0JIE3HU.

Hcnonb3oBanne 0Opa3HBIX PSIIOB MOXKET IO3BOJHMTH CTAaBUTh U
pemaTe 3a7auy MOMCKa XapaKTepHbIX OOBEIUHSIONIMX 0COOCHHOCTEH
cpenn 00pa3oB OHOTO TUTA (HampuMep, Juia OOJIBHBIX C OJTHIM 3a00-
JIEBAHUEM WJIM JIMLIO YEJIOBEKA B IIPOLIECCE pa3BUTHUs 3a00JI€BaHMs, T.€.
BPEMEHHOM 0Opa3HbIi psij).

AHAIOTHYHO TOMY, KakK Mo (pparMeHTy BHICHHOU paHee KapTHHBI
(xuHOGDMIBMA, TPOSIBICHUSI 0OJIE3HN) MOKET BOCCTAHABIMBATHCA IiE-
JIOCTHAsl KapTHHA (MHOTJa XapaKTepHas €€ 4acTh) WM BO3HUKATh PAJ
B3aWMOJIONOJTHSIONINX, TI0 aCCOIMANNH, N300paKEHHI, TaK)Ke U B Me-
JULIHE OIPEAEICHHOE U300pakeHHE KaK KIF0UEBOE CJI0BO MOKET HHO-
I71a MO3BOJIMUTH Bpady c(hopMyIMpOBaTh IMIIOTE3Y IUAarHO3a.

B pamkax monenu NeHOTaTMBHOTO MpocTpaHcTBa [HapuHbsHwU,
2003] otrnenbHbIe BH3YyaJbHBIE H300pa’KEHUsS] MPEJCTABISIOT COOOM
JICHOTAThl «IIOAJIMHHUKA» B 00pPa3HOM psfie, KOTOPbIE MOT'YT COOTBET-
CTBOBATb OT/IENIFHBIM JICHOTaTaM OTPAKECHHUS B KOTHUTHBHOM ITIPOIIECCe.
JleHoTatbl B 00pa3HbIX psiiax MOTYT OBITh IOCTABIICHBI B COOTBETCTBHE
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MeTa/IeHOoTaTaM, C KaXJIbIM U3 KOTOPBIX COOTHOCHTCS Kjacc, T.€. OT-
KpPBITOE MHOKECTBO HaOJIIOJIAaBIIMXCSI KOHKPETHBIX WM BUPTYaIbHBIX
(Muduueckux) oOpa3HBIX IEHOTATOB, BBIACICHHBIX B JAHHBIA Kjacc
M0 MPUHIIMITY OTIPEJIETICHHOTO CXOJICTBA. MeTaJieHOTaTOM B MEJIUIIUHE
MOKHO CYHMTaTh MAaCKH 3a00JI€BaHUM, MapKHUPYIOIIUX ONpEACICHHbIE
psiabl OONe3HeH, HapUMep, OCTPbIE XUPYprudeckre 1 MHOEKIMOHHbBIE
00me3HN OPIOIITHOM TTOJOCTH.

3. O0Opa3HO-JIMHIBUCTHYECKAS] MHTEJLIEKTYaJbHAs
cucremMa

Bkirodenue B 6a3bl 3HAHUI, HApSITy C JIOTUKO-TMHTBUCTHYCCKHUMHU
MOHSATHSAMH, BU3YaIILHBIX 00pa3oB (pHUCYHKOB, (hoTorpadwuii), paccMa-
TPHUBaeMbIX KaK CHMBOJIbI, MOXET MO3BOJHThH MEPEHTH K OTPaKCHHIO
HeBepOaTM3yeMbIX XapaKTEPHCTHK U UCIIOJB30BATh UX B CHCTEME pac-
CYXKIICHUH, JIOTUKO-apTyYMEHTAIIMOHHBIX TIOCTPOCHUN W TIPUHITHU pe-
LICHUM.

VYcnoBue BBIIBMKCHUSI THIIOTE3BI 00 «oOpase» B 0aze 3HaHUU HMH-
TEJJIEKTYaJIbHOM CUCTEMBI JOJDKHO OCYIIECTBIISITHCS B MHTEPAKTUBHOM
peKUMe, Ha KaXKJOM Ilare BHOBb BBIJIBUTAa€MOW Ha OCHOBE JIMHTBHU-
CTUYECKUX XapaKTEPHCTUK TUIOTE3bl U COMPOBOXKIATHCS yKa3aHUEM
JKCTIEPTa O CTENEHH €r0 YBEPEHHOCTH B OTHOIICHUU HAOJFOJIaeMOTO
oOpaza uiam oOpasHoro psaa. Pe3ynbraroMm MOXeT OBITh MONTBEpIKIC-
HUE BBIBUHYTOW THITOTE3bI WJIH €€ OTKJIOHEeHHUE. T.e. BU3yallbHbIH psij
BKJTIOYAETCS B KAYeCTBE BTOPOI COCTABIISIIONICH, HApSAy C JIMHTBUCTHU-
YeCKOM KOMITOHCHTOH, B TPAAMIIMOHHBIC CEMAaHTUYECKUE 0a3bl 3HAHUH,
KOTOpBIE B 3TOM ciiydae OyayT 0a3upoBaThbCs Ha JABYX CHMBOJIBHBIX
MPEACTABJICHUSX — JIMHTBUCTHYCCKUX M MKOHUYECKUX, IS popMau-
32l KOTOPBIX MOTYT OBITH MCIIOJIB30BAaHbI (PPEHMOBEBIE CTPYKTYPHI
[Kobpunckwuii, 2008].

BusyanbHable 00pa3zHbie psiibl MOXKHO OBUIO OBl CTPOUTH MO THUITY
(bpeitMonoI00HOM CTPYKTYpBI, TIe (HpeiiMy COOTBETCTBYET TpPaHIIU-
OHHOE TIPE/ICTaBICHNE OIPEeTIeHHOro 00pasa (MM TUIMHYHBIA Mpen-
CTaBUTEIb 00PAa3HOTO Psizia, CBOCTO POJia apXETUIT MM POJAUTEITBCKHUIMA
¢bpeiim), a CIOTHI MpeCTaBIeHbl 00pa3aMu JAHHOTO THMA («UHIWBH-
JAyyMaMu» WU 3JEMEHTaMH 00pa3HOrO KOPTeXka), OTINYAIOIMIMMUCS
M0 OTIEIHHBIM HEBEPOATM3YEMBIM WM TPYAHO BepOalM3yeMbIM Xa-
paKkTepucTHKaM (K TpUMEpY, OCOOCHHOCTSM OTIENBHBIX TPOSBICHUIN
0oJie3HH, B TOM YHCIIe B pa3Hble eproabl 3aboneBanus). KoHteker Bo
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(peliMax MOXKET MOSICHATH (COMPOBOXKIATh) BU3yallbHbIe 00pa3bl, HO U
M300pakeHus psiia MOTYT ObITh KOHTEKCTOM 110 OTHOILIEHUIO K CeMaH-
TUYECKUM IpeJcTaBIeHUsIM. B 3TOM citydae, Ipy BBOZE OIIPEIEIIEHHBIX
MIPU3HAKOB, «IEMOH» OJDKEH OyIeT MPUBOIUTH COOTBETCTBYIOIIUA
(peiim ¢ nzo0paxeHusiMu (oOpa3aMu) B aKTUBHOE COCTOSTHUE C TIOCIIe-
JAYIOLIEN JEMOHCTPALMEN €ro Bpauy-I10Jb30BaTeiito. To eCTh B IpolLec-
ce (hopMHPOBaHUS MTPOMEKYTOUHBIX PE3yTbTaTOB MOUCKA, HA KAXKIOH
CTaJIu¥ JIOTUYECKOTO BBIBOJA, IMOCTE BBOJA OMNPECIIEHHOW MOPIHUH
MPU3HAKOB, 3aIlyCKa JI€MOHA M aKTUBU3AIMU TPAJUIMOHHOTO (peiima
JIOJDKeH aKTUBU3HPOBATHCS CBSA3aHHBIN ¢ HUM 00pa3HbIi (hperim, KOTo-
PBIF U TIPEACTABIISIETCS BPauy-10JIb30BaTeNt0, KOTOPBIA MOATBEPKAAET
BBIIBUHYTYIO TUIIOTE3y MJIM OTBEpraer ee. Takum oOpa3oM, B MHTEI-
JIEKTYaJbHOH CHUCTEME OOpa3HBIX PsIIOB JOJKHBI OyIyT BKJIHOYATHCS,
C TOYKH 3pEHHs OL[CHKH MX TOJIE3HOCTH HKCIEPTOM / MOJIB30BaTEIIEM,
B TpOLIECC pa3peuieHns] KOHGIMKTOB IPH aKTUBH3ALUU 00Jee OTHOTO
npaBuia B ceT (peiiMoB. CrietoBaTenbHO, y TOIb30BaTeNs OyeT uc-
MOJIb30BATHCSI TPAJAUIIMOHHBIN MTOIX0/] K BOCIIPOU3BEICHUIO U3 MAMSITH
3pHUTENBHBIX 00pPa30B MPH NMPEIbIBICHUN BHICOPSIOB HHTEIICKTYallb-
HOH CHCTEMOM.

Peanuzanys MHTEIIEKTYyalIbHOM CUCTEMBI Ha (hpeiiMax MOKET BKITIO-
4aTh pelaTesib NPOLyKIHMOHHOIO TUIIA.

3akaroueHue

Peanu3aius THHIBOOOPA3HOTO MOAXO/a MPE/IoaraeT mepexos K
co3laHMIo 0a3 3HAaHWH Ha OCHOBE CHMBOJIOB JIBYX THIIOB — JINHTBUCTH-
YEeCKUX M MKOHMYECKHX, MMOCICTHHE U3 KOTOPHIX JOJDKHBI ONMUPATHCS
Ha KOHIeNuio o0pas3HbiX psgoB [KoOpunckuii, 2008]. B ectecTBen-
HBIX HayKaX 0COOBI MHTEPEC TaHHBIN ITOIX0/1 IPEICTABISIET I ME/IN-
IIUHCKOM JMarHOCTUKH, I'JI¢ XapaKTepHbIC BHEIIHUE MPOSIBICHHUS MOTYT
CIIY)KUTh MapKepaMi KOHKPETHbBIX 3a00JIeBaHH.

B pasBuTHHM HaHHOTO NMpEICTaBICHUS JHMHIBHCTHYECKAas U 0Opas-
Hasi KOMIIOHEHTHI — Pa3HOTHITHBbIE (POPMATM30BAHHBIC CHMBOJIHHBIC
XapaKTEePUCTHKH, TOJDKHBI CIICIIAThCsl B3AMMOIOTIOIHSFOIIUMU COCTaB-
JSIONMMA B 0a3ax 3HaHui. X npencraBienue Bo GpeiiMoBoit hopme
MOYKHO PacCMaTpUBaTh KaK OJIMH W3 MOTEHIMAIEHO BO3MOXHBIX BapH-
AHTOB PELICHHUS JJIS IOTHKO-JIMHTBO-UKOHUYECKUX HHTEIUICKTYaJIbHBIX
CHCTEM.
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MeTo10710T s COUETaHHBIX JIMHTBO-(PPEHMOBBIX CTPYKTYP B CHUCTE-
Max MCKYCCTBEHHOT'O WMHTEJIEKTa MOYKET HalTH NMPUMEHEHHUE B €CTE-
CTBO3HAHUU U T'YMaHUTApHBIX HAyKaXx.
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PA3SBUTUE METOJOJIOI'MYECKUX OCHOB
KOTHUTUBHBIX UCCJENOBAHUN BUPTYAJBHOM
KOMMYHHUKALIUN!

FO.M. Ky3uenoBa (kuzjum@yandex.ru)
H.B. Yynosa (nchudova@gmail.com)
WuctutyT cucremuoro ananuza PAH, Mocksa

B pabore npoaHanau3upoBaHa BO3MOXKHOCTb PEKOHCTPYKLMU KapTHUHbI
MHUpa CyOBEKTa MHTEPHET-KOMMYHUKAIIMU C ITOMOLIbIO METOJOB IICHXO-
JIMHI'BUCTHKH U METOIOB UCKYCCTBEHHOI'O MHTEJIEKTA.

HcKyccTBeHHBIH WHTEIUICKT Pa3BHBAeTCS B paMKaxX MEXKIUCIHUII-
JMHAPHOTO HAyYHOTO HATpaBJICHHS, MOJyYHBIIEro Ha3Banue «Korau-
TUBHas HayKay. BrepBble HEHTP KOTHUTHBHBIX HCCIEAOBAaHHUN OBbII
coznal B ['apBapze B 1960 r. Hapsiny ¢ HCKyCCTBEHHBIM HMHTEIIEKTOM
B CEMEICTBO KOTHUTHUBHBIX HAyK BXOJST INCUXOJIOTHS, JTUHTBUCTHKA,
Helipodusnonorus, Guirocopusi MO3HAHUS U PSIJT IPYTUX JACIUTUINH.
Kak mpu3HaeTcss MHOTMMH HCCIIEIOBATEISIMHU, «JIOKOMOTHBOM KOTHH-
TUBHOTO COJPY’KECTBA, KOHEUYHO, SIBJSICTCS TEOPHs HCKYCCTBEHHOTO
MHTEJJICKTa — Bellb 32 HEH CTOST CTPEMHUTEIHHO PAa3BHBAIOIINECS OT-
paciy MpOMBIIIICHHOCTH, CBSI3aHHBIC C IPOU3BOACTBOM KOMITBIOTEPOB
Y 3JICKTPOHUKH, PAa3BUTUEM CETH TeJICKOMMYHHUKanui. [Io3ToMy B KOT-
HUTOJIOTUH JTOMUHHPYET TEXHOJOTHUYECKHH MOIXO0J K M3yYCHHIO 3Ha-
HU, a KpUTEpUEM KadecTBAa KOTHHUTUBHBIX TECOPHHU SIBISACTCS MPAKTHU-
yeckas peanuzanus» [Ilnotunckuii, 2001]. 3a moyBeKOBYIO HCTOPUIO
COBMECTHOTO Pa3BUTHS KOTHUTHBHBIX HayK MX B3aHMOJICHCTBUE BbI-
CTpaMBaJIOCh B caMble pa3Hbie KOHpUrypanuu. «llepBoHavaibHO 00be-
JMHEHHUE TUCIUIUINH B KOTHUTHBHYO HAYKY TIPOUCXOIUIIO IO (hiiarom
KOMITBIOTEPHON MeTa(Ophl M BBIYUCIUTETHLHOTO MOAX0/a, B paMKax KO-
TOPOTO BCSIKasi TEOPHSI IOJDKHA ObLIa B SIBHOM BHJIE CTPOMTHCS KaK MaTe-
MaTHYecKas MOJICNb WM KOMITBIOTEpHAs! ITporpaMmay [ BeiandukoBckuid,
2006]. B nHacrosiee BpeMsi HOBOM TOYKOW POCTa CTAHOBHUTCS KOMMY-
HUKaTHBHAs MeTaopa U pa3BUTHE KOTHUTUBHBIX HCCIICI0OBAaHHUN OyIeT

! PaGoTa BhIMOIHEHA MU (UHAHCOBOH mouepxke PODU (mpoekt Nel2-07-
00611a).
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CBsI3aHO ¢ paboTamH, B KOTOPBIX B IIEHTPE BHUMAHUS OKaKETCs CyOh-
€KT KOTHUTUBHBIX, MHPOPMAIIMOHHBIX U COLMATBHBIX MporeccoB. Kak
nomuepkuBaer b.M. Bemnukosckuii, pykoogutens HBUKC-uentpa
KypuaToBCcKOro MHCTUTYTA, «HOBBIM KOHIIETITYaJIbHBIM MOMEHTOM CTa-
JIO HeJlaBHee J100aBJICHHE K 3TOH ab0peBuarype OyKBHI «C» — COLMO-.
Bo3HUKHOBEHHE «COLMAIBHOIO 4YEJIOBEKAa» CBS3aHO C IOSBIECHHEM
pedaekcuBHBIX (OpPM CO3HAHUS, T.€. TAKUX AKTOB CO3HAHHA, B KOTO-
PBIX YENIOBEK OOHAPYKUBAET CIOCOOHOCTD K camono3Hanuto. C mpyroi
CTOPOHBI, CBS3b COLMAJIBHOTO U KOTHUTUBHOT'O JOIOJIHSETCS CTOJIb XKe
OYEBHIHOH €ro CBS3bI0 ¢ MH(POPMAIIMOHHBIMHU TPOLIECCAMH, T.€. C MPO-
1eccaMu KOMMYHHKAIIUH, JISKAIIUMU B OCHOBE paboThI JTI000TO COLU-
anbpHOrO opranusma. [Bennukosckuit .M., 2013].

Ha nam B3risin, oAHUM M3 NEPCHEKTUBHBIX HANpaBiIeHUN paboT, B
KOTOPOM KOTHUTHUBHBIC HCCIIEIOBAHUS MOTYT MPOJIBUHYTHCS yrKe B O~
JKalluee BpeMs, SBJSIETCS MOAENUpoBaHue cpeacrtsamu MU kapTuHbl
MHpa, 00BEKTUBUPOBAHHON B MMPOAYKTAX PEUEMBICIUTEIHHOM JAEATEIb-
HOCTH YYaCTHUKOB BHUPTY&JIbHOM KOMMYyHUKaiuu. [Ipeamerom Takmx
paboT MOTYT CTaTh COL[MOJIMHTBUCTUYECKNE aCTIEKThl B3aUMOICHCTBUS
CyOBEKTOB KOHCTPYHPOBAHUS COLIMATILHON PEAIbHOCTH, OMOCPEI0BaH-
HOT'O UHTEPHET-TEXHOJIOTUAMH, © METO/IbI UX UCCIICJIOBAHUSI.

PaccmoTpuM nmeromuecst Ha JaHHbII MOMEHT TEOPETUUECKUE U IM-
MUPUYECKUE MPEANIOCHUIKH TAKUX MCCIIEIOBAHUM.

B paMkax KOrHMTHBHOTO TOJXO0/a TCUXHYECKHE IMPOLECCH pac-
CMaTpUBAIOTCS KaK IPOLIECChl MOAEIUPOBaHMsl peanbHoCcTU. Mecnenys
TaKHE «IOCTPOCHHBIE MCUXUKON» MOIENH, KOTHUTHUBHASL TICUXOJIOTHS
OJTHOBPEMEHHO TMOJy4YaeT M XapaKTEPUCTUKW PAa3IMYHBIX MOJEJeH
U OTKpBIBAeT AJsi ce0si BOZMOYKHOCTH OMHMCAHUs MEXaHM3MOB UX TIO-
cTpoeHus. B rymaHuTapHbpIX Haykax, 1 B TOM YUCJIE€ B IICHUXOJIOTHH,
JUIE ONHMCAaHHWsl pe3ylibTaTa IMPOILECCOB MOCIUPOBAHMS PEaTbHOCTH
CYLIECTBYET IOHATHE «KapTHHA MUpay. B oTeuecTBEHHOH ICUXOI0rUU
A.H. JleoutseBbiM [JleonTheB, 1975] BBeneHO npecTaBICHIE O CyIIIe-
CTBOBaHMHU 00pa3za Mupa Kak MHTErpajbHOro 0OpazoBaHHs BCEH MO-
3HaBaTEIbHOM cepbl, KOTOpoe, UMesl aMOJIAJIbHBIN XapakTep U Oy 1ydu
aQeKTUBHO HACHIIIEHHBIM, 3a/a€T U1 YaCTHBIX MPEIMETHBIX THIIO-
Te3, MOPOKAAEMBIX KapTUHOW MHUPA, MOTUBAI[MOHHO-CMBICIIOBOH KOH-
TekcT. CyllecTBOBaHUE JIBYX TEOPETHMUECKUX KOHCTPYKTOB, OJIUH U3
KOTOPBIX MO3BOJISIET U3y4aTh MPOSBICHUS MPOLECCOB MOAETUPOBAHUS
B KOHKPETHOM MaTepuaie («repuentuBHbiii Mup» 1o E.FO.AprembeBoii
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[AptembeBa, 1999]), a npyroif MO3BOISAET CBSI3aTh MPEIMETHBIC TIPEI-
ctaBieHUs] ¢ ap(PEeKTUBHO-CMBICTIOBON cEepoil JIMYHOCTH, JTAeT BO3-
MOKHOCTh CTaBHTbH 3aJ[auy HCCIIEJOBaHUSI MOJCIUPYIONICH (DyHKIHH
MICUXUKHA B PaMKax IOAX0Ja, MOJYyYUBIIETO B MHPOBOW ICHXOJIOTHH
Ha3BaHue «a((HEKTUBHO-KOTHUTHUBHBINA MTOIX0.

[TosiBnenue cetn MHTEpHET U pa3BUTHE €€ COLUAIBHO-OPUEHTUPO-
BaHHBIX CETMEHTOB (COIMAIIBHBIX ceTeid, aneKkTpoHHbIx CMU, uHCTpy-
MEHTOB cOOpa MHEHHUH, MHCTPYMEHTOB BBIP&KEHHS KOJUIEKTHBHOM
MO3UIMH U TIPOY.) CO3JaNIM OECIpelle/ICHTHBIN 10 00beMy Marepuasa
U YUCIIYy YYaCTHHUKOB apXMUB «IIPOTOKOJIOBY» MJISi TICHXOJOTHYECKOrO
uccieqoBaHusl. BriepBble MOsIBMIIACH BO3MOXKHOCTH aHAJIM3UPOBATH
OJTHOBPEMEHHO W WMHIAMBUAYAJbHYIO KapTHHY MHpa, MPOSBICHHYIO B
TEKCTaX, HOPOXKACHHBIX aBTOPOM Ha MPOTSHKEHUH 3HAUYUTENIBHOTO Bpe-
MEHHOI'0 MPOMEXKYTKa (JIOCTaTOYHOTO YISl TOTO, YTOOBI MOKHO OBLIO
3KCTpParupoBaTh U3 TEKCTOB MOTHBAIIMOHHYIO U [IEHHOCTHYIO OPHEHTa-
LMY aBTOPA), ¥ TPYIIIOBYIO KAPTHHY MHPA, BOSHUKAIOIITYIO B BUPTYyallb-
HOM KOMMYHHUKAIIUM W TPOSBISIOUIYIOCS B TEKCTaX «EJMHOMBIILICH-
HUKOBY, TPYNITUPYIOMINXCS B X0JIe 00CYKJICHHS ONPEIEICHHON TEMBI.
OTmeTuM, YTO CyOBEKTOM BHUPTYaIbHOH KOMMYHMKALIMU BBICTYNAIOT
o0mIHOCTH, 00J1a/1al01e HOBBIMU C TOYKH 3PEHHUSI METOJOJIOTHH HC-
cienoBaHus cBoiicTBamMu. OTpaxxeHHas, TOYHee, CMOJICTMPOBAHHAS pe-
IBHOCTb CTAHOBUTCS C(hEepOi CYIIECTBOBAHUS U ACSITEIBHOCTH JIFOEH,
MPAKTHYECKH HE3aBUCUMON OT peanbHOCTH «odd-naitn». [Ipu stom
T.H. «JIETKasi COUANBHOCTHY, (hopMupyemas kommyHukanueit B Cerw,
o0ecrieunBaeT NPUHAMAIEKHOCTh OJHOIO aBTOPAa MHOXKECTBY TPYIIl U
caMmy MOJIBUKHOCTb 3TUX TPYII — KaK 10 YHUCIY U COCTaBy y4aCTHH-
KOB, TaK H 10 KOJIMYECTBY TeM, B 00CYKJCHUE KOTOPBIX BKIIFOUEHBI OT-
nenpHble WwieHsl rpynn. Kpome Toro, «oH-naiiH» 00CyXJIeHHUs M03BO-
JSIIOT HAOI0JaTh Tpolecce GOPMHUPOBAHNS MHEHUH W 3aKPEIUICHUS UX
Ha YpOBHE KOJUIEKTUBHOM KapTUHBI MHpa — B OTIIUYHE OT MPOLIETYpPhI
COLIMOJIOTHYECKOT0 aHKETUPOBAHUS 3/1€Ch Mbl UMEEM JIEJI0 HE C YKE T0-
TOBOH MO3MLIMENH aHOHMMHOTO PECHOHJIEHTA, a C €€ CTaHOBJIEHUEM U
oopMIICHHEM «KOJUJICKTUBHOTO MHEHHUSD) TEX, YbH MPEACTABICHUS U
YbH MEPEKUBAHUS HAM YK€ MOTYT OBITh H3BECTHBI U3 PETPOCTICKTHUBBI
ABTOPCKUX TEKCTOB M BBIPAKEHHBIX CETEBBIMH CPEACTBAMH MPEINOY-
TEHU.

MOKHO KOHCTaTHPOBATh, YTO Ha3peina HeOOXOAMMOCTh (OPMHPO-
BaHUSl HAYYHBIX MPEICTABICHUN O CYIIHOCTH, MPOSIBICHUSIX U Pa3BU-
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TUHM HOBBIX (DOPM B3aWMOJICHCTBHS YeJIOBEKa C PEabHOCTHIO — (opM,
BO3HHUKAIOIINX B MPOLECCE YCIOKHEHHUS] MEXaHW3Ma OIMOCPEICTBOBA-
HUSI TAaKOTO B3aMMOJICHCTBUS, BCTPaWBaHUSI B HErO HOBBIX 3BEHBHEB B
BUJE TIOCTOSIHHO OOHOBIISIEMBIX BBICOKOTEXHOJOTHYHBIX YCTPOWCTB,
BO3HUKHOBEHHMSI CYHIECTBEHHO OTIMYAIONICHCS OT TPaJUIMOHHON cpe-
JIbl )KU3HEICSITETLHOCTH YelloBeka. OTMETHUM, YTO TIPH 3TOM TpaHCcop-
MHUPYETCSI HE TOJIBKO PEalbHOCTh, HO U3MEHSIOTCS TAaKXKe U yCJIOBUA U
Cpe/ICTBa ee MCUXMYECKOTO OTPAKEHUS], YTO COCTABISIET OOBEKTUBHOE
yCIIOBHE /IS BOSHUKHOBEHUS paHee He HAOJII0IaBIINXCS BUJIOB KAPTHH
Mupa. OueBUAHO, YTO TSl U3YUEHHUS POLIECCOB CEMUO3HCA, OIIOCPEIO0-
BaHHOTO HMHTEPHET-TEXHOJIOTHSAMH, HEOOXOAUMBI HMCCIE/I0BATEIbCKUE
CpeJICTBA, TIO3BOJISIONINE YUUTHIBATE €T0 CIICITUPUKY.

Wtak, B COBMECTHBIX MEXIUCIUTLINHAPHBIX pab0Tax IMCUXOJIOTOB,
JIUHTBUCTOB M crienuanucToB o MM moxer ObITH MOCTaBieHa 3a7ada
pa3paboTKK METOIOJIOTHH U CO3JIaHHSI KOHKPETHBIX METOJIOB U3yUCHUS
KapTHHBI MHpa, GOPMUPYIOICHCS B BUPTYAITbHOW KOMMYHHUKAIINH.

OnHMM U3 BaXKHBIX COBPEMEHHBIX TPEHIOB Pa3BUTHS MCKYCCTBEH-
HOTO WHTEIJUICKTa SIBJISICTCS YCOBEPIICHCTBOBAHWE METOJIOB aHAIH3a
TEKCTa, COCOOOB M3BJICUCHUS U3 TEKCTa UMILTHIIMTHOW MH(OPMAIINH,
B TOM 4YHCJI€ BBISBICHHE PA3IMYHOTO POJa MPECYNIO3UINN, a TaKKe
OIMCaHue 0COOEHHOCTEN MOTHBAILIMH, KOTHUTHBHON M SMOIIMOHAILHOM
cdep aBTOpa BhICKa3biBaHHA. CrieIMaIncThl B chepe HHTepHET-TEXHO-
JIOTUH aKTHBHO 3aHMMAIOTCSl Pa3pabOTKOW CPEICTB, KOTOPbIE TMO3BO-
JISTFOT MPOBOJIUTH OTIEPATHBHBI MOHUTOPUHT TUHAMUYHOW KapTHHBI
OTHOIIICHUS YYACTHUKOB BUPTYyAIbHOW KOMMYHHUKAIIMHM K Pa3IUYHBIM
npeaMeTaM U COOBITHSIM, OTPAKAEMOTO B MyOJIMKYEeMBIX TEKCTax.
C apyroii cTOpOHBI, B TAKUX HAIPABICHUIX HAYyYHBIX UCCIICIOBAHUM,
KaK KOTHUTWBHASI TUHTBUCTHKA, TICUXOJIWHTBUCTHKA, JIMHTBOCOIIHOJIO-
THsl, JTUHTBOKYJIBTYPOJIOTHS, Ha MaTepHalie «TPaJUIHOHHBIX» (QopM
KOMMYHHUKAIIMU BBIPA0OTaHbI MOJXO/IbI, MTO3BOJISIFOIINAE OMUCHIBATH U
WCCJIEIOBATh S3BIKOBYIO, KOHIIENITYaIbHYIO, YMOIIMOHAIBHYIO KAPTUHEI
MHUPa, HOCUTEIISIMU KOTOPBIX SIBJISIIOTCS KaK OTACNbHbIC HHAWBUIBI, TAK
1 OOIIHOCTH PA3IMYHOTO MaciTada.

AHanu3 CylIeCTBYIOIIMX Ha JaHHBIH MOMEHT METOOB, NCIIOJb3Ye-
MBIX JJIsI aBTOMATHYECKOHN OLIEHKH B PEKHMME PeasibHOTO BPEMEHU Ma-
TepuanoB MeKTpoHHbIX CMU, nucKycCHOHHBIX (OPYMOB, COOOIICHUH
OyorepoB u T.1., IpeacTaBiieH Hamu B [[leBarkun u ap., 2014]. B xa-
yecTBe OOIIel XapaKTEpPUCTUKU Pa3BUTHS JaHHOHN cepbl 3HAHUS BbI-
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CTyMaeT HaNpaBJICHHOCTh HA CO3JaHUE CPEICTB, MO3BOJSIOMNX Mepe-
XO/IUTh OT (PUKCALUHU SMOIHMOHAIBFHOTO OTHOIICHHUSI aBTOPOB COOOIIIe-
HUI, KOTOPOE ONpeAesIeTCs] B paMKaxX ONIO3UIIHMH ITOJIOKUTEIBHOE —
OTPHUIIATEIBHOE», K OMHCAHUIO PA3IMYHBIX OTTCHKOB a(EKTHBHOTO
COIlep)KaHMsI TEKCTa ((CEHTUMEHTa») C MCIOJIb30BaHHEM Bce Ooiee
T PepeHITMPOBaHHON cHcTeMbl Kareropuid. [lepes KOMIBIOTEPHOM
MICUXOJMHTBHCTHUKON OTKPBIBAIOTCS TEPCIIEKTHBBI H3YYEHUSI HE TOJIBKO
PEUEBBIX MPOSIBICHUN YMOIIMOHAIBHOW OLIEHKH, HO U NMPHYNH €€ BO3-
HUKHOBEHHS M JMHAMHKH. braromapsi 35ToMy oKa3bIBaeTCsl MPHHIUITN-
aJTbHO BO3MO)KHOH ITOCTAaHOBKA 337a4M TAKOTO POja aHann3a OOJIbLINX
MacCHBOB TEKCTOB, B Pe3yJIbTaTe KOTOPOTO BBISBIISIFOTCS ICUXOJIOTHYe-
CKHE 10 CBOEMY COJICPIKAHUI0 3aKOHOMEPHOCTH.

OnHako, KaK IMOKa3bIBAaeT MPAKTHKA, HA HACTOSIINI MOMEHT BpeMe-
HU YCHJIUSI CTICIIHAJIMCTOB HAIpaBIICHBl HA PEIICHHE YaCTHBIX BOIPO-
COB — JIM0O MAapKETHHTOBBIX (M3yYCHHE OTHOIICHUS K MPOAYKTY/IIPO-
M3BOJIUTEINIO), JTHOO CONMAIBLHO-TIPUKIAAHBIX (M3yYeHUE OTHOIICHHS
K TIEpCOHE/COOBITHIO). MeTo/I0B, TIO3BOJISIONIMX PEIllaTh 3aJaqy H3Y-
YeHHs KapTHHBI MUpA, OObEKTHBUPOBAHHOW B TEKCTaX BHPTYaJIbHOMN
KOMMYHHKAIIUH, Ha JaHHBIH MOMEHT B MHPOBOIl HayKe HE CYIIECTBY-
eT. 3a7a4n e pa3BUTUS TICHXOJOTUYECKUX 3HAHUW U TEOPETUYECKUX
3HaHuii B oOnactu MU TpeOyroT co3laHus MMEHHO TaKMX METOOB.
B oCHOBY pa3BUTHS KOTHUTUBHBIX METOJIOB M3YyYCHHs KaPTUHBI MHpa
JIOJDKHO OBITh TOJNIOKEHO TPEJICTaBIeHHE 00 OTpaXKeHUH B (opMaliu-
3yEeMBIX ITOKa3aTelsIX TeKCTa KaPTHHBI MUPA WHIUBHYJILHOTO H TPYTI-
MTOBOTO CyOBEKTa.

Tekcr, SBISSACH MPOAYKTOM PEUEBOM IESITEITBHOCTH YEIOBEKa, 00b-
CKTHBHPYET BCIO COBOKYIHOCTh HHIMBHIYaJTbHO-IICHXO0JIOTHYECKUX
0cOOeHHOCTeH ee CyOBbeKTa, B CHIIy Yero MOCJIEJHHE CTAHOBATCS J0-
CTYNHBIMH JJIsl HAOMoJeHUsT U u3ydeHus. C MO3MIMHA TpaJIUIHOHHOMI
JIMHTBUCTUKY OTPAXKAIOUIMMH XapaKTEPUCTHKAMHU CyObEKTa BBICTYIA-
IOT TaKue IMapaMeTphl, KaK TEMaTHIeCKOe COJepKaHUe pedH, AUCKYp-
CHBHBIC CTPaTETHH, CPEICTBA M CIIOCOOBI BhIpakeHUs. [loxxox ¢ mo-
3UIUA KOMITBIOTEPHOH JIMHTBUCTHKH K JMarHOCTUKE CyOBEKTHBHBIX
0COOCHHOCTEH, NPOSIBISIONIUXCA B MPOIYKTE PEUYECMBICIUTEIBHOM
JeATEIILHOCTH, TI03BOJISICT BBOJWTh HOBBIE MHTEIPAJIbHBIC KaTErOpHU
aHaJIW3a U OINMCAHUS MCCIEeIyeMOoro npenmera. BeeneHne B HayuHbIH
000pOT TEKCTOB, MOPOKICHHBIX B BUPTYaIbHOW KOMMYHHKAIIUH, B Ka-
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YeCTBE MATEPHAJIOB TICUXOIMHTBUCTHIECKOTO HCCIIETOBAHUS, TPeOyeT
pa3paboTKH MPOrpaMMHOTO MHCTPYMEHTApHsi, OCHOBAHHOTO Ha METO-
JIaX UCKYCCTBEHHOTO WHTEJIICKTA.

B Hammx paborax, BBITOJHSAEMBIX B COTPYAHUYECTBE C KOJUICKTH-
BOM JIaOOpaTOpUU HHTEIEKTYaJIbHBIX AnHamudeckux cuctem MCA
PAH, MBI ucxogum W3 TpenCTaBICHUS O NEATEILHOCTHON MPUPOJIE
TICUXHMKH, YTO TO3BOJIIET HAaM OTHECTUCHh K SIBICHHIO BUPTYaJbHOM
KOMMYHHKAIIUH KaK K 0COOOMY BHUJIy NESTEIBHOCTH, B XOJ€ KOTOPOI
BO3HHKAET HOBBIN TUII CO3HAHUS — OOLIIECTBEHHOE CO3HAHHE KOMMYHH-
KaHTOB, ()OPMHUPYIOIIUX CBOHM TMPEICTABICHHUS O PEATbHOCTH M OILICHKE
OTAEIbHBIX COOBITHH B X0Jie ceTeBoro B3ammoaeicTsus. KoHuemnmus
oOpaza mupa, nipezcraBieHnas B padorax A.H.Jleontsera [JIeoHThEB,
1983], E.}O.AptempeBoii [AprembeBa, 1999], B.B.Iletyxona [[leTyxo0B,
1984], B.®.Ilerpenko [llerpenko, 2001], C.[A.CmuproBa [CMHPHOB,
1985], mo3BosasieT HaM paccMaTpuBaTh MPOAYKTHl BUPTYalIbHOW KOM-
MYHHUKAIIMA — TEKCThI COIMAIBHBIX Meina — KaKk 00bEeKTUBHPOBAHHbIC
(dparMeHTbl KapTHUHBI MHUpA, KOHCTPYHUPYEMOH yYaCTHUKAaMH KOMMY-
Hukanuu. ConuanbHbIN XapakTep BO3HUKAIOIIEH B X0/1€ CETEBBIX HC-
KyCCHi KapTHHBI MUpA MO3BOJISIET CTABHUTH 33Ja4y PEKOHCTPYKIIUHU IO
TEKCTaM TaKUX COLMAIIbHBIX IMOIHH, KaK THEB U MPE3peHHe, TAKUX CO-
UAJbHBIX (HOPM TIOBEICHUSI, KaK arpeccHs W rpymniupoBaHUE, TaKUX
COIMAJIBHBIX SIBJIICHHM, KaK COIIMATbHAS HANPSHKEHHOCTh U AHOMHMSI.

B nenTpe Hammx uccienoBaTeNbCKUX UHTEPECOB HAXOISTCS sBIIE-
HUe QpycTpanuu ¥ npodyieMopaspeliaroniee MmoBeJeHne Kak KOHIIET-
THI, TIO3BOJISIOIINE ONUCATh AKTHBHOCTh CyOBEKTa MPH CTOJIKHOBEHUH
C TpEensSTCTBHEM. 371eCh Mbl ONHMpaeMcs Ha moijiokeHue JM.Y3Hamze
[V3ramze, 2001] 006 oOBEKTHBAIMM KaK MPOICAYPE BBEJCHUS B CO-
3HAHHWE TOTO, YTO MPEMATCTBYET Pa3BOPAUYMBAHHIO JIESATEIBHOCTH TIO
BJIIMSHUEM yCTaHOBKHU. FIMEHHO 3TO — NPEnsTCTBYS, BOSHUKAIOIINE TIPH
peanu3anuy MPUBBIYHOTO MOBEICHUS, — SBISIETCS OCHOBHBIMH TeMa-
MU 00CYXJCHHUS B BUPTYyaJbHON KOMMYHUKAIMK: 00cyx)aeHus B Cetn
BCETJa BPAINAIOTCS BOKPYT BO3HUKIIMX JIJISI X YYaCTHUKOB 3aTpyIHE-
HUI KaK B chepe 4acTHOI JKU3HU, TaK U B chepe MOTUTUKH (OT perern-
TOB OJIMHOB JIO PEIIETITOB Pa3pelICHUs] MEKTYHAPOIHBIX KOH(IUKTOB).
B COBOKYHMHOCTHM CBOMX OTHOIICHHWH M MEHSIOLIETOCS OTHOLICHHS K
HUM CyOBEKTa 3TH MPEMATCTBHS BBICTYNAIOT 00BEKTAMH MCHUXHYECKO-
TO OTPaXEHHUS M MOTYT PacCMAaTPHUBAThCA KaK CIUHUIBI aHATM3a TIPH
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M3Yy4YE€HUHU KapTUHBI MUPA. B TeOpuM HCKyCCTBEHHOTO MHTEIUIEKTA, JJIS
MOJICJIMPOBAHMUS TaKUX SIBICHUN pa3paboTaH ammapar JAWHAMHYECKUX
HEOTHOPOTHBIX CEMAaHTHUYECKUX CETEH, UTO TO3BOJISIET CTABUTH 3a7auy
WH(GOPMAITIOHHOTO MOJICIIMPOBAHUS PA3IMYHBIX TUIIOB KAPTUHBI MUPA,
JOIYCKAIOIIUX pa3HbIe THUIbI PEAKIUMHM Ha (QPYCTPAIMIO M CIIy’Kallue
OCHOBOM /715 pa3NIMYHBIX BAPHAHTOB TPYIIIIOBOTO IIPOOIEMOpa3pernIaro-
LIETO MOBEICHUSI.

B kauecTBe MccnenoBaTeNbECKOTO CPEJICTBA MOTYT OBITH MCHOJB30-
BaHbl METOJIbI CEMAHTHYECKOI'O aHalh3a TEKCTOB Ha €CTECTBEHHOM
SI3bIKE, OCHOBAHHBIC Ha MOHSATHH 3HAYeHHs B si3bike [CMHUPHOB U Jp.,
2014]. B ux ocHOBY MOJIOKeHA TEOPUSI KOMMYHUKAaTUBHOM IpaMMaTh-
Kku si3p1ka [3o70ToBa U Jp., 2004], cormacHO KOTOPOI TIIaBHOE MECTO
B KOHCTPYMPOBAHUHU OCMBICIICHHBIX BBICKa3bIBAHUN 3aHUMAIOT CHHTAaK-
CeMbl — MUHUMAJIbHBIE CEMaHTHUKO-CHHTAKCUUECKUE CSJUHMIIBI S3bIKA,
BBICTYTAIOIINE OJHOBPEMEHHO KaK HOCHUTEININ 3JIEMEHTapHOTO CMBICTIA,
1 KaK KOHCTPYKTUBHBIE KOMIIOHEHTHI 00JIee CIIOKHBIX CHHTAKCHUECKUX
IIOCTPOCHUI. B KOHKPETHOM IIPEJIOKEHUN CIOBO BBICTYNAET B Kaue-
CTBE €IMHUIIBI CMBICIa HMEHHO KaK CHHTaKceMa. Takum oOpa3om, mpu
paboTe ¢ TEeKCTOM HEOOXOIMMO ONEPHUPOBATH HE JIEKCUYECKUMH €Iu-
HUIIaMU (CIIOBAMH), & CEMaHTHKO-CHHTAKCHYECKUMHE (CHHTAKCEMaMN ).
BbiiennB B TeKCTe CMHTAaKCEMbl M YCTAHOBHMB CMBICIIOBBIC 3HAYCHUS,
KOTOpBbIE OHM MOTYT MPHHHMATh COTJIACHO MpaBHUJaM T'PaMMAaTHKH,
MO’KHO BBISIBUTH CMBICJI BCETO TEKCTA.

g mpencTaBiieHUs] CEMaHTUKHM TEKCTa IPEJIaraercsl UCIOJIb30-
Bath HeoHOpoaHbIe cemanTHueckue cetu (HCC) — cemeiictBo rpados,
nMermux obmee MHOXecTBO BepmmH [Ocunos, 1997]. Bepmuaam
HCC cooTBeTCTBYIOT CHHTaKCeMbl ¢ MX 3HAYEHHsIMH, pedpam — diie-
MEHTBl OMHApHBIX OTHONIICHWH HAa MHOKECTBE 3HAUYEHUH CHHTAKCEM.
Takum o6pazom, HCC TekcTa mpencTaBisiOT CUTYaIUIO, OMUCHIBaC-
MyI0 B TeKcTe. HeoqHOpoTHbIE cCeMaHTHYECKUE CETH SBISIOTCS Y peK-
TUBHBIM CITIOCOOOM TPEICTABICHHUS] CEMAHTUKH TPEIUIOKEHIH TEKCTa.
OHM UCTIONB3YIOTCS JUISl BBIYUCIICHUS CTETIEHW CMBICIOBON OJIM30CTH
TEKCTOB TPY PELICHUH 33124 MHPOPMALIMOHHOTO MONUCKA, a TaKXkKe JIJIs
3¢ (EeKTUBHOTO pelIeHrs] MHOTUX JIPYTHUX 3a1ad 0O0paboTKU TEKCTOB.
Jljis mpencTaBiIeHns] CEMAaHTUKU TEKCTa B BUJIE HEOIHOPOIHONW CeMaH-
THUYECKOU CETH MOXKET OBITh CIOIb30BaH PEISIIIMOHHO-CUTYallMOHHBIN
ananm3 TekcToB [Ocwuros u ap., 2008].
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VJIK 007

3AKOHOMEPHOCTH ®OPMUPOBAHUSA
NMHAUBUAYAJBHOI'O KOTHUTHUBHOI'O CTHJIA!

A.B. IaBaos (paviov@phoi.ifmo.ru)
K.A. Ucakos
HanmoHanbHBIH HCCIIEIOBATENBCKAN YHUBEPCUTET HH()OPMAIIMOHHBIX
TEXHOJIOTHiA, MexaHUKU U ontuku, Cankt-IleTepOypr

PopmMHpoBaHNE UHIANBUAYAIBHOTO KOTHUTHBHOTO CTWJI PACCMOTPEHO B
paMKax JIOTHKH C HCKIIOUeHHEM Ha anredpe (ypbe-ayaabHbIX OMpeaems-
IOLUX MOJIENb onepanuii. BolsiBieHa cBs3b KOTHUTUBHOI'O CTHIIS C OIHCHI-
BaeMbIMU JHMCCHIIATUBHBIM (PAKTOPOM MHIMBUAYATBHBIMU (U3MUECKUMHU
CBOMCTBaMU U OIIBITOM IT03HaroIEero areHTa. [Iposesneno moaenupoBanue
psna cueHapueB PeNyLUpOBaHMs KOTHUTHBHOTO JUCCOHAHCA, IOKa3aHa
3aKOHOMEPHOCTb BOZHUKHOBEHUS UCTEPUK.

BBenenue

Pe3ynbTraThl KOTHUTUBHBIX HMCCIEIOBAHUN MOATBEPXAAIOT OOIMIMN
Te3uc 0 (PU3MUECKON OOYCIIOBICHHOCTH MaTeMaTHYECKUX MOJIEIIeH,
MPUMEHHUTENIBHO K TEME — 3aBUCUMOCTH MOJIEIM KOTHUTUBHOTO areHTa
OT €ro MHAUBUAYaAIbHOTO (PU3MYECKOTO U colanbHoro onbiTa [Ky3He-
1108, 2012]. ConmanbHbIi ONBIT B pe3yJbTare 00yUeHHs — yCTaHOBIIE-
HUS U 3a1IOMUHAHMSI BECOB CHHANITUYECKUX CBSI3€H — TaKXkKe NepEeBOANT-
sl B KQTETOPHUIO (PU3NUECKUX CBOWUCTB CyObEKTa.

B paMkax KOTHHUTHBHOTO Mojaxoja K o6paboTke nHpopManuu Ha
MIEPBBIH IJIaH BBIXOAT BOIIPOCH! BKIFOUEHUS HOBOM HH(OpMAIINH B HH-
JIMBHyaJIbHBIN Te3aypyc. POpMUPOBAHHE HOBOM BHYTPEHHEW KapTH-
HBI MUPA, CyObEKTUBHO HENIPOTUBOPEUNBOM U aJIEKBATHON peabHOCTH,
BBI3BIBACT HAUOOJIBIINE TPYTHOCTH, €CITM HOBAsI MH(POPMAIIHS IIPOTHBO-
pedut crapomy 3HaHUIO. KOH(MIMKT ABYX KOTHULIMN MPOSIBIISETCS Kak
korauTuBHbIN qucconanc (K1) [Kopcunu u ap., 2006]. HeBo3moxHOCTH
KU3HU B COCTOSIHUM JIMCCOHAHCA MOPOXKIAET 3alUTHBIN MEXaHU3M €ro
peayuupoBanus [ Xekxaysen, 2003], cueHapuil KOTOPOTO SPKO MPOSIB-
J5IeT KOTHUTUBHBIN CTHIIb CyOBEKTa.

Bce MHOroo0pasue KOrHUTUBHBIX CTUJIEH B IIEPBOM HPUOJIMKEHUN
MOJKHO Pa3/IelUTh Ha J1Ba: Hay4HbIH ¥ oObIaeHHBIN [Ky3HenoB, 1998].

! PaGoTa BeImosHeHa npu (puHaHcoBoM nopaepkke PODU (rpant Ne 12-01-00418).
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Jljis IepBOro, UMEIOLIEro MPUOPUTETOM JIOTHYHOCTh U aJCKBATHOCTD
3Hanu#, KJ] MoxeT paccMaTpuBaThCs Kak olnOka 00yueHusl 1, COOTBET-
CTBEHHO, PelyLIUPOBATHCS TaKXKe METOJaMH 00YUIEHUS — TOTIOJTHEHUEM
KOH(IMKTYIOIIMX KOTHULMHI AJIs1 UX COIJIACOBAHUS Ha 00Jiee BBICOKOM
ypoBHe. {151 BTOPOro, OpUEHTUPOBAHHOTO Ha YCTOMYMBOCTH BHYTpPCH-
Hell kapTuHbl Mupa, K/ oTHOCHTCS yKe HE CTOJIBKO K (hopMalibHO-JI0-
TUYECKOM, CKOJIBKO K IICHXOJOTHYECKON MPOTUBOPEUMBOCTH U 00yue-
HUE 371eCh HEOPPEKTUBHO B CHITy HHBIX IIPUOPUTETOB CYObEKTA.

OpHa W3 Mojiesield, OMMCHIBAIOIINX BKJIFOUYEHHUE HOBOW HMH(OpMa-
LMY B UHAMBUIYalbHOE 3HAHHE, — JIOTUKA C UCKIIoueHueM [Barun u
ap., 2008]. B cratee [I1aBnos, 2012 | B paMkax OMOHUYECKOTO TI0JIXO-
Jla 1aHa MOJIEJb JIOTUKU C UCKIIFOYEHUEM B KJIACCE HEUETKO-3HAYMMBbIX
Ha anredpe Qypbe-IyalbHbBIX ONEpaInii, B KOTOPOIl CHCTEMe TIPeabsB-
JISETCSL TOJBKO TIOCBUIKA OCHOBHOTO mpaBwiia «O000meHHbd Modus
Ponensy, 3akitoueHue 1o KOTOPOMY acCOLIMAaTUBHO (OPMUPYET 3HaUe-
HHUE HCKIIOYEHHS, KOTOPOE, B CBOIO OYepeb, MOANDHUIHPYET TEePBO-
HavajbHOE 3akitoueHue. B padore [IlaBnos, 2013] nmoka3an ¢eHomen
BO3HUKHOBEHMSI M peaynupoBaHus B naHHoil monenu KJI. B cratbe
[[TaBnoB, 2014] nokaszano, uro penyuupoBanue KJI o0ycioBiaeHo auc-
CUIATHBHBIM XapaKTepoM MoJiesd. B HacTosieM JoKIajie, B pa3BUTHE
MOJX0/1a, JaH aHAJIN3 AUCCUIIATUBHOTO ()aKTOpa U IOKa3aHa CBA3b Clie-
Hapus pexyunposanus K/l ¢ olieHKo#H auccunaTuBHOro Gaxkropa.

1. Moaean

Jloruka ¢ uckiaroueHueM Ha anrebpe (Qypbe-AyanbHbIX onepanui
ropoxaaercs TpexcioiHoi HeriponHo# cerbto (HC) puc.1.a [I1aBios,
2012 1.

In HOMP C HE

.e‘ ‘ - ‘ I' bnc(_[) HHG lm
n ) (
4

Puc.1.a. Mogens HC. In, C, E — ciion Puc.1.6. Brok-cxema TpexciorHon
BXOJIHOM, 3aKJTFOUEHHUS U UCKITIOYCHHUS, HC. HP y H* — MaTpuIlbl BECOB
HCMP y HE — MaTpuIlbl BECOB cBsI3el IpaBMIIa «00OOIIEHHBIN
«obo6mennbIit Modus Ponens» Modus Ponens» (OMIT)
U MCKITIOYCHUS, COOTBETCTBEHHO, U MCKITIOYCHUS, (OPMUPYIOIIHE
F — npeobpazoBanue Oypre COCTaBHYIO MaTpHUILy
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B pamMkax 0HOIOrHUeCKH MOTHBUPOBAHHOTO TIOAX0/Ia CMBICIIBI 3HA-
YECHUI BXOJHBIX JIMHTBUCTHYECKUX MEPEMEHHBIX TpecTaBisitoTes HC
puc.l.a marrepnamu BHyTpeHHel penpesentanuu (IIBP) B cnoe In, a B
cioe C popmupytrorcst [IBP cMBICITOB TOrHYecKUX BBIBOJIOB. Marpuiia
cBszeil mpaBuia «O0o06menapi Modus Ponensy (OMII) peanusyer-
Csl KaCKaJIoM JIBOMHOTO MpeoOpaszoBanusi yphe, CHHANTHYECKHE Beca
bopmupytoTcs B mpoctpancTBe Oyphe M 3aIIOMUHAIOTCS B BUJIE TOJIO-
rpammbl Dypbe HOMP

H(vv,)=n(F G@y)E (Im, (x,7))), ey

rie (vx,vy) — IPOCTPAHCTBEHHBIC YaCTOTHI, 1| — ONEPATOpP, YUUTHI-
BAIOLMI HETMHEHHOCTb PETUCTPUPYIOLUINX Cpel AJsl 3allMCH CHHAII-
tndyeckux BecoB (PC), & — nenbra-pyHKIMS, ONMMUCHIBaIOIAs HEWPOH,
Im (x,y) — aranonnsiii [IBP nipu o0y4yennn npasuiy OMIIL, F — cumBon
npeobpazoBanus Oypbe, acTEpUCK — KOMILIEKCHOE conpshkenue. [Ipu
npeabsiBieHun B cioe /n Bxoanoro [IBP /m,(x,y), matpunia H" dop-
mupyet B cioe C [IBP 3axmrouenus

Im. ()= [Im,n (x.»)®Im, (x,y)*8(x, y)}Tl > (2)

rze (C.n) — koopauHatsl B cioe C (KypcuBoM), ® U * — CHMBOJIBI KOP-
pENSAIMU ¥ CBEPTKU, COOTBETCTBEHHO, HIDKHUM WHJIEKC 1) 0003HAYaeT
(unbTpanuo Ha MaTpuile BecoB (1), 00yCIOBICHHYO HETUHEHHOCTHIO
PC. YcnoBumcs cunrtath dopmupoBanue [IBP BriBoma (2) Hynesoit
ATEparyei.

Marpuiia CHHalTHYeCKUX BECOB UCKITIOYCHUS OITHCHIBACTCS

H* (Z; ’n): n° (F (lmm (Xx Xy ))Im(,'; (C N )) > (3)

rae n* — oneparop, yuuThiBaromuii HenuueliHocTs PC s 3amucu H*
Imy, (%,x,) 1 Ime, (G.m) — TIBP B ciioe E n C (0TKIMK (2) 110 IpaBHiy
OMII), ucnionbzyemsie anst o0yuenns HC nuckitouenuto.

Tornma BxogHo# [1BP Im,,(x,y) npeobpasyetcst matpuneii (1) B [IBP
BeIBO/Ia (2) B cioe C, KOoTOpHIH, mpoxos marpuity (3), hopmupyeT B
cinoe E TIBP:

Iy (2, = F{tme @O [ F (g (e, ), G ) [}

Otot IIBP cHoBa moctynaet B cioit /n u, B pe3yjbTaTe UTEpaIuu
In—C, B cnoe C ¢popmupyercs [IBP moauduunpoBanHoro 3axmroue-
HUS

207



Im,, (C M ) =1Imy, (an X.):) @ Im (x> y)'

Ecnu BeIMONTHEHO TpeOOBaHUE HJICHTHYHOCTH CIEKTPOB (ha3 BXO/I-
aeix [IBP

{im,, (x,)}. Vi, j;® (Im,,, ) = ® (lm,,y. ) 4)

10 (X.-X,) B cl10e E MOYkHO 3aMEHHTh Ha (x,y)u ToT/1a 3aKITIOUCHHE

Im,,Cn)=F (lm(,(m) € ))*{[lm”m,; (x.»)®F (]mCR @€ ))J@ Im,, (x,y)} .

UnteH B QuUrypHBIX CKOOKax — auccurnatuBHbI (haktop (D). C
yuetoM (1) u (3) 9TO BBIpaXKEHNE MOYKHO MPEJICTABHUTH B JIBYX SKBUBa-
JIEHTHBIX BHJIaX:

Ime, (G0)=F (Ime,_ ) *F(H H), (3)
F (Ime, (€ m)) = (Ime, ) (G 0))H"HO). (6)

Bripaxenue (6) ynoOHo st ananuza auHamuka HC B mpoctpan-
ctBe Dypbe B yBs3Ke ¢ onpepenstommmMu cBoiictBa Matpul (1) u (3)
ycinoBusiMu 00yueHus1, npeactaBuB HC, HaumHas ¢ 1-i urtepanuu, B
BHJIE, TAHHOM Ha puc.1.0.

2. AHaJIM3 IMcCUNIAaTUBHOTO hakTopa

HpI/I MHHUMAJIbHOM 3HAYCHUHU AUCCUIIATHUBHOI'O YJICHA, T.C.

{[[mERnC (. »)®F (Img, (€ ,n))}@ Im, (x, y)}z 8,

cucremMa ObUta OBl KOHCEpBAaTHBHA M, B CHIIy (ypbe-IyalbHOCTH
3HAYCHWH 3aKIIOYCHUI HAa COCEIHUX HTEpAIHsX, €€ JHHAMHKA — IIU-
KIM4ecKOH. PaccMOTpUM pOJIb OTIENBHBIX YICHOB, BXOJSIIUX B JHC-
CHUITaTHBHBINA (aKTop.

[epreiif wiieH JI®D onuckiBacT yCIIOBUS 3alTUCH MATPUILHI (3) Kak B
BeiOope TIBP sTanona uckmodenus Img, (x,y), Tak u coiicts PC (ne-
JMHEHHOCTH W OTPAaHUYEHHOCTH TUHAMUYECKOTO THANa30Ha), BETyIHX
K JIOTIOTHATENLHON QuibTpariy. O4eBuHa H30TOHHOCTE [m, - (x,y)m
JID B ieaoM.

BnustHue BhIOOpa 3TanmoHa HCKIMOUeHHs Imy, (x,y) Ha JI® om-
penensieTcs TeM, 9TO eCaH Img, (x,y)=min {Im, (x,y)}, T.e. dTanoH
Imyg, (x,y) — caMblil BRICOKOYACTOTHBIH, TO 1 JI® B 1IeIOM MUHUMH3H-
pyercsi, 1 Ha00OpOT.
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VYcnoBust 00ydeHus: B 4acTH 3anucu MaTtpuubl (3) onpeaenstoT 10-
MOJHUTENbHYI0 (UIBTPalKIo, O0O0YCIOBICHHYIO HenuHelHocThio PC.
BeicokouyacTtoTHast (uiabTpanus, T.e. MOBBIIIEHHOE BHUMaHHUE JeTa-
JIIM, UMEET CIEACTBUEM Mg, (x, y)< Imy, (x, y), T.c. ymenbaer D,
a HU3KOYacTOTHAs, T.€. OOIIHOCTD B3IUIAJA B YIIEpO €ro JAeTaJbHOCTH,
HaNpOTHB, Im,, (x,y)> Imy (x,y), T.e. BeneT K pocty JI® 1 ckopocTH
KOHBEPIeHIIMH.

BTopoii uiieH OnMuChIBaET OTKJIMK TOJIOrPaMMBbl OCHOBHOTO ITpaBHiia
OMII (1) cpa3y 3a ee IIIOCKOCTBIO Ha ATale 3allCH MAaTPUIBI BECOB
nckmoueHus (3):

F(Ime (€M)= F (I, (x, )N (F (@ (x, »))F (Im,, (x,))).

OTOT onepaH/l yUYUTbIBACT:

— ycnoBus 3ammcH (1) B 9acTu BEIOOpa 3TanoHOB Im, (x,y) U §(x,y);

— ycnoBust 3anucH (1) B uactu cBoiicts PC u ycnoBuii 3anucwu, onpe-
JETSIOMUX (UIBTPAIMIO, ONTHUCHIBAEMYIO OTIEPATOPOM 1;

— BoiOOp TIBP  Im,,(x,y) m1s GOpMHPOBAaHHS 3aKIIOYCHHSA
Ime, (C.m) pu 0O6yueHNH UCKITIOUEHHIO, T.€. TAKKe M YCIOBHUS 3aIluCH
MaTpuisl (3).

IMockombky IIBP Im, (x,y), 8(x,y) U Im,,(x,y) BXOmAT BO BTO-
poii wieH cBouMHu Qypbe-oOpazamu, TO OHH aHTUTOHHBI eMy. BTopoit
oIepaHj, B CBOK O4Y€pe/lb, KaK BbIUMTAEMOE aHTUTOHEH /[P B nenom.
COOTBETCTBEHHO, BBICOKOYACTOTHAs (uubTparms Ha (1) BemeT k pocTy
BKJIaZia BToporo onepanaa B JId u pocTy cKOpocTH KOHBEPIeHIIUH, a
HU3KOYACTOTHAsl — K YMEHBUIEHHUIO.

AHTUTOHHOCTH BTOpOro omnepanga [® moxkeT Hapymarbcs npu
pocTe BBICOKOYACTOTHOCTH (DUIIBTPAIIMM BCJIEJICTBUE HAPYUICHUS Clie-
nyroment u3 Iy, (1,.%, )€ {m, (x,y)} yanmonansaoctn Kak ®, Tak u
[1BP 3axiroueHus] BCIIEACTBHE POCTA OOKOBBIX MAKCUMYMOB (DYHKITHH
aBTokoppensaunu (AKD).

BelpaskeHre B KBaJpaTHBIX CKOOKaX OMHMCBHIBAET MMITYJIbCHBIA OT-
KIIMK MaTPUIbl UCKIIOUEHUS (3) W 3aBUCHUT Kak OT YCJIOBUH €€ 3allucH,
B TOM YHCIIe BEIOOpa dTaloHa Imy, (x,y), Tak u oT yciosuii 3anucu (1)
(BTOpO# UsIeH).

TpeTnii WIeH 3aBHCHT TOJIBKO OT YCJIOBHM 3alMCH MaTPHIIBI BECOB
npasuia OMII (1) u u30TOHEH Kak mepBoMmy omnepanay, Tak u D B
LIEJIOM.

Bepnemcst k BoipaxeHnuto (6) 1 0003HaYNM COCTaBHYIO TOJIOrpaMMy
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HEEm)H™ (viov, )= HH (€,7). (7)

YCToiUnBOE COCTOSITHME CETH ONPENENSIETCS] KaK pEIICHHE ypaB-
HEHUS

F(Im, (€. n))=(Img, (§,n))HH (& ). (8)

YcnoBue (4) ompenenser, 4To, HAaYMHAs C HYJICBOW HTepaIuu
(2), TIBP Im,, (. n) neiictBurenen. Tawke u3 (4), ¢ yuerom (1) u
(3), cnenyer, uTo cocTaBHas rojorpamma (7) Takke JIEHCTBUTEIbHA.
JleiicTBUTENBHOCTD JIeBOH YacTu (8), HauuHasl ¢ HyJIeBO# ntepau (2),
cnenyet u3 (1). VI3 nefictBuTenbHOCTH MpaBoil 4acTu (8), BKyTIe ¢ JeH-
CTBUTEIBHOCTBIO JIEBOH, CIIEAyeT YETHOCTD MOCIICAHEN U BCEX OTepaH-
1oB (8). Orcrona ciemyer:

1. Eciu cocraHas rosorpamma HH (,M) yHEMOIanbHa, TO U pe-
meHue ypaBHeHus (8) — ycroiumpoe coctostHue Im., (C.M) Taxke
yHUMOanbHO. B pabortax [Ilasmos, 2013, 2014] moka3aHo, 4TO 3TO
YCTOMYMBOE COCTOSIHUE COOTBETCTBYET (DOPMHPOBAHHIO TOJEPAHTHO-
CTH — HE3aBUCHUMOCTH MTOTOBOIO 3aKJIOYCHHS OT 3HAYCHHUH BXOHBIX
nepemeHHbIX. U3 (5) u (6) BUAHO, yTO (hOPMUPOBAHKE TOJCPAHTHOCTH
00YCIIOBJIEHO TACCUBHOCTHIO BOCTIPHSTHS UCKIIIOYECHHUS B CMBICIIE OT-
CYTCTBHSI CAMOCTOSITEIILHOTO JI0OOYYCHHSI KaK aKTMBHOT'O MOWCKA WH-
dbopmaruu sl AOTONHEHHUS KOHQIMKTYIOMMX KOrHUIMA. HoBbiii Te-
3aypyc OMMCHIBAETCA KaK cocTaBHas ronorpamma (7).

Crnyyail yauMmoaansHoi matpuibl (7) uccienoBan panee [IlaBnos,
2013, 2014], roe moka3aHo, YTO CKOPOCTh KOHBEPTCHIIMH CBSI3aHA C
OLICHKOH JAMCCHUITATHBHOCTU CHCTEMBI, B KAUECTBE KOTOPOM B3SAT 7 555 —
paanyc AK® JId no yposHio 0.606. [ToaTromy paccmaTpuBaTh 3TOT Ba-
puaHT ceituac He OyJieM.

2. Ecniu cocraBHas ronorpamma HH (L ,n) He yHUMOJAIbHA, TO U
pemieHust ypaBHeHUs (8) MOTYT ObITh HE yHMMOAAJIbHBI. Hapyrienue
YHUMOAATBHOCTH (7) BO3MOKHO BCIIEJICTBHE BHICOKOUACTOTHOU (DHITb-
TpaLuH, BKIIOYasi pSKEKTHPOBAHNE HU3KUX 9aCcTOT. BricokoyacToTHAs
¢unpTpanns odyclioBieHa YyCIOBUAMU 00OydeHHs BKyne ¢ QyHIaMeH-
TaJbHBIM CBOMCTBOM OTPAaHMYEHHOCTH JMHAMHUYECKOTO auamna3oHa PC
U COOTBETCTBYET IOBBIIIEHUIO BHUMAHUS K JETAIsIM B ymiepO oOmr-
Hoctu B3rsiga. Cormacho (5), Ad F (H FHM ) HPENCTABISAET CO0Oit
WMIYJIbCHBIA OTKIWK cuctembl, a (7) — mepenarounyro (QyHKIHIO.
CoOTBETCTBEHHO, CBEPTKA (5) ¢ MyJIBTUMOJAIBHBIM UMITYJIbCHBIM OT-
KITMKOM MOJKET, B 3aBUCUMOCTH OT COOTHOILICHUS BXOASIIUX B (5) orie-
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PaH/IOB, BECTH K MyYJBTUMOJAIBHOCTH PE3yIIbTATa, AaXKe TPU yHIMO-
namsHOM F (I, (G.1)).-

PaccMOTPUM IMHAMUKY CETH M THII YCTONYMBOTO PELICHNS B 3aBH-
CHMOCTH OT BH/Ia HOBOTO T€3aypyca, IIPE/ICTABIEHHOTO B IPOCTPAHCTBE
dypee, 1.€. (7).

