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O BoccTaHOBJIEHUU M300pa>kKeHUii MO KOJaM B HEKOTOPbBIX
BBIPO>K/I€HHBIX CJIyYasx

AranamBuiun II.T. (Mocksa, MI'Y um. M. B. Jlomonocosa)

colllapse@mail.ru

OnHO#l M3 KJIIOYEBBIX XapaKTEPUCTUK U300PaKEHUsST SIBJISIETCS €0
koj. Ilo cBoemy cMBICIIYy KOJI JOJIZKEH OTpaXkaThb OIIPEJIeJIEHHYIO ODIIl-
HOCTh B BOCHPHUATHH u300pakeHwit. B paccmarpuBaeMoM TUCKPETHO-
FeOMETPUIECKOM MOIXO0Je OOIUM IIPU3HAKOM sIBJisieTcs addrunHas SKBU-
BaJICHTHOCTH M300pakeHuil. /lanHoe HanmpaB/eHne TOJIYYINIO0 PA3BUTUE B
kHure |1], rige, B yacTHOCTH, HCCIIE/LyeTCsT BOBMOXKHOCTD BOCCTAHOBJICHUST
n300parkeHuil o UX KOoJaM B JIBYMEPHOM M TPEXMEPHOM CJIyUasX.

B npemjaraemoit pabore mcciemyercs anHajJorudHas mnpobsema B 00-
IEeM CJIydae TPOU3BOJIbHOM KOHEUHOU pasmepHocTH. OT/e/ibHOE BHUMA-
HUE VIEJISeTCS BBIPOXKJICHHOMY CJIyYal0 M300parkeHui, JIeXKAIINX B JIBYX
napaJsijielbHbIX THITEPIIOCKOCTSIX.

Bcrony nasee paccmarpuBaercs npoctpanctso R™ n > 2. Ilox Toukoii
¢ uagekcom p € N OyJieM IIOHMMAThH YIODsJIOYEHHYIO Tapy (X,p), rje
x = (x1,...,%,) — BekTOp U3 R™.

Hso6pasiceruem nepsozo poda B R™ HazbIBaeTCST KOHEUHOE MHOYKECTBO
UHJIEKCUPOBAHHBIX TOYEK, HE JIEXKAIUX B OHON TUMEPIIOCKOCTH U 3aHYy-
MEpOBaHHBIX uHIeKkcamu 1,...,k B ciydae k Touek, k € N.

st msobpazkennst nepsoro pojga A depes |A| 6yem 0603HAUATE YHC-
710 Touex B nzobpazkenuu, a yepes Ny = {1,...,[A|} — mHONeCTBO HH-
JIEKCOB y TOYeK M300paskeHus. 3Jech M jajee 3anuch Ny HCHoIb3yeTcs
JI 0003HAUEHMs HAYaILHOIO OTPe3Ka HATYPAJbHOTO Psjia.

JBa nzobpazkenust nepsoro poja A; u Ag, cocrosiime U3 0JuHAKOBOIO
uncisia Touek (|A1| = |Asz|), HA3BIBAIOTCS A-9K6UBANEHMHBLMU, ECTTU CYIIe-
crByer addunHoe 1peobpazoBanue, IpU KOTOPOM KazKjas Touka n3 Ap
¢ unjiekcoM p € N4, orobpaxaercss B TOUKy U3 Ag ¢ TeM ke MHJIEKCOM
pE N| Agl

H3zo0bpasiceriuem 6mopozo poda Ha3bIBAETCSI KIIACC BCEX MOMAPHO a-9K-
BUBAJICHTHBIX M300pazkeHuii epBoro posa.
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Janee monm m3obpaykeHHEM MTOHUMAETCs M300parkKeHue TEepBOro MJIn
BTOpPOTO pojia. Poji m300parkeHnsi He yTOUHSIETCSI B TeX CJIydasiX, KOTIa
HCCJIeyeMble CBOMCTBA COXPAHSIOTCST TPU ab(DUHHBIX TTPEOOPA3OBAHUSIX.

Paccmorpum nzobpazkerune A. Beegem nmpousBosibHY 0 adHUHHYIO CH-
cremy koopaunar B R™ u nycrs (4. .., 20) — koopaunarer Touku ¢ nu-
aexcoM p € Nj4 B 9Toii cucreme koop/uHar. [t IpOM3BOJILHBIX WHJIEK-

COB T'ly.-ey g1y S1y---,5n+1 €N |A| OIPEJEINM MHIEKCUPOBAHHOE YHCIIO

T1.--Tn+1 .
[sy . sniq 110 bopMy.Ie:

:C? et 1 xil R |
T1...Tn4+1
Msl...sn+1 - . . . . . . . .
Tn41 Tn41 Sn+1 Sn+1
5’31n+ vzt 1 $1n+ . :1:,{”‘* 1

B CJIyda€ paBC€HCTBa 3HaMeHaTeEJId HYJ/IIO IIoJlaraeM, YTO 3Ha4dY€HUe

T1..-Tn+1
Msy...sp41

Ja€ HEHYJIEBBIX OHpe,ZLeJII/ITeJIeﬁ NHAEKCUPOBAHHOE YUCJIO ABJIAETCA OTHO-
ImeHneM OpueHTUPOBaHHBIX 00BEMOB N-CUMILIEKCOB Ha COOTBETCTBYIOIINX

He OoIpejiesieHo, u 0003HaYaeM TaKoi CiIydail 3HakoM oco. B ciy-

TOYKAX.
M-xodom m306pazkenust A HA3LIBACTCS MHOXKECTBO BCEX HHJIEKCHPO-
_ T1...Tn4+1 . .
BaHHBIX aucesT j-Ta = {jisy sni1|Tis 85 € Njg}-

CumniexcHuviM HaGOOPOM WHIIEKCOB JIJIsT M-KoJia -1 4 Ha3bIBaeTCs Ha-

_ . . T1yeeesTt1
6op S = (i1,...,ip+1), JJIsI KOTOPOIO Piy)inea % 00 pH JTIOOBIX
7; € Njy. pyrumu cioBaMu, TOUKH ¢ HHIEKCAMH 41, . . . ,ip41 HE JIEKAT

B OJIHOI T'HITEPILIOCKOCTH, Ha 9TO W yKa3bIBaeT Ha3BaHue Habopa.
O6o3HauuM uepes ,uj? 9JIEMEHT M-KOJIa, Y KOTOPOIrO HIUXKHUI HabOD
SIBJISIETCsI CUMILIEKCHBIM HAGOPOM (i1, ... ,0n+1), & BepXHUI HAGOP OTIIH-
4aercss OT CHUMILIEKCHOTO B j-0i mosurmu: (iq, . . . 1158, L1y - yint1)-
Karouesvim nodmmosrcecmeom M-Kona -1 4 OTHOCUTEIBHO CUMILIEKC-
HOrO HabOpa S HA3BIBAETCS MHOYKECTBO {,ujf|s €Njap,J € Npt1}

Nmeror MecTo CJIeAYIOIMNE COOTHOIICHNA:

S S i
pr e g =1 (1)
1 1 S1 S1
My T Hpga Hq T Hpga
Tl Tntl . . . . . .
Hsylsniy = | ¢ - : : - : (2)
Tn+1 Tn+1 Sn+1 Sn+1

Hq T Mg M T Mgy
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JlaHHbIE COOTHOIIEHUST UCIIOIB3YIOTCS, B YACTHOCTH, IIPU JOKA3aTe hb-
cTBe TeopeM 1 m 2.

Teopema 1. Meowcdy mHoscecmeom M-K0008 U MHOAHCECTNBOM U300padICce-
HUt 8MOPo20 Poda CYWECmByem OUEKUUA, CONOCMABAIIOULASL KANCOOMY
U300padIceUI0 €20 M-K00.

Kodom m30bpazkennst A Ha3bIBAETCSI MHOXKECTBO BCEX WHJIEKCUPOBAH-
moix meen Ta = {po i iilri s € Nk, mae paliody = |wsoiil]-
Hamuoe onpeesenne cormacyercst 1 0600ImaeT onpejeserne Kojaa u3 [1].

Paccmorpum 1pa n3o6pazkenns A n A co ceyommmu cBoiicTBaMu:
|A| = |A|, S = (i1,...,ins1) — OOIIHIT CHMILTEKCHBII HAGOD, U KJTIOUEBBIE
IOJIMHO2KECTBA M-KOJI0B paBHbl 110 Moy/o (|p5] = [4]]). Tlosoxkum M =
{ij € Sl = 5 0} u M* = {i; € S|uj = —jis # 0}.

Pasdeasrousum pasbuernuem Habopa S Ha3BIBAETCsS IIapa MHOYXKECTB

(S1,S2), st KOTOPBIX BbIOJHsIETCst: S = S .Sy 1 Jy1st ;1106010 HHIEKca
ENS N|A| B7(e%) Mi C 51, M2 C Sy, mbo Mi C Sy, M2 C 55,

3nech u ganee S = S7 LSy osaagaer S = S1USy u S1 NSy =@.

Teopema 2. Kodv, usobpastcenuti A u A ¢ nepenucaerHmvimu c60TUCMEaMU
cosnadarom mozda u Moavko mozda, Ko2da cyuecmsyem pasdessrouiee
pasbuenue CuMnAEKCcH020 nabopa S.

PacemoTrpum niponssosibayio adbduHHYIO crucTeMy KoopanHaT B R™ u
nycte M = {x%1,...,x°"} — HEKOTOPOE MHOXKECTBO TOYEK.

Ipanvio <M >, OpoxKIeHHON MHOKeCTBOM M | HA3BIBAETCS MHOXKE-
crBo <M> = {aqx® + ...+ apx*| Y7 oy = 1}

Jliobast rpaub <M > sapisercs ad@UHHBIM TOIIPOCTPAHCTBOM, TO
€CThb CJBUTOM COOTBETCTBYIOIIErO JIMHEHHOTO TOANpOCTpaHcTBa L Ha
HEKOTOPBI BEKTOP X € <M >.

Pasmeprocmoro dim(M) rparn <M > HasblBaeTCsi Pa3MEPHOCTH CO-
OTBETCTBYIOIIEr0 JIMHEHHOTO TOAIPOCTPAHCTBA L.

Nzobparkenrne A Ha3BIBACTCS JONYCMUMbBLM, €CIIA JTIS JIIOOBIX JBYX
HermepecekaIuxea rpaneit <Mi> u <Ms>, comep)alnx BCe TOUKU
m3obpazkennst A, seinonusiercs: dim(M;) + dim(My) = dim(A) — 1.

Teopema 3. Kody coomeemcmeyem eduncmeenmnoe usobpasicenue 6mo-
D020 poda Mo2da u MoAvKO Mmozda, K020a U300parceHue ABAACMCA ONY-
CTUMDBLM.
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Teopema 3 siBjIsieTCst AaHAJIOTOM YTBEPKJICHUI, JTOKa3aHHbIX B [1]| st
cayuaes R? u R3, a Taxske obmero pesysbTaTa, MOJydeHHOTO Pyen-
ko A.JI. misg ciydasi IpOCTPAHCTBA ITPOU3BOJIBHON KOHEYIHOI pasmep-
Hoctr. COryiacHO 9TUM pe3ysIbTaTaM, KOy COOTBETCTBYET €JIMHCTBEHHOE
n300pakeHne ¢ TOYHOCTHIO JI0 a-9KBUBAJIEHTHOCTHU, €CJIU OHO He JIEXKUT B
JABYX ITapaJlJIeJIbHBIX TAIIEPITJIOCKOCTAX. TeopeMa 3 OpuMEHHMa 1 K TaKO-
My BBIpO2KJIeHHOMY ciry4ato. Crieyloliee yTBepKienue bosee JieTaabHO
pas3bmpaeT JTaHHBII BOIIPOC.

YrBepxkaenue. [lycmo A = A1 U As, u <A1>N<As> = &. Uzo6pa-
orcenue A donycmumo < dim(A;) + dim(Az) = dim(A4) — 1, u Ay, Az
donycmumot.

Ucnonb3yeM MOy deHHBLI Pe3yIbTaT Jist KJIACCH(PUKAINT JOMYCTH-
MBIX M300paKeHuil, JIeKAIUX B JBYX I1apajuIeJbHbIX TUIEPIIIOCKOCTSIX,
B cirydasx dim(A) = 2 u dim(A) = 3.

Cay4ait dim(A) = 2. B nansom citydae n3o00paykeHue JIEXKUT Ha JIBYX
napaJiielbHbIX IPSIMBIX. Bce TOUKU paCIiosIoXKEeHbI Ha MIPSIMOI U B TOUKE,
He JiezKalllell Ha 3TON IPAMOM.