3. MoaenupoBaHue

MonenupoBanack JMHAMHKA CUCTEMBI pHC.] B 3aBUCUMOCTH OT T1a-
pameTpoB BbicokouacToTHOro (puibTpa (BUD) Ha ronorpamme (7). Kax
cienyet u3 (7), BUD® MoxkeT BBOJUTHCS Ha JIFOO0H U3 roorpaMm, co-
craBistonux (7).

MogpenupoBanuck [IBP co cnekTpamMu amIUITyA, ONHCBIBAEMBIX
¢bynkuusmu ["aycca ¢ mapaMeTpoM V¢ U CIyHalHBIMH paBHOMEp-
HBIMH pacnpeneneHusMu (a3 Ha uaTepsaie [0,2n]. BUD 3anaBancs
¢dbynknumelt ["aycca ¢ 1IeHTpaIbHOW YacTOTOH vV, U TTapaMeTpoM (IT0JTy-
HIUPUHOMN) V; 406-

Ha puc.2.a maHbpl 3aBUCHMOCTH TIOKa3aTelsl 3aTyXaHUs Y, Olpesie-
JSIEMOTO U3 ‘ro_é% (7)) =Ty 06 (n—l)‘= yo +exp(yn), or paguyca AKD JId
7y.606 A91S psiia ycroBuid 3anvicu Matpuil BecoB (1) u (3). 3aech Hac uH-
TepecyeT auana3oH HeOombiux paanycoB AK® JID, B koTopoMm KBa-
3WIMHEHHBIN XapakTep 3aBUCUMOCTEH HapYIICH B CHITYy pocTa OOKOBBIX
MakcumymoB (BM) 1D u (7).

0o

=
=

=
n

0544

o

o

HH, AMnnuTyna, oTH.
& o
]

Puc.2.a. 3aBucumoctu nokasaress Puc.2.6. Cevenus iepenaroqHoi GyHKIUH
3aTyXaHUs Y OT 7 5 47151 pajirycoB AKD
IBP Im,: (1-3) —r=14; (4-6) —r=9;
ycroBuii 3amcu HE: 1,4 — nuHelinast;
25— |F(ImER)|: Const(v);

3,6 —|F (Imy)|=|F (Imgy, )| = Const(v)

HEHSMP st psina 3Ha4SHUH V,
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Ha puc.2.0 gns v,=30 nmaHbl ceyeHHsT COCTABHOM TIOJOIpaMMBbl
v
(7), nns psiga OTHOCHTENBHBIX MMpHUH mosoc BUD v, = / npu

v Vo.e06
mosos/ =5,

V0

[Ipu He3HaYUTEIHHOM OCNAOJCHMHM HU3KHX YacTOT, B JHAara3oHe
Vosos 130, 17.373165] (vg [1,0.579]) nmHaMuka KOHBEPreHTHA, B yCTOM-
YUBOM peXuUMe (HopMHUpyeTCsl YHUMONAIBHBIN OTKIHK (puc.3.a). [lpu
JanbHEHIIIeM YMEHBIICHUH Vy TUHAMHMKA BHa4alle BBITJIUT KaK KOH-
BepreHTHas (puc.3.0), HO Ha OYeHb OOJBIIOM YHCIe uTepanuil (rmocie
18 000) mosIBIIAIOTCS UCTEPUKHU — OTKJIMK TEPSIET CBOWCTBO YHUMO/1AJb-
HOCTH, a TIOTOM CHUCTEMa BHOBb BO3BPAIIACTCS K YHUMOJAIBHOMY OT-
KIIMKY ... 10 cieayroued ucrepuku. 1o mepe ymMeHbpleHus vy 4acTo-
Ta TOSIBJIGHUSI UCTEPUK HapacTtaeT (puc.4.B), OHM CIMBAIOTCS M NPHU
Vosoe=16 (vg=0.533) BHOBH HaOIOJaCTCS KOHBEPTCHTHAS JWHAMUKA
(puc.3.1), HO YCTOWYHMBBIN OTKIIMK YK€ HE YHUMO/IAJICH.

Aunnurysa, om.

X, me

Puc.3.1. OTKINKY B yCTOIUHNBOM
pexuMe JUIs IBYX (PUIIBTPOB

LLinpuHa oTrNWKa

Hncao neTopk

I
0 200 400

Yucno urepayui

Puc.3.e. 3aBucumocTs uncia
uctepuk Ha 10000 urepaunit
oT mapamerpa QuIbTpa

Puc.3. a-t. JIuHamMuka B 3aBUCUMOCTH
OT IUPUHBI HUITBTPa
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[losiBneHne nepruoINYecKUX UCTEPUK MOKET PacCMaTpUBATHCS IO
aHanoruu ¢ 3dexrom nepemexkaeMocT. KBa3u-ycToHUnBbIi yHUMO-
JANbHBIA OTKIUK (pUC.3./1, CIUTONIHAS KPUBasi) Ha POTSDKEHUH MHOTHX
uTepanuil uMeeT cTabmiIbHYI0 (OpMy TI00IBHOTO MAaKCUMyMa, HO
[P 3TOM Ha KaKIOW UTEpALlMH MPOUCXOJUT MEUIEHHBIA POCT aMILIU-
Tyl OOKOBBIX MAaKCUMYMOB, PE3KO€ YCKOPEHHE KOTOPOTO MPeIIIeCTBY-
€T TMOSIBJICHUIO UCTEPUKHU — MEPEXOy K MyIbTUMOJAILHOMY OTKIHKY
U MOCIIEAYIOUIMM BO3BPALCHUEM K YHUMOAAIbHOMY. Takum o0pazom,
B 5TOM [JHara3oHe MapaMeTpoB (GuiIbTpa pereHue (§) HeyCTOWYHBO.
OTHoIeHNEe aMIUIUTY] OOKOBOTO MAaKCHUMyMa K IJI00aJbHOMY MOYXKET
paccMaTpHuBaThCsl Kak MapaMeTp MOPsKa CHCTEMBI.

[IprMeHUTENBHO K MEPEX0Iy OT KHUCTEPUUECKOT0» K YCTOMUYUBOMY
PEXUMY MYJIBTHMOJAIBHOIO OTKJIMKA KaK yCTOMUMBOMY pereHHIo (8)
CYIIECTBEHHO, YTO 3aBUCHUMOCTb AMIUIUTYIBI INTOOATBHOIO MaKCHMY-
Ma AK® JI® oT oTHOCHTENBHON MHUPUHBI PUIBTPA UMEET IKCTPEMYM
(MMHHEMYM), COOTBETCTBYIOLINI JAHHOMY U3MEHEHUIO TUIIA TUHAMUKH.
B cuny orpannueHHocTH 00beMa CTaTbU WILIIOCTPALMM 371e€Ch HE Tpu-
BOJHM.

Taxum 00pa3oM, KOTHUTUBHBIA CTHIIb MIPU PEIYIIMPOBAHUN KOTHU-
THUBHOTO JINCCOHAHCA B PaMKax JIOTHKH C UCKIIIOUEHHEM ONPEeIIsIeTCs
CHOCOOHOCTBIO K JIOTIOJIHUTEIIbHOMY CaMOOOYUYEHHIO — MIPH €€ HATUIUH
BO3MO’KHA pean3anus HayqHOTrO CTHJISA, TPU OTCYTCTBUHU — OOBIIEHHO-
ro. B nmocnennem ciydae QUCCUNATUBHBIN XapakTep MOJEIH OIpeje-
JSIET peAyUUpPOBaHME KAaK CXOKICHHE K COCTOSHHIO TOJIEPAHTHOCTH.
BricokouacroTHas QuiubTpanus — U3JIMIIHEE BHUMAHUE K JIETAJSIM —
BEJIeT BHAyaJle K MOSBICHHUIO NEPUOJUUECKUX UCTEPUK, a 3aTeM, LU
YBEJIIMYCHUN BHUMAHUS K JETalsIM, K (OPMHUPOBAHUIO HEaIEKBATHOTO
3aKJIIOYEHMs], HE OTBEYAIOLIEr0 KPUTEPUI0 YHHMOJAIBHOCTH, 00s3a-
TEIBHOMY JUIS IOJIa4X Ha MCIIOTHUTEIbHBIE OPTaHbI.

BaarogapHocTH. ABTOPHI CUMTAIOT HMPUATHBIM JOJTOM BBIPa3UTh CBOIO
6narogaprocth npod., a.1.H. O.I1. Ky3nenosy, npo¢., n1.1.H. 1.b. ®omuHbIX 1
C.H.C., K.T.H. A.A. KynuHndy 3a 1ieHHbIe JUCKYCCHH U 3aMEUaHMUsI.

CITMCOK JINTEPATYPBI

[Barun u ap., 2008] Barun B.H., 'onouna E.I1O., 3aropsiackas A.A., ®o-
MuHa M.B. JlocTOBEpHBIA W TPaBIONOMOOHBIN BBIBOJ B HHTCILICKTYAIbHBIX
cucreMax. 2-e u3g. M.: DU3MATIIUT, 2008. 712 c.

213



[Kopcunn u ap., 2006] Ilcuxosnormueckast sHuukionenus / Ilom pen.
P. Kopcunn, A. Ayspbaxa. 2-e uza. CII6: [Tutep, 2006. 1096 c.

[Ky3uneuos, 1998] Ky3zueros O.I1. BeicTpsie mporeccs! Mo3ra u 06paboTka
00pa3oB // HOBOCTH MCKYCCTBEHHOTO WHTEIUIEKTa. 1998, No 2.

[Ky3uneuos, 2012] Ky3uero O.I1. KorauTtrBHas ceMaHTHKa U UCKYCCTBEH-
HBIH MHTEIEKT // VICKyCCTBEHHBIH MHTEIUICKT W NpHHsATHE peineHuid. 2012.
Ne 4.

[[MaBaoB, 2012] ITaBnoB A.B. Anrebpa (ypbe-ayanbHBIX ONEpAIUNA: JTO-
TMKa ¢ WCKItoueHHeM // VICKycCTBEHHBIM MHTEIUICKT M NMPUHITHE PEIICHUH.
2012. Ne 3.

[[TaBnos, 2013] ITaBnoB A.B. Jloruka ¢ uckiroueHueM Ha anreope ¢ypoe-
ITyaJbHBIX OTepaliii: peHOMEeH COMHEeHUH 1 koebannii / VII MexmyHapoaHas
Hay4HO-TIpaKTH4ecKkas KoH(pepeHuus: «HTerpupoBaHHbIE MOJIEIH U MSITKHE
BBIYHCIIEHHS B UICKYCCTBEHHOM HHTEekrey. Komomua, 20-22 mas 2013. Coop-
HUK Hay9HBIX TpyaoB. M.: DU3MATIIUT, 2013. T. 3.

[[TaBnoB, 2014] ITaBnoB A.B. Jloruka ¢ uckiroueHueM Ha anredpe ¢ypbe-
JTyaJIbHBIX OTIepalyii: HeHPOCETEeBOW MEXaHN3M PEAyNPOBAHUS KOTHUTHBHOTO
JccoHanca // Hay4HO-TeXHUYECKUI BECTHUK MH(OPMAIIIOHHBIX TEXHOJIOTHH,
MexaHukd ¥ onTuku. 2014, T. 89. Nel.

[Xexxay3en, 2003] Xexxay3en X. MoTuBaiusi u ACSTEIbHOCTb. 2-€ W3
CII6.: ITntep; M.: Cmbici, 2003. — 860 c.

214



YK 007:681.518.2

CIIOCOBbI PAPELHIEHUA KOH®JIUKTOB
B I'MBPUAHBIX UHTEJIVIEKTYAJIbBHBIX CUCTEMAX!

B.B. CmupnoB (vitally smirnov@mail.ru)
Henunc Apxus, MockBa
N.b. ®omunbIx (ighorfomin@mail.ru)
MDU, Mockga

B pabote paccMOTpeHbI criocoObl pa3penieHuss KOHGIUKTOB B THOPUIHBIX
MHTEJUIEKTYaJ bHBIX CHCTEMaX, MOKa3aHa MPUMEHUMOCTH 3THX CIIOCOO0B
B 3aBHCHUMOCTH OT YPOBHEH BOCIPUSTHS BHEIIHEH W BHYTPEHHEU CPEIbI,
00BEIMHSIOMIUX B ceOe HECKOJIBKO PaclpOCTPaHEHHBIX TOYEK 3PEHHUS Ha
MICUXHYECKUE TPOIECCHI BOCTIPHATHSL.

BBenenne

MeXaUCIUITMHAPHOE HAINPaBICHUE «THOPUIHBIE HHTEIICKTYallb-
HBIE CUCTEMbD» OOBEANHSCT CICLNUAINCTOB, 3aHUMAIOLIUXCS Pa3padboT-
KOH ¥ COBMECTHBIM HCIOJb30BAaHHEM PAa3IMYHBIX METOJIOB MMUTAIIH
MHTEJUICKTYaJIbHON JIesTeIbHOCTH uenoBeka. Korma peus uzmer o rud-
PUAHBIX WHTEJUIEKTYJIbHBIX HH(POPMAILIMOHHBIX CUCTEMAaX, 4YaCTO UMe-
10T B BUJIy CHCTEMBI, 00bEIUHSIONINE PA0OTY CO 3HAHUSIMU U TPAIHIIU-
OHHYI0 00paboTKy nHpopManuu. O HON U3 TPOOIIEM Takoi 00paboTKH
SIBJISIETCSl TpoOJieMa pa3pelieHus] KOH(IUKTOB, KOTOpas MOXET pe-
IaThCsl MO-Pa3HOMY, B 3aBUCUMOCTH OT HCIIOJIb3YEMBIX METOJIOB U3-
BJICUCHUS, IPEJCTABICHUS U 00paOOTKH JAaHHBIX U 3HAHUH.

Hanpumep, B pensunonnsix 6azax mansaeix (b/1) mox kondimkra-
MH OOBIYHO TOHUMAIOT MPOTHBOPEUYMUBOCTH JAHHBIX, KOTOPas MOMKET
BO3HHMKAThH BCIIEICTBHE AYOIMPOBAHUS OJHOW M TOH e MHPOpPMAIH
B HECKOJIbKMX 3aIlMCSAX OJHOM U TOH K€ WM Pa3IMYHBIX TaOJInIax, 4To
B Cllydae BHECCHHUs M3MEHEHHMH MOXET MPHUBOJHUTH K PAa3HOUTCHUSIM.
Jlns ycTpaHeHus! BO3MOKHOCTH BOSHUKHOBEHHSI TAaKUX MTPOTHBOPEUHH,
OOBIYHO SIBJISIIOIIMXCS CIIEACTBUEM HM30BITOYHOCTH JIAHHBIX, MPUHSTO
BBITIONHATh HOpManu3aiuio b/, a Taxke McCmonb30BaTh Takue Mexa-
HU3MBI, KaK TIEPBUYHBIC W BHEIIHUE KJIIOYH, TPAHCAKLIUHU, TPUTTEPHI,
3HAYEHMS 110 YMOJIUAHUIO, PEAONPEACICHHBIC TUITBI JAHHBIX U JIP.

! Pabora BeImonHeHa npu (puHancoBoi moamepkke PODU (mpoektsr 14-07-
00373, 12-07-00083, 13-07-00396).
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B skcneprreix cucremax (9C) pemieHne mpoOiIeMbl pasperieHHs
KOH(IMKTOB MOKET HAUYMHATHCS elIe Ha dTarnax ux pa3padoTKH, KOraa
IIPOTUBOPEUNBOCTh 3HAHUHN BBIABIIAETCS B IpOLIECCaX UX W3BICUEHUS,
CTPYKTypHpoOBaHUs U popmanuzanun [Peiouna u ap., 2007].

Ha sramax peanuzanuu, TectupoBanusi u BHeapenus JC paspeiie-
HUE KOH(IUKTOB 00ECTIEUMBACTCSA CTPATETHSIMHU, KOTOPBIE SBIISIOTCS
4acThl0 OOILIEH CTpaTeruy JIOTHYECKOro BbIBoAa. OOBIMHO CTpaTeruu
paspeieHusi KOHGIMKTOB OPHEHTUPOBAHBI Ha BBIOOp Hambosee mpe-
MIOYTUTEIbHBIX MPaBWJI, LENOYEK IPaBMJI, IyTeH B CEMaHTHYECKOH
CEeTH WU APYTUX 3JIeMeHTOB b3 a1ist Toro, 4T00b! HCII0JIB30BATh UX JUIS
BBITIOJTHEHUSI UI3MEHEHUH pabovell mamsITH Ha TEKyIIeM Ilare Joruye-
CKOTO BBIBOJA. ['0pa3so pexke CTpaTeruy pa3peuieHus KOHQIIMKTOB
OpPUEHTHPOBAHBI HA JJOCTHXKEHNE HanOoJiee TIOJIHOI0 COOTBETCTBUS UC-
XOJHBIX JIAaHHBIX M MH(OpMaILuu, coaepkalieiics B pabodei maMsTu.
[IpumMeps! Takux cTpaTeruil pacCMOTpeHbl B paborax [PeiOnHa u ap.,
2012; Mopocus u ap., 2012].

[IpoTuBOpeuns MOTyT OBITh CBSI3aHBI KaK C M30BITOYHOCTBIO, TAK M C
HETIOJTHOTOM JIaHHBIX 1 3HaHWH. Hampumep, Bhiilie ObIJI0 OTMEYEHO, YTO
M30BITOYHOCTh JAAHHBIX MOKET NMPUBOIUTH K MX MPOTHUBOPEYMBOCTH.
Uro kacaeTcst CBSI3U MPOOJIEMBI IPOTUBOPEUMBOCTH 3HAHUH C UX HETOJI-
HOTOH, TO 3Ta MpobJieMa paccMaTpuBallach, B YaCTHOCTH, B pabote J.A.
[Tocnienosa u ero koser, Hanpumep, [Konapammuna u ap., 1989]. [pu
pa3paboTKe U UCTIOIB30BAHUN THOPHUIHBIX MHTEIJIEKTYaIbHBIX HH(OP-
MAaIMOHHBIX CUCTEM MOXKET IIPUMEHSATHCS KOMOMHAIIUS METOI0B U3BIIE-
YeHUs, PECTAaBICHU Wi 00paOOTKU NaHHBIX U 3HaHWi. [Ipu sToMm
KOH(IMKTBI MOTYT BO3HHMKaTh Npu BbIOOpe Hamboisee 3(h(HeKTHBHOTO
COYETaHUs TAKMX METOIO0B JIJIsl pellieHUs] KOHKpeTHOH 3anaun. Cienyer
Y4ECTh, YTO B CIOKHBIX POOJIEMHBIX 00JIACTSIX MOXKET ObITh BBIJIEICHO
HECKOJILKO CJIa00 CBS3aHHBIX TPYIIT UCXOAHBIX JaHHBIX U 3HAHUH, IPH
9TOM JUIsl OHUX IPYII MOKET UMETh MECTO HEIIOJIHOTA, a JIsl IPYTUX —
n30pITouHOCTh. Kak nmokazano Ha puc. 1, Ha3BaHHbIE IPOOIEMBbI, IOTEH-
LIUAITBHO CIIOCOOHBIE MPUBOAMTH K KOH(IUKTAM B MPOLECCE PEIICHUS
3aJa4, MOXHO [IPEICTaBUTh, UCIIONb3Ys IIKAJIbl «HEMOJHOTA UCXOJHBIX
JAHHBIX», «M30BITOYHOCTh MCXOAHBIX JaHHBIX», «HEMOIHOTA 3HAHUN
1 «U30BITOYHOCTH 3HAHWI». B MEHTpanbHOW 4acTH PUCYHKA PaCIIOjo-
’KeHa 00J1acTh, COOTBETCTBYIOIIAS CUTYAllMsAM, KOTJa YCIOBHH s BO3-
HUKHOBEHMS KOH(JIMKTOB MEHBIIIE, YeM JUIsl 00JacTH, MPUMBIKAIOLIEH
K KpasiM pUCYHKa.
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Puc.1. Biusiaue HEMOIHOTHI M M30BITOYHOCTH TAaHHBIX W 3HAHUH
Ha KOH()IUKTHI, BO3HUKAIOIINE B ITPOIECCE PEIICHUS 3a/1a9

[Ipu MoxenupoBaHUM KOH(QIIMKTOB, CBSI3aHHBIX C J3TUMH JBYMS
rpynmaMy TpoOJieM, B paMKax JaHHOTO HWCCIEIOBAHUS IUIAHUPYET-
Csl MPOBECTH aHAJIOTHH MEXIY METOJaMH paspelleHus] KOH()IUKTOB B
TMOPUIHBIX WHTEJUICKTYAIbHBIX MHPOPMAIIMOHHBIX CHCTEMax M CHO-
cobamu paspeuieHus: KOH(QIUKTOB, XapaKTEePHBIX Ul Pa3IUYHBIX MICH-
XUYECKMX YPOBHEW BOCHPHSATHS JIIOJBMHU BHYTPEHHEHN cpeabl CBOETO
OpraHu3Ma, OKpyXKaromei cpeapl 1 COOCTBEHHOTO JKH3HEHHOTO OIIBITA.
[Tpu sTOM TpenmnonaraeTcsi, YTO CTpATETUs pa3pelieHus KOH(INKTOB,
BO3HHUKAIOUINX [IPH PEIICHUU UHTEIUICKTYalIbHBIX 33J1a4, J0JKHA (op-
MHPOBATHCSI B 3aBUCHMOCTH OT TOTO, Kakas U3 JBYX TPyHIl Mpobiem
JIOMUHUPYET NMPH PEIICHUN KOHKPETHOH 3a1a4H.

1. MoaeanpoBanne KOH(PIUKTOB B 3aBUCHMOCTH OT YPOBHS
BOCIIPHATHSA BHEILIHEH U BHYTPEHHeH cpeabl

B ncuxonorum cymecTByeT MHOXKECTBO PAa3IUYHBIX TOUYEK 3PEHHS
Ha MoHsATUE socnpusmue. Hanpumep, B padbote [Maknakos, 2004] mox
BOCIIPUSATHEM IMOHUMAETCS ICUXHUYESCKHI MPOIECC, TPUBOISIIUIA K TO-
POXIICHHIO YyBCTBEHHOTO 00pa3a, CTPYKTYpHUPOBAHHOTO TI0 OIPE/IeICH-
HBIM TIPUHIIUIIAM U COJICPIKAIIETO B KAYECTBE OJHOTO U3 UCCIIETYEMbIX
9JIEMEHTOB caMoro HaOmonatens. B psje paboT nmemaercst morbITKa
OTIPEIETUTH 3JIEMEHTHI, OTHOBPEMEHHOE (DYHKIIMOHUPOBAHNE KOTOPBIX
COCTaBIISIET CYTh IpoOIlecca BOCHPUATHA. B KauecTBe TakMX AJIEMEHTOB
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BBIOMPAIOT 00pa3bl, 3HAYSHUS, THIHOCTHBIE CMBICIHI [JleoHThEB, 1983];
WCTOJB3YIOT JIMYHOCTHBIE KOHCTPYKTBHI, yCTaHABIMBAIOIINE OTHOIIIE-
HUE TUIIA CXOACTBA — Pa3IUuUs MEKIY BOCIIPMHUMAEMBbIMU SIBIICHUSIMU
[Kemmm, 2000]; u ap.

B npyrux paboTax akueHT AeflaeTcs Ha UepapXUUECKOW CTPYKType
BocrpusTus. [lo 3. ®@peliny, TMUHOCTH COCTABIAIOT TPH CTPYKTYPHBIX
aneMeHTa: «OHO», «SI» u «Cepx-A», KaKIbli U3 HUX Y4aCTBYET KaK B
CO3HATENbHBIX, TAaK U B 0E€CCO3HATENBHBIX Mpoleccax [Xalrn-OBepc u
ap., 2002]. B pabote [['panoBckast, 1988] paccmaTpuBaroTcst pa3indus
HUEePAPXUYECKON CTPYKTYPBl «JIEBOIOIYILIAPHOTO» U «IIPAaBONOIyLIap-
HOT'0» BOCIIPHUSTHSI.

[Tone3Ho BBLAETUTH PAaOOTHI, MOCBSAILICHHBIC UHMYUMUBHOMY BOC-
npuamuio. B padore [Crpunrep u np., 1983] HHTYUTHBHBIMEH CcUHTa-
I0TCSl TIPOLIECCHI, TIPOUCXO/SIIME B MPABOM MOJYLIapUH; WUHOTAA WH-
TYUTHUBHBIMH CUHUTAIOTCS «HAJACO3HATENIbHBIEY Mpolecchl [bapbuTosa,
2010] nmm moaco3HaTenbHbIe Tporieccsl [1'aBpuios, 2004].

Wucrpy-
MEHTBI
OCO3HaH-
HOTO
ynpas-
JICHUA
BOCIIPHU-
SATAEM

beccosnarenbHoe BocnpusTue,
IloncosnarensHoOE BOCIIpUATHE

Wmnpuntunr,
OLEHOYHOE BOCTIPHATHE

CaMOOLIEHOYHOE BOCIIPHATHE,
AGCTpaKTHOE BOCTIPHSTHE,
DokycHpoBKa BHUMAHUS,
Bocnpusitie KOHQIUKTOB,

Bocnpusitue Teky1ero )u3HEeHHOr0 OIbITa

Heocoznannoe
BOCIIpUATHE

Oco3HaBa-
emoe
BOCIIPH-

SATHC

Bocnpusitie MBICIUTENIBHOTO HpoLecea,
OCHpI/IﬂTl/lC TEKYLIETO JKU3HEHHOI'O OIIbITA,
Bocnpusitue criocobHocTeit

B QCIIPHUATHE HAKOIUICHHOTO KU3HEHHOT'O OIIBITA

A

Bocmousitue Moneneit Muna

Puc. 2. YpoBHHI 0CO3HAaHHOCTH MPOIIECCOB BOCIPUATHS

ABTOpaMu HCCIEAOBaHMSA, PEICTABISIEMOTO B JaHHOK paboTe, BbI-
JieJIeHbl CIEYIONIe OCHOBHBIE YpOBHH Boctpusatus (puc. 2): 1) bec-
CO3HATeNbHOE MHCTUHKTHBHOE BocmpusTue; 2) [logco3znarensHoe Boc-
npusTHe, UMOPUHTUHT; 3) OLEeHOYHOE M CaMOOLIEHOYHOE BOCIIPUSTHE;
4) AOctpakTHOe BocCHpuATHE, (OKYCHPOBKA BHUMAHUS, BOCIPHUSITHE
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KOH(IMKTOB; 5) Bocnpusitie MBICIUTENBHOTO MpOLEcca M TEKYIIETO
KU3HEHHOTO OIBITA, B TOM 4YHCIE 3MOIMOHaNbHOTO; 6) Bocmpusitue
CIIOCOOHOCTEH, B TOM YHCIIE ICUXUYECKUX U MHTEJUIEKTYalIbHBIX, BOC-
MpUATHE HAKOIUIEHHOTO KU3HEHHOI0 OmbITa; 7) Bocnpusitue Mmoxeneit
Mupa. Takasgs MHOTOypOBHEBasi CTPYKTypa, C OJIHOH CTOPOHBI, MOYKET
OBbITh COOTHECEHA C PAaCTIPOCTPAHEHHBIMH TOUKAMU 3pEHHUS HA ICUXHYe-
CKHE TIPOIIECCH BOCIPHUATHSA, & C IPYTOH — KIACCU(PHUIINPOBATH METO/IBI
MOJICTMPOBAHNUSI KOH(IINKTOB.

2. Becco3HaTe/IbHBIN, TOACO3HATEIbHBINA U OLIEHOYHDBIH
YPOBHH BOCHPHUSITHSI

Ha 1-M u 2-M ypoBHSIX BOCHpHUATHE KOH(UIUKTOB IMPH pEIICHUU
3aja4 SBISIETCSl HEOCO3HAHHBIM. [IpencraBisercss Hanboliee TeperekK-
THUBHBIM MOJICIMPOBAHNE TAKMX KOH(IUKTOB C TOMOIIBIO HHTEIICKTY-
QIBHBIX arcHTOB. BhIJIENEHbI CIIEAYIOUIIE YEThIpe THIA KOH(IMKTOB:
KOH()JIMKTBI BOCIIPHUSTHS BHEITHEH CPEJIbl areHTOM, KOH(IUKTHI IIeJIeH
areHTa, KOH(QJIMKTBI pacCy>KICHHUI areHTa, KOHPIUKTHI KOJUIEKTUBHOTO
MOBEJICHUS areHTOB.

KoHQIUKTBI BOCTIPUSATHST BHEITHEH CPEJIbI MOTYT OBITh CBSI3aHBI, C
OJTHOW CTOPOHBI, C HEMOJHOTOW aHHBIX O BHEHIHEW Cpejie, YTO MpH-
BOJIUT K HEOTHO3HAYHOCTU UJCHTU(UKAIIMU €€ COCTOSIHUSA, & C JPyTrou
CTOPOHBI — ¢ U30BITOYHOCTHIO WH(POPMAIIMKA O BHEIIHEH cpelie, Korjia
Ha BBINIOJIHEHUE JCHCTBUI areHTOM BIUSIET JIUILb YaCTh BOCIIPHHUMAE-
MbIX JaHHBIX [Byraituenko u mp., 2005].

[Tpu MoaenupoBaHUK KOH(IIMKTOB IeJIel areHTOB IMOJIE3HO Pa3Jiv-
YaTb UMMaHEHTHbIC M PEAYLUPOBAHHBIC ENIH, ONPEENSTh, SIBISETCS
JI1 MHOTOAreHTHAasi CUCTeMa LIEHTPAJIN30BAHHOM, JIEIEHTPAIN30BAHHON
WJIU pacIipe/ie]IeHHON, YYUTHIBATh BO3MOYKHOCTh MEKYPOBHEBBIX KOH-
(bmukroB [Anrasun, 2012; Tapacos, 2002]. PaccmarpuBast BO3MOKHBIE
KOH(IMKTBI pacCcyXJIEHUH areHTOB, HEOOXOJMMO YUYHUTHIBaTh KaK pas-
JIUYHBIE MOJIENIH TIPE/ICTABICHIS 3HAHUM, TaK M Pa3IMYHbIE THUIIBI pac-
cyxnenuii [Tapacos, 2002].

B pa6ore [["opoxenkwii u ap., 1998] npencrasieHa KiaccupuKaIus
KOH()JIMKTOB B MHOTOAreHTHBIX CHCTEMaX U PACCMOTPEH OJIUH U3 TO/I-
XOJIOB K pa3penieH1I0 KOH(QIMKTOB B TOBEICHUH ar€HTOB, OCHOBAHHBIH
Ha CHATHH JIOTHYECKOTO IPOTHUBOPEUUS BUIA p A ¢ = false.

PaccmoTrpum moppoOHee OfuH M3 BO3MOXKHBIX TOJIXOJIOB K MOJIE-
JTUPOBaHUIO KOHQIIMKTOB Ha 3-M ypoBHe. lIpeamonaras, uro Ha orue-
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HOYHOM M CaMOOLIEHOYHOM YPOBHSIX, KaK U Ha NPEAbIAYIINX YPOBHSIX,
caMo BOCTIPUATHE KOH(MIMKTOB IPH PEIICHUH 3a1ad SIBISIETCS HEOCO-
3HaHHBIM M UMEIOT MECTO M30BITOYHOCTh MCXOJIHBIX JAHHBIX M HEMOJI-
HOTa 3HAHWM, IPEACTABISIETCA BEChbMa MEPCIIEKTUBHBIM U1l MOJEIINPO-
BaHUSl KOH(DJIMKTOB M MX pa3pellieHHs UCIOIb30BaTh alreOpy dMOIMiA
[D©omunbIx, 1999].

Kax m3BectHO [AHOXMH, 1964], SMOIIMHU B )KUBBIX OPTaHU3MAaX BBI-
MOJTHSIOT (PYHKIHUIO JIOKAIBHOTO KPUTEPHUS YIPABICHHS, TTOACKA3bIBAS
OpPraHu3My, YTO XOPOIIIO ¥ YTO TUIOXO B JJAHHBIX KOHKPETHBIX YCIOBH-
X, T.e. amouus, 1o cioBam I1.K.AHoxuHa, urpaer «menexra», KOTo-
PBIF MO/ICKA3bIBACT OPraHU3MY, JBMYKETCS JTU OH K LIETH WX OT LEJH.
B mepBoM citydae 3MOIHsI MTOJIOKUTENbHA («yIOBOJIBCTBHEY), BO BTO-
poMm — oTpunaTenbHa («cTpaganuey). [Ipu hopmanmzanmm smonmii Oy-
JIeM ONMUpaThCsl Ha BBeACHHBIN ['.A.I'0OMUMIIMHBIM NPUHIIUT MAKCUMyMa
B3aMMHOM HHPOPMAIINY MEXTY YCIOBHSIMH CPEIbl U PEaKIHsIMH CHCTe-
™Mbl [["omueH U ap., 1991]. CormacHo 3TOMY TPHHIIUITY 3MOIIAN pac-
CMaTpPUBAIOTCS KaK CPEACTBAa KBA3MONTHMAIBHOTO YNPABJICHUS MOBE-
JICHHEM CHCTEMBI (CyOBheKTa), HAlPaBISIONINE €€ K JIOCTHKCHHUIO MaK-
CHMyMa ee IIeJeBOi (QyHKIHMH (MakcMMyMa B3aUMHOW WH(pOpMAINH
MEXK]Ly YCIOBUSIMH CPElIbl U PEAKIUIMU CUCTEMBI).

VYBenuuenne neneBod QyHKIUH L cOmpoBOXKAAETCS MOIOKUTEIh-
HBIMH SMOLMSIMH, YMEHbIIEHHE — OTpPHULATEIbHBIMHU 3MouusMu. Ilo-
CKOJIbKY L 3aBHCHUT OT HEKOTOPBIX EPEMEHHBIX X;, TO YMOIIUHU € BBI3bI-
BaOTCSl NK3MEHEHUSIMHU 3TUX NIEPEMEHHBIX WA B )OPMAITLHOM BUJIE: € =
dLi/dt = dLi/dx, dx;/dt, rne dLi o3nauaet u3menenue L, o0ycioBieHHOE
W3MEHEHHEM MIEPEMEHHOM X;.

Bonee Toro, amMoruu, 1Mo CymiecTBy, MOKHO CUUTATh PE3yJIbTaTOM
WHTETpaJbHON OLEHKM CHUTYallMd HE 10 BCEM OIMCHIBAIOLIUM €€ Iia-
pameTpaM, KOTOPBIX MOXKET OKa3aThbCs CIMIIKOM MHOTO, a JIUIIb I10
HECKOJILKUM HanOoJiee BRKHBIM XapakTepucThukam. COOTBETCTBEHHO,
SMOLIMM MOTYT «3aIlyCKaTb» IOBEICHHE, HE 0053aTEIbHO ONTHUMAallb-
HOE B JJAHHOH IJIOXO M3YYCHHOM CUTYyalllH, HO TaKOe, KOTOpOe B Hau-
OO0JIBIIIEH CTETeHH MO3BOJIUT N30€XKaTh (ITyCTh ¢ OONBIITMMHU MTOTEPSIMH ),
KaTacTpO(PHUUECKUX IOCIEACTBUN MPEBBIILIEHUSI HEKOTOPOIO Ba)KHOTO
(HarpuMep, BpEMEHHOTO0) pecypca.

CymectByer tumnote3a [Golitsyn and other, 1995], uro anrebpa
OMOIHI PeaTH3yeTcss B MO3TY YelIOBEKa C TOMOIIBIO HEHPOIO100HBIX/
pacnpeieNIeHHbIX BBIYUCIUTEIBHBIX CTPYKTYP, 33/1a4a KOTOPBIX ONepu-
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poBaTh OLEHKaMH (IpUYeM Kak B 00JacTH MaTepUabHBIX OJjar, Tak U
Onar HemaTepralbHBIX: IIOCTYIKOB, MBICIICH, YyBCTB U T.1I.).

3. AOcTpaKkTHOE BOCIIPUSITHE, BOCTIPUATHE MbICJIUTEIHHOTO
npouecca, cnocoOHocTeii M MojeJieid Mmupa

WHTennextyanbHas cucTeMa, COCOOHAask K BOCIIPUATHIO 4-T0 ypOB-
HS1, JOJKHA COIEPKATh 3JIEMEHTBI, KOTOPBIE, C OJHOM CTOPOHBI, HE 3a-
BUCAT OT KOH(JIMKTOB JAPYTHX DJIEMEHTOB U HE SBIISIOTCS PE3YIbTATOM
X (PyHKIMOHMPOBAHHUSA, A, C JPYTrod CTOPOHBI, CIIOCOOHBI YNPABIAThH
MPOLIECCOM pa3pelIeHus: KOH(QIMKTOB. B 3aBUcMMOCTH OT THIIa HHTE-
JIEKTYaJIbHOH CHUCTEMBbI KOH(IMKTYIONIME W YIIPABISIONIUE DIIEMEHTHI
MOTYyT pa3nuyarbcsi. Hanprumep, B 9KCIIEPTHBIX CUCTEMAaX, KOTa CUTYya-
LUl OTHOCUTCS K 30HE 1, IpeacTaBiaeHHOM Ha puc. 1, KOHQIUKTBI MOTYT
BO3HUKATh MEXIY MpaBUJIAMHU WM [EMOYKaMH MPaBWII, & B KAYECTBE
3JIEMEHTOB, 00ECIICUNBAIOIINX pa3pelIeHne KOH(IMKTOB, MOTYT BBI-
cTynaTh crpareruu. s To ke 30Hbl | B MHOTOAreHTHBIX CHCTEMax
KOH(IMKTBI MEX/1y areHTaMU MOTYT pa3periaThesi Py UCIOIb30BaHUH
apOUTPaXKHBIX MPOTOKOJIOB B3anuMoieicTsus [ Tapacos, 2002].

CoOCTBEHHBIH JKU3HEHHBIA OMBIT, MMOMOTAIOIMN B pa3pelieHun
KOH(JIMKTOB, MOKET Pa3IMYHBIM 00pPa30M BOCIIPHHUMATHCS] MHTEIIICK-
TyaJlbHOW CUCTEMOM, B 3aBUCUMOCTH OT TOT0, B KAKOH cTeNeHn OHa 00-
JajaeT cnocoOHOCThI0 K peduiekcuu. EcTh MHEHHE, 4TO 3Ty crocoO-
HOCTh ()OPMUPYIOT OLICHMBAHUE M LIEJIETOJIaraHue, MOTHBAIIHS, CaMO-
OopraHu3alys, aKTUBUPOBAaHHUE CPEACTB PELICHMs 3ajauu, ajanTtanus,
camoo0yuenue, camopacmmpenue [Yeuxun, 2002].

Ha 7-m ypoBHe BOCHpHUSTHS MHTEIJIEKTyajbHas CHUCTeMa, o0Jia-
JIaroIIasl CiocOOHOCTHIO K pepIIeKCHH, TOJDKHA pa3iInuaTh KOHPIUKTHI
MEXIY pa3MTuaHbIMU MozensiMu Mupa. [log Mogensio mupa Oynem mo-
HUMATh CIOKUBIIYIOCSI CUCTEMY MpeCTaBlIeHNi 0 peasibHocTU. Korna
peub UAET O MOJAEISX, UCIIOJIb3YEMBbIX B MHTEIUIEKTYaJIbHbIX CUCTEMAX,
TEPMHH «MOJETb MHUPa» MOXKET ONPEACISTHCS Yepe3 MOHATHUS «IIpell-
MeTHast oOxnacte» [Llamorun, 2006], «mpobiemHas 001acTb» WM
«xapTtuHa Mupa» [Cesitorop u zp., 2009].

B pa6ore [Ky3nemoBa u np., 2012] paccmarpuBaeTcsi ceMHOTHYE-
CKO€ TPECTAaBICHHE «KAPTHUHBI MUPa», B KOTOPOM MPHUMEHSETCS ce-
MaHTHYECKasl CE€Th C y3JaMM, COOTBETCTBYIOLIMMH TaKUM 3JIEMEHTaM
CO3HAHUS, KaK 00pa3bl, 3HAYCHUS U JINYHOCTHBIE CMBICIIbI, C 33JJaHHbI-
MU OLIEHKaMH | MIPEIMOYTCHUSIMHU.
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3akjaoueHue

Hcnonk30BaHHas aBTOpAaMH MHOTOYPOBHEBAsI CTPYKTYpa IPOIIECCOB
BOCHPUSITHUS [TO3BOJIHIIA CHCTEMATU3UPOBATh CYIIECCTBYFOLIUE ITOIXO0/IbI
K MOJICIIMPOBAHUIO TMPOIIECCOB BOCIPHATHS M CIIOCOOBI pa3perieHus
KOH(DJIMKTOB B THOPHUIHBIX HHTEIICKTYaJIbHBIX CHCTEMaX.

AHanu3 CymecTBYIONMX CIIOCOOOB pa3pelieHns: KOH(DIUKTOB To-
Ka3a, 9TO He3aBHCUMO OT YPOBHS BOCIIPUSTHS HaMMEHee UCCIIeI0BaH-
HBIMU SIBJISIFOTCS] KOHQIIUKTBI, IPOUCXOSIINE B YCIOBUSIX, KOT/Ia OJTHO-
BPEMEHHO MMEET MECTO HEIOJIHOTA JAHHBIX M 3HAHWiA, U KOTJa OJIHO-
BPEMEHHO MMEET MECTO N30BITOYHOCTh JIAHHBIX M 3HAHHIA.
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MOAEJIMPOBAHMUE ITOBEAEHUSA YYACTHUKOB
BUPTYAJIBHBIX COOBIIECTB HA ITOPTAJIE
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WuctutyT cucremuoro ananuza PAH, Mocksa

B pabote 000cHOBaHa BO3MOXKHOCTh HUCIOJIb30BAHUS TIPUHIIUIIOB TEOPUU
CIIOKHBIX cHcTeM (complex networks) [Jist MOIETUPOBAHUS BUPTYaTbHBIX
KOMMYyHHKauuii. B pe3ynbrate nccienoBaHus Hay4yHOrO COOOIIECTBa Ha
nopraiie aspirantura.spb.ru mosyueHo rpaduueckoe uzoopaxenue (rpad)
COIMAJIBHOM CETH y4acTHHKOB (opyma. [loka3zaHO, 4TO HCIIOIB30BAaHHE
JIYBUHCKOTO QJITOPUTMA MO3BOJISET BBISIBUTH U3 CETH BHUPTYaJIbHbBIE COO0-
IIeCTBA, YIACTHUKH KOTOPBIX XapaKTePU3YIOTCS Pa3IMIHON aKTHBHOCTHIO
U CTETEHBIO «CBSI3HOCTHY.

BBenenue

HudopmarimoHHbIe 1 KOMMYHHKAIIMOHHBIE II(PPOBBIC TEXHOJIOTHU
(MKT) nepecratoT ObITh HHHOBAIMEH B COBPEMEHHOM OOIIIECTBE, Mpe-
Bpallasch B PyTUHHOE CPEJICTBO COIMATBHON KOMMYHHKaruu. HoBbie
CIIOCOOBI M3HAYAIBHO MEKIMYHOCTHOTO, @ 3aT€M TIPYIIOBOTO M Mac-
coBoro B3auMozeiicTeus Ha ocHoBe KT, B cBOIO odepenb, MPUBOISAT
K M3MCHCHHI0O KOMMYHHUKATHBHOW IMPAaKTHKH U KYJbTYypbl OpTraHu3a-
MY conuaibHOro mpoctpadcTBa [DiMaggio et al., 2001] u, kxak cien-
CTBHE, BO3HMKHOBCHHIO BUPTYAIBHOTO MPOCTPAHCTBA COIMAIBHOTO
B3auMoielicTBUsl. IMEHHO 3TO CIIOCOOCTBOBANIO BO3HMKHOBEHHUIO TaK
Ha3bIBa€MbIX BUPTYaJIbHBIX (CETEBBIX) COOOIIECTB, B KOTOPHIX, KaK yT-
Bepxkaan X. PeHT oMb, aBTOP 3TOTO TEPMUHA, «. .. JTFOJU IETAI0T BCE TO
K€ caMoe, 4TO JENaroT J0IU B peanbHoM xu3Hu. Ho mpu 3TOM uX Tena
HE B3aMMOJICHCTBYIOT. B BUpTyallbHON KOMHATE HEKOTO TOIETI0BATh U
HEKOMY yJlapuTh Bac KyjakoM B Hoc» [Rheingold, 1993].

Bupryansnbie coobmiectBa (st 0003HaueHus: coodmects B MH-
TEpHETe HWCHONB3YIOT TaKkke TepMHuHBI «HHTEpHET-coo0mIecTBay,
«OHJIAH-COOOIIECTBAY, «CETEBBIC COOOIECTBAY ), €CIIM pacCMaTPHUBATh
WX HE B ONEpaIMOHAILHOM WJIH TEXHOJOTHYECKOM KOHTEKCTE, a B Ka-
TErOpUAbLHOM CMBICJIE, — JOCTaTOYHO «IIMPOKHUI» TEPMHUH, BKIIIO-
YAl MHOXECTBO BaPUAHTOB M KOHKPETHBIX MPUMEPOB KOMMYHHU-
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Kalluu B ceTH. B 3TOH CBsI3M OKa3bIBaeTcs ONMMUCATh MOBEACHUE Y4acT-
HUKOB BHUPTYQJIBHOTO COOOIIECTBa HE MPOCTO, MOTOMY YTO M COOO-
IIeCTBA BCTPEYAIOTCS pa3Hble, U B3aUMOJCHCTBHE MOKET OBITh pas-
Horo yposus. OmnpeneneHHas TPYIHOCTb TAaK)K€ BO3HHMKAET B CBS3H
C TEM, YTO TOHSTHE «BUPTYyaIbHOE COOOIIECTBO» IMOJ0OHO MHOTHM
MHBIM MTOHATHUSM, HANPSIMYIO CBSI3aHHBIM C KOMMYHUKAaTHUBHBIMU TIpaK-
TUKaMU B BUPTYaJIbHOM IPOCTPAHCTBE, HEPEAKO UCTIOIb3YETCsl B METa-
(hopuvecKoM MK MyOIUIUCTUYECKOM 3HAYCHUU.

B cooTBeTcTBUM C KOHIIETIUEH, cHOPMYITUPOBAHHOW M H3JIOKEH-
HOU B paboTax, IMOCBSIICHHBIX aHAJTN3y CTAHOBJIECHHUS CETEBHIX B3au-
MozelcTBUl B pocTpancTBe MuTepHera [Tumenko u ap., 2014], nox
BUPTYaJIbHBIM COOOIIECTBOM MBI OyZ€M MOHUMATh yCTOWYHMBYIO CO-
JepKaTeTIbHYI0 KOMMYHHUKAIMIO TOJb30BaTeNe MH()OPMAIMOHHOM
cpefbl, KOTopasi ormocpeioBaHa KOMIBIOTEpHbIMU ceTsaMu. [Ipenarae-
MOg OIpeieJIeHNe He UCKIII0YAaeT BO3MOKHOCTH TOHUMAaHUS BUPTYaJlb-
HBIX COOOILECTB B Kau€CTBE COLMAIBHO OPraHW30BAHHBIX TPYIII JIIO-
Jiel co CXOJHBIMU MHTEpecaMu M obmaromumxcs yepe3 MHTepHeT, uc-
MOJIb3YyEeMOE B COLIMOJIOTHH, TTOJUTOJIOTUN WIHM COLMATIBHOM MCHXO0JI0-
UM [P QHAJIN3E CTPYKTYPBI, COLMATBHBIX HOPM, CTaTyca WIN JIUYHBIX
OTHOIIIEHUH YYaCTHUKOB COLMaIbHBIX 0OpazoBanuii B UuTepHere [bon-
napenko, 2004; Ilarapakun, 2006]. B To e Bpems ornpeaeneHue BUp-
TyaJlbHOTO cooO0IecTBa B KadecTBe crienupuieckoil GopMbl ceTeBoi
KOMMYHHUKAILIMU TIO3BOJISIET HMCIOJb30BATh IS aHaln3a TOBEICHUS
CETEBOTO COOOIIECTBA TEOPHIO CIIOKHBIX ceTeil (complex networks)
[Newman, 2010], ¢popmann3oBaB TeM camMblM 3TO KOMMYHHKaTHBHOE
MOHSTHE.

B koHTekcTe ceTeBOil mapagurmMsl pazIMYHbIE MCCIEAOBATENH I10-
pa3HOMY BBIICIISIFOT COOOIIECTBA B CIIOKHBIX ceTsiX [Gibson et al., 1998;
Kumar et al., 1999]. B T0 e BpeMs, HeCMOTpPsI HA HEKOTOPBIE Pa3IHyus,
BCE ITH ONpPEENIECHUs] PAaCCMAaTPUBAIOT COOOIIECTBA KaK TAaKUe YacCTH
cetu G, B KOTOPBIX CBA3U MEKTY y31aMu C;; CUIIbHEE, MHOTOUHMCIICHHEE U
HaCBIIIEHHEee, YeM MeX/1y y3inaMu nHbix yacteit cetu [Flake et al., 2000;
Hedetniemi et al., 2004]. B cooTBETCTBHH C OIIpEJIEIICHUEM COOOIIECTBA
KaK 4acTH CIOXHOHM CeTH MpobiiemMa aHaiu3a IMOBEICHHUS YIaCTHUKOB
BHUPTYaAJIbHBIX COOOIIECTB PaclaaaeTcs Ha JABe 3a7add — OOHAPYKEHHE
B ceTr cooOmecTB (1) u mocneayromas ux uaeHTuGuKanus (2).

HWcxons u3 Teopun rpados, nepasi 3a/1aua peraeTcst Kak mpoueaypa
pacnpenenenus y3noB rpada G va nogmuoxectsa C; < V, 0 <i <k, Tax
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YTO Y3JIBI, IPUHAAJIEKAIINE TTOAMHOXKECTBY C;, UMEIOT CBSI3H TECHEE
Y HachklllieHHee. B To ke BpeMs 3a7ada WIASHTU(UKAIUKA COOOIIECTBa
penraeTcst Kak BbljesieHue coodmiectBa C,, K KOTOPOMY TPUHAIIICIKUT
MHOKeCTBO y3510B S V' [Balakrishnan et al., 2004].

[t pettieHrs 3Tol COBOKYITHOCTH 3ajad B ITOCJICIHUE TOJIBI TIPE/I-
noxeH psn anroputMoB [Newman et al., 2004; Fortunato, 2010; Vasu-
devan, 2012]. B cBoeif 0CHOBE 3TH METOBI UCTIOJIB3YIOT IPHHITHUII T10-
ATAITHOTO yAAJICHUS CBSA3CH ¢ MaKCUMaIbHOU BaKHOCTHIO (betweenness
centrality). Kaxxjoe Takoe yjaneHue u3MeHsIET CTPYKTYPy KpaTdaiimx
IyTeH B CETH, a CIEIOBATEIHHO, M BAXKHOCTH KaXKIOH CBSI3U, ¥ IIOATOMY
ATH TapaMeTPhl NMEPECUUTHIBAIOTCS MMOCIE KaKIoTo ynaieHus. Ha He-
KOTOPOM IIIare CeTh OKa3bIBACTCS Pa3/IeJICHHON Ha JiBa KiacTepa — JBa
caMBIX OOJBIIIUX COOOINECTBAa, W Jajiee MpoIeaypa Mpoaorkaercs. B
pe3yabTaTe MOJydaeTcs JCPEBO, B KOTOPOM COOOIIECTBA MaJIbIX pa3-
MEpOB BKJIFOUEHBI B OoJbIIMEe coolIecTBa. Pacnpeaenenue o pazme-
paM cooOITeCTB, BEISBISEMBIX B pe3yJIbTaTe ATOW MPOIEIypPHl, B 00Ib-
IIUHCTBE PEATbHBIX CETEH MOJYMHEHO CTCTICHHOMY 3aKOHY.

1. CeTb co0o01IECTBA YYACTHUKOB (popyMa Ha mopTaJie
«aspirantura.spb.ru»

C menplo aHanu3a 0COOEHHOCTEH KOMMYHHUKAIUH W MOCTPOSHUS
MOJIeT KOMMYHHUKAIMK BUPTYAIBHOTO COOOIMIECTBA HAMH OBLIO TIPO-
BEICHO JKCIIEPUMEHTAIHOE MCCIIEOBAaHHE HAyYHOrO COOOLIECTBA,
chopmupoBasierocst Ha mopraie acnupantoB (http://www.aspirantura.
spb.ru).

B kauyecTBe 00beKTa aHANTM3a HA 3TOM TIOpTajie ObLT BEIOpaH GhopyM,
KOTOpbI cocTOoMT W3 19 pa3nenoB, COOTBETCTBYIOUIMX pPa3iIHMYHBIM
Haykam, 525 tem, 11000 coobmennii. ExxenneBHast aymuropusi mopra-
ma poxomut no 5000 momp3oBarerneil, MecsyHas ayqUTOpPHUS caiTa
nocruraet 105000 genosek (cratuctuka Peiitnar@Mail.ru).

CTpyKTypa KaXXKIOH TEeMBI TPEICTaBIsieT cOo00i COBOKYIHOCTH
KOMMYHUKAIIMOHHBIX CBSI3€H, COCTOAIIYI0O M3 CTapTOBOTO COOOIIe-
HUSI, B KOTOPOM IpeuiaraeTcs o0CyIuTh HEKyIo MpobieMy, U mocie-
JIOBAaTEIbHBIX OTBETOB-KOMMEHTAPHEB yUYaCTHUKOB (hopyma. B kaxmoit
TEMaTHYEeCKOW «HUTKE» (opyMa CYHIECTBYIOT ONpeieiicHHbIC CTaH-
JnapTHble (pYHKIIUU, KpOME CTapTOBOI'O COOOIICHUS, — «IIUTaTa cO00-
HICHUS», «00palleHne K aBTOpy», KOTOpbe B OyIyIIeM HOMOTYT IPH
nojcyere U oOpaboTKe cBsA3eil. Mbl OyaeM Ha3bIBaTh CBA3BIO MEXKIY
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JBYMSI TTOJIb30BATENIIMH IMEHHO HCTOJIBb30BaHUE ITHX ABYX (DYHKITHA.
B cBoeil COBOKYNMHOCTH y4YacTHHKH ()OpyMa U CBSI3H MEKIYy HUMH
00pa3yroT CIOXHYIO COLHUAIBHYIO CETh, B KOTOPOH yYacCTHHKOB CETH
MOYKHO PacCMaTpHUBaTh B KAYECTBE y3JIOB, COCTUHEHHBIX MHOKECTBOM
cBsseit (pebep).

B kaudecTBe SMIMPHUYECKON NPEANOCHIIKM aHAIM3a COOOIIeCTBa
U TOCIEAYIONIero rpauueckoro OTOOPaXKEHHs COIUAILHOW CEeTH,
CIIOXUBIIICHCS Ha (popyMe TopTaia, Oblia chopMUpoBaHa 0a3za JaHHBIX
dopyma B dpopme MySql. IIporpamma it momydeHus: JaHHBIX, MPO-
rpamMMa Jijisl BU3yaliu3alliy IaHHbIX ObLUTH HamucaHbl Ha si3bike PHP.

B wurore, ocymiecTBiAs aHaNM3 MAHHBIX TAONWI[, MBI TOIYYHIH
TalOJMIly CBS3HOCTH MEXKIY I0JIb30BATEIISIMH, KOTOPBIC MPHUHUMAIN
ydactue B oOCyxneHusx Ha (opyme moprama. Kaxnmas cBs3p umeer
HarmpaBlieHHe (TOT, Ha KOT'O CCBhUIAIOTCS) M BeC (KOJIMYECTBO TaKUX
CCbUIOK). B pesynbraTe Mbl mosyumnm Tabnuiy cBsized mexnay 230
MoJIb30BaTeNsIMH POopyMa. AHATM3UPYS CBS3H, MBI ITOJy4aeM TaOJIHILy
CBSI3HOCTH WJIM Tpad U3 3THX CBSI3€H, IJIe KOJTHIECTBO OOpALICHUI HITH
UTUPOBAHUH 3a/1a€T CUITY CBSI3H.

Puc. 1. I'pad uurupoBanuii
1 o0OpaleHNid Y9aCTHUKOB

bopyma

Mps1 oOHapyxuiau okosio 5000 obpamieHuii 1 TUTUPOBAHUHI Y STUX
230 yuactaukoB. Ha pucynke 1 cxemMaTuyHo M300paxkeH Tpad cBszei
MEKIY STUMH MOJIH30BATEIISIMH.

Pe3ynbTaThl mocTpoeHust rpaduueckoil MOAEIN paccMaTpuBaeMoro
dopymMa [aroT HArSIIHYIO WILIIOCTPALUIO O MEpCOHATBFHOM BKIIAIC
Ka)KJI0r0 Y4acTHUKA B 00CYXKIEHUE, MOJIATBHOCTh €ro CYXKIeHUH (aK-
TuBHOCTB). Kpome Toro, nnpopmanus, oroOpaxkeHHas B rpaduueckom
PacIoNOKEHUH, JaeT UCUEPIbIBAIOLIEE MIPEICTABIEHHE O TOM, KTO U3
YYaCTHUKOB MOJKET MIPETEHI0BATh HA CTATYC JINIepPa MHEHUH.

227



B mpencraBneHHOW COLMAIbHOM CETH BEIMKA POJIb AKTHUBHBIX
Y4acCTHUKOB (opyma, 001aal0INX 3HAYUTEIBHBIM BIMSHUEM B CETH
MoJIb30BaTelNeH, cylecTByomiel Ha popyme. IMeHHO oHu hakTHdecKu
(OpMUPYIOT CTPYKTYpY ceTh. HeyauBUTENbHO, YTO NOJIB30BATEIH C
OOJIBIIUM KOJIMYECTBOM COOOIICHUI OKa3aluCh YYaCTHUKAMHU C MaK-
CHMaJIbHOW MOIIHOCTBIO U TMOKa3aTenaeM BaxkHocTH (betweenness cen-
trality). B cBoeil pabore Mbl cunTaem JujepaMd UMEHHO TaKUX IOJIb-
3oBatesieil. OHU U SIBIISIIOTCS CBSAZYIOIIMMHU 3BEHBSMHU B CETH B LIEJIOM.

2. Boigesienne u uaeHTUGUKAIUA COO0IECTB.
Mepbl BasKHOCTH Y3JI0B M CBsI3eH

[Tocne mMOCTpOEHUS COLMATIBHON CETH U €€ rpaduecKoro oToodpa-
KEHHSI MBI IPUCTYITUIIH K PEIICHUIO 3214 — BBIJICIICHUE U WICHTU(HKA-
st coodmiect. /It BbIAEICHUS cO00MIecTB ObLT MCHoiab30BaH Jly-
BeHckuii Meton [Blondel, 2008], kOoTOpbIi MO3BOJISIET BBIACISATH CO-
obmiecTBa Ha OOJNBIIMX 00BEMax NAHHBIX M 00JaJaeT BBICOKOH CKO-
POCTBIO.

Ha mepBoM miare ajropurMa KaskJOMY IIOJIb30BATENIIO NPHUCBAU-
BAeTCs CBOE COOOINECTBO. 3aT€M pacCMaTPUBAIOTCS «COCEIM», U aHa-
JU3UPYIOTCS TIOKA3aTENN, KOTOPBIE MOTYYal0TCsl, €CIIM TTOMECTUTH BBI-
OpaHHYIO BepIlIMHY B coceqHee cooOmiectBo. Ecim mokazarens ymyd-
HINTCsI, BEPILIMHA NIepeMeNaeTcs B COCeIHMI Moyb. Ha crenyromem
[Iare pacCMaTpUBAIOTCSl YK€ HE BEpIIMHBI, a TOJyYeHHbIE OOBeIu-
HeHus — Moyu. Eciam B MOJTysie HECKOJIBKO BEpIIMH, TO BMECTO Beca
CBSI3M paccMaTpUBaeTCs CyMMa cBsi3eil. Tak mpoomKaeTces 10 TeX mop,
MOKa YJIYYIICHHE CTAHOBUTCS HEBO3MOYKHBIM.

Pe3ynbrarel oleHMBAIOTCS CIEAYIOLIMM 00pa3oM, M3MEHEHHE OT
BKJTIIOUEHUS 1 B MoayJib C:

AQ = i et - >tot ki = _ & & (Emz)g _ L i
B 2m 2m 2m 2m 2m

rae Y in — cymma BecoB pebep BHyTpHu C, D tot — cymma BecoB pebep,
Bxomsmux B C, k; — BXoasimux B i, k;,i, — cymma BecoB u3 i 8 C, a m —
CyMMa BECOB BO BCEH CETH.

MBpI npoBenu pasziesnieHre Hamero rpada Ha MOJYJH C Pa3IMYHbIM
rokasarejieM resolution. Becero 0b110 nipoBesieHo 11 pasjeieHuit ¢ mo-
kazatensimu oT 0.01 (MHHMMAaNBHBIE 1O pa3Mepy MOIysn) 1o 2 (He-
CKOJIbKO KpYIHBIX). [Tomyunnu Tabnuity, B kotopoii 230 nosnb3oBareneit
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umeroT 11 mokasareneii — HoMep cooOIIecTBa B KaXI0M U3 pa3OneHHUH.
[Tocne 3Tor0 OBUTH MOJCUYNTAHBI TAPHBIC BKIFOYCHHS — €CITU JIBA MOJIb-
30BaTeNs B KAKOM-TO U3 pa30MEHUi Mmonaaaiu B OJUH MOIYJIb, X COB-
MECTHBIH IT0Ka3aTeNb yBEINIUBAJICS.

[Tocne 3TOr0 OBUIM MOACYMTAHBI MAPHBIC BKIIOYCHUS — €CIU JBa
MOJIb30BaTENs B KAKOM-TO U3 pa30MeHnH Momnajaau B OAUH MOJYJIb, UX
COBMECTHBIH IMOKa3aTelNb yBeanyuBaics. Tak Obuia mosyueHa tadiauna
C KOJIMYECTBOM «OOIIMX» MOJYJIeH Ui BCeX map.

Jlns Kaskaoro 1mosib30BatTelis ObLT MOACYUTAH CPEAHUH MOKa3aTelb
0 CTPOKE, T.€. CPEHEE KOJIMYECTBO MOJIYyJI€H, B KOTOPBIE OH BXOJUT C
Ka)KIBIM I0JIb30BaTeNIeM B OTACIBHOCTH. Eciiu J1Ba monb30BaTeNs mpu
pas3IMYHBIX Pa30MEHUAX OKA3bIBAIOTCS B OJTHOM COOOIIECTBE, TO MOXKHO
MPEINOIOKUTh, UYTO Y HUX €CTh «KPEIKas» CBS3b.

3aTeM MOJIb30BaTENN OBLIM OTCOPTHPOBAHBI M0 KOJIMUYECTBY CO00-
menuit. [Tocne aToro BeicunThIBasCs nokaszarenb «CpeaHee KOJIMYECTBO
MOJ1yJIeH, B KOTOPBIE BXOAAT MOJb30BaTeam». st aToro Opanacs rpynmna
MOJb30BATENCH M CUUTAIOCH CPEIHEE YHMCIO KOJUYECTBAa MHapHBIX
BKJIFOYCHUH B 3TOM rpynme. J[00aBisuiucy Mo OJHOMY TOJh30BATENIO
B TIOpsIZIKE YOBIBAaHHS COOOIICHUI, M KayKABIA pa3 MepecUnTHIBAICS TO-
Ka3aTellb.

Oxka3zajioch, 4TO CPEAHMH IMOKa3aTedb [0 Mepe BKIIOUEHHs HO-
BBbIX IOJIb30BATENCH Magal, HO HE3HAYUTENIbHO. J{JIs1 BEpXYIIKH IMOJIb-
30BaTelell OH COCTaBJsUI mopsaika 3.5, mocie npucoeauHenus 100
nosb3oBateneit — 3.2, mocine BkitoueHus 200 on ctan paBHbIM 3. Tlo-
Jy4mwioch, 4yTo npu 11 pa3OueHusx, B cpegHEeM, KaXKAble /Ba IOJIb-
30BaTelisl U3 TPYNIbl OKa3bIBAIOTCS B CPEJHEM B TpEX pa3OMECHUSAX B
onHoi rpynme. Tak kak mokazaTenb NPAaKTUYECKU HE MEHSAETCS, MOXKHO
YTBEPXkKAATh, YTO C TOUKH 3PEHHS CUIIBI CBSI3EH MEXKy MOJIb30BaTEIIMU
JIAHHOE COOOILECTBO PAaBHOMEPHO.

JHanee, n3 Tabmuipl ¢ JAaHHBIMH O HAapHBIX BKJIIOYCHUSAX B pas-
JTYHBIE MOIyNH OblT chopmMupoBaH HOBBIM Tpad. MbI ero Ha3Bamu
«I'pad cumbl cBA3M MEXIY JIBYMsI TIOJIB30BATEISIMI». DTO TIOJTHBIN He-
OPUEHTHUPOBaHHBIN rpad, rie modble ABe BEPUIMHBI COCUHEHBI peo-
pom, a Bec pebpa — cuiaa CBSI3U (KOJMYECTBO OOIIMX MOMYJIEH) aus
KaXKABIX JIBYX MOJIb30BaTEICH.

Hns Hero, no JlyBuHCKOMY anroputmy, ObIIO OCYLIECTBIEHO pas-
OueHue Ha MOAYJIHM IPH Tpex pasperieHusx. OKa3aloch, YTO BCE MOJb-
30BaTeIM MPHU 3TUX TPEX Pa3pelICHUsIX, HECMOTPS Ha TO, YTO MPH He-
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KOTOPBIX MOKa3aTessix «resolution» momyygaercst 6ojee IByX MOTyIIEH,
B LIEJIOM MPAKTUYECKU Pa30MBAIOTCs Ha JABa OOJIBIIUX MOTYJIS (KOTOPbIE
BKJIFOUYAIOT MEHBIIINE MOTYJIU B ce0s).

Bo3nukaer BOMpoc — COBHANaeT JH AITOPUTMHUYECKOE JIEICHUE
COoO00IIIeCTBa, OCHOBAaHHOEC Ha KOMMYHHUKAIMSIX C JICJICHHEM Ha CO00-
IIeCTBA MOJIHOTO rpada cuibl cBs3eit? /i 3TOro Mbl BEpHYJIHCH K HC-
XO/IHBIM JJAHHBIM U MOCTapalIMCh MOA00paTh TaKOW MOKa3aTelb pa3pe-
IIEHUS, YTOOBI pa3OUTh BCE COOOIIECTBO Ha 2—3 MOy 4epe3 KOM-
MYHUKaIHH.