Cuyuait dim(A) = 3. B ganHoM ciryuae n3o0pakeHue JIEXKUT HA JBYX
napaJsuleJIbHBIX IIOCKOCTSX. BO3MOXKHO J[Ba BapHaHTa:

1) Bce Toukn PacCIoJIO?KEHBI Ha ITIJIOCKOCTU UM B TOYKE, HE ﬂemameﬁ Ha
3TON IJIOCKOCTH. HpI/I 9TOM TOYKMU Ha IIJIOCKOCTH HE MOr'yT OBITD
PacCloJIO?KEHbI Ha JIBYX ITapaJlJIeJIbHbIX IITPAMbIX.

2) Bce TOYKM PACHOIOKEHBI HA JBYX CKPEIIUBAIOIINXCS MPSIMBIX.
ABTop BeIpazkaeT 6aromapaocTh mpodeccopy Kozmosy Bagnmy Hu-

KHUTOBUYY 38 IOCTAHOBKY 3aJIa9M U HAYIHOE PYKOBOJICTBO, a TakXKe AJiek-
ceeBy vuTpuio BraauMupoBudy 3a IeHHbIE 3aMEYIAHIS.

Crcok Jureparypbl
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Ncnonb3oBanue merona B. H. Ko3ioBsa B
oOpaszoBaTeJibHOM Iipoliecce Ha kadeape MaTUC

Anekcees JI. B. (Mocksa, MI'V nm. M. B. Jlomonocosa)

dvalex@rambler.ru

B pabore paccmarpuBaeTcd yHPOIIEHHBI BapuaHT aJIfOPUTMA
B.H. Ko3zoBa jijisi BOCCTaAaHOBJIEHUSI TPEXMEPHBIX H300parKEHUl 110 UX
IJIOCKUM MpoeKinsM. TakKe ITOKa3aHO UCIOJIH30BAHNE YIIPOIIEHHOTO aJI-
roputma B. H. KozioBa B obpazoBaresibHOM mporiecce Ha Kadepe Mare-
MaTHIECKON TeoOpnHu WHTEeIeKTyaabHbIx cucteM MIY mm. M. B. Jlomo-
HOCOBA.

1. BBenenue

B pabore wucmosp3yiorcs cieayionne 0003HAYUEHUs: TOYKHU HA
IJIOCKOCTH W B IIPOCTPAHCTBE 0O03HAYAIOTCS MPOIMUCHLIMU OyKBaMU:
A, B,C,...Ix koopAuHATHl Ha IJIOCKOCTA U B IPOCTPAHCTBE 0OO3HATA-
IOTCSI CTPOYHBIME OyKBaMH: (Qg, Gy, @), (by, by), . . . IIpsamas, mpoxossinas
gepe3 Touku A u B obosnauaercsi (AB), II0CKOCTD, IPOBEJIEHHAST YePe3
roukn A, B u C obosnauaercs m(ABC).

Anropurm B.H. KosioBa BoccTaHOBJIEHUS TPEXMEPHOTO TeJia, 110
IJIOCKUM TIPOEKIusiM onucan B pabore [1]. CyThb ero rakoBa — JaHbl JBe
POEKINH TPEXMEPHOrO Tejia, (II0J] TeJIOM MOHUMAeTCs KOHEIHOe MHOYKe-
CTBO TOYEK B IPOCTpaHCTBE). Tpefyercs BOCCTAHOBUTH UCXOHOE TEJIO C
TOYHOCTBIO J10 adp(PUHHON SKBUBAJIEHTHOCTH, TO €CTh IIOCTPOUTH MHOXKE-
CTBO TOYEK, KOTOPOe ObLI0 66l apDUHHO IKBUBAJIEHTHO UCXOTHOMY.

Kparkoe usjioxkeHue ajropurMa IMIPUBOIUTCSI JIJIsi OCHOBHOIO CJIyYasi.

ITycts A, B, C', D' u E' — npoekuun touek A, B, C, D u F na
mnockocthb 71, a A”, B”, C"”, D" u E” — na naockocThb 3.

Ounpenenenne ([1]) Paccmorpum wa 7; M Ty 9YeTBEPKY TPOEK TO-
qek ((A'B'C")(A"B"C")(C'E'D")(C"E"D")) makyiwo, uro A'B'C' n
A"B"C" — rpeyronbauku, Touku D’ u E’' jexxaT BHe IJIOCKOCTH Tpe-
yronbuuka A'B'C’ (u, coorsercrsenno, rouku D’ u E” nexar Bre mwioc-
koctu tpeyrosibauka A”B”C") u u3 tpoek C'D'E’ u C"D"E" xors 6b1
OJlHa SIBJIAETCS TPEyroJbHUKOM. Takylo 4eTBepKy OyjeM Ha3blBaTh npa-
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suabrotl. OIpejielenne TOro, 9T0 TOYKA JIEXKHUT B IVIOCKOCTU TPEYTOJIb-
HUKa [IPUBEJIEHO B |1].

[Tycrs mpoeknuu Touek A, B, C, D, E 06pa3yioT TpaBUJbHYIO YeT-
BepKy. Torma, oueBUIHO, CyIIeCTBYeT e€IMHCTBeHHOEe addunnoe oTodpa-
xkenne, nepesopgamee Touku A” | B” u C” B roukun A’, B', C’. Ilycrs npn
sTOM oTObparkennn touku D’ u E” nepexomsr B toukn D u E. Ilycrs
F’ — Touka nepecevenust upsambix D'E’ u DE. Torza upsimasi C'F' siBjisi-
ercst mpoeknueii mpsivoit | = m(ABC)Nw(CDE). CieroBaTesibHO, MOKHO
pPacCMOTPETh TIPOU3BOJIbHBIE (HE JIesKalie B OJJHOMN IJIOCKOCTH) TOYKH Ay,
By, Cy u Dy B IpocTpancTBe, HOCTPOUTH TIPAMYIO lg, COOTBETCTBYIOILY O
upsamoit C'F' 1 BocCTaHOBUTDL HOJIOXKeHHe TOUKHU k.

2. YopomnienHas Bepcus ajgroputMma B. H. Koziosa

Yrpolrenre ajaropuTMa ObLIO MPEJJIOKEHO B TPOIECCe MPENoIaBa-
HUs 9TOM TeMbl Ha 3 Kypce Mex.-maT. ¢-ta. He orpamnuvuBast obHOCTH
paccyzKIeHnii MOXKHO cuuTaTh, uro Touku A’ B’ nu C' obnamaior koop-
munaramu (ay, ay) = (1,0), (0,,0,) = (0,1) u ¢, ¢,) = (0,0), [eiicrpu-
TEJIbHO, BCETJIa MOXKHO ITPeobpasoBaTh 9TH TOUKHU C TIOMOIIHI0 HEKOTOPOIro
acdpunHOrO MPEodbpazoBaHUs, WU Cpa3y paccMarpuBaTh adMUHHYIO CH-
cTeMy KoopJuHaT ¢ HadajoM B Touke C' u 6asucubiMu BexTopamu C'A’
n C'B'.

CymectByer eauHCTBeHHOE adDuHHOE MpeobpasoBaHue, TEePEBOJIs-
mee tpeyroapank A”B”C" B rpeyromank A'B'C”. llyers ipu sTOM 0T06-
paskernn touku D’ u E” nepexonst B toukn D u E. Iycre F' — Touxa
nepecedenust upsmoix D'E’ u DE. O6osnadnm A = E?,. Paccemorpum
roukn B npocrpanctse Ag(1,0,0), Bo(0,1,0), Co(0,0,0), Do(d;,d;,1) n
Ey(el,, e;, A). st yKa3aHHBIX TOYEK BEPHA CJIELYOIIAst

Teopema 1. Cyuecmeyrom HanpasACHUA NPOEKUUL, MAKUE, YN0 NPOEK-
yuu mouex Ag, Bo, Co, Dy u Eg Ha naockocms z = 0 adpunro sxsuea-
aermmnt npoexyuam A’ B, C' D' E' v A", B",C" D", E".

JokazaTesbecTBO. BoibepeM Gasnuc ciefylomuM 0o0pa3oM: HAYaI0 KO-
opaunar B Touke C’, ocu x n y npoxogar depes touku A’ u B och Z
HepHeHIMKYJIApHa 3Toil maockocTu. QUeBUIHO, 9TO HPOEKIUell TOYeK Ha
5Ty ILJIOCKOCTD 110 HaIIpaBJIEHUIO, apasllebHOMY OCH Z, SBJISIOTCA TOY-

ku A", B',C' D' | E'.
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Ac

Puc. 1. BoccranoBienue TpexMepHOTIo U300parKeHuUs.

Paccmorpum npoexiuio touek Ag, Bg, Co, Do, Ey mapaJjienbHo mpsi-
moii (EgE) (em. Puc. 1). Ouesmmo, npoeximeii Toukn Fy Gymer Touka
E. Tlockonbky Touku D'E'F’ apisiorcs HPOEKIMSMU TPOCTPAHCTBEH-
Helx Touek D, E, F, a orHomenus OTpe3KOB IpH HapasIeJbHOM IIPO-

E'F! - B R __ EF

EKTUPOBAHUU COXPAHSIOTCA, TO Ty = DF AHATIOTUIHO Frpr = HF
’

U, CJIeIOBATEILHO, % = %, ITOCKOJIbKY addunnbie mpeobpa3oBaHms

COXPAHSIOT OTHOIIEHWsST OTPE3KOB Ha MpsiMoii. I3 BhIMIeyKa3aHHBIX TTPO-
nopiuit BbiTeKaeT mnogobue rpeyronsankos AD'DF' ~ AE'EF’. Cueno-
BaTEILHO, OTPE3KH ~DD’ I/I~EE’ JIeYKaT Ha MapajIebHBIX TPIMBIX U UX
OTHOITIEHNE PABHO g_g/ = [E)—? = A. 3aMeTnM, UTO U3 BeIOOpa TOYeK Dy u
E BBITEKAET, UTO OTHOIIEHNE gggl, = \. Cire/ioBaTeIbHO, TPEYTOJBHUKI

ADyD'D u AEyE'E HO,ZLO6HI;I Hockonbky cropona EyE' napasnenbna
DyD’ no IIOCTPOCHHUIO, & F'E napannensua D'D w3 nomobus TPEYToJib-
nukos AD'DF' u AE'EF’, vo croponnst EgE u DyD toxe 6ynyT napai-
sesibHbl. ClresroBaTe/ibHO, IpoeKImeil Touky Dy 110 HAIPaBICHUIO EOE Ha
wiockocts (A’ B'C) Gyner Touka D, ur0 1 TPe6OBAIOCH JIOKA3ATD.
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3. IIporpaMmma aJjisi aBTOMaTUYE€CKOU TeHepaluy 3aa4

st renepaln 3a/1a4 ¢ «XOpOIUME» (TO €CTh [EeJ0UNCIAEHHBIMI) OT-
Beramu ObLTa HammcaHa rnporpammva Ha si3bike MATLAB, jguctusr npu-
BOJINTCS:

function f = generate probleb ()

%% Points A,B,C are fized , others — arbitrary

AO= [ 1; 0], Bo= [ 0; 1], Co= [ 0O; O], f=0;
X0 = [ 2; 2]; % The pivot point

DOl = | 4; 0] , D02 = | 2; —2|; % Arbitrary points
factor = —0.5; % EX:DX ratio

Transforml = [ [ -1 3 1 1 5 [ 1T 1 0 ] [;
Transform2 = [ | 2 -1 =31 5 [ -1 1 2] ];

% Arbitrary transform matrizes
E01 = X0 + factor = (D01 — X0), E02 = X0 + factor x (D02

— X0);
names { aav; aba; 70’; 7d7; vev; ’X’};
pointsl = { AO0; BO; Co; DO1; E01; X0};
points2 = { AO0; BO; Co; D02; E02; X0};

NUM POINTS = 6;

pointsltr= cell (NUM_POINTS,1), points2tr= cell(
NUM_POINTS, 1) ;

for i =1:NUM_POINTS
pointsltr{i} = AffTrans(pointsl{i}, Transforml);
points2tr{i} AffTrans (points2{i}, Transform?2);

end

% Printing problem and answer

fprintf (1, Vcmosue:\n\nupoeknuu va $\\Pi’’$:_\n’);

Disp (1,names, pointsltr ,NUM POINTS-1, ’’’’7);

fprintf(’\n\nu opoekrpm va $\\Pi’’’’$:_\n’);

Disp (1 ,names, points2tr ,NUM POINTS-1, ’’’’7);

fprintf (1, ’'\n ‘\nOTBerer:\n ") ;

Disp (1,{names{6}}, {pointsltr{6}}, 1, "’’’);% position X

Disp (1,{names{6}}, {points2tr{6}}, 1, "’’’ "7);% position
X})

fprintf (1, ’_\nypasaenue npsmoii $L’’$\n’);

PrintLineEquation (1, pointsltr{3}, pointsltr{6});% line
C}X}

fprintf (1, ’_\nypasmenme mpsmoit $L’’’’$\n’);
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PrintLineEquation (1, points2tr{3}, points2tr{6});% line
c’ X

z = 0; 0; 0; 1; factor; O0];

fprintf(’\n\n_TpexmepHble KoopauHATE \n’) ;

Disp3 (1, names, pointsl, z, NUM POINIS — 1, ’_7);

D3=AffTrans (D01, Transform2), E3=AffTrans(E01, Transform2)

end

% some wuseful functions (headers only):

function Xt = AffTrans (X, Matr) % Makes affine transform
with point X

function d = Disp3(hFile, names, coords, z, N, suffix) %
prints points

function str = number2string(n) % Pretty printer for
rational numbers

function f = PrintLineEquation (hFile, A, B) % Pretty
printer for line equations

function | k, b | = GetLineEquation(A,B)% line equation
by 2 points

ABTop BBIpaXKaer 6aromapHocTh mpodeccopy Bagnmy Huxknrosmay
KozsoBy 3a noJsie3nble 3aMedaHus 1 BHUMaHue K pabore.
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O6 anrebpausariuu MojieJii k-TUIepIrpocTPaHCTBA
CX-runiepronorpados: ornepamnuu TpaHcdopmarmum —
pa3BUTHSA

BapanoBuuy A. E., Boposukos /. B., Jlakyma E. JI.
(Mocksa, Poccniickuii TocyiapCcTBEeHHBIN I'yMaHUTAPHBIN YHUBEPCUTET,
Wucturyt nadOpPMAIMOHHBIX HAYK U TEXHOJIOTUIT GE30MaCHOCTH )

barae@rambler.ru, dvborovikov@gmail.com

B pa6orax |1, 2, 4| uccsienoBana yHuBepcasbHas Mojieiab HHDOpMa-
IIMOHHOI COCTABJIAIONMIEH CJIOKHBIX CHCTEM, MapaMeTPUIECKU MOTIOMAIO-
masi U3BECTHBIC KJIACCHI MOJE/IEH Mpe/ICTaBICHUs JIeKJIapaTUBHBIX 3Ha-
nuit. B kadecTBe abCTPaAKTHON SKCIJIMKAIIMM MOJETH ONUPEIEIeHO k-TH-
neprpocrpancto CX-runepronorpados (CX-nr-rpados) [1, 2|. B pabo-
re [4] mannas Mozesb 060bieHa 10 noHsTus CX-runepronoceTu, MoJesu-
pyloIeii Kak JieKJaapaTHBHbIE, TaK W IIPOIE/lypHBIC 3HAHUSA B UX CETEBOIl
UHTEPIPETAIIH.

CX-nr-rpad npezacrapiasger coboil MOJEIL CTATUIECKOIO COCTOSTHUS
CJIOKHOM cucTembl. st MomenupoBanust tuHaAMUKN (DbyHKIMOHUPOBAHUS
CHUCTEMBI, HAPSJLYy C CETEBbIM MOJAXOJIOM (HeliponHble cetu, cetu [lerpu
u T.1.) B [l] IpeIoxKeHo HCIOIB30BaTh U ABTOMATHO-a/IrebpandecKuii
noaxof. Jlannoe HampaBs/ieHHe CBA3aHO C IIPEJICTABICHUEM MOJIEC/IN B BH-
Jie cTporo (popMaJIM30BaHHON aaredpandecKoil CUCTEMBI U OIUPASTCS Ha
XOPOIIIO pa3pabOTaHHBII MEXaHN3M ajrebpan3anui MHOYKECTBA-HOCHTEIS
(anmrebpanmteckast cucrema [6] — MHOXKecTBO G («HOCHTENBY ) € 3a/[aHHBIM
Ha HEM HabOpPOM OIlepAIlMil U OTHOIIEHU{l («CUrHATYpPa» ), Y/IOBJIETBODS-
IONIMM HEKOTOPOIi CuCTeMe aKCHOM).

B orHomennn momenn Kiaaccumdeckoro rpada Hambosiee pacrupocTpa-
HEHbI CJIeJIyIomue ajrebpandeckue onepaiyu (6uHapHbie u yHapHbie) [6]:
obbeaunenue rpados, mepecedeHue rpadoB, yaaJaeHue BEPIIUHDI, 100aB-
JIeHUe BepIIMHBI U Jp. B CBOIO ouepenb, IpU pacCMOTPEHHUH OI€paIuii,
CBSI3AHHBIX ¢ 0OpabOTKON 3HAHWIA, HAPSJLYy C YKA3aHHBIME TUIIAMH OIlepa-
Ui, BO3HUKAIOT U HOBBIE, IMPEIMETHO-OPUEHTUPOBAHHBIC, B YACTHOCTH,
oneparyu TpancdopMmalyy/passurus, ciausiaust [1], coopku [5] u T. 1.

B wnacrosmieit pabore mzsaraiorcs pe3ybTaTbl aJrOPUTMUIECKOTO
cunTesa onepanyii Tpancdopmanuu u pasputusa CX-n7-rpados B cur-
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HaType \I’gk ) e d ecTn HEKOTOpPOE, BIIOJIHE OIIPpE/IC/JIEHHOE, MHO2KECTBO
ntT

anemenmaphuix mparchopmanyuti. CAHTE3NPOBAHHBIE ONEPAIUN TI0JIOZKE-
HBI B OCHOBY IPOIIE/LYD U IPOIPAMMHBIX CPEJICTB ABTOMATU3AINN HCIO b
30BaHUS JIEKJIAPATUBHO-TIPOIIE/y PHBIX 3HAHMIA [3].

B pabGore [1| BBeJeHBI TOHATUS IAEMEHMAPHHIT MPaHcHoOpMmaru,
MPAHCHOPMAUUY, PA3GUMUA T 2AYOUHDL Mparchopmayuy, Tpada g, CBs-
3aHHBIE C BIIOJIHE ONPEIEIEHHBIMU aJITOPUTMUIECKIME TPEOOPA30BAHUSI-
mu g Ha MHOXKecTBe G = {g}. Daemenmaprvie mpancdopmayuu mOPOxK-
nator Ha G Gunaprvie aszebpauveckue onepayuu tuna (g, g*) = g, rue
g9, 95, g € G. Tam xke ([1]) moKazaHbl YyTBEPKJIEHUS O NOPOHCOCHUU
MHOYKECTBOM 3JIEMEHTAPHBIX TpaHchopManuit @ cueznamypvs onepayut
\Ilg Ha MHOXKecTBe G U 0 CYUu,ecmsosaHul, JJisl JTIOOBIX KOHETHOMEPHBIX
rpadoB g, g € G, 110 KpaitHeil Mepe, OIHON omepanuu TpanchHOPMAIIH
TRF(g) = g, npeobpasyroiieit ncxoubiii (rpancdopmupyemslit) rpad g
B rpad (pe3yibTupyromniuii) g.

Penynupyem 3ayiady anredpanzanun KJIacCUIecKoir Mojien rpada Ha
caydait CX-nr-rpados.

Onpenenenune 1. diemenrtapuas tpancdopmarius CX-nr-rpada gl;;.,.l‘:
k k

(VX E}?‘T, {PV7 PEnr}) na G’fIT:p ecTb npeobpaszosarue TUIA: J0bAEUMDH K

gf)Tac IIPOU3BOJIBHOE 2Unepmonopebpo ef;T e X(k+1) (obozHAUNM ero ve-

pe3 cp;ﬁ (ghx)); dobasumv k gk x mpomssonbuyo zunepmonosepuiuy
vk e X®) (<,0:}r,7C (gl;;Ta:)); UCKANOWUMD 13 gl;;T:L" IIPOU3BOJILHOE 2UNEPMONO-
pebpo el € XEHD (o

eunepmonosepuuny vF € X*) (90;5 (g,’;.,.l’)); dobasumsv ysem q € P K 1101-

;;T (g,’;Tx)); UCKAIOUUMD U3 gfnac [IPOU3BOJIBLHY IO
MHOYKECTBY TIBETOB TIPOU3BOJILHOI 2unepmonosepuutivos vi CX-nr-rpada
gfnac (90;)5 (gng)); uckamouumy usem q € P u3 moaMHOXKeCTBa I1[BETOB
IPOM3BOJIBHOI 2unepmonosepwutv, v¥ CX-nr-rpada g,’%.a: (cp;v,TC (gl;;T:L"));
dobasumv uyeem q € P K IMOJIMHOXECTBY IIBETOB IIPOU3BOJIBHOTO  2U-
nepmonopebpa e,l;T CX-nr-rpada gl;;.,.l‘ (90;5]7 (g,’%.:p)); UCKAOUUMD UBEM,
q € P n3 IOAMHOXKECTBa IIBETOB IPOM3BOJILHOTO 2unepmonopebpa e’gT
CX-nr-rpada g x ((p;e,% (gk.x)); nycmoe npeobpasosanue pg(gh, ).
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DAEMENAPHBLIE MPAHCHOPMAUUU TTOPOXKIAIOT HA GZ‘;T:L" bunapmvie an-

k * k — .k k k
eebpauneckue onepayuu THIA O(gp T,%gyr) = grr®, TAC Gp T, 0T €
G’fIT:p u *glgT — 0000111IeHHOEe 0003HAYMEHHE [IJIsI BBINEYKA3AHHBIX MTOPOXK-

k
Aaromux srementos CX-nr-rpada. Basosbim ornomennem na Gy x npn
9TOM SIBJISIFOTCSI OMHAPHBIE OTHOIICHUS MONHCOECMEA,/ PASAUNUSA TIEMEH-

TOB Gng:p

Vreepxkaenue 1. Muooicecmeo snemenmaprvlz mpancgopmavuti  —
{0 (05r2)s 00 (95:2)s 00 (93:%)s D (95r)s g (G T) 2 (G ),
quek (gm x), Lp;e,%(g,’%m), gog(g,’%x)} nopoostcdaem cuznamypy \I/g%# Ha

MHOHCECTNEE G,I;Tl'

Onpenenenue 2. Tpancpopmayus CX-nr-rpacdpa TRF (g,’%.a:) = g’;?

Ha G,’jTac €CTh T0CJIe0BaTe/IbHOE BBINIOJTHEHNE HEKOTOPOIA, BIIOJIHE OIIpe-
JIEJICHHOM, COBOKYITHOCTHU 3JIEMEHTAPHBIX TpaHcdopMaIuil, mpeodpasyro-
IMUX UCXO/HBIN Tpanchopmupyembiit CX-nr-rpad g,’%:p B PE3yJILTUPYIO-

it CX-n7-rpad ﬁx

Onpegenenne 3. Pazsumue CX-nr-rpada RV(gf;Tx) = gmx Ha Gk
ectb Tparcdopmarust ucxoaaoro CX-nr-rpada g,’;.,.l’ B CX-nr-rpad gm

IIPU YCJIOBUU g,’%m - g’;;Tm

yTBepH{):[eHI/Ie 2. Jlas aw0bvz xonewnomepruunr CX-nT-epagdos g,’%x U
gmx MHOHCECTNEA Gk T cywecmeyem, no Kpatret mepe, 00Ha ONepavus
MPAHCPHOPMAUUY TRF (gf)Tx) = gl;;.,.l', nPeodPasyULGA MPAHCHOPMUPYE-
movti CX-nT-epag g,’%.a: 6 pesyaomupyrowuti CX-nt-epag g,’%.a:

Oupenenenne 4. Iaybuna mpancpopmayuu y{TRF (97’;7:1:) = gf%:p}
k .
Ha Gy & €CTh YUCIIo 3J1eMeHTapHbIX Tpancdopmanuii B Tpancdopmanun

TRF(gy,x) = gk

B Hpouecce I/ICCJIe,ZLOBaHI/IH oneparuu tpancdopmanuu T RE CX- m’—
rpadon gmx,gmx, IPEJICTABICHHBIX MHOYKECTBAMU VTk,VTk,Ek Bk
nomuozkecrsamu usetos {{p,x}}, {{Pur}}, {{pe'%}}’ {{IT%T}}’ Hpelmo—
JKeHa 1 060CHOBAHA TEOPETUKO-MHOYKECTBEHHAs] MHTEPIIPETAIs €€ aJIro-
purMuydeckoil peanusanuun — TCX-mpornemaypa.




24 WNarennekTyaabHble CUCTEMBI U KOMIIBIOTEPHBIE HAYKU

YrBepxkaenue 3. TCX-npouedypa na xoneurnnr CX-nt-epagar ecezda
CTOOUMCA 30 KOHEUHOE YUCAO WA20G.