Oxa3asock, 9TO TPU TaKUX pa3OMeHusX u rpad cBs3el depe3 KOM-
MYHUKAIM{, W TIOJHBIA Tpad CBs3eil 4epe3 BBEICHHYIO HAMH «CHITY
CBSI3M» PACHa/aloTCs Ha JIBa OJMHAKOBBIX MoArpada ¢ OAHUMH U TEMH
e Tonb3oBaresiMi. CoBMajeHne B TPYMIaX COCTABISIET OKOJO 85—
90%.

Jnis HarnsAHOCTH TpHUBEIEM «YKJIaIKy» moarpada Juis KaxIoro
n3 rpadoB ¢ momoikio anroputma Force Atlas. Pasapiv miBeTrom 060-
3HAYEHBI pa3HbIC COOOIIECTBA.

©
Puc. 2. [Ipumenenne anropurma Puc. 3. [lpumenenne anropurma
Force Atlas s «yxmaakm Force Atlas mis «ykinankm» rpaga
rpada UTUPOBAHUN U OOpaleHUN «CHIIBI CBSI3E»

3a cyeTr MONHOTH rpada, Mmocie «yKIaaKum» rpad CHIIbI CBS3H Je-
MOHCTpHpYET 0oJjiee MMOoKa3aTeIbHYI0 KapTUHY IMPH JIEIeHUH Ha cOo00-
IIeCTBA.
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3akjaouyeHue

B pe3ynbraTe uMcclieoBaHUs MOTYYaeTCs, YTO «AKTUBHBIC» MOJb-
30BaTeId, Kak Obl «OTOMpas» OJU3KHX UM IO COJCPKAHUIO OOIICHHUS
YYaCTHUKOB (popyma, CaMOOpPTaHU3YIOTCS U (OPMHUPYIOT COOTBET-
CTBYIOIIME COOOIIECTBA. J[pyruMu CIOBaMH, HCIOJIb3yeMas METO-
JIOJIOTHSI TIO3BOJISIET BBISIBUTH («OOHAPYKWUTH») M3 MHOXKECTBA CyIIIE-
CTBYIOILIMX B BUPTYaJIbHOH Cpefie Mmosb3oBateneil hopyma Takue cooo-
IIECTBA, YYaCTHUKH KOTOPBIX XapaKTepH3YITCs (HOopMai30BaHHBIM
MIOKA3aTeJIEM — CTETICHBIO «CBS3HOCTH.

Brinenenrie  BUPTyalmbHBIX COOOIIECTB IO CTENEHU CBSI3HOCTH
MO3BOJIIET O0BEKTUBHO BBIACTHUTH (MACHTU(DHUIIMPOBATH) U3 MHOXKECTBA
MoJb30BaTenei popymMa TaKMX yYaCTHHUKOB, KOTOPBIE OOBEIMHEHBI B
BUpPTYaJbHBIE CcOOOIIECTBA OOMIMMH WENSMH W/WIM HHTEpeCaMu, He
rpuberasi K TeKCTOBOMY aHaJIM3y COOOIIECHUH y4aCTHUKOB (hopyMa.

W1 nakoHen, mprMeHEHUE PUHIUIIOB aHAN3a CIIOKHBIX CETEeH I0-
3BOJISIET CMOJICITUPOBATH CTPYKTYPY BHPTYAILHOTO COOOIIECTBA, BBIIC-
JIMB «BJIMSATEIHHBIX)» YUYACTHUKOB COOOIIECTB («IHICPOBY»), U TEM ca-
MBIM 3QJI0’KUTh OCHOBBI IIOCTPOCHHS MOJICTTH YIIPABJICHHS [TOBEICHUEM
BHUPTYQJIBHOTO COOOIIECTBA.
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CEKIIM 4 IBOJIOIIMOHHOE MOJAEJIMPOBAHUE
N TEHETUYECKUE AJII'OPUTMBbI

VK 321.3

AJI'OPUTMbI, THCIIMPUPOBAHHBIE ITPUPOJIHBIMHA
CUCTEMAMMU I1PU PEIIEHUU 3AJJAY
KOHCTPYKTOPCKOI'O ITPOEKTUPOBAHMUSA
U ONTUMU3ALIUN!

B.B. BoBa (vwbova@yandex.ru)
B.B. Kypeiiunk (vkur@tgn.sfedu.ru)
Bua.Ba. Kypeituuk (vkur@tgn.sfedu.ru)
OxHbI henepanpHBIil yHUBEpCHUTET, Taranpor

B crarbe ONMCHIBAIOTCS aJITOPUTMBI, HHCIHUPHPOBAHHBIC IMPUPOIHBIMU
CHCTEMaMH TIPH PELICHUH 3a[a4 KOHCTPYKTOPCKOI'O HPOCKTHPOBAHUS M
ONTHMH3AIMN. DTU AITOPHTMEI TO3BOJIIOT pacHapaIelnBaTh MpoOIEecc
MOKCKA M YaCTUYHO YCTPAHSTh NPOOIEMy MPe/IBAPUTEIILHOI CXOIMMOCTH,
a TaKKe MOJy4aTh HAOOPbI ONTHMAJIBHBIX M KBa3HONTHMAJIBHBIX PEIICHUH
3a MOJIMHOMHAIIbHOE BpeMsi. BpeMeHHasi CJI0)KHOCTh alrOPUTMOB B JIyd-
meM citydae ~O(nlogn), B xyamewm ciydae — O(n?).

BBenenue

B cBsi3u ¢ pa3BUTHEM HAHOMETPOBBIX TEXHOJIOTHH B 00JIaCTH IPOU3-
BOJ/ICTBA BO3HMKAET MpoOIeMa epexoia Ha HOBbIE METOABI TPOEKTUPO-
BaHUs. JTO TpeOyeT pa3BUTHS HOBBIX METOJIOB U alrOpuTMOB. OHUM
U3 TaKuX MOAXO0B ABISAIOTCS OMOHUYECKHE METO bl U OMOWHCTIMPHUPO-
BaHHbIe ayropuT™Mbl (BMA), ncnonp3ytomue cTpaTerui 3BOIIOLHOHHO-
r0 MOJCIMPOBAHUS M MPUHIMIIBI TPUPOIHBIX MEXaHU3MOB MPUHSITHS
pemenuit [Kypetuuk u ap., 2009], [ITmagkos u ap., 2010], [Kypeitunk

! PaGora BbInoJIHEHA IpH nojyieprkke rpanta PODU Ne 13-01-00371.
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u 1p., 2012a). bBuoHHYecKrue METOIbl BKIIFOUAIOT B CeOsl FEHETHYECKUE
anroputmbl (I'A), sBomonMOHHbBIE anropuTMBl (DA), aNroOpuTMBI, MO-
JEeTUPYIONTHE MEXaHU3MbI IIPHHATHUS PEIICHUH PUPOJIHBIMU CHCTEMa-
MH. DTO METO/Ibl POEBOTO MHTEIIEKTa (MypaBbuHble (MA), MuennHbIe
(ITA) u np.), OCHOBaHHBIC HA MPHHIMIAX KOJUIEKTUBHOTO TOBECHUS
JCIICHTPATM30BaHHON caMOOpraHu3yoleiics cuctembl. JlaHHbIH Kitace
ITOPUTMOB aHATM3UPYET pa3IMyHbIe 00JIaCTH MPOCTPAHCTBA PEILICHUH
OJTHOBPEMEHHO, ¥ OHH 0oJiee MPUCIIOCOOJICHBI K HaXOXICHUIO HOBBIX
o0nacTeil ¢ ONTUMaNLHBIMU 3HaYeHUMU 1ieneBoi ¢pyHkimn (L[D) mpu
peLIeHNH 3a/1a4 TPOESKTHPOBAHHUSI.

1. I'eHeTHYeCKHMI AJITOPUTM

I'eneTnueckue anropuTMbl OCYLIECTBIISIIOT MOUCK OaaHca MEXIY
3¢ (EeKTUBHOCTHIO U KaYeCTBOM PEIICHUH 32 CUET «BBLKHUBAHUS CHIIb-
HEHIINX aIbTEPHATUBHBIX PELICHUI», B HEONPEAEICHHBIX U HEUETKUX
ycnoBusix. Ilpu pemenun 3agad KOHCTPYKTOPCKOIO MPOEKTHPOBAHUS
W ONTHUMH3ALMU C UCTIOIb30BaHWEM ['A OOBIYHO BBHIMOIHSAIOT YETHIPE
MpeBapUTENbHBIX dTama: BBIOOP CIIOCO0a MPEICTaBICHUS PEICHHS,
pa3paboTka onepaTopoB CIydalHbIX U3MEHEHUH; ONpeesIeHne CIoco-
00B «BBDKMBAHMS» PEIICHHI; CO31aHNE HAYaIbHOM MOMYJISLUY allbTep-
HAaTHBHBIX PELICHUI.

[TpuBeneM MOAUPHUIIMPOBAHHBIA TCHETUYCCKUN alTOPUTM, aJarTH-
POBAHHBIN AJIS1 pelIeHUs 3aJja4 KOHCTPYKTOPCKOTO MPOEKTUPOBAHUS U
ormrumm3aruu (puc.l) [I'maakos u mp., 2010].

Texymias (HadayibHast) Buemmsia
NOMyJIsAUKUs 3a/1a491 cpena
MPOEKTUPOBAHHS

A

le«—| Brpraucienue
L® u LID(cp)

Y
CopTHpOBKa MOITYJISIIII

Ha ocHoBe LI ITocrpoenue
¢ HOBOI1
Ceneximmst MOy JISITHHA
(nostyuenue "poaurensekux"" nap) ?

Brnox
»—# SBOJIIOIIMOHHOMU

Peauzaims pasinaHbIX ajnanrannm
FeHETHYECKHX OIepaTopoB . S

Broxk Puc.1. MoaudunupoBaHHbIH
HeHepCl—[eKTI/IBHbIX

: » p—— TEHETUYECKHH aJITOPUTM

BBIXOJ




OTMeTHM, 4TO MEPUOANYECKH B KayK0W urepanuu ['A MoxHO mpo-
BOJIUTH PA3JIMYHbIC U3MEHEHUS B MEPCIIEKTUBHBIX, HEMEPCIIEKTHBHBIX
U APYTUX PELIeHMsIX, YTO [103BOJIAET KOHLIEHTPUPOBATh IIOUCK Ha IO-
nydeHue Oojiee MEpCHeKTHBHBIX pemeHuid. [IpennoxkenHas cxema re-
HETHYECKOTO TMOMCKA TO3BOJISET BapbUPOBATH pa3Mep MOMYJISLUU OT
reHepaluyd K TeHepaluy, 4TO I103BOJIIET YaCTHMYHO MpeAoTBpallaTh
MPEKICBPEMEHHYIO CXOJMMOCTb aJIFOPUTMOB B 33Ja4aX KOHCTPYKTOp-
ckoro npoextupoBanus [Kypeituuk u ap., 2012b]. MoxHO npeasoxKuTh
0O0JIBIIIOE YUCIIO aHAJIOTUYHBIX cxeM Toucka. Mx addexTuBHOCTH TIpO-
BEpSIETCS HKCIEPUMEHTAIILHBIM Iy TEM.

2. MypaBbHHBIH AJTOPUTM

OnnuM 13 OMOMHCTIMPUPOBAHHBIX MOJIXO/I0B SBJISIETCS METOA poe-
BOT'O MHTEJJIEKTA, BKJIIOYAIOMINK B ce0sl MypaBbUHbBIE aJITOPUTMBI, T4e-
JIMHBIE aJITOPUTMBI, METOJT pos yacTul u ap. [Kypeituuk u np., 2009]
[Dorigo, 1996].

[IpuBenem MonmpUUIMPOBAHHBI MYypaBbUHBIA aNropuT™M (pHC.2),
OPUEHTHUPOBAHHBIN HA PElICHUE 33]]a4 KOHCTPYKTOPCKOTO MPOEKTHPO-
BaHUSI.

MypaBbuHBIE ITOPUTMbI MPEACTABISIIOT COO0N BEPOSITHOCTHYIO
KaJIHYI0 BPHUCTUKY, TJI€ BEPOSITHOCTH yCTAaHABIMBAIOTCS, UCXOJS U3
UHOPMAIMK O KaUyeCTBE PELICHUs, TOJYUSHHOTO U3 MPEAbIIYIHNX pe-
menuid [Dorigo, 1996]. MypaBbu OTHOCSITCS K COLMAIbHBIM HACEKO-
MBIM, KUBYIIIUM BHYTPH HEKOTOPOTO KOJUIEKTHBA — KOJIOHUH. OCHOBY
«COLIMAJILHOI'O» MOBEJIEHHSI MypaBbEB COCTABIISIET CAMOOPIaHU3aLus —
MHOKECTBO JWHAMHYECKUX MEXaHHU3MOB, OOECHEeUMBAIOUINX JIOCTHU-
KEHUE CHUCTEMON IJ100aJbHOM LIEIM B Pe3ysbTaTe HU3KOYPOBHEBOTO
B3aUMOJICHCTBUA €€ dJeMeHTOB. [[puHIMIHIanbHO 0COOEHHOCTHIO Ta-
KOT'O B3aUMOJICHCTBHS SIBJISIETCS UCIIOIB30BAHHE DJIEMEHTAMU CUCTEMBI
TOJIBKO JIOKanbHOU MH(opmanuu. [Ipu 3ToM HckIrOUaeTcs nobdoe 1eH-
TpaJIn30BaHHOE YIIPABJICHUE.

B cpaBHenun ¢ I'’A MypaBbHHBIE aNTOPUTMBI UMEIOT HEKOTOPBIE
MPEUMYIIECTBA: OMUPAIOTCS HA MAMSITh BCEH KOJIOHHHM BMECTO MaMSITH
TOJIBKO O NPEeAbIAYIIEM ITOKOJIEHUH M MEHbIIE IOJABEPKEHbl HEONTHU-
MaJIbHbIM HauyalbHbIM PELICHUAM (M3-32 CIy4YailHOTrO BbIOOpa MyTH H
MaMSITH KOJIOHUH).
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Puc.2. Moan¢uimpoBaHHBIN MypaBbHHBIA aITOPUTM

Psin sxcrieprMeHTOB MOKa3bIBaeT, YTO () (hEKTUBHOCT MyPaBbUHBIX
aITOPUTMOB PACTET C POCTOM Pa3MEPHOCTHU pelIaeMbIX 3a7a4 ONTUMHU-
3alMU U 751 HECTALMOHAPHBIX CUCTEM C U3MEHSIEMbIMU BO BPEMEHU
HapaMeTpaMu.

BaxxHbIM CBOICTBOM MypaBbUHBIX @JITOPUTMOB SIBJISIETCSI HEKOH-
BEPreHTHOCTb: JaKe 1Mociie OOIBIIOro YUCiia UTEPAIHid OJHOBPEMEHHO
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HCCIIENYETCS] MHOKECTBO BAPUAHTOB PEIICHMs], YTO YACTUYHO PEIIAeT
mpobsieMy NpeBapUTEIbHON CXOAUMOCTH. [lepCIeKTUBHBIMU My TSIMH
yJIy4IlIeHHs. MypaBbUHBIX AJITOPUTMOB SBJISIFOTCSA UX THOpHUIM3aLuUs C
JPYTUMH METOAAMH IPHUPOJHBIX BBIUMCIECHHM, HalpHUMeEp TE€HETHYE-
ckumu anroput™mamu [Kypeitunk u nip., 2012b]. ['nOpuauzanmst MoxeT
OCYILECTBIIATBCS 110 OCTPOBHOM CX€Me, KOIZla pPas3jIM4Hble aJIrOpuT-
MBI PEIIAoT 3aJady MNapajuleIbHO WM aBTOHOMHO, WM IO HPHHIHAIY
«MacTep-moMacTepbe», Koraa OCHOBHOM alrOpUTM — «MacTep» Inepe-
JIaeT pellleHUe TUIIOBBIX 110/1331a4 «I10AMACTEPhIOY.

3. ITyeJUHBIH AJITOPUTM

[TuenuHBIi aTTOPUTM — ITO ONTUMHU3AITUOHHBIN AJITOPUTM, B OCHOBE
KOTOPOT'O JISKUT TIOBEJICHHE IMUell B KUBOM mpupojie [Karaboga, 2005]
[3anoposxent u ap., 2010]. [IpumeHUTENHEHO K 3a7a9aM KOHCTPYKTOP-
CKOT'O NPOEKTUPOBAHMS M ONTUMHU3AIMH B ITYEITMHOM aJrOPUTME KaxkK-
7I0€ peIIeHUe MPEICTABISETCS B BU/E MTUEIbI, KOTOpask 3HACT (XPaHMT)
pacnonoxenue (KOOpAXHATHI UK TapaMeTPbl MHOTOMEPHOM (PYHKIINN)
KaKoro-To y4yacTka. Boiienum 1Ba BapuaHTa OBEICHUS ITUEIL.

B nepBom BapuaHTe JjBe TYeITbl HAIILIH J1BA PA3HBIX EPECEKAIOIIHX-
csl yyacTka, 1 00a 3THX y4yacTKa CleAyeT OTMETHUTh KaK JIyullne WiH
BbIOpaHHbIe. Bo BTopoM BapuanTe OyzneM cuuTarh, 4YTO 3TO OJHMH y4a-
CTOK, IIEHTP KOTOPOT'O HAXOAUTCS B TOUKE, COOTBETCTBYIOIIEH OOJIBIIIO-
My 3HAYCHHIO 1eJeBOH (yHKIMU. BTOpoii BapuaHT MOBEACHUS MEHEE
MOJBEP>KEH TONaJaHUIO B JOKAIbHBIE ONTHMYMBI 3@ CUET IIPOCMOTpa
MEPCIEKTUBHBIX MECT U UX OKpecTHOCTel. [IpnueM Ha Kaxxmou urepa-
MU alrOpUTMa 00JIACTH MPOCMOTPA YMEHBILIAETCS.

OcHOBHas HJies MUETUHOTO aJITOPUTMA 3aKJIF0YAETCsI B TOM, YTO BCE
MYeNIbl Ha KaXIOM miare OyIyT BBIOMpAaTh KaK SJIUTHBIC YYACTKH JUIS
WCCIJICZIOBAHUS, TAK M YYaCTKH B OKPECTHOCTH 3JIMTHBIX, YTO MO3BOJIUT,
BO-IIEPBBIX, PA3HOOOPA3UTh MOMYJIILUIO PEIIEHUH Ha MOCIEAYIOIINX
UTEpaNusiX, BO-BTOPHIX, YBEINIUTh BEPOATHOCTh OOHApPYKEHHS ONn3-
KHX K ONTUMaJIbHBIM petieHuid. [lociie 4ero B OKpeCTHOCTH OCTaIbHBIX
y4YacTKOB, B 3aBUCUMOCTH OT 3HaueHus ux Ld, ornpasistores paboune
myensl. TakuM 00pazom, paboTa anropuTMa 3aBHCHUT OT CIETYFOIIUX
OCHOBHBIX TapaMeTpoB: OOILIEro 4uciia MYei-pa3BequnuKoB; OOIIETo
YHCIIa YYaCTKOB; YHMCIIA 3JIUTHBIX YYacTKOB; YHMCIIa MYEI-Pa3BEeJUNKOB
Ha JIUTHBIX y4YacTKax; 4YHcia IMYel Ha OCTAJIbHBIX y4acTKaxX; Hadallb-
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HOT'0 pa3Mepa y4acTKOB, BMECTE C MX OKPECTHOCTSIMU; MAaKCUMAJIbHOTO
4yycia uTepanui.

[IpuBenem cioBecHOE OMHMCAHMWE aNTOpPUTMa M4en [3armopoxer] U
ap., 2010].

1° B COOTBETCTBUH C MOCTAHOBKOW 3aJ1a4Ml MPOEKTUPOBAHUS U HC-
XOHBIMHU JTAHHBIMU (POPMUPYETCS TOMYJISIINS ITYelT (XPOMOCOM);

2° OrmpaBka maen-uccienopareneii. OnpeaeneHne MecTopacIoo-
KEHHS UCTOYHMKOB HeKTapa. J[JIst KayKa0H muesnbl ciaydaifHbIM 00pa3oM
3aJaeTcs HayajabHasl O3ULUS;

3° Ouenka LI® muen B momynsauuu. BeiOop mcTouHMKA HEKTapa
MTYEII0oN-UCClieIOBAaTeNIeM C OIMpPEJIEIIEHHOW BEPOATHOCTHIO, B 3aBHCH-
MOCTH OT €ro KadecTBa. [[ns KaKI0M MH4Yelbl ONpelesseTcs Jy4dIIni
(37MTHBIN) y4acTOK, ¥ 3HAYCHHE 1IeJeBON (DYHKIIMM Ha 3TOM YYacTKe.
YyacTku, Ha KOTOpbIX 3HaueHus LD Oosbine, oTOMparoTCs AJis TOMCKa
pELIEHUN B UX OKPECTHOCTSX;

4° Be16op nuen ¢ rydmuMy 3HaueHusiMu LD ¢ Kaskj0ro HCTOYHMKA,;

5° Ecnu penieHre Ha UCCIeIyeMOM Yy4acTKe He yIIydlaeTcs ¢ Teue-
HHEM HECKOJIbKUX UTepalui, mepexos K .6, nHaue 1.3;

6° OrtmpaBka MYEI-pa3BEIUNKOB, OCYIIECTBIISIOIIUX CIyYalHbIN
MOUCK, U olleHka ux 1{d;

7° ®opmMupoBaHKE HOBOU MOIMYIISIIUU MTYET, B COCTaB KOTOPOi Oy-
YT BXOJUTH KaK ITYEJIbI C JIyIIIMMH 3HaueHUusIMU LD ¢ 3nuTHBIX ydacT-
KOB, TaK W MYEJbI CO CIyyalHbIMU 3HaUeHusiMu 1 D;

8°IIpoBepka ycinoBuit OKOHYaHUs anropuTMa. Eciii oHM BBITOTHS-
FOTCSI, TIepeXo/ K 1. 9, mHaue 1. 2;

9° Koner paboThI ajJropuTma.

Takum 00pa3zoMm, KIIFOYEBOH OMepalueil airopuTMa maei siBJsieTcst
COBMECTHOE HCCII/IOBAHNE MEPCIIEKTUBHBIX 00JacCTeil M UX OKPECTHO-
creil. OTAMYUTENbHON OCOOEHHOCTBIO aJrOpUTMa SIBJSIETCS CIOCO0-
HOCTh TMHAMUYECKH pa30MBaTh MOMCKOBOE IIPOCTPAHCTBO Ha 00JacTH,
YTO YMEHbILIAET BpeMs paboThl anroputMma. JlaHHBIM anropuT™ HILTIO-
CTPUpYET CTpaTeruto noucka «Paznensii u BnacTByil». I maBHBIM mpe-
UMYIIECTBOM SBIISICTCA TOT (aKT, YTO PE3KO CHHIYKAETCS] BEPOATHOCTD
MOMAJaHus B JIOKAJIbHBI ONTHMYM, a 32 CUET paclapauleIUBaHUs
YMEHBIIAETCS BPEMSI.

[Tyenuuerit anroput™, B oTinune oT I'A, UMeeT JUIlb OJUH orepa-
TOP U JIETKO pacupeiensieTcsl Ha HECKOIBbKO MapajuIeIbHbBIX MPOLECCOB,
3a CYET 4ero 3HAYUTEIbHO YBEITUUUTCS €r0 CKOPOCTD.
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OTMeTHM, 9TO MYEIUHBIN aJTOPUTM OCHOBBIBAETCS Ha COLMAIEHOM
MOBEJICHUH PO, @ TCHETHYECKHI aITOPUTM HMHUTHPYET MPOIECC IBO-
JOIUU ¥ 0TOOpA. 3a CYET ITOT0 €CTh BO3MOYKHOCTH KOMOUHUPOBAHUS
3THX METOJIOB.

3akjaroueHue

OTIMYUTENBHON 0COOCHHOCTBIO ATHX AITOPUTMOB SIBIISIETCS TO, YTO
Ha UX OCHOBE MOKHO CO37aBaTb MHOTOYPOBHEBbIC, KOMOMHUPOBAHHbIE
U THOpHIIHBIC apXUTEKTYPhl MOMCKA. DTO TO3BOJSET pacrhapaiienu-
BaTh IPOLIECC IIOUCKA, I10JIy4aTh ONTUMAaJIbHbIE U KBAa3HONTHMAJIbHbIE
pe3yIbTaThl 32 MOJIMHOMHAIBLHOE BPEMsI M YACTUYHO YCTPAHUTH MIPEK-
JEBPEMEHHYIO CXOJUMOCTh ITOPUTMOB. Pazpaborana mporpammHas
cpena. [IpoBeneH BBIUMCIUTENBHBINA 3KCIIEpUMEHT. [IpoBeneHHbIe ce-
PUM TECTOB M 3KCIEPUMEHTOB MO3BOJWIN YTOUHHUTH TEOPETHUECKHUE
OLICHKA BPEMEHHOH CII0)KHOCTH aJTOPUTMOB KOHCTPYKTOPCKOTO TPO-
EKTUPOBaHUsI U UX MOBEAECHUE ISl CXEM Pa3IMUHON CTPYKTYphl. B nyu-
LIeM CIIy4ae BpeMEHHasl CJI0KHOCTh anroputmos ~O(nlogn), B Xyauiem
ciydae — O(n2).
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OxHBI penepanbHbIii YHUBEPCUTET

B pabore paccmaTpmBaeTcs 3a7ada pa3MENICHHS SJIEMEHTOB CXEM JJIeK-
TPOHHO-BEIYHCIUTEILHON ammapatypsl (OBA) Ha KOMMYTAI[HOHHOM TIOJIE.
JlaHHas 3agaya OTHOCHUTCS K 3aladaM KOHCTPYKTOPCKOI'O ATaIa IPOEKTU-
poBanus OBA u sBnserca NP-nonHoit 3amadeii. B cratbe mpemnaraercs
HOJXOJ K PELICHUIO IIOCTABJICHHOM 3alaul Ha OCHOBE MHTETPALlMU IeHe-
TUYECKHUX AJITOPUTMOB IIOMCKA U HEUETKUX MOJEIIEH yIpaBIeHus napame-
TpaMu ajroput™a. JlaHo onucaHue CTPYKTYpbl UCIIOJIb3yEMOTO HEYETKOIO
JIOTMYECKOro KoHTposuiepa. IIpuBeeHo KpaTKoe OnMcaHue IporpaMMBbl U
Pe3yIbTAaTOB €¢ TECTHPOBAHMUS, MOATBEPIKAAIONINX d(PPEKTHBHOCTH TPE-
JIOKEHHOT'O METO/a.

BBenenne

[IpoextupoBanne CBUC mnpexacraBiisier co00W MHOTOYpPOBHEBBII
IIpoLecc, Iae Ha KaKJOM YPOBHE UCIIOJIb3YETCsl CBOE MaTeMaTHUECKOEe
U mporpamMMHoe obecnederrne. OIHUM M3 Ba)KHBIX ITAIOB MpoIecca
npoektupoBannsg CBUC sBnsercs sTan KOHCTPYKTOPCKOTO MPOEKTH-
poBaHus. 3azaul KOHCTPYKTOPCKOI'O IIPOEKTUPOBAHUs, KaK IPaBUIIO,
XapakTepU3yIOTCsl OOJIBIION BEIUYMCIUTEIBHON CII0KHOCTBIO, 00YCIIOB-
JICHHOH HEOoOXOAMMOCTBIO Tepedopa OTrpOMHOI0 YHWCHA Pa3IHYHBIX
BapHaHTOB peleHuid. [Ipruem i nmony4eHus: TOUHOro pelieHus Tpe-
OyeTcst BBIIOIHUTD HOJIHBIN 1epedop, YTO HE MPEICTABIAETCS BO3MOXK-
HbIM. K 4nciy 3a71a4 KOHCTPYKTOPCKOTO 3Tara OTHOCSTCS 3a/1a4u pas-
OueHus1, pa3MenieHus1, TpaccupoBku u ap. [Hopenkos, 2006].

OpHUM 13 HaNpaBJIeHUH MOBBIIEHUS YPPEKTUBHOCTH PELICHUS 3a-
Jlad aBTOMAaTHU3MPOBAHHOIO MPOEKTUPOBAHMS CIIOKHBIX TEXHUYECKUX
cucreM, B ToM uucie CBUC, cogepxamiux MUJIMOHBI KOMIIOHEHTOB,
SIBJISIFOTCSI 9BOJTIOLIMOHHBIE U TEHETHYECKUE AJITOPUTMBI, IPYTHE HHCIIH-
pHUpOBaHHbIE PUPOAO0H MeTo bl 1 Toaxoab! [Cohoon et al., 2003].
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HoBeiM 3Tanom pa3Butusi TEOpUM M€HETUYECKUX AJITOPUTMOB CTa-
i ruOpunHbie cructeMbl. OHM OCHOBAaHBI Ha COBMEIICHUHU Pa3IHMYHBIX
Hay4YHBIX HalpaBJICHUH, HAPUMEP, TAKMX KaK T€HETUYECKHE aJlrOPUT-
MbI, HEYETKHE CUCTEMbl U HeWpoHHbIE ceTH. CyIIecTBYIOT pa3inyHbIe
crocoObl THOPUAN3ALUH ITUX TpeX Noax0a0B. OIUH U3 HUX — HEeueT-
KHe reHetnueckue anroputmsl [Herrera et al., 2003], B KOTOpBIX METO-
JIbl HEYETKOH MaTeMAaTUKU MCIIOJB3YIOTCS AJIl HACTPOMKH IapaMeTpPOB
I'A. Taxxe nCTONb3yIOT HEYETKUE OTIEPaTOPhl K HEUETKHE MpaBuiIa JIIs
CO3/1aHUsI TCHETUUECKUX OIEPATOPOB C PA3IMYHBIMU CBOWCTBAMU; CH-
CTEMBI HEYETKOT'O JIOTUYECKOTO KOHTPOJIA nmapameTpoB I'A B cooTBeT-
CTBHUM C TPUHATHIMH KPUTEPUSIMH;, HEUETKHE KPUTEPHUH OCTAHOBKH
rpoliecca reHeTUYEeCKoro Mmoucka. MaTeMaTH4eCcKHil anmapar Teopuu
HEYETKUX CHUCTEM MCIIOJB3YEeTCs B JAHHOM Cilydae AJisi KOAWPOBaHUS,
nos0opa ONTUMAIBHBIX MapaMeTPOB FeHETUYECKUX aIrOPUTMOB, 3Ha-
YEHUI BEPOSTHOCTH TEHETHYECKHX OMNEepaTopoB, BHIOOpA (YHKIUH
MPUTOAHOCTU U KPUTEPHUS OCTAHOBA, CO3JAHMS HEUYETKUX T€HETUYECKUX
OIIEpaTOPOB.

1. ITocTanoBKA 3aga4uu

HcxonHo#t nHpoOpMaIe Ipy pelieHny 3a1a4 pa3MeIleHHs sSBIIs-
IOTCSI: TaHHBIE O KOH(UTYypalyy 1 pazMepax KOMMYTAIIHOHHOTO IIPO-
CTpPaHCTBa, OINpelelsieMble TPEOOBAHUSIMHU YCTAaHOBKUA W KpPEIUICHHS
JTaHHOW COOPOYHON €AMHUIIBI B almaparype; KOJIU4eCTBO U Te€OMETpH-
YecKHe pa3Mepbl KOHCTPYKTHUBHBIX 3JIEMEHTOB, MOJUICKAIIUX pazMe-
[IEHUIO; CXeMa COEAMHEHMH, a TaK)Ke OrpaHWYCHUS Ha B3aUMHOE pac-
MOJI0’KEHUE OTAEIbHBIX IEMEHTOB, YUUTBIBAIOIINE OCOOEHHOCTH pa3-
pabatbiBaeMoii koHCTpyKIMK [Shervani, 1995]. 3amaua cBogurcs K
OTBICKAHHIO JUI KaXXJIO0TO Pa3MENIaeMOoro SJeMEHTa TaKUX TMO3WIUH,
IpU KOTOPBIX ONTHMHU3UPYETCS BBIOPAHHBIN IOKa3aTeslb KadecTBa H
obecriednBaroTcs Haubojee OlaronpusITHBIE yCIOBUS AJIS MOCIEAYIO-
IIETr0 3JIEKTPHYECKOT0 MOHTAXKA.

K uucny kpurepueB, KOTOpbIe MOTYT MCIIOIB30BATHCS ISl OIICHKU
Ka4ecTBa pa3MELICHHUs, MOKHO OTHECTH CIIEAYIOMINE KPUTSPHH:

1) cymmapHasi B3BellIeHHAs JJTHHA COSIMHCHUH;

2) nuHA caMOM IITUHHOM CBSI3M;

3) uKcno COeMHEHUH, ITMHA KOTOPBIX OOJIbIIe 3aJaHHOM;

4) yKcio 3ruboB COCAMHECHUN;

5) 4MCI0 COeTMHEHUI MEXKTY dJIEMEHTaMH, HaXOJISIIIMMHUCS B COCE/I-
HUX TO3UIHAX OO0 B MO3UIMSX, YKA3aHHBIX pa3padOTInKOM;
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6) TIoImwaab KpUcTaa.

Haubonbiiee pacnpocTpaneHue B aJropuTMax pa3MelieHHus Moiy-
YUJI TIEPBBIA KPUTEPUH, YTO OOBSICHAETCS CIEIYIOUMMU MPUIMHAMHU:
YMEHbILIEHUE JJIMHBI CBSI3€H MO3BOJSET YIYUIIUTh 3JIEKTPUUECKHUE Xa-
PaKTEPUCTHKH CXEMBI, YIIPOIIAET MPOIIECC NOCIEIYIOIIEH TPACCUPOBKHY;
KpOME TOr'0, OH CPAaBHUTEIBHO MPOCT B peanuzanuu [ magkos, 2011].

Mopenb ONTUMHU3ALUOHHON 33a4l MOKET OBITh OMHMCaHA KOPTE-
JKeM JUTHHBI 3 cieayromero Buaa: <X, D, Q>, rae X — MHOXkecTBO (ITpo-
CTPAHCTBO) peIIeHH (XpOMOCOM) ISl TaHHOW 3a1aun, D — orpannye-
HUSl, HAKJ1a/IbIBa€Mble HA MHOKECTBO X, JJIS1 BBIICTICHHUS JTOIYCTUMBIX
pemenuii u Q — uenesas ¢pynknus (LLD), ¢ momonbi0 KOTOPOt MOXK-
HO ONpPEeAETINTh HamlyuIlee (onTuMaibHoe) pemenue [[mankos u np.,
2010a].

[TycTh TaHO MHOKECTBO 2JIEMEHTOB E={e,| i=1, ...,n} ¥ MHOXECTBO
P={p,| i=1, ...,c} — MHOXECTBO MO3UIII HA KOMMYTAI[HOHHOM IIOJIC.
JInst pa3MeIeHus BceX 3JeMEHTOB HEOOXOIMMO BBIITOJTHEHUE YCIOBHS
¢ 2 n. [IponsBonbHOE pa3MelIeHIE 3IEMEHTOB B TIO3UIIMSAX IIPECTABIIS-
et coboii nepecranosky P=P,,....P,, ..., P, rae P, —HOMep no3uuuy,
B KOTOPYIO Ha3HAUeH 3JIEMEHT e,. B 3aBHCUMOCTH OT BEIOPaHHOTO KpH-
TepHs U OILICHKH PE3yJIbTAaTOB Pa3MEICHHs BBOJUTCS 1ieneBas (GpyHK-
st F(P). Takum oOpa3om, 3a1ada pa3MeIeHus] COCTOUT B OTBHICKAHUH
ONITUMAJIBHOTO 3HaUeHMs QPyHKInU F Ha MHOKECTBE IepecTaHOBOK P.

2. OnucaHue reHeTHYECKOro ajgaropurma

Jns pemieHus 3ajaud pa3MelleHus: OyJeT HCIOJIb30BaH IMPOCTOM
reHeTHdyeckuil anroput™m. HawanmpHas momymsuust OyaeT 3amaBaThes
METOJI0M APOOOBHKA, OyIET UCIOIB30BAHA CEJICKLINS METOAOM PYJIETKH,
u OyqyT MPHUMEHSTHCS OJIHOTOYEYHBIH ONepaTrop KPOCCHHTOBEpa H
JBYXTOUEUHBIN oniepatop mytanuu [['magkos u ap., 2010a], [Kypenunk,
2009].

MHOXeCTBO MO3UIUI MPEICTABUM B BUJIC PETYJISIPHONU CTPYKTYPBI
(pewemxu). Kaxnas mo3umus p, UMeeT KOOPAWHATHL X, ;. llepBas
no3uLys uMmeeT KkoopauHatsl (1; 1). YcraHOBUM B3aMMHO-0IHO3HAUYHOE
COOTBETCTBHE MEXy MHOKECTBOM MOPSIKOBBIX HOMEPOB MO3UIUHN U
MHO>KECTBOM KoopAMHAT. C 3TOH 1IeNbI0 yIOPSIOUUM U IIPOHYMEpPYEM
MO3WLIMN IO BO3pacTaHuIo mapamerpa W, = x; + y,. Tak kak mo3unuu,
pacmooKEeHHbIE Ha OJIHOM JIMaroHajiu B PELIETKE, UMEIOT OJHO M TO
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’Ke 3HaueHue W, To B mpenenax IuaroHajld OHU YHOPSAOYHMBAIOTCS U
HyMepYIOTCs 110 yObIBaHMIO 3HaUeHHsI apamerpa Q; =X; — V.

Kaxnoe penienne R, peICTaBIsIeTCs B BUJE TOMOJIOTHYHON XpOMO-
comsbl H,. TIopsinKOBBINT HOMEpP IeHa B XPOMOCOME COOTBETCTBYET I10-
PSAKOBOMY HOMEPY TO3MIMK Ha KOMMYTAIIMOHHOM ToJie. 3HaueHue
reHa COOTBETCTBYET HOMEPY JIEMEHTA, KOTOPBIN pa3MeEIlIeH B MO3UIINY,
COOTBETCTBYIOLIEH OPSAKOBOMY HOMEDPY TeHa. YHCIIO TEHOB B XPOMO-
come paBHO n. Eciu ¢akTudeckoe YMCiIo pa3MeniaeMbIX SJIEMEHTOB
MEHbIIIE YKcia MO3UINHN, TO BBOISTCS «ITyCThIE JJIEMEHTH (HE UMEIO-
IIMe CBsA3EH) Tak, 9TOOBI 00IIee YMCIIO0 JIEMEHTOB OBUIO PABHO YHCITY
THO3UIINH.

[Ipu peanuzanuu NpuIIoKeHUs: OYAyT HCIIOJIL30BATHCS pa3HOrada-
PHUTHBIC DJIEMEHTHI, MMEIOIINE TPSMOYTOJIbHYIO (OPMY, MOCKOIBKY
9JIEMEHT 000N reoMeTpuueckoi (JOpMbI MOKET OBITH OMUCAH Mps-
MOYTOJILHUKOM.

Kaxp1ii ameMeHT umeet 6a30Byr0 Touky O° 1 6a30Bbie OCH KOOPIH-
Hat 0°%X5, O%Y?, OTHOCHTEIBHO KOTOPBIX 33/1a€TCSI KOHTYPHOE OIHCa-
HHE JJIEMEHTA ;. byieM cunTarh, 4TO 3JIeMEHT @; Ha3HA4YeH B TO3UIIHIO
P;» eci ero 6asopas Touka O cOBMEIEHa ¢ TOYKO KOMMYTallHOHHOTO
TI0JIs1, UMEIOLIEH KOOPIMHATHI (X, V).

Hampumep, xpomocoma

<456923817>
3amaer cienyromniee pazmenienne (puc. 1). Touku nmepeceueHus myHK-

TUPHBIX JUHUM COOTBETCTBYIOT MOCAJOYHBIM MO3MUIMAM Ha KOMMYTa-
IUOHHOM IIOJIE.

Puc. 1. IIpumep pa3zmenieHus
9JIEMEHTOB Ha IIOCKOCTH
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g co3nanusl HauaNbHOM MOMYJISIIMM MCIOIB3YETCS METOH, «APO-
0oBuka». OH moApazyMeBaeT CIy4yaiHbIi BRIOOp albTEPHATUB U3 BCEH
o0nacTtu perieHnit nanHoi 3ajnauu [ magkos u ap., 2010a].

IIpn pacuere 3Hauenuit LId paccumThIBaeTcsd cymMmapHas UIMHA
CBsI3eH MEX]ly TOYKAMH, SIBISIOIIMMUCS HEHTPAMH TSXKECTH OIHCHI-
BaIOIIUX MPSIMOYTOJHHUKOB (TIEpeceueHue TuaroHanei).

n_ n-i

F:ZZkM/( X+ (112) = (x,+ (12 +(y, + (B 12) = (v, +(h;12))),

i=0 j=0

TJIE X,, X;, V;» ¥; — KOOPJIMHATBI MO3MIUK HA KOMMYTAIIMOHHOM IIOJIE, B
KOTOPBIX pa3MEeIICHbI AIIEMEHTHI i 1 J;

Iy, L, h, h; — rabapuTbl SJIEMEHTOB i W j OTHOCHTENLHO 0a30BOM
TOYKH;

k;; — KONMYECTBO CBA3EN MEXKy apOM DIEMEHTOB I U j;

n — 00IIIee YUCIIO0 SJIEMEHTOB.

Havano

BBog
[ZaHHbIX

leHepauus
HavansHou
nonynsALun

Kputepuit octaHoBa
[OCTUATHYT?

BbiBOA Nnywero
peLueHns

HeuveTkuin
TOFNYeCKUin
KOHTPOSIEP

A

eHeTnyeckne
onepaTtopbl

I'Ioncqu 3Ha4YeHnA

Lo

Puc. 2. CprKTypHaﬂ CcXeMa IrCHETUYCCKOI0 aJIrOpUTMa pa3MCIICHUA

ITocne pacuera I® Kk momyssiquu peMICHUN TPUMEHSIOTCS TEHETH-
yeckue oneparopsl. Ilepedncianm 3tu oneparopsl. CesleKIus Ha OCHOBE
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«PYJIETKW» — 3TO MPOCTOH M IIHPOKO MCIONIB3yeMbIil MeToA. [Ipu ero
peanu3anuu KakJJoMy 3JIEMEHTY B MOIYJISAIIMA COOTBETCTBYET 30HA Ha
KOJIECE PYJIETKHU, NpornopuuoHaibHas senmunHae L{D. Torna npu noso-
poTe KoJjieca pyJIeTKH 31eMEHT ¢ OonbinM 3HaueHneM LD umeer Oosb-
LIYI0 BEPOSITHOCTS JUIsl BeIOOpa. Takke NCHoIb3yI0TCs YIOPSA0YCHHBIN
oIepaTop KpPOCCUHIOBEpa, ONEpPaTOp MHOTOTOYEUHOW MyTalMH, LpU
KOTOPOM YHCJIO TOYEK pa3pesa MPONOPLUUOHATIBHO JJIMHE XPOMOCOMBI
[[manxoB u ap., 2010a].

Takxum 00pa3oM, C y4eTOM UCTIOIB30BaHUs 0JIOKA HEYETKOTO JIOTH-
yeckoro koHtposuiepa (HJIK) crpykrypHyto cxemy TI€HEeTHYecKOro
ITOPUTMA pa3MEICHUs] MOXKHO NPEJCTaBUTh CIEIYIOIUM 00pa3oM

(puc. 2).

3. buiok ynpaBJ/ieHHs] IapaMeTPaMu AJITOPUTMA

Paccmotrpum Bipartiie paboTy 0JIoKa yrpaBJICHUs TapaMeTpaMu Te-
HETHYECKOTO aNropuT™Ma (HEYETKOTO JIOTHMYECKOro KoHTposiepa). OH
COCTOHWT U3 CJIEAYIOUINX OJIIOKOB.

ba3a npaBuu1. 3HaHMSA, UCTIONB3yEeMBbIE TSI KOPPEKTHOTO (PYHKITHO-
HUPOBAHUS MOJYJISl HEYETKOTO YIPABIICHNUS, 3aIMCHIBAIOTCS B BUJIC HE-
YeTKUX npaBui Tuna [SApymxuna, 2004]:

R TF(x, at0 A,* AND ... AND x, 510 4,)) THEN(y 310 B¥).

MOo’KHO Tak>Ke MPEeCTaBUTh 3TH 3HAHUS B BH/I€ HEUETKUX MHOYKECTB
¢ QpyHKIMEH MPUHAIIC)KHOCTH, 33/IaHHON BBIPAXKCHUEM:

Hopth) (xry):MAk%Bk (x,»).

Baok BeiBoaa. KonkperHas hopma QyHKIIUH IPUHAIIICKHOCTH HE-
YETKOTO MHOXKECTBA 3aBUCUT OT MPUMEHsIeMOl T-HOPMBI, onipeIeIeHus
HEYETKON MMIUIMKAIIMKA U OT Crloco0a 3aJaHusl IeKapToBa Mpou3Beie-
HUSI HEYETKUX MHOKECTB.

Baok ¢azzupuxanun. 3Havenunto BxoaHoro mnapamerpa HJIK
x=(X,X,,...X,)" € X B pe3synbrare onepauun pazzupuKayu cTa-
BHUTCS B COOTBETCTBHE HEYETKOE MHOXKECTBO A' € X = X, x X, x...x X, .

Baok nedaszzudurkanuu. Pemaercs 3agaya oToOpakeHus: HEUeT-

k
KMX MHOkeCTB B" (b0 HeueTKoro MHOKeCTBa B') B eIMHCTBEHHOE
3HaYeHHe ) € Y, KoTopoe MpecTaBisieT cOO0H yIpaBIIsioIIee BO3aeH-
CTBHE, BO3JIcHicTBYyIolee Ha 00bekThl yrpasinenust HIIK. B anroputme
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MpUMEHSeTCST MeTOoA Neda33uuKanui 1Mo cperHeMy LeHTpy (center
average defuzzification) [Spymkuna u np., 2007].

3aBepLIaONINii ITAIl B MpOLEcce MPOSKTUPOBAHUS MOAYJIS HEueT-
KOTO YIpaBJICHHUS — 3TO ONpeseieHrue (pOpMbI MPeCTAaBICHUS HEYeT-
kux MHOXecTB AY, i=1, ..., n; k=1, ..., N. Hanpumep, GyHKIUs npu-
HaJUIeKHOCTU —

X; =X
M (0) = exp(—(-—")?),
i O;
IJIe mapamerp )_cl.k —9TO LEHTP, a 6 — muprHA PYHKIIMHA TPHUHAIICIKHO-
ctu (Gynkuuu ["aycca). v mapaMeTpbl MOTYT U3MEHSTHCS B IIPOLIECCE
00yueHHUsI, YTO MO3BOJISIET U3MEHSTH MOJIOKEHUE M CTPYKTYpY HeueT-
KHX MHOXECTB.

J1114 noBBIIIEHNST KaYeCTBA PE3yIbTaTOB TEHETUYECKOIO MTOUCKA Pe-
aeTcs 3a/1a4a BKIIOYCHHUS B KOHTYP 3BOJIOIMH SKCTIEpTHON HH(OpMa-
un mytem noctpoenust HJIK, perynupyromero 3Ha4eHus mapaMeTpoB
MpoLecca IBOJIOLMU HA OCHOBE 3KCIIEPTHBIX 3HAHUH.

B kadecTBe BXO/IHBIX MapaMeTPOB HCIIOJIb3YETCS CpeTHEE U TydIlee

3HaueHue LD.
€1(t) _ fave(t)_fbest(t) , 62(1) _ fgve(t)_fave(t_l) ,
Save () Soest ()

rJie ¢ — HOMep TeKyluel urepanuu; f, (1) — aydinee 3HaueHue [P Ha
urepamui t; £, (1) u f,,(t — 1) — cpennee 3nauenue 11D Ha urepanuu ¢ u
(t— 1) coorBercTBenHo [[MaakoB u ap., 2010b].

Ha ocHOBaHWM OIICHKH JUHAMHUKH 3HAYCHHH €, U e, U3MEHSIOTCS
3HAYCHHSI BEPOSATHOCTEH BBIMIOJIHEHHUS OMEPAaTOPOB KPOCCHHIOBEpa H
MyTaIuu

Pc(t) = Pc(t— 1) + APc(t),
Pm(t) = Pm(t— 1) + APm(¥).

4. [IporpamMHas peaju3auus ajJaropurma

Jis paspaboTku mpuiiokeHusi Obiia BbIOpaHa cpena Microsoft
Visual Studio 2010. bt pazpadotan npoctoit uHTEpdEiic mporpamMmmel,
0TOOpaKaOIIMH OCHOBHBIC JIAHHBIC, KOTOPbIE HEOOXOIUMO BBIBOJIUTH
B TIPOLIECCE BBIMOJIHEHUS MPOrPaMMbl. ITO rpadukK, Ha KOTOPOM OTO-
Opaxaercs cpeaHee 1 MUHUMaIbHOe 3HaueHue LD, a Taxke TekcToBoe
MoJjie, B KOTOPOE BBHIBOIMIMCH PA3IMUHbBIC TAHHBIC B MPOIIECCE OTIIAIKH
TPUIIOKCHUSL.
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Puc. 3. OxHO nporpamMmbI

Jns cpaBHeHHST 3(PPEKTHBHOCTH HMCCIEIOBAINCH TECTOBBIC 3aja-
4y, perraeMbie ¢ ucrnonb3oBanneM HJIK u 6e3 nero. U3 puc. 4 (a u 6)
BUJIHO, YTO 3(p(PEeKTUBHOCTH aArOpUTMa C KOHTPOJUIEPOM 3HAUYUTEIHHO
BBIIIE, YeM (P PEKTHBHOCTh aroputMa 0e3 Hero. D(H(HeKTHBHOCTD HC-
MOJIb30BaHMsI KOHTPOJIEpa MOBBIIIAETCS Mocie BBeAeHUs Onoka o0y-
YEeHHs] Ha OCHOBE MOJEJIM MCKYCCTBEHHOW HEHPOHHON ceTu. 3HaYeHUs
napaMeTpoB Kod(duireHToB (x/, 6, u y*), ucnonp3yemsix mpu padore
NHC, 3apatorcs ciydaifHO Wil Ha OCHOBE HalpaBJICHHOTO HOUCKa (JUIs
3TOTO MOKHO HCIIONI30BATh T€HETUUECKUI aITrOPUTM).
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Puc. 4. DddextrBHOCTL pabOTHI ajropurma 6e3 UCIoIb30BaHus (a)
u ¢ ucrnoap3oBannem HJIK

Buaronapuocru. Pabota BeinonHeHa npu GpuHaHCOBOM nojyiepxke PODOU
(mpoext Ne 14-07-00829).
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YJIK 004.89+004.021

HUCITIOJIb30BAHUE CAMOAJJAIITALIUU PASMEPA
HnonyJsAluuu BreHETHYECKUX AJITOPUTMAX
MHOTI'OKPUTEPHUAJBHOM ONITUMU3 AN

I1.B. KazakoB (pvk_mail@list.ru)
BpsHckuit Tocy1apCcTBEHHBIN TEXHUUECKUN YHUBEPCUTET, bpsiHCK

B paboTe ommMCHIBacTCS OPUTHHAIBHEIN CIIOCOO TOBBIMICHHUS (P ()EKTHB-
HOCTM TEHETHYCCKMX alTOPUTMOB MHOTOKPHUTEPHATBHON ONTHMH3a-
IIIM MOCPEJCTBOM JMHAMHYECKOTO YIPABICHHS Pa3sMEpPOM IIOITYJIAIHH.
[Mpemmaraemsrif ciocod MpeacTaBIsIeT COO0H MOIMGHKAIIMIO [UIS JTIOOBIX
HBOJIFOIIMOHHBIX METO0B MHOTOKPHTEPHAIBHOHW onTuMusanun. Ero ad-
(EKTHBHOCTH HCCIIEJOBaHA IIPH PEIICHUH HaOOopa TECTOBBIX 3a7aY MHOTO-
KPHUTEPHATLHON ONTUMU3AINH PA3HOH CI0XKHOCTH.

BBenenue

Jis1t 1000T0 BOJFOIIMOHHOTO AJITOPUTMA Pa3Mep TOMYJISIINAY SBIIS-
eTCsl OJTHMM W3 TIaBHBIX TapamerpoB. OT ero 3HaueHUs 3aBUCUT Kak
CKOPOCTb, TaK ¥ TOYHOCTH ITOUCKA: HEJOCTATOYHBINA pa3Mep MO IISIIUH
OrpaHMYMBaET 00BEM UCCIICTYEMOr0 MPOCTPAHCTBA MMOUCKA, IPUBOIUT
K OBICTPOMY CXOXKJICHHIO JITOPUTMA TOJIBKO K JIOKATBHO OTNITUMATbHBIM
pELICHUSIM; CITUIIKOM OOJBIION — 3aMeIsieT OUCK, CHI)KAeT pa3Ho-
oOpasue nomyJsanuu ¥ 3GdeKT ot ornepaTopa oToopa. Beibop pazmepa
TIOTTYJISIIIAY SIBJISIETCSI OCOOCHHO BXKHBIM B pa0OTE FreHETUYECKHX allro-
PUTMOB MHOTOKpUTepHranbHoi ontuMuszaunu (MI'A) [Deb et al., 2009],
TaK KaK OnpeessieT pe3yIbTUPYIOIee MHOKECTBO U YHCIIO HAMICHHBIX
ONITUMATBHBIX penieHuit. D dekTuBHOE ypaBiIcHUEe MOMYISIHEH TO01-
pasyMmeBaeT coxpaHeHHe OayaHca MEXIy YK€ HalICHHBIMH XPOMOCO-
MaMH, KOJUPYIOIIUMH ONTHMAJIbHBIC PEIICHHUS, U XPOMOCOMaMHU, TIPE/I-
MOJIAraloNUMK WX JIAIbHEHIIIee U3MEHEHHE ISl TIPOJIOJIKCHHS UCCIIe-
JOBaHHS TIOMCKOBOTO TMPOCTpaHcTBa. [Ipy 3TOM B COCTaBe MOIMYIISAIIUH
JIOJDKHO TIOJJICPKUBAThCS pa3HOOOpa3ue B TEYCHHE BCEro Mpoliecca
ontuMu3anuu. OYEeBHIHO, YTO Pa3HbIC yYaCTKH MPOCTPAHCTBA TOWC-
Ka UMEIOT OTJIMYAIOIIHECS 110 CJIOKHOCTH TOTIOJIOTUH, TPEOYIOMINE JUIst
MX MCCIICJIOBAHUS PA3IMYHOE YUCIO XpoMmocoM. OHAKO TpaaHIIuOH-
HOe Hcroyib3oBanue B MI'A ¢pukcupoBaHHOTO pazMepa MOmyJsIid He
MO3BOJISIET U3MEHATH IUIOTHOCTh PACIpeeNIeHNus] XPOMOCOM IO TTOHC-
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KOBOMY IIPOCTPAHCTBY 0e3 HapyleHHs UX OajaHca B MOIMYJIALNU U CO-
XpaHeHHs ee pa3HooOpasus. JJaHHOe orpaHnYeHne MOXKET OBITh CHSTO
npu ucnoib3oBaHuM B MI'A n3MeHsieMoro (camoafanTHPYIOLIErocs)
pazMepa MOMyJSUN B 3aBUCUMOCTH OT XapakTepa IMOUCKA U CBOMCTB
yKe HaliieHHbIX pemeHui. Takas Moandukanys No3BOIUT PACIIUPUTh
(GYHKIMOHAIBHBIE BO3MOYKHOCTH T€HETHYECKOT0 aJITOPUTMA U CHU3UTh
BEPOSITHOCTB €r0 CXOXKACHUS K JIOKATBHO-ONTUMAIbHBIM PEIICHHSM.

1. Mojaeb TMHAMHYECKOT0 H3MEHEHHUsI
pasMepa nmomyJisinun

Mopnenbs JUHaAMHUYECKOTO W3MEHeHHs pasmepa mnonyisiiun (Self-
Adaptive Population Size — SAPS) ucnosnb3yer KOHICHIUIO XpO-
MOCOMBI, HMMCIOIIEH BO3pacT W (UKCUPOBAHHOE BPEMs IKH3HH
[Michalewicz, 1996], [['magkoB u ap., 2002]. Bo3pact XpoMOCOMEI c,
age(c;,t) i=1,...,n,(t), TO€ n,(r)— pa3Mep NOMYJIALUU B [IOKOJICHUH £, CO-
BITAJ[A€T C YUCIIOM MOKOJICHUH, KOTOPBIE OCTAIOTCS B MOMYJISIMHA U 3a-
BHCSAT TOJILKO OT 3HAUEHUS TPUTOTHOCTH XpoMOocoMbl. B SAPS B siBHOM
BHUJIC HE UCTIOJIB3YETCs oreparop oTdopa, 4To MO3BOJISIET COOTBETCTBY-
IOIUM XpOoMOocoMaM OOJIbIIIee YUCIIO MOKOJICHUH OCTaBaThCs B TOITY-
nsiun. C OJJHOM CTOPOHBI, 3TO MPUBOJUT K U3MEHECHHUIO YUCICHHOCTH
MOMYJISALUU, B YACTHOCTH, €€ POCTY, C JIPYrol — K COXpAaHEHUIO B HEM
MHOkecTBa [lapero-onTumanbsHbIX pemrenuii [Horun, 2004], [Co6ob
u 1p., 2006]. s pa3MerieHus mojry9aeMbIX B pe3yIbTaTe HOBBIX XPO-
MOCOM Ha Ka)X/IOM MOKOJICHHHU ¢ MPOU3BOJUTCS YBEIMUCHHE pa3Mepa
HOMYJISALUN HA BEJIUUUHY 1}, (1) = np (1)-p, vae p € (0,1] — ko3 pdunmeHt
pernpoaykiuu. KpoMe TekyIero Bo3pacra ¢ KaKJI0i XpOMOCOMOM CBSI-
3pIBaeTcs mapameTp Bpemenu sxu3nu (LifeTime) LT (¢, ,1),i=1,...,n, (7).
Ero 3naveHue orpaHUYMBAET YMCIIO TIOKOJICHUN CYIICCTBOBAHUS XPO-
MocoMmbl. B mogenu SAPS 3uauenue LT (¢, ,t),i=1,...,n, (f) BBIYHCIIS-
eTcsl KKIBIH pa3 Mocie ONEHKH MPUTOJAHOCTH XPOMOCOMBI, JUIS Yero
MIOJTYYEHBI CIIEIYIONTNE 3aBUCUMOCTH V¢;,i=1,...,n,(t) :

(e =1 (¢ )min

feid ymax _ ¢ (¢t )min

LT (¢c; ,t) = age(c, ,t)+round( ), eciu rank (¢; t)=1;

. 1
—Hmaxmznk GEY); +(rank (¢; ,t-1)-rank (c; ,[)). (1)

F(ei =1 (¢j ¢ ymin

f (i )MaX —f (¢ )min

LT (c; ,t)=

, UHAue.
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3neck rank(c; ,t),i =1,...np (t) — panr IlapeTo XpoMOCOMBI B MOKO-
JeHuu f. Y HEJOMHUHHUPYEMBIX XpPOMOCOM paHr paBeH |. 3HaueHue
f ¢, ),i=1,...,np (¢) OOpEeneNseT MPUrOJHOCTh KaXKIOU XPOMOCOMBI,
MpeanoaaraeTcs, YTo Oobllee ee 3HAaYCHUE COOTBETCTBYET JyUIleMy
nokasaremo. Ilapamerpel f(c,, /)™, f(c,,t)™,i=1,...,n,(t) TPEIACTABISAIOT
c000i1 COOTBETCTBEHHO MUHUMAIHHYIO U MAKCUMAILHYIO TIPUTOTHOCTH
cpeay XpoMOCOM TokoJieHwus . J{7st HauanpHO# nonyssiuuu (¢ = 0) ycra-
HaBIMBaeTCs, uTo LT (¢, ,t)=rank(c, t),i=1,...np (1).

Takum 00pazoM, BpeMsl )KU3HH XPOMOCOMEI 3aBUCUT TOJBKO OT €€
panra [lapeto W 3HaYeHUs OPUTOAHOCTH. PelieHus, npecTaBlIsieMbIe
xpoMocoMaMmu ¢ paHrom llapero, paBHBIM enWHHWIIE, OTHOCUTEIHHO
JAHHOW MOMYJISIUU SIBJSIIOTCS ONTUMalbHBIMU. [103TOMY 11 TaKuxX
XPOMOCOM BpeMs KU3HU BBIUUCIACTCS MO OTACIBHOU 3aBUCUMOCTU
(nepBoe Bolpaxenue cucteMsbl (1)). CornacHo ei, Kakaas HeJJOMUHU-
pyeMas XpoMocoMa C MPUTOJTHOCTHIO BBILIE CPEIHEN rapaHTUPOBAHHO
MEPEXOANT B CIIEyIOIIee TOKOJIEHUE. /][5 OCTaIbHBIX XpOMOCOM Haps-
Iy € TIPUTOJHOCTBIO TIPH OMpPEIETICHINH BPEMEHU KU3HU yUUTHIBACTCS
n3MeHeHue panra [lapeto B CpaBHEHHMH C MPEIbIAYIIMUM IMOKOJCHUEM.
Ecnu panr ymy4mmicst (yMEHBIIHIICS ), TO COOTBETCTBYIOILIHE XPOMOCO-
MbI MOTYT YBEJIMUUTH BPEMs CBOETO MPEOBbIBAHUS B MOMYJISIIUN B TEM
CaMbIM BEPOSITHOCTh YUYaCTHUsl B ONIEPATOPE KPOCCUHIOBEPA.

N3BectHO, uTo panr [lapero Bo Bcex MI'A BhIUMCIAETCS OAMHAKO-
Bo [Deb et al., 2009], B To Bpemsl Kak TPUTOAHOCTh XPOMOCOMBI 3a-
BHUCHUT OT HCIOJIb3YEMOI'0 B aJIFOPUTME BhIpaxkeHHs fitness-pyHKIuu.
B Helt MOryT yuduTHIBaTBHCS pas3fWyHBIC TMOKa3aTEIM KauecTBa pellie-
HUSI, HATPUMEpP, 0COOEHHOCTH €T0 pacrojioXeHus Ha rpanutie [lapero,
IUIOTHOCTh €r0 COCEACTBA HA HEH C APYrMMHU TOYKaMU U T.I. B utore
XPOMOCOMBI C OJMHAKOBBIM PAaHTOM, HO Pa3HOU MPUTOJHOCTHIO MOTYT
UMETh Pa3InIHOE BpeMsl KHU3HH. TakuM o0pa3oM, B clieayromiee mo-
KOJICHHE MPEUMYLIECTBEHHO MEPEXOIAT T€ XPOMOCOMBI, V KOTOPBIX
panr Ilapero paBeH emuHuie, TMOO OH yIy4YIIMICS, a 3HAUYCHHE HX
MPUTOAHOCTH TMPHU ATOM BBINIE CpeaHero. Takke mpenjaraeMas Mo-
JIeJb BBIYMCICHUS BPEMEHH KU3HH XPOMOCOM OTJIMYAETCSl 1OCTATOY-
HO HU3KOU BBIYMCIHUTEIBHOU CIO0KHOCTHIO, HE UCIOJIb3YyET HE OTHOCS-
mmxcst kK 6azoBomy MI'A crienuanibHbIX iepeMeHHbIX B QyHKIUH. J{s
MTI'A 510 BaxkHbIl (aKkTop, Tak Kak mapamerp LT (c; ,t),i=1,...np (1)
JIOJKEH BBIYMCISITHCS IS KAXJAO0M XPOMOCOMBI Ka)KJIOTO MOKOJICHHUS.
ITocne Beruucnenus 3HadeHus LT (c;,t),i=1,..,n, (¢) MOMYJALAS CO-
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KpallaeTcs MOCPEJCTBOM YJAJIEHUS U3 HEE BCEX XPOMOCOM, Y KOTOPBIX
age(c; ,t)> LT (c; ,t),i=1,...np ().

[Ipemmaraemplii ciocod AMHAMUYECKOTO YIPABICHHUS Pa3MEepPOM T0-
MyJISIUEH MOKET OBITh MCIOJNIb30BaH B oOoM MI'A. B atom ciyyae
Ba)KHOE BJIIMSIHUE HAa TOYHOCTH OIpeiesnienns MHoxecTBa [lapero Oynet
OKa3bIBaTh OCHOBHOM ynpasistonmii napamerp SAPS — koaddurment
penpoaykiin. Ero 3HaueHne MOKET OBITH ONpENeNeHO SKCIepUMEH-
TaJbHO B 3aBUCUMOCTH OT OCOOCHHOCTEH pemaemoii 3agauun MO.

2. Bb100op 3HaueHnst KO3 PpuIHEeHTA penpoayKIUN

Jns aHanu3a BIUSHUA pa3InyHbIX 3HAaY€HUH KodppuLmeHTa penpo-
IyKIUH Ha U3MEHEHHE pa3Mepa M COCTaBa MOMYJISIUU ObUT MPOBEICH
PSA DKCIEPUMEHTOB. B HUX ipuMeHsuICs 0JJUH W3 HanOoJiee N3BECTHBIX
reaernueckux anroputMoB MO NSGA-II [Deb et al., 2002] ¢ moaudu-
karmet SAPS (NSGA-II+SAPS) nns pemenus tectoBoii 3amaun MO
DTLZ1 [Kazakos, 2012b]. Yucno kputepueB m 3aAaBajoch PaBHBIM
JIBYM, aHAJIM3UPOBAJIOCH MHOXKECTBO Pa3IMYHbIX 3HAUEHUH Mapamerpa
p = 1{0,1; 0,3; 0,5; 0,8}. dia kaxaoro mu3 HUX 3a7aBAIHCh OJUHAKO-
BBIC Pa3MEP HAYaJIbHOW MOMYJIALMH 1, (¢ = 0) =100, YACIO HOKOJICHUH,
a TaKKe 3HAUYEHUs BEPOSTHOCTEH ONepaTopoB KPOCCHHIOBEpa U MyTa-
mun. B mporecce noucka MHOXecTBa [lapeTo oleHHBaNNCh JUHAMHKA
W3MEHEHUs pa3Mepa nmonyssinuu (puc. 1), 9ucio u aonis B HEH Hemo-
MHUHUPYEMBIX pelleHHH. AHAIN3 NOTy4YEeHHbIX Pe3yJbTaTOB MO3BOJIMII
ClIeNaTh CIEIYIOINE BHIBOIBI.