YrBepxkaenue 4. TCX-npouedypa sasasemcs npouedypott mparchop-
mayuy CX-nT-2pado6 MUHUMAALHOT 2AYOUHDL.

YrBepxkaeHue 5. Onepayuortas CAOHCHOCMD AN20PUMMUNECKOT PEa-
auzayuu TCX-npoyedypo. we npesocrodum T'(n) = O (m - logs - logt),
ede m = max {|VF| - [{{p,e }}], 1B} - {{per 13}, s = max{|[V}[, |E}. ]},
t = max {[{{p,s }}, {{por 1}, {{per 13, {{per 33}

st onepanmu passurust RV (RCX-nporenypa) CX-nr-rpados 1o-
JIYIEHBI aHAJIOTUYHBIE PE3YJIbTaTHI.

B 3aBepiennu n3noxkennst TOAIEPKHEM, UTO 4A2€0PAUMECKAL MOJEAD
XapaKTEePU3yeT CTATUYECKYI0 KAPTUHY OTHOIIEHUN 3JIEMEHTOB MOJIE/IU-
pyemotii cuctembl. MOIEhIo Ke npeobpasosanus CTATUYECKIX COCTOSTHUN
cucreMbl siBisiercst onepauus |4]. O6benuHeHne Mojeseil cTaTHIeckoro
cocTosiHust cucTeM (anzebpaudeckas Mooeab) U MOJEIN U3MEHEHWi Co-
CTOSTHUI MOJICJIN B TEKYIIEM HACTOAIIEM (a.2e6pa) TOPOKIIAET, B UTOTE,
JIMHAMUYIECKYIO MOJENb anzebpaureckots cucmemol. BBemenne omeparmii
Ha CX-nT-rpadax B€UET MOPOKJEHUE BIIOJIHE OIPEIETEHHON Memaai-
2€0pvi («anrebpbl Mojieseii» ) Wl B MHOIA, BBIIIEYTIOMSIHY TOI TIOCTAHOBKE,
MeMaanrzebpaueckol cucTeMbl (C BIIOJHE OLPEJIEJeHHBIM MHOMXKECTBOM-
HocuresaeM V).
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O HeKOTOpPBIX pe3yJbTaTaX CPABHUTEJLHOTO aHAJIN3a
Mo/1eJieii My3bIKaJIbHOTO 1 BepOAJILHOTO TEKCTOB

Bapanosuu A. E., Uraunkas C. M.
(MOCKBa, Poccuiickuii rocy1apcTBEHHDBIN I'yMaHUTAPHDBINA YHUBEPCUTET,
Wucruryr nadopMaInMOHHBIX HAYK U T€XHOJIOTUIT 6€3011aCHOCTH )

barae@rambler.ru, sofa.sofa@mail.ru, www.samtcenter.ru

ObmupHBI CHEKTp MpobJIeM, CBSI3aHHBIX ¢ CUCTEMHBIM AHAJU30M U
MaTeMaTHIeCKUM MOJIeJIMpoBaHneM My3blkajabHoro tekcra (MT), mpes-
cTapJjisieT cobOil BecbMa MaJjio u3ydeHHy0 06siacTb. O630p JOCTYIITHBIX HC-
TOYHUKOB TOKA3bIBAET, YTO CYIIECTBYIOIIUE METOMOJOIUS U WHCTPYMEH-
TapUi MCCIAECTOBAHUN HE MO3BOJIAIOT PEIIUTD IICJIBII pad 3a71a4, CBA3AH-
HBIX € Xapakrepusaiueil ecrecrBeHHoHayuHoro 6asmuca MT, onpemessie-
MOTI'0 €ro MPUHAJJIEZKHOCTBIO K cdepe nHMOPMAITMOHHON KOMMYHUKAIIIN
BIIOJTHE OIIPEJICJICHHOIO MOJIKJIAcca KJIACCa aHTPOINOMOPMHBIX UHTEJLIEK-
ryanbHbix cucreM (MC) [6].

OnvH W3 BO3MOXKHBIX IOJXO/IOB K mcciaeaopannto MT ocHoBbIBaeT-
sl Ha MCHOJIb30BaHUK (110 AaHAJIOIMH) U3BECTHBIX (BIIOJIHE ONPE/ICIEHHBIM
06pa3oM MOUbUIMPOBAHHBIX ), METOJIOB CTPYKTYPHO-AJIIe€0PanvIecKoro u
CeMaHTUKO-IIPArMaTUIecKoro anaiamusa sepbasbHoro rtekcra (BT). B na-
crositieil paboTe OTpaKeHbI HEKOTODPbIe pe3yJbTaThl ucciemoBanuss MT
TaK HA3BIBAEMOI'O CTPOIOr'O CTHUJIsI, IMPEICTABIACHHOTO MOJIEIBIO TUCKPET-
HbIX coobmienuit k. ¢pon Heiimana HyseBoro u mnepBoro nmpubJImKeHui,
B 3aJiade OIEHKH IIPOIYCKHOHN CIOCOOHOCTH NUCKPETHOTO KAaHAaJa CBSI3U
o K. Ilennony. [locemyromue ucciieloBanms mMpe/ioaraoT BBeIeHNE
B paspabaTbiBaemblii ammapar momenupoBanuss MT wmHbDOpMaIMOHHBIX
MoJieIell CEMAaHTHUKO-IIPArMaTHIeCKOr0 THIIA, OPUEHTUPOBAHHBIX HA HC-
cJie0BaHue 0COOEHHOCTEN CEMaHTUYECKON MY3bIKAJbHON KOMMYHUKAIIIH
kosutektuBa VC.

Boeiapurasiace ciefytorias KOHCTpYKTuBHas runoreda: Cp, > Cy, T1e
Cy, u Cp, — TUPOIyCKHBIE CIOCOOHOCTH KAaHAJOB COOTBETCTBEHHO BEP-
OaJIbHOM U MY3BIKAJILHON KOMMYHUKAIIAN, TPOIOPIIHOHAILHBIE SHTPOITHI
HUCTOYHUKA JUCKPETHBIX cooOIeHuit. [ BhIUHMC/IEHUsT TOCTETHEH WC-
nosssyercst dopmyna lennona: H(A) = —> 7", P(a;)log P(a;); mis
cllydasi KOpPeJIMPOBAHHBIX CUMBOJIOB (ycaoBHOM suTponun): H(A'/A) =
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—>iey Pla;) 3271, P(a)/a;)log P(a}/a;), tie ai, a; — cnvposbt andasn-
ta A ucrounuka coobmienuii, |A| = m, P(a;) — BEPOSATHOCTD MOSABIICHIUS
cumsosta a;, P(a}/a;) — ycoBHas BEPOATHOCTD MOAB/ICHUs CHMBOJIA d)
nocJie cuMBOJIa a; [5).

s npencrasierus MT B Buje KOHEUHON COBOKYITHOCTU KOHEUHBIX
0CJIe/I0BATEIBHOCTEll CHMBOJIOB, Ha OCHOBE CYIIECTBYIOIIETO MY3bIKaJIb-
HOrO HalpasjeHust Tak HasbiBaemoro crpororo cruis (C.C.) (ucropudve-
CKOE ¥ XYJI0’KECTBEHHO-CTUJINCTHYECKOE TIOHATHE, OTHOCSIIEECs K XOPO-
Boil nosmdoHnveckoii My3sbike snoxu Peneccanca |7, 8|) 6bur cocrapien
OIPEJIEJICHHBII «My3bIKaJIbHBI alhaBuT», reHepupyeMble Ha 0a3e KOTO-
POro MeJIOJIMH MOIYT CJIY’KUTh MOJIEJIbI0 KOMIIO3BUTOPCKUX MEJIOJM JIaH-
HOTO CTHJISL PA3HON CTENeHN IPUOJINKEHHS.

ITocnenoBarenbuast cemmornyaeckast Mojesnb k. don Heiivmana [1]
npeJcTaBisieT coboii KoHeuHble (JIMHBL [) 110C/IeI0BATEIbHOCTH CHMBO-
J0B asidasura A:

Aioj=04,...,04,l <L < 0,0, € A Al = 2,2 < Z < oo s Vi, j,
j=T1,i=LN,N<Yr 2"

B wmodeau nyaecozo npubausicenus He BBOAUTCH HUKAKUX OIDAHU-
YeHHil Ha TIOPSJIOK CJIeJIOBAHMsI CUMBOJIOB asihaBuTa; B Modeau nep-
6020 NPUOAUIICENUA VUMEIOTCS OIDAHUYEHHUs] Ha Napbl MOJPSL UJLyIIUX
CUMBOJIOB (3allpeTHble OUIPAMMBbI), OlpejiesisieMble GHHAPHON MaTpuliedi
B = ({bi;}),i,j =1,Z, tne b;j = 1 jyis1 paspermennoit, u b;; = 0 — jyst
3alpeIeHHOi Iapbl CHMBOJIOB ayidaBuTa A.

KosnaecTBo €JI0B JUIMHBL, He IPEBBINAONIEN [, BHIPAKAETCS CIIe/Ly 0
UM 00pa3oM:

So(l) = Ziz:l ZF B Momem HyJIeBOro MPUOITHKEHNS,

Si(l) = 22:2 <ij:1 b§§_1)> + Z B MOJie/IN IEPBOTO NIPHOJIHZKEHNSL.

[Tosmy4ennl ciemayionue YHCIOBbIE XapaKTEPUCTUKU I SHTPOINN
MT (H,,) u BT (H,):

B Mojiesin HysieBoro npubsmkenus H, ~ 5,04, H,, ~ 7,51;

B Mojesn mepBoro npudamxkenuss H, ~ 4,6398, H,, ~ 4,6018.

AHaJin3 TOJIyYeHHBIX Pe3yJIBTATOB MTO3BOJISIET C(OOPMYIUPOBATH CJie-
JIYIOIIIHE IMPOMEXKYTOIHBIE BBHIBOIBI:
1. Ancdasur MT obnamaer no cpasaenuto ¢ BT ropasmno Gosiblmeil MoIi-
HOCTBIO, omHako MT B cuity cBoeil Xy/102KeCTBEHHON TpUpoIbl 00/1a1aeT 1



28 WNarennekTyaabHble CUCTEMBI U KOMIIBIOTEPHBIE HAYKU

3HAYUTEJIHHO D0JIee CTPOTUM HAOOPOM 3aIPETOB HA COUYETAHUSI CUMBOJIOB.
2. IIpomyckuast criocoOHOCTh KaHaJa, KOMMYHUKAIIMA 3aBUCUT OT COYETa~
HUsI JJAHHBIX [1APAMETPOB — MOIIHOCTU aJI(DABUTA U 2KECTKOCTH ITPABUJL.
3. IlockosibKy pe3ysbTaThl BLIYUC/IEHUH, MpoBeeHnble Ha Momegun MT
C.C., upeacraBisoT cobOil OINEHKY CHU3Y BCEX AHAJOTMYHBIX DPE3YJlb-
TATOB JIJIsl TIOJIABJISIFONIET0 OOJIBITUHCTBA My3blKabHbIX TekcToB (MT
C.C. obirajiaeT MUHUMAJIBHBIM aJIPaBUTOM U HOIUHSETCH MAKCUMAJIHLHO
CTPOrUM IIPaBUJIAM, PErVIAMEHTUPYIONINM 3aIlPETHBIE MOC/IeI0BATEILHO-
CTH HOT), TO Y7K€ JIJIsI OJIHOIOJIOCH S TUIIOTE3a O GOJIBIIE TPOILYCKHOM CITO-
COOHOCTHU KaHAaJa MY3bIKAJILHON KOMMYHUKAIIUN IIPEICTABISICTCS BIIOJIHE
obocunoBanuoit. st AByxXrosiocusi yKe IpUMepHAasi OIeHKa B MOJIEIU HYy-
Jiesoro npubmxkenust: H,, = log, 6560 ~ 16, 01.