[*r=01 = 0-03 ——=05 = -og]

Puc.1. U3menenue pa3mepa
TIOTTYJIAILIUH JUTS PA3HBIX
3Ha4YeHUH K03 duIrenTa

Towep noxoaeis penpoayKIHN
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1. st manbix 3HaueHnid ko3 durmenta penpoaykima (p < 0,3) He
HaAOJI0]aeTCsl 3aMETHOTO POCTA YMCIEHHOCTH nomysinud. OHa cHava-
J1a CHUDKAETCsl, Jjajiee pacTeT, HO JOCTUraeT U NIPEBBILIAET CBON Havyallb-
HBII pa3Mep, TOJIBKO HauMHas CO BTOPOM NMOJOBHHBI MOKOJeHUM. [Ipu
9TOM JI0JI1 HEJJOMUHUPYEMBIX PEIICHUH B MOMYJISIIMA OTHOCHUTEIBHO
BbIcoka (Oosiee 30%) 1 MOUTH HE U3MEHSIETCS B TEYCHUE BCETO MOUCKA.
DTO MO3BOJISIET CIENATh BBIBOJ O €r0 OBICTPOM CTarHaluu U3-3a HeJOo-
CTaTOYHOTO Pa3HOOOPA3HsI OIMYJISIIUY - IpeoOa aHus B HEH OIMHAKO-
BbIX, IIOCTOSIHHO ITOBTOPSIFOILUXCSI XPOMOCOM.

2. C pocrom 3HaueHHs Kod(pdunueHta penpoaykuuu (p > 0,3) y
MOMYJIALMN 3aMETeH POCT YMCICHHOCTH YK€ B IEPBOM TPETHU MOKO-
nenuit. [lpu moctmwxenuun p = 0,5 monmynsauus, a TakkKe YUCIO B HEH
HEZOMUHHUPYEMBIX pelIeHui ObICTpO yaBauBaroTcs. B mocnenneit tpe-
TH TTOKOJICHUN YKCIIO U JIOJISI HEIOMUHUPYEMBIX perieHuit ais p = 0,3
IIPAKTHYECKU HE U3MEHSETCs, UTO CBUIETEIbCTBYET O CXOXKACHUU all-
rOpUTMa B LIEJIOM. B cpaBHeHMHU ¢ 3TUM, U3MEHEHUE YHCia U J0JIN He-
JOMUHUPYEMBIX petieHuid npu p = 0,5 B 3TOT UHTEpBaj BPEMEHU BCE
elle MOJIBEPKEHO 3aMETHBIM KOJICOaHHSIM, HE TIO3BOJIAIOIINM CeNaTh
OKOHYATEJIbHBIN BBIBOJ O CXOXKICHUM AITOPUTMA K 3aJaHHOMY YHMCITY
MTOKOJICHUH.

3. JlanbHeliniee yBenn4YeHne 3HaYeHUS Kod(D(UITMEHTa pEenpoIyK-
uuu (p > 0,5) npuBeno K ObBICTPOMY POCTY YHCICHHOCTH MOMYJISILUH
B caMoM Hauajie pabotel MI'A. BriociencTBun quHAMUKA U3MCHEHHS
pa3Mepa NOonyJIsIUM ¥ YUCI0 HEJOMUHUPYEMbIX PELIeHUH B Hell npu-
HUMAIOT XaOTHUYHBIN XapakTep. Takoe CBONCTBEHHO NCKITIOUNTEIBHOMY
MPUMEHEHHUIO OllepaTopa MyTalluu IS TIOJTYUYSHHS HOBBIX YJICHOB TO-
nyssinui. COOTHOLIEHHE pa3Mepa MOIYJIALUN U YKCiIa HeIOMUHUpYe-
MBIX PEIIEHUI B HEH HOCUT NMPEUMYIIECTBEHHO CITyYalHBIN XapakTep.
3T0 MO3BOJISIET CAETATh BBIBOJ O CYHIECTBEHHBIX MPOOJIEMaxX CXOXK/[e-
Hust MI'A ¢ TakuMu 3HaYeHHUAMHU KOA(QQHUIMEHTA PEeNpOIyKINH, TPHU-
YeM He TOJIBKO B yCIOBMAX perraeMoit 3anaun MO.

B utore 6510 BBISIBICHO, UTO JUIS PELIAEMOM TECTOBOM 3a7jaun Hau-
JTyqIIni 6amaHc MeKay CKOPOCTBIO POCTa MOMYJISIIUU M YHCIIOM HEJ0-
MHUHHPYEMBIX pelieHuii B Heit qocturaercs mpu P €[0.2....,0,4]. B 1o xe
BpeMsl peleHre paccmaTpuBaeMoi 3a1au MO mpH TeX ke YCIOBHUSIX
IKCMIEPUMEHTOB, HO C OOJIBIIIMM YHCIIOM KpUTepueB (m = §) mokazaio
OIIPaBJAHHOCTH MCIIOJIB30BaHMs KO PHUIMEHTa penpoayKun p > 0,5
(p = 0,7). O6oCcHOBATH 3TO MOYKHO HETMHEWHBIM YBEITUUYEHUEM CKOPO-
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CTH 3aIOJHEHHUS MOMYJISIMA HEJOMUHUPYEMbIMHU PELICHUSAMH TIPH PO-
CTE YHCla ONTUMHU3UPYEMBIX KPUTEPUEB. TeM caMbIM TOJBKO BO3MOXK-
HOCTb OBICTPOTO POCTa YHCICHHOCTH MOIMYJIALUN B MOMEHTHI BPEMEHH
mpouecca ONTUMHU3ALUH, KOTra TpeOyeTcs yBeIMUeHne pasHoo0pas3us
MOMYJIALINH, TIO3BOJISIET COXPAHUTh OAJIAHC MEX/y MCCICIOBAHHBIMU H
HEHUCCJIE0BAaHHBIMU YYaCTKaMHU IIPOCTPAHCTBA ITOUCKa.

3. UccaenoBanue 3¢ pekTuBHOCTH Moaupurkanuu SAPS

Jns oneHku 3PGEKTUBHOCTH UCTIOIB30BAHUS MPEATIOKEHHON MO-
JeTT CaMOaJanTalyy pa3Mepa TOMyJSIUH OblT TMPOBENCH ps JKC-
nepuMeHToB. OHU 3aKJIOYajiCh B pElIeHWH HaOopa TECTOBBIX 3a-
a4 MHOrokputepuanbHon ontumusanuu (DTLZ1, DTLZ2, DTLZ3,
DTLZ6) [KazakoB, 2012b] ¢ pa3nu4HbIM YHCIOM KPUTEPHEB. IJTO
MO3BOJIMJIO OLEHUTH BiusHue moaudurauuu SAPS Ha coxpaHeHue
addextuBHOCTH 0a30BBIX MI'A TipH pocTe CIIOKHOCTH peliaeMbIX 3a-
na4d. B kxauectBe Takux MI'A mcmonp3oBanmichk HanOoiee M3BECTHBIC
SPEA2(Strength Pareto Evolutionary Algorithm)[Zitzler et al., 2002]
n NSGA-II(Nondominated Sorting Genetic Algorithm) [Deb et al.,
2002].

Pe3ynbTaThl MHOTOKPUTEPUAIBHON ONITUMU3AIUH OLICHUBAIHUCDH 110
HECKOJILKUM TIOKa3aTeisiM KadecTBa. /i WX BBIYHMCICHUS HCIIOJIB30-
Basicst Habop uHaMKaTtopos [Kazakos, 2012a], mo3BOJSIONIMIA OIEHUTH
paznuuHble cBOMcTBa HaijeHHoro MI'A MHoxectBa Ilapero B mpo-
CTPaHCTBE PEIICHUI UM KPUTEPHUEB:

Iy (Overall Nondominated Vector Generation) — omnpenenser
MOIIIHOCTH HaiieHHoro MHOXecTBa [lapero;

I ¢ (Spacing) — ucnonb3yeTcst Ui OLIEHKH PaBHOMEPHOCTH pacIpe-
JIeJIeHUs] peuieHuid B0k rpanuiibl [Tapero;

I,;(Dimensions Extent) — o3BoJII€T OIIEHUTh MaKCUMaIBHYIO TIPO-
TSHKEHHOCTH rpaHuIlbl [lapeTo mo kakaoi U3 pasMepHOCTEI;

15 (Generational Distance) — O3BOJISIET OICHHTh CTETICHb OJIM30-
CTH MEXy MOJIYYEHHON 1 33JTaHHOM 3TajoHHOM rpanunamu Ilapero;

1,7(Overall Time Computing) — OpueHTHPOBaH Ha OILIEHKY BpEMEH-
Hoit 3¢ dextuBHOCTH MI'A Tipu onpesiesiennu MEOkecTBa [lapeTo.

Hna xaxgoro MI'A skcnieprMeHTanbHO OBLTM TOAOOpaHbl 3HA-
YeHHs YIPAaBISIONIMX MapaMeTpoB: pazMmepbl momyisinuu u [lapeto-
apxuBa, YUCIIO IOKOJIEHUH, a TaKKe BEPOSITHOCTH KPOCCHHIOBEpa U
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MyTalUuu. 3HAYEHUS AJIs1 BCEX aIrOPUTMOB COBMANANM U 3aBUCEIH OT
permaemoti 3amaun [Kazakos, 2012b]. Pe3ynabTaTs! pemeHus Bcex 3a1a4
npuBeieHs! B Tabi. 1. 3HaueHus BCeX MHAMKATOPOB YCPEIHEHBI 110 BbI-
MOJIHEHHOMY 4ucily 3amyckoB MI'A. 3Hauenus nokaszareneil, KOTOpble
YAAJI0Ch YIy4YlIUTh, UCTIONB3YSl Mogudukanuio SAPS, BoiaeneHsl mo-
JIy>KUPHBIM.

Tabauya 1

3anaya Wunuxarop | SPEA2 | NSGA-II igi’gg Iissciﬁ;;l
Iowe 28 35 28 66

Ioy 0,071 0,067 0,068 0,062

3222; I 0186 | 0223 | o188 | 0214
I 0.971 0,964 0.968 0,973
1yr(cex.) 6,3 4.8 9,3 7,4
Lowve 13 138 13 179

I 5,732 6,124 5,441 6,132

5:53 I, 0,133 0,124 0,121 0,125
I, 1,714 1,847 1,793 1,892
I, (cex.) 1914 316 2678 485
oo 188 207 208 236

I 226953 | 310,603 | 231,762 | 314,547

31T£Z6:); I 0,328 0,287 0,297 0,276
I, 2137 | 2312 2,167 2,376

I,r(cex.) 6217,3 698,7 10342,7 1095.4
Ipwe 319 371 360 401

Iy 16,623 | 11237 | 14547 | 11,142

32%? I 0,251 0,201 0,247 0,196
I 1,862 1,913 2,034 2,173

I (cex) | 767843 | 28438 | 1281325 | 45464

Kak BupHO M3 TabnMIBI, OCHOBHOH 3(PQEeKT OT HMCIOIb30BaHUS
Monubpukauuu SAPS cBs3aH ¢ yBelMYeHHEM BO BCEX CIIydasx 4ucia
HaleHHbIX [lapeTo-onTuManbHBIX peleHuid. JTO, B CBOIO OYEpPE.lb,
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MOBJIMSJIO Ha YIy4YLICHHE 3HAYeHMH psia APYTUX HMHAWKATOpoB. B
YacTHOCTH, [, IPEHA3HAUYEHHOTO JIJIsl OIICHKH MPOTSHKEHHOCTH Ipa-
Huup! [lapero. B oTnenbHbIX ciyyasx YIydIUIWIACh Pe3yJbTaThl IO
UHAMKAaTOpaM Igp, U g, UTO, BEPOSITHO, BHI3BAHO YBEIMUEHUEM ILJIOTHO-
CTH 3amofiHeHus Tpanuibl [lapeTo 6ONBIIUM YHCIOM pElICHUH, YeM Yy
opuruHanbHbIX SPEA2 n NSGA-II. B To ke Bpemst HU ofHa U3 MOJIU-
¢unmpoBaHHBIX Bepcuii aTux MI'A He oka3anack Jydiiei Bo Bcex 3a/a-
yax. OnHako 3ametum, uto B AByX u3 Hux (DTLZ1, DTLZ6) anroputm
NSGA-II+SAPS nonnocthio mpes3omen SPEA2+SAPS. Takxe o0e
Bepcun NSGA-II Bo Bcex 3KkcnepuMEHTax OKa3aluch ObICTpee CBOETO
KOHKypeHTa. [Ipruem ¢ pocToM umncina KpUTepUeB pa3HUIla BO BpeMe-
Hu Mexay SPEA2 u NSGA-II cranoBuTcs cyiectBeHHOM. BmecTe Bce
3TO MO3BOJISIET CAENATh BBIBOJL O MPEANOYTUTEIBHOCTH UCIOIb30BaHUS
MPEIOKEHHON MOJIENIN TUHAMUYECKOTO U3MEHEHUS pa3Mepa oIy Jisi-
i uMeHHo B NSGA-II.

3akiaoueHue

[TpeioxKeH bl CITOCO0 TUHAMHYECKOTO YIPABICHHS Pa3MepoM
nonyJsiua MI'A B miporiecce MHOTOKPUTEPUATHHOW ONTHMH3AIIUH T10-
3BOJISIET 00ECTICUUTh HE TOJNBKO TOJIepKaHue pa3zHooOpasus MOIyJis-
WU 32 CYET MOCTOSIHHOTO OOHOBIICHHSI BPEMEHH JKU3HU XPOMOCOM, HO
Y YBEJUYHTDH YUCIIO HAIEeHHBIX [[apeTo-onTUMaNbHBIX pemieHui. ITo
0COOEHHO Ba)KHO, KOT/Ia MX YMCJIO OTPAaHUYUBAETCS MIEPBOHAYAIBHO 3a-
JTAHHBIM (UKCHPOBAHHBIM Pa3MepOM MOMYJSIHH. Tak, HCIOIb30BaHHUE
co3nanaoi monudukamuu B MI'A SPEA2 u NSGA-II mo3Bonwmio jo-
CTHYb YBEJIMYEHHUS YUCIa HalieHHbIX [lapeTo-onTuManbHbIX pemeHui
B COYETAHHWH C YJIYYIICHHEM KadecTBa CBS3aHHOW C HUMHU TPAaHHUIIBI
[Tapeto. Poct BpeMeHHO cnokHOCTH Npu uHTErpanuu B MI'A mexa-
HU3MOB JMHAMHUYECKOTr0 YIIPABJIEHUS YUCIEHHOCTHIO OIS 3aBU-
CHUT OT CJIO)KHOCTH TOTIOJIOTHH MPOCTPAHCTBA KPUTEPHUEB, & TAKKE BBI-
Oopa 3Ha4YeHUS IS SUHCTBEHHOTO JIOTIOJHUTEIHHOTO YITPABJISIFOIIIETO
napaMetpa (ko3hpuimeHT penporyKIum).
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VJIK 32.81

MOJIEJIb B3AUMOJIENCTBUS MEXIY OBYYEHUEM
W 3BOJIIOIIUEN: MEXAHU3MbI B3BAUMOJENCTBUS'

B.I'. Penbko (vgredko@gmail.com)
Hayuno-uccienoBarenbCckuii HHCTUTYT CUCTEMHBIX uccienoBannii PAH,
MockBa

ITocTpoena u uccne10BaHa MOJIENb B3aUMOJIEHCTBUS MEXKy 00ydeHHEM U
sBojronuei. IlpoananusupoBanbl CIEAyOIUE MEXaHU3MbI 3TOIO B3aUMO-
neicteus. 1) MexaHu3M reHeTHUEeCKO acCUMMIALMHU, IPU KOTOPOH HMH-
JUBHIYaJIbHO IIpUOOpeTaeMble IyTeM 00yUYEHUsI HaBbIKU «Iepen3o0peTa-
I0TCSD HBOJIFOIMCH U CTAHOBSATCS HacieayeMbIMU. 2) MexanusMm sdpexra
9KPaHUPOBAHUS, IIPH KOTOPOM CHJILHOE 00yUEHUE TOPMO3UT SBOJIIOLIUOH-
HBII nouck. 3) MexaHu3M BIUSHUS Harpy3KH Ha o0ydeHue, KoTopast Ipu-
BOJIUT K 3HAUYUTEIILHOMY YCKOPEHHIO DBOJIIOLIUY.

BBenenue

[TonbITKM MOJIEIMPOBAHNUS M aHAJIM3a B3aUMOAEHCTBUS MEX 1y 00y-
YEHHUEM U BOJIIOLUEH MPOBOIAMIMCH PSIOM CIICIUAIHCTOB B 00IaCTH
OMOHMYECKUX MOJEJICH BBIYUCIUTEIHLHOIO WHTEUICKTa. B M3BeCTHOM
pabote Xuntona u Hosnana [Hinton et al., 1987] npoaemoncTpuposa-
HO, 94TO 00y4eHHE MOXET HaIlPaBJISTh 3BOJIOMUOHHBIN MpOIecc K Ha-
XOXKIeHUIo ontuMyMa. B pabote Meiinu [Mayley, 1997] noka3zaHno, 4to
CHJIbHOE 00yueHHE MOXKET U MPENATCTBOBATH 3BOIIOLMOHHON ONTHMU-
3aIlUH, €CIIM OTOOP MPOU3BOAUTCS IO KOHEYHOMY (DEHOTHITY, a 00yde-
HUE YBEIMYMBACT IIAHCHI HAXOXKICHHSI XOPOLIEeTo ()eHOTHTIA HE3aBHCH-
MO OT TeHoTHhIa 0coOu. IToT 3hdext ObuT HazBaH FPPEKTOM IKPaHU-
poBanus. Takke B 3TOi paboTe OBLIO YYTEHO, YTO TPOLECC O0YIECHUS
MMeeT JOIOJIHUTSIBHYIO Harpy3ky Ha ocoOb (oOydeHue TpeOyeT Bpe-
MEHHU U PECypCOB) U MPUCIIOCOOJICHHOCTh 0COOU MOYKET YMEHBIIAThCS
I0J] BIMSTHAEM TOH Harpy3KH.

OnHako B yKa3aHHbBIX paboTax Ui MOJICIUPOBAHUS IBOJIFOIUHU UC-
MOJIb30BAIUCH JOBOJBHO CIIOXKHbBIE CXEMbl T€HETHUECKOIO alropuTMa
CO CKpEeIIMBaHUEM, TOATOMY OBUIH IPOIEMOHCTPHPOBAHBI cCaMu Y eK-

! Pabora BeImoaHeHa npu (huHaHCOBOH mozmepkke PODU (mpoekt Ne 13-01-
00399).
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TBHI B3aUMOJICHCTBHS MEXKIy OOydeHHEM H IBOJIOIHMEH, a MEXaHU3MbI
9TOT0 B3aUMO/ICHCTBUS NPEACTABICHBI HEJOCTATOYHO YeTKO. B HacTos-
mei paboTte A aHaJIM3a MEXaHW3MOB B3aHMMOJICHCTBHUS HCIOJB3yeM
OJIHY M3 HamOoJee YEeTKUX MOJIENEH IBOIIOIMH — MOJIENb KBa3UBUIOB
[Oiiren, 1973; Diired u Ap., 1982] u HaIIM KOJMYECTBEHHBIE OILIEHKU
3G (HEKTUBHOCTH 3BOIIOIMOHHBIX anropuTMoB [Penbko u ap., 2005,
2011]. Mojens KBa3WBUIOB pacCMAaTPUBAECT OTOOP U MyTaIllUU OCOOCH
(0OBIYHO O€3 CKpEelIMBaHus1) U XapaKTepPU3yeT OCHOBHBIE CBOWCTBA 9BO-
JIFOLIMOHHBIX MPOIIECCOB.

1. OcHoBHAA MO€e/IbL

PaccmarpuBaetcst SBONIOIMOHHUPYIOIIAs TOMyIsiiusi ocobeid. Kaxk-
nast 0co0b MMeeT TeHOTUN U (heHOTHIL. ['eHOTHUIT U (PEHOTHIT OTIpeIeNs-
IOTCSI OIMHAKOBBIMH LIETIOYKaMU CMBOJIOB.

['enotumn k-ii ocobu S, mpencrasiser co0OW ENOYKY CHMBOJIOB
S kK= 1,..,n, i = 1,...,N. JInuHa nerno4yku N ¥ YUCIICHHOCTH ITOIYJIs-
1uu 1 Beuku: N, n>> 1, 2V >> p. CumBoinsl Sg;, paBabl 0 1160 1. ['eHo-
THTIBI UCXOIHOM MOMYJISIIIAKA CITy4aiiHbl. ['@HOTHUIT 0cOOM HE MEHSETCS
B TEUCHHE €€ JKU3HU U TepeaaeTcs (¢ MaJIbIMA MYyTaIlMsSIMH) TIOTOMKaM
ocodu.

B momenT poxxaenus k-it ocoou ee peHOTHIT Sp, paBEH T€HOTHITY:
Spi(=1) = S¢;. Bpemst nuckperno: ¢ = 1,...,7. T — BpeMs KU3HU OJHO-
ro nokosieHusa. @eHoTun Sy, MEHSETCS B TEUCHHE KHU3HU 0COOU IMyTeM
oOy4eHus.

Wmeercst onTuManbHas 1ernoyka Sy IUMHBL N (CHMBOJIBI KOTOPOU
Takke paBHbl 0 WK 1), KOTOpast UIIETCsl B TIPoIecce IBOIIOLUHU U 00Y-
yenust ocobeit. [Tpu 00yUeHNN MEHSIOTCS TEKYIINE CUMBOJTBI (PeHOTHTIA
Sp: KQXKIBIA TaKT BPEMEHH f, KXKJIbIA CUMBOJI Sp,; MEHSIETCS Ha CITy-
yaifHbelid (paBHbI 0 MO0 1), M ecriu HOBBIM CHUMBON Sp,; COBMIAJIAET C
COOTBETCTBYIOIIUM CHMBOJIOM Sy, ONTUMAIILHON LETMOYKH Sy, TO 3TOT
CHMBOJI COXPaHSETCsl, B IPOTHBHOM CITydae IPOUCXOIUT BO3BpAT K CTa-
pOMY CUMBOJTY )EHOTHIA Sp,.

B koHIIe TOKOJICHHUS TIPOUCXOTUT OTOOP 0CO0EH B COOTBETCTBUU C
UX MPHUCIIOCOOICHHOCTSIMH, OTIPEIEIIIEMbIMUA KOHEUHBIMU (DEHOTHIIAMH
npu ¢t = T. O603HaunM Sg, = Sp(=T). [IpucniocoOneHHoCTh k-l 0OcOOH
OTIPEIEISIETCS] PACCTOSTHIEM TI0 XEeMMUHTY P(Sg;,Sy) MEXKIY S, U Sy

Ji=exp[-Bp(SpuSw] * &, ey
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rae B (> 0) — HHTeHCHBHOCTH 0TOOpPA, € XapaKTepU3yeT BIUSHHUE CITy-
YaiHbIX (PaKTOPOB HA MPUCIIOCOOIEHHOCTH 0codeit, 0 < g << 1.
JIONOJTHUTENBHO YUTEeM POJIb HAarpy3ku Ha o0yueHus. C 3Toi 1embio
Oyzmem paccMaTpuBaTh MOJU(PUIIMPOBAHHBIE TIPHCIIOCOOIEHHOCTH OCO-
oeii:
S = exp(-ad) {exp[-Bp(SgSw)] + £}, (2)

rae o > 0, d = p(S¢Sk) — paccrosiHue Mo XeMMUHTY MEX1y Hadallb-
HBIM U KOHEYHBIM (PEHOTHUIIOM paccMaTpUBAEMON 0COOU.

[TockosbKy HayallbHBIE TEHOTUIIBI 0COOEH B MCXOIHOW MOITYIISIIUH
S¢i CIy4aliHBI, TO CPEHEE PACCTOSHHUE M0 XEMMHUHTY MEXKIY 3TUMH
[EeToYKaMH U ONTUMAIBHON Sy, paBHO N/2. Takoe paccTosHHE HYKHO
MPEOJI0JIETh IMyTeM O0YYCHHUS U IBOIIOIMOHHOTO TIOUCKA.

OT16op ocobeii B HOBOE TIOKOJICHHE MTPOM3BOMTCS XOPOIIO U3BECT-
HBIM PYJIETOYHBIM METOJIOM, JUIi KOTOPOTO BEPOATHOCTH CEJICKIIUH
OIIpEJICTICHHOW 0COOM MPOOPIMOHANIBHA ee mpucnocodnernnoctu. Ce-
JICKIIHsI 0COOCH B KaXK/10€ TIOKOJICHNE IPOU3BOAMUTCS OJJAHAKOBOE YHCIIO
pas, 3a CYeT ATOTO YHUCIEHHOCTh MOMYJISIIUU 71 B IPOIIECCE HBOIIOLUN
MOCTOSTHHA.

Taxum 00pazom, obydaembie 0cOOM OTOMPAIOTCS IO KOHEUHBIM (he-
HoTHIIAaM 0co0elt Sy, = Sp(t=T), T.€. 10 KOHEYHOMY Pe3yibTaTy o0yue-
HUSI, @ 110 HACJIE/ICTBY IOTOMKAM IIE€PEIar0TCsl TEHOTHITBI S

2. Pe3y.m)TaT1,1 MoaeJIMpoBaHus 1Mo OCHOBHOM MOaeJIHn

IMapamerpsl mMoaeaupoBanusi. [lapamerpsl Mojenu BbIOHpaeM
TakuM 00pa3oM, 4TOOBI BOJIOIMOHHBIA MOUCK MPOXOIUI JIOCTaTOY-
HO 3¢ dekTruBHO, ¢ yueTtoM ombiTa pabot [Penpko u ap., 2005, 2011].
[Tonaraewm, yto quHa rienoyek foctaroyHo Besnuka: N = 100. ITapamerp
oTbopa cunTaeM paBHBIM [ = I, 3TO COOTBETCTBYET JOCTATOYHO BHICO-
KOH MHTEHCUBHOCTH OTOOpa, MPpHU KOTOPOH BpeMsl (YHCII0 OKOJICHUN)
0TOOpa CpaBHUTEIHHO MAaJIO, @ BPEMSI SBOJIIOIIMOHHOTO TIOMCKA OIpe/ie-
JII€TCSI HHTEHCUBHOCTBIO MyTalluil. IHTEHCMBHOCTh MyTalMi JOJKHA
OBITH HE CIIMIIKOM BBICOKA, 4YTOOBI HE OBUIO MyTAllMOHHBIX ITOTEPH YXKE
Hal/IGHHBIX B TIPOIIECCE IBOIOIMH YJJAUHBIX 0COOEH, HO M HE CIIMIITKOM
Maia, Ui TOro, YTOOBI MyTallMOHHBIN TTOMCK MPOUCXOIMI JOCTAaTOYHO
OpIcTpo. C yUeTOM 3TOTO ITOJIATaeM, YTO BEPOSITHOCTH 3aMEHBI JIF000TO
CHUMBOJIa B OJJHOM MOKOJCHHU B TC€HOTHINAX S, MPU MyTalHMsIX pPaBHA
Pn=N"1=0.01. Ilpu Takoii UHTEHCUBHOCTH MYTAIUi p,, 32 OJHO IO-
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KOJICHHE TPOUCXOAMT 3aMeHa MPUMEPHO OAHOTO CHMBOJIA B TEHOTHIIE
oco0u, T.e. B TEeYCHUE OHOTO MOKOJICHUS 32 CYET MYTallUil pacCCTOSTHHUE
Mo XeMMHHTY p MEXKIY S, U Sy U3MeHsiercs B cpenteM Ha 1. OT6op
MPUBOAMUT K YMEHBIICHHUIO 3TOT0 paccTosiHusl. [1ockosbKy paccrosiHue
o XeMMHHTY MEXAy FeHOTHIIaMU O0COOEH HYJIEBOTO MOKOJICHUS U Sy,
nopsinka N, TO Bech MpOIlecC 3BOJIONUHU 3aiiMeT nopsiaka G, ~ N mo-
KosieHu#. Takast olleHKa CKOPOCTH 3BOJIIOIMH CIIPaBeIINBa, €CIM YnC-
JIEHHOCTH MOIYJISIUY 7 TOCTATOUHO BEJIHWKA M HEUTpabHBIM OTOOPOM
ocobell (HE3aBUCSIIUM OT MPUCIIOCOOIEHHOCTH 0CO0eH) MOXKHO Tpe-
HeOpeub. [l BBIIOTHEHHS 3TOTO YCIIOBHS JOCTaTOYHO IMOTPEOOBATH,
YTOOBI XapakTepHOe BpeMs (YUCIIO MOKOJICHNUH) HEUTpalbHOTO 0TOOpa
(o mopsiaky BenuuuHbl paBHoe 1 [Kumypa, 1985]) Obl10 He MeHbIe
G, moaTomy mionaraem n = G, = N.

HWrak, napametpsi pacdera pasubl: N=100,=1,p, =N, n=N.

Taxoke cuuraem, uro 7'=2, £ = 10°.

ComnocraBJjieHHe pe;KUMOB ¢ o0yueHneM 1 0e3 00yuenus. Ha puc.
1 mpexacraBieHa 3aBUCUMOCTb OT HOMepa MoKojieHuss G cpelHero mo
MOTMYJISIIAN PACCTOSIHUS 110 XeMMHUHTY p = P(S¢,Sy) MEXKIy T€HOTH-
namMu Sg, ¥ ONTUMAJIBHOM LEMOYKONW Sy U PEKUMOB C 00yUCHHUEM H
0e3 obyuenusi. Kpusas 1 — pesxxum ¢ o0yueHuem, Kpusas 2 — pexxuM 0e3
o0yueHUs (PEKUM «UUCTON 3BOJIOIMKY). [IprcmocobiieHHoCTH 0Cco-
Oeit onpenensitorcs BeipakerneM (1). Buaao, 4to 6€3 00y4eHus 9ucTo
9BOJTIOLIMOHHBIN MPOIIecC HEe 00eCcTIeYMBAET ONTUMH3AIMHA TEeHOTUIIOB, &
[pY HAJIMYUK 00yUYeHHS SBHO MPOUCXOANUT MPHOIMKEHNE K ONTHMAIIb-
HOMH TIETTOUKe S,;.

60
40 \

20 A

<p>

0 500 1000 1500 2000
G

Puc. 1. 3aBUcHMOCTB CpeiHETO MO MOMYJISALUU PACCTOSIHUSA A0 ONTUMYyMa
<p> = <p(S¢Sw)> oT HOMepa mokoneHns G; 1 — pexumM ¢ o0ydeHnem,
2 — pexxuM 9ucTOl 3Boonnu (yepenHaeHo 1o 1000 pacueram)
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Puc. 2. Pacnpenenenue ocobeii n(p) mo BeTUYWHAM P B MEPBOM IMOKOJICHUHU
sBomonun: 1 — pacnpenenenue mo p = p(SgeSy) A UCXOIHBIX T€HOTUIIOB JI0
00yueHwst, 2 — pactpeeneHue 1o p = p(Sg,Sy) AT 0codeit mociie 00ydeHus, HO
eme 10 otoopa, 3 — pacupeneneHue 1o p = p(Sg,Sy) AT 0OTOOpaHHBIX 0cOOEH,
4 — pacnipeaenenue 1Mo p = p(Sg,Sy) A TEHOTHIIOB OTOOPAaHHBIX 0CO0EH
B KOHIIE ToKosieHus (ycpenneHo o 10000 pacueram)

YMeHbIIeHUs p B PSKUME YHCTOH IBOJIOIMU HE MPOUCXOIUT, TaK
Kak B UCXOJHOH momyssiiun p = p(S¢,Sw) ~ N/2 = 50, cnenoBarens-
HO, exp(-p) ~ 102 << g. [ToaTOMYy BCE 0COOM MOMYJISIIIUN UMEIOT TPHO-
JDKEHHO OJMHAKOBOE 3HAYCHHE MPUCIOCOOJICHHOCTH, PaBHOE €, W,
CIIEIOBATENIFHO, B CIy4ae YHMCTOM SBOJIOIMH BOOOIIE HE MPOUCXOIHUT
cenekuuu ocobeit. [Ipubnmmkenue K Sy MPOUCXOANUT TOJBKO MPH Ha-
JUYMN O0YUYECHHUS.

MexaHu3M yCKOpEHHs HBOJIOIMOHHOTO TpoIecca 3a cuer o0yue-
HUSI WJUTIOCTPUPYETCSI pUC. 2, HA KOTOPOM MPEJCTaBICHO pacipeere-
HUE 0co0ei 7(p) IO p B pa3HbIE MOMEHTBI ITIEPBOTO MOKOJICHUS. KpuBas
1 mokaseiBaeT pacrpesesneHue 1mo p = p(S¢,Sy) A1 HCXOTHBIX TeHOTH-
noB oco0eii B Hauane nokojeHus. Kpusas 2 mokassiBaeT pacrpeserne-
HUE TI0 P = P(SgSy) A ocobelt mocne o0y4ueHwus, HO etie 10 oToopa.
Kpusas 3 moxassiBaeT pacmnpenenenue no p = p(Sg,Sy) A1t oToOpaH-
HBIX ocobeil. KpuBas 4 mokaspiBaer pacmpeneneHue mo p = p(Sg,Sy)
IUTS TEHOTUTIOB OTOOPAaHHBIX 0COOEW B KOHIIE TTOKOJICHHUS. | €HOTHITBI
OTOOpPaHHBIX 0CO0EH S, JOCTaTOUHO ONMM3KH K (heHOTHIIAM 00YUISHHBIX
1 0TOOpaHHBIX 0c00eH Sy, ModTOMY pactpeaenieHue mo p = P(SqwpSm)
JUIS TEHOTHIIOB (KpHBas 4) mepeMeniaeTcs B CTOPOHY pacrpeesiCH s
JUIE KOHEYHbIX (peHoTHnoB Sy, (kpuBas 3). B ciemyromux NMoKoJIeHuU-
SIX MPOMCXONUT aHAIIOTUYHOE JNAJIbHEHIIIee CMEIICHUE PaCIpe/ICIICHUsI
n(p) B CTOPOHY MEHBINIUX 3HaYCHUH p. Takoe cMeleHne XapaKTepu3yeT
MEXaHHU3M I'€HeTHUYECKOH aCCUMIIIALINM: CBOUCTBO MPUOIMKEHUS K Sy,
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MOJly4YE€HHOE B pe3yJIbTaTe MHAWBHUIYaJIbHOTO OOYYEHMsS, CTAHOBUTCS
HaCJICAYEMBbIM.

[TompuepkHeM, 4TO B pe3ynbraTe 00yueHHs! IPOUCXOIUT CMEILIEHUE K
JOCTATOYHO MaJbIM P, IPU KOTOPBIX CYIIECTBEHHO Pa3invyaroTcs Mpu-
crocoOyieHHOCTH (1) 1 mMpoucxouT 0TO0p 0COOCH ¢ MEHBIIMMU 3HaYe-
HUSMH P(Sg,Sy). Au1st Toro, 4ro0bl M3I0KEHHBI MEXaHU3M paboTal,
o0yueHHe JOHKHO OBITh JOCTATOYHO CHIILHBIM.

IddexT 3xkpanupoBanunsa. OJHAKO CHUIbLHOE 00yueHHE MOXKET HeE
TOJILKO CIIOCOOCTBOBATh, HO M MPEMSATCTBOBATH IBOJIOIMOHHOMY IO-
UCKY ONTHMAJILHOIO I'€HOTHIA Sg,, = Sy. Kak mokaseiBaeT kpusas 1
Ha puc. 1, KOHEUHOE 3HAYCHUE <P> OCTACTCS JOCTATOYHO OOJIBINNM,
NpUOIIKEHHO PaBHBIM 6.2. DTO CBSA3aHO C TEM, YTO VISl CHIBHOTO 00Y-
uenust npu G ~ 1000 HaxoXkA€HHE ONTUMAILHOTO (PEHOTHIIA Sg,, = Sy
MPOUCXOAUT HE3aBUCUMO OT TeHoTHIa Sg,. [loaTomy npu Oonbumx G
HE TMPOUCXOIUT NPUOIMKEHUS TeHOTUIIOB K Sy;. Habmonaercs apdexr
skpanupoBanus [Mayley, 1997].

Bausinne Harpy3ku Ha o0y4eHue Ha MoAeTUpPyeMble MPoLecchl.
Bbbut mpoBeieH aHanu3 BIMSHUS HATPY3KH HA 0OyUYeHHE HA MO/JIEIUpYye-
MbI€ MPOIIECCH IBOMIONUU € 00ydeHueM. [ sToro ciydas mpucro-
cOOJICHHOCTD ONpe/Iesiiach BeipakeHneM (2). Pacuer nmpoBouiics s
yKa3aHHBIX BbIe napametpoB (N =n =100, =1,p,=0.01, T=2, ¢
= 10), BenruuHa o oJjarajgachk paBHo# 1. Pe3ysbraThl pacuera mpe-
ctaBieHsl Ha puc. 3,4. Ha puc. 3 moka3ana 3aBUCHMOCTh CPEIHETO T10
MOIYJISILIU PACCTOSHUS 110 XEMMUHTY <p>= <p(Sg,,Sy)> MEX1y reHO-
TUATIAMHA S, ¥ ONTUMATBHON TIEMOYKON Sy, OT HOMepa nokoneHus G. Ha
puc. 4 npeacraBieHa IMHAMHKA pacipeaesieHuil ocodelt n(p) mo Benu-
YHHAM P B IEPBOM IOKOJICHUH 3BOJIOLHH.

60
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<p>

20 7

0 50 100 150 200
G

Puc. 3. 3aBHCHMOCTB CPETHETO O MOMYJIALUH PACCTOSIHUASA A0 ONTHMyMa
<p> 11 TEHOTHUIIOB 0c00eil 0T HoOMepa MOoKoNIeHNsI G ¢ Y4eTOM Harpys3KkH Ha
obyuenue (ycpeareno mo 1000 pacueram)
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Puc. 4. Pacnpenenenue ocobeii n(p) Mo BeTUYWHAM p B TIEPBOM IMOKOJICHUHU
9BOJTIOIUHY C YUETOM HAarpy3Kku Ha o0ydeHue. 1 —pacmpenencaue mo p = p(S¢;,Sy)
JUUISL ICXOJTHBIX TEHOTHIIOB 710 00ydeHus1, 2 — pacnpeeneHue 1o p = p(Sp,Sy)
IUTsE 0co0eit mocite 00y9eHus, HO emie A0 oTOopa, 3 — pacIpeencHue Mo p =
p(SgSy) Uit oToOpaHHBIX 0cobel, 4 — pacnpenencHue mo p = p(Sg,Sy) IS
TE€HOTHUIIOB OTOOPAHHBIX 0COOEH B KOHIIE TOKOJIeH . CMelleHUe pactpeIeIeHUs
4 X MEHBIIINM 3HAYCHUSAM P CYIIECTBEHHO OOJIBIIE, UeM Ha pHC. 2 (YCPEIHEHO 110
10000 pacueram)

Cpasnenue puc. 1,2 u puc. 3,4 nokasbIBaeT, 4TO y4eT Harpy3Ku Ha
o0OyueHHre MPUBOIUT K AONOTHUTEIHLHOMY 3HAUYUTEILHOMY YCKOPEHHUIO
sBosronuu. [Ipu yuere Harpy3ku Ha oOyueHHEe B KOHILIE 3BOJIFOLIMOHHO-
ro npouecca (mpu G = 200) onTUMaIbHBIE TEHOTUIIB U (PEHOTHITHI Ha-
xozsTes. D deKT sKkpaHUPOBaHUS B ITOM CITydae OTCYTCTBYET.

3. ConocraBJsenue ¢ moaxoaoM Xunrona u Hosiaana

JInst conocTaBiIeHus ¢ XOPOIIO U3BECTHBIM MOAXO0A0M XHHTOHA U
Hogana [Hinton et al., 1987] Obuta moctpoeHa JOMOJHUTENLHAS MO-
JIeTTh, TAK)KE OCHOBAHHAS Ha MOJICNIN KBa3UBUIOB. J{OTIOTHUTEIbHAS MO-
Jiellb CTPOUTCSl IOJOOHO OCHOBHOW. Kakas 0coOb 3BOIIOIMOHUPYIO-
el TOMyJISIUN UMEET TeHOTUIT B (PEHOTHUI, (PESHOTUIBI MOAU(UIII-
PYIOTCSI ITyT€M TaKoTo e MexaHu3ma ooydeHus. OTOOp B cieayroliee
MIOKOJICHUE MPOUCXOUT B COOTBETCTBHU C KOHEYHBIM (DEHOTHIIOM, IO~
JIy4EHHBIM B pe3yJibTaTe 00y4ueHus. TOJIbKO MPHCIOCOOICHHOCTh 0CO-
Oeil B IOTIOJTHUTEIILHON MOJICTH U3MEHSIIACH CIICIYIOIIUM 00pa3oM.

[Tpu HanmyrK 00yUYeHHsI TPUCTIOCOOIEHHOCTh k-if 0COOM omnpe/erns-
eTcsl KOHEYHBIM (PCHOTHIIOM Sy, Tipu £ = T

Ji = exp[-Bp(SpSw], 3
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rae Sg = Spt = 1), p = p(SpiSy) — paccTosiHue 1o XeMMUHTY MEXIY
Sy ¥ ONTUMAIBHON LEMTOYKON Sy,.

[Tpu otcyTcTBHM 00ydYeHUsS] MPUCTIOCOOICHHOCTD k-if 0COOM paBHa
1, ecrii TEHOTHIT paBeH ONTHMAILHOH Iertouke U () BO BCEX OCTaIbHBIX
CITyJasix:

Je =11mpu Sg, = Sy;  fi= 0 1mpu S, # Sy (4)

Taxoke paccMaTpuBallOCh BIWSAHHUE HArpy3kud Ha oOydenne. B atom
Ccllyyae IPUCIOCOOIEHHOCTh MOAU(DUIIMPOBAIACK:

S = exp(-ad) exp[-Bp(Sp.Sw)], )

rae d = p(SeSk)-

AHanm3 0MOJHUTEIBHOW MOJIENTH IPOBOIMIICS ITyTEM KOMITBIOTEP-
HOT'O MOJICIMPOBAHUS JAJISl 3BOJIOLMHU € 00ydyeHueM. Pe3ynbraTel mouTu
COBMAJIANIM C pe3yJIbTaTaMH HUCCIEOBaHUsI OCHOBHOW Mojienu. J{ist mo-
MOJHUTENFHON MOJIENN He ObUIO TOJIBKO SIBHOTO COIOCTABIICHUS PEXU-
MOB 3BOJIIOLIMU C O0YYEHHEM U 3BONIOLMHU O0e3 00ydeHusl.

CoBnajieHue CyIIECTBEHHBIX PE3yJIbTAaTOB JJIsi OCHOBHOM U JIOMOJI-
HUTEJIBHOW MOJIEJIEH TIOKA3bIBAET MAJIYIO POJIb [IAPAMETPA € B OCHOBHOU
Mozenu (cM. BeipaxkeHust (1) u (2)). DTOT mapaMmeTp BaskeH TOIBKO IS
SIBHOT'O COTIOCTAaBJICHUSI PEKMMOB JBOJIONHMU C O0yUYe€HHEM W YUCTOU
IBOJIONUH (CM. puc.1).

3akiaoueHue

Takum 00pa3oM, MOCTPOCHA U MCCIICIOBAHA MOJICIh B3aUMOICHCT-
BUS MEXIy 00yueHHeM U 3Bojronuei. KonnuecTBeHHO mpoaHanu3npo-
BaHbl MEXAHU3MbI B3aUMOAEHCTBUS MEKAY 00yUYE€HHEM U IBOJIOLHEH.

[IpoBeneHHOE HMCCIIEIOBaHNE TIOKA3bIBAET, YTO a) TEHETHYECKas ac-
cumMmsILus, 6) 3pPeKT IKpaHUPOBAHUS U B) 3HAUNTEIILHOE YCKOPEHHE
TeHeTHYECKOH acCUMMWISLIMU U 9BOJIOLMOHHOTO Ipolecca MoJ BIIUs-
HHUEM Harpy3Kd Ha oOy4deHHe HaOII0JAr0TCs TIPU CIEAYIOMNX MIPEIIo-
JIOKEHUSIX

1) Kaxxniast 0coOb 9BOMIOIMOHUPYIOTIEH MOMYIISIIIMA UMEET T€HOTUTT
" eHOoTH.

2) 'enotun u (eHOTUIT IPEACTABISAIOT COOOM LIETIOYKHA CHMBOJIOB
OJIMHAKOBOH (hOPMBI.

3) 'eHOTHTIBI IEPEAATOTCS OT POAUTENECH K TOTOMKAM C HEOOIIBIITH-
MU MyTalusiMi. ['eHoTHIr 0coOu He MEHSIETCs B TEUCHUE €€ KU3HU.

265



4) HavanpHblil peHOTHUI 0COOM paBEeH ee TeHOTHITY.

5) Nmeetcs onpeeneHHast ONTUMabHAS IIETIOYKa CUMBOJIOB, KOTO-
past mieTcs B mporecce 00ydeHUs ¥ OBOIIOINH.

6) ®eHoTHT CYIIECTBEHHO MOU(PHUIUPYETCS ITyTeM 00ydeHHUs B Te-
YeHHE )XU3HU 0codu. B mporiecce o0ydeHu (eHOTHUIT TPUOIHKACTCS K
ONTUMAJIbHOM LIEIOYKE.

7) OT60p 0cobeil B HOBOE TOKOJICHUE OMpPENEIsIeTCs] KOHCUHBIMU
(heHoTHIIAMH OCOOEHA.
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VIIK 519.7

KPUIITOI'PA®UA C CUMMETPUYHBIM KJIHOYOM
C HCITOJIb3OBAHUEM I'EHETHUYECKOI'O AJI'OPUTMA'

B.JI. Credaniok (stefanuk@iitp.ru)
WucTutyT nipobaem nepenayn nadopmaimu, Mocksa
A.X. Anxyccaiid (amanie-alhussain@hotmail.com)
Poccuiickuil yausepcuteT apy>x0bl Hapoa0B, MockBa

B ornuume ot ucnonb3oBaHus reneruueckux anroputmon (I'A) s dop-
MHUpPOBaHMs KIO4Ya MKM(pPOBaHUS B HACTOsIICH paboTe Mpeiaraercs
BKJIFOYMTHh ['A HENMOCPEACTBEHHO B TPAaKT Iepenadyd MrM(pOBaHHOW HMH-
dbopmanuu, rae 3TOT aJrOpUTM IO3BOJSIET YIYUIINTh BEPOSTHOCTHBIE
XapaKTepUCTHKH TeHepatopa ciyudaitHbix uncen (I'CY). [Toneznocts naH-
HOT'O MOJX0/a WITIOCTPUPYETCsl Ha HECKOJIBKUX MpuMepax. Kpome Toro,
IIpeAcTaBieHa ACHCTBYIOLIas CUCTeMa KpuITorpaduu, onuparomascst Ha
OINMCAHHBIE B CTAThE IPUHIIUIIBL.

BBenenue

Kpunrorpadus urpaer BaXXHYIO poiib B 00JIACTH CETeBOM Oe3orac-
HocTH. Llens kpunrorpadgum — 3ammra neperaBaeMoil HHGOPMALIUH OT
YTEHHSI TOCTOPOHHUMHU JIUIIAMH.

I'eHeTHUeCKUi aTOPUTM TPEJICTABISIET COOOM IBPUCTHKY, KOTOpast
UMHTHUPYET TPOIECC €CTECTBEHHON ABOJIONMU. KOMIBIOTEpHBIN Ba-
pHAHT TeHETHYECKOTO0 anropuT™a 0611 npeanoxer ['omnanmgom [Holland,
1975], [Poornima, 2014]. OH ObUI yCIIENIHO PUMEHEH B IEJIOM psJIc
NPWIOKEHHUH UIs PEHICHUs 3a/1a4 HEJIMHEHHOW ONTUMH3alUH, BCTpPe-
YAOIIMXCS B TAKKX 00JIACTAX, KaK MCKYCCTBEHHBIN MHTEIUICKT.

B nmurepatype o kpunrorpadun ObUT IPECTABIEH HETbIH psija Me-
TOJIOB, MICTIOJIB3YOIINX T'€HETUIECKUE aITOPUTMBI.

Hanpuwmep, B padotax [Menzes, 2001] u [Goldberg, 1989] Obuia
ormucaHa HoBas Onodnast cuctema mmdpoBanusi, a umenno ICIGA
(«Yny4menHas kpunrorpadus, HaBestHHAS UICSIMU T€HETUYECKUX ajl-

! PaboTa BhITIOJIHEHA ITPU (PUHAHCOBOMW MOJIEPKKE 10 POrpaMMe Mpe3uanyMa
PAH «MHpopMannoHHble, yNPaBIsIONMe W HHTEIUICKTyalbHbIE TEXHOJOTHH H
cuctembi» 1 ponga PODU (ipoext Ne 12-07-00209-2). ccnenoBanue npoBOIiIoCh
B UIITIN PAH u Ha xadenpe MHPOPMAIIMOHHBIX TEXHOJIOTHH Poccuiickoro yHu-
BepcUTETa IPYKOBI HAPOIIOB.
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TOPUTMOBY), B KOTOPOI B XOJl€ CIy4YaifHOTO TpOIlecca TeHEPUPYETCs
KITI0Y ceanca. Pa3mep 010Ka 1 JuIMHA KITF04a MOTYT U3MEHSITHCS U MOTYT
OBbITh yCTaHOBJIEHBl KOHEYHBIM IMOJb30BaTeJIeM B Haudaje Ipolecca
mdposanus. Cucrema ICIGA sBisieTcsi yCOBEPIIEHCTBOBAHUEM CH-
cremsl ['TIK [Tragha, 2005] , [Tragha, 2006].

B HacTosimieii pabote UCTob3yeTcst AETEPMUHUPOBAHHBIN BAPHAHT
I'A, xoTOpBIif 00ecTieunBaeT OTHO3HAYHOE BOCCTAHOBJICHHE 3aIIU(PO-
BaHHOTO TEKCTA MOJIy4aTeIIeM.

IIpoBeneHHblE HAaMM SKCIEPUMEHTHI II0Ka3ajid, YTO YPOBEHb
CIIy4aifHOCTH JUIsl THIIMYHBIX TeHepaTopoB cirydaiHbix yucen (['TICYH)
HE OYEHb BBICOKMUA M MOXKET OBITh HECKOJIBKO YJIYYIIEH C MOMOIIbBIO
TEHETUYECKOro aliropuT™Ma. B HacTosIIel cratbe 1eTepMUHUPOBAHHbBIN
I'A wucnons3yercst ans ynyuwmenus cBorictB [TICH u moBwieHus
KpunTorpaduueckoi 3aIinThl.

B nanHoif paboTte MBI Iipe/iaracM 0coObIi MOIX0/1 K MK (POBAHUIO.
CHauana reHepupyeTcs OCJIe0BATEIbHOCTD IICEBIOCTYYaHBIX YHCEI
C MMOMOUIBIO TMHEWHOTO KOHTPYIHTHOTO reHepaTopa (0o ¢ MOMOIIbIO
reHeparopa Ha ocHoBe uucen @duOoHayum). 3aTeM 3Ta MOCIEA0Ba-
TEJIBHOCTH HUCIOJB3YeTCs B AETEPMUHUPOBAHHOM ['A ¢ mpuMeHeHnem
MpOIIeYp MyTallMu M KpoccoBepa'.

Hacrosmas paboTa oprann3oBana cienyroumm oopasom. B pasnene
1 MBI OIMCHIBAEM MCIIOJIb3yEMbIE HAMHU I€HEPATOPBI CIIyYalHBIX YUCEI.
B pa3znene 2 paccmarpuBaetcs poiib fetepMuHupoBaHHoro I'A. B pas-
nene 3 oOBsICHSETCS TMpeJyiaracMblii CIoco0 KpUNTOTpaduuecKoi
3amuThl. B paznene 4 npuBoasSTCS 3KCIIEPUMEHTAIbHbIE PE3yJIbTaThl, a
BBIBO/JIBI COJIEPKATCS B 3aKJIIOUUTEIILHOM pasjiedie.

1. Ucnosib3yemMble reHepaTopbl NMCeBAOCTYYAHHBIX YU Ce

— Anroputrm ITICY (Pseudorandom Number Generator, PRNG)
MPU3BaH CO3/aBaTh IOCIEIOBATEIBHOCTh YMCET, IEMEHTHI KOTOPOM
MPaKTUYECKH HE3aBHCUMBI JIPYT OT APYra M MOAYMHSIOTCS 3aJaHHOMY
pacnpeseneHnto (00BIYHO paBHOMEpPHOMY). Umcia Mbl OyieM CUUTaTh
MIEPBBIM TIOKOJICHHEM B CiTydae mpuMeHeHus ['A.

B mpenmaraemom anroput™e mmudpoBaHUS MOKET OBITH UCIIONB30-
BaH OJIMH U3 cleAyromux aByx anroputmos ['TICY:

! Xopo11ro u3BeCTHO, 4TO OJI0YHBIE IH(PHI, KOTIa OMTHI 00pabaTHIBAIOTCS TPYII-
IaMH, HaJIe)KHee, HO MeJUIeHHEee MOTOUHbBIX. [109TOMY OHU 371eCh HE MCIIOIB3YIOTCSI.

268



JIuHeiiHbIi KOHTPYIHTHBII MeToa ObuT ipetokeH J1.IM.Jlemepom
(Derrick Henry Lehmer) B 1949 rony. CyTs MeTO/1a 3aKIIF04aCTCSI B BBI-
YUCIICHUH TTOCIIEIOBATEILHOCTH CITyYaiiHbIX YMcen X, , Tojaras:

X

n+l

=(aX, +c)modm ,

rae m — 3HaueHue MoayJsi (m>0), a — MHOXHTEIb, ¢ — IIPUPALICHHE,
X, — HavanbHOe 3Ha4eHue. (MomyIb, MHOKUTEIb, IPUPAIICHAE U Ha-
YajbHOE 3HaYeHHe Oy/yT 4acThbIO CEKPETHOTO KIII0Ya)

Metoa ®udonayum c 3anazabiBanusvu (Lagged Fibonacci Ge-
nerator.) — 3TO APYTOH METO]] TeHEPALUH IICEBIOCTYYallHBIX YHCEI:

Xn+l = (Xn + Xn—l ) mOd m,

rne m — Moaynb, X, — HadanbHoe 3HaueHue. (HauampbHoe 3HaueHue u
MOJyJb OYAyT UCIOIB30BaThCsl KaK YaCTh CEKPETHOTO KITF0Ya)

[Ipu nomomn onucanusix [ TICH Gy et co3nano nepBoe NOKOJICHHE
CIIy4aifHBIX YMCEell, KOTOPOE B JajbHEWIIeM HaMU OyAeT MOIU(BUITUPO-
BaHO C MpuMeHeHueM ['A, OnMCcaHHOTO B CIEYIOIIEM pa3zee.

2. JlerepMUHUPOBAHHBIA FreHETHYECKHH AJITOPUTM

MBI HCTIONB3yeM ETePMUHAPOBAHHYIO BEPCHIO TEHETHYECKOTO ajl-
TOPUTMA, IOJOOHYO TOMY, YTO BCTPEUYAFOTCSI B HEKOTOPBIX AJITOPUTMAX.
B cuity ucrosib30BaHHOTO HAMH JITOPUTMA ITepeiadn, KOTOPbI OTHUCaH
B paszmene 3, HEOOXOAMMO OOECIIeUUTh MMOBTOPSIEMOCTh PE3yJIbTaTOB
paboTel Takoro ainropurMma. [1o3TOMy BBeIeM MOHATHS ICTEPMUHHPO-
BaHHOI oTepalnyu KpoccoBepa U ISTCPMHUHUPOBAHHOW MYTaIlMU, KOTO-
pbIe, pasyMeeTcsi, OTIMYAOTCA OT TOTO, YTO IpeaaraeTcsi X0oJIaHaoM
[Holland, 1975].

B nmeTepMHHUpPOBAHHBIX OIEpAIMIX, TPUMEP KOTOPBIX MbI JaeM
HIDKE, CIUTACTCS, YTO MTOITHOE MHOKECTBO XPOMOCOM MPEACTABIISET CO-
00i1 KOJJIEKIIMIO IBOMYHBIX CTPOK (PUKCUPOBAHHOMW JIJTHHBI.

IIpumep pabomwr onepamopa Kpoccogepa. 31ech BBHIOPaHbI JBE
«XpOMOCOMBI», a KOHKPETHOE MECTO JUIsl OTEpallii KPOCCOBEpa BbI-
OupaeTcs B 3aBHCHMOCTH OT pa3Mmepa xpomocom (puc. la, 1b). ITocne
9TOTO TPOM3BOJIUTCS OOMEH dacteit xpomocom (puc. 1¢) (Hamomuuwm,
YTO OIepainus HOCHT JCTCPMUHUPOBAHHBIN, & HE BEPOSTHOCTHBIN Xa-

pakrep.)
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Puc. 1. IIpumep paboTsl onepaTopa JIeTEPMUHUPOBAHHOTO KPOCCOBEPa

[Ipumep paboTer onepamopa mymayuu, KOraa HEKOTOPBIE «T€HB»,
umerone 3HadyeHne 0, N3MEHSIOTCS Ha 3HaueHue |, ToKaszaH Ha clie-

JYIOIIEM PUCYHKE.

[ofojoJojofo Jo Jo |

[1ofofofofr [1r 1]

Puc. 2. IIpumep paboTsr
oneparopa MyTalluH

Pesynbratel, nocturaemsie npu npumenenuun I'A k ['TICY, utro-

CTpUpYIOTCS Ha pHC. 3.

Fle B8 View et Tosh Uhakdop Window ~Hdg |

[Dads & 3 00€4 (@08 =D

- Y LYY
'.,T.., f")t.\f. IN r'a ' il Wﬂwﬂﬂ

3 a. Ilocnenosarensuocts IICY, cos-
JIaHHAs ¢ WCTIOJIh30BAHUEM JIMHEHHOTO
KOHIPYHTHOTO FeHepaTopa (BBEpXy) U
MOAN(HUIIMPOBAHHAS C TOMOIIIBIO FeHE-
THYECKOTO AJITOPUTMA (CHU3Y).

Ddds (kNS 089EL- G 08 =1 |

g m ;,_UMJ.L?J':

3 0. ITocaenosarensaocTs IICY, cos-
JIAHHAs! C MCIIOJIb30BAHMEM I'eHepaTopa
®ubonauun (BBEpXy) U MOANDHIIH-
POBaHHas C IIOMOILbIO TEHETHYECKOIO
JITOPUTMA (CHU3Y).

Puc. 3. 'eneTnveckuii anropuT™ MOBBIIIAET YPOBEHb CIIyJaliHOCTH

270



Ha puc. 3a cBepxy nokasan pe3yibTar npuMeHeHus ['A B ciydae
JTUHEHHOTO KOHTPYIHTHOTO TeHEpaTopa, a HUKe MOKa3aHo, YTO CTEIEHb
CIIy4aifHOCTH CYILIECTBEHHO MTOBBILIAETCS MOCIIE TPUMEHEHUS IETEPMHU-
HupoBaHHOTO ['A. AHaNOTWYHO, HA puc. 30 MOKa3aHa CXOJHAs CUTYya-
uust s reneparopa Gubonauyn.

3. CUMMeTpHYHBIH KJI04Y. AJropuT™M mudpoBaHus

CuMMeTpHYHBIE AJITOPUTMBI TPEOYIOT, UTOOBI KITFOY UG POBAHUS
U K04 iemugpoBanus cornagani. OTnpaBUTeIbh U MOTydaTelb 00s-
3aHbI, TAKAM 00pa3oM, COTJIACOBATh KIItOU MHUPPOBAHUS, MIPEKIC YeM
OHHU CMOTYT 00IaThcsi 6€30macHo.

CekpeTHbIil K104,

CekpeTHbIe KJIIOYH B HAIIIEM MOJIXO0/JI€ 3aBHCAT OT BEIOOpA HCXOIHOTO
TeHepaTopa CIIyYaiHbIX YUCE:

Kirou s renepatopa @uboHayun COAEpPKUT HECKOIBKO KOMIIO-
HEHT — Ha4YaJbHOE 3HAYCHUE, MOMYJIb, YHCIIO TIOKOJICHHUH, pa3Mep Xpo-
MOCOMBI, KOHEYHOE 3HAUEHHE;

Ki1rou U1t KOHPYIHTHOTO TeHepaTopa TakKe COIACPIKUT HECKOIBKO
KOMITOHEHT.

Onucanme aJropurmMa

Jrtan mudpoBaHus.

CHavana BeIOMpaeTcs K04 mudpoBaHus, cOOOIIaeMblii Kak mepe-
JaTYHKy, TaKk U NPUEMHUKY HH(opManuu. B 3aBucuMocTH OT Kitoya
TeHEpUpPYeTCsl TOCIeI0BATEIILHOCT ICEBIOCTYYalHBIX YHCENl C TO-
MOMIbIO JIMHEHHOI0 KOHIPYIHTHOI'O reHepaTopa (JInho ¢ MOMOILBIO Te-
HepaTopa Ha ocHOBe uucen Pubonawyun), MOAN(PUIMPOBAHHAS C TIPHU-
MEHEHUEM OIUCAHHOTO BBINIE JICTEPMUHUPOBAHHOTO T'€HETHYECCKOTO
anroput™a. O003HAYUM 3TY TOCIIE0BATEIBHOCTH CHMBOJIOM L .

3aTeM COBEpINAOTCS CIEIYIOLIHe LIark, CBI3aHHbIE C IeperaBac-
MBIM TEKCTOM.

1. Jlns ouepenHOTO CHMBOJIA TIEPEaBAEMOr0 TEKCTa, HaunHas C
camoro nepsoro, HaxoauTcs 3Hauenne ASCII kona;

2. lomy4yeHHoe 3HAa4YEHUE AETUTCS MO MOMAYIIO HA YHCIO, B3ATOE
n3 MHOXKecTBa L . IIpu 3TOM 3HaueHHE MOyl CONEPKUTCS B COCTaBe
BBIOPaHHOTO CEKPETHOTO KtoYa (TIOCIIeI0BATEIbHOCTh L TIOBTOPSIET-
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Cs1 IIUKITNIECKUM 00Pa30M, €CIT MHOKECTBO COJICPIKHT HEJTOCTATOUHOEC
KOJTMYECTBO YHCEJL.)

3. B kauecTBe mM(pPOBAHHOTO TEKCTa BMECTO KaXKIOT0 CUMBOJIA
OyJeT nepe/iana napa — 4aCTHOE U OCTATOK, MOJyUEHHBIE JIJISI 3TOTO
CHMBOJIA TEKCTa;

Jrtan gemudppoBaHus.

Otan nemu@poBaHus BBITOIHIETCS aHAJTOTUYHBIM 00pa3oM, MpH-
YeM B CHIIy JCTEPMHHHUPOBAHHOTO XapaKTepa BCeX OIepaluil BO3HU-
KaeT BO3MOKHOCTb Ha IIPUEMHOM KOHILIE BOCCTAHOBUTH 3HAUEHUS BCEX
MepeJaHHbIX CUMBOJIOB.

4. 3KCHepHMeHTaJI])HI)Ie pe3yJbTaThbl

[t sxkcieprMenTa ObLT BRIOPAH MPOCTOM TEKCT (OTKPBITHIA TEKCT):
»genetic encryption«

[Ipu BbIOOpE MTMHEHHOTO KOHIPYIHTHOI'O I€HEpaTopa Ha OCHOBE
CEKpPETHOTO KJfoua (KJII0Y MOKa3aH Ha pUCYyHKE 4.a) TIOCTPOEHHOE
MHOXECTBO L coiepxut uucna {342 358 296 483 421 217 92 467
342 358 296 483 421 217 92 467 342 358}, kak moKa3aHO HA PUCYH-
ke 4b.

42 Enuypbontients Algonthm [FEmE———)

[Pt e | e s | D]

@ BlumBlusSheb

@ QuadraticCoagroeatial

i7 | 10001
101010110
1010011

Recalculate

(a') CexpeTHbIif KITI0d (b) MuoxectBo L

Puc. 4. Kimou mmdpoBaHust 1 COOTBETCTBYIONIAS
nocnenoBaresnbHoCcTh [ICH

Xon mudpoBaHus Moka3aH B Ta0JI. 1 U HA CKPUHILIOPTE PUC. 5.
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Tabauya 1

TocaegoraTensmocts ances L
Cmveon | ASCII 3HaueHme cHMEOT Jemxemmte | Yactaoe | OcTaTon
0 MOZYIR

g 103 342 342/103 3 33
e 101 3358 358/101 3 55
n 110 296 206/110 2 76
e 101 483 4837101 4 79
t 116 421 421/116 3 73
i 105 217 217/105 2 7
c 99 92 0 99

32 467 14 19
e 101 342 / 3 39
n 110 3358 358/110 3 28
c 99 296 296/99 2 98
3 114 483 483/114 4 27
v 121 421 421/121 3 58
P 112 217 217/112 1 105
t 116 92 02/116 0 116
i 105 467 467/105 4 47
0 11 342 342/11 3 9
n 110 3358 358/110 3 28

SamudpoBanHbIii TeKCT — 310 { 3283924741163 1052 58027
1498328339219499371730794 76355333}, kak moka3aHo
Ha puc. 5.

a5l EncryptionGenticAlgorithm E@g
Plt GA space Encrptlessage
- T

Text to be enc . \
genetic encryption ¢ MCXOHbI TERCT

32839247411631052580271458328339219459371 ?34?635

0 ® Algorithml

© Algorithm2

AU POBAHHbIN TERCT

g—103—342—3—33

Puc.5. Ilpouecc mudpoBanus
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Xon aemudpoBaHus B IEHCTBYIONIECH CHCTEME TTOKa3aH B Ta0Jl. 2 U
Ha puc. 6.

Tabauya 2
Tocaeposatenssocts | Jmammra I= ot 1 o 236 cpasmmTs CHMEQT
YacTHOE OCTATOE et L uyactHoe* [+ ocTaToK ¢
INocmeg0Ea TETEHOCTE THCET H EHIOPATE [

3 33 342 103 g
3 53 338 101 :
2 76 296 110 n
4 19 483 101 E
3 73 421 116 t
2 7 217 105 i
0 99 92 99 c
14 19 467 32

3 39 342 101 g
3 22 338 110 n
2 02 296 99 c
4 27 483 114 T
3 32 421 121 ¥
1 105 217 112 P
0 116 92 116 t
4 47 467 105 i
3 9 342 1 0
3 22 338 110 n

[ g5l EncryptionGenticAlgorithm l = |8 g

@ Algorithml

@ Algorithm2

—

Puc. 6. Ilpouecc nemmppopanus
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3akjaouyeHue

B nHacrosimem uccnenoBanuu ObUT pa3paboOTaH MOTOKOBBIA KpPHII-
TOrpaMueCcKHil aarOpUTM C HCIIOJIB30BAHUEM KOHIETIIUH JIETEPMU-
HUPOBAHHOTO TEHETUYECKOTO alTOPUTMA IS YIy4dIIEHHS CBOWCTB
JUHEHHOTO KOHTPYIHTHOTO reHepaTopa uiu reaeparopa DubOonayyu.
Pabora Obuta peanmsoBaHa ¢ ucnonb3oBanueM C# u MATLAB 7.8.0
B KauecTBe MIATPOpPMBbI MOJeIUpoBaHus. PazpaboTaHHBIA anropuTm
TECTHUPOBAJICS TAK)KE HA TEKCTaX U3 PYCCKUX M apaOCKUX CHMBOJIOB
M TIOKa3aJ YCHEIIHYI0 paboTy, aHAJIOTHYHYIO MTPUBEACHHOMN BBIIIE JUIS
TEKCTa Ha aHTJIMHCKOM SI3BIKE.
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PaccmaTpuBaeTcs aBTOMaTHYECKOE T€HEPHUPOBAHHE CKYCCTBEHHBIX HeEl-
POHHBIX ceTell caMOKOH(MUTYPUPYIOIIUMHUCS BOJIOLMOHHBIMHU QJITOPUT-
MamH. [lomydeHHBIM AJTOPUTMOM peEIIaeTcsl 3aJada MPOTHO3UPOBAHUS
YPOBHS 3a00J1€Ba€MOCTH HACEJICHUsI B 3aBUCUMOCTH OT YPOBHsI aTMOchep-
HOTO 3arpsi3HeHust. [IpoBOAUTCS psiA TECTOB M CPABHEHHH Pa3IUYHBIX Ba-
PHAHTOB MPEJUIOKEHHOTO allrOPUTMa.

BBengenue

Hcnonp3oBaHue NCKYyCCTBEHHBIX HeWpoHHBIX cerel (nanee MHC) B
3aa4ax MPOTHO3UPOBAHMSI HA CETOJHSIIHUN €Hb SBISIETCS OJHUM U3
pacnpocTpaneHHbIX MeTooB [["amymkun, 2010]. OgHako npy UCTIOIb-
30BaHMU TAKOTO ITOIX0/1a MCCIIEI0BATENH KaXKIbIH pa3 CTAIKUBAIOTCS CO
CIIOXKHOM 3amaueit BeiOOpa apxutektypsl MHC. C Takoi 3aga4eit MmoryT
YCIIEIIHO CHPABIIATHCS 3BOJIIOLHOHHbBIE AJTOPUTMBL. ABTOMATH3AIHS
noctpoenust apxurektypsl MHC mo3BossieT pacmmpuTh 00JIacTh HX
MPUMEHEHUs, T.K. OT KOHEYHOT'O MOJIb30BaTeNsl 0oJblle He TPeOyroTCs
3HaHMA B 00JIaCTH HEHpOCeTeBOro MoenupoBanus. TpeOyroTcs 3HaHUS
nuib B o0nactu npumenenus MHC.

D¢ HEeKTUBHOCTH IBOFOIMOHHBIX AJITOPUTMOB 3aBHCHT OT BHIOpaH-
HOM ayist HUX KoHpurypaiuu [Meyer-Nieberg, 2007]. J{nst kaxmo#t KoH-
KpeTHOU 3amaun HambOosee d(h(eKkTHBHAS KOH(PUTYpAIlUs alropuTMa

' Pabora BBINOIHEHA TIPH MO IepkKe Poccuiickoro Goraa (yHIaMeHTaIbHbIX
uccienoBanuii (mpoexr 14-06-00256).
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3apaHee HeW3BeCTHA. BerpewaroTes cirydau, Korna u3MeHeHus] KoHpu-
Typamuy ajJroputMa B mporecce paboTsl MPUBOAT K YBEIUICHUIO €TO
saddextuBHOCTH. Takum 0O6pa3zom, aBToMaTHyecKas mpoleaypa Bbioopa
KOH(UT'ypaluy aJrOpuTMa B Ipolecce padboThl (CaMOKOH(pHUIypupo-
BaHUE) SIBJSICTCS MOJIE3HONW MOAM(HUKAIMEH, TTO3BOJISIONIEH M0JIb30Ba-
TEJII0 YaCTUYHO OTKA3aThCsl OT HACTPOEK aJrOpUTMa M MOBBICHTH €TI0
3¢ (HEKTUBHOCTB.

B paGore onmchBaeTCS aJIrOPUTM CaMOKOH()HUTYPUPOBAHHS IBO-
JIOIIMOHHBIX alrOpuUTMOB. PaccmarpuBaeTcs moaxo/ 1 aBTOMaTHYECKOTO
TeHEPUPOBAHUS CTPYKTYPbl U O0y4YeHHSI MCKYCCTBEHHBIX HEHPOHHBIX
ceTeld. AJITOPUTM T€HETHYECKOTO MPOTrPaMMUPOBAHUS TAKKE HUCIIOIb-
3yeTcsl B 33/1a4e BOCCTAHOBJICHUS MPOITYCKOB TaOIMIbl JaHHBIX. B 3a-
KITFOUUTEIbHOM YaCTH UTOTOBBIN aITOPUTM IPUMEHSIETCS IS PEIICHHS
3aJja4y IPOTHO3UPOBAHUS YPOBHS 3a00J1€BAEMOCTH HACEIICHUSI.

1. CamokoOH(UTypUpPYIOIIMIACH IBOJTIOIUOHHBIN
aJIropuT™M

B 9BONIOIMOHHBIX aTOPUTMAX CYIIECTBYET HECKOJIBKO TPYII Te-
HETUYECKUX OTNEPATOPOB: CENICKIMH, CKPECIIMBAHUS, MyTalluu, (GOpMHU-
POBaHUs HOBOW MOy JISIIUK. M iest caMOKOH(UTYpUpOBaHUS OCHOBBIBA-
eTcsl Ha cIeqyroleM npuHIune: «BHyTpy kakaoil u3 rpymnm Hanbomee
YCIICHIHBIA M3 OINEPAaTOPOB IMOOIIPSIETCS, OCTAJIbHBIC INTPAQYIOTCS.
DTO MPOUCXOJUT 3a CUET YBEIWYCHHS W YMCHBIICHHUS BEPOSTHOCTEH
BBIOOpa TEHETHYECKHX OMNEepaToOpoB BHYTPH rpynmbl. OmNHIIEM anro-
put™ [Cemenkuna, 2013; Semenkin et al., 2012].

JIJs KayKA0T0 U3 OMepaTopoB BHYTPH TPYIIIBI B Havaje paboThI a-
ropuTMa BBIOUpAETCS BEpOSITHOCTD p=1/k, T1ie k — 4uCiio onepaTopoB
BHYTpH rpymibl. [lanee Ha KaKI0i UTepaluy aropuTMa IMpOUCXOIUT
olleHKa paboThl Ka)XJOTO W3 ONEepaTopoB, OCHOBBIBASCH HA CPEIHEH
MPUTOIHOCTH TIOTOMKOB, MOJTYYEHHBIX C €r0 IOMOIIBI0. JTO MPOUCXO-
JUT TIO CIEeIyIoNIeH Gopmyiie: fitness=f/n. 3nech f — cyMMapHasi TpH-
T'OJTHOCTh TIOTOMKOB, 71 — UX KOJHUYECTBO;

[lepepacnpenenenne BepoOSITHOCTEH BBIOOpA OMNEPAaTOPOB MPOHC-
XOJIUT CISAYIOMUM 00pa3oM: HamOojee 3(h(PEKTUBHBIA U3 OIepaTo-
POB YBEIIMYUBAET CBOIO BEPOSTHOCTH BhiOOpa p Ha ((k-1)-C)/(kN), B TO
BpeMsl KaKk OCTaJIbHBIC M3 ONEPaTOPOB TPYHITBI YMEHBIIAIOT CBOIO Be-
postHocTh Ha C/(k'N). 3aech k — 4ucno omepaTopoB BHYTPH TPYIIIHI,
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C — HeKOTOPBIH KOAPPUIHEHT, N — 4UCIIO TOKOJIeHHH anroputma. [pu
nepepacnpesie/iCHId CyMMa BEpOSTHOCTEH Bcerja paBHA CIUHUIEC U
BEPOSATHOCTH BBHIOOPA KAKIOTO U3 OMEPATOPOB HE MOXKET YHACTh HUXKE
3aJ]aHHOTO TIOPOTa.

JHanee it KaKA0r0 OyAyIIEro MOTOMKa ONEpPaTophbl, IPU MOMOIIH
KOTOPBIX OH OyJET MOPOXKIEH, BHIOUPAIOTCS B COOTBETCTBUH C IMOJIY-
YEHHBIMH PaCIPE/ICIICHUSIMHU BEPOSTHOCTEH.

OnucaHHBIH MOJIX0/1 MTO3BOJIAET OTKA3aThCS OT BHIOOPA KOH(PUTYpa-
UM JITOPUTMA MTOJIH30BATEIIEM.

Panee Takoit momxoa ObUT MPOTECTUPOBAH Ha psizie 3a/1a4 0E3yCIIOB-
Hoit ontumm3anuu [Khritonenko et al., 2013]. OnuH U3 MomyYeHHBIX
pe3yJIbTATOB MPE/ICTABICH HIKE:

Hanemuooth

AVER

SAGA

0 I I 1 1
0 20 40 60 80

Homep xoMOmHaim napaMeTpos

Puc. 1. Pesynbrarsl cpaBHeHHs 2pQEKTHBHOCTH CTaHAAPTHOTO
1 CaMOKOH(HUTYPUPYIOIIETOCs TeHETHYECKOT0 aJITOPUTMa

Ha nannom rpaduke GA — 6a30Bast MO/IENb SBOIIOIHOHHOTO aJro-
puT™Ma (reHeTu4ecKuil anroputm), A VER — cpeaHee 3HaYeHHUE MIPUTOJI-
Hoctu anroput™ma, SAGA — caMoKOHpUTypupylomumiics anroputM. Kak
BUJTHO M3 MPEJICTABICHHOTO Tpaduka, MOIUGUIIMPOBAHHBIN alTOPUTM
BBIMTPBIBAET y 0230BOT0 TI0 OOJBIIEMY YHCITY HACTPOEK, 4TO, O€3yCIIOB-
HO, SIBJISI€TCS BAKHBIM PE3YyJIbTATOM, T.K. CYIIECTBEHHBIN IPOUTPHILI Ha-
OJro1aeTCs TOJIBKO IIPU OJTHOM BapHaHTe KoH(puryparmu ['A, KoTopbIii,
0JTHAKO, 3apaHee HEU3BECTEH, a JOJKEH ObITh ONpEAEIICH B pe3yJibTaTe
cpaBHeHus 90 pa3NTUYHBIX BApUAHTOB.
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2. [IpuMeHeHHe aJrOpUTMA FeHETHYECKOT0
NPOrpaMMHPOBAHHUSA

OmuH U3 MeTofoB aBToMatnyeckoro reHepuponanus MHC — sBo-
JIIOLUOHHBIE aJITOPUTMbI, 8 UMEHHO QJITOPUTM I'€HETHUYECKOT0 MPOrpaM-
mupoBanus (I'Tl) [Pytkosckas u ap., 2006]. dns npuMeHeHHUs TaKOTO
anroputMa B 3amade (opmupoBanus MHC gocrarodno ompenenutsb
METOJ] KOAWPOBaHUS, 3alOJHUTh TEPMHUHAJIbHOE M (YHKIHOHAIBHOE
MHO>KECTBO HEOOXOAMMBIMH AJIEMEHTaMH, COOIOCTH yCIOBHS 3aMKHY-
TOCTH U IOCTaTOYHOCTH. B KauecTBe 3J€MEHTOB TEPMUHAIBHOTO MHO-
KECTBa UCIOJIB3YIOTCS BCE BXObI 337a4H, a TAK)KE HEHPOHBI C pa3iny-
HBIMH aKTUBallMOHHBIMH (pyHKIUSIMHU. B kauecTBe (HyHKIIMOHAIBHOTO
MHOJKECTBA — OIEpaTrop OObETUHEHUS HEHPOHOB B OJUH CIOH (+), a
TaK)Ke OIepaTophl, OTBEYAIOIINE 32 MEKCIOWHEIE CB3U (). Ilpumep
npocTeieil HeMPOHHOW CETH MOKHO YBHJIETh HA PUCYHKE HUXKE.

Puc. 2. I[Ipumep koanpoBaHUs HEHPOHHOM CeTH

Ha pucynke 2 N1 — HelipoH C aKTHBAIlMOHHOH (PYHKIIMEH 1-ro TuIma,
il, i2, i3 — COOTBETCTRBYIOIIME BXO/IbI (ATpUOYTHI) 3a1a4un. Beero B anro-
pUTME 3a€HICTBOBAHO JECSTh TUIIOB PAa3JINYHBIX HEHPOHOB.

3auacTyio Ipu pelieHnH MPaKTUYeCKUX 3ajad BO3HUKAET Mpooiie-
Ma 00pabOTKH ¥ BOCCTAHOBJICHHS TPOITYIICHHBIX 3HaueHUH [ CHUTIOK,
2006]. CymecTByeT MHOXECTBO METOJOB JJIsl PEUICHHUS JaHHOW IMpo-
O1eMBbl, OTHUM U3 KOTOPBIX TAK)Ke SBISIETCS METO/ TEHETHUECKOTO TIPO-
rpaMMmupoBanus. [y penienus Takoi 3a1a4u HEOOXOAMMO HATIOIHUTD
(yHKIIMOHAJIbHOE MHOXKECTBO aJTrOpUTMa Pa3MYHbIMU MaTeMaThye-
CKMMH OllepaTopamMH, a TepPMUHAILHOE — YUCIOBBIMU NapaMeTpamMH |
TEMU aTpruOyTaMu, MPOIYCKOB B KOTOPBIX HE Habmtoaaercs. Takum 00-
pa3oM, CTaHET BO3MOXKHBIM BOCCTAHOBHUTH HEJIIMHEHHYIO MHOKECTBEH-
HYIO PErpecCHIO M TEM CaMbIM 3aIIOJHHUTh MPOMYCKH B MacCUBax JIaH-
HBIX 3a7Ia4H.
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B o6oux u3 npeacraBieHHbIX ciydaeB anroputmaM ['T1 mHeooxomu-
Ma mpouenypa o0ydeHus. B nepBom ciydae 11 HaCTPOMKH BECOBBIX
KOX(pPUIMEHTOB HEHPOHHBIX CeTel, BO BTOPOM — JJIsl HACTPOHKHU pas-
JMYHBIX TTAPAMETPOB TOJyYSHHBIX B UTOT€ CHMBOJIGHBIX BBIPa)KEHH.
B nanHo#t paboTe B KauecTBE TAKOTO METOJA MCIHOJIB3YeTCs CAMOKOH-
(UTYpUPYIONIUICS TeHETUYECKHUIA aIrOPUTM.

D¢ (HeKTHBHOCTH HTOTOBOTO AITOPUTMA Ha PsIJIE TECOBBIX 3a71a4 ObLTa
MPOAEMOHCTPUpPOBaHa B mIpeamecTByomux padorax [Khritonenko et
al., 2013]. OHu mokasany MOJIe3HOCTh ONMMCAHHBIX MOAu(UKaUiA. ITO
1 00yCIaBIMBaeT BHIOOP OMMCAHHOTO aTOPUTMA JJIsl PELICHUS Tpe-
CTABJICHHOH JlaJiee 3a/1a4u.

3. Onucanue pemaeMoi 3a1a4u

Nmeercs BuIOOpKA (X; ,);), i=1,2,..., n, TAe n — YACIIO U3MEPECHUI B
BBIOOPKE, X; ABJIICTCS BEKTOPOM Pa3MEPHOCTH /11, T/I€ 7 — YUCIIO aTpH-
OyToB 3ama4u, y;, — HaOMOaeMasl BeNMYMHA. TakkKe M3BECTHO, YTO )
MOYET 3aBHCETh OT NPEAbLIYIINX kK CBOMX 3HAUCHHH, a TAK)KE 3HAUCHUH
aTpuOyToB x,. HeoOxoaumo, OCHOBBIBasiCch Ha MMEIOLIEICS BBIOOpKE,
YCTaHOBUTH 3aBUCUMOCTb MEXKNY X;, X, ;- ,Xijo Vi Vip-ee »Xip U Vi gy T-C.
CIIPOTHO3UPOBATH 3HAYCHUS V;, ; WIIU PELIHTH 3a/1a4y [IPOTHO3UPOBAHHS
BPEMEHHBIX PSIJIOB.

B nannoii pabote BeIOOpKa NpecTaBisieT co0oi Maccus ¢ 39 cTono-
1amMu, 28 U3 KOTOPBIX SBISIFOTCS aTpuOyTamu 3a1aun, a 10 — mporuosu-
pyemsie n3mepenus. KoamdectBo namepenuit pasHo 32. OuH u3 cTon0-
LIOB — I'0Jl, B KOTOPOM OBIJIM ClIeaHbl 3aMepbl. B Tabnuie nmerorcs mpo-
nycku. Beibopka nmonmyuena u3 otuetoB opranuzanuu « KPACCTAT».
ATpuOyTbI MOKA3bIBAIOT COJACPKAHUE PA3TUYHBIX BPEIHBIX BEIIECTB B
BO3/yX€e: Me/Ib, IUHK, )KeJe30, XJIop U T.A. OcTambHbIe U3MEPEHUS TTOKA3bI-
BAIOT pa3JINYHbIE BOHUKIIINE 3200JI€BaHUS U CMEPTHOCTh OT HUX. TakuM
00pa3oM, cTaBUTCS 3a/1a4a IPOrHO3UPOBAHNUS 3a00I€BAEMOCTH Hacele-
HUSI B 3aBUCUIMOCTH OT 9KOJIOIMYECKOTO COCTOSIHUSI BO3/yXa B TOPOJIE.

Jlns ynoOcTBa JanbHEHINEro BOCIPUATHS TTOJyYeHHOW MH(OpMa-
LMY IPOHYMEpPYeM NpPOrHo3upyemblie BesmduHbl oT Outl 1o Outl( u
MPEICTaBUM HEKOTOPYIO YHCIIOBYIO HHPOPMAIIHIO 00 STHX BEIUYMHAX.
B tabnuue | mpuBOAATCS OpUrHHAIBbHOE HA3BaHHE MPOTHO3HPYEMBIX
BEJIMYMH, CONOCTABJICHHAs! UM HyMEpalusi, BEIYUCISIOTCS MUHUMAIb-
HOE€ W MaKCHMaJbHOE 3HAYCHHUS BHYTPH CTOJIOLA BBIOOPKH, a TaKxkKe
cpezHee 3HaYeHUE U CTaH/JIapTHOE YKIOHEHHE 110 HEMY.
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4. TectupoBaHue pa3padoOTAHHOI0 AJITOPUTMA

Bce npeacraieHHble alrOpUTMbl ObUINM pealn30BaHbl B BUAE MPO-
rpaMMHBIX crucTeM Ha si3bike C++. TecTupoBaHue MpOBOAUIOCH C HC-
nmoJib30BaHreM Kpocc-Banuanuu [ Efron, 1983] u pazouenunem BEIOOpKH
HAa JIECATh YacTel ciiydaliHbIM 00pa3oM. [Iiist Kax10i MporHo3upyeMoi
MepEeMEHHON MPOBOAMIACH CEpUs M3 CTa HKCIEpUMEHTOB. Bce BbIBO-
JIbl, TIONTyYeHHBIE B JAJIbHEHIIIEM, CeTaHbl HA OCHOBaHHWU Herapame-
Tpuueckoro kpurepus Bunkokcona. TectupoBaHue NPOBOAMIOCH Kak
JUISl BOCCTAHOBJICHHBIX, TaK U JUIS «CHIPBIX)» JaHHBIX, C OTOpachIBaHHEM
HEKOMIUIEKTHBIX CTpOK. st koppekTHoro ¢yHkunonuposanus MHC
MIPOU3BOIMIIACHK HOPMHUPOBKA JaHHBIX HA OTpe30K [-1, 1]. Takxke mpous-
BOJMJIOCH TECTHPOBAHUE AJITOPUTMA JJISI PA3TUYHOTO YMCIIa BXOJHBIX
MEepPEeMEeHHBIX, T.€. Opajgoch Pa3IUYHOE YUCIIO MPEABIAYIINX 3HAUCHUH
BpPEMEHHOTO psiza (riryouna). B tabnuiiax HKe 3TO YMCIIO 3HAYEHUH
0003HaueHo KakK k. [Ipu TecTupoBaHWM aNrOPUTMOB B KaueCTBE KpUTeE-
pHS BBICTYIIAET CPE/IHSIS OTHOCUTEIbHAS OIMNOKA TpeICKa3aHus B IIPO-
LIEHTAaX.

TectupoBanue aist BapuanTa 6€3 BOCCTAaHOBJICHHUS IIPOITYCKOB IPeJi-
CTaBJICHO HUIKE.

Tabauya 2
Pe3ysbTaThl TeCTHPOBAHUS

Outl | Out2 | Out3 | Outd4 | Out5 | Out6 | Out7 | Out8 | Out9 |Outl0
12,7 | 12,7 | 6,1 4,5 8,6 2,7 0,8 8,3 4,7 | 10,5
9,8 13,8 | 7 7,1 6,3 3,1 0,5 7,5 6 10,7
10,4 | 143 | 7,7 4,2 7,5 3,6 1,8 5,4 56 | 11,5
11,2 | 13,5 | 8,6 8,7 7,4 1,8 2 53 55 | 11,8
11 15,5 | 8,7 8 8 33 2,8 7 58 |12
11,2 | 15,1 | 8 5,7 7,2 1,5 32 7,2 5,8 | 12,1
11,6 | 16,2 | 9,1 5,8 9,4 2,4 34 8,5 6,5 | 12,5

N | N[N W N =]

CrouT 3aMEeTHUTh, YTO JJIsl TAKOTO TECTUPOBAHUS MCIIOJIB30BAIOCh
npubmm3uTenabHo 50% atpulyToB, T.K. B APYTOii OJIOBUHE BCTPEUAIOT-
CsI IPOITYCKH JJAHHBIX, ¥ OHU HE MOT'YT OBITh UCIIOJIb30BaHbI B AJITOPUT-
Me. Takas motepst nHGoOpMaMKU HEAOMYCTUMA, T.K. BEIOOPKA JTAHHBIX
SIBIISIETCS] ¥ 0€3 TOro HeOOIBIIOH.
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TectupoBaHue BapUaHTa ¢ BOCCTAHOBIECHHBIMU MIPOMYCKAMU B Ma-
Tpulie JaHHbIX MeToaoM I'TI.
Tabauya 3
PesynbTaTsl TECTUPOBAHMSA

Outl | Out2 | Out3 | Out4 | Out5 | Out6 | Out7 | Out8 | Out9 |Outl0
12,1 | 16 6,9 3 6,8 1 0,8 6,3 2,1 9,7
9,2 12,7 | 5,6 2,9 5,4 1 0,5 5,5 1 8,9
9,5 12,5 | 5.4 3,2 5,6 1,1 0,2 5,1 1 8,5
9,8 13,1 | 5,8 2,7 5,7 1 0,7 48 | 08 8,6
10,6 | 142 | 6,3 2,4 6,3 1,3 0,7 5,9 1,3 9,1
10,5 | 145 | 59 3,6 6,2 1,3 0,4 6,1 2,3 9,5
11,2 | 153 | 6,7 3,2 6,7 1,4 | 05 6,1 3,2 9,2

N (|| B W N =X

W3 npuBeneHHBIX pe3ynbTaTOB BUAHO, YTO HUCIIOJIB30BAHHUE MPOILIE-
Jypbl BOCCTAaHOBJICHHUS MPOITYCKOB B TAaOJIUIIE JAHHBIX MO3BOJISIET MO-
BBICUTH 3(PPEKTUBHOCTH MOAX0AA. DTO MOATBEPIKIACTCS TPH UCTIONb-
30BaHMHU KpuTepus BuikokcoHa.

Puc. 3. IIpumep nonayyeHHONH HEHPOHHOU CETH

PucyHnok 3 mokaspiBaeT OJHO M3 pEILIEHUH, CTeHePUPOBAHHBIX all-
TOPUTMOM ISl IPOTHO3UPOBaHUs cTojbna Qut7, — CMEpTHOCTH OT 00-
Nie3Hel, CBS3aHHBIX ¢ opraHaMu AbixaHusi. CTOMT 3aMETUTh HaJIH4uue
atpuoyToB Nel—4, 9, 18 B cetn. Bmecte ¢ BEICOKMMHU BECOBBIMU KO-
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(umeHTaMu TO O3HAYAET 3HAYUTENHHBIN BKIIAJ JAHHBIX aTPUOYyTOB
B TIPOTHO3UPYEMYIO XapakTepucTuky. [1ogo0Hy0 KapTHHY MOKHO Ha-
omonare 1 B apyrux MHC.

HexoTtopsie U3 MPOrHO3UPYEMBIX BEIMYHUH UMEIOT JIOBOJIBHO 0O0JTb-
Iy OMIMOKY, T.K. B BBIOOPKE JaHHBIX HE YYTEHO MHOXECTBO (DaKTO-
poB. JlokazaHHbIM (paKTOM SIBISIETCS TO, YTO HA POXKIAEMOCTh, HATIPH-
Mep, BIUSIET HE TOJILKO (PU3UKO-XUMHUYECKHI cocTaB Bo3yxa. OJHAKO
JUTSL Pa3JIMYHBIX 3a00JIC€BAaHUI W WX TOCIICJCTBUH TOYHOCTH MPOTHO3A
OKazajach BbIcOKa. Kpome Toro, orciexuBaercs sBHas B3aMMOCBS3b
MEXIy TaKHUMH MapaMeTpaMu, KaK, HalpuMep, YUCIIO OOTHHBIX TICUXH-
YECKMMHU PACCTPONCTBAMHU U CMEPTHOCTh OT HHUX. B3aMMOCBSI3b KaXKeT-
Csl HaM OYEBH/THOM, OJJHAKO MPH paboTe C MHTEIUICKTYTbHBIMHA HHOP-
MAaIlMOHHBIMH TeXHOJIOTHsIMHU, B dyacTHocTH MHC, BakHOI SBIIsIeTCSA
MPOBEpKa Ha aJICKBATHOCTh TOJYYCHHBIX pe3yJbTaToB. HecMoTps Ha
10, uTo NHC sIBNIsIIOTCS MOI@IsIMU YE€PHOTO SALTHUKA, KOCBEHHO BIUSHUE
TEX WJIN HHBIX AKTOPOB HA BBIXOTHOE 3HAUEHHE MOYKHO OTCIJICIUTD T10-
CPEIICTBOM BECOBBIX KOA((OUIIMSHTOB BXOIHBIX aTPHOYTOB.

Hcnonp3oBanne caMOKOH(DUTYPHUPYIOIIUXCS 3BOITIOIMOHHBIX allro-
PUTMOB B 33/1adaxX TaKOTO THITA TIO3BOJISET B aBTOMATHIECKOM PEKUME
CTPOUTH aJCKBATHBIC MOJISIIH IS TIPE/ICKa3aHMs HEOOXOJUMBIX 3HaUe-
HUl 0e3 o0nagaHusi 3HAaHUHM Kak B 00JIaCTH HEHPOCETEBOTr0 MOJIEINPO-
BaHUS, TaK M B 00JIACTH SBOIIOIMOHHBIX BEIYMCIICHH.

3akJaroueHue

B paGote ObL10 paccMOTPEHO NMPUMEHEHUE 3BOJIIOLUOHHBIX AJr0-
PUTMOB B 3a/iaue NpeacKa3aHus. AJIrOpUTM aBTOMaTHYECKOro IeHepu-
POBaHHUsI UCKYCCTBEHHBIX HEHPOHHBIX CeTell CMOI 00ecneyuTbh HeoO-
XOJIMMBIH YPOBEHb TOUHOCTH JJIsl psAJia MoKaszarenel. Peann3zoBaHHbIH
aJITOPUTM BOCCTAHOBJICHHS MPOIMYCKOB B TAOJHIIE JAHHBIX MO3BOJIMI
MOBBICUTH 3 (HEKTUBHOCTD MPEUIOKEHHOTO Noaxoaa. OaHaKo crieayeT
OTMETHTb, YTO PsiJ] BEJIMUUH HE yJAIOCh MPOrHO3UPOBATH C JOCTATOY-
HOW TOYHOCTBIO. DTO MOKET OBITh CBSA3aHO C TE€M, YTO B CTATUCTUKE HE
y4TEHbI Bce Biustonue pakropsl. CTOUT HOJUEPKHYTH HEOOXOUMOCTb
MPOIOIKEHUS MTPOLlecca HAKOTUICHHsI BRIOOPKH JaHHBIX, T.K. €€ pacilu-
peHHe MO3BOJHUT NOCTPOUTH 00JIEEe TOUHBIE MOIECTH.

JlanpHeHMu nepcreKTUBHBIMU HaIlPaBJIECHUSIMH B JaHHOUN 001a-
CTH MOTYT CUMTATHCS IPUMEHCHUS:
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® DPEKYpPPEHTHBIX HEHPOHHBIX CETEH;

® aJbTEPHATUBHBIX MeTOI0B 00yueHus: MHC;

® TpUBJICUCHHUE APYTUX HHTEIUICKTYaIbHBIX WH(POPMAIIMOHHBIX
TEXHOJIOTUM;

e o0benuHenne UT B KOJUICKTUBBI.
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VK 681.3

COJAEPXKATEJIbHAS UHTEPIIPETALIUA
BPEMEHHBIX PA/10B HA OCHOBE
TFEHETHYECKOI'O AJITOPUTMA'

JLII. Muraéyraunoa (liliya.scherbakova@gmail.com)
VYIBSHOBCKHUI TOCYIapCTBEHHBIN TEXHHYECKUI YHUBEPCUTET, Y IBTHOBCK

HaHHafI CTaThs IIOCBALICHA npo6neMe conep)lcaTeanoﬁ HHTEpHpETAllNU
BPCMCHHBIX PAOOB. Buumanuio uurarens npejiaracres l'[pOl'“paMMHBIﬁ
MPOAYKT, MTO3BOJISTFOLIUHI pacno3dHaBaTb TCHACHIIMH BPEMCHHOI'O psda, a
TAaKKE IMOJYYUTDb JIMHIBUCTHUYCCKHUEC OLCHKH UX (bpaFMeHTOB. Pabora cuc-
TEMBbI BKJIFOYACT B ce0s JIBa oTarna: npeo6pa303aHI/Ie HUCXOAHOI'O BPEMEHHO-
To psja ¢ TOMOIIBIO ITCHETUYCCKOI'O aJIrOpUTMa U OHTOJIOTHYECKHH aHAJIN3
TOJIYYEHHOI'O psiaa C LCIbIO MOJYUYCHUA 3KC]'[€pTHOﬁ JIMHT'BUCTUYECKOMN
HUHTEpHpETAllU €ro Y4aCTKOB.

BBenenne

B ycnoBusix COBpEMEHHON ACHCTBUTEIBHOCTH OYECHb BAXKHOM SIB-
nsieTcst mpoOsieMa U3BJICUCHUS 3HAHUH JIJIS1 IPUHSATHS YIIPaBIEHYECKUX
pemreHuii. YacTto ucxoqHbIE JaHHBIC TIPEACTABISAIOT COO0H BpeMEHHbBIE
psiabl. UHTENNeK Ty anbHBIN aHanu3 BpeMeHHbIX psiioB (Time-Series Data
Mining) B mocieHue ACCATUIIETUS CTal OJHUM M3 MEPCIEKTUBHBIX U
JUHAMAYHO pa3BHBAMOIIMXCA HampaieHud Data Mining, xoTopbie
BKJIIOYAIOT B €0 MHOXECTBO IMOJIXOI0B M METOAOB, CPeId KOTOPBIX
KaK IIMPOKO M3BECTHBIE MAaTEMAaTUKO-CTaTHUECKHE, TaK U METOJIbI HE-
YEeTKOT0 aHaJln3a, B TOM YMCIIC U THOPUIHBIC MTOIXO/IbI.

B onpenenenHpIX cinydasx perieHHeM 0003HAuEHHOH mHpoOseMbl
MOXET SBIIATHCA paclo3HaBaHWE TEHACHLWN BpeMeHHoro psaa. Ilox
HUM [TOHUMAIOTCS OIPEe/IeIEHUE YUYacTKOB psjia, 00JIaAaloIuX Opeie-
JICHHBIM TPEHIIOM, U ero omnucaHue. [lomyueHHble TEHACHLUHU MOTYT
B JAJBHEHUIIEM HCIIOIB30BAThCA NSl MPOTHO3HPOBAHUS BPEMEHHOTO
psiaa, ero Kiactepu3anuu, Kinaccubukanuu. s meau npuHsaTUs pee-
HUI OYEHb Ba)KHBIM SIBJIIETCS] IPEJCTABJICHUE TEHICHLIUN BPEMEHHOTO

! MiccnemoBaHue BBIMTONHEHO B pamkax rpanta PODU Nel4-01-31080 «Dop-
MHUPOBaHHE HABUTAIIIOHHOW CTPYKTYPBI 2JIEKTPOHHOTO apXUBA TEXHUIECKUX JIOKY-
MEHTOB Ha OCHOBE OHTOJIOTHYECKHX MOZIEIEH).
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psina B JTMHTBHCTHYECKUX OIIEHKAX TPEHMIA, TaK KaK COJepKaTelbHas
WHTEPIpeTaIys JIy4dlle BCEro BOCIPUHUMAETCS YeI0BEKOM. TakuM 00-
pa3oM, HHTEpIpeTalys B TEPMUHAX IKCIIEPTHBIX OLIEHOK KOHKPETHOMH
MPEAMETHOH 00JIaCTH 1MO3BOJIHIIA ObI ObICTpEe U KaYeCTBEHHEE MTPUHSTH
YIPaBICHYECKOE PEIlICHHE.

OnnuM u3 Haubosee MepCHeKTUBHBIX HANpaBICHUH SIBISETCS HUC-
MIOJIB30BaHME JUIS 3324 CO/IEPKATEIbHOW MHTEPIIPETAINN OHTOJIOTHI
[Gruber, 1993], [HamectaukoB u ap., 2010], [Hamectaukos, 2009].
OHTonornyeckoe MOJEITMPOBAHNE B HACTOAIIEE BpeMs SBIISIETCS BECh-
Ma TOMYJISIPHBIM U OBICTPOPA3BHBAIOIIMMCS HAYYHO-TEXHHYECKHM Ha-
npasneHneM. [IpennocbuikamMu ero ObUIM HCCIEIOBAHUS U Pa3padOTKH
B TaKMX 00JIACTAX, KAK UCKYCCTBEHHBIH MHTEIIEKT, UH(POPMAILIMOHHbIE
TEXHOJIOTHH U, B TIocieHee Bpemsi, Semantic Technologies u Semantic
Web [Edumenxo u ap., 2011].

M3Bre4yeHHbIe B pe3yIbTaTe paclio3HaBaHUs TEHIACHIUN BPEMEHHO-
TO psiia 3HAHWUS B BUJE JTUHTBUCTUYECKUX TEPMOB, TIOHITHBIX MOJIH30-
BAaTEINI0, MOTYT OBITh MHTEIPUPOBAHBI C 0a30i 3HAHWHN JJIST UCIIOJIB30-
BaHMs B CUCTEMaX NPUHATHS PELICHUI M SKCHEPTHBIX CHCTEMax, Kak
HampuMep, B pabortax [AnypeeB u np., 2010] u [T'onuap u ap., 2006].
Cpenu NperMyINECTB UCIOJB30BAHUS OHTOJIOTHI MOYKHO BBIJICIUTh
BO3MO’KHOCTB «IIEPEOPUEHTALII» OHTOJIOTHUECKON CUCTEMBI Ha peliie-
HUE 3371a4 JPyTUX MPEAMETHBIX 00JIacTeH MyTeM 3aMeHbI OHTOJIOTHH, &
TaK)Ke YHUBEPCAIM3AINIO MTPOIecca aHallM3a BPEMEHHBIX PSAOB U Ha-
TIISTHOCTH (POPMAITU30BAaHHOTO TIPECTABICHHS TPOOJIEMHON 001acTH.

3amaveil JaHHOTO WCCIIEOBAHUS SIBISIETCS pa3padoTKa MOJIENU U
MPOrpaMMHOI CUCTEMBbI OHTOJIOTHYECKOTO PAaCIiO3HABAHUS TCHICHIIUI
BPEMEHHBIX PSAJIOB.

Tak KaK BpeMEHHBIE PSIIbI MOTYT OIUCHIBATh M3MEHEHHS 3HAYCHUS
MoKa3aTessi 3a JOBOJBHO OOJBLIONW MPOMEXKYTOK BPEMEHH, aKTyallb-
HOM 3ajjaueil sIBJISIETCS MPUBEJCHUE BPEMEHHOTO psijia K OoJiee KOM-
MaKTHOMY BHY JUII MaKCHMAJIBHOTO COKPAIICHUS BBIYUCIUTEIHHBIX
MoIHOCTeH Ha 00paboTKy nHpopMauu. [Ipu 7TOM BaXKHO yAaIUTh U3
HCXOJIHOTO PsiJia TOJBKO T€ TOUKH, HAJIMYKE WIN OTCYTCTBHE KOTOPBIX
MUHUMAaJIBHO CKa3bIBAETCS HA OOIIEH NWHAMUKE psla, T.€. OTOPOCUTD
CIIy4aiilHyl0 KOMIIOHEHTY U COCPEJIOTOYUTHCS HAa CHUCTEMATHYECKOM.
Jlns penieHns: JaHHOM 3a/1a4M MpeasiaraeTcs UCHoIb30BaTh FeHEeTHYe-
CKHMI aJITOPUTM.
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1. IIpeoOpa3oBaHue HCXOAHOI0 BPEMEHHOI'0 psiia

Pabota cucremsl BKiIIOUaeT B ceds Ba 3Tana: nmpeodpa3oBaHue UC-
XOJJHOTO BPEMEHHOTO PsAJa C TOMOIIBIO F€HETUYECKOrO ajlropuTMa Hu
OHTOJIOTUYECKHI aHAIIN3 MOyUYEeHHOTO PA/a.

[IpeaBapurensHOE MpeoOpa3oBaHNEe BPEMEHHOTO Psijia pealn3yeTcs
IUIsL TOTO, 4TOOBI MPEICTaBUTh UCXOAHBIN sl HanOojee KOMIAKTHO.

PaspabateiBaemasi cucrema pa3douBaeT UCXOJHBIN psiJl HA UHTEpBa-
JIbl, B KOTOPBIX Ka)KJ0€ IOCJIELYyollee 3HAUEHUE I0Ka3aTessi MUHU-
MaJbHO OTJIMYAETCS OT MpeAblayIIero. TakuM oOpa3om, KpaiHue ToY-
KM TIOJyYEHHBIX WHTEPBAJIOB MPUOIMKEHHO OMPEIEIISIOT MOBEICHHUE
BCEro psja.

Jna peanuzanuu AaHHOTO 3Tana ObUIO BHIOPAHO HCIOJIb30BAHUE
TeHETUYECKUX aTOPUTMOB, KOTOPBIE YaCTO HUCIONB3YIOTCS JUISl 3a/1a4
(YHKIIMOHAIEHOM U CTPYKTYPHOUN ONITUMH3AIIHH.

['eHeTnueckMMy OHU HA3bIBAIOTCS MOTOMY, YTO CTPOSITCS Ha MPHH-
IIUIIaX 3BOJIIONNN OHMOJIOTUYECKUX opraHu3MoB Yapib3a [lapsuna. [1o-
IIyJISIMUM Pa3BUBAIOTCA B TEUEHHE HECKOJIbKMX IOKOJIEHUH, MOJUUHS-
sICh 3aKOHAM €CTECTBEHHOTO 0TOOPA.

OCHOBHBIE TIPUHIUIBI TEHETUYECKUX alTOPUTMOB ObUIH CPOpPMY-
mupoBanbl JIx. Xomrangom [Holland, 1975]. I'enernveckuii anroputm
MPUOIMKEHHO MOJEIIUPYET MPOLIECCHI, TPOUCXOSIINE B TOMYJISIUIX.

Haubounee nmpucrnocobieHHbIE K OKPYKAIOIIMM YCIOBUSM OCOOH MO~
JTy4aroT OOJbIE MIAHCOB BOCIIPOM3BECTH MOTOMCTBO, CIEJOBATEIHHO,
TeHbl BBICOKOAJANTUPOBAHHBIX 0COOEH PaCIpOCTPAHSIOTCS B TOITYJIsi-
[IUU, KOJIMYECTBO WX MOTOMKOB BO3PACTaeT B KAXKIOM IMOCIEAYIOIIEM
MOKOJICHHH, T.€. BUJ Pa3BUBACTCS 3a CUET MPUCIIOCOOJCHUS K Cpere
oOuTaHusl.

Jig 3a1a4 JAaHHOTO MCCIEOBAHMSI KaXX/IbIii BO3MOYKHBINA BapHaHT
petreHus (T.e. 0co0b WM XPOMOCOMa) MPEJICTABIISIECT CO00M HAOOP HY-
nieit u enuHUI. [I[puMEHUTENBHO K JaHHOU 3a7a4ue equHUIeH OyneT 000-
3HA4YaThCs COXPAHMBIIASICS B PsJe TOUKA, HYJIEM — yJIaleHHasl TOYKa.
Hcxonnblit psiji co BceMH TOYKaMU Bcera OyJieT 0003HauaThesi Habo-
POM €AMHHUL, MPUYEM UX KOJIUYECTBO OyAET PaBHBIM YHUCIY TOYEK BO
BPEMEHHOM psijie.

Hanpumep, umeercs nCX0AHbIA BPEMEHHOU Psij] CO 3HAYEHUAMMU I10-
Kazartessi sl IECSITH TOUEK BO BPEMEHHU:

0,5 (1,7)(2,3)(3,15)(4,10) (5, 13) (6, 7) (7, 13) (8, 2) (9, 2).
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Ucxonublil psg MoxxeT ObITh 3akoaupoBat kak (1111111111).

[Ipennonoxum, 4To B XOA€ pabOThl T€HETHYECKOrO alropuTMa
(mpeoOpazoBaHus psijia) TOUKK C HOMEpaMu 2 U 5 (MHJeKcarus ¢ HyJIs)
HE BOLUIM B PE3yJbTUPYIOLIUH PSJl, TOTAA PE3yIbTaTOM PabOThI alro-
putma Oynet xpomocoma (1101101111).

Takum 00pa3om, 3Has MCXOJHBbIC 3HAYCHUsS Map (Bpemsl, Mmokasa-
TE€Jb), MOXXHO COOTHECTH 3THU 3HAYEHHS C XPOMOCOMOM M IOJIyYUTh
3HaueHus nap (Bpems, oKa3aTeb) Al IpeoOpa3oBaHHOIO psja.

Ha navanpHOM dTame paboThl TEHETUYECKOTO alNroOpuTMa Cirydaid-
HBIM 00pa3oM (GOpMHpPYETCs HCXOMHAs TOMYJISIIHUS, YHUCIO O0COOeH
(XpoMOCOM) B KOTOPOH 3a/1a€TCs MOJIb30BATEIEM.

OrneHnBaeTcst MPUCIIOCOOIEHHOCTh KAXKA0H 0COOH ¢ TIOMOIIBIO Tie-
neBoit pynkin F. [Iprcrmoco0IeHHOCTh B 3TOM CITydae ONMpeaessieTcst
KOJIMYECTBOM TOYEK, BOLIEIIINX B PE3YIbTUPYIONINI BPEMEHHOU P/,
a TaKXke CyMMOW OTKJIOHEHMH 3HAYEHUN YPOBHEU psiia B MOCIIEIYIO-
U MOMEHT BPEMEHH OT IIPEIBIAYIIEro. YeM MeHble 3HaueHne F, tem
ONTUMAaJIbHEE PEelICHHUE.

CrenyromumM 3TanoM sIBISETCS CKpeIIMBaHHe 0co0eil momysu,
KOTOPOE MPOUCXOAUT C 33aJaHHON BeposATHOCThIO. CiydailHbIM 00pa-
30M OMpeAENsIeTCs TOUKa BHYTPU XPOMOCOMBI BEIOPaHHBIX 0COOeH-po-
nuTeneit (IByx ocobel ¢ BRICOKOU MPHUCIIOCOOIEHHOCTHIO), B KOTOPOM
00e XpOMOCOMBI JIEJIATCS Ha ABE YaCTH U OOMEHMBAIOTCA UMH. TakuM
00pa3zoM, 0cOOb-IIOTOMOK I10JTy4aeT TeHETUUECKUIl MaTepHrai oT 000ux
poauTenei.

B nporpamMHoOii cucteme onpezaesneH Takxke onepatop myranuu. C
HEOONBIIONW BEPOSTHOCTBHIO CIYYailHBIM T'€H TOTOMKAa MHBEPTUPYETCS
Ha [IPOTUBOIIOJIOKHBII.

[Iprcnoco6IeHHOCTP TOTOMKOB TaKXe OLEHHBACTCS C TOMOIIBIO
¢dbyskum F, 3aTeM OHM IOMENIAI0TCS B HOBOE TIOKOJICHHE.

[{uxs1 BOCTIPOM3BOJICTBA MOBTOPSIETCSA 0 TEX IOp, MOKa He Oyaer
HaWlJICHO YJOBJIETBOPUTEIBHOE pelIeHne, TU00 He OyAeT JOCTUTHYTO
3aJJaHHOE KOJMYECTBO UTEpALIUii.

Penienue cumraercst npuemiieMbIM, KOIJla HaXOIUTCS XPOMOCOMA,
JUISL KOTOpOU

F(xpomocoma) < Ilopor;

[Topor = CymHauOtkn/(JIP* ¢),

rae CymHauOTkn — cyMMa OTKJIIOHEHHH KaXKA0TO MOCIEIYIOILEro
3HaYeHMS TI0Ka3aTessl OT 3HAUCHUS [TOKa3aTelsl B IPEbLAYIIHIA MOMEHT
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Bpemenw, [P — mymHa psija wim KOJMYecTBO TOUYEK, a ¢ — HEKHH K03(-
(UIMEHT, BBIYMCICHHBIN 9KCIIEPUMEHTAIBHBIM ITyTEM.

[Tpumep paboThl cucTeMbl TIpecTaBieH Ha pucyHke 1. Touku wnc-
XO/IHOTO psiia 0003HAYCHBI pOMOaMH, pe3yIbTUPYIOMHUI psigx 0003Ha-

YeH MYHKTHUPHOH JIMHUEH.
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Puc. 1. PesynbraT npeobpa3zoBaHus

Kax BumHO M3 pucyHka 1, HaWJIy4IIMM pelIeHHeM OKa3ajcs Bpe-
MEHHOU psiJl, U3 KOTOPOTO MCKIFOUEHBI TOYKK 7 u 9, T.e. XpoMocoMa,

3akoaupoBanHas kak (1111110101).

Ha pucynke 2 n3o0paxen rpaduk u3mMeHeHus: QyHKIMH TPUCIIOCO-

OJICHHOCTH U mopora i Kaxxaoro ImoKoJICHH!A.
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Puc. 2. ®yHKuus npuHAIEKHOCTH U IOPOT
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2. OHTOIOTHYECKHUI AHAJIU3 BPEMEHHOI0 psiia

Bropoli aTan — OHTONOTMYECKH aHaIU3 MOJIy4YeHHOT'O BPEMEHHOTO
psiAa U HEMOCPEACTBEHHOE I0JyYeHHE JIMHIBUCTUYECKUX OLIEHOK €ro
y4acTKOB. {151 OCyIIeCTBIEHNS TaHHOM 3a7jaul HY>KHO, IIPEKIE BCETO,
OTIpeICTTUThCS ¢ HAOOPOM TapaMETPOB, MO KOTOPHIM MOKHO OXapakTe-
pu30BaTh TEHJEHIMIO. B paMKax JaHHOTO HccieI0BaHUs IpeAsaraeTcst
repenaBaTh Ha BXOJ OHTOJIOTMH NTapaMeTphl TPEYTOJIbHUKOB, KOTOPHIE
MOTYT OBITH MOJIy4eHBI U3 MPeoOpa30oBaHHOTO psAja — JUTMHA OCHOBA-
HUSl, TAHT'€HC YTJIa HAaKJIOHA U OTKJIOHEHHE 110 OCH ).

g Toro, 94To0bl MOMYyYUTh TPEYTOJIBHUKHU, JOCTATOYHO OyJET Mo-
MapHO MOJYYUTh KOOPJUHATHI COCETHUX TOUEK, KOTOPbIE BOLUIA B UTO-
TOBBIN rpaduK, U TOCTPOUTH MO HUM HPSMOYTOJIbHbBIE TPEYTOJIbHUKH.
HwxHee ocHOBaHME TaKOro TpeyrojbHHMKa OyJeT mapajielibHO OCH
BpEMEHH, O/IHa CTOPOHA — MapayielbHa OCH IapaMeTpa, a TPEeThsl CTO-
poHa OyZAeT ABIATHCSA OTPE3KOM MEXKAY IBYMS COCEAHHMH TOYKAMHU.
Pesynbrar mocTpoeHus TpeyroJIbHUKOB PEACTABIICH HA PUCYHKE 3.

24
&  WcxopHsii pag -

22 My4uee pewsre ~

\
USSR, 'Y

20 -

Puc. 3. Pe?)yJ'H)TaT TPUAHTYJIAPHOTO npeo6pa3OBaHI/m BPEMCHHOI'O pdaa

Peanmuzanms conepkaTreabHOM HMHTEPIPETALIMM IPOBEJIEHA C HC-
nosib3oBaHueM RDF-cxembl 1 onricanneMm oHToJIOTHH Ha si3blke RDF.
[TapameTpbl TpeyroJbHUKOB MOAAIOTCA HA BXOJ, OHTOJIOIMYECKOH MO-
nemd. RDF-cxema onpezernser onrcaHne BpeMEHHOTO psifia KaK COBO-
KYITHOCTH TPEYTOJbHUKOB, XapaKTEPU3YIOLIUXCS ONpPEEIEHHBIMIA Ha
IpeAbIIyIIeM 3Tare napaMeTpamu (0IuH GparMeHT — OJIUH TPEyroJib-
HUK), TUHTBUCTHYECKUM 3HAUEHHUEM M METKaMU BPEMEHHU B TEPMUHAX
«OOBEKT — MpeIUKaT — CyOBEKT» (PUCYHOK 4).
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Cama oHTOJIOrMYECKasi MOAEIb OyAeT MpeAcTaBiIsATb COOOW yKa-
3aHHYIO paHee CXeMy, HaIllOJIHEHHYIO ONpEACTICHHBIMH 3HAuYCHHUSIMH
JaHHBIX. DparMeHT OHTOJIOTMHM Ha NpuMepe OalaHCOBOW CTOMMOCTH
OCHOBHOTO CPEICTBA MPEJCTABICH HAa PUCYHKE 5. 3HAUEHUS JaHHBIX
IpeAMETHOH 00aCTH 3aM0IHIIOTCS SKCIIEPTOM.

3akJjaroueHue

B ycnoBusx HacTosIiero BpeMeHu Bce Oolibliiee 3HaYCHHUE TPHUO00-
peraeT Kak MOXHO 0oJiee ObICTPOE U MPABHIBHOE MTPUHATHE YITPABJICH-
YecKux pemnieHuid. PaspaboTaHHas B paMKax JaHHOTO HCCIICIOBAHHS
NporpaMMHasi CUCTEMa COJIePIKATeIbHOM MHTEPIPETAIUH BPEMEHHBIX
PSIIOB TIO3BOJISICT PACIO3HATH OCHOBHBIC TCHCHIIMM HCXOHOTO Bpe-
MEHHOTro psja (Oyarogaps HUCIMOJb30BAHUIO TCHETHYCCKHX aJTOPUT-
MOB), a TaK)Xe MOJIyYUTh COJCPIKATEIbHYIO MHTEPIPETAIMIO TCHICH-
U B JIMHIBUCTHYCCKUX IKCIEPTHBIX OIEHKAX, HauOOJIee MOHATHBIX
TS TIOJTB30BATEIIC CUCTEMBI, UCIIONB3Ys OHTOJIOTHIO TPEIMETHON 00-
JaCTH.

JlaHHYIO TPOTPAMMHYIO CHCTEMY MOYKHO HCIIOJIb30BaTh B KA4ECTBE
COCTaBHOW YacTH 00Jiee KPYIMHBIX OHTOJIOTHH MpH pa3paboOTKe CUCTEM
MOJJICPYKKHU TIPUHSATHSI PEIICHUH 1 DKCIIEPTHBIX CUCTEM.

B cBsI3U € UCTOJIB30BAaHUEM TCHETHUECKOTO alITOPUTMA PE3YJIbTAThI
paboOThl CHCTEMBI HE SBJISIOTCS M30BITOUHBIMHU, MO3BOJIIOT PabOTATh
JIMIIb C CHCTEMAaTHYECKONH KOMIIOHEHTOH BPEMEHHOTO Psijia, BBISBIISS
TOJIbKO OCHOBHBIC M 3HAYUMbIC TCHICHIIHH.
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CEKLIMA 5 MHOI'OATEHTHBIE, CETEBBIE
N PACHHPEJAEJIEHHBIE CUCTEMBbI

VK 519.83,004.722

TEOPETUKO-UT'POBBIE AJITOPUTMbI ®OPMUPOBAHUS
BECITPOBOJHOM AD HOC CETH'

H.WN. Bazenkos (n.bazenkov@gmail.com)
WuctutyT npobiem ynpasnenus PAH um. B.A. Tpane3nukoBa, Mocksa

PaccmarpuBaercss 3amada  (opmupoBaHus SPPEKTUBHONH TOMOIOTUU
oecripoBosiHoii ad hoc cetu. Tpebyercst cOpMHUPOBATH CBSI3HYIO CETh C
MHUHAMAaJbHOM CyMMapHOW MOIIHOCTBIO NepenaTdankoB. Hccnemyrorcs
TEOPETUKO-UTPOBBIE AJITOPUTMBI (POPMUPOBAHUSI CETH, HCIIOJIB3YIOLIHE
MPETIOKEHHBIN paHee METOJ IBOWHOTO HaWIydIiero orsera. [lomyueHsr
oneHKH 3()(HEKTUBHOCTH M BBIYUCIUTENBHON CIOKHOCTH B CPaBHEHHHU C
0a30BBIM TEOPETHUKO-UIPOBLIM AJITOPUTMOM HAWITYUIIEr0 OTBETA.

BBenenue

B noknane uccrnenyrorcs ad hoc cetu, koTopsie 00pazyroTcst Oec-
MPOBOJHBIMU y3JaMH 0€3 HCIIOJIb30BaHUSI KaKOH-IMOO JOMOIHUTEINb-
Hoi nH(ppacTpykTyphl. YcrpolicTBa B ad hoc cetsx 00bHO paboTaroT
OT aBTOHOMHBIX aKKyMYJIATOPOB, TO3TOMY OOJIbIIOE 3HAYCHUE UMEIOT
MeTOJIbl o0ecTieueHus SHEProd(hHEeKTUBHOCTU. YTIPaBICHUEM TOTIOJIO-
rueii (Topology Control) Ha3pIBaeTCs IMHAMUYECKAsT HACTPOIKA MOTII-
HOCTH IIePeAATYUKOB JISI TOAJCPKAHNS CBA3HOCTH CETH, MUHUMH3ALIH
SHEPromnoTpPeOICHUS UM YITydIlIeHUS KauecTBa cBs3u [ Santi, 2005]. Mb1
paccmaTpuBaeM TOJBKO Tpolece (GOpPMUPOBAHUS CETH, Korjaa Tpedy-

! Pabora BoImonHeHa npu (GuHancoBoi momaepxkke PODU (mpoekt Ne 11-01-
00771).
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eTCsl Ha3HAUNTh KAXKIIOMY y3IIy TaKyl MOIIHOCTh, 9YTOOBI 00ECIIeUUTh
CBSI3BHOCTH CE€TH U MUHHUMH3UPOBATh CyMMAapHYIO MOIIHOCTD Y3JIOB.

B ad hoc ceTsix kenaTenbHO MCMONB30BATh JCIICHTPATU30BAHHEIC
ITOPUTMEI, 9TOOBI M30eXkaTh TII00ATFHOTO O0OMeHa WHQOpMAaIUei.
[TonoOHbIe 3aaun M3yYaduCh Takke B padoTax MO KOJJIEKTHBHOMY
noBesieHuto apromaroB [Credantok u ap., 1967]. Jlns co3nanus pac-
MPEAETICHHBIX AITOPUTMOB ONTHMH3AIMN W YIPABICHUS €CTECTBEH-
HBIM 00pa3oM MOAXOJSAT METOAbl TEOPUH HWIP, KOTJa KaKIbIH y3eml
ONITUMHU3UPYET JIOKATbHYIO (DYHKIMIO TOJIE3HOCTH, HE YUHMTHIBas I10-
ne3Hocty apyrux y3noB [Shi, 2012]. Takum oOpa3zom, OecripoBoIHAsS
CETh MPECTABIISCTCS KaK KOJUICKTHB STOUCTUYHBIX HHTEIUICKTYaJIbHBIX
areHToB 1o kiaccudukaryu [ Tapacos, 2002].

PaccmartpuBaercss urpa (OpMHPOBaHHS CETH, TNpEIIOKEeHHAs
B [Komali et.al., 2008]. MccnenyroTcst anroput™bl JOPMUPOBAHUS CETH,
BIIEpBBIE Tpe/uiokeHHble B [basenkos, 2013a], [bazenkos, 2013Db].
ANTOpUTMBI MCIIONB3YIOT HOBBIH TEOPETUKO-UTPOBOM METOA JIBOMHO-
r0 HaWJIydYIllero OTBETa, KOTOPbI OCHOBaH Ha HJEsIX pedIeKCHUBHBIX
urp [HoBukos u jp., 2003] [Kopemnanos, 2011]. CpaBauBaetcst a3 dex-
TUBHOCTH areHTOB TIEPBOTO M HYJIEBOTO paHra peQIueKCHH, MOITydeHBI
OLIEHKH BBIYMCIIUTEIBHON CI0MKHOCTH aJrOPUTMOB.

1. 3apaua popmMupoBaHHUS TONOJIOTHH

CeTh mpeAcTaBlieHa Kak MHOXECTBO y310B N={l,....n}, pacmo-
JIOKEHHBIX Ha IUIOCKOCTH. Kaskaplid y3em MOKeT N3MEHSTh MOIIHOCTh
cBoero nepenaruuka p,€[0, p/"*]. Bexrop momHocre# p=(p;,...,p,) MO-
pOKAaeT HeOpUEeHTUPOBaHHBIN Tpad cBszeit g(p)=(N,E(p)), rne E(p) —
MHOKecTBO pebep. Ha pucynke 1 mokazaHo, kak (OpMHUPYIOTCSI CBSI3H.
Taxkast Mozienb OECTIpOBOTHON CETH YacTO MCIIONB3yeTCsl B padoTax Imo
dhopmupoBanuto Tornojoruu [Santi, 2005].

Pebpo (i,/) BO3HHKAET, €CIIU BBINOIHACTCS YCIOBME p>h; u p>h,,
rae h;>0 — MUHHMalIbHas MOIIHOCTh, HEOOXOAMMAs JUIs IIEPEIa4u TaH-
HBIX OT i K j. CunTaeM, uTo /; 3ABUCUT OT PACCTOSHHUS MEXIY Y3IIaMu:

P Zh;j =(6y ) (11)

31ech O, — paccTosHKE OT i JI0 j, 0.>2 — TOKa3aTelb 3aTyXaHHs pa-
mrocuraaia. Heo0Xommumo HailTh Takue MOIIHOCTH, YTOOBI CETh OblIa
CBSI3HOM, a CyMMa BCEX MOILIHOCTEH MUHUMAJIbHA.
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Puc. 1. O6pa3oBanne cBs3u. CIDIONIHAS JIMHUS — YCTAaHOBHUBIIASCS CBS3b (i,]).

MorHoCTb y371a j tocTaToyHa Juist o0pazoBaHust cBs3H (j,k), a MOIIHOCTH y371a

k - HemocrarouyHa. [TyHKTHPHBIMU OKPYKHOCTSIMH MOKa3aHbI 00JIacTH IeHCTBHS
nepeaaTynKa

> p; = min

ieN

p i€l0,p™ ]

g(p) - cBasHbIii rpad. (1.2)

3anmaya (1.2) sBnsercs NP-tpynHoii [Calinescu et.al., 2012], moarto-
My HEOOXOJHMMO HCIIOJIb30BaTh IBPUCTHUYCCKUEC aJITOPUTMBI, TAFOIIUC
HEKOTOPOE JIOKAJTbHO-ONTUMaNIbHOE perieHre. OMuH U3 MOJIXO0A0B K
CO3JIaHHIO TAKHX aJlTOPUTMOB 3aKJTFOUAETCS B UCIIOJIB30BAHUH METOJIOB
HEKOOIIEpaTUBHON TEOPUHU UIP.

2. Urpa ¢popmupoBanus cetu

ANTOpPUTMBI, OCHOBaHHBIE HAa TEOPHH UTP, MPEAIONATAIOT, YTO KaXkK-
JIBIA y3es JeHCTBYET HE3aBHUCHMO, CTPEMSICh MaKCHMHU3UPOBATh CBOIO
(yHKIHIO TTOJIE3HOCTH, HE YUUTHIBAs TOJIE3HOCTH APYTUX y3JI0B. B Tep-
muHax [Tapacos, 2002], 3meck ceTh MpeICTaBIseT COOO0M pacipeIesieH-
HYIO CHCTEMY, B KOTOPOH POJIM BCEX areHTOB OAMHAKOBBI, OTCYTCTBYET
KOOPJMHATOP, areHThl STOUCTHYHBI, HO HE 3JIOHAMEPEHHBI U KaXK/bIi
areHT MPUHUMAET PElIeHNE, OCHOBBIBASICh TOJIBKO Ha CBOCH JIOKAILHOM
WHpOPMAIIHH.

Uccnenyercst urpa popmupoBanus ceTH, npeioxkennas B [Komali
et.al., 2008]. AreHTamu SBISIOTCA Y3716l ceTh. JlelicTBUE areHTa i — 3TO0
BBIOOP MOIITHOCTH €ro nepenarynka. OyHKIHs Moie3H0CTH chopMyIIn-
poBaHa Tak, YTOOBI OTpakaTh TPEOOBAHUE CBSI3HOCTH CETH U MUHHMHU-
3alM1 MOLIHOCTH:
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u, (p)=Mf, (g(p)-p, (2.1)

rae f{g(p)) — unucio y3ioB, ¢ KOTOPBIMU y3el i cBsizaH B rpade g(p)
HANpsSMYIO WIH Yepe3 Apyrue y3mubl; M > max,cy p/"* — KOHCTaHTa, OT-
pakaromasi IPUOPHUTET CBAZHOCTU CETH Tepe]] IKOHOMUEH MOITHOCTH.

B [Komali et.al., 2008] Opl1 mpeIoXKEH alTOPUTM TIOCIEI0BA-
TeJIbHBIX HaWaydlmx oTBeToB (iterated best response). Y3en, npume-
HSIIOIUI TaKoe TPaBUII0, MAaKCUMH3UPYET CBOIO IMOJIE3HOCTh, HE pac-
CMaTpuBasi BOBMOXKHBIC IEHCTBUS IPYTUX Y3JIOB. DTOT alNrOpUTM (op-
MHUPYET CBS3HYIO CETh, KOTOpas sIBIIsSIeTCSl paBHOBecueM Homia u jo-
KaJIbHO-ONITUMAaJIBHBIM pellieHueM 3a1auu (2). B xoxe uccrnemoBanmit
OBUIO 10Ka3aHO, YTO MPU TAKOM IMOJIXOE MTOJIyYeHHOE PABHOBECHE MO-
KET CUIIBHO OTJINYAThCS OT ONTUMAIBHOTO.

ot o a

(a) (6)
Puc. 2. Cymma MOIITHOCTEH B HAMXY/IIIIEM PAaBHOBECHH (&) paBHA Y p,*'=0(n*),
a B ontuMansHOM (6) — > p *=0(n)

YrBep:xkaenune 1. CymiecTByeT Takoe pacriolioKEHHE Y3JI0B, TpU
KOTOPOM CyMMapHasi MOIITHOCTh CETH B HAaWXY/IIEM PaBHOBECHUU OT-
JMYAeTCs OT ONTUMAIbHOTO petienus B O(n*') pa3. Ha pucynke 2 mpu-
BEJICH MPUMEp TaKOW CETH.

Jlpyroit HeOCTaTOK AITOPUTMAa HAMITYUIIUX OTBETOB CBSI3aH C CY-
IIECTBOBAaHMEM HEJOMYCTHMBIX PaBHOBECHH, B KOTOPBIX rpad g(p) He
CBSI3CH.

Yr1Bepxnenue 2. Bce HeonycTuMbie paBHOBECHS B Hrpe (GpopMu-
POBaHUS CETH HE ONTUMAaILHBI 10 [1apero.

YrBepxnenue 3. Jlro0oe HEIONMYCTHMOE PAaBHOBECHE OCTAHETCS
YCTOWYMBBIM TP UCIIOJIL30BAHUH AITOPUTMA MTOCIIEIOBATEILHBIX HA-
JYYIINX OTBETOB.

Ecnu B cetn 1o KakuM-TO NPUYMHAM YCTAHOBHUTCSI HEJIOIYCTHMOE
paBHOBecue (HampuMmep, B pe3ysibrare cOosi B paboTe), TO aJrOpUTM
MOCIIEIOBATEIILHBIX HAMIYUIINX OTBETOB HE CMOXKET €ro M3MEHUTh U
nporiecc GoOpMHUPOBAHUS CETH TPUAETCS 3aIlyCKaTh 3aHOBO. J{J1st ycTpa-
HEHUS 3TUX HEJOCTATKOB ajrOpUTMa HAWIYYIIUX OTBETOB OBUI Mpe/-
JIO’KEH METOJI, Ha3BaHHBIN JIBOMHBIM HAMIYUIIIUM OTBETOM.
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3. Ainroput™Msl (p)OPpMUPOBAHUS CETH

Haunyuwum omeemom (best response) areHra i Ha 00CTaHOBKY p;
Ha3bIBACTCS JEICTBUE
BR, (p_,)=arg max u (x,p_;). (3.1)

xe[ 0, pMaX |

[IpaBuno (3.1) momenupyeT MoBeACHIE «HEeAaTbHOBUIHOTOY» areH-
Ta, KOTOPBIA MPEIoiaraeT, YTo JACHCTBUS €ro ONIIOHEHTOB HE H3Me-
HATCS B OyaymieM. B Teopuu pediaeKCHUBHBIX UIP TaKue areHThl 000-
3HAYAIOTCS KaK MMEIOIE HYyJIeBOW paHr peduiekcun [HoBukoB u np.,
2002], [Kopermanos, 2011].