[Ipu paccMoTpeHHE BOIPOCOB HOCTPOEHUS Mojesin ceManTuku MT
HEeOOXOIMMO pa3/indaTh HOHATHsT OO bEKTUBHON CEMAHTUKH, IPUCYIIEN ca-
Moit nrbopMaIyn, 1 CyOGbeKTHBHON (IIPArMaTHIECKOl) CEMAHTUKU, 3aBU-
CAIIIEH OT BOCIPUHUMAIOIIETO CyObhekTa: «< . .. > 006eKMUBHAA CEMAHMU-
xa MHDOPMAITUU XapaKTepu3yeT HH(pOPMAIMOHHBIE (POPMBI CYIIECTBOBA~
HUsT MaTEPHUAJBHBIX CUCTEM O0BEKTUBHOI PeabHOCTH U B3AMMOCBSI3AHA C
dopmoii, CTPYKTYPOIl n opraHu3alifeil MaTepuaJbHbIX CUCTEM; <. .. > ce-
manmuka cybsexmuenan (IparMaTndecKast) HHTEPIPETUPYETCsT KAK JIU-
HAMUYeCKU MH(POPMAIMOHHBIT 00pa3 00bLEKTUBHON CEMAHTUKN, WHUIN-
AJIM3VPOBAHHBIN B IMOJICUCTEME 3HAHWI BOCIPUHUMAIOIIEH WHTE/JIEKTY-
aJIbHOI cucrembl» [3.

st ncenemoBannss obbekTuBHON cemanTuku M'T mpemraraercst uc-
[0JIb30BaTh M3BECTHYIO MOJiesb k-rureprpocrpanctsa CX-rumeproro-
rpadoB KaK YHUBEPCAJIBHYIO a0CTPAKTHYIO MOJIEC/Ib HH(MOPMAIIMOHHON CO-
craBisoneil caoxkHbIX cucreM |1, 2|. MojesupoBanue OJHOMEPHBIX U
MHOTOMEpHBIX JuHeHHbIX cTpyKTyp (BT, omHo- u muororosocaoro MT,
rpadukn) npeanosaraeT MCHOJIb30BaHUe MOIUMDUIMPOBAHHON MOJem
CX-runepronorpada, ¢ paciuimpeHHbIM MHOXKECTBOM-HOCUTEJIEM, XapaK-
TEPU3YIOIIUM MHOXKECTBEHHOCTD PA3/JIMIUMbIX (IIOCPEJICTBOM XPOMATUIE-
CKUX aTpUOyTOB) 9K3EMILISIPOB OJHOCOPTHBIX 3jieMeHTOB. lasibHeiimmas
TOIOJIOTU3AIIAsT MHOXKECTBA-HOCUTE/IST PEAJIM3YeTCs COTJIACHO KJIACCUYe-
ckoit mojiestn CX-runeprornorpada.

st momenupoBanuss MT Kax JAMHAMUYECKOTO IIPOIECCa BO3MOXKHO
ucnosb3oBanne mogesn CX-runepromocereii [4], rie B KadecrBe craru-
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YECKUX COCTOSHUI cucTeMbl, npejcTtaBieHubix CX-runepromnorpadami,
paccMaTpUBAIOTCA BCEBO3MOXKHbIE BEPTHUKAJIbHbIE CO3BYYHdA, AIIPUOPHO
obJiasrarore cOOCTBEHHON CJIOKHON CTPYKTYpPOil oTHOIIEeHNIT (0COGeHHO
JIsi OJINDOHUIECKON My3bIKH ).

[Ipuopurer B BHIOOpE TOTrO UM WHOTO MOJIX0/Ia 3aBUCUT OT CTUJIUCTU-
JecKux ocobeHHOCTEl aHasm3upyemoro (Mogeaupyemoro) MT: ecim obiia-
JIAIOIIYTO PA3BUTON COBOKYITHOCTBIO CTPYKTYPHBIX CBs3eil COHATHYIO (hop-
My IEJeCO00PAa3HO MPEJCTABUTD B BUJIE CTATHIECKON MOJIEN, TO aMOpd-
Hblii 110 dopme (TO ecTb XapakTepusyeMblii Cabopa3BUTHIMU CBS3AME
MEKJLy VJIQJEHHBIME 9JIEMEHTaMM), HO ODJIAJIAIONIII CTPOro JIeTePMUHNU-
POBAHHBIMU IIpABUJIAME COOTHOIIEHUsT coceqaux co3pyumuit MT C.C. Jjo-
TIYHBIM IIPEJICTaBAAETCH MCCIEeJ0BATh C IPUMEHEHHEM alllapaTra MoJe-
JIMPOBaHUSI JTUHAMUYIECKUX CUCTEM.
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MaremaTudeckass MoeJib JJisi ONTUMU3AINANA
VHIUBUIyaJIbHOW NMPaKTUYECKOll paboThl ydarmerocs

Burmireiinos . A.
(Cmoutenck, CMoJIeHCKHIT TOCYIapDCTBEHHBIN yHUBEPCUTET )

bisteinoff@gmail.com

WNupusunyaiusanus oO0ydeHus — aKTyaJbHas 3ajada B Ha-
nieit crpane. B 970if crarbe Mbl IPUBOAUM MOJIEIIb IIPEICTABICHHS
TEOPETUIECKOr0 MaTepuaja yIeOHUKA U IPAKTUICCKUX 3aJaHUil
3ala9HUKA C LEJIbI0 ONTUMU3AIUK YIIPABJICHUS UHIUBULYAJTbHON
NPaKTUIECKON PaboTOl yUEHUKA B KJIACCE 38 CUET AaBTOMATHU3AINN
BBIIIOJIHEHUsI HEKOTODBIX 33189 Y IUTEJIs.

KiroueBble cioBa: HHANBHULya n3a1us 00pa30BATEIHHOTO IIPO-
necca, MoOJellb, MATeMaTHIeCKOe MOJEJIUpOBaHne, rpadosasi Mo-
JleJIb, CUCTE€Ma aBTOMATU3UPOBAHHOIO IIPOEKTHPOBAHUSA PabOTHI
yauresst (CATIP yunrens).

B mnacrosimiee Bpemsi HEOOXOIMMOCTH WHIMBULYAJIM3ANNAN OOy ICHUSI
OCO3HAETCs HE TOJIBKO YUEeHBIMU-HOBATOPaMH, HO U rocyjapcrom. B Kon-
HEMIUN JIOJITOCPOYHOTO CONUAIbHO-9KOHOMUYIECKOTO pa3BuTus Poccuii-
ckoit @enepanun 10 2020 r. yrasbiBaeTcs: «Pazsumue cucmemdv, obuye-
20 006pasosaruA NPedYcMampusaem UuHOUBUIYAAUIAUUIO, OPUEHTMALUIO
HA NPAKMUYECKUE HAGHIKY U HYHOGMEHMANDHBIE YMEHUA. . . ». B coBpe-
MEHHBIX YCJOBUSX OCHOBHBIM MCTOYHUKOM OOpPA30BATEILHOTO 3aIlpoca K
cucremMe o0pa30BaHUs CTAHOBUTCS JIMYHOCTDL yuarerocs. Kro nnrepecsr,
MOTPEOHOCTH, CIIOCOOHOCTU, MOTHUBBI JIOJIZKHBI BO BCE OOJIBINEH CTEleHn
VUUTBIBATHLCA MIPU TPOCKTUPOBAHUU U OPraHUBAIUHU MIPOIECca 00y ueHmst
[5]. nTepec npencrapiisier n3yveHue He TOJIBKO yI4eOHO-BOCIUTATEHHOTO
IIPOIIECCa, HO U MPOIECCA WHINBUIYAJIHHOTO PA3BUTHUS JTUIHOCTU, B PaM-
Kax COXPAHSIOIIEHCsT KJIACCHO-yPOUHOil cucteMbl. [l Tperbeil cTyneHu
o0OyteHuns CyIecTByeT HOPMATUBHO-IIPABOBas 0a3a i 00yueHus M0 UH-
JUBUIYAJIBHBIM yIeOHBIM IIJIaHAM, B TPOMMILHBIX Kiraccax. OIHAKO I10-
[PEXKHEMY HE JIAeTCs OTBET HA BOIIPOC, KAK 00yYaTh B TPYIIE, 9TOOBI HE
CIEeP2KUBATL WHIUBUIyaJIbHOE pa3BuTue ydaierocs. [locraBum 3amavdy
ONMUMUZGUUL PADOMBL YHUMEAR, HANPABAEHHOT Ha cO30anue Ycao8ud,
8 KOMOPHLT YHAWUTCA MONCEM BHINOAHAND NPAKMUYECKUE 300GHUA 1A
ypoke 8 undusudyasbHOM memne.
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AKTyaabHOCTD pean3alini MIAHIPOBAHUST YIeOHOTO TPOIECca B CH-
cremMax aBToaTu3upoBaHHOTO npoekTuposanus paborsl (CAIIP) yunress
6bL1a pacemorpena B [1]. Ilpencrasisier nuarepec CAIIP yunrenst «Tpa-
eKTOpUsT 00YIEeHUsT», KOTOPasi PACCIUThIBAET MHIUBUIYaIbHYIO TPAEKTO-
puio 00y UeHus Kiacca (TpyIbl) WK OTAEeIBLHOrO0 yuarerocs |5, ¢. 71-78|.

[IpeytozkuM MaTEeMATHIECKYIO MOJE/b y4eOHUKA U 33 adHuKa, KO-
Topast MoxKeT ObITh TosioxkeHa B ocHOBY CAIIP yuwmressi, mospoJisitorieit
PEIUTDH [TOCTABJIEHHYIO HAMU 3aJ1ay.

Nmeercs mozens npejicraBieHus yuebHOro Marepuasia yaeounka T B
Buyie ocsietoparesnibioctu {L;}, i = 1...n, e L; — 910 MOJIesIb ypoKa,
KoTopas Tpejcrasiser coboit maccus L;(C(L;),Y (L;), M(L;), K(L;)),
rie C'(L;) — mHOXKecTBO 11e71€eit ypoka L; u3 muoxkecrsa neseit C, Y (L;) —
Tui ypoka L; u3 mHO)kecTBa THIOB Y, M (L;) — MHOXKeCTBO TpebyeMbIxX
MaTEPUAJIOB JIJIst MIPOBEJICHUS ypoKa L; m3 MHOXKecTBa MmarepuajoB M,
K (L;) — rpad, mojesupyomuii Teoperudeckuii Mmarepuas ypoka L;, Ko-
TOPBII MbI OyJ/IeM HA3BIBATD 3HAHUEEHIM 2paPom. SHAHUEBBIN Tpad ¢ Ma-
TEMATUYIECKON TOUKHU 3PEHUS SABJIAETCA rpadOBOil MOIEIBIO TEe/IH 00y e~
uus |5, ¢. 64-68|. OxHako, Ha HaIl B3IJIsA]], HEBEPHO HA3BIBATH €TI0 IIEJIBIO
00ydJeHMsI, TaK KAaK OH MOYKET COJIEPXKATH BEPIINUHBI, ACCOIMUPOBAHHBIE C
SJIEMEHTAMU 3HAHUN, KOTOPbIE HE OYIYT SABIATHCS O0S3aTETbHBIMU JIJIsT
U3yJYeHns WM BOBCe He OYJIyT BXOIUTb B KypC HU3yUeHHs IIpejMeTa B
pamkax maraaoro Y MK.

Buanuessiit rpad siBisiercst oprpadom [2]. Ero Beprmubl accoryn-
PYIOTCS C 9JIEMEHTAMU 3HAHUS 110 HEKOTOPO# TeMe, JIyI'u — C HAJUIUEM
JIOTHIECKUX U MPUIUHHO-CJIEICTBEHHBIX CBSZEH MEXKIy dJIeMeHTapHbIMU
KOMIIOHEHTaMU cojiepKanusi obydenust |4, c. 228|. Ilox Teopermueckim
MaTEpPUAJIOM YPOKa MbI Oy/eM MOHUMATH BCE 3JIEMEHTAPHBIE KOMITOHEHTHI,
KOTOpBIe HEOOXO/MMO Y3HATH YUAIIUMCS 10 IUIAHY YPOKa U Ha KOTOPbIE
onmMpaeTcsl N3JI0YKEeHNe HOBONO MaTepuaJia.

IIycts rpadd P — 310 rpad CO B3BEIIEHHBLIMU BEPIITUHAMU, KOTO-
pBIil MBI 0000IIIEHHO HAa30BeM 2pagdiom 3aday (Kpome 3ajad, MOTYT ObITH
yOpayKHEeHUsI, BOPOCHI, 3aJIaHUsT U JIP., & TaK¥Ke K 3aJadaM WHOTIa MO-
2KeT OBITH 11eJIeCO00PA3HO OTHECTU JIONOJTHUTE/IHHBIN TEOPeTUIeCKUil Ma-
TepUaJI MOBBINIEHHOIT cyioykHOCTH ). Bec BepiimH rpada P o3Havaer caoorc-
nocmow 3amannst. Cymozenupyem rpad G(V(K)UV(P), E(V(K)UV(P))),
riae V(K) — muoxkecTBO BepimH 3Hannesoro rpada K, V(P) — muoxe-
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crBo BepimH rpada sagad P, E(V(K)UV(P)) — muoxecrBo pebep, co-
nepzkaiee Bce pedbpa rpada K u Bce pebpa mex iy BepimHamu rpada K
u BepimHamu rpada P, KoTopble yCTaHABIUBAIOTCS Ha OCHOBAHUY B3aIM-
HOT'O COOTBETCTBHUS SJIEMEHTOB TEOPETHIECKOTO MaTepuasa n3 K 3amadam
u3 P, jist pemmennst KOTopbix oHn Heobxoaumbl (puc. 1). Ormernm, 9To
rpad G conepxut noarpad G; = K(L;) u Go(V(G), E(G)—E(K)). lox-
rpad G1 opuentupoBanubiii. [lonrpad (G2 HEOpHUEHTUPOBAHHBIN, JIBY-
JIOJIbHBIN.

Ormerum, ato 151 psia Y MK mMoxker 6bIThH Tiesiecoobpastee mocTpo-
UTHL MOJIeJIh Taparpada, TeMbl, pazmesaa. Mbl TakxKe mpesnoaaraeM, 9To
CJIOXKHOCTD 3aJ[AHUST MOYKET OBITH MPSIMO-TTPOTOPIIMOHATLHON CTENIEHN HC-
XO0J1a BEPIIIHbBI, ACCOIMUPOBAHHON C HUM.

HATYp&IE-  CIOMKCHHE
HEIG TMCTa  CYMMA

OTPESKOB
. . ho1913
MHOTO- lIEpRMeTp o
YIOIEHHK N2195

. . ansa
—
mena IO PaspIan °
N2200

[Ipusenem npumep Mozenu naparpada «Ciiozkenue HATYPaIbHBIX UH-
ceJl u ero coiicTBay u3 y4ebnnka 5 kiacca H. fI. Buenkuna [3]. 3amau-
HUK cofepkuT 6osiee 100 3a1ad ajisi 0TpabOTKU MaTepHasa TOH TeMBI.
Kpome Toro, 4mciio 3ajad MOXKeT OBITH YBEJMYCHO 32 CUET JIPYTUX 3a-
nagauKoB. Jjs Harmeit monesm Mbl BbOpasm 10 3agad TakuM 06pasoM,
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9TOOBI BCe BepIIMHBI rpada 3a1ad ObLIN CMEXKHBI XOTA ObI OIHON Bep-
IITHe 3HAHUEBOro rpada.

MT&K, B rHaHHOI'/JI CTaTbE MbI IIPEIJIO?KUIN TEOPETUIECKYIO MOJIE/Ib

yueOHUKA U 33 JaTHUKa JIJI CUCTEMbI aBTOMATU3UPOBAHHOIO ITPOEKTUPO-
BaHUs PabOTHI YUUTEJIs, TIOTEHITUAJILHO paciupsionyio ¢pyukiuu CAIIP
yanressi «TpaekTopusi 0Oy9IeHUsT» U IO3BOJISIFOILY0 ONTUMU3UPOBATH
TPYJ03aTPAThl YUNUTEJsI HA OPTaHU3AIMIO WHIUBU/IYyaJbHON IpaKTHde-
CKOIl pabOThI yUAIUXCs B IPYIIIIe.

1]

2l
3]

4]
5]
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OBOJIIOIINOHHBbIE CUMBOJIbHBbIE BBIUNCJIEHUS: METOANKA U
VWHCTPYyMeEHTapuii

Bopuenunos 4. B., Okynosckuii FO. C.
(Exarepunbypr, ¥Ypasbckuii rocy1apCTBEHHbIH YHIBEPCUTET
um. A. M. T'opbkoro)

yuri. okulovsky @gmail. com

DBOJIIOIMOHHbBIE CUMBOJIbHBIE MeTO/ bl (DCB) Mmupoko npuMeHsoTcst
JUTsT AIMITPOKCUMAITAN JIAHHBIX, TIOMCKA WHBAPUAHTOB U (PU3UIECKUX 3aKO-
HOB, KJIaccupuKaiuu, perneanu auddepeHnnaabHbIX YPaBHEHUN U IPy-
rux 3aja49. DCB ucnonp3yor reneTnyeckne aJropuTMbI TS HATTPaBJICH-
HOTO Tepebopa CHHTAKCUIECKUX KOHCTPYKIui. [lo KOHCTpYKImu cTpounT-
cs1 BBIpaXKeHHe, KOTOPOe OIEHUBAETCSI Ha COOTBETCTBUE WCXOIHBIM JIaH-
HbIM. [lepBOHAYAJIBHO STOT METOJ] OBLI IMPEJJIOXKEH, 110 BCeil BHJIMMO-
cru, Txonom Kosa (cm., Hanpumep, [1]) st aBromarndeckoil renepa-
1y porpaMM. MeTo ObLT Jajiee aIalTUPOBAH I JIPYTUX 3aJad: T
[OCTPOeHHUsI BbIpazkeHuil |2|, 1uist perennst uddepeHnuanbHbIX ypaBHe-
HUl [3], 1151 BOCCTAHOBJIEHNST €CTECTBEHHBIX 3aKOHOB U3 9KCIIEPUMEHTAb-
HBIX JIAHHBIX [4] 1 T. 1.

Hacrosimmast pabora mocssiena TpopaboTKe CJeIyIONMNUX MpodieM
OCB. s cyImecTBYIONMX PeIeHnil XapaKTepHA CHEeIuaIn3aIids JJIst
paboThI ¢ YuCJIaMU ¢ TUIaBaorieil Toukoii. JIpyrue jpomenst (1iesble duc-
Jla, HeYeTKHe JIOMMYEeCKue IepeMeHHble, (DYHKIMN) HCIOIb3YIOTCS PeJi-
KO, TIPAKTUIECKH HE BCTPEYAETCS COBMECTHOE WCITOJb30BAHUE JTOMEHOB
(HaIpEMep, JIOPMYECKUX BBbIPaXKEHWH ¥ 9HCes), He DEIIeHbl BO3HUKAFO-
e npobJIeMbl ¢ OMMOKaMH THIH3an. TakxKe B ucciaemoBanusax dCB
HEIIPOITOPITUOHAJIFHOE BHUMAHUE YIEJISIETCS 3aMbICJIOBATBIM CIIOCO0aM KO-
JINPOBAHUS W PEIIEHUIO MPOoOJIEM, KOTOPOE 9TO KOJUPOBAHUE BBI3HIBAET,
XOTsI, KAK MbI ITOKAXKEM JaJiee, 3Ta MpobJieMa peraeTcst OJHUM ITPOCTHIM
U 9JETaHTHBIM 00061enreM. Kpome TOro, UTHOPUPYETCST OMBIT CHCTEM
KOMIBIOTEPHON aiaredpbl U e lyKTUBHBIX Mpeobpa3oBaHmii BHIPAYKEHUI.
B nyumem ciryuae, mosyderroe B xoje D9CB BbIpaykeHHe yIpoInaercs
Ha BBIXOJIe TPUMEHEHNEM KaKOH-TnH0 CHCTEMBI KOMITBLIOTEPHON aaredphl.
Ham mpejicraBiisieTcst, 9To MOJTHOIEHHAS HHTEIPAIAS JEYKTUBHBIX IIpe-
obpa3oBaHmit OMpaBaHa KaK ¢ MAaTeMATUIeCKO, TaK U ¢ (puocodpCKoi
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Touek 3penusi. Hakonerr, Majo nmpopaboTaHbl METPUKHU OIEHKU BBhIPAXKe-
HUl, 9TO MPUBOIUT K MOSIBJIEHUIO CJIOXKHBIX, M30BITOUYHBIX U HEICTETHUIE-
CKHUX BBIPAYKEHU.

B nacrosiimeit pabore Mbl U3JIOXKUM METOUKY poeenenust JCB, pe-
IAIONITYI0 YKa3aHHbIe TpobseMbl. JlaHHAS MeTOIMKa BOILIOIICHA B OHO-
smoreke DCB Ha si3bike C#£, KoTOpasi B JIAaHHBI MOMEHT HAXOJUTCS B
COCTOSTHUM TIPOTOTHIA. B masibHeliem sta 6ubsmoreka 0yaeT omy0JnKo-
Bana o, aunensueit GPL v.3.

Mero/iuka HCIOIB3yeT cieayioliee 0O0DIeHNe TeHETUIECKUX aJIro-
purmoB. Mcropuaecku, npu paboTe Co CJI0KHBIMEU CTPYKTYPAMU JAHHBIX,
PEHEeTUIECKHIT AJITOPUTM KOJMPYET WX B BUJE OUTOBBIX MACCHBOB WJIU
cTpOK. MyTarusi CBOJIUTCS K OTPUIAHUAIO OUTA WJIM U3MEHEHUIO OyKBBI, a
CKpeluBaHne — K 0OOMeHy (bparMeHTaMH MAaCCHBOB. DTOT IOJIXOJ IPU-
BOJIUT K PAa3pYIIECHUIO TEJIOCTHOCTH CTPYKTYPhI JAHHBIX, U BBIHYK/IAET
n300peraTh METO/IbI s ee o iepkanusd. Mbl ncrnosib3yeM 0000IIeHHY IO
GOPMYJIMPOBKY T'€HETHYECKOTO AJITOPUTMa, KOTOPasi MOBTOPSIET KJIACCHU-
YeCKyI0, HO pa3perraer 00paboTKy MPOU3BOJILHBIX CTPYKTY]D JaHHDBIX, JJIsI
KOTOPBIX OIIPEJIe/IEHbI HYJIbAPHBII OIIepaTOp TeHEPAINH, YHAPHBIH Ollepa-
TOp MyTaluu U OMHAPHBIA omepaTop ckperuBaaus. OOOOIEHHBIN TeHe-
THUYECKUN aJICOPUTM MTO3BOJISET BBIOPATH NHTYUTUBHOE, IIPOCTOE KOJUPO-
BaHUE IS 3aIa4N.

Konuposanue BbIpaskeHWiT BBITIOJHSIETCS B BUAJE JepeBa. Y3JIaMu Jie-
peBa gaBIAIOTCA onepaiun Buga f : Dy x ... x D;, — Dj, tne Dy —
[POU3BOJIbHBIE JIOMEHbI (THIIbI) JAHHBIX. JIMCThsIMM JlepeBa sIBJISIOTCS
TUIU3UPOBAHHBIE KOHCTAHTHI M HepeMeHHbie. KaXK il y3es jiepeBa co-
JIEPXKUT TUI JIAHHBIX, BO3BPAIAEMbIX BBIPAXKEHUEM, 3aKOINPOBAHHOM B
COOTBETCTBYIOIIEM TOJJIePEBe.

Omepamnust reHepaliyi HAYaJIBHOTO TeHa JJIsT BhIpaXkeHusi Tuia D co-
CTOUT B CO3/IAHUM JI€PEBA U3 €JUHCTBEHHOT'O JINCTA — KOHCTAHTBHI COOT-
BETCTBYIOIIETO THUIIA.

Ormepanuy MyTaIUl OIPEIEJISAIOTCH Ha OCHOBE MpaBmil. JlaHHbIi 1101
XOJ[ 3aMMCTBOBAH M3 CHUCTEM KOMIIBIOTEPHOH ajreOphbl, B KOTOPBIX BCe
CBOIiCTBa OIepanuii ONnpeIeIslioTCs CIIUCKAMU [Peo0pasoBaHuil (Takux
Kak (z +y)z = zz + yzr). B cucremax KOMIBbIOTEPHON ajredpbl 9TH OIe-
panuu JeyKTUBHBI, OHU U3MEHSIIOT JIUITb (DOPMY BbIpasKeHUsI, HO HE KO-
nupyemyo uMm dyakimio. B 9CB, Mbl ucnoJib3yem Tak>Ke WH/YKTHBHbBIE
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[paBujia, U3MEHSIONIYI0 KaK CTPYKTYDPY, TaK U KOJAUPYEMYIO (DYyHKITHIO.
Bce mpaBuiia coxpaHsoT THI TOJIEPEBA, YeM 00ECIIeInBACTC KOPPEKT-
HOCTBH CODMPAEMOTO BBIPAYKEHUS.