Jleotinotl Haunyuwutl omeem UCTIONb3YET UJICI0 peICKCUBHBIX U,
YTO areHT MOXKET MMPOTHO3UPOBATH BO3MOXKHYIO PEAKIIUIO OIMTOHEHTOB
Ha CBOU JICUCTBUSL:

DBR, (p_;)=arg max u; (x,BR_, (p'*)). (3.2)

max ]

xe[ 0, p;

3nece p =(PreePirPicrse-Py) U BR(P™) = (BR(p./"),...,
BR, (p.i.)")s BR./(Dis1))s --.BR,(p,"")) — ONHOBpEMEHHBIE HAWITyd-
ITMEe OTBETHI JAPYTHWX areHTOB Ha JielcTBUe x areHTta i. [IpaBuio (3.2)
oTpenersieT MoBe/ieHNe are’Ta 1-ro panra pediekcuu.

Bripaxkenue (3.2) npeamnonaraer, 4To areHT MOKET BRIUYUCIUTD Hau-
JyYIIFe OTBETHI CBOMX ONIIOHEHTOB M 00J1a1aeT He0OOX0AUMOH IS 9TO-
ro nadopmarnueii. B cuctemax ¢ 60JIBIIMM YHCIOM areHTOB 3Ta HHOP-
Malus MOXeT ObITh HeIOCTyNHA. ECTECTBEHHO OrpaHNYUTh KOJIMYECTBO
areHTOoB, /ISl KOTOPBIX 1 MOKET BBIYMCIIATh HAWTYUIINH OTBET.

Peprexcusnvim mHosicecmeom areHTa i HA30BeM MHOKECTBO R,.CN,
BKJIIOYAIOIIEE areHTOB, /sl KOTOPBIX i MOYKET BBIYMCIUTH HAMITYUIINH
OTBET.

Ozpanuuennbim 08OUHBIM HAULYYUWUM OMEEemoM areHTa i Ha o0cTa-
HOBKY p_; Ha3bIBaeTCsl IeHCTBUE

DBR, , (p.j)=arg max i (x, Py > BRy, (p"7)), (3.3)

xe[0,p]

7

TJIC Py — ACUCTBUSL areHTOB, HE BXOJSIINX B Pe(IEKCHBHOE MHOMXKe-
CTBO areHTa i, BRy(p™*) — NeCTBUsI areHTOB, BXOIAIINX B peQIICKCUB-
HOE MHO>KECTBO areHTa i. B mannoit pabote uccienoBaics ajaropuTm, B
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KOTOPOM pe(hIeKCHBHOE MHOKECTBO y3J1a i COCTABIIAIOT T€ Y3JIbI, KOTO-
pble HaxoIATCA B IMpejesiaX J0CAraeMOCTH MaKCHMajbHOW MOITHOCTH
nepegaTyuKa.

Ha ocHoBe mpaBwi qBoitHOr0 Hamyuniero orsera (3.2) u (3.3) pas-
paboraHo 1Ba anroputMa (OPMHPOBAHHS CETU: CTAaTUYECKUH, TTIE BCE
areHTHI UCIIOJIB3YIOT IBOMHOM HAMTYUIITUI OTBET, U IMHAMUYCCKUM, T]Ie
areHTHI UCIIOJIB3YIOT ABOMHON HAMITyUYIIUI OTBET, TOJBKO €CIH HE MO-
I'YT YBEJIMYUTH CBOIO MOJIE3HOCTh, IPUMEHUB 00BbIYHOE MpaBmiio (3.1).
B muHaMu4eckoM anropuTMe y3Ibl MOTYT HCIIOIB30BaTh IBOMHOMN HaH-
JyqIIii oTBET He OoJiee m pas.

YrBep:knenue 4. Eciu p” paBHoBecue Homa u g(p) He cBsi3eH, TO
dieN: DBR(p")) #p;".

CaencrBue. Bee He ontumanbHabie o [lapero paBHOBecus He yc-
TOMYMBBI K TBOMHOMY HAWITy4IlIeMy OTBETY.

Takum 00pa3oM, MCHOIB30BAHHWE JABOMHOIO HAMJIYYIIErO OTBETA
M03BOJISIET BOCCTAHABIMBATh CBA3HOCTD, HE 3aIlycKasi 3aHOBO BECH ITPO-
recc (hOpMHUPOBAHUS CETH.

ANTOPUTMBI Ha OCHOBE JIBOMHOTO HAMJyYLIEro OTBETa JIsi MHO-
I'UX MCCIIeI0BaHHBIX IPUMEPOB MEHbILIE 3aBUCST OT MOPSAIAKA IEHCTBHUM
y3JI0B, 4YeM OOBIYHBIN HAWIY4IIUH OTBET. B WacTHOCTH, AN ceTw Ha
pHUCYHKE 2 IBOMHOM HAMIIYYIIH OTBET MPH JIFOOOM MOPSIIKE XOJI0B TIO-
JlydaeT eAMHCTBEHHOE ONTHUMAaJIbHOE paBHOBECHE.

4. BoruucauTeJabHas CJI0KHOCTh

Bruta wccnenoBaHa BBEIYUCITUTENBHAS CIOKHOCTH OOBIYHOTO HaW-
Jy4NIero OTBETa M IBOMHOTO HAWJIYYIIIEro OTBETA.

YrBepkaenue S. Y3my A BBIUMCICHHS HAaWIy4IIEro OTBETA B
urpe ¢ nojiesHocTsmu (2.1) Tpedyercst O(N+E) ornepaliuii i TeKyIie-
ro rpada cetu g=(V,E).

VYTBepkaenue 6. Y3ny JUisl BIYUCIEHHUS JIBOMHOTO HAMITYYILIETO
oTBeTa B Urpe ¢ nosezHoctsmu (2.1) tpedyercs O(VR(N+E)) oneparuii
MIPH JIOTIOTHUTEIEHOM 0OMeHe 2 VR ¢y »KeOHBIMH COOOIICHUSIMU. 371eCh
V' —gmcno coceneit y3na, R — MOIIHOCTH pe(IICKCHBHOTO MHOXKECTBA.

CaencrBue. Eciu B pedieKCHBHOE MHOXECTBO BXOJST COCEIH
y371a, TO JJISl BBIYMCICHHS JBOMHOTO HAWJIYYIIETO OTBETa TpeOyercs
O(V3(N+E)) u oomeH 21?2 cOOOIICHUAMHU.

YrBepaxaenue 7. B iuHaMUuecKOM alropuTME BBIYUCIECHUE JIBOM-
HOTO Hamy4iero oteeta Tpedyer O(F2N) omepariuii.
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5. 3¢ pekTUBHOCTH ATTOPUTMOB

AJITOPUTMBI UCCIICIOBATUCH ¥ CPABHUBAIKCH 110 TPEM KPUTCPHUSIM:
CyMMapHas MOIIHOCTh, MAaKCUMaJIbHAs! MOIIHOCTh B CETH M OLICHKA WH-
TEHCHUBHOCTH ITIOMEX B CETH, peiokernas B [Rickenbach et.al., 2009].
TeopeTHKO-UrpOBbIE AITOPUTMBI CPAaBHUBAIKNCH [IEHTPAIM30BAHHBIM,
(dbopmMupyromuM MUHIMalIbHOE ocToBHOE AepeBo (MST). Ha pucynkax
4-8 moKa3aHkl pe3ysbTaThl SKCIIEPUMEHTOB. Hanmydmime pe3ynbTaTh 1o
BCEM TPEM KPUTEPHSM CPEH TEOPETUKO-UTPOBBIX AJITOPUTMOB TIOKa3aJl
JUHAMUYECKAN alropuT™M. BpeMsi CXOIUMOCTH IBOMHOIO HAWJIYYILIEro
OTBETa BHINIE, YeM y 0a30BOro aiaropurMa. Bce TeopeTHKO-HTpOBbIE
AJITOPUTMBI MTOKA3aJu Pe3yJIbTaThl, XY/AIINE, YeM LEHTPATU30BaHHbIH,
KOTOPBIN HCHOIB3YET II00aIbHYI0 HHPOPMAIHIO O CTOMMOCTSIX CBSI3eH
B CETH.

J1s MCTI0NIb30BaHUs B pEalTbHBIX CETSIX HaunOoJIee MPeanoYTUTEhb-
HBIM SIBJISIETCS] AMHAMUYECKUI alTOPUTM, KOTOPBIN yITy4IlIaeT KauecTBO
CeTH IMOCTETNeHHO. MOYHO MPEUIOKUTh MOAM(DUKAINIO, B KOTOPOI
JIBOMHOHN HaWITy4Iluii OTBET OyJeT MPUMEHSTHCS Y3JIaMHU TOJIBKO B T€
MOMEHTBHI, KOTJIa OTCYTCTBYIOT 3alpOChl Ha Tiepeiady JaHHbBIX U JOIy-
CTHMO HapYIINUTh CBA3HOCTH CETH HAa HEKOTOpoe BpeMs. B cimydvae mo-
CTYIUICHHUS 3aIIPpOCa Ha OTIPABKY JAHHBIX Y3JIbl MOTYT MEPEKIH0YaThCS
Ha HAWTyYIIUi OTBET U BOCCTAHABIMBAThH CBSA3HOCTh CETH.

e BazoBbli anroputM e LleHTpanuzoBaHHbIk (MST)
CraTHyecKMid NOKaNbHbIM AuHamuyeckui, m = |
—_— CraTH4eckui rnobanbHbii Dunamuyeckuit, m = 2

Nunamudeckuint, m = 3

CraTH4ecKHH anropuTMm Dunamuueckuii anroputm (m = 1,2, 3)
8 8
7 7
8 <]
@5 w5
8 8
54 54
L3 23
2 2
1 1
4] 0
10 20 30 40 50 10 20 30 40 50
#nodes #nodes

Puc. 3. CymmapHast MOIIIHOCTH CETH
301



Max cost (% p™®)

10 20 30 40 50 10 20 30 40 50
#nodes #nodes

30 30
25 25
3 8
E 20 5 20
g o
£15 15
=4 [=
= 10 — 10
5 5
4] 0
10 20 30 40 50 10 20 30 40 50
#nodes #nodes
Puc. 5. IHTeHCUBHOCTH ITOMEX B CETH
12 12
10 10
8 8 T } I
@ @ — T
£ 6 E g -
= % = {/1/
4 4
2 2
o 0
10 20 30 40 50 10 20 30 40 50
#nodes #nodes

Puc. 6. Bpems cX0auMOCTH alTOPUTMOB

3akjao4YeHue

B pabote nccnenoBamich TEOPETUKO-UTPOBEIE aJTOPUTMBI (POPMHU-
poBanus 6ecripoBoaHo# ad hoc ceru. [[ns n3BecTHON W3 TUTEPATYpPHI
urpbl GOpMHUPOBAHUSI CETH JOKAa3aHO, YTO HAUXYJIIee PaBHOBECHE
Homa, momygaemoe 6a30BBIM alrTOPUTMOM HAHITYYIIIETO OTBETA, MOKET
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MTOJINHOMHUAJIBHO OTINYATHCS OT ONTHUMAJIBHOIO pemeHus. Jlokas3aHo,
YTO B UTPE CYLIECTBYIOT PAaBHOBECHUS, HE SIBISIFOIIMECS JTOMYCTUMBIMHU
peLIeHnsIMH 3a1a4u (POPMHUPOBAHUS CETH.

IIpemtokeHHBINH METOL IBOMHOTO HAMITYYILErO OTBETA JETAET HEY-
CTOMYMBBIMH BCE HEJIOMyCTUMBbIe paBHOBecHs. VccnenoBanack 3 dex-
TUBHOCTD JIByX aJITOPUTMOB, pa3pab0TaHHBIX Ha OCHOBE JABOHHOTO Hau-
Jmy4dmero orseta. 1o BceM TpeM KpUTEpHSIM HaWIydIlIHe pe3ybTaThl
MoKa3ajl JUHAMUYECKUI alrOpyuTM, B KOTOPOM Y3Jbl MEPEKITIOYAOTCS
MEKIy OOBIYHBIM M TBOWHBIM HaWIy4IIMM OTBeTOM. [loydeHs! omeH-
KM BBIYMCIIUTEIBHON CIIOKHOCTH JITOPUTMOB.

B nanpHelimem miaHupyercs IpoAOLKUTh UCCIIEI0BaHUE MPEJUIo-
KEHHOI'0 METO0/la, B YaCTHOCTH, PACCMOTPETh JIpyrHe KPpUTEpUH Kaue-
CTBa CETH M UCCIIEN0BATh BONPOC O CHMKEHNUHU BBIUYUCIUTEIBHOM CIOXK-
HOCTH aJITOPUTMOB, YTO OCOOCHHO BaJKHO JIJIsl MPAKTUYECKON peasun3a-
LMY [IPEJIOKEHHBIX aJITOPUTMOB.
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MHOT'OCTOPOHHUE PECYPCHO-IIEJEBBIE CETH
B MOJIEJIMPOBAHNM B3AUMOJIEVCTBUI MEKY
KOTHUTUBHBIMU ATEHTAMU'
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B.B. Tapacos (vbulbov@yahoo.com)
MI'TY um. H.D. baymana

B pabore paccMOTpEHBI PeCypCHO-LEICBBIC CETH, KOTOPBIC MTO3BOJISIIOT
MOZIEIUPOBATE OOMEH PEeCypcamMu P B3aUMOICHCTBHH arcHTOB, a TAKKE
nporecchl HOPMUPOBAHUS M (YHKIIHOHUPOBAHKS MHOTOATCHTHBIX CHCTEM
C y4EeTOM THITIOJIOTHH ar€HTOB H HX LEJIEBBIX YCTAaHOBOK. [IpeaBapuTensHo
W3JI0KEHBI MPEANOCHUIKH MEPEeX0ia OT PECYPCHBIX K PECYPCHO-IEICBBIM
CeTsIM, CBSI3aHHBIC CO CTATyCOM arcHTa Kak IeJCyCTPEMIICHHON CHCTEMBI
W OIMCAHHWEM PAa3HBIX TUIIOB areHTOB. JlaHO (opmanbHOE ompeaeieHne
pecypcHo-1ieneBoii cetr. [IpoaHann3upoBaHbl OCHOBHBIC BHIIBI B3aHMO-
JCUCTBUI MEXKIy areHTaMH, IPE/CTABICHHBIX C OMOIIBIO JIBYCTOPOHHUX
B3BCILICHHBIX I'Pa(oB.

BBenenue

B 2009 roxgy O.I1.Ky3HeuoB npemyioxui GopMalbHBIA anmapar pe-
cypcnvix cemeti [Kysnenos, 2009]. PecypcHoil ceThi0 Ha3bIBaeTCs NIBY-
CTOPOHHUI OPUEHTHPOBAaHHBIA Tpad, BEpPIIMHAM X; KOTOPOTO TOCTaB-
JICHbI B COOTBETCTBUE HEOTPULATENbHBIC Yucia ¢;(f), U3MEHsIoIMecs B
JMCKPETHOM BPEMEHHU ! U Ha3bIBaeMBbIE€ PECypcaMu, a JyraM — HEOTPHIIa-
TEJIBHBIE YMCIIa W;j, HMEHYEMBIE POIYCKHBIMH CIIOCOOHOCTAMU (TIPOBO-
JUMOCTSIMH). B oTiM4me OT TpaHCHOPTHBIX CETeH U KIIaCCHYECKOH MOTO-
koBoM Monenu Popaa-DankepcoHa, B KOTOPBIX PECYPC TEYET OT UCTOU-
HUKOB K CTOKaM U pacnoioxeH B agyrax [Dopa u ap., 1973], B pecypcHoit
CETH pecypchbl HaXOIATCs B BEPILIMHAX, @ OOMEH pecypcaMy 3aBUCHT OT
nposoaumocteit ayr [Kysuenos, 2009; Kysueros u np., 2010].

B [HdrormroxoB, 2010] ammapaT pecypcHBIX ceTeil ObLT UCTIOIh30BaH
Kak CpeACTBO (hOPMAJIbHOTO aHaln3a B3aUMOJICHCTBUII MEXIy HCKYyC-
CTBEHHBIMHU areHTaMU M MOCTPOCHHUSI MHOTOareHTHhIX cuctem (MAC).

! PaGoTa BeIMOIHEHA MU (UHAHCOBOH mouepxke PODU (mpoekt Nel4-07-
00846-a).
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3arem B [/lronarokoB u ap.,2011] OblT peAsioxkKeH BapuaHT PACIINPEHUS
pecypcHbIX ceteit — pecypcro-yenesvie cemu (PLIC), agantnpoBaHHbIE K
MOHSITHIO areHTa U METO/IOJIOTUU OPTaHU3allMU B3aUMOJEHCTBUIA MEXITy
arentamu [Tapacos, 2002]. B [dronarokoB u ap., 2013] Obuto omnucano
npumenenue PIIC mist areHTHO-OpUEHTUPOBAHHOTO MOJIEITUPOBAHUS B
KEJIe3HOOPOXKHON oTpaciu. Hacrosmas craTbs MOCBsIIEHA JalbHEN-
nreMy passutio anmapara PLIC B muiane MogenupoBanus peaeKCHBHBIX
OTHOLICHUM U ACUMMETPUYHBIX CBSI3€H MEX]ly KOTHUTUBHBIMU areéHTaMu
Kak I10 LIEJISM, TaK U TI0 PeEcypcaM.

1. Apxurexkrypa PLIB/l u Tumo/iorvsi areHTOB

IlepBoHayaIbHO pPaccMOTPUM TPEINOCHUIKH MEpexoja OT pecypc-
HBIX K PECYPCHO-IIETIEBBIM CETSIM IPU MOJEINPOBAHNY B3aUMOJCHCTBUM
MEXIy KOTHUTHBHBIMH areHTamu u gopmupoBanun MAC. B kauectse
0a30BOI MOJIENIM areHTa BO3bMEM OOIIYI0 apXUTEKTYPY «PECypChI-LeIb-
BocnpusTue-aeiicteue». Kparko npoaHamusupyeM B3aUMOCBSI3b ITHX
MOHATHUH.

[MpuunHoi fesitenbHOCTH (M JIIOOOH aKTMBHOCTH) areHTa sIBISIETCS
HOTPEOHOCTb, KOTOpasi IOHUMAETCSI KaK PaccOIIaCOBaHUE MEXIy TEKy-
LIUM U KeJTaeMbIM COCTOSIHMEM areHTa. OTpakeHUE U MOHMMaHUE 3TON
MOTPeOHOCTH CBA3aHO ¢ POPMUPOBAHUEM MOTHUBA (ABHXKYIIETO (akTopa
JesTeIbHOCTH). Poiib MOTHBa [U1 areHTa aHaJIOrMYHa POJIM CHUJIBI B Me-
xaHuke. Peanu3zanus 1000ro MOTHBA CBs3aHa ¢ HOCTPOCHUEM LICIIH.

I{enenanpaBiIeHHOCTh U aBTOHOMHOCTB SIBJISIIOTCS KITFOUEBBIMU CBOM-
CTBaMHU AareHTOB. ABTOHOMHOCTb O3Ha4daeT (YyHKIMOHMPOBAHHUE «IIO
CBOMM 3aKOHaM» Ha OCHOBE MMEIOLIETOCsl PECypcHOro obecredeHus, a
TaKke MEePHUOANYECKOTO MOJTyUYEeHHUSI PECYpPCOB U3 CPEAbl UM OT APYTHX
areHTOB.

[ox pecypcamu 31eCch TOHUMAIOTCS JTI00BIE CPEIICTBA, MOJIE3HBIC IS
noctrxkeHus nenu arenta uian MAC. TepMuH «pecypc» J0CIOBHO O3Ha-
YaeT «BOCIIOJHEHUE WM BOCCTAHOBJIEHHE MCTOYHMKA». BBIOENsItoT nse
OCHOBHBIE XapaKTepHCTUKH pecypca [Bonkos, 1986; Tapacos, 2002]: a)
«00beM pecypca» Kak ero Mepy B POCTPAHCTBE (HampuMep, 00beM Iie-
pepabarsiBaeMolt nHOOpPMAIHH, 00BEM TTAMATH KOMITbIOTEpa); 0) «IeH-
CTBHE pecypca» — ero Mepy Bo BpeMeHH. O4YeBHIHO, YTO OJMH U TOT XK€
00BEM pecypca MOKET OKa3bIBATh Pa3IMYHOE BIMSHUE HA PeaTU3alHIo
[IPOLIECCOB IIPU PA3IMYHOM €0 ICHCTBUM.
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BenuunHa nMerorerocs y areHra pecypca TECHO CBf3aHa C OTpee-
nenneM ponu arenta B MAC u B3anMOCBsI3el MeXAy poisimu. Bzanmo-
NeHCTBHE MEXKIy areHTaMu, co3aanne u pyHkuonupoanre MAC nper-
[0J1araroT THOKOE pacHpeieeHue, epepacipenesieHue U KOJNIEKTUBHOE
HCIOJIBb30BAHNE PECYPCOB OTAEIBHBIX ar€HTOB.

Hama apxurexrypa PLIB/] (puc.l) onmpaercs Ha mpeacTaBieHHE O
LEeNsIX M pecypcax Kak BaXKHEWIINX XapaKTepUCTUKAX BHYTPEHHEH cpe-
JIbl ar€HTA, a TAKKe PACCMOTPEHHE BOCIIPUATHS U ACUCTBHS KaK 0a30BbIX
MIPOLIECCOB B3aUMO/IEHCTBUS C BHELIHEH CPEOH.

Snpo arenta

I
I
I
I
I
> Iens |
I
v |
Pecypc :
— m—
N I
Bocnpustue JelicTBre :

I
I
I
I
I
I
I
: Muenue [Tnansl
I
I
I
I
I
I
I

PeakTuBHOCTH
— e,

Puc.1. Apxurekrypa
PIB/L

B3anMonelicTBHE areHTOB ONpPENESETCS CIECAYIOIMMH yCIOBUSIMHU
[Tapacos, 2002]: 1) coBMECTHMOCTD Tielell WM HAMEPECHHWH arcHTOB;
2) OTHOIIIEHWE areHTOB K pecypcaM M O0OBEeMBbI HMEIOIIUXCS y HHUX pe-
CYpCOB, MOTPEOHOCTH B JIOTIONIHUTEIHFHBIX PECYpPCax U UX COBMECTHOM
WCTIOJh30BAHNH; 3) HAIMYKME Yy arcHTOB COIVIAIICHUH U 00s13aTeNbCTB
JpyT Tepen Ipyrom.

Jliis onpeienieHus CTPYKTYp B3aUMOJICHCTBHSI MKy areéHTaMH BOC-
MOJIb3yEeMCsl TUIIOJIOTUEH areHTOB MO JIBYM KPUTEPHSM, MPEIJIOKCHHON
B [Tapacos,2002] (cm.tabnuiry). 3mech BCe MHOXKECTBO arcHTOB pa3-
GI/IBaeTCH Ha 6HaFOHaMCpCHHLIX, OTOUCTUYHBIX U AJIBTPYUCTUYHBIX arcH-
TOB, @ TaK)X€ BBIIEIAIOTCS paspelleHHBbIE U 3alPEIIEHHBIE CTPYKTYPBI
B3aNMMOJIEICTBUM.

307



Tabnuya
Knaccudukanus areHToB 10 IBYM KPUTEPHSIM

Tum arenta CriocoOHOCTh popMHUpOBaTh| YyacTue B q)opMI/IpOBaﬁmn
COOCTBEHHBIE LIETH KOJUICKTHBHBIX IIeJel
bnaronamepeHHbIH + +
OTrOUCTUYHBIHA + -
ATBTPYUCTUIHBIHA - +

FBnaconamepennwviii acenm a, — 3T0 areHT, UMEIOLIMN CBOU LN (MH-
TEPEChI) U CIIOCOOHBIH KaK y4acTBOBaTh B YOPMHUPOBAHHUH KOJIICKTHBHBIX
enei, Tak U MpUHUMATH [eNH Apyroro areHta. OH aKTHBHO y4acTBYET
B oOMeHe pecypcamu u cozmanuu MAC, coxpasss 9acTh pecypca IS
COOCTBEHHBIX HYXK]I.

Deoucmuunslil azenm a, CTPEMHUTCS K JOCTHKEHUIO UCKITIOYNTEIEHO
CBOWX IIeJIeld, UTHOPHUPYS MHTEpeChl Apyrux areHtoB. OH y4acTByeT B
oOMeHe pecypcaMd TOT/Ia M TOJNBKO TOIJa, KOr[a 3TOT OOMEH eMy He-
00XOZIM W BBHITOZICH; TIPH 3TOM HAaOIOaeTCs, CKopee, He OOMEH, a T1e-
peTeKaHUe PECYPCOB K ATOUCTUYHOMY areHTY. ANbmpyucmudtsiil d2eHm
@, aMPUOPH CUUTAETCS HECTIOCOOHBIM K IOCTPOCHHIO COOCTBEHHBIX LEICH
W IPUHUMAET YYXKYIO IIeJb KakK 001ryto. Takoi areHT Bcera yuacTByeT B
oOMeHe pecypcami, Jlaxe eciii oOMeH Oy/ieT HepaBHO3HAYHBIM, U OH OT
HETO MPOMTPAET.

Tunonoruss areHToB HEMOCPEJCTBEHHO OINpPEACISIET caMy BO3MOXK-
HocTh (hopmupoBannas MAC. Tak, HampuMep, MHOTOareHTHast CHCTeMa
HE MOXET OBITh 00pa3oBaHa MPU B3aUMOAEHCTBUU TOIBKO STOMCTHYHBIX
WA TOJTBKO aJbTPYHCTHYHBIX areHToB. B mepBoM citydae orpaHHYeHHEM
SIBTISIETCS. HECTIOCOOHOCTh COTNIACOBAaHMS STOMCTUYHBIMH areHTaMH HWH-
JIMBHTYATbHBIX [IEJIeH U y4acTusi B ((OPMHUPOBAHUN KOJUIEKTUBHBIX IIETICH,
a BO BTOPOM CJIy4ae — OTCYTCTBHE COOCTBEHHBIX IIeJIeH U, KaK CIIe/ICTBUE,
HEBO3MOYKHOCTb MOCTPOCHUSI KOJUICKTUBHBIX LeJield. DTOMCTUYHBIN areHT
MOXET B3aMMOJICHCTBOBATh C OJarOHAMEPECHHBIMU U aJbTPYHCTHUYHBIMU
areHTaMu TOJBKO IPH YCJIOBUU HAaBSA3bIBAaHUSI WM CBOUX IICJICH, a
(YHKIMOHUPOBaHUE aNBTPYUCTUYHBIX areHToB B MAC mozapasymeBaeT
NPUHSATHE MMHU Lelie O1aroHaMepeHHOTo WM ATOMCTHYHOTO arcHTa.
Onnopomnast ctpykrypa MAC BO3HHKAET TOIBKO TIPHU B3aUMOJCHCTBUHU
OJaroHaMepeHHbBIX areHTOB, & BAPHAHTHI B3aUMOJICHCTBUS PA3HOTHITHBIX
areHTOB TIPHUBOIAT K HEOTHOPOIHBIM cTpyKTypam MAC.

Wrak, popmupoBanne MAC TpeOyeT COrTacOBaHHOTO BOCIIPHUSATHS
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areHTaMH BHELIHEH cpelibl U (DOPMHUPOBAHMS Y HUX KOJJICKTHBHBIX IIC-
JeH, oOMeHa pecypcamu, peaanu3aliui COBMECTHBIX JCHCTBHUI.
Brenenwne pecypcro-yenesvix cemeti [ rormrokos u np., 2011] ¢ Tpe-
Ms1 Pa3HBIMH THUTIAMH BEPIIVH M JIBYMSI THIIAMH JIyT TIO3BOJIIET MOJICIIHU-
pOBAaTh IIeJIeBbIC YCTAHOBKU U XapakTep MOBEICHHS areHTOB MPH 0OMeHe
pecypcami, a Takke 0TOOpakarh aCHMMETPHUYHOCTh TAKOTO OOMEHa.

2. OT pecypcHBIX K peCypCHO-IIeJIeBbIM CeTAM

Cnenys O.I1.Ky3HenoBy, Juisi MOICTHUPOBaHUS OOMEHA pPecypcaMu B
MAC 6ynem onmpaThCsl Ha peCypCHBIE CETH.

Omnpenenenne 1. PecypcHOU CeThIO IS MHOTOAr€HTHOW CHCTEMBI
OyZeM Ha3bIBaTh B3BEIICHHBIN JIByCTOPOHHUN OPUEHTHPOBAHHBIN Tpad

GRES = <A7 Ca RES) W>’ (1)

TJie MHO)KECTBO BEPIITNH A €CTh MHOXKECTBO areHToB, 00pasyromux MAC,
MHOXecTBO Iyr C ompenenseT MHOXKECTBO CBS3€H MEXIy areHTaMu,
RES — mHO)ecTBO pecypcoB MAC,mpuueM KakIbplid areHT a,€4 uMeeT
ompeneneHHbIi pecype res(a;)€RES, W — MHOXECTBO TPOBOJMMOCTEH
w; 1yt ¢;€ C B MAC. Kaxxnolt nyre (CBa3u Mexay areHramu) ;€ C mpu-
MHCAaHO HEOTPHLATENLHOE YHUCIIO W; € IV, Ha3bIBAEMOE NPOBOAUMOCTHIO
OT areHTa @; K areuty d.

ITo cytn, mpoBogumocts B MAC 3amaeTr mpeaenbHbIi 00beM pecyp-
ca, KOTOPBIM OMH areHT MOXKET IepeiaBaTh IPyroMy B ONpEeAeIeHHbIN
MIPOMEXYTOK BpeMeHHU. PecypcHasi ceTh Ha3bIBaeTCs OAHOPOAHOM, €CiH
BCE TIPOBOAMMOCTH B Hell paBHBI. B o6mem cinyuae, korma MAC coctout
13 areHTOB pPa3HbIX TUIIOB, PECYPCHBIE CETH SIBIISIOTCS HEOAHOPOIHBIMH,
MOCKOJIbKY B HUX Kak 00beM U JEHCTBHE pecypca, TaK U IPOBOIUMOCTH
3aBHCAT OT THIIA areHTa.

PecypcHo-1ieneBast ceTh peAcTaBIIseT co00i BapuaHT MOAU(UKALIN
(dopmann3Ma pecypcHBIX CeTeH, I7ie BEpIIMHBI 33aJal0TCsl IBYMs mapa-
MeTpaMu (TUI areHTa u 00beM pecypca), a Tyru — IBYMs BHIaMH IIPO-
BOOMMOCTH (TI0 LIENAM U 10 pecypcam). bynem o0o3Hauatrh pecypcHble
CBSI3U CIUIOLIHBIMU CTPEJIKAMH, a IIeJIEBbIC CBSI3M — IyHKTUPHBIMU. [IpH
3TOM PECYpPCHBIE CBSI3H MOTYT IPECTAaBIATh CO00 Kak IyTH (pecypcsl,
BKIIIOUCHHBIE B OOMEH, MJIM PECypChbl COBMECTHOTO HCIOJb30BaHHS B
MAC), Tak u nem (pecypesl «ist ce0si»). AHAIOTHYHO MOTYT pa3iif-
4aThCs U [IEJIeBBIE CBSI3U.

Omnpenenenne 2. Pecypcuo-uenesas cets [Aronmiokos, 2010; dron-
THOKOB ¥ 7p.,2011] ecTh B3BEMICHHBI OPHEHTHPOBAHHBIN MYJIbTUTpaAd
(runeprpad):
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GRO: <A’ Ca K’ RES: VV: t>a (2)

TJle MHOXXECTBO BEPIIIMH €CTh MHOXKECTBO areHTOB A, a MHOXKECTBO YT
C pa30buTO Ha JIBa HEIMEPECEKAIOIMIUXCS TOAMHOKECTBA: MHOMKECTBO
ueneBbIx cBsizeld Cg U MHOXKECTBO pecypcHBIX CBsizer Cypg: C = ClUCres,
CoNCrps=9, t— MHOXECTBO TUCKPETHBIX MOMEHTOB BpeMeHH, =0, 1,
2,...,n.

Kaxnas Bepmmaa PLIC @,€4 ompenemnseTcss ClemyIONUMHU Tapa-
MeTpaMHu — THN areHra k,e K m o0wsem pecypca res(a;)eRES, a xaxmas
nyra c¢;€C B3BEIIMBAETCS C TOMOLIBIO 3HAYEHHS MPOBOIMMOCTH WJIH
IPOITYCKHOM CTIOCOOHOCTH W€ W. Tun areHTa XapakTepu3yeT €ro LEIH,
OTHOCSIIIMECS K pecypcaM, U xapakrep noBeaeHus B MAC. Bepuimnst
PLIC, cooTBeTCTBYIOIINE PA3INYHBIM THIIAM areHTOB, YIIOOHO BBIJICISATH
pa3HBIMU IIBETaMU: TaK, OJTarOHAMEPEHHBIH areHT @, MOYKET U300paKaThCst
3€JICHBIM IIBETOM, STOMCTUYHBIN ¢, — KPACHBIM, a allkTPYUCTHYHBIN a, —
cuHUM. Tumbl areHToB, BKIt0YeHHBIX B MAC, 3amaroT Tononoruto PIIC.

V mo0ObIX JByX areHTOB @;, d; BBIIENIAIOT NPOBOAMMOCTH TI0 LIEISAM
Wwq(@;, a;) 1 IPOBOIUMOCTH TI0 PeCypcaM Wrgs(a;, @;). B obmem ciryuae
00OMeHY TeTISIMH ¥ PeCypcaMi COOTBETCTBYIOT HAIlPaBJICHHBIC HABCTPEUY
IpyT JOpyTy CTpeiku oprpada, mpuyeMm BecoBble Ko3(duumeHTs IyT
oprpada (3Ha4eHHs BXOTHBIX W BEIXOHBIX TIPOBOIUMOCTEH ) MOTYT OBITH
Pa3IMYHBIMU.

Js mpocTOTHI MPOBOAWMOCTH areHTOB TI0 IEJISIM MOTYT pacc-
MaTpuBaThCcs Ha OMHAPHOW IIKaJle «IPOBOJMMOCTh MMEETCS — IPOBO-
JTMMOCTB OTCYTCTBYeT». TaK, y arOMCTHYHOTO areHTa MMEIOTCS BEIXOHBIE
MIPOBOJUMOCTH IO IEJSAM, HO OTCYTCTBYIOT COOTBETCTBYIOLINE BXOIHBIE
MPOBOAUMOCTH. HarmpoTHB, y albTpyHCTUYHOTO areHTa UMEKOTCS TOIBKO
BXOJ/IHBIE MPOBOAMMOCTH MO 1essAM. CreoBaTenbHO, BBITOIHAETCS yC-
TOBHE: Wygs (e, doi) = Wres (dejy @) =0, Wg (@, @) = W (dgiy a) = 0.

COOTHOIICHUIO MEKY BXOIHBIMU U BBIXOJHBIMU MPOBOIUMOCTIMHU
0 I[eNIIM COOTBETCTBYET aHTHUTE3a IIEJICHAINPABICHHOCTH-IIENIEYCTPEM-
JICHHOCTH areHTOB: TaK, albTPYHUCTUYHBIE areHTHI SBISIFOTCS YUCTO Iie-
JICHAMPaBIIEHHBIMU, STOMCTUYHBIE — YHCTO MEJIE€yCTPEMIICHHBIMHU, a
OnaroHaMepeHHBIe areHThl MOTYT TEPEXOAWTH OT LEICHANPaBICHHOTO
MOBEJICHUS K IIeTIEYCTPEMICHHOMY ¥ Ha000pOT.

Hanwume coOCTBEHHOW IenHM y areHTa SBISETCS OIPENEeISIFOIINM
(hakTOpOM [Tt €T0 CaMOCOXpaHeHUs 1o pecypcey. [Ipu 3Tom nmeroTcs aBa
rpaHudHbIX ycnoBust: 1) Res(a(f))>Res,,, — yCIOBHE WHAMBHYaTbHOTO
BBDKHMBaHUS arcHTa;

2) Res(a(t)) < Res
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B T0 ke Bpemsi Haiimuue OOIEH LEIH Yy areHTOB HEOOXOJAUMO ISt
¢dopmuposaans MAC. Komnexrusnas niens B PLIC Oyner sBnsiThest Tpa-
HYJIOH, BRIpaKeHHOH ¢ momotnbio moarpada PLC mo 1ieneBsIM CBS35M.

B kaxmplif TUCKPETHBIIT MOMEHT BPEMEHH ¢ COCTOSTHHE ceTH Oymer
oTpenensTbcs BEKTOpoMm coctosiuust RES(f)=(res(a,), ..., res(a,)), tae
m — uucio areHToB B PLIC. Eciu BEKTOp COCTOSIHUS PECYPCHO-LEIEBOM
CeTH HE W3MEHSETCS CO BPEMEHEM, TO TaKO€ COCTOSIHHE Ha3bIBAETCS
ycroituuBbiM. Coctosinue PLC siBnsieTcs acCHMOTOTHYECKU JOCTUKUMBIM,
€CIIM ISl 3apaHee 3aJaHHoro Majoro &, &> 0, Vi= 1, ..., m, BBIIONHACTCS
HEPaBEHCTBO:

| res(ai(t + 1)) — res(a(D) | <. 3)

IIpu oOMmeHe orpaHWYCHHBIMH MarepuadbHBIMH pecypcamu PLIC
[10JIaraeTcsl 3aMKHYTOW CUCTEMOM, IJIsi KOTOPOW CHpPAaBEIIMBO PABEH-
CTBO: m

Z'-"E"Sfﬂi] = RES.y = const. 4)
i=1

Paccmotpum mpaBuiia B3aumoneicTBUs (0OMeHa pecypcamu) MKy
rapamM¥ areHTOB Pa3INYHBIX THIIOB:

a) ezaumooelicmsue 08yx Onazonamepentvlx acenmos. Ilpoucxonut
paBHOIIpaBHBIN 0OMEH MHOPMAIIME IeJIeBOT0 XapakTepa, B pe3ysbTare
KOoTOpOoTrO (hOopMUpPYETCS KOJUIEKTHBHAS II€Nb, 4 TAKKe OCYIIECTBISETCS
a¢dexTuBHBIH 00MeH pecypcamu (puc. 2). MHoroareHTHasi CHUCTeMa,
cocTosmas u3 /m TOMOOHBIX areHTOB, MPEACTaBIseTcs HambOoiee d¢h-
(heKTUBHOM AJIs peau3alliy CTPATETUi ICIEHTPaTM30BaHHOTO UCKYCCT-
BEHHOTO HMHTEJUIEKTa, Korjga (OpMUpYeTCs CTPYKTypa THIIA «IOJTHBIN
rpad».

Ecnu pecypcHo-1ieneBast ceTh COCTOUT M3 OJaroHaMepeHHBIX areH-
TOB W JUISl KOKJOU U3 YT Wy U Wgps PABHBI MEXKIY coboii U RESqy

Wiess 1€ Wygs — MaKCHUMaJIBHO OT/IaBaeMblil areHTaMH CETH pe-

CypC 3a OIHY-€AMHCTBEHHYIO HTEPALUI0, Wygs = ZZ wresla;,a;) =
i=1i=1
=wggsm{m — 1}, TO ¢ TEYECHUEM BPEMEHHU PECYPC CUCTEMBI PACTIPE/IETHT-

RES, RES,
Cs MEXYy arecHTaMH paBHOMEPHO U RES(t) = ( . SUM).

m m
B npoTtuBHOM cityuae, eciu XOTs Obl y AByX areHTOB pecypchl He Oy-

AYT paBHBI B HayaJIbHBIIA MOMEHT BPEMCHHU, TO BbIPABHHUBAHUC PECYPCOB

B C€THU HE HpOH3OI>iI[CT;
6) 63aUMOOEUCMEUE I2OUCTNULHO20 a, u artempyucmu4Hoco a, acen-
mo6. DrOUCTUYHBIM arceHT HaBs3bIBACT AIBTPYUCTUIHOMY CBOIO 1ICJIb U
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WCIOJIB3YeT I ee AOCTHKEHUs uykue pecypesl (puc. 3). daktuuecku
MIPOUCXOANT MEPEeKaYKa PeCypcoB OT d, K d,, KOTOpast MOKET 3aBEPIIUTHCS
THOeTBIO a,, eclii 00BeM pecypcea res(a,(f)) < res,;,. [Ipy1 HATWIIH 0THOTO
STOUCTUYHOIO U /1 aJbTPYUCTUYHBIX areHTOB McxonHas cTpykrypa PLIC
THUIIA «3BE371a» MOXKET BHIPOJUTHCS B U30JIMPOBAHHYIO BEPIINHY — «MOHO-
MIOJIMCTA PECYPCOBY;

RES(a.)
— Wasloaae)
Puc. 2. PLIC nns B3auMoaecTBUs ABYX Puc. 3. PLIC nns B3aumoielicTBUS
0JIarOHaMEPEHHBIX areHTOB STOMCTHYHOIO U aJIbTPYUCTUYHOIO areHTOB

B) g3aumoolelicmeue O1A2OHAMEPEHHO20 U I2OUCMUUHO20 A2EHMOS.
Takoe B3aMMONEHCTBHE BO3MOXHO TOJIBKO B CIIy4ae MPUHATHS @, LENIH
a,. Ilpu 5TOM B3anMOJeCTBUY BO3HUKAET MILTIO3USI OOMEHA pecypcaMu.
OTrOMCTHYHOMY areHTy HYXHBI PECypChl, HO B OTBET OH CTPEMHUTCS
HHUYETO He oTAaBarh (puc. 4). [Ipu aToM B3anMoaeCcTBIE TTpeKpaIiaeTcs,
eciu res(a,(t)) OMM30K K res,,;, (HATNIue «MHCTHHKTA CaMOCOXPaHCHHUS

min

Y a);

Whes( 01,0,

N — wips(a.)

wolgng) _\
o))

wila,
J
-— Ei‘aLaJ}_; l - ;\:-'[nl_.,r:?_
Puc. 4. PLIC mist B3auMoaeicTBust Puc. 5. PLIC s B3auMoaeicTBUS
3TOMCTHYHOTO U O6JaroHaMepeHHOTo OaroHaMepeHHOT0 M aNbTPyUCTHYHOTO
areHTOB areHTOB

) @3aumodelicmeue O1A2OHAMEPEHHO20 U ATLIMPYUCTNUYHO2O A2€H-
mos. 31mech MpoucXoanuT PGEeKTUBHBI OOMEH pecypcamu, TIpHIeM d,
pasgensieT nenu a, (puc. 5). B cwry cBoeil OrmaroHamMepeHHOCTH a, HE
JIOMYCKAeT CUTYaI[MH UCTOLICHUSI PECYPCOB Y «,. [Ipy HATMYUU OHOTO
OaroHaMepeHHOTO | /1 aJbTPYUCTHYHBIX areHToB cTpykrypa PIIC npu-
HUMAET BUJ| KKOJIECA» WIIH «3BE3IbD).

B nanHOW paboTe paccMOTpEHBI PECYpPCHO-IIENEBBIC CETH C IOC-
TOSIHHBIMH THIIAMHM arcHTOB, KOTOPhIE HE HW3MECHSIIOTCS B IpoIecce
¢yHKoHNpoBaHus cetd. OJHAKO HECOMHEHHBIH NMPAaKTUYECKUH WH-
TEpEC NPCACTABIIAIOT CUTyallul CMEHBI THUIIOB ar¢HTOB IIPU M3MCHCHUU
o0beMa pacroyiaraeMbIX pecypcoB HIIH IIeJICBBIX YCTaHOBOK, HalpUMep,

312



npeBpalicHrue OlarOHaMEePeHHOTO areHTa g, B ATOUCTHYHOTO arcHTa d,.
3)1601) MOJIE3HBIM MOJKET OBITh TaKOMH IMoKa3areijib, Kak TCKylI€C BIIMAHUC
areHTa B CETH, 3aJlaBaeMbIi, HarpuMep, B Bune /;(¢t) =(res;(t), wSi(f),n(?)),
rae res,(f) — BeNMYWHA pecypca i-ro areHra, wSi(f) — CyMMapHOE YHCIIO0
MIPOBOIUMOCTEH, CBA3aHHBIX C i-M areHToM, #(f) — oOIIee KOINYeCTBO
areHTOB, C KOTOPHIMH B3aUMOJICUCTBYET JaHHbBIN arcHT.

3akJaroueHue

B craree mpemoskeHbl BapHaHTHI HATJIATHOTO IMPEICTaBICHHUS TPO-
[IECCOB B3aWMOJICHCTBHSI areHTOB, (DOPMUPOBAHUS W Pa3BUTHS MHO-
FOareHTHBIX CHUCTEM C IOMOUIBIO allapara PeCypCHO-LENEBbIX CETEH.
[Toxa3zaHo, 4TO TOT anmapaTr MOXKET YCHEIIHO PUMEHSITHCS ISl Pa3Iny-
HbIX npuiokeHuid MAC, BKIIIO4asi BUPTyallbHbIE OpPraHU3allui U COLU-
QJIbHBIE CETH.
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VIIK 519.837.3

MOBTOPSIIOIIASICSI UTPA C IMHEHMHBIMU ®YHKIUSIMU
MOJIE3HOCTHU HA KOTHUTUBHOM KAPTE
C OTPAHUYEHHMSMU U BE3 OTPAHUUYEHHUI
HA PECYPCBI'

C.I'. Kynusen (skulivec@yandex.ru)
WuctutyT npobnem ynpaenenus PAH, Mocksa

PaccMoTpeHBI Be TEOPETHKO-HIPOBBIE MOJIETH B3aNMOJICHCTBHS ar€HTOB
BO BpEMEHHW Ha JTUHEHHOW KOTHUTUBHOW KapTte. [lepBas mMojenb OmuchI-
BaeT B3aUMOJICHCTBHE areHTOB C MOCTOSHHBIMU OTPAaHWYEHHUSIMH Ha HX
BO3JIEHCTBUS B KOXKJIBII1 MOMEHT BpeMeHH. BTopast Moens paccmaTpuBaet
CITydaii, Kor/ia BO3IeHCTBUE Ha yIpaBisieMble (aKTOPBI ar€HTOM SIBIISIETCS
OTpaHMYECHHBIM PECYpPCOM Ha MPOTSHKEHUH Bced urpbl. Jlimst odenx moxe-
Jiell HalIeHO pelIeHre B BHUJE CTpaTeruil paBHOBecHBIX mo Hoamry. Obe
MOJIETTH MOTYT OBITH IPHMEHEHBI [UIS CITydasi HECOTJIACOBAHHBIX TIPEICTaB-
JIeHn# 6e3 CyNIeCTBeHHBIX N3MEHEHHH.

BBenenue

[lepBbie pabOTHI MO TEOPHH TIOBTOPSIONIMXCS WP TPUHAIICIKAT
JL.C. llIammm, P.J1. Aymany, M. Manuiepy u A. PyOunmreiiny [Shapley,
1953], [Aumann, Maschler, 1995], [Rubinstein, 1977]. Ix paboTsI cTa-
JIU OCHOBOM ISl TEOPUU TUHAMUYECKUX WUIP, B KOTOPHIX UTPOKH B3au-
MOJICHCTBYIOT APYT C IPYrOM pa3 3a pa3oM (Iar 3a MIarom) B TEYCHHUE
UTPBI, coOupasi HHGOOPMAIUIO O BBIUTPHINIAX, TOBEJICHUN OCTAIbHBIX
WUTPOKOB W TIapaMeTpax UTPhI, B KaXKJIOM U3 TaKHX B3aMMOJCHCTBUI.
BaKHBIM MOJIKJIACCOM TTOBTOPSIONIUXCS UTP SABJISIOTCS U2PbL ¢ ROJIHOUL
unghopmanuei (repeated games with complete information), B KoTOpbIX
MHO>KECTBO UTPOKOB, MHOYKECTBO MX JICHCTBUI M ()YHKIIMHU TTOJIC3HOCTH
M3BECTHBI BCEM UTPOKAM M HEM3MEHHBI B TCUCHHE BCel Urphl. [1epBbIit
Ba)KHBIN pE3yNbTaT B 3TON 00JIACTH 3TO MIMPOKO U3BeCTHBIE Hapoousie
meopemwbl [Aumann, Shapley, 1994], [Rubinstein, 1977] ans 6eckoHeu-
HO TIOBTOPSIIOIIUXCS UTP, B KOTOPBIX KAX/bIH UTPOK HAOJIIOMACT M 3a-

! PaboTa BBITIONTHEHA TIPH (PHHAHCOBOM mozepxkke PODU (mpoextsr Ne 14-01-
00422-a, Ne 12-01-31428-mom_a, Ne 13-01-00934-a).
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MIOMHUHAET BCE ACUCTBHS BCEX UTPOKOB Ha MPEIBIIYIIHNX IIarax B3auMo-
JEUCTBUS, a TAKXKE CTPEMUTCS] YBEJIIMUUTh CBOUM MPENEIbHBIN cpeTHuiA
BBIUTPBINI IO BCEM IIaram.

B Gonee obuiem ciyyae nH(GOpMAIHs 0 AEHCTBHAX KaXKIOTO areHTa
Ha KaKJIOM Ilare HeM3BeCTHa BCceM. BMecTo 3Toro 3ajaHa CTpyKTypa
curHaioB (signaling structure) B BHJI€ BEPOSITHOCTHOTO OTOOPaXKECHHS
13 MHOXECTBA JICHCTBUI UTPOKOB HA KAXKIOM IIIare B MHOXKECTBO CHT-
HAJIOB, KOTOPBIC OITUCHIBAIOT HH()OPMAILUIO, MOIYYaEMYIO KayKIbIM
HWTPOKOM B pe3yJIbTaTe€ OYEPEAHOro LIara NOBTOpsAroUIeics urpel. Ta-
KHE UTPBl Ha3BbIBAIOTCS UZpAMU ¢ Henoanou ungopmayuen (repeated
games with imperfect monitoring), oHM UMeIOT OoJiblliee 3HAYCHUEC B
BOIIPOCAX, CBA3AHHBIX C MPUIIOKECHUSIMHU TEOPUH MTOBTOPSIOIINXCS UTP.
Pemrenne Takux urp — GoJee CIoXKHas 331a4a, 10 CUX TOp HE TOTydHB-
miasi pemeHus B o0IieM BHie, aHaloruuHoe HapomHeiM Teopemam B
urpax ¢ moiHou mHopmanueld. PaboTel B 3TOI oOnacTu AensTcst Ha
JIBE TPYMIIBL: UTPBI ¢ TUCKOHTOM (discounted games) u Ge3 TUCKOHTA
(undiscounted games). B nepBoii rpynie UCIONIb3yeTCsl CBOS KOHIIETI-
ISl PELIeHU — paBHOBECHE JIydlllee 10 moasrpam (subgame perfect or
sequential equilibrium). O60061menne HapoaHsix Teopem Ha cirydaii pas-
HOBECHS JIYUIIIeTo 110 MOABIrpaM ObLI0 clienano B padorax [Fudenberg,
Maskin, 1986]. MccnempoBanus UTp BO BTOPO¥ TPpyIITe ObLITH HHHITUAPO-
Banbl [Lehrer, 1989, 1990, 1992] u nponomxkens [Hillas, Liu, 1996] u
[Tomala, 1998, 1999].

TeopeTuko-urposas Moaeab KOH(GIMKTHOTO B3aUMOAEHCTBUS areH-
TOB B JIUCKPETHOM BPEMEHHM JHHEHHON KOTHUTHBHOM KapThl, (opma-
IU3YIONIeH c1ab0CTPyKTYPUPOBAHHYIO CUTYAIIMIO, B KOTOPO pa3Bopa-
yuBaeTcss KOHPIUKT, Oblla BriepBbie mpeioxkena B [Hosukos, 2008].
[To3sxe ObITa paccMOTpeHa UTPOBasi CUTYAIHs, B KOTOPO MpecTaBIIe-
HUSI ar€HTOB O CHUTYaIlMH OBUIM 33JaHbl Pa3IMYHBIMH KOTHHTUBHBIMH
KapTamH, ObIJIO HaliIeHO peleHre 1 Oblla MoKa3aHa BO3MOKHOCTh yBe-
JMYESHUS] BBIUTPHINIA 338 CUET WHPOPMAIMOHHOTO yrpasineHus. C mpu-
MEpPOM TIOJIE3HOTO HCIOJIb30BaHUS JAHHOW MOJICIIM MOKHO IO3HAKO-
muthes B [Kulivets, 2013]. B Hacrosimeit padoTe ncnonabs3yercs 3Ta Mo-
JIeTh B TIOBTOPSIOLICHCS] UTPE C MOJTHON MH(OpMAaIel, Mpu yCIOBHH,
YTO TMOJE3HOCTh KAKIOTO arcHTa 3aBHCUT OT COBOKYITHBIX JCHCTBUI
JTUHEHHO. PaccMOTpeHb! 1Be BEpPCUU MIPBIL: ¢ OTPAaHHMUYCHHBIM YHCIOM
BO3MOXHBIX BO3JICHCTBHN B T€UeHHE ] MEPHOJOB I KaXI0r0 areHTa
n 0e3 TaKUX OrpaHUYuCHHN.
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1. Onucanue Moae/In

Paccmorpum momudunposannyto urpy G = (N, {S;}; cp» fiicw G,
T), 31ech

C — nuHeiHass KOTHUTUBHAS KapTa, 3a7aHHasi rpadoM (GakTopoB U
MPUYUHHO-CIIEJICTBEHHBIX CBsI3eH Mexay HUMHU (cM. puc. 1) u nuHen-
HBIM HMITYJIGCHBIM TPaBUIJIOM, W3MEHSIONIMM 3HAa4YeHHs (HaKTOpPOB B
nuckpeTHoM Bpemenu: X(¢) = X(t—1) + A P(¢-1), roe X(f) — BekTOp 3Ha-
yeHuli (hakTOPOB B MOMEHT ¢, A — MaTpHIia cMexxHocTH rpada, P(+—1) —
BEKTOp TpHpAICHUI 3HaueHWH (HaKTOPOB B MOMEHT BpeMeHH 7—1)
[PobGeprc, 1986], [MakcumoB, 2008]:

ays

Puc. 1. [Ipumep rpada KOTHUTUBHON KapThI

N — MHOK€ECTBO areHTOB (B 331a4e pPacCMaTPUBAETCsI CUTyaLUsl ABYX
areHTOB),

{S;}; - y — MHOXECTBO CTpaTeruii areHTOB; MHO>KECTBO CTpare-
I'Mil areHTa i 3ajaercsl Kak JEKapTOBO IPOU3BEAECHUE OIpaHUUYEHUM
[0 BO3JCHCTBUAM Ha MHOXXECTBO YHPAaBISIEMbIX (DAaKTOpOB areHTa
M; (HIOAMHOXECTBO MHOKECTBa (DaKTOPOB KOTHHTHBHOU KapTbl M):
Si =% -1, 115

{f!}; < v — MHOXKECTBO (DYHKIWH TOJE3HOCTH areHTOB B MOMEHT
¢t (MHOXecTBO 1eneBbIXx GyHKIMH): f: x; S; — R; paccmarpuBaercs
JUHEHHAs MO MPUPAIIEHUSIM LEJIEBbIX (PAKTOPOB B MOMEHT ¢ OTHOCH-
TEJIFHO HAYaJbHBIX 3HAUCHUH (QYHKIUS:

fl=y (X, (1) —x,(0)), rae v; — BecoBOM KOIDPHUIMEHT, 3a1at0KI
JKEJIAaTENbHOE HAIPABIECHNE H3MEHEHHUS 1IENIEBOTO (haKTOpa X, U OIpeie-
JAOMUN BaKHOCTh YKA3aHHOTO KPUTEPHS CPEIH APYTHX, X[y, = 1.

T — MOMEHT BpeMeHH OKOHUYaHHsI UTPHI (00I1Iee 3HaHUE).

B kax/plii MOMEHT BpEMEHHU JMHAMUKA 3HaYeHUU (DaKTOpOB 3a-
JIaeTCsl COBOKYITHOCTBIO YPaBHEHHUI:
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X(6) = X(e-1) + iAf Ut-1- ) (1)

X(0)=0; U©0), U(1), ..., U(T— 1) — BeKkTOpHI yIIpaBJICHUI areHTaM1
B Pa3JIMYHBIE MOMEHTHI BpeMeHH (CM. pHC. 2).

Wrax, X(f) — BexTop 3HaYeHHU (PAKTOPOB B MOMEHT BPEMEHH ¢,
A — maTpuna cMeKHOCTH oprpada KOTHUTUBHOU KapThl; U(f) — BEKTOD
YIOPaBJISIFOIIMX BO3JICHCTBHIM, OKa3bIBAEMbIX areHTaMH B MOMEHT Bpe-
MCHH 1.

X0 X1 X2 X3 X&

1 | 1 [l |
— | - I T T — | I
U v U2 U(3) )=
( )1 ( )2 ( )3 @)y U@g 6 -
Puc. 2. TTocnenoBaTeabHOCTh BEKTOPOB 3HAYCHHH (PaKTOPOB B pa3HbIE
MOMEHTHI BpeMeHH X(?) M BEKTOPOB YIPABJISIOMINX BO3ACHCTBIH Ha HUX U(?)

Pemrenne urpsl paccmaTtpuBaetcs Ha npoMmexyTke 0..7, mpu 3ToM
pPaccUuTBIBAETCSI CYMMAapHbBIN BBIUTPBILI JJIs1 KQXKOTO U3 UTPOKOB Kak
CyMMa BBIUTPHIIIEH £/ 3a Kaxib1id u3 nepuoaos 0..7:

F=2,. {O,...,ﬂﬁt —> MaXy), vy, ..., UT-1) ()

Pemienne wurpel uiercs kak paBHoOBecwe Hbpiia B 4MCTBIX CTpa-
TErusix.

BBuny Toro, uto pemieHne Mrpbl HA KaKJOM ILAre MOXHO Mpej-
CTaBUTh KaK PaBHOBECHE B JJOMUHAHTHBIX CTPATETHsX (MPH 3TOM JUIS
Ka)XXJIOTO YIpaBiIsieMoro (Gakropa ONTUMAIbHO BBEIOPATH OJHO U3 TPEX
3HaYeHHH Ha Kaxjaom mare: {—1, 0, 1}), To pemieHre MOBTOPSIOIICH-
CSl UITPBI, KOTOPasi COCTOUT U3 TOCJIEIOBATEIHHOCTH 0a30BBIX UTP, MBI
HIIEM KaK IMOCJIEIOBATEIbHOCTh BO3JACHCTBUNA Ha KaXKIbl yIpaBiise-
MBI (haKTop X; B Kaxabli MomeHT Bpemenu 0.7, KOTopast IPUBOJUT
¢byskHo (2) K MAaKCUMaTbHOMY 3HAUCHUIO. 3amuileM YpaBHEHHUE 3a-
BUCHMOCTHU 3HaUCHHUH (PaKTOPOB B MOMEHT BPEMEHH / OT HAYaJIbHOTO
COCTOSIHUSL M YIIPABIISIOLINX BO3/ICHCTBUI:

X(t):X(O)+§Wj-U(t—j—l). (3)

Bnece W,=E+ A+ A*+ ... + 4, nanee W, = {w,9}.
E— CAMHHUYHAA MaTpHlla TAKOT'O K€ IMOPsAJKa, KaK MaTpurlla A.
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2. ITouck penieHus

W3 ypaBHenus (3) MOXHO MOJYYUThH OIEHKY MPUPOCTA 3HAYCHUH
(akTOpOB B KOTHUTHBHOW KapTe K MOMEHTY BPEMEHU /:

X(t)—X(O):iW/. Ut-j-1)-

j=0

3adukcupyeM areHTa U pacluileM BeTUYUHY MPUPALICHUS €ro Lie-
JeBoro (akropa x; K MOMEHTY BPEMEHHU £:

-1 n
xi(t)_xi(o)zzzwl(d/) 'uk(t_j_l): Wli(O) ’ ul(t_l) ...t Wni(O) ’ un(t_l) +

=0 k=1

+w, Vu(2)+ A w, W (2) + L w Y (0) +
+ .o+ w, D (0).

[pupamenune Toro xe pakTopa K MOMEHTY BpeMeHH ¢ + | paBHO:

X+ =x,0)=> > W u (1= j)=w,; O u () + o+ w, O u () +

=0 k=1
+ Wli(l) ' ul(til) +...t Wm'(l) : un(til) +

Foo A w, O u(0)+ .+ w, O, (0).

4 3 JBYX BBIIICTIPHBCACHHDLIX BI)Ipa)KeHI/If/i nmojiydya€Mm, 4To arperu-
POBaHHOE BIUSTHHE YIPABJISIONIETO (PaKTOpa X, HA CYMMY IpHUpAIIeHUH
LIeJIeBOro (hakTopa X;:

Z (x,() = x,(0)

B TEUCHHE TIOBTOPSIFOIICICS UTPBI BRIYUCIISIETCS KaK
W ™0+ W D) g (0) + (w, TP+ w D)+ (4)
oot W O+ wy @) u(T-2) + w, O u(T-1) =
W w(0) +W AT w (1) + AW u (T-2) W2 w(T-1).

W3 Buja (4) BhITEKAaeT CHPABEJIUBOCTH CIEAYIONIETO YTBEPK-
JICHUS:

Ymeepocoenue 1. Onmumanvnoe snauenue (pasHosechoe no
Hrwy) ynpasasiowezo oeticmeus 0 hakmopa X, 8 MOMEHm epemen t
onpedensiemcst coenacro npasuy (5).
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Ecmu y,; > 0, TO (5)

—l,ecnmu W, <0

u ()= 0 ,keM,t=0,...,T-1,s € N.

Lecmu W)™ >

nHa4de

—1, eciiu W' >0
u,(t)= - keM,t=0,...,T-1,s € N.
l,ecim W' <0

Fa

3nech i — HOMep LeneBoro (akropa arenra s, M; — MHOKECTBO yII-
paBisieMbIX (PaKTOPOB areHTa .

Hcnonw3yst mpaBuiio (5) mocneaoBaTeNbHO Ui KaXIOTO areHra
U paccMaTpuBas BCE MOMEHTBI BPEMEHH, Mbl MOXXEM paccuuTaTh OIl-
TUMaJIbHBIE CTPATEruu JJId Bcex areHToB. [lomydyennas mocienoBaTesnb-
Hocth ympasienuid [U(0), U(1), ..., U(T — 1)] B cuny IUHEHHOCTH
(bYHKIIN TTOJIe3HOCTH 00pa3yeT YacTHBIH Cirydail paBHOBecHs 10 Hamry
B MTOBTOPSIOIIEHCS UTPE.

PaccMmoTpum ciyuail, Korzia uucio 6030eiicmeuii na ynpasiaemole
dhaxkmopvl azenmom aA6nAEMCA 0ZPAHUUEHHBIM PECYPCOM HA TIPOTS-
YKEHUU BCEU UIPBI M OTPAHUYEHO KOHCTAHTOM R; U KayKJOTO UTPOKA .
Toraa i KaX10ro areHTa i JOJKHO BBIIOIHATHCS OTPAaHUYEHUE!

> S lu (0] <R

1=0 keM,

BBuny Toro, uro QyHKIHS Kakaoro arenra (2) cemapabenbHa 1o
CTpaTerusiM TOr0 areHTa M CTPaTerusiM JIPYTHUX areHTOB, B CHITY JTH-
HEHHOCTH, MBI MOYKEM pelaTh 3a1auy (6) mogo0pa onTUMaIEHOM CTpa-
TErMH areHTOM OTJIEJIBHO JJIsl K&KJ0r0 areHTa.

2 e {o,u.,r}fit(U(O)’ L UE=1)) — maXy o), vy, ..., Ur-1) (6)

~

|uk(t)|SRi’ R >0

t=0 keM;

Il
=3

3amaya (6) MOXKeT OBITh penieHa peKyppEeHTHBIM Memo0oM OUHAMU-
uecko20 npozpammuposanus. J{ns Toro, 4To0sl c(HOpMyIUpOBATH 3a-
Jayy B T€PMUHAX IMHAMHMYECKOTO HPOTrPaMMHPOBAHUS, OIPEAEINM,
KaKye 3JIeMEHTHI Hallleld MoAe OYIyT COOTHOCHTHCS C 0a30BBIMHU TIO-
HatusiMu 3Toro meroza [Taxa, 2005].

1. Onpenenenue smanos. ITanom pelieHnus B HaIleH 3aaade Oyner
BpemMeHHOH TakT. Kaxnomy BpemenHomy Ttakty {0, 1, ..., 7-1} Oyner
COOTBETCTBOBATh CBOH 21man PEIICHHUS.
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2. OmpeneneHre Ha KaXKIOM 3Tame apuanmos peuwieHusi (aib-
TepHaTWB). BapuaHThl penieHusi Ha 3Tamne ! OMHCHIBAIOTCS BEKTOpa-
MU yTIPaBISIFOIINX BO3JACHCTBUI Ha (GakTopsl U3 M, As i-TO UTpoKa:
(uy(2), ..., uyy (1), TAE KOKIAsA U3 KOMIIOHEHT BEKTOPA () paBHa MO0
0, mn60o oxHO U3 3HaYeHM —1 uK 1 (ompeenseMoe CorIacHo MPaBUITY
(5)). O603HaUNM MHOXKECTBO BCEX BapHaHTOB perieHus kak 3. htoro,
MaKCUMaJIbHO BO3MOXHOE YHCJIO BAPUAHTOB PELICHUS HA KaXIO0M 3Ta-
ne orpanndeHo uuciaom 3™, CooTBeTCTBYOIIAs TOJIE3HOCTh areHTa OT
UCIIOJIb30BAHHOTO BapHaHTa perenus (u(2), ..., Uy, (1)) paBHa Y, Xy 1y,
W, 0T 4, ().

3. Onpenenenue cocmosnuti Ha Kax1oM atane. Cocmosanue S,Ha 3Ta-
I1€ ¢ BBIPAXKAET CYMMAPHBIN PECYPC, U3PACXOIOBAHHBIN 3a CUET BO3/IEH-
CTBUH, OKa3aHHBIX B MpeAbIAyIe MOMeHTH Bpemenu {0, 1, ..., ~1}.
To ectb

$=5 3 lut)]-

t=0 keM,

Ilycte g(S,) — MakcuMasbHas CyMMapHas IOJIE3HOCTb OT 3TAIlOB
0, ..., t-1 npu 3agaHHOM cocTosiHuH S, PekyppeHTHOE ypaBHEHUE IS
3a7la4ll AMHAMHUYECKOTO IPOrPaMMHMPOBAHMS OIPEIEISAEeTCs CIeayo-
M 00pa3oM:

g(5)= max | £ @)+ g8, = 2w @) | 1= 0 T1 0 (7)

keM,
go(Sy) = 0.

Takum 00pa3oM, MOMCK ONTHMAIBHOW CTPATErWy MIPOKa B 3a/1a4e
C OTPaHUYEHHBIM PECYpPCOM MOJHOCTHIO CBOJIUTCS K 3a/1aue JUHAMHUYe-
CKOT0 IporpammupoBanus. Y cripaBeyiuBo yTBepkKAeHUE.

Ymeepocoenue 2. Onmumanrvnas cmpamecus (pagHo8ecHast
no Howy) ons uepoka i 6 uepe ¢ oepanuuentvim pecypcom R; onpedensi-
emcs u3 peulenus peKyppeHmuozo ypaenenus (7).

[IpuMeHeHne MOTYYEeHHBIX JBYX MOJEIEH BO3MOXKHO UIS CITydast
HECOTJIACOBAHHBIX MPEJCTABICHUI areHTOB (HECKOJbKUX KOTHUTHB-
HBIX KapT). st aTor0 BO BCeX BhIpakeHUsAX (1—7) Ans Kakaoro areHra
HEoOXOAMMO paccMaTpUBaTh MATPHILy CMEXKHOCTH ero (a He oOIiei)
KOTHUTHBHOW KapThl.
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3akjaoueHue

B pabote paccMoTpeHa MOjENTh COBMECTHOTO B3aMMOJICHCTBUS
areHTOB B Te€YeHUE I MEepUOJI0B, MOJIE3HOCTh KAXKAOI0 areHTa 3aBUCHUT
JINHEWHO OT COBOKYIHBIX JeHcTBUi. Halimeno pemienue st 1ByX Bep-
CUM WIPBL: C OFPAHUYECHHBIM YHUCIOM BO3MOKHBIX BO3JICUCTBUM IS
KaKA0ro areHTa u 6e3 orpaHuYeHUH.

[TonyueHHbIE pe3yNbTaThl MOTYT ObITH MPUMEHEHBI B cllydae He-
COTJIACOBAHHBIX TMPEJCTABICHUN areHTOB (HECKOJBKUX KOTHUTHBHBIX
kapT). Beibop momenTa BpemeHu 7 MOKET ObITh OCYIIECTBIICH UCXOAS
13 OLICHOK YCTOWYMBOCTH PEILICHHSI UTPBI K OITMOKaM DKCIIEPTOB B Olie-
HUBaHUM napameTpoB Mojeiu [Kulivets, 2013]. PazBuBaemas B JaHHOM
paboTe MOAENb MOXKET OBITh MCIOJIb30BaHA MPU MOCTPOSHUN UH(DOP-
MAIMOHHBIX CHUCTEM MOJJICPKKH MPUHITUS PEUICHUN B KOHMIMKTHBIX
CUTYyaIMsIX C OOJBIIMM YHCIOM Ka4eCTBEHHBIX (HEKOJIUYECCTBEHHBIX )
MapaMeTpoB, IAe TPaIUIHUOHHO UCIOIb3YIOTCSI KOTHUTUBHBIE KAPTHI.
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YK 007.5:681.518.2

®OPMAJIBHAS MOJIEJIb OIIEPEKAIOIIEIO
NTEPATUBHOI'O IINTAHUPOBAHUS JENCTBUI
UHTEJUIEKTYAJBHBIX ATEHTOB PEAJILHOI'O BPEMEHUA

M.I'. llanTeneeB (MPanteleyev@gmail.com)
CIIOI'OTY «JIDTW», Cankr-Iletepbypr

PaccmarpuBaercs mpo0iemMa MiIaHuPOBaHUS ICHCTBHI HHTEIICKTYalIbHBIX
areHTOB B JMHAMHYECKHX MHOTOAreHTHBIX Mupax. [Ipemmoxensr ¢op-
MaJIbHbIC MOJICIH TPEJICTABICHUS M OOpaOOTKH 3HAHHN, HEOOXOIUMBIC
JUTSL peai3alii IMOIX0/1a ONIEPEKAIOIIEr0 UTEPATHBHOTO TTAHUPOBAHMSL.
[Moaxon 1 MozeNN HILTIOCTPUPYIOTCS Ha TIPUMEPE CUTYAIHH U3 BUPTYalb-
Horo (yTOoa.

BBenenue

[InanupoBanue 1EHCTBUI B MHOTOAr€HTHBIX MUPaX — OJIHA U3 KIIIO-
YeBBIX MPOOJIEM CO3/IaHMsI aBTOHOMHBIX MHTEJJICKTYalbHBIX areHTOB
(MA). Ora 3agaua nowkHa pemaThes B peanbHoM Bpemenu (PB) B He-
MPEPBIBHO MEHSIIOILIEHCS Cpe/ie IPU OTCYTCTBUH y areHTa MOJIHOM U TOY-
HOW nH(pOpMAINH 0 ee COCTOSHUU. B m3BecTHBIX moaxoaax [Kovarsky,
2002; Ontanon et al., 2007; Silva et al., 2007; Kapadia et al., 2013]
MOJIeNIb TUIAHUPOBAHHSI PACCMATPUBACTCS BHE CBS3H CO CTPYKTYpPOM
MEHTAJILHOTO LIUKJIA IeTMOepaTUBHOTO areHTa U 0e3 ydeTa W3MEeHEHHH
MHPa B IIPOLIECCE BBIMOJIHEHUS TEKYIIEro NeCTBUS.

[Tockonbky Haubosee ocTpo mpobiema ruiaHupoBanust B PB mpo-
SIBIISIETCS] B CIIEHAPHUSIX KOMaHIHOT'O TPOTHBOCHCTBUS, MpeaaracMmast
MOJIelb WJUIIOCTPUPYETCS Ha HpPUMEpE CUTYalud U3 BHUPTYAIbHOTO
¢ytoona (BD). [Inardpopma Robosoccer moaep:xuBaeT MoaeIMpOBa-
HUE BOKHEUITUX 0COOCHHOCTEH MHOTOAreHTHBIX CHCTEM B CIIEHApHUSIX
KOMaH/IHOT'O IPOTUBOAEUCTBUS (OrPaHUYEHHOCTh BOCIIPUSATHS KOMMY-
HUKALMOHHBIX KAHAJIOB M JP.) U HIMPOKO UCIOIB3YETCs B KAUeCTBE MO~
JIUTOHA JJII OTPaOOTKH MOJIEIICH KOMaHIHbIX JCHCTBUI.

B [[TanTenees, 2004; Ilantenees, 2012; [lantenees u ap., 2013]
MPEATIOKEH MOAX0A K rocTpoeHuto A PB Ha ocHOBE onepexaronero
utepatuBHoro rmnanuposanus (OUII), sBisromuiicss KOHCTPYKTHBHBIM
YTOYHEHHEM KOHLEMLHMH «OTPAHUYCHHON PallMOHAIBHOCTH» B PaMKax
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nenuOepaTHBHOM apxuTekTypsl MA. Hacrosmas craThs sSIBIsSIeTCS aTb-
HEHWIITMM pa3BUTHEM JaHHOTO MOJX0/1a B HANIPABJICHUH KOHKPETU3AIIUH
(hopMaNbHBIX MOJIETIeH TpeCTaBleHNsI U 00pabOTKU 3HAHWH, UCTIONb-
3yeMbix B OUII.

1. Ilpunuunst nocrpoennss UA PB na ocuose OUII

B ocnoBy noaxona k nocrpoenuto MA PB na ocnose OUII monosxe-
HBI clielytonre ocHoBHbIe TpuHIMIbI [[lantenees, 2012]:

1. A PB, neficTBytomie B OTKPBHITHIX JUHAMHYECKAX HEOMpee-
nensbix (OJJH) Mupax momkHbl ouramuyecku B pouecce GyHKIMOHU-
POBaHUS onpedenims peMentble 02panuyenls Ha IPUHATHE PeLeHni
U MAKCUMATLHO 9D PEKMUBHO UCNOIB308AMb UMEIOUeeCs BPEMSL.

2. Bpemennble orpanndeHuss Ha npuHATHE (00IyMBIBaHHUE) pellie-
HUH MOTYT ObITh 00ycnoBlieHbI: (1) BpeMeHeM 0KHaeMOTo HacTyIlIe-
HUSI KPUTHYECKUX COOBITHH OTHOCHUTEIHHO UX JHHAMHYECKH BBISBIISIC-
MBIX TPEAYCIOBUH, MO0 (2) IIUTEIHHOCTHIO Pealn3aluy areHTOM Te-
KYIIUX JIeHCTBUiA (TIIaHOB).

3. MakcumanbHO 3G PEKTHBHOE NCTIOIb30BaHHE BPEMEHH 00 IyMBI-
BaHusl pemienus npeanoiaraet: (1) peanuzamuo OUIIL u (2) makcu-
ManbHO 3(pPEeKTHBHOE HCIIONL30BAHUE BPEMEHH 6 KANCOOM MEHMAlb-
Hom yuxne (MLI).

4. MakcumanbHO 3QPEeKTUBHOE HCIIOJIb30BaHUE BPEMEHU B KAXKIOM
MEHTAJIbHOM LIMKJIE mpennoiaraer: (1) auHamMuyeckoe pacnpeaeieHue
BPEMECHU MEXJy MEHTAIbHBIMU (QyHKImsaMu A wu (2) onpesencHue
npaBuil (POKYCUPOBKY BHUMAHHS IS K&KAOH (PYHKINU.

OcnosHas unest OUII cocTouT B 00 yMBbIBaHUHN CIIEAYIONIETO JICH-
CTBHS Ha BCEM MPOTSHKEHUHN BBITIOIHEHHS TEKYIIEro rraHa. [lockompky
muTenbHocTh ML B 0011em ciyyae 3Ha4nTEIbHO MEHBIIE ATUTEIHHOC-
TH BBITIOJIHSAEMBIX areHTOM (U3UYECKUX JICHCTBUM, B KaxaoM ML Tpe-
Oyercsi BBINOJHEHHE (DYHKIMH TPOTHO3UPOBAHUS, IUIAHUPOBAHUS H
OLICHKU aHAJIM3UPYEMBIX BAPUAHTOB ACHCTBUI.

2. Mopeab onepe:kaioiiero M”TepaTHBHOr0 NJIAHUPOBAHUS

HrepaTBHOE MIAHUPOBAHUE OT OYIYIIETO COCTOSIHHUS TPEJIoJia-
raeT BBIMOITHEHHE 6 Kadxcoom MI] (TakTe) TpOrHO3UPOBAHUS CUTYAITUU
Ha MOMEHT #* OKOHYaHHS TEKyIIero JehcTBUsA. OTHOCHUTEIIBHO 3TOTO
coCTOsIHHMS B KaxkioM MII BBINIOJHSIOTCS MEHTaJIbHBIC ACHCTBHS, OT-
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HOCSIIMECs] COOCTBEHHO K IJIaHMPOBAHHUIO. VICIoONb3yemMble MPHU 3TOM
MOJIEIM B COOTBETCTBUU C (Da3zaMu TUNIAHUPOBAHHSI MOKHO Pa30oMUTh Ha
TPH IPYIIIbI:

1. 'enepanusi 0a30BOr0 MHOKECTBA BO3MOXKHBIX BAapHAHTOB JICHi-
CTBUM.

2. Konkperusaius 1 olleHKa MM0JIE3HOCTH BApUAHTOB JIEHCTBUH.

3. OkoHuaTenpHasi KOHKPETH3AIUsl ACHCTBUN M BBHIOOP JIyYIIETO
JUTSI BBITTOJTHEHUS.

OOm1as AUTENBHOCTD Tpoliecca 00 yMbIBaHUS OIPEeIseTCs AIH-
TEJFHOCTHIO TEKYIIETro ACHCTBHS U B OOIIEM CITydae MOXET BKIIOYATh
moboe yuciio ML (taktoB). [Ipu 3ToM rereparus 6a30BOro MHOKECTBA
JeUCTBUI BCerja BBINOJIHIETCS B MEPBOM TaKTe MHTEpBana 00IyMbI-
BaHMs, a OKOHYATENIbHAsI KOHKPETU3aIMsi M BBIOOpP NIEHCTBUS — B TO-
cnenHeM. KoHkpeTnsanus 1 olieHKa J€WCTBUI BBIMOJHSAIOTCA HA BCEM
uHTEpBaje 00ayMbIBaHMs peleHus. [1o Mepe BBITOTHEHUS TEKYILEro
NeMCTBUS areHT NMPHUOIIKAETCS] K MOMEHTY €ro 3aBepLUCHHs] U MOTy-
yaeT B KakaoM Takte (ML]) HOBy10 mMHpOpMAIHMIO O COCTOSIHUM MHpA.
ITockonbKy MHTEpBaI MPOTHO3UPOBAHNS CUTYAIIMH HA MOMEHT ¢* OKOH-
YaHUS TEKYIIEro AEHCTBHUS ¢ KaKIbIM TaKTOM COKpPAIAETCs, TOYHOCTh
MPOrHO3UPOBAHUS CUTYallMd HA MOMEHT #* MOBBIIIACTCS.

Ha puc. 1 mpencrasnen npumep cutyanuu B B, xorja Bnaaeroniuii
MSTYOM HTPOK A, TpoOpocuit ero cebe Ha X0l B MOMEHT £, C pacieToM
JIOTHATh MsY 3a YeThIpe TakTa (B JAaHHOM ciydae t* = £). MHTepBan
npoOpoca ObLT ONpeIeNIeH U3 YCIOBUS JOCTH)KEHHSI MA4a paHbIIe Jpy-
THUX UTPOKOB.

i) @ O 0:t) (D) @ Tt

I@ Ag(tr)

Puc. 1. [Iporao3upyembie epeMenieHIsI ITPOKOB MIPH BEACHUH Msda

Ha pucyHke moka3zaHbl TOJI0KEHHUS UTPOKOB B HAYAIbHBI MOMEHT
¢, ipu cnenyromux obo3HaveHusix: 7, u T, — mapTHEPBI HTPOKA IO KO-
Manzae, O, u O,— UTPOKH MPOTUBOIMOIOKHON KOMaH/b! (OMMOHEHTHI).
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[TyHKTUPHBIMU JTMHUSIMA TTOKAa3aHbI BO3MOKHBIC HAIPaBICHHS JIBUKE-
HUSI UTPOKOB U UX IPOMEKYTOUHBIE TTOJIOKEHHSI B IPOLIECCE ABMKEHUSI.
B Teuenue ueThipex TakToB Oera K Ms4y areHT A, 00AyMBIBaeT CBOE
cleayroliee AeCTBUE, MPOrHO3UPYSl CUTYalldi0 HA MOMEHT BPEMEHH
t* =t,. PaccMoTpuM (opMabHbIC MOJISIIH TIPE/ICTABICHHS 1 00pabOTKH
3HAaHWH, UCTIOJIL3YEMbIX areHTOM BO Bcex (azax OUIL.

Mooenb npocHo3uposarusi cumyayuy Ha MOMeHm OKOHYAHUS MeKy-
wezo Oeticmsust. IIporaHo3upoBaHue CUTyaliuil S* Ha MOMEHT * OKOH-
YaHUS TEKYyILIero AEHCTBUS CBOAMTCS K MPOTHO3UPOBAHHMIO COCTOSHHS
OTJEJIbHBIX areHTOB, KaK aBTOHOMHO JEHCTBYIOUIMX B COOTBETCTBHUH
co cBonmMHu HamepeHusiMu cymrHocTeil. Coctosinue S(7(¢*)) xaxmoro
urpoka 7;(u ananornuno O)) Ha MOMEHT BPEMEHH 1™ IPOTHO3UPYETCA B
KaXJIOM TaKTe Ha OCHOBE €T0 TeKyIero coctostaust S(7(¢,)) 1 TeKyIero
namepenus 1(7;(t.)):

S(Ti(1%)) = fore (S(T(2)), K(T;(2.))),

1€ f,,, — QyHKIHUS MPOrHO3UPOBAHUS.

T'unortesa o namepenun /(7(¢.)) areHTa B TEKyIIHii MOMEHT £, (hop-
MUPYETCsI 10 ero HaOJI0JaeMOMY MOBEJCHHUIO, T. €. 10 TEKYIIEeMY CO-
crosuuio S(7(t,) n npeasicropun SNT(t,.. ..)), 3aAaHHOH TITyOUHBI:

I(T;(2) = fiud (S(T; (1)) SNT (e, )

rae f,, — QyHKLIUs OnpeaesieHus TUIIOTe3bl O HAMEPEHUHU areHTa, pealiu-
3yrollas MoJIeNb pacro3HaBaHus HamepeHnuil. Hanpumep, B BO takas
MOJIeNb B MPOCTEHIIEM Clydae MOKET Ipearnosarath MpoaoKEeHHe
JBWOKCHUS B TEKYLIEM HANPaBICHUH C TEKYLIEH CKOPOCTHIO.

Mooenv eenepayuu 6azoeo020 muodicecmea Oeticmeuti. OuepenHas
¢aza mIaHUpOBaHWS HAYMHACTCA C TeHepanuu 0a30BOr0 MHOMKECTBA
BAPUAHTOB CBOMX BO3MOXHBIX AECHCTBHI, B pacCMaTpUBAaEMON CUTya-
uun S*. TlockonbKy Ha dTane TeHepaluy IeUCTBUS MPEACTABICHBI B
0000IIICHHOM BH/IE, 0003HAUYUM 3TO MHOXKECTBO {Act,’”*"}, roe HMK-
HUH WHAEKC B JAaHHOM CJly4yae yKa3bIBaeT Ha MPUHAJJICKHOCTD K areHTY
(0 cooTBeTCTBYET MIAHUPYIOIIEMY UTPOKY); j — HOMEp BapHaHTa Jici-
ctBUs; <0> — ypoBeHb aOCTpakiuu npejacTaBieHus aeiicteus (0 cooT-
BETCTBYET BBICLIEMY YPOBHIO a0CTPaKIIH).

I'enepanusi 6a30BOro MHOKECTBA BaPHAHTOB JCHCTBHI BBIMTOJIHS-
eTcsl C UCIIOJIb30BAaHWEM MPOTYKIMOHHONW MOJENH, 3aJaHHOM MHOKe-
CTBOM IIPaBUII:
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S* = {dct, "},

rae S* — cuTyauusi, IPOrHo3upyeMasi Ha MOMEHT OKOHYAHUS TEKYILET0
nevictBus (B mocienHeM ML neficTBUS — 3TO TeKylIasi CUTyaIusi).

Curyanuss S* onuchIBacTcsl KOHBIOHKIMEH aTprOyTOB CHUTYyalluu
P&... &Py, cyniecTBEHHBIX ISl ONpeACiIeHus MHOXeCTBa {Act)/ <"},
3HaueHue arpuOyTOB CUTyaluH P, BbIYMCISETCS MOACUCTEMOMN OLIEH-
KH 0OCTaHOBKH Ha OCHOBE IMPOTHO3UPYEMBIX COCTOSIHUHM MM HepBUY-
HBIX JAHHBIX, MOCTYMAIOMIMX OT MOJCUCTEMbl BOCTIPHUSTHS arcHTa.
Hanpumep, B BO MOXHO BBIAECTUTH CIEAYIOUINE aTPUOYTHI CUTYaLNH:
MPU3HAK BJIAJCIOIEH MIYOM KOMaH/bl, IPU3HAK COOCTBEHHOI'O Biaje-
HUS MSIYOM, [TO3ULMSI UTPOKA B TAKTUYECKON CXEME U T.II.

[IpencraBnenue NEHCTBUS Ha 6epXHEeM YPOSHe abCMpaKyuu Xapak-
TEPU3YETCSI MUNOM 0elcmaus U, BO3SMOXXHO, HEKOTOPBIMU KITIOUEBBIMHU
aTpuOyTamH, CyIeCTBEHHBIMH JUIS BBIICTIEHUS 0a30BBIX BAPHAHTOB T10-
BeJICHHS B HEKOTOpol cutyaruu. Tak, B BD 00o0mieHHoe neicTre
Ha 6epxHeM YposHe abCcmpakyuy MOXKHO OXapaKTepPH30BaATh JBYMS
atpulOyTamu: munom Oeticmeusi (AJI1 UTPOKA, BIIAJICIONIETO MSUOM,
9TO: BEJEHUE, Iac, yaap MO BOPOTaM) U 000OUeHHbIM (CEeKMOPHbIM)
Hanpagienuem Oeticmausi (HAIEBO, HAMpaBo W T.I.). Takum oOpazom,
0a30BOe MHOXECTBO BapHaHTOB JACWCTBUU AJIsi UTPOKA BIAJICIONIETO
MSYOM HMIPOKa MOXKET BKIIIOYATh: «BEJIEHUE Ms4a BIEpEa», «Iac Ha-
JIEBO» U T. 1., 0e3 Jeranu3aluu napamerpos jeicTBus. KoHkpeTHbie
napamMeTpbl 10JHKHBI YTOUHATBCS MO Mepe MPUOIMKEHUS MOMEHTA BbI-
Oopa JericTBHUS.

Oco0eHHOCTBIO JAaHHON MEHTAJILHOW OIlepalny ABIsieTcs GUKCUpO-
BaHHOE, alIPUOPH IpeCcKazyeMoe (B XyIIIEM Cydae) U OTHOCUTEJIBHO
Majloe BpeMs €€ BBIIOJIHEHUS, YTO YIPOUIAET IUIAHUPOBAHUE CBSI3aH-
HOM ¢ HEll MEHTaJILHOM JIeITEILHOCTH.

Mooenv kouxkpemusayuu Oeticmsuti. 11o Mepe MONy4eHHs] HOBOU
nHpopMaryu B KaxaoM MI[ u npubImkeHus: K MOMEHTY ¥ TPUHSTHS
pelieHust cutyalust S* yTOUHSIETCS W BBIINOJIHSAETCS KOHKPEMu3ayusl
00006uweHnbIX deticmaull.

Konkpemusayus deticmeuti 3aKI1049aeTCs B ONPEeIICHUN 3HAUYCHUH
aTpuOyTOB Oo0Jiee HU3KUX YPOBHEH aOCTpakiuu (MMEIOMIUX OOJIBIITHMA
nHzaeKc). cXxoaHoe MHOYKECTBO JICHCTBHIA TeHEPUPYETCS HAa OCHOBE 00-
el THPOpPMaIUY O CUTyaluu. Y TOUHEHHE ICHCTBUM TpeOyeT moiryye-
HUS JIOTIOJHHUTEIBHON MH(OPMAUK B COOTBETCTBUH C OIPEIEICHHOM
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cmpamezueli YnpaeieHus ocnpusmueM Ha UHTEpBajie 00 yMbIBaHUS
JIEHUCTBUH.

Paccmorpum 6a3oBblil BapuaHT jaelicTBus «Ilac BneBoy», 3ajaHHBIN
tunoM «Ilac» m 000OIIEHHBIM (CEKTOPHBIM) HANPABICHUEM «BIICBOY.
Ha crnenyromiem mare KOHKpEeTU3alWu JUis TAHHOTO JIEHCTBHS IOJIKEH
OBITh YTOUHEH MapTHEp — ajpecat naca. [lockonbky B 0011em ciydae B
HEKOTOPOM CEKTOPHOM HAaIpaBJICHUU OT UTPOKA, BIAACIOLIETO MSUOM,
MOTYT HaXOAWUThCS OoJiee OJHOrO MapTHEpa, TO BO3MOKHO HECKOIIb-
KO aJpecaToB Taca B OJHOM HampaBicHUU. B aToM ciydae 0a30BbIi
BapuaHT Act,""” ¢ JaHHBIM CEKTOPAJbHBIM HAIPABICHUEM ITOPOXKIACT
JIBa BO3MOKHBIX jeiicTBust: Act/~"” u Act/~"> Gonee HU3KOTO ypOBHs
a0cTpakiuu, ¢ pasHbIMH ajapecatamu. IIpm 3TOM MCXOTHBIN BapuaHT
Act~” ucknrouaercs U3 MHOKecTBa. TakuM 00pa3oMm, pu KOHKPETH3a-
UM HEKOTOPOT'O BapuaHTa JACHCTBUN Act,/~"” B MHOXXECTBO paccMaTpu-
BaeMbIX BapUAHTOB J100aBIIAIOTCS €0 MOTOMKH, IIPH 3TOM CaM OH y/a-
nsiercst. Ecnu Ha JaHHOM 3Tane MIaHHPOBaHUS MPEANOUYTEHUE MEXIY
HUMHU HEOYEBHUJHO, B CIIMCKE BO3MOXKHBIX JCHCTBUH areHTa JOJKHBI
COXpaHsThCS 00a BapuaHTa. TakuM o0Opa3oM, OJHO JieiicTBHe Ooee
BBICOKOTO YpPOBHsI aOCTpakUM{ B NPOLIECCE KOHKPETU3ALUU MOJICEm
nopoACOams HeCKObKO 60nee KOHKPemHublX 6apuanmos. JIist Kaxaoro
U3 HUX, UCXO/I U3 UMEIOLIEHCS Ha JaHHBIH MOMEHT HH(OPMAIUH, BbI-
YHUCIISIETCSI OLICHKA TTOJIE3HOCTH.

B KkoHTEeKcTe WTEpaTHMBHOTO YTOYHEHHS ACHCTBUH HMX aTprOyTHI
MOTYT OBITh CTPYNIUPOBAHBI 110 YPOBHAM KOHKpeTu3aruu. C yueTom
TaKOW TPYNITUPOBKU ACUCTBHE MOKET OBITH MPEICTAaBICHO (peiMomM
CIEAYIONICH CTPYKTYPHI:

AF, =< AT, {Atr; ™}, {Atrj™}, ..., {Ar, ™} >,

rae AF,— ¢peiim neiictBus i-ro tuna; AT, — tun aenctsus; {Atr, ™} —
MHO>KECTBO aTpUOYTOB JIEHCTBHsI, OTHECEHHBIX K k -My ypOBHIO a0-
CTpaKIINH.

VYcnoBus nepexosia K 04epeIHOMY LIary KOHKPETH3allUu OIpejie-
JSIFOTCS JOCTAaTOYHOCTHIO MH(pOpMALUKU U POPMYITUPYIOTCS B BUAE JIO-
TMYECKHX MpaBwil. Takue mpaBuiia MOTYT ONUCHIBATH CYIIECTBOBAHHE
HEKOTOPBIX CYIIHOCTEH, a TaKKe BO3MOXKHOCTH JIOCTATOYHO TOYHO
CIIPOTHO3UPOBATH COCTOSIHHE, YTOOBI TapaHTHUPOBAThH YCIOBUS YCIeII-
HOHM peayn3anuu AeicTBUA. Tak, B cilydyae KOHKPETH3al[MM BapHaHTa
rmaca B HEKOTOPOM CEKTOPaJbHOM HAIPaBJICHUH B KAUeCTBE YCIOBHS
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MOPO’KACHNS KOHKPETU3UPOBAHHOIO BAPUAHTA BBICTYNAET YCIOBUE CY-
LIECTBOBAHMsI UTPOKa-MIapTHEPa B JTAHHOM HarpaBJICHUH.

OkoHnuamenvhas KOHKpemu3ayus NeWCTBAS BBITIOTHAETCS B MOMEHT
3aBepIICHUS TEKYIETo ACUCTBUS, T. €. B mocieaneM ML Texyero aei-
cTBUA. [Ipy 3TOM BBIUMCIIAIOTCS 3HAYEHUsI aTpUOYTOB HUKHETO YPOBHS
abcrpaknuu. Hanpumep, B B ans maca JM0MKHBI ObITh BBIYMCIICHBI
KOOPAMHATHI TOUKH NMPUEMA MsYa U JUIUTENIbHOCT (YMCIIO TAKTOB) €T
JBWKEHUS! B 3Ty ToukKy. CIUIaHHpPOBaHHOE JEHCTBHE NEepeaaeTcs IS
peanu3anuu UCIIOJIHUTEIBHON MojicucTeMe areHTa. B ciydae maca uc-
MOJIHUTEJIbHAS TIOJICUCTEMA PACCYUTAET HAMpPaABIECHUE U CUITY yJapa 1o
M4y C Y4eTOM TEKYIIEro HalpaBJIeHHs Tela UTPOKa U APYrux (akTo-
poB.

Modenv oyenku noneznocmu. JInst KaXa0oro U3 paccMaTpuBaeMbIX
BapUaHTOB JICHCTBUH M3 MHOXeCTBa {Act,/™} B kaxmom ML HeoO-
XOJIMMO OIICHHBaTh MoJie3HOCTh U(Act,)) = U, . Texymue 3Ha4CHHS T10-
JIE3HOCTH TIO3BOJISIIOT areHTy PaHXKUPOBATh aHATH3UPYEMbIC BAPUAHTHI
neiictBuil U (HOKycHpoBaTh BHUMaHKE (MEHTaJbHBIE PeCypchl) Ha Ba-
pHaHTax, KOTOPHIE B ITaHHBIM MOMEHT MPEJICTABIISIIOTCS HanboJee nep-
CHEKTUBHBIMHU.

[pu rerepaluu UCXOTHOTO MHOXKECTBA {Act, "} Kax/blil BapuaHT
MOJIy9aeT anpuopHyo oyeHky nonesHocmu. Tak, B BD Oomee mpen-
MOYTUTEIHHBIMU SIBIISIIOTCSI BAPUAHTHI, MO3BOJISIONINE TEPEMECTUTHCS
Onke K BOpOTaM MPOTUBHUKA.

[Tone3HOCTh HEKOTOPOTO JCHCTBUSI Act, €CTECTBEHHO OIICHWUBATH
MOJIE3HOCTBIO COCTOSIHUSA, JIOCTUTAa€MOTO B PE3YJIbTATE BBHITOJHEHMS
JIAHHOTO JIEUCTBUSL. B MHOroareHTHOU Cpene COCTOSIHUE MUpA HEempe-
PBIBHO MEHSIETCS B pe3ylibTaTe JEHCTBHM MHOXeCTBa areHtoB. [Ipu
9TOM B CUTYaluu S*, B KOTOPO JOJKHO HAYaThCsI BBITIOIHEHUE Act), y
Ka)XJIOT0 areHTa B 00I11eM CIIydae CyIIeCTBYeT MHOKECTBO BO3SMOKHBIX
BapHaHTOB JiekicTBUi. [03TOMY Ha MOMEHT 3aBepIIeHus IeHCTBYS Act,’
MHUpP MOXXET OKa3aTbCs B MHOXECTBE {S,**} cocTosiHMI (MHOXeCTBE
BO3MOKHBIX MUPOB).

MHOKEeCTBO areHTOB, JIEHCTBHSI KOTOPBIX CYIIECTBEHHBI B paccMa-
TpUBaeMoil cutyaluu S* , Ha30BEM MHOXKECTBOM AKMYAIbHLIX AKMO-
pos 1 0003HauuM AA. [{nsa cuieHapreB KOMaHIHOTO MIPOTUBOAEHCTBUS
MOJKHO 3aIliCaTh:

AA={T;} v {0,},
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rae {7} u {O, } — COOTBETCTBEHHO MHOXECTBA aKTyaIbHbBIX IAPTHEPOB
U aKTyaJbHBIX OMIMOHEHTOB.

OO0001IEeHHBIH aNTOPUTM OIEHKH Tonie3Hoctu U(Act,)) HeKOToporo
TEeUCTBHA Act,’ BKIIOUAET CIEAYIOIINE IIaru:

1. Onpenenuts MHOXECTBa {7,} 1 {O,}.

2. Jlns xaxjoro arenra w3 muHoxectB {7,} u {0,} omnpenenuth
MHOXECTBA X BO3MOXHBIX JIEUCTBUN B CUTyaIluu S* TIPpH BEITIOTHEHUT
TUTAHUPYIOLIUM areHTOM JIeHCTBUS Act);

3. Jlns ka0l KOMOMHALMKM BO3MOXKHBIX JCHCTBHH areHTOB MHO-
xecTBa AA CIPOTHO3UPOBATH CUTYalMIO S,** Ha MOMEHT 3aBEpPILLICHUS
Acty.

4. Ouenuth none3nocts U(S,**) Kaxka0i IOCTUTAEMOW CHTYyaluu
(BO3MOXKHOTO MUDA).

5. Onpeaenuts mone3Hocts U(Act,’) NelCTBUS Ha OCHOBE TIOJIC3HO-
CTH COCTOSIHUH MHpPa, KOTOPBIE MOTYT OBITh JIOCTUTAEMbI TIPH €TO BbI-
MOJTHEHUH.

PaccmoTpuM 3HaHUS, HEOOXOAUMBIC MIAHUPYIOLIEMY areHTy JJis
peanu3aiuu Bcex MaroB JJaHHoro anroputMa. Muosxectsa {7,} u {O,,}
(opMHPYIOTCS Ha OCHOBE OTHOIICHHH (HAIPHMeEp, TPOCTPAHCTBEHHBIX )
napmuepos U ONNOHEHMos ¢ TIAHUPYIOIIUM areéHTOM, OIPeIeNSIOIINX
WX BO3MOXXHOCTH BIIMSITH HAa Pa3BUTHE CUTYyallMu B Tpejeliax paccMa-
TPUBAEMOT0O TOpHU30HTA ITaHupoBanus. Hanpumep, B BO >ti MHOXKE-
CTBa MOTYT ONPECISATHCS Ha OCHOBE OJM30CTH UTPOKOB K MUY .

Peanuzayus waea 2 npeanonaraeT HAIMYKE Y TUIAHUPYIOIIETO arcH-
Ta 3HAHWH, CTABSIIUX B COOTBETCTBUE KAXKIIOMY AKIMYAIbHOMY AKMOPY
MHOKECTBO €r0 BO3MOXHBIX JNEUCTBUI B CUTyaluud S* mpu yCIOBUU
BBITIOJTHEHUS TUIAHUPYIOIIMM areHToM JecTBusl Act, @opMaibHO co-
OTBETCTBYIOIME 3HAHUS MOKHO MPEICTABUTH MHOKECTBOM MPOILYKIH-
OHHBIX TIPaBUIT:

(S,, Act)): Ty: — {Act/}, k =1,K;(S,, Acty): O,, — {Act,"},
m=1,M.

Peanuzayus waea 3 npennonaraet NporHo3MpOBaHUE COCTOSHUN
Mupa {S,**}, JoCTUraeMbIX U3 CUTyalluu S* MpU peaiu3aiuu aKmy-
ANbHLIMU aKmMopamy pa3uIHbBIX KoMOuHanui aevicteuil. [lepexon u3
cuTyanuu S* B MHOXXECTBO JIOCTHTaeMbIX COCTOSIHHH {S,**} ymoOHO
MpeCTaBUTh IpadoM JBYAOIBHOE JIEPEBO, MPEACTABISIONIUM COOOM
Mou(pUKaIuIo JiepeBa urpbl. KopHeBas BepiiuHa Takoro JiepeBa co-
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OTBETCTBYET COCTOSIHMIO MHpa S¥ , HCXOISIIUM IyraM — BO3MOXKHBIE
B 3TOH CUTyalluu JeHCTBUS IIAaHUPYIOIETO areHTa Act,’. BTopoii sipyc
JiepeBa COJIEPKUT BEpLIMHbI-pa3BeTBuTeNn. Mexonsuye U3 HUX Ayru
MTOMEYEHBI PAa3TUIHBIMU KOMOUHAYUAMU OeUCMEULl aKmMyalbHblX aK-
Mmopog B CUTyalluy S* NP BBIMOJIHEHUH TUIAHUPYIOIIUM areHTOM JIeH-
CTBUS Act,, COOTBETCTBYIOIIETO BXOSIIECH B BEpIINHY-Pa3BETBUTENb
nyre. TepMuHaIbHBIE BEPIIMHBI COOTBETCTBYIOT COCTOSIHUSIM, ITPOTHO-
3UpPYEeMbIM Ha MOMEHT OKOHYAHUS TNIAHUPYEMOTO IEHCTBUS Act,.

[IponmrocTpupyeM IOCTPOCHUE JIepeEBA sl KOHKPETHOM UTPOBOM
curyauuu B B®, npexncrasnennoit Ha puc. 1. [lycts mumanupyrommii
UTPOK paccMaTpHUBacT B CUTyalluu S* BapuaHT ACHCTBUS Act; — Befe-
HUE MsAYa Bleped. MHOXECTBO aKmyaabHbIX aKmopos B NAHHOU cu-
Tyallly BKJIIOYAeT YETHIPEX UIPOKOB: ABYX mapTHepoB 1, u T, U OBYX
onmonenToB O, u O,. [lyig ynpolieHus: mpuMepa npruMeM, 4To napTHe-
pBI IMEIOT 10 OJTHOMY IIeJIecO00pa3HOMY BapHaHTy JCHCTBHUH (COOT-
BercTBeHHO 7' 1 T,') — nBIDKEeHUE TI0 CBOeMy ()IaHTy BIIEpes, CTapasich
OTOPBATKLCS OT CBOETO OIEKyHa. B To e BpeMs y KaKI0ro U3 ONIOHEH-
T0B O, 1 O,uMeeTcs 10 JBa pa3yMHbIX BapuaHTa IeHCTBUN: JBU)KEHUE
Ha MepexBaT BeAyIIero Ms4 urpoka (coorserctenHo O,'u O,') u npu-
KpBITHE OIeKaeMoro («cBoero») urpoka (coorBerctBeHHo O,/ u O,%).
CootBeTcTBYOLIEE JAHHOMY CIIydaro II0JIEPEBO IIPOTHO3UPYEMBbIX CH-
Tyauui IpeaCcTaBIeHO Ha puc. 2.

'r,0,0°  T/T)y0/70,

U~0,9
U;=0,7
U>=0,6 U;=0,6
Puc. 2. ®parmeHT epeBa MPOTHO3UPYEMBIX CUTYAIHH C OICHKAMHA
MOJIE3HOCTH

Ha puc. 2 ayram, HCXOISIINM W3 BEPIIMHBI-PA3BETBUTEINS, COOT-
BETCTBYIOT CJICIYIOIINEC KOMOUHAIMH ICUCTBUN AKMYAIbHbIX AKMOPOS:
T,'T,)O,/O,'— ob6a onmonenta O, u O, IBUXKYTCS K UTPOKY, BEIyLIEMYy
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msta; T,/ T,'O,'O,’— O, IBUKETCs K UTPOKY, BeayIiemMy Msid, O, IPUKPBI-
BaeT «cBoero» urpoka; T,'T,'O/ 0, — O, npuKpbIBaET «CBOECTO» HIPO-
ka, O, IBIWKETCS K UTpoKy, Benymemy msa; 7,/T,'O,? O, — kaxplid u3
OTIIIOHEHTOB MPUKPBIBAET «CBOETO» Urpoka. [IporHo3upoBanue npuxe-
HUSI TAPTHEPOB LEIeCO00PA3HO BBHIMOIHATH C UCTIOJIB30BAHUEM CpE/l-
HUX 3HAUCHMH MapaMeTpoB, TOT/A KaK MEepeMEIIECHHUs] ONIMOHEHTOB Ha
WHTEpBaje MPOTHO3UPOBAHUS CIIEAYET OLEHUBATh «B XYJIIEM JIJIsl HAC
cirydaey.

Ouenka nmonesnoctu U(S,**) curyaruii, COOTBETCTBYIOIINUX TEPMHU-
HaJIBHBIM BepirHaM rpada (wae 4), B 00mem ciydae sSBISETCS CIOXK-
HOW 3a/1a4eid, TOCKOIBKY Kpumepuu nojie3HoCmy CATYaTUBHBI ¥ 3aBUCST
oT koHTekcTa. B BO s atakyromieit (Bnaferomnie MssuoM) KOMaH bl
TaKUMH KPUTEPHSIMUA MOTYT, HallpuMep, OBITh: OJIM30CTh Ms9a K BOPO-
TaM COTEPHUKA, HAIMYHE CBOOOHOTO MPOCTPAHCTBA MEpe]l UTPOKOM,
BJIAJCIOIIIM MSYOM, U JIp.

[onesnocts U(Act,’) neiictBust Act, onpenensieTcsi Ha OCHOBE 3Ha-
YEHUH TIOJIE3HOCTH BCEX JIOCTHUTAaeMbIX cocTosHui U(S,**), B mpen-
MOJI0KEHUH, YTO UTPOKU MPOTUBOJCHUCTBYIOIIEH KOMaH/bl BEIOMPAIOT
HanboJee paloHaNbHbIC 011 ceOs BApUAHTHI ICHCTBHN:

U(Acty) = min, (U(S,**)).

BrrancnurenbHas CII0KHOCTD ajrOpUTMa OIEHKH MOJIE3HOCTH KaK-
JIOr0 NeMCTBUS ONPEAEISIeTCS YUCIIOM TEPMUHAIBHBIX BEPIIMH B Jepe-
BE BO3MOXKHBIX MHUPOB 3TOr0 jAekcTBUs. O003HAYUM L, — YMCIIO Bapu-
AHTOB JICHCTBUI A-TO MapTHEpa U3 MHOXKECTBA aKTyallbHBIX aKTOPOB,
N,, — 4UCII0 BApUAHTOB AECHCTBUM m-ro ONNOHEHTAa. Torma BEpXHss

OLICHKa C* JuCjia TCPMUHAJIbHBIX BCPIINH CCTh!:
C* = Hk(Lk) X 1_Im Nm)'

Taxum 00pa3zoM, YUCIIO BO3MOKHBIX MUPOB PACTET SKCIIOHEHIHAITb-
HO C POCTOM YHCJa aKTyaJIbHBIX aKTOPOB U WX BO3MOXKHBIX JIEHCTBUH.
Ha mpaktuke 3Ta oIleHKa MOXET OBITh CHIDKEHA 3a CUET ydeTa KOoop-
JTUHAIMY 1eWCTBUN areHToB. Tak, B MpeICTaBICeHHOM IPUMeEpEe Majo-
BEpOSITHO, YTO 00a ONMMOHEHTA HAYHYT ABUTATHCS HA MEPEeXBaT UTPOKA
C MSIYOM. YUET CKOOPIMHUPOBAHHBIX JICHCTBUH TIO3BOJISET CYIISCTBEH-
HO COKPaTHUTh CIIOKHOCTh aJIFTOPUTMA MOCTPOEHUS JepeBa BOZMOKHBIX
MupoB. OJTHAKO UMEHHO 3TOT aJITOPUTM COCTaBIISIET OCHOBHYIO 4acTh
BBIUHMCITUTEILHON CIOKHOCTU B MCHTAJILHOM LIMKJIE arcHTa.
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3akjaouyeHue

Pa3paboraHHbIe MOJIECIN NPEJCTaBICHUS U 00pabOTKY 3HAHHM SIB-
JISTFOTCSl KOHCTPYKTUBHBIM yTouHeHHeM mojxona OUIT u mo3Bomsor
MeperTH K pa3pad0TKe KOHKPETHBIX METOJIOB YIIPABICHUS MEHTAILHOMN
JIESITEIIBHOCTBIO areHTa B KaxkaoM ML ¢ ncroib30BaHHEM aJIrOPUTMOB
MIPOU3BOJIBHOTO BPEMEHH.

CIIMCOK JIMTEPATYPBI

[Kovarsky, 2002] Kovarsky E., Buro M. Heuristic search applied to abstract
combat games// Proc. 18th Canadian Conference Society on Al, 2005.

[Ontaiién et al., 2007], Ontanon S., Mishra K., Sugandh N., Ram A. Case-
Based Planning and Execution for Real-Time Strategy Games// Proc. Int. Conf.
on Case-based Reasoning (ICCBR 2007), 2007.

[Silva et al., 2007] Silva L., Dekker A., Harland J. Planning with Time Limits
in BDI Agent Programming Languages// Proc 13-th Australasian Symposium on
Theory of Computing (CATS “07), Vol 65. 2007.

[Kapadia et al., 2013] Kapadia M., Beacco A., Garcia F., Reddy V.,
Pelechano N., Badler N. Multi-Domain Real-time Planning in Dynamic
Environments// Proc. 12th ACM SIGGRAPH/Eurographics Symposium on
Computer Animation. 2013.

[[TanTesneeB, 2004] [Tantenees M.I'. IlnanupoBanue AeCTBUN WHTEIJICK-
TyaJbHOTO areHTa B peaJbHOM BpeMeHu// Tpynsl 9-if HannoHanbHOH KOH. 110
HCKYCCTBEHHOMY HHTEIICKTY ¢ MEXAyHapoaHbM ydactueM KUIM-2004. — M.:
duzmatiut, 2004. T 2.

[ITanTeneeB, 2012] KoHmemus TOCTPOCHUS MHTEIUIEKTYaIbHBIX areHTOB
peasbHOr0 BpeMEHH Ha OCHOBE MO/ICIIH OIIEPEKAIOIIET0 HTEPATHBHOTO ITAHUPO-
Banusi// Tpynapl 13- HalOHATPHON KOH(. IT0 MCKYCCTBEHHOMY HHTEIUIEKTY C
MexayHapoaasiM yuactuem KNN-2012. — benropoxa: Uza-so BI'TY, 2012, T 3.

[[TanTesneeB u ap., 2013] Criocod ornpeaeeHus TPACKTOPUH ABHKECHHS aB-
TOHOMHOTO TPAHCIIOPTHOTO CPEACTBA B TMHaMU4eckoii cpene/ [Tanrenees M.I.,
Jle6enes C.B.// Ilatrent PD No2479015, 2013.

333



VIIK 004.8: 378

MOJEJb MHOTOATEHTHOM CUCTEMBI PEAJIN3ATINA
NHP®OPMAILIMOHHO-OBPA3OBATEJIBHOI'O
MMPOCTPAHCTBA'

10.®. TeabHoB
OI'BOY «MoCKOBCKHH TOCYAAPCTBEHHBIA YHUBEPCUTET SKOHOMUKH,
CTaTUCTHUKU U HH(POPMATUKI», MOCKBa

B noknane npennaraercst MOJENb MHOTOAr€HTHOW CHCTEMBI peall3alliy
nHpOpMaLMOHHO-00pa3oBaTenbHoro mnpocrpanctea (MAC HOII) Bbic-
IIero y4eOHOro 3aBEACHUsI, KOTopas 00ecIeurBacT HHTETPALUIO pacipe-
JICTICHHBIX B BBIYMCIHMTEIBHON CETH Pa3HOPOJIHBIX MCTOYHHWKOB 3HAHHH
U CEPBHCOB IS pealn3alliy KOJUICKTHBHOTO JOCTyINa K HEMY pasiiny-
HBIX KATCTOPWH YYaCTHHKOB Hay4YHO-00pa30BaTEIbHBIX IIPOLECCOB.
B nokiaze packpbIThl OCOOCHHOCTH Peann3alii MOJEIN MHOTOareHTHOM
CHCTEMBI, CBSI3bIBAIOIICH HHTEIICKTYaJIbHBIX areHTOB CYOBEKTOB Hay4YHO-
00pa3oBaTeNbHOI JEATEILHOCTH C PEIO3UTOPHEM Hay4YHO-00pa30BaTelb-
HBIX OOBEKTOB M CEPBHCOB.

BBenenne

HeoOxomumocts  cozmanns  MH(DOpMAMOHHO-00pa30BaTEIbHOTO
npoctpanctBa (MOIT) B BeIcIIMX Yy4eOHBIX 3aBeICHUSX OOyCIOBIIE-
Ha BHEJIPEHHUEM HOBBIX CETEBBIX (POPM B3aMMOJICHCTBUS YYAaCTHUKOB
HAY4YHO-00pa30BaTENbHBIX IPOIECCOB, B COOTBETCTBUU C KOTOPHIM
JIONYCKAeTCsl OpraHu3allisi COBMECTHBIX 00pa30BaTENbHBIX MPOrPaMM
HECKOJIBKMMHU BY3aMH, HayYHO-HCCIIEI0BATEILCKIMU WHCTUTYTAaMH H
npeanpustusivu. MHbopMannoHHo-00pa3oBaTebHOE MPOCTPAHCTBO
MOJIE3HO CO3/1aBaTh TAK)KE M BHYTPU OAHOTO y4eOHOTO 3aBe/ICHHS B IIe-
JSIX MHTETPAIK Y4€OHbIX TUCIUIUIMH OJJHOTO HANpaBICHUS TOATOTOB-
K{, aBTOPCKHUX HAayYHO-TIEIAarOTHYeCKUX KOJUICKTHBOB, OOCCIICUCHHS
aKaJleMMYecKoil MOOMIBHOCTH. J[aHHBIE MOJOKEHUS CTHMYIUPYIOT
MPOBEJICHHE HAYYHO-HCCIIEIOBATEIILCKUX PabOT MO CO3JAaHHI0 METO-
JOJIOTUYECKUX M TEXHOJOTHYECKHX OCHOB (POPMHUPOBAHHSA U TIPHMeE-
HEeHUs UH(POPMAILIMOHHO-00pa30BaTeIbHOIO NPOCTPAHCTBA B IPAKTHKE
JIESITENPHOCTH BBICIITUX yUeOHBIX 3aBeeHuil [borocmoBckuii, 2000],

! okuta g mozrotose npu nojuepikke PO®U, rpant 13-07-00917.
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U B 4acTHOCTH padoT no co3aanuto MOII Ha ocHOBE OHTOJIOrMYECKO-
IO ¥ MHOTOAreHTHOro moaxoaos [TensHOB | ap., 2012a], [TpemoOau,
2012].

Llenbio co3maHusi MHOTOAreHTHOM CHUCTEMBI peann3aluud uHpop-
MalMoHHO-00pa3oBareiabHoro npocrpanctea (MAC HOII) sBasercs
pa3paboTka HWHCTPYMEHTApHs, OOCCIIEYMBAIOIIETO paclpe/ie]ICHHOS
XPaHEHHE U COBMECTHOE MCIIOIb30BAHUE PA3HOPOJAHOIO KOHTEHTA 3HA-
HUU BCEMHU yYaCTHHKaMH Hay4YHO-OOpa30BaTEIbHBIX MPOIECCOB IS
MPOBEJICHUS HAYYHBIX HWCCIICJOBAHUI, METOJUYECKUX Pa3pabOTOK |
00yueHwus.

Jlis peanuzanuu 3TOW 1ENH MpejyiaraeTcss pa3padoTka METOJIOB U
cpencts cozganus MOII Ha ocHOBE IpUMEHEHHUS:

— CEMaHTHUYECKUX METOJI0OB UHTETPallMU PA3HOPOAHBIX HCTOYHUKOB
3HaHWH, onrcaHusi 00pa30BaTENbHBIX U HAYYHBIX CEPBUCOB HA OCHOBE
OHTOJIOTHYECKOTO TIOIX0/1a;

— MeToAoB mpeacTasieHusi o0bekToB 3HaHuil B MOIl Ha ocHoBe
CEPBHUCHO-OPUEHTHUPOBAHHOHN TEXHOJIOTHH («3HAHUS KaK CEPBHCHI»);

— METOJIOB KOMIIO3UIINU CEPBUCOB U OOBEKTOB 3HAHHUI B COOTBET-
CTBHH C MOZEIISIMU KOMITETEeHIIUN 1 TOTpeOHOCTEN 00pa30BaTEIbHBIX U
HCCIIeI0BaTENbCKUX MPOTPaMM;

— METOJI0OB MHOTOAreHTHOW TEXHOJIOTMH TPUMEHEHHSI CEPBUCOB B
UOII nns perienust 00pa30BaTEIbHBIX U HCCIIEI0BATEIBCKUX 33/1a4;

— METOJIOB KOJUIEKTUBHOTO PEIIEHUs] 00pa30BaTENbHBIX U HCCIEI0-
Barenbckux 3ana4 B MOII Ha ocHOBe MHOTOAreHTHOW TEXHOJIOTHH.

[Ipennaraemast B paboTe MOJeslb MHOTOAreHTHOW CHCTEMBbI MHTE-
rpUpyeT NpUMEHEHHE IepednucieHHbIX MeTonoB B pamkax MOII, ee
MPUMEHEHHNE TIO3BOJISIET OCYIIECTBISITh HMHTEHCUBHOE W JAMHAMHYHOE
HapalMBaHUE HAyYHO-00Pa30BaTEIbHOTO KOHTEHTA, CYIIECTBEHHO MO~
BBICHTh KaueCTBO OOpa3OBaHUS W HAYYHBIX MCCIEIOBAHUHA M CO3JIACT
YCIIOBUS JUISL PAa3BUTHS BUPTYyaIbHOW aKaJeMUYeCKOH MOOHMILHOCTH
MpernoiaBatesell, Hay4HbIX PAOOTHUKOB M 00y4atOIIXCS.

1. Konnenuuss MHOT0areHTHOM CHCTEMBI
peanuzauuu UOIT

Co3nmanne nHPOPMAITHOHHO-00pa30BaTEIFHOTO IPOCTPAHCTBATIPE/I-
MoJiaraeT akKTUBHOE B3aMMOJICHCTBUE PA3JIMYHBIX KaTETOPH CyObheK-
TOB B IPOLIECCE COBMECTHOW HAayYHO-00pa30BaTEIbHOM 1eATEIbHOCTH,
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9T0 mo3BosieT paccmarpuBath MOIT kak GpopMy BUPTyanbHOTO Tpen-
MPUATHS U COOTBETCTBEHHO MPHUMEHSTH METOAbI MHKUHUPUHTA TIpe/i-
npusituii [Tapacos, 2002]. Cornacuo [Yu, Mylopoulos, 1994] npen-
NpUSATHE TPEACTABISET COOOM COBOKYITHOCTh COIMATIBHO CBS3aHHBIX
YeJIOBEUECKUX CYILIECTB, TO €CTh ATO CHUCTEMa COLMAIBHBIX aKTOPOB
(social actors), oOnaarOMIUX HHTCHIUSIMH, MOTHBAIIUCH, JKEIaHUSIMH,
MPEINOIOKEHUSIMHA U CTPATETUel 110 OTHOLIEHUIO IPYT K APYTY.

B BupTyanbHBIX MpeanpusTUsIX, GQYHKIMOHUPYIOIIUX B pacripese-
JICHHOW BBIYMCIIUTENILHOM cpelie, B KaueCTBE MHTEIUIEKTYaJIbHBIX ac-
CUCTEHTOB JIFOJIEHl MOTYT BBICTYINaTh NPOTPAMMHBIE areHTbl, KOTOpPbIE
HMUTHPYIOT TOBEJICHHUE JIIOJIeH U, 00s1anas 6osee BBICOKUMH BO3MOXK-
HOCTSIMH TIO TTOUCKY, 0TOOpY 1 006paboTKe OONBIINX MAaCCHBOB HH(OP-
MAaI1H, CTIOCOOHBI B 3HAUYNUTEIILHOM CTEIIEHN YCKOPUTD IPOLIECCHI pellie-
HUS pa3HOOOPA3HBIX 3a]a4 HAyYHO-00Pa30BaTEIbHON e TELHOCTH.

PaccmoTrpuM Mozenu conuanbHOTO IOBEICHHUS JIIOACH Ha HOpel-
MPUSTHH, KOTOPBIE MOTYT OBITh IIEPEHECEHBl Ha B3aUMOCHCTBUE MPO-
IrpaMMHBIX areHTOB. B Teopuu mpoiieccHOro ynpaBieHUs IPEITPUITHS-
MU, BbIAIBUHYTON M. XammepoM u [Ix. Yamnu, NpUHSITO BBIAEISTH Bia-
JIeNIbLEB TIPOLIECCOB U BiaJenblieB pecypcos [Xammep, Yammnu, 1997].
Brnazenbipl pecypcoB NpeoCTaBiISIOT WU TPUMEHSIOT PECypChl JUIS
BBINIOJTHEHUS (PYHKIUH 110 X MpeoOpa30BaHUIO B MOJIE3HBIE pe3yibTa-
Thl. Bnazmenpupl npoueccoB BHIIONHAIOT KOOPAMHALMIO OCYILECTBIIE-
HUS TIOCJIEIOBATENBHOCTH (DYHKIMH BIIaIebllaMU PECypcoB (IIETIOUKH
NENCTBUM) JIJIsl TTIOJy4YeHUs KOHEYHOIo pe3ylibTata. B cooTBeTCTBUU C
Teopuelt oHToIornyeckoro HkuHupuHTa J[merna [Dietz, 2006] aren-
ThI (B TepMHUHOJIOTHH JIMeTiia aKTOPbI) BBIMOIHSIOT IPOU3BOJICTBEHHBIE
1 KOOPJAWHAIIMOHHBIC aKThI (cM. puc. 1).

KOOPAMHALMSA POJ/IU AKTOPOB MCNOMHEHVE
K-AKT N-AKT
«— —_—
AKTOPbI
—_——— « ———
K-GAKT M-AKT
OTBETCTBEHHOCTb MNoAHOMOYMA KOMMETEHLMM

Puc. 1./lesTeTpHOCTD areHTOB (aKTOPOB) B MpoOIleccax MPEAIPUSTHN
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Pa3znenenne ¢pyHkunii MOXeT ObITH IEPEHECEHO M HA CIIELUAIN3a-
uuto areHToB B MAC. AreHT-KOOPAUHATOP SIBJIACTCS MHTEIUICKTYallb-
HbIM areHToM. OH BBITIONHSET Cleayromue GyHKIMA YIPABICHUS: B
COOTBETCTBUU C 3aKa30M KJIHMEHTa (DOPMHPYET IMOCIIE0BATEIHHOCTD
BBITIOJIHCHUSI aKTUBHOCTEH, 1TOI0MpacT NCITOJIHUTEIICH Ha POJIH, TUTAHU-
PYeT BBINOJIHEHHE MpoIlecca M0 CPOKaM, OTCIIEKUBAET X0/ BHITIOTHEHUS
MpOoLECCa, KOOPIAUHUPYET UCIIOIHUTENEH B Ciiydae OTKIOHEHUH. [
OpraHu3aIuy padOThl areHTa-KOOPIMHATOpA TpeOyeTCs HAIMIue 0a3bl
3HAHWM TPUHATHS PEUIeHUH, KOTopas COACPKUT MpaBUIIa pa3perieHus
KOH(DJIMKTOB areHTOB-WUCIIOJHUTENEH B COOTBETCTBHH C CHCTEMHBIM
KkputepreM 3PPEKTUBHOCTH U C 3TOH TOYKU 3PEHUS OTPAXKACT OTBET-
CTBEHHOCTh areHTa-KOOpAMHATOPA 3a UCTIOIHEHHE BCEro MmpoIiecca.

Arenter-ucnionnauTenn B HoTaruu MAC SBISIOTCS PEaKTUBHBIMU
areHTaMU U UCTIOJHSIOT KOHKPETHBIC POJIM B UCIIOJIHIEMOM MPOLECCE.
s kaxaou posin XapakTEpEeH CBOW ypPOBEHb KOMIIETEHLIUU BJIAJEHUS
AKTUBHOCTSAMU (ICHCTBUSAMHU) M MX KOMIIOHEHTAMU: CEpPBUCAMU U WH-
(dhopmanmonueiME pecypcamu. B cooTBercTBuu ¢ [Dietz, 2006] poib
(axTOpHAs POJb) MPEJCTABISET MPOU3BOJICTBEHHYIO EAMHHUILY Opra-
HU3aIUK, CreU(UIMPOBaHHYI0 ee 0a30l mpaBwil. Poiu BeICTyHaroT
WHUIIIATOPaMU ¥ UCTIOJHUTEISIME akTUBHOCTEH. [IpocTas ponb numeer
POBHO OJIHY CBSI3b MCIIOJIHUTES, TIOCKOJIBKY SIBISIETCS MCTIOHUTENIEM
POBHO OZHOTO THIIA AKTUBHOCTH. THIT aKTUBHOCTH Ha PUCYHKe | Tipes-
CTaBJICH pOMOOM (CHMBOJIOM TIPOU3BOJICTBEHHOW aKTUBHOCTH) WJIH 3a-
KITFOYCHHBIM B KPYT (CHMBOJI KOOPAMHAITMOHHOW aKTUBHOCTH).

2. O"TOJIOrHYEecKass MOJA€eJb B3aMMOAeHCTBUS Ar€eHTOB

Jns opranmzanun 3¢p(GEKTHBHOTO B3aMMOJCHCTBUS areHTOB B WH-
(hopMalIMOHHO-00Pa30BaTEILHOM  MPOCTPAHCTBE, HMHTEIPUPYIOLIEM
pa3HOpoHbIE HH(OPMALIMOHHO-00pa30BaTeIbHbIE PECYPCHI U CEPBUCHI,
MpeIaraeTcsi UCHOIb30BaTh METO/BI OHTOJIOTUYECKOTO WHKUHHUPHH-
ra [["aBpunoBa u ap., 2006], [['ypesnoBa u np., 20117, [3ungep u ap.,
2011]. OnucaHue OHTOJIOTHH MPEAMETHOM O0JaCTH, KOMIICTCHIIUH,
y4eOHBIX O0BEKTOB U CepBUCOB JiaHO B [TenbHOB U nip., 2012b]. Jlns
MPOEKTUPOBAHUS MOZENEH B3aUMOJCHCTBUSL areHTOB IpenjlaraeTcs
MOZIEPHU3UPOBATh OCHOBHBIE KOHCTPYKILMM OHTOJIOTUH HPEANPUATHH
TOVE [TOVE, 2011]. Ha pucynke 2 nmpeacraBjieHa OHTOJIOTHs B3a-
UMOJICHCTBHSI areHTOB B HMH(OPMAIMOHHO-00pa30BaTEIbHOM MPOCT-
paHCTBe.
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3aka3blBaeT

310

310
Ynpasnaet

AreHT-
KoopaMHaTop
eeT

AreHT-nocTaBLMK

OTBETCTBEHHOCTL
NUmeet MopuvHaeTcA
NmeeT.
Nmeet
MonHomoumna
Ponb
Nmeet

MpumeHsaeT MpumeHsaeT

Ceme 5

Puc. 2. Onronorus B3anmoaeicTsus areutos B MOIT

Kaxk Ob110 0TMEY€eHO B IpeiblIyIIel YacTH, areHThl Kinaccuuiupy-
I0TCSl HA KOOPAWHUPYIOIIME U ucnoiaHurenan. Kpome toro, Heo6xoanumMo
B KayeCcTBE 3aMHTEPECOBAHHBIX CYOBEKTOB JESTEIHLHOCTH BBILACIHUTDH
areHTOB-NIOCTaBIIMKOB, OCYIIECTBIAIOMINX JOCTaBKYy HEO0OXOAUMBIX
MH(OPMAIIMOHHBIX PECYPCOB M CEPBHCOB, a TAK)KE ar€HTOB-KIHEHTOB,
(dhopmupyromKX TpeOOBAHUS K KOHEUHOMY MTPOAYKTY MK yciyre. Mex-
Iy areHTaMH XapaKTepHbl OTHOIIEHHs YINpaBieHUs, (HOPMHPOBAHUS
TpeOoBaHwMii (3aKa3a), HCIIOTHEHUS H IOCTABKH PE3yJIbTAaTOB IpoLecca.
[Tpruem oaMH U TOT ke CyObEKT HayYHO-00pa30BaTeIbHOM AesSITeIbHO-
CTH MOYET BBICTYNAaTh B Pa3IMUYHbIX HnocTtacsax. C 3TOH TOUKH 3peHHs
areHT MOXKET UTPaTh Pa3IMYHbIE POJIM B IPOLIECCAX U POJIb CTAHOBUTCS
JOMUHUPYIOIIEH KaTeroprueil B OHTOJIOTMH B3aMMOICHCTBUS areHTOB.

s ponu B obmiem B coorBerctBuu ¢ [TOVE, 2011] xapakrepHbl
cienyroume arpuOyThl:

Role (G, A, Auth, Sk, Pol, Res),

rae G — oJHa WK HECKOJIBKO TeJIeH, KOTOPBIX POJh TOJDKHA JOCTHYb;
A — aKTUBHOCTH (IIPOIIECCHI), KOTOPBIE JOJKHBI OBITh BBITIOJHEHBI
JUTSL IOCTYOKCHUS LICTICH;
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Auth — momHOMOYHs (authority), HEOOXOAUMBIE PO TS JOCTHKE-
Hus neneid. [lonHoMouHs BKITIOYAIOT NpaBa MCIIOJIb30BAHUS PECYPCOB,
MpaBa BBITOJHEHMSI aKTUBHOCTEW M TpaBa M3MEHEHHs cTaryca Jiei-
CTBUII;

Sk — xomnerennuu (skills), HeOOXoAMMBIE TSI BBIMTOTHCHHS aKTHB-
HOCTEH;

Pol — otBeTCTBEHHOCTH (MOMUTUKU — policies) WM orpaHHYCeHUS,
crieruUIHBIC JUISI 3TOW POJIM U CBS3aHHBIC C BBIMOJIHCHUEM POJIBIO
MPOIECCOB;

Res — pecypcrl u cepBuckl (Resources, Services), BBIJICICHHBIE IS
POJIHM B paMKax €€ MOJTHOMOYHH.

ATeHTHI B paMKax ONpeelICHHBIX POJiel B3aUMOJICHCTBYIOT C MPO-
neccamu (aktuBHOCTAMHU) [TempHOB, 2014]. Ommcanwe aKTHBHOCTH
MOHO TIPEJICTAaBUTh KOPTEKEM CISAYIOIINUX aTPUOYTOB:

Activity (VD, G, I, In, O, Act, Rec, T, M),

rae VD — By neaTeabHOCTH (CBSI3h C BBIIECTOSIICH aKTUBHOCTHIO WU
MIPOIIECCOM),

G — 1eab aKTHUBHOCTH,

1 — BXOJ (MCTIONB3yeMbIe PECYPCHI U CEPBUCHI),

O — BBIXO]1 (pe3yJIbTaT, BHINOIHEHHBIH MPOAYKT WM OKa3aHHAs yc-
nyra),

In — ponb aredTa — HHUIMATOP (KOOPIUHATOP),

Act — ponb areHTa — UCTIOTHUTEb,

Rec — ponb areHTta — nojayvaresb,

T — mepuoj BpeMeHH (COCTABJICHUE TEXHHUECKOTO MPOCKTa),

M — MeTOoJT HCITOJTHCHHUSI.