[IpuBesem mpuMepbl WHIYKTHUBHBIX IpaBumi. [IpaBuia 3aMeHbl KOH-
CTAHTBI BUJIA Chool = € U Creal = ¢(1 + /2 — rnd(«v)) nossossior
«IIOJITOHSATEL» 3HaYeHHe KOHCTaHTHI c. [IpaBmia Bujma N1 = x7 103BO-
JIAIOT 3aMeHUTH nojjepeBo Nt tumna T Ha mepeMeHHyI0 TOrO 2Ke THUIIA.
Onepanun BBOAATCS npaBuiaaMu BBoja: Nipw = N + 0, Nipg = N - 1,
Nint = TRUE?N : 0, Npoot = N A TRUE, Npool = cint < dint
u T. ;1. Onepaliust Tak>Ke MOXKeT OBITh BBIBEIEHa YHUBEPCAJIBHBIM CIIOCO-
oom [f (Nt,...)lp = Nr. IlpuBesem npumepbl [1e/[yKTHBHBIX HPABHIL.
CTpyKTypHBbIE NTPABUJIA HCIOJB3YIOT aCCOIUATHBHOCTH U KOMMYTATHB-
HOCTH HEKOTODPBIX OIEPAIlnil, U MMEPECTPAMBAIOT JEPEBO B HEKYIO KaHO-
HUYIECKYIO CTPYKTYPY, & TaKXKe COPTUPYIOT apryMeHTbl KOMMYTATHBHBIX
dyHKIMN TaK, 9T0OBI KOHCTAHTHI OKA3BIBAJINCH B KOHIE jiepeBa. [Ipasuia
COKPAIIEHUS BBITOJHAIOT TaKue 3aMeHbl, Kak 2+ 2 = 4 u 0-x = 0. Tak-
2Ke BBEJICHBI IIPpaBUJIa IIpeobpa30BaHuil BUIa Nfeal & N - N. [Ipumenenne
B JIEBYIO CTOPOHY JeJIaeT BhIpaXkeHue 00Jiee 3CTeTUIECKH ITPUBJICKATE b
HBIM, B [TpaByI0 — O0JIerdaeT puMeHeHre UH/IYKTUBHBIX IIPaBUJI, JeJiasl,
HAIIPUMED, BO3MOYKHOH JIBYXXOJIOBYIO 3aMeny « - & = 2 = 9. Jlna
MOJIJICPXKKH MPABUWJI B IIPOrPAMMHOM KOJE ObLIa peajin30BaHa CHCTEMa,
ycJIoBUii 1 3aMeH (hParMeHTOB JIEPEBa, 0 UICOJOTUN CXOXKasl C IPUMEHe-
HUEM PETyJISIPHBIX BBIPAXKEHUI K CTPOKAM.

Ornepanust CKpeluBaHusi B IIPOCTEMIIEM CIydae CBOIUTCA K OOMeHy
[OJIJIEPEBbSAME OJTHOTO Tuira. KpoMe Toro, BO3MOXKHO CJIOYKHOE CKPEIBa-
HUe ¢ BBejleHUeM ycyoBHoro nepexona A, B = TRUE?A : B, onepanuii
10JIyCyMMBL Areal, Breal = (A + B)/2 wim reoMerpuyeckoro CpeJiHero
Arealv Bieal = \/E

[Tocyie mocTpoeHust BhIpaykKeHUsI, €ro HEOOXOIUMO OIEHUTh. Ba30Boit
METPHUKOI OIEHKU SIBJIETCS COOTBETCTBHUE, TO €CTh TO, HACKOJIHLKO TOYHO
BBIDAYKEHUE OIUCHIBAeT JaHHbe. [l onTuMu3anuu BBIYUCICHUS STOM
OIIEHKHU, HUCIOJIb3YIOTCI WHCTPYMEHTHI sidbika C#: JIsiMOIa-BbIpasKeHUsT
u Expression Trees [5|. 9Tu uHCTPYMEHTHI O3BOJISIIOT CKOMIIJINPOBATH
JUIsl JiepeBa oleparuii JiiMO1a-BbIpaskeHune, BBIYUCICHIE KOTOPOro 3Ha-
qIUTeIbHO ObICTpee o0Oxoia mepesa. JIsMOma BhIparkeHne 3aJaeTCs st
KaXK/IOTO y3J1a, HO KOMITHMJIMPYETCS TOJIBKO st KOpHsi. Jljis KOHCTAHTBI
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crpourcsi Boipazkenne X — ¢ (X — Koprexk Bcex apryMEHTOB HOCTPO-
eHHOTrO BbIpakeHust), juist nepemennoit — X — X|[i], s onepanun f —
X = f(1(X),...,gx(X), tue g; — nsamMba-BbIpazkeHust jist jgereii f.

[ToMUMO COOTBETCTBUS, UCIOIL3YIOTCA U Apyrue merpuku. Merpu-
KA CJIO?KHOCTH OIPEAEJISACT BBIYACIUTEIBHYIO CJIOXKHOCTD BBIPAXKCHUS 1
CTPEMUTCS MUHUMHU3UPOBATDH €€, METPHUKA PasMepa IIPUBOJUT K yCEYEHHTO
HEHCIIOJIb3YEeMBIX HOAAEPEBbEB, METPHUKA 3CTETUYHOCTH BRIOMpPAECT HAUOO-
JIee 3CTEeTUYICCKHU IIPUBJICKATEILHLIC BLIDAsKeHus. JlanHoe HampaB/cHuE B
HACTOSAIIMIT MOMEHT SABJIAETCA IPEIMETOM JOMOJHUTEILHBIX HCCIEI0BA-
HUNA.

[IpuBenennas MeToguKa ObLIa IPOTECTUPOBAHA HA OOBIMHBIX IJId
9CB 3aga9ax anIpOKCUMAIMN, IOUCKA NHBAPUAHTOB M KJIACCU(DUKAIIN.
Cosnan TecTOBLI HAOOpP «CTAHIAPTHLIX» 3344, Ha KOTOPOM MBI ILIAHU-
pyeM CpaBHHUBATHL pasjmuHble peammsanyuu dCB B manbreiimen.

B szakmouenne kpaTko copMyaIupyeM OCHOBHBIE MIPEUMYIIECTBA Ha-
el MEeTOIUKM. 34 CUET pa3pelleHus HCIIOIb30BAHHA PA3HBIX JOMEHOB
JIAHHBIX, MeToauKa 0000Imaer Bce npuMepbl DCB, ussecrHbie panee. Ko-
JINPOBAHUE BLIPAYKCHUI IIPOMCXOINT IPOCTHIM U UHTYWUTUBHBIM IIyTEM.
Beesenne HOBLIX omeparyii IPOU3BOANTCS ¢ MOMOIILIO MIPABUI, ITO IO3-
Bosiger pacmupaTh DCB nponsBoabEbIMET OnepanusaMu U goMeHamu. I1o-
MUMO HHJYKTUBHBIX, UCIIOJIB3YIOTCS JI€/lyKTUBHbBIE INpaBUIa. BBEICHBI
Pa3IMYHBIE METPHUKHU OICHKU PEHICHH, 9TO IIO3BOJISET Oy YU Th HE TOJIb-
KO BEpHBIC, HO TAKXKE HEM30BITOYHBIC M 3CTETHYCCKH IIPUBJICKATE/ILHBIC
peICHUS.

PaszpaboTannas METOIUKA U HHCTPYMEHTAPHIA IO3BOJISIOT IIPOBOIUTD
nasbHeie nccegoBanus DCB B cieayoomux ob1acTsIX: MaHUITYIAPO-
BaHME 9aCTOTOH NPUMEHEHUS MIPABUJI PA3HBLIX TUIOB JJIS HMOJIyYeHUs OIl-
TUMAJIBHBIX PE3YJITATOB; NCCJIEIOBAHIS OIITUMAIBLHOIO BECA METPUK JIJIs
[OJIyYeHNs PENIeHui, cOaIaHCHPOBAHHLIX 110 PA3HBIM IIapaMETPAaM; IPH-
Mvenenne CB K HOBBIM 06J1aCTSIM, B EPBYIO OYEPEb K JIOTUKE U HEYET-
KOl MaTeMaTHuKe.

Cnucok Jureparypbl

[1] Koza J. Genetic Programming: On the Programming of Computers
by Means of Natural Selection. Mit Press, 1992.



2l
13l

4]
5]

Cekrust «/HTE/IEKTYaIbHBIE CHCTEMBI» 39

Ferreira C. Gene Expression Programming: Mathematical Modeling
by an Artificial Intelligence. Springer, 2006.

Diver D.A. Applications of genetic algorithms to the solution of
ordinary differential equations // Journal of Physics A: Mathematical
and General. N 26. 1993.

Schmidt M., Lipson H. Distilling Free-Form Natural Laws from Ex-
perimental Data // Science. Vol. 324. No. 5923. 2009.

Troelsen A. Pro C# 2010 and the .NET 4 Platform. Apress, 2010.



40 WNarennekTyaabHble CUCTEMBI U KOMIIBIOTEPHBIE HAYKU

IIpnbau>keHHOEe pellieHue 33J1a4u O OJIM30CTU B
€BKJINJIOBOI MeTpUKe

T'acamoB 3. 93., Ocrpoyxosa E. H.
(Mocksa, MI'Y um. M. B. JIomonocosa)

el gasanov@mail.ru

Mser GyjeM MCHOIB30BATh TEPMUHOJOTUIO M 0DO3HAYEHUST U3 pabo-
ol [1].

[Tycrs X — MHOXKECTBO 3alpocOB € 3aJaHHBIM HA HEM BEPOSTHOCT-
HbIM 1pocTpancTBoM (X, 0, P), rie 0 — asre6pa 10 MHOXKECTB MHOXKe-
crBa X, P — BepositHoCTHAst Mepa Ha 0; Y — MHOXKeCTBO 3aruceii (06b-
eKTOB IIOKCKa); p — OuHapHOe oTHOIIeHne Ha X X Y, Ha3blBaeMoe 0m-
noweruem noucka. Ilarepky S = (XY, p, 0, P) nazosem munom. Tpoii-
ky I = (X,V,p), tne V. — HEKOTOpOE KOHEYHOE MOJMHOXKECTBO MHO-
xKecTBa Y, B JajibHeiIieM Ha3biBaeMoe Oubauomerod, OyaeM Ha3bIBATh
3adauets ungopmayuonnozo noucka (3MUII), n 6ynem caurarb, aro 3UII
I = (X,V,p) comepKaTeybHO COCTOUT B EPEIUCIICHUH JIJIsI IIPOU3BOJIBHO
B34TOrO 3ampoca € X BCeX TeX W TOJBKO Tex 3ammceit y € V Takux,
qTO X PY.

[Iycts f — ogHOMECTHBIN TpEIUKAT, OMpe/IeeHublii Ha X, TO eCcTb
[+ X — {0,1}. Muoxkecrso Ny = {x € X : f(x) = 1} nazosem zapak-
MEPUCTNUYECKUM MHOIHCECMEOM Npedurama f.

Mmuozxkectso O(y, p) = {x € X : zpy} nazosem menvio s3anucu y € Y.

Pyuxnmo Xy, : X — {0,1} Takyio, uro N, = = O(y,p) Ha3s0BeM

Xy,
rapaxmepucmuieckot Gyrnxuuetd sanucu y. ’

IIycte F' — MHOXKECTBO CHMBOJIOB OJHOMECTHBLIX IPEIUKATOB, OIIpe-
JEeJICHHBIX Ha MHOXKeCTBeE X, G — MHOXKECTBO CHMBOJIOB OJHOMECTHDLIX
epeKJIoYaTeiei, onpelejaeHabx Ha MuoxkecTBe X . Ilon nepeksouare-
JieM OyJzieM moHuMAaTh PYHKINIO, 00JIACTHIO 3HAYEHUI KOTOPOH SIBJISIETCS
HAaJYaJIbHBI OTpe30K HarypasbHoro psna. [lapy F = (F,G) uazoBem 6a-
306bLM MHONHCECTNEOM.

[onsitue ungopmayuonrozo epaga (M) nad 6asosvim mHoscecmeom
F = (F,G) oupegensiercst cyeayonmm obpazoM. PaccMOTpuM KOHETHY IO
MHOT'OIIOJIIOCHYIO OPMEHTHPOBAHHYIO CeTh. B Heil BbIOMpaeM IoJroc, Ko-
TOpLIA HazbiBaeM KopHeM. OcCTajbHbIe IIOJIOCA HA3BIBAIOTCS JIUCTHAMU U
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UM IPUMTHACHIBAIOTCS 3aIUCH U3 Y , IPUYEM PA3HBIM JINCTHIM MOI'YT ObITh
MIPUIIACAHBI OJNHAKOBBIE 3amucu. HekoTopble BEPIIMHBI CETH HA3BIBAIOT-
Cs TIePeKJI0YaTe/IbHBIMA U UM IPUINACAHBI TEPEK/IIOYaTe N U3 MHOXKEe-
crBa G. Pebpa, ncxoisinue u3 9TUX BEPIINH, HYMEPYIOTCS MOJIPS, HATU-
Hasl C €JIUHNIBI, 1 HA3BIBAIOTCS HEpeKIoYarebHbIME pebpamu. Ocraib-
HbIe pebpa CeTH Ha3bIBAeM MPEINKATHBIMU U MIPUINACBIBAEM UM IIPEJIN-
KaThl U3 MHOY)KecTBa F. Takum obpa3om Harpy:KeHHYIO MHOTOIIOJIIOCHYIO
ceThb Ha3bIBaeM WHQPOPMAIMOHHBIM TpadoM Ha 0a30BBIM MHOXKECTBOM

F=(FG).