3. Mexanusmbl peaauzaunu MAC 1 peuienust
3agaqy MOII

[IpumeHeHue uHGOPMAIIMOHHO-00PA30BaTEIBLHOTO IPOCTPAHCTBA
mpeanonaraeT MoKy KOH(PUTYpPAIUIO MPOIECCOB, HCIOIb3YIOIINX
pacnpeieJIiCHHbIC HAy4YHO-00pa30BaTENIbHBIC PECYpPChl M CEPBUCHI JIJIS
peanu3anui MHIMBUAYAIBHBIX MOTPeOHOCTEH KOHEUHBIX MOJIh30BaTe-
nen. K takuM 3agagaM OTHOCST:

e dopmupoBaHHE YYEeOHOTrO IMJIaHA C YYETOM HHIUBUIYATbHOM
TpaeKTOpUU 00yUCHHUS;
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e OopmHpoBaHHE Y4eOHO-METOIUUYECKUX KOMIUIEKCOB JJISl MH]IH-
BUyaJIbHON TPaeKTOpUH 00yUYCHHUS;

e OopMupOBAHKE MMPAKTUKYMOB C YUETOM MPOQHUIIS 00yJaroIero-
CSl ¥ €r0 MHINBUAYAIbHBIX IPEANOYTCHUH;

e OreHKa KauecTBa MOIyYEHHBIX Pe3yIbTaTOB HAa OCHOBE BBIOOpA
1 BBITNIOJIHEHHUS! TECTOB U KOHTPOJIBHBIX 33JJaHUN B COOTBETCTBUH C MO-
JIEIbI0 KOMIIETEHLIUH U JIp.

[lepeuncnennslie 3agauy, pernraeMble Ha OCHOBE MH(OpMAIMOHHO-
00pa30BaTeNbHOTO MPOCTPAHCTBA, OTHOCATCS K KJIACCY MHTEIIEKTYalb-
HBIX 33]a4 ¥ OTJIMYArOTCs claboi (HopMann30BaHHOCTHIO, MPEaoa-
raroieit HeoOX0JMMOCTh YTOYHEHUS TOCTAHOBKH IIEJIeH U YCIIOBHH 3a-
Jlauu 1o XoAy ee pemienus. Kpome toro, pemenue 3a1a4m ycIoKHIeTCs
B CBSI3U C TEM, YTO YPOBEHb 3HAaHUU U CUCTEMa KPUTEPUEB OIICHKH pe-
HIEHUs y Pa3IMYHBIX YIaCTHUKOB HayYHO-00pa30BaTeILHOTO Mpolecca
MOTYT OTJIMYATHCS.

OOBIYHO TUITMYHOE PELICHHE UHTEUIEKTYyadbHON 3a/1a4ll CBOJIUTCS
K CJIEIYIOILUM IlIaram:

1. @opMynHpOBKa [10JIb30BATENIEM C IOMOILBIO ar€HTa-KJINEHTa MO-
CTaHOBKH 33J1a4u.

2. OTOOp areHTOM-KOOPJIUHATOPOM PENIEBAHTHBIX 3ajlad arcHTOB-
WCHOJHUTEJIEH U areéHTOB-NIOCTABIINKOB.

3. OTbop areHTamMH-MCHOJIHUTEISIMA M areHTaMH-I0CTABIIMKAMH
aKTMBHOCTEH 1 COOTBETCTBYIOUIMX HH(POPMALMOHHBIX PECYPCOB U Cep-
BHCOB.

4. Ilouck areHTaMU-HCIIOJIHUTENSIMU U ar€HTaMHU-TIOCTABIIUKAMH B
COOTBETCTBUU C OINPEJEICHUAMHI aKTUBHOCTEH HEOOXOAMMBIX MH(OP-
MAILOHHBIX PECYPCOB U CEPBUCOB.

5. McnonmHeHne Ha OCHOBE MPUMEHEHUST HHPOPMAITMOHHBIX PECyp-
COB OTOOpPaHHBIX CEPBHUCOB.

6. IIpoBepka IOMYCTUMOCTH MOJYYEHHOTO PEIICHHUs 3aJaud arcH-
TOM-KOOPJMHATOPOM Ha COOTBETCTBUE TIOCTABJICHHBIM EJISIM.

7. B ciyuae 10ImyCTUMOCTH IIOJIy4E€HHOT'O PEIIEHUs BBIBOJ C [IOMO-
IIBIO areHTa-KIMEHTa OTBETa Ha C(hOPMYITHMPOBAHHBIH 3aIpocC.

8. B cimyuae HeOMyCTUMOCTH TOIYYEHHOTO PEIIeHUs] KOPPEKTH-
POBKa IIOCTAaHOBKH 3a7jauyl U N1€peX0]l Ha ITyHKT 2.

Takum oOpa3oM, pelieHHe HayyHO-0Opa30BaTEeNbHBIX 3a/ad CBO-
JUTCA K uTepaunoHHoi cepun nouckos B MOIL, obecneunBaromieii Tou-
HOCTb JOCTHKEHUS LIeJIU Ka)KJ0ro JTara.
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Ha kaxxmom sTame pemieHus HMHTEIUICKTYalbHOM 3a7aud Ompeje-
JSIOTCST TPeOOBaHMS 10 BXOJY M BBIXOJY, UCTIOIB3YyEMbIM METOAAM U
Cpe/CTBaM, a TAKXKe HCIOJIb3YeMbIM pecypcaM (KOHKPETHBIM HCIIOJI-
HUTEISIM, BPEMEHHBIM, MaTepUAIIbHBIM U CTOMMOCTHBIM OI'PaHUYEHU-
sM). B gactHOCTH, anroput™m oTOOpA M alanTalry aKTHBHOCTH MOKHO
MPEACTaBUTh CIIEAYIOIUM 00pa3oM:

1. 3amonHeHNE CEMaHTUYECKOTO IabI0Ha aKTUBHOCTH, HAUWHAS C
ONPEJIENICHNS BUA JIE€ATEIbHOCTH, 3HAUEHUSIMU TOHATUH U3 JIOMEHOB
MPEIMETHON OHTOJIOTHH.

2. CeMaHTHYECKHI KOHTPOJIb 3aMIOJHEHUS MAa0I0Ha U pacIINpeHHe
10 MpaBHJIaM IPOBEPKH 3aBUCUMOCTEN MOHATHI.

3. Brluncienne ceMaHTHYECKOTO pacCTOSHUS OJIN30CTH METO/A UC-
MOJIHEHUsI aKTUBHOCTH 33JJaHHBIM MCXOAHBIM ycJoBUsAM. B ciydae He-
OJIHO3HAYHOCTH MOJYYaeMBbIX PEUIEHUI BBITIOIHAETCS MOJEINPOBAHUE
BapUaHTOB.

4. JlexoMn031LIMsl AKTUBHOCTH HA NOJAKTUBHOCTH IO IIPaBUITy arpe-
raluy/JeKOMITO3UIIUN B COOTBETCTBUH C METOJIOM BBITIOJTHEHHUSI aKTUB-
HOCTH, BBIOpAaHHBIM Ha 11are 4.

5. Ilepenaya HacnexyeMbIX 3HAaYEHUIN POJIEBBIX NTPU3HAKOB JEKOM-
MO3UPOBAHHBIM AKTUBHOCTSIM.

6. Ilepexon npu HEOOXOIUMOCTH MPOJODKEHHS Ipoliecca J1eKOM-
MO3UIMH AKTUBHOCTHU Ha IYHKT 1.

B mpouecce BbiOOpa 3HaYeHHH MX AOMEHOB MOTYT BBIMOIHATHCS
IIPOBEpPKa KOPPEKTHOCTHU 3a/laHusl 3HAYEHUH IPU3HAKOB M J0OIpere-
JICHUE CBSI3aHHBIX IPU3HAKOB I10 MPAaBHJIAM MPOBEPKH 3aBUCUMOCTEI
MTOHATHUH.

Taxum 00pa3om, creHepupOBaHHBIH HAa OCHOBE MHTEPIIPETALNH Ce-
MaHTHUYECKOTo mrabyiiona Habop cceuiok Ha nMeromuecs B MOIT pecyp-
CBI M CEPBHCHI ITO3BOJISICT ABTOMATU3UPOBATH PELICHUE PA3HOOOPA3HBIX
Hay4YHO-00pa30BaTeIbHBIX 3a/1a4.

3akJjaroueHue

[Ipenyokennass MOJIENIb MHOTOAr€HTHOM CHCTEMBI, 00€CIIeUnBArO-
asi B3aMMOJCHCTBUE WHTEIUIEKTYAIbHBIX areHTOB MH(POPMaIMOHHO-
00pa3oBaTeIbHOrO MPOCTPAHCTBA, MO3BOJIET OCYIIECTBIATH TMOKYIO
KOH(HTYpaIIHIO TPOLIECCOB PELICHHUs pa3HOOOPA3HBIX WHTEIICKTYallb-
HBIX 33124 B 00JIACTH Hay4YHO-00pa30BaTeIbHON AEATEIbHOCTU. Takum
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00pa3oM, TOCTHTaeTcsi MOBBIIMIEHHE AKTYaTbHOCTH M 3(PPEKTUBHOCTH
KOJUIEKTUBHOTO HCIOJB30BaHMUsS B OOpa3oBaHMM W HAayYHBIX HCCIIe-
noBaHusx pacnpezneneHHoro B MOIl nHbopManoHHBIX PecypcoB H
cepBHuCOB. B pesynpTare obecreunBaeTcs ObICTpas aanTanys Hay9IHO-
00pa3oBaTeNbHBIX MPOIECCOB K OBICTPO H3MEHSIONIMMCS 00pa3oBa-
TEJIBHBIM TPOTpaMMaM U MOTPEOHOCTSM HAy4YHO-TEIarOrHYecKuX pa-
OOTHHUKOB 1 00YUaIOIIUXCSI.
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MHOI'OATEHTHAS CUCTEMA JIJIS1 PEHLIEHUSA 3AJTAY
HEJEHAIIPABJIEHHOI'O NIOBEJEHUS!

B.M. Tpembau (trembach@yandex.ru)
MockoBckuil aBUAllMOHHBIN UHCTUTYT, MoOCKBa

B pabote ommceIBacTCS MHOTOAr€HTHASI CHCTEMA JUTS PEIICHUS 3a/1ad Ie-
JICHAIIPaBJICHHOI'0 oBeneHUs. VICIob3yeTcsl HHTErpUPOBAaHHBIN M1OIXO0
K TIPEICTaBICHHUIO 3HAHMI, MO3BOJIAIONIMN (OPMUPOBATH M PEATH3OBBI-
BaTh ILIAHBI JOCTHXKEHUS Lea. PaccMaTpuBarOTCs IpUMEpPBI peau3aluu
UHTEJJIEKTYaIbHbIX ar€HTOB.

BBenenne

B Hacrosiimee BpeMsi pacHIMPSIOTCS 00JaCTH YEIIOBEUCCKOM mes-
TEIBHOCTH, TPEOYIOIINE UCTIOIh30BAHUSI aBTOHOMHBIX OOBEKTOB C IIe-
JICHANpaBJICHHBIM TOBeicHueM. [IpuMepaMu Takux oOnacTei sBISIOT-
csI: MCCIEN0BAaHMS B KOCMOCE KakK IIJIAHET COJIHEYHOM CHUCTEMBI M HMX
CIYTHUKOB, TaK U HEOONBIINX HEOCCHBIX TEM; HCCICIOBAHUS U PAOOTHI
B MOpPSIX U OKeaHaX; JeSITeIbHOCTh B OTIACHBIX JIJISl YSJIOBEKA YCIIOBUSX;
OOPTOBBIC CHCTEMBI OOBEKTOB PA3IUYHOTO Ha3HAYCHHUS — OT aBTOMO-
Owueit, caMoJIeTOB, PaKeT U T.JI. JI0 BXKHUBISIEMBIX B YEJIOBEKA CIOXKHBIX
npoTe30B. Takoi OOJNBIION AWANa30H MPHUIOKEHUH CUCTEM C IieieHa-
MPaBJICHHBIM MMOBEJICHUEM TpeOyeT pa3pabOTKH U MPUMEHEHHS HOBBIX
MOJIXOJIOB U METOJ/IOB K UX MOCTPOSHHIO M NCIIOJIH30BAHHMIO.

B craTthe paccMaTpuBaeTCs TOAXO0J K PEIICHHIO 33124 IeJIeHAPaB-
JICHHOT'O MOBE/CHUS Ha OCHOBE MHTETPUPOBAHHOTO METOJIA MPE/ICTaB-
JICHWsI 3HAHWUH, KOTOPBIA TO3BOJSIET (hOPMUPOBATH M PEATM3OBBIBATH
TUTAHBI JOCTIDKEHUS Tiesiel. PaccMarpuBaroTest mpuMepbl peamu3aliu
HMHTCIICKTYaIbHBIX areHTOB.

1. ABTOHOMHAsI CHCTeMA IeJIEHANIPABJIEHHOT 0 MOBeAeHUsA

B obuiem cnyuae, aBTOHOMHasI cUcTeMa JIJIsl pelIeHust 3a/1a4 Iielie-
HaIpaBJICHHOTO MMOBEACHMS, IIOCTPOSHHAS B PAMKaX areHTHO-OPUEHTH-

' Pabora BeImoIHEHa Tipu (pruHaHCOBOU Tmomuepxkke PODU (mpoekt Ne 14-07-
00880).
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poBanHoro moaxoma [Ocumos, 2009; Paccen, 2007; Peiouna, 2010;
Tpembau, 2010], momKHa pemiaTh CIEAYOUINE 3a/1aun:

— XpaHeHHUsI U 00pa0O0TKH JTaHHBIX;

— IUTAaHUPOBAHUS U PEAN3alMK YIPABISIIONINX BO3JECHCTBHN BCEH
CHCTEMBI;

— BOCIIPHSITHS PEAJILHOIO MUPA;

— OpraHu3anuy paboTsl UCIIOJHUTEIIBHBIX YCTPOMCTB.

KonnyecTBo yka3aHHBIX 3a/1a4, AITOPUTMBI UX PELICHUS MOTYT Me-
HATBCSI B 3aBUCUMOCTH OT IIOCTaBJIEHHBIX LieJIed U IpYyrux IapaMeTpoB
aBTOHOMHOM cucTeMbl. Hanpumep, cucreMa, OpHEeHTHpOBaHHAs Ha pa-
00Ty B TPYJHOAOCTYITHBIX, OTMIACHBIX ISl YeTIOBEKA MECTAX, B CBOEM CO-
CTaBE€ MOKET UMETh CJIEAYIOLINE KOMIIOHEHTHI:

— OJIOK OTPabOTKHU YNPABJISIONUX BO3JICHCTBUN, BKJIFOUAIOIIHIA
areHTOB UCMOJIHUTEIBHBIX YCTPOWUCTB;

— OJIOK OpraHu3aIMy IeJICHANPABICHHOTO TIOBEICHHS, TIPE/ICTaB-
TS0 cO00M areHTOB IJIAHUPOBAHUS U PEANM3ALNN YIIPABIISIOIIUNX
BO3JICHCTBHIA;

— OJIOK TEeNIeMETPUUECKUX M3MEPEHHH, COCTOSIINN 13 HECKOJIbKUX
areHTOB BOCHPHUATHUS PEATBHOIO MUpa (areHT BOCHPHUSATHUS 3pPUTEIbHBIX
00pa3oB, peueBbIX (ParMeHTOB, areHT 00padOTKU 3HAYCHHUN H3MEPH-
TEIbHBIX JATYHKOB).

MmuoroarentHas cucrema [Tapacos, 2002; Tpembau, 2012b] nene-
HaANpaBJICHHOTO MOBeJeHNs (puc.]) BKIIIOUAET CIEeIyIONINX areHTOB:

— areHT TEXHUYECKOTrO 3peHMUS;

— areHT pe4yeBOro B3auMOICHCTBHS;

— areHT BOCHPHUATHUS PEaTbHOTO MHUpa Yepe3 JaTuYuKu;

— areHT GOpMHUPOBaHUs IPOOIEMHON 00JIACTH;

— are’T (OPMHUPOBAHMUS YIIPABISIFOIINX BO3ICHCTBUIA,

— areHT pealin3alnuy YIPaBIsSIOUINX BO3ACHCTBUH;

— areHT BBIBOJIA TpapUUECcKO U peueBol WHPOpMAIMU TOITh30Ba-
TEJIO.

[lepBble Tpu areHTa 00eCNEUYMBAIOT BOCTIPUSATHE JIEHCTBHTEIHHO-
CTH, a OCTaJIbHbIE CITy’KaT AJIS BbIBOJA MH(POpMAMy U (OPMHUPOBAHHS
YIIPABJISIFOIINX BO3EHCTBUH.

ATEHTHI SIBIISIIOTCS. aBTOHOMHBIMH WU CHOCOOHBI CaMOCTOSITEIBHO
MPUHUMATh PELICHUS! B KOHKPETHBIX CUTYaIUsX, JOOABISAIOT CBEICHHS
0 TeKylel o0cTaHOBKE B 001Me 06a3y 3HaHUH, 0a3y JaHHBIX CUCTEMBI.
Ho onu He 001a1a10T 3HAHUSIMHE JISI BCEH CUCTEMBI U JICHCTBYIOT B CO-
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OTBETCTBUH C I10JIyY€HHBIMHU 3HAYCHUSIMU TPU3HAKOB. [ImaHnpoBLIIMK —
CAVMHCTBCHHBI WHTEIUICKTYaIbHBIA areHT, OOJIAJaroNIiil MOTHOTON
3HaHWH 00 aBTOHOMHOW CHCTEMeE, PEIlaloNIVi 3a7add IieJieHarnpaB-
JICHHOTO TIOBEeIEHHs. ATEHT JUIi (OPMUPOBAHMS YIPABISIONINX BO3-
JNEHCTBUN TOCTOSIHHO OTCJICKHMBACT TEKYIIME JAaHHBIE O COCTOSHHUH
OKpy’Karolei o0cTaHOBKH. B cilyuae BOSHUKHOBEHUS] OTKIOHEHHH OT
0’KH/IAaEMOr'0 COCTOSIHMSI aBTOHOMHOW CHCTEMBI areHTOM peau3aliu
BBISIBIISIIOTCS OTIMYUS (OTKIIOHEHUS) M MHUIIMUPYETCs mpotecc GopMu-
pOBaHUs YIPABJIAIOMUX BO3ACHCTBUN 7151 KOMIIEHCALIUH BBISIBJIEHHBIX
OTKJIOHEHUH.

PeanbHbii mup

A 4

AreHT peyeBoro
B3aumogeincTana

4

ATeHT BOCnpUATUA
»| peasbHOro Mupa yepes
[ATYUKM

<bCl pMaynm Nonb3oBaTtento

AreHT TEXHUYECKOro
3peHus

| l

_| Arent opmunposaHua npobnemHoi
obnactn

1 un pevyesou UH

_| AreHT dopmunpoBaHmuA ynpasasiowmx |
BO34eNCTBUI

AreHT BbIBOAA rpaduyecko
4
Y
B3, B[] MHOroareHTHOM cUcTembl

ATeHT peannsaunm ynpasaaowmx
BO34EeNCTBUI

4

Ob6beKkT

Puc.1. CtpykTypa aBTOHOMHOM CUCTEMBI
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[Tpu pemenny 3a1a4u BOCTIPUSITHS pEaIbHOTO MUPA B CHCTEME OCY-
IIECTBIIAIOTCS CIEIyIOLIe NeHCTBU: cOOp JaHHBIX O COCTOSIHUU pe-
aJIbHOTO MHpa; TIepBUYHast 00padOTKa JAHHBIX O TEKYIIEM COCTOSHHM;
(bopMHpOBaHHE PU3HAKOB I10 MOTYYCHHBIM Pe3yIbTaTaM BOCIPHUSITHS;
nepeava Mpu3HakoB B 0a3y 3HaHHH (poOIeMHYI0 00J1acTh IS pere-
HUS 337124 yTIPaBIICHUS LI€JI€HANPaBICHHBIM OBEACHUEM aBTOHOMHOTO
00BbeKTA).

PaGora arenra, o6ecrieqrBaroIero BpIBOJI rpaduuecKoil U 3ByKOBOH
MH(OPMAINH MTOJIH30BATEII0, BKIIIOYAET CIEAYIOMINE ONEPAIHH: MOy~
YEeHHUE OT IUIAHUPOBIIMKA OMHMCAHUS TPEOYEMOTro COCTOSHUS; BU3YalHu-
3a1ui0 OPMUPOBAHUS YIIPABISIOMINX BO3ACHCTBHN ISl JTOCTHIKCHUS
MOCTABJICHHOW LIEJN W pealn3anii c(hOPMHUPOBAHHBIX YIIPABIISIOMINX
BO3/ICHCTBHH; (POPMHUPOBAHHE MPU3HAKOB O JTOCTHKEHHUHM LIEIU U TIepe-
na4a ux B 06a3y 3HaHUH aBTOHOMHOH CHCTEMBI 11eJICHANIPABICHHOTO O~
BEJICHMUSL.

2. @opMupoBaHUE U UCIIOJIb30BAHUE 3HAHUI areHTaMu

Jlia nesieHanpaBieHHOTO MOBE/ICHUSI MHTEIUICKTYIBHON aBTOHOM-
HOM cUCTeMbl HE00X0AMMa COBMECTHast padoTa ee areHTOB C HCII0JIb30-
BaHUEM ITpoOIIeMHON obacTh. [Ipobaemuas 00acTh — 3TO BCE 3HAHUS,
HEOOXOMMBIE JUIs PEeLIeHUs 3aaull YIPaBICHUs] aBTOHOMHBIM O00BEK-
toM [Ocumnog, 2009; Paccen, 2007; Peiouna, 2010].

dopmupoBaHHEe MPOOJIIEMHONH 00JaCTH MOMKET MPOU3BOAUTHECS C
MOMOILbI0 3HAHWM, KOTOPBIE CO3JAIOTCS Pa3IMYHBIMU HCTOYHMKAMHU
W XpaHiTCS B MX JIOKAIBbHBIX 0a3ax 3HaHWi. [[ns paccMmarpuBaeMoit
MHOTOAareHTHOM CHUCTEMBI IIeJICHAIIPABICHHOTO TOBEJICHHSI B KAYECTBE
OCHOBHBIX HCTOYHHKOB 3HAHUHN (MHTEJJICKTYaJIbHBIX ar€HTOB), (OPMHU-
PYIOIIMX 3HaHUSA B CBOeM (popmare, BBIACISIOTCS CIEIYIONIHe: areHT
TEXHUYECKOI'0 3PEHMsl; areHT PedyeBOro B3aUMOJEHCTBHS; areHT BOC-
MPUSTHS PEaTHLHOTO MUPa Yepe3 NaTUUKH.

[Ipn GopmupoBaHHN YNPaBIAIOMIMX BO3JACHCTBHI B aBTOHOMHOMN
CHCTEME JIOJIKHBI HCII0JIb30BAThHCS BCE CBEICHUS O TEKYIIECH CUTYaLUH:
3HAQUEHUsI C JIATYUKOB, MH(POPMALUS C BUICOKAMEPHI, TOJIOCOBBIE KO-
MaH/Ibl ¥ 3HaHUS JUIs CUCTEMBI ITaHupoBaHus. Cuctema MiIaHUPOBaAHUS
(hopMUpYyeT ynpaBIsIOUINE BO3ICHCTBHSI C UCIIOJIb30BAHUEM OIMCAHUS
npobiemHoit obmactu [ Tpembau, 2012a], koTopast JOIKHA CO31aBaThCS
13 TPEX BBIICHA3BAHHBIX UCTOYHUKOB.
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3HaHus, HE0OXOAUMBIE A7l PA0OThl MHTEIUIEKTYaJIbHONU CHCTEMBI,
MIPEICTABIISAIOTCS B BUJIE onucaHuil cymaocted [ Tpembau, 2010]. Cym-
HOCTHU MOT'YT IIPE/ICTABIIATHCS, B IPOCTEHILIEM CiIydae, YIIPaBIISIOLMMU
BO3JEMCTBUSAMU U MpHU3HaKaMH. B kauecTBe npu3HaKa, HapUMep, MOo-
KeT ObITh HAMYME WM OTCYTCTBUE KaKOTO-THOO MpeMeTa, paccTos-
HHE 710 00BEKTa U T.1.

MHOKXeCcTBO TIPU3HAKOB KaK CaMOT0 O0BEKTa, TaK M OKPY’KaoIIeh
cCpelbl MPEACTaBISIeT TEKyIIee COCTOSHUE JUIsl PEIeHHsl 3ajad Iiesie-
HalpaBJIeHHOIo noseneHus. CucreMa IpeCcTaB/ICHUs] 3HAHUHI B BUIE
MPU3HAKOB, MOHATHBIX CHUCTEME YIPaBJICHUS, MTO3BOJISIET YHU(PULIUPO-
BaTh 3HAHMS, XpaHAlIecs B 0a3ax 3HAHWN pa3iIMyYHBIX areHToB. Kax-
JIBI areHT, B JAHHOM ciTy4ae, paboTaeT co cBOel YHHKaIbHOU Cpellon
U UMEET CBOIO YHUKAJIbHYIO 0a3y 3HAHHM.

Hanpumep, areHT TEXHUYECKOTO 3pEHUS] MOXKET XPAaHUThH JaHHbBIE
0 CBOEH MpoOJIEMHOI 00IacTH B BUjIe PParMEHTOB W300paKEHUH MITH
o0pa3oB. Ho kaxxmomy o0pa3y MOXKHO ITOCTaBUTh B COOTBETCTBHE He-
KOTOPBIHA TpU3HAK. TaKuM NPU3HAKOM MOXKET OBITh MPHHAIJICKHOCTD
o0paza kakoi-1mbo reomerpuueckoit purype. Torna ans ynpaBieHus
00BeKTOM (poOOTOM) MOTpedyeTCs NepeaaBarh JUIIb NPU3HAK HAJH-
Yusl TOW WM MTHOW reoMeTpruieckoi purypsl B mose 3penuns. [Ipu3nakwy,
c(OopMUpPOBaHHBIE PA3IUYHBIMU areHTaMHM, MO3BOJSIOT (OPMUPOBATH
npo0IeMHYI0 00JIacTh IS peIIeHHs 3a/1a4 IIeJICHAPaBICHHOTO OBe-
JICHUSI aBBTOHOMHOT'O 00BEKTa.

3. AreHT ()OPpMHUPOBAHUSA YIIPABJISIOMIUX BO3AeHCTBUIA

OnmHuM U3 3HAYMMBIX AJIIEMEHTOB CHCTEMBI IeJIeHANpPaBICHHOTO
TTOBEJICHUS SIBJIICTCS] MHTEJICKTYaIbHBIN areHT ()OPMUPOBAHHUSI yIIPAB-
JISTIOIIUX BO3JCUCTBHMA. JIJI pelieHus 3a/1ad MIaHUuPOBAaHUS W3BECTHBI
MHorue noaxozbl [Kapmos u ap., 2009; Ocunos, 2009; Paccen, 2007;
Tpodumos, 2005]. OcHOBHasI 1eTh 3TUX MOAXOJIOB — PEIICHHUE 3a]1au
IJIAaHUPOBAHUS HAWIYYITUM 00pa30oM B KOHKPETHBIX CUTyarusx. J[is
WCCJIeIOBaHUs TOJIXO0J0B K IUIAHMPOBAHUIO, HMCIIOIB3YyEMBIX YEJIOBE-
KOM, aBTOPOM, Ha OCHOBE MHTETPUPOBAHHOTO TOX0/a K MPEACTaBIIC-
HUI0 3HAHUH, pa3padotan anroput™ [Paccen, 2007; Tpembau, 2010], B
OCHOBE KOTOPOTO JIEKUT MEXAHU3M, OITUCAHHBIA APUCTOTENEM U BIIEp-
BbIe peann3oBaHHbIl Heroomiom 1 CaiiMoHOM B 00mIeM permiaTene 3a-
nad. Jljs oToli 3amauM, B KaueCTBE MCXOAHBIX JaHHBIX, HEOOXOIMMBI
CBEJICHUS B BHJIC TEKYIIIErO COCTOSIHUS ¥ Tpebyemoro. brnaronapst me-
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XaHU3MY PELICHUs TaKUX 3a7ad, T.C. HHTEIUIEKTY, ONpEeIesieTcs My Th
nepexoja K TpedyemMomy coctosiHuio. TpedyeMoe cocTosIHUE PEeICTaB-
JsieTcsl B BUie oToOpakeHust (00pasa) peallbHOTO MHpa, a TeKyllee co-
CTOSIHHE eCTh O0TOOpakeHHe (00pa3) peaJbHOTO MUpPa B TEKYIIUH MO-
MeHT Bpemenu [Tpembau, 2010]. Kpome ncxoanoro u tpedyemoro co-
CTOSIHMM CUCTEME C MHTEIJICKTOM Heo0x0auMbl 3HaHus [Ocunos, 2009;
Paccen, 2007; Peibuna, 2010; Tpembau, 2010]. AreHT TuTaHUPOBAHUS
YIPaBISIOMIMX BO3ACHCTBUI COACPKUT JOKaIbHYIO 0a3y 3HaHWUM, TIPH-
Mep (parmMeHTa KOTOpPOW TpeICTaBIeH Ha pucC.2. AINTOPUTM PabOTHI
IUTAHUPOBIIMKA MOAPOOHO paccMoTpeH B [ TpemOau, 2002].

B muanupoBHIvKe HMCMONB3yeTcs 0a3a 3HaHWK B (opmaTe areHra
(dbopMUpOBaHMS YIPABISAIOMUX BO3ACHCTBUM (KOMaH), GparMeHT Ko-
TOPOH MpeICTaBJIeH Ha puc.2.

{
i D1>=10, ‘Uny'=0;
move_forward;

‘Uny’ =1;
{
i D1 <10, ‘Uny’ =1, ‘Cyerunk’ = 4;
move_stop;
‘I[losepuyn’ = 1, ‘Uny’ =0, ‘Cuerunx’ = 1;
{
i D1<10;
‘[oBepnayn' = 1;
turn_turn right fast;
‘[ToBepayn’ = 0;
H

Puc. 2. I[Tpumep hparmenTta 0a3bl 3HAHUH areHTa (POPMHUPOBAHUS
YIPABISAIOINX BO3AEHCTBUN

B coctap 0a3bl 3HaHUI BXOJUT MHOKECTBO OIMCAHUH CYITHOCTEH.
Onucanre KaXJI0H CYITHOCTH HAUYMHACTCS M 3aKaHYMBACTCS CITyKeO-
HBIMH CHMBOJIAMHU «{» U «}». Mexay CIIy)KeOHBIMU CHMBOJIAMHU CO-
JICP)KUTCSI COOCTBEHHO OMUCAHKUE CYITHOCTH. MeX Ty CUMBOJIaMU « {» U
«;» TIOMEMIAIOTCS MPEAYCIOBHS aKTUBHU3AINH (peaanu3alnn) CyIHOCTH
(ympaBnstomiero BozjaeiictBusi). OTHENSIOTCS YCIOBHUS JIPYT OT Jpyra
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3aIATBIMU. Y CIIOBUI MOXKET OBITH He MEHee oHOoTO0. Jlanee moMernaer-
Csl UM CYIITHOCTH (yTPaBIISIFOIIETO BO3ACHCTBUS ), KOTOPOE OTACTSETCS
OT TOCJIEYIOLIEr0 MOCTYCIOBUS CUMBOJIOM «;». IloctycinoBue npen-
CTaBJISIETCSl OJIHUM YCJIOBHBIM BBIPa)KEHHEM, 3aKPBIBAETCSI CUMBOJIOM
«;» Kak 2JIEMEHT OINHMCAaHUsI, CYITHOCTH U CHMBOJIOM «}» KaK MPU3HAK
I'PaHULbl ONUCAHUSI CYILHOCTH.

[Ipu npuHATHM pEIeHUH Uil aBTOHOMHOM CHCTEMBI ciieayeT (op-
MHUPOBaTh eInHOe WH(GOPMAIMOHHOE MPOCTPAHCTBO W3 0a3 3HAHWM
MHOTUX areHTOB.

4. ATeHT pe4eBOro B3auMo/1eiicTBUs

B xone co3manusi, OTpabOTKH M MCIIOJIH30BAHUSI aBTOHOMHBIX CH-
CTEM LIEJICHANPABIECHHOTO MOBEJIEHHUsI BO3HHMKAE€T HEOOXOAMMOCTH B
4eJ0BEKO-MaMHHOM B3aumoaeicTsuu [Ilomos, 2004]. C 3Toi 11€71610
UCTIONIB3YeTCsl HHTEepdeiic, obnerdaromuii padboTy ¢ HHPOPMAIIHOHHBIM
MIPOCTPAHCTBOM BCEM CIIeMaNNCTaM. B HacTosIiee BpeMs UCTIONb3yeT-
CsI MHOKECTBO Pa3JINYHBIX UHTEP(EHcoB, Cpea KOTOPHIX MOKHO BbIJIE-
JIUTh CJICIYOIIUE BUJIbI: KOMaHIHbIA uHTEepdeiic; WIMP — unTepdetic
(Window — okHo, Image — 00pa3, Menu — meHto, Pointer — yka3arens);
SILK — unrepdeiic (Speech — peun, Image — o0pa3, Language — s13bIKk,
Knowlege — 3nanue).

B paccmaTtpuBaemoili MHOTOAareHTHOW CcHCTeMe HHTepdeic, ams
JIMAJIora C MOJIb30BaTeIeM, BKIIOYAeT OKHA JUIS BBOJA-BbIBO/IA ITAaHHBIX,
a TaKkKe TEXHOJOTWH PACIIO3HABAHUS PEUEBBIX KOMAH] M MHTEIJICK-
TyaJlbHbI€ TEXHOJOTHUH (POPMUPOBAaHUSI OTBETOB CHUCTEMBI Ha €CTECT-
BEHHOM sI3bIKE. JTOT MHTepQeiic ABIIeTCsI MHOTO(QYHKIMOHAIBHBIM.
Hampumep, mosis30BaTenb MOKET BBOIUTH JIAaHHBIC M 3HAHMS, UCTIOJNb-
3ysl MOZlyJIb BBOJIA IaHHBIX W 3HAHWM, a IS YIPaBICHHUSI aBTOHOMHBIM
00BEKTOM Ha OTPAHUYEHHOM ECTECTBEHHOM SI3bIKE MOXKET HCIIOJIB30-
BaThCSl MOJYJIb TOJIOCOBOTO B3aMMOACHCTBUS C I0JIb30BATEIIEM.

ATeHT pedyeBOro B3auMoJICHCTBHS MOOMIBHOTO aBTOHOMHOT'O 00'b-
eKTa BKJIIOYAeT B ceOs:

— MOJIyJ b OKOHHOTO MHTepdeiica, o0ecrieunBalomuil 3a1anue pe-
KUMOB paOOThI MOJYJIsl PEUEBOTO B3aUMOJICHCTBHSI, BEIBOJ] COOOIIICHHIA
MOJIB30BATENI0 U MPOTOKOJIOB PAaOOTHI MOIYJISI PEYEBOTO B3aMMOCH-
CTBHS;

— MOJyJIb PEUEBOT0 B3aWMOJICHCTBHSI, BKIIOUAIOUINA B ceOs1 OJI0K
aHanm3a pevyr U OJIOK CHHTE3a PEUYEBBIX COOOIICHUH;
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— MOZyJTb (POPMHUPOBAHUS TIPU3HAKOB M3 PEUEBBIX COOOIICHUI;

— CHCTEeMY BBOJIa JaHHBIX U 3HAHMI, 00ECIIEUNBAIOIIYIO PACIIO3HA-
BaHHE KOMaH[I;

— 0a3y 3HaHUH (cnoBappb) A GOPMHUPOBAHMS IPU3HAKOB, OIHCHI-
BAaIOIIMX TEKYIIEEe COCTOSHUE aBTOHOMHOTO O0OBEKTa, M CHHTE3a roJIo-
COBBIX 3aIIPOCOB TI0JIB30BATEINIO WM IPYTUM YYaCTHUKAM OOIICHHUS;

— CHCTEMY BOCHPOM3BEACHHUSI OTBETA IOJIb30BATEIIO WU IPYTHM
ABTOHOMHBIM OOBEKTaM;

— CHCTeMY BBOJA JJaHHBIX U 3HAHWMH, 00€CTIeYMBAIOIIYI0 PACIO3HA-
BaHUE KOMaH/.

OCHOBHBIMH 3TaniaMu pabOThl areHTa PevyeBOro B3aWMOJCHCTBUS
SBIISTFOTCS

— pacno3HaBaHUE TOJI0Ca M10JIb30BATEIS;

— (GopMHupOBaHUE MPU3HAKOB B 3aBUCUMOCTH OT KOMaHJIbI MOJIb30-
BaTeIIs;

— (popMupOBaHUE OTBETA ITOJIH30BATEIIO;

— CHHTE3 OTBETHBIX COOOIICHUH.

ATEHT peyeBOro B3aMMOICHCTBUS BBINOIHEH JJIs1 aBBTOHOMHOT'O MO-
OmnpHOTO 00BeKTa (poboTa). JITaHHBIM areHTOM BBITIOJHSIOTCS CIIETYTO-
1I1e€ OCHOBHBIC (DYHKIIMHU:

— pacro3HaBaHUe KOMaH]| U3 YHCIIa 3a10’KEHHbIX;

— IIepEeBOJI PEUYEBBIX KOMAH/ BO BHYTPEHHUH SI3BIK;

— BbIJJa4a KOMaH/]l BO BHyTpEeHHHI (HOpMaT MIIaHUPOBILNKA;

— MOJTy4eHHEe BHYTPEHHUX IIpu3HakoB or TMC;

— ¢opmupoBanne Ha ocHoBe npuszHakoB TMC peueBsix (pa3 (ot-
BETHI, COOOILICHHS O CUTYalllH, 3aPOCHI).

1 file://fC:/Users/Enena/Desktop/ConsoleApplication1/ConsoleApplication1/bin/Debug/Co nsoleApp...E@éJ

oAb30EaTeAb: [loAbsoBaTteab: NpHBET
AWA: NDMBET .

0AL30DBEATEAL = KAaK AeAd

[AWA = HHYErO.

0AL3DEATEAb = HWAM BNEpen

awa: lMoHfAaa,. uny.

m| »

Puc. 3. [Ipumep AnanoroBoro OKHa areHTa peyeBoro B3auMo1eHCTBUS

B tecToBOM mpumepe BBIOIHSIACH CIEAYIOLIAs MOCJIEI0BATEb-
HOCTb JeiicTBuid. st Hauana paboThl ¢ aBTOHOMHBIM OOBEKTOM BbIJIa-
eTcs KOMaHJa U3 4Kcia cojepkammxcs B 6ase 3Hanuid. [locie pacmo-
3HaBaHMA POOOTOM KOMAaHIbI MPOUCXOIUT (DOPMHUPOBAHUE MPHU3HAKOB
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KOMaH/IbI, @ TAK)KE MMPU3HAKOB C TEIIEMETPHUUCCKON CUCTEMBI (JATYUKOB
Tenen3Mepenuii). Jlanee BEIBOAUTCS OTBET MOJIB30BATEIIO O HAYAJIE BbI-
MOJTHEHMsI KOMaH/Ibl Ha O'PaHUYEHHOM €CTeCTBEHHOM si3bike. Ha puc.
3 mokazaH nmpoTokon auanora. CopMupoBaHHBIE TIOCIIE AUAIOTA TPH-
3HAKW TOTOBBI ISl TIEpellaud areHTy (OPMHUPOBAHHS YIPABIISIOMINX
BO3JIEHCTBUMA.

[Tonmy4yennble pe3ynbTaThl MOKA3alId LEIecO00Pa3HOCTh areHTHO-
OPUEHTHPOBAHHOTO MOAX0/1a HE TOJIBKO K YIPABICHUIO aBTOHOMHBIMH
00BEKTaMH, HO ¥ K BO3MOKHOCTH ()OPMHUPOBAHUS M HCITOJIL30BAHUS UH-
(OpMaIIMOHHOTO MTPOCTPAHCTBA OOIBIION Pa3MEPHOCTH U PA3HOPOIHO-
cTi. BmecTe ¢ TeM BBIIBMIIACh HEOOXOIUMOCTh PACIIMPEHUST BO3MOXK-
HOCTEH MHOTOAreHTHBIX CHCTEM 3a CUET BBEJICHHSI ar€HTOB, CIIOCOOHBIX
(dhopMuUpoBaTh U UCTOJIBH30BaTh 0a30BbIe KaTeropuu [Kysnemos, 2012].
Co3znanne 6a30BbIX KaTErOpUii BO3MOKHO Ha OCHOBE HHTETPUPOBAHHO-
'O TIOJIX0/1a K MPEJICTABICHUIO 3HAHU.
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MO/EJIb CAMOOPIAHU3AIIMA B ATEHTHBIX CUCTEMAX
C NEPEJAYEW COOBIIEHUIA!

A.M. ®enoroB (fedotov@sbras.ru)
WucTutyT BeruncautenbHbix TexHonoruit CO PAH, HoBocuOupcek
C.I'. JlomaxwuH (sir_ejik@mail.ru)
HoBocubupckuii rocynapcTBeHHbIi yHUBepcuTeT, HoBocndupck

B nanHO# pabore MBI MMOKa3biBaeM, Kak Mpeodiiaaaroiiee MHEHHE O0Jb-
LIMHCTBA MOXET OBITh MOJIHOCTBIO M3MEHEHO HEOOJBIION YyacThio Oecro-
PSIOYHO paclpeieTIeHHbIX areHTOB, KOTOPbIE PACHPOCTPAHSIOT CBOE MHE-
HUE U HeYSI3BUMBI K BIMSIHUIO Ipyrux MHeHUH. Taxxke B Hell MoKa3bIBaeTCs
CYLIECTBOBAaHHE IIE€PEIOMHOTO MOMEHTA, MOCJIE KOTOPOTro COOOIIECTBO
[IPUHUMAET NPOJBUTaeMYI0 UACIO.

BBenenne

VY wujeit ecTh OrpOMHBIN MOTCHIIMAT BO3JICHCTBUSI HA OOIIECTBECH-
Hoe mHeHue. C nosieneHuemM MHTepHETa 00BEM TepeaBaeMoil HHBOP-
MaI¥ YBEJIMYUIICS, BMECTE C HUM YBEIHYMIACh U JIOCTYITHOCTh HJICH.
Onnako m300mIMe Moay4aeMod MH(OpPMALUH MPEBBIMIACT HAIy II0-
TpeOUTENBCKYIO CIOCOOHOCTh. M ien AoKHBI KOHKYpUPOBAaTh 32 Hallle
OTrpaHWYCHHOEC BHUMaHue. MccrienoBaHue AMHAMUKHA COPEBHOBAHHMS
WJel KpaifHe BaXXHO JJIsi MHOTUX oOiactei. [y ucciaenoBaHus JHHA-
MHUKH{ PacIpoCTpaHeHHs] HOBOM nH(popManuu (MEMOB) B counyme (Ha
MHO>KECTBE B3aUMO/JICHCTBYIONIMX areHTOB-aBTOMATOB) Obla BBIOpa-
Ha mpocTas ¥ HarmagHas mozaenb Naming Game [Baronchelli, 2006]
[Dallsta, 2006][Lu, 2008][Baronchelli, 2011], paccmaTpuBaromiast dKc-
MAHCHIO0 MHEHUH (MEeMOB) B rpad)e COIMaTbHBIX B3aUMOJICHCTBUM, YbH
BEPIUIMHBI — UHIUBHU/IBI (ar€HTHI), KaXKIBIH U3 KOTOPHIX UMEET CIHCOK
MHEHHH (MEMOB).

Hamo oTMeTHTh, 4TO B IMHAMUKE PACHpOCTpaHeHUsT MH(OpMaIun
HaOMI0ar0TCs UIeu (MEMBbI), KOTOPBIE PACTIPOCTPAHSIOTCS C OTPOMHOM
CKOPOCTBI0. DTO MOXET OBITh BBI3BAHO areHTaMH, KOTOpPbIe 00OpaIiaioT

! PaboTta BBITIONIHEHA MPH YaCTHYHON mommep:kke PODU: mpoektsr 12-07-
00472, 11-07-00561, mpe3unentckoit mporpaMMbl «Bemyie Haydabie mkoiasl POy
1 MHTerpanuoHHsix npoekros CO PAH.
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BHHMAaHKE OOIIECTBEHHOCTH Ha Ty WJIA UHYIO Uet0. [yt u3ydeHwus 3To-
ro u Ipyrux GakTopoB CTPOUTCS MOJICNb, AaHAU3HPYS KOTOPYIO, MOXK-
HO M3YYHTh POJIb OTPAHUYCHHOTO BHIUMAaHUS TI0JIh30BaTEJICH Ha UJICIO.

Baumanue mop30BaTesns OrpaHIYEHO U 32 HETO HaJI0 COPEBHOBATH-
cs1. [llupora BHUMaHUS OCTACTCsl MOCTOSTHHON HE3aBUCHUMO OT Pa3HOO-
Opasust uaei. DTOT GakT HAJO YYUTHIBATH MPU COCTABICHUHM MOJICIIH.
Taxoke ObUTO OTMEUYEHO, YTO TTOJIH30BaTENN 00JIee BEPOSTHO CHOBA 00-
paTAT cBOe BHUMaHUE Ha Ty WJCK, O KOTOPOH OHU yXKe CIBIIIAIA B
nponuioM. He ciemyer 3a0bI1BaTh 0 TOM, 4TO KaXKAast UACS UMEET BPeMs
JKU3HU M €CJTM OHa JIOJITO He oOparaia Ha ce0si BHUMaHUE, TO BCKOPE
Oynet 3a0biTa. J{ns MomenupoBaHUs ATOro Ipoiecca Obliia BhIOpaHa
JIBOMHASI MOJIEITb COTJIANICHUSI.

B nanHoii paboTe Mbl MOKa3bIBaeM, Kak Mpeodiagaroliee MHEHHE
OOJIBIIMHCTBA MOXKET OBITh TIOJHOCTHIO U3MEHEHO HEOOJIBIION YaCThIO
OecropsiIOYHO pachpe/ieNieHHBIX areHTOB, KOTOPBIE PaCpOCTPAHSIOT
CBOE MHEHHE WM HEYSI3BHMBI K BIUSHHIO ApYyruX MHEHMH. Taxxke B HEH
MOKa3bIBAETCS CYIIECTBOBAHUE TIEPEIIOMHOIO MOMEHTA, MOCJIe KOTOPO-
T'0 COOOIIECTBO MPUHUMAET MIPOJIBUTAEMYIO HUCHO.

PaccmarpuBaeTcst CIIMCOK y3710B, KOTOPBIE MEXTy COO0M MOTYT 00-
MEHHUBATHCS HIICIMHU (COOOIICHUSIMU — MEMaMHt). Y KaJ0ro y3Jia eCTh
UJIeH, KOTOPBIMU OH OOMEHHMBAETCS CO CBOMMH COCEISIMU. B KaxIblii
MOMEHT BPEMEHH CITy4YaifHO BRIOMPAETCS OpaTOp, KOTOPHIA 03BYUHBAET
CIIy4allHyI0 HJCI0 M3 CBOEro CIMCKA BCEM €ro ciymatensMm. M3yuus
HJIEI0, CIIyLIaTeN b MEHSET CBOM CIIUCOK Uaeu. Takxe cpenn y3JIoB €CTh
areHTBI, KOTOPBIE, BIVSISI HA MHCHUE JIPYTHX, THITAIOTCS OOPaTUTh BHU-
MaHHE Ha KOHKPETHYIO HJICI0, KOTOpas M3HAYAIBHO 3aliCaHa y HEero.

B pa6ore [Baronchelli, 2011] uccnemoBanack MOJelb 3KCITAHCUU
ujei (MemoB) B monyJsiiun. [ToxpazyMeBanock, 4to B JTIF000H MOMEHT
BPEMEHHU CJIIydyallHO BBIOpAHHBIM OpaTOp O3BYYHBAET HEKOE MHEHUEC,
cilydaiiHO BBIOpaHHOE M3 cOOCTBeHHOTro criucka. CiyliaTeny, oKa3aBs-
ITHECs B PaJNyce J0CATAeMOCTH, CPABHUBAIOT MHEHHE C MMEIOIIIIMCS
Y HUX CIIICKOM MHEHUU. Eciin 03ByueHHOE MHEHHUE COBITAIACT C OJTHUM
W3 CIIHCKA, OHU C HUM COTJIAIAIOTCS U CTUPAIOT OCTanbHbIe. Eciu Het —
JOTIMCHIBAIOT BHICKA3aHHOE MHEHUE B CITUCOK. JI1000i1 UIeH KOJUIEKTH-
Ba B pa3HbIe MOMEHTBI BPEMEHH MOXKET OBITh KaK CIIyIIaTelIeM, TaK U
OpaTopoOM.

st IpOoCTOTHI OCTAaHOBUMCSI Ha CITUCKE BCETO M3 JABYX MHEHUH.
Oxkazayioch, 4TO €ClId B CUCTEMY BBECTH HOHKOH()OPMHUCTOB, HUKOT/Ia
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HE CTUPAIIINX KOHKPETHOE MHEHUE M3 CBOWX CHHUCKOB (HO MOTYIIIHX
KaK BHOCUTb, TaK U CTUPATH JPYTroe MHEHHE), TO JI0 OMPEEICHHOTO MO-
MEHTa CHCTeMa He 3ameuaeT HOHKOHQopmucToB. [Ipomaranmupyemast
HOHKOH()OPMHUCTAMHU HJISS] IPOIOJDKACT BHEIPSITHCS B MACChI C TOW XKe
CKOPOCTBIO, KaK eciv Obl UX He ObLI10, T.e. MeaieHHo. Ho ctout HOH-
KoH(pOpMHUCTaM HaOpaTh KPUTHYECKYIO MACCy — JIJIsl pa3IMYHbIX UCCIIe-
JOBaHHBIX TpadoB OHA Konebanack B paifone 10 mporeHToB oT oomei
YUCICHHOCTH — KaK WJEs OBJIaJIeBAaeT MaccaMH, T.€. KOJHUYECTBO €€ U
TOJIBKO €€ HOCUTeJIel Pe3K0o BO3pacTaer.

B cucreme, kotopyto uccienoBaiu aBTopsl [Baronchelli, 2011], Ha-
0JIro/1aeTCsl HEUTpaAJIbHBIN Aperd uJeH, B UTore 3aKOHOMEPHO, OJIHA U3
HUX BBITECHSET Bce ocTanbHble. OHAKO, HAYMHAS C KaKOT0-TO MOMEH-
Ta, AMHAMUKA Aper(a MOXKET Pe3KO MEHSATHCA.

C TOYKH 3peHUs BIUSHUS UACH Ha MOMYJISIUI0 aBTOMATOB (COIH-
yM), BOXKHEHIIUM CBOWCTBOM SIBIISICTCSI KOHKYpEHIUS ujei. UToObl
ee BBECTH, IOCTATOYHO JIOTOJIHUTh CHUCTEMY BEPOSTHOCTBIO JOKUTHS
CIIyIIATEJIs IO CIEIYIOIIEro BEICTYINIEHHUS OpaTopa, B 3aBUCUMOCTH OT
HMMEIOIIErocs y Hero crnucka ujei. /lanee Bo3M0OXKHO BBECTH KOHKYpPEH-
LUI0 OPATOPOB — C BEPOSITHOCTHIO TOKUTHUS B 3aBUCHMOCTH OT MPOLIEHTA
JOXUTHA ciyuiatesneld. IHTepecHO TakKe BBECTH MPUBJIEKATEIHHOCTD
Wjel, HallpuMep, CIyIIaTeNy, HaXOAAIIuecs B MpeJiesiax 10CATaeMOCTH
OpaTOpPOB, MPUCOSTUHSIIOTCSA K TOUM TpyTIe, KOTopas OombIe (Wiu, Ha-
o0oport, Menbie). Emnie oqHo npubnmkenne K 9BOJIOLMOHHON 3a1aue —
BBeJicHHE 1Tpada, paBHOCHIIBHOTO 3aTpaTaM SHEPTHH Ha OpaTOPCTBO.
Hemonynsipasiii opaTop, pacTpaTuB YHEPTHIO, BEIHYKICHHO TIEPEXOTUT
B pa3ps/ clymiaTene.

1. /IBoiiHast MoaeJIb cCOrJIalIeHUsI

Kak rosopuiioch paHee, BHUMaHHUE ClIyllaTelsi OTPAaHUYEHO U 3a
Hero Hazo 6opoThest. Llnpora BHUMaHUS OCTaeTCs MOCTOSTHHON HE3aBU-
CHMO OT pazHoo0pasus uaen (MeMoB). ITOT GakT HaJ0 YUYUTHIBATH MIPH
COCTaBJIeHNU Mozenu. Takxke ObUIO OTMEYEHO, YTO ciymiaresnu Oosee
BEPOSITHO CHOBa OOpAaTAT CBOC BHUMAHHUE Ha Ty WACI0, O KOTOPOW OHH
yKe CcHblany B npouioM. He cienyer 3a0bBaTh 0 TOM, YTO KaKaast
uzes UMeeT BpeMs JKU3HH U €CII OHa JI0NT0 He oOpariaina Ha ce0Ost BHU-
MaHHe, TO BCKope OyZeT 3a0bITa.

N3 obmmpHOro penepryapa Mojeieii B CTaTUCTHYCCKON (DU3UKE U
MAaTeMaTUYECKOM COLIMOJOTHH OCTAHOBUMCS Ha JBOMHOW MOJEIH CO-
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riamenus. J[BoitHas mozens cornamenus (MoJelb KOJJIEKTUBHOTO T10-
Begenns [Neumann, 1966]) xopoio moAXoIuT AJisi MOHUMAaHUS MPO-
Lecca MoBeIeHHUs] areHTOB (JII0AEH) U KaK 3TO NOBEACHUE U3MEHSIEeTCs
MPH B3aMMO/ICHCTBUY areHTOB B PAa3JIMYHBIX CUTYaIHSIX.

[IycTb y Kax10ro0 y371a CyIecTBYEeT CIIMCOK, B KOTOPbII OH 3aI1ChI-
BaeT CBOM WJeH. B KakJplli MOMEHT BPEMEHHU CIy4YailHO BBIOMpAaETCS
0paTop, KOTOPHIH 03BYUYHMBAET CIYUalHYIO UACIO U3 CBOETO CIIMCKA BCEM
ero ciaymaresnsMm. Ecii y ciymaresns ecTh 3Ta UJest B CIUCKE, TO OH BbI-
YEepKHUBAET OCTAJIbHBIEC UJeH, HHAUE 100aBISET ee K ce0e B CIIHCOK.

Tarxoxe 100aBUM B MOJIEIb areHTOB, KOTOPbIE, BIHSS HA MHEHHE JIPY-
I'UX, NBITAIOTCS 00paTUTh BHUMAHUE HA KOHKPETHYIO HJICH0, KOTOpas
M3HAYAJIBHO 3alicaHa y Hero. B ciyuae, koraa opaTopom BeIOMpaeTcs
areHT, Hu4yero He MeHsiercs. OIHaKo, €I B KaUeCTBE CIIyIIaTes BBIOU-
paeTtcs areHT, OH HITHOPUPYET JII00YI0 UJet0, KOTopast K HeMy MPHIIET, U
He MeHseT cBoi cnucok. [lomyyaercs, uro y areHTa B ciucke Oy1eT Bcer-
Jla TOJBKO OJlHA Wesl, Ha KOTOPYIO OH IBITaeTCsl 00paTuTh BHUMAaHUE.

Opatop |Muenne |Cnvmatens |Pesvaerar
A A A A
A A B AB
A A P P
A A AB A
P A A A
P A B AB
P A B P

P A AB A
B B A AB
B B B B
B B P P
B B AB B
AB A A A
AB A B AB
AB A P P
AB A AB A
AB B A AB
AB B B B
AB B P P
AB B AB B

Puc.1. TaOmnma cMeHBI COCTOSIHHS areHTa
357



B nanmpnelinem ams ynodcTBa OyaeM paccMaTpuBaTh ABOMHYIO MO-
JIeJIb COIVIALIEHUs, B KOTOPOI MPUCYTCTBYIOT TOJBKO JIBE€ UAEU — A U
B. Taxxe npuMeM TOT (akT, 4TO areHThl NMpoABUTAOT uueto A. s
BBIJICJICHHS ar€HTOB B CETH 0003HAYMM Y HUX CIIMCOK MHEHHI dyepe3 P.
Paccmorpum tabmuiy (cM. puc.l), B KOTOpoi 0TOOpaskeHO BO3ZMOKHOE
M3MEHEHHUE COCTOSHHS aBTOMATa IpH repegade naeu. B mepsom ctomo-
11e 0TOOpakaeTcst CIMCOK MHEHMI 0paTopa, BO BTOPOM — MHEHHE, KOTO-
pO€ OH 03BYYHBAECT, B TPETHEM CTOJIOIE OTOOPAKETCS CIIUCOK MHEHUHN
CJIyIlaTelIs 10 03BY4YMBAHUSI MHEHUSI OPaTOPOM, a B UETBEPTOM — I10CJIE
O3BYUYUBAHHUSI.

2. AHAJIN3 IBOWHON MOJEJH COrJIalleHus

Paccmotpum k-cBsi3HBIN Tpad, rie Kaxkaas BEepIIMHA COOTBETCTBY-
et areHty (cmymarento). [Iycts rpad umeer N BeplivdH, pacCCMOTPUM
nonyysinuio u3 N areHtoB. OnpenenuM IIOTHOCTh BEPIUIUH C uaeen A
uepes nd, B uepes nB, AB uepe3 nAB W MIOTHOCTh areHTOB Yepes p.
[110THOCTB Y3710B CO CMEUIaHHBIMH UACIMU 14 B MOKHO BBIPA3UTh TaK:
1-p-nd-nB.

3anumieM cucTeMy ypaBHeHHH (06aJaHCOBBIX COOTHOIIIEHUH B COOT-
BETCTBUH C TAOJIUIIEH, MPUBEICHHON HA puC.]) N3MEHEHHsI TUIOTHOCTH
Y37I0B B COCTOSTHUU A 1 B.

dnA k ( 1 1 ]
- N - nAnB +EMMHB -I—EMBME' + pnAE
dnB ke 1 1

? = ﬁ (—MMB +EnEﬂAB -I—E?LHBMHB —]".YJ‘IBJ

VY 3TOl cUCcTeMbl YpaBHEHHH CYIIECTBYIOT OCOOBIE TOYKH, B KO-
TOPBIX JOCTHraeTcst paBHoBecue. OAHON M3 HUX SBISICTCS TOYKA MPHU
nA =1 - p unB = () — BRIPOXKICHHBIN CIydaii, KOrga uaesl oxparuia
Bce coobiecTBo. [pyroit Toukoi sBisieTcst pc = (.072 — KpUTHUECKOE
3HaYCHHUE BEJIMYUHBI p, IPU TPEBBILLICHIH KOTOPOH Y BCEX y3JI0B B CIIU-
cke OyneT Tonbko MHeHHe A. Takke UMEIOTCS BE 0COObIE TOYKHU MPH
P, MEHBLICH pc: OJHA U3 HUX CEIUIOBasi, Apyras TOUYKa MPUTKEHUS, B
KOTOPBIX A U nB OTIAMYHBI OT HYJIS.
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Puc.2. 3aBUCHMOCTD TIJIOTHOCTH Y3JI0B OT INIOTHOCTH ar¢HTOB

Ha puc.2 nokazana 3aBUCUMOCTb IIJIOTHOCTH Y3JIOB C MHEHHEM B OT
IIJIOTHOCTH are€HTOB.

Ha ocHoBanuu 310 MoJieny Oblila HamMKcaHa MporpaMmma, MoJIeI1-
pyromiasi IpoLEecC COPEBHOBAHUS HIEH, pe3yibTaTbl KOTOPOM COBIMa-
JAIOT C pe3yJibTaTaMH, NOJyYeHHbIMM aHanutudyecku. Ha puc.3 mox-
HO HaOJOJaTh MPOIECC COPEBHOBAHMS WICH I HAYaTbHBIN JTaHHBIX
nAd=02,nB=05n4AB=0.2,p =0.1.

100
L3

s | SN

9 26 41 &7 73 89 105 121 137 153 169 185 201 2497 233 249 265 2681 257 313 329 345 361 377 393
1 17 33 49 65 81 97 113 129 145 161 177 193 200 2046 241 257 273 209 305 321 337 3573 369 385

Puc.3. Pacnpe,ueneHHe INIOTHOCTHU ar€HTOB 110 MHCHHUAM

TemHoli nuHMeN Ha rpaduke 0003HAYEHA IUIOTHOCTH MHEHHHU B,
CBETJION TUHUEH — TIIOTHOCTh MHCHH 4.
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3. @aKkTOp HOBHU3HbI HIEH

Teneps yutem B Hamield Mojaenu GpaxTop HOBH3HBI uaen. Kak Obu10
CKa3aHO paHee, HJIesIM CBOMCTBEHHO yCTapeBaTh U NCUE3aTh U3 001aCTH
Hanlero BHUMaHus. Beenem mapamerp 7, KOTOPBIM MTOKa3bIBAET BPEMS
KU3HU uaen. To ecTs, eciiu Kakoi-To y3el He Hoiydan o0 ujaee HuKa-
KoM mH(OpManuy B TeUeHHE BpeMeHU [, TO OHA YIaJseTcsl U3 CIIUCKa
uzaei. Paccmorpum BmecTo rpada ceTky pazmepamu M * N, Tae Kax bl
y3€J ABJISETCS areHTOM. B aHHOW MoJenu opaTopa MOXKET YCbIIaTh
KaXJIBI{ CIyIIaTeNh C BEPOATHOCTHIO, OOPATHO MPOIOPIHOHATIBHOM
PACCTOSIHMIO MEKIy HUMU. )11 aHaM3a pacCMOTPHUM, KOT/Ia y HacC €CTh
TONBKO Ujies A. 3anuiieM ypaBHEHUSI U3MEHEHHUS MIJIOTHOCTH A.

1=nd +n0 +p

ani _ & 0 k(l 3(1
at  MNTC T mMN- CPAT

2
J.Ml.nhr ’
rae nO — IIOTHOCTD y3JI0B 0€3 uiel, k — cyMMa BEpOsITHOCTEH y3I10B,
KOTOPBIE YCIIBILIAIHN OpaTopa. 37eCh €CTh OJJHA TOUKA, IPH KOTOPOH J0-
CTUTaeTCsl COCTOsIHNE paBHOBecHs. [Ipu MoeupoBaHNy JaHHBIX MIPO-

1eccoB ObUT 0OHApYKeH (DAKT IATHUCTOCTH) — TPYIITUPOBKH areHTOB
C OZJMHAKOBBIMHM MHEHHSIMH (CM. pHUC.4).

Puc.4. Pactipenenenrie MHEHUI
Ha JIBYyXMEPHOM CeTKe

CepbIMHU TOYKAaMU OTMEYEHBI Y3Jbl C uaeeld A, OelbIMU TOUYKa-
MM — areHTbl. MOXHO 3aME€TUTh, YTO y3Jbl C OJHOU UJEEH Tpyll-
NUPYIOTCS B TPYNIBI, @ HE PAaBHOMEPHO PAaCIpPEAEIEHBI M0 BCEMY
MIPOCTPAHCTBY.
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3akjaouyeHue

B nanHO# paboTe MbI IPOJAEMOHCTPUPOBAIH CYIIICCTBOBAHHE IEepe-
JIOMHOTO MOMEHTA, II0CJIe KOTOPOTO COOOIIECTBO MPUHUMAET MPOJIBU-
raemyro uzaer0. EcTh HECKONbKO MCTOPUYECKHX CIydaeB, KOT/a IpH
MPEBBIIICHUH HEKOTOPOW OTMETKHM HOHKOH()OPMHCTOB B HACEJICHHUH
€ro MHEHHE MEHsTOCh. Takue MpoLecchl MOTy4YniIi BHUMaHHUE B COLIMO-
JIOTHYECKOH nuTeparype. Takke Mbl MPOJIEMOHCTPUPOBAIN PACIPO-
CTpaHeHHEe HJiell B OOILECTBE B YCIOBUSX 3a0biBaHUs uzei. [Ipu uc-
MOJIb30BAaHUH 3TUX MOJETEH MOXHO M3YyYWUTh MPOIECC COPEBHOBAHMS
uzei 6osee mMoaApPoOHO M OTBETUTH Ha PSJl HHTEPECYIOIIMX BOMPOCOB.
Hanpumep, kakoe MUHUMaIbHOE YHCIIO areHTOB HAJ0 UMETh U KaK HX
PacmoN0oXNUTh, YTOOBI MHEHHE OBJIAJIEJI0 BCEM COOOIIECTBOM.

Mp1 paccmoTpenu 1Be Moanpukanuu mosenu Naming Game. Bos-
MOKHO BBEICHHE 3aTpaT SHEpPrud Ha opaTopcTBO. HemomymsipHbIi
opaTop, pacTpaTHB YHEPTHIO, HAJIONTO CTAHET cilylaTeneM. BBeneHue
3arpar Mo3BOJIIET BBECTH B CUCTEMY IIEHHOCTb Ui (BEpOSTHOCTH J0-
KUTHS CITyIIATENs O HOBOTO BBICTYIIJICHHUS OpaTOpa UM 3aBUCHMOCTb
JOXUTHS OT Kpyrosopa). Takke BO3MOKHO BBECTH KOJJIEKTHBHYIO
OLIGHKY HJeH, uX TpaHcopMmannio (KOJUIEKTHBHYIO M WHAWBHIYaJb-
HYI0), KOHKYPEHIIUIO U KOHBEPTeHINIO UCH, KOHKYPEHIIUIO OpaTOPOB
(BEpOSITHOCTD JI0KUTHS B 3aBUCIMOCTH OT JIOKUTHSI CITyIaTesei ), mpu-
BIIEKATENLHOCT UACH (HAapUMep, CIyIIATENN MPUCOSANHSIOTCS K TOU
rpymnmne, KoTopasi Ooiblie, Wid, HA00OpOT, MEHbIIE). AHAJIOTH ITHUX
MPOIECCOB MPOTIISAIBIBAIOTCS B MOJECISIX JWHAMHUKH OMOJOTHYECKUX
MOMYJIALNN, HATPUMED, SIBJICHUE «IISITHUCTOCTHY» B OMOJIOTUYECKHX T10-
MyJSIUSX ITUPOKO OMKMCAHO B CIIELUANBHON TUTepaType, Ha 4TO BIep-
Bble oOpatwi BHUMaHue A. A. JlsmyHos [JlsmyroB, 1971].
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