Dynxyuonuposanue UNGOPMayUoHH020 2pada ONPEIENSTETCA CIeLy-
oM obpazom. CKaykeM, 4UTO MPEIUKATHOE DPEOPO TPOBOJIUT 3AIpPOC
x € X, ecu f(x) = 1. IlepekmovarenbHoe pebpo, KOTOPOMY IIPUIIH-
CAH HOMED 7, TPOBOJUT 3aIPOC X, €CJIN TEPEKII0IATEe/ b, TPUTHCAHHBII
HavYaJIy 9TOr0 pebpa, Ha 3alpoce & MpuHUMaeT 3HadeHnue n. OpPUEHTUPO-
BaHHAs TIEMb PebEp MPOBOIUT 3AIPOC X, €CIN Kaxk10e pedbpo Toil 1enn
nposout x. 3anpoc & € X npoxonut B Beprmnay 3 UL ecnu cymecTy-
€T OpUEHTHPOBAaHHAS IIeN0YKa pebep, Bedylias u3 KOPHS B BEpIIUHY [3
U TIPOBO/ISAIIAS 3aPOC T. 3AIUCH Y, TPUMTHCAHHAS JIUCTY (v, MOMAIaeT B
oreer UT" na 3anpoc x € X, ecsin 3anpoc  npoxonut B JucT «. OTBeTOM
UT' U na zampoc x Ha30BeM MHOXKECTBO 3aruceit, monasiux B orser VI
Ha 3ampoc , u obozuaumm ero Jy(z). Pymkmmo Jy(z) : X — 2¥ 6ymem
cunuTaTh pesyiabraroM dyukimonuporanus UTN U.

Host BUIL I = (X, V, p) oboznaunm Jr(z) = {y € V : xpy} — orser
sajaun [ wa 3anpoc x, R(I) = My |Jr(x)| = > P(O(y,p)) — cpenuss
yev

JJINHa OTBETa, UJIN CpeJHee BpeMsd IIepeInucC/IeHudA OTBeTa.

[Tycre mam pana SUIT I = (X, V,p). Ckaxem, uro UI' U periaer
BUIT I = (X,V,p), ecmm Jy(z) = {y € V : zpy}. UI' U, permratonmmii
SUII I, 6ymem Tak»Kke HaswiBaTh donycmumvim s . Muoxkecrso WD
Hay 6a30BbIM MHOXKecTBOM JF, pematorux UL I, Oymem obo3nadarhb

U(I,F).

[Iycts S — Hekoropast BepruHa WI. Ilpemukar, onpejeseHHBIN Ha
MHOXKECTBE 3aIlpOCOB, KOTOPBIN NpUHUMAaeT 3HadYeHune 1 Ha 3arpoce &,
€CJIU 3aITPOC ITPOXOUT B BepiuHy 3, n 0 — B IPOTUBHOM CJIydae, Ha30BEM
Pynryuets gurvmpa Bepmunet 5 1 0603HAUUM P3(T).
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Caooricnocmvio U U na 3anpoce © € X Ha30BEM YHCTIO

T(U,z) =Y ¢p(x)+ Y vp-pa),

BeP BER\P

rjie g — KOJIm4ecTBo pebep, ncxopdamux us sepumuel (, P(U) — muO-
skecTBO Beprn nepexsodenns UI' U, R(U) — MHOXKECTBO BCEX BEPIINH
uru.

CkaxxeMm, 9TO 6a30BO€ MHOXKECTBO J — uU3MEpPuMmoe, eCIi KaxKIast
dyukuus uz F usmepnma (oTHocuTeabHO o). lasee Besje Oyiem mpei-
[I0JIAraTh, 9TO 0A30BOE MHOXKECTBO U3MepuMo. B aToMm ciryuae myis jiroboro
UT' U nan F dyukuus T'(U, x) kak DyHKIUS OT T U3MepUMA.

Caootcrnocmuvio UI' U Ha30BEeM MaTEMATHIECKOE OXKUJIAHUIE BEJTUIUHBI
T(U,z), ro ectb uncso T'(U) = M,T(U, z).

Caooicnocmvio 6 xyduiem cayvae HA30BEM BEJIUIUHY f(U ) =

max T (U, x).
rzeX
Bynem paccMaTpuBaTh CIIeIyIOIIHe CIOXKHOCTHBIE XapaKT€PUCTHKH:

T'(U,2)=T(U,x) — |J1(x)|, T"(U)=M,T'(U, x), T\’(U):rgflea))((T’(U,x).

T'(U, x) xapakTepusyeT BpeMs OKCKa 6e3 [epevncaeHnst OTBeTa Jis 3a-
npoca .

Obsemom Q(U) UI' U nazosem uucsio pebep B rpacde U.

ITycrs I = (X, V, p) — ucxonnas 3aja4a nHGOPMAIMOHHOIO IOUCKA.
PaccmoTpuM BeioMoraTenbHyIo 3a/1ady I= (X,V,p).

Hasosem wymom napw (I,1) ma sanpoce x mmoxecrso N(z) =
J7(x) \ Ji(x). Hazosem deduyumom napol (I,1) ma sanpoce x wmmo-

xectso D(x) = Jr(x) \ Jf(x). Cpednum wymom napw, (I, 1) maso-

seM seanny n(l,I) = Mg[N(z)| = > P(O(y,p) \ O(y,p)). Cpeo-
yeV

rum deguyumom napos (I,I) masosem Bemmauny d(I,1) = My|D(z)| =

> yev P(O(y,p) \ O(y,p)).

_ ant(l1—a)d .
BeJII/I‘H/IHy m(O{) = T, 3aBUCAIYIO OT JEHCTBUTEJILHOI'O ITa-

pamerpa « € [0,1], naszeiBaem owubkot napve (I,I) npu yene owubru

a. Bemauny m = sup m(a) HazbBaeM Maxcumaavbroli owubkotld napol
a€l0,1]

(1,1).
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OrmumieM THIT 3319 TTOUCKA, KOTOPBIA COOTBETCTBYET JIBYMEPHOI 3a-
Jade o 0JIM30CTU B €BKJIMIOBOI METPHUKE.

Iycts X =Y = [0,1]2 — MHOXKecTBa 3ammpocoB I 3ammceii cOOTBeT-
crBerno. Ilycts na muOXkecTBe X 3a/1aHO BEPOSTHOCTHOE MPOCTPAHCTBO
(X,0,P), P — paBHomepnoe pacnpejesierne aa X. OTHOIIEHHE MOUC-
Ka ppr ompeneneno Ha X X Y U 3a7aeTcs CAEAYIONUM COOTHOIIEHUEM:
(z1,22)pr(Y1,42) <= /(z1 —y1)? + (x2 — y2)> < R, rzie R € [0,1]. To-
riaa tun (X,Y, pgr, o, P) HazoBem munom deymeproti 3adavu o 6auzocmu
8 €68KAUI0BOT MeMPUKE.

Eciu a € R, 10 |a| — Hanmenbiee nesoe, He MEHbIIEE, YeM .
2
Ecmm a = (a1, 02),x = (x1,22) € R*, 10 ax = 121 + agxs.

Ecimn o € R?, a,b,d € R, m € N, To 0603Ha4mM

1, eciim ax > d,
0, ecmn ax < d,

fad(x) = {

Fy = {faa(z) : « € R?,d € R}, (2)
1, eciim ax < d,
Jad(7) = { 2, ecm ax > d, (3)
G1 = {gaa(z) : a € R, d € R}, (4)
tatm() = | 5= ®
G2 = {9a,apm(x) 1 € R% a,bcR,m e N}, (6)

F = (F U{1},G; UG5). (7)

Brnech 1 — mpeaukaT TOXKIECTBEHHAs €IMHUIIA.

Byzaem nucars A(n) < B(n), eciau cymecrByer KoHcranTa ¢ > 0, 4ro
A(n) < ¢B(n), HaunHasi ¢ HEKOTOPOI'O HOMEPA 7).

Teopema 1. Ilyecmv I = (X,V,pr) — deymepran 3adava o 6auzocmu
6 eskaudosoli mempurxe, |V | = k. Basosoe mnosicecmso F 3adaemces co-
omnowenuamu (1)-(7). Tozda cywecmeyrom 6cnomozamenvovie 3adau
I = <X,V,bv1> u Iy = <X,‘/,ﬁg> u UI''U; € U(Il,]:), Uy € U(IQ,F)

maxue, 4mo 6EPHDL a&edymuwe OUEHKU CAOIHCHOCTNU!
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2 1
Q(U1) < g%k Q(Us) < gk' Tt
T'(Uy) = ¢? T'(U2) X q
T'(Uyp) < ¢ log, k T'(U3) < qlogy k

37 ~ T 38 50 T 51
o0 < M, I1) < 1555 o0 < M1, I2) < 1a55

2de 1 < q < logy bk — namypaavholi napamemp.

Cnucok Jureparypbl
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Maruu. — M.: ®U3MATJINT, 2002.
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Ba3za 3nanwmii moBbINIeHUS TPOU3BOIUTEIHHOCTH
MPI-tipunoxkenuii

Heprynos A. B. (Hwxnuit Hosropos, Huxkeropocknii
rocyiapcrennblii yausepcurer um. H. 1. JlobaueBckoro)

anton.dergunov@gmail.com

s amamunza MPI nmporpamM 9acTo MCIOIL3YIOT MPOrPaMMHBIE CH-
CTEMBI, KOTOPBIE OCYIIECTBJISIOT cOOp M BU3YAIM3AIUIO TPACCHI BBIIIOJIHE-
HUs nporpamMMbl. Ho Ipm MCIOTb30BaHNN TAKUX MHCTPYMEHTOB ITOJIB30-
BaTeJb CTAJIKUBAETCA C MpobJieMoil aHaau3a OoJIbIINX 00beMOB MHMOD-
Maruu. Jpyroii mpobJieMoil Tpu UCIOJIb30BAHUE CPEJICTB BU3YAJM3AIIH
SABJISIETCS TO, YTO YaCTO BCTPEUAIONINECS CUTYAIIUU, MPUBOMIAIINE K I10-
TepsaM npousBoguTesbHocTH MPI mporpamM, sBHO He BU3yaIn3UpyIOTCH,
TO €CTh OTCYTCTByeT 0a3a 3HAHWII MOBBIIICHUS TPOUIBOIUTEILHOCTH.

ITosToMy BO3HHKAET MOTPEOHOCTH B CPEICTBaX, KOTOPbIE ObI aBTOMa-
TU3NPOBAJIA AHAJIN3 TPACCHI U II0JICKA3AJIN II0JIb30BATEIIO, KaK IIOBBICUTH
MIPOU3BOIUTE/IHLHOCTL €0 IMporpaMMbl. B jaHHO# pabore ONMUCHIBAETCS
IIporpaMMHasl CUCTeMa, BBIIIOJIHAIONAs 3Ty 3aJa4y.

CxeMma paboThI CHCTEMBI ITpeJICTaBjIeHa Ha puc. 1. VcxoqHbiMu JTaHHBI-
MU siBJIsieTcsd Tpacca BbinmojiHeHust MPI npuioxkeHust, moyrydeHHas ¢ 1o-
MOIIBIO TpaccupoBiiuka. OHa aHATU3UPYETCST MOJLYJIEM aBTOMATUIECKO-
ro aHaJIn3a Tpacchl. Pe3ysibraT aHa/M3a — CIUCOK BBISIBJIEHHBIX MTPUIUH
HEJIOCTATOYHOI TPOU3BO/INTEJILHOCTHU M10JIb30BATEIbCKOTO ITPUTIOKEHUST C
yKa3aHUeM CTelleHU WX BJIUSHUs Ha 00Inee BpeMs PAOOThI ITPUJIOKEHUS.

Bxonnble 1aHHbIE: Momysb Pe3yabTaT: BBISBICHHbBIC
Tpacca BBIIOJIHEHHS —>| aBTOMATHYECKOTO —»| MPUYHHBI HEJOCTATOUHOM
MPI npunoxenus aHaNM32a TPacchl MIPOU3BOIUTENBHOCTH

T

ba3a 3HaHuii npuunn
HEJ0CTaTOYHOH POU3BOUTENBHOCTH
MPI npunoxennit

Puc. 1. Cxema paboThl CUCTEMBI.
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Kimro1eBbIM KOMIIOHETOM 3TOI CHCTEMBI sIBJsSIeTCs 0a3a 3HAHUI ITpH-
9MH HEeJ0CTATOYHBIX mpomspoauTensbHocTu MPI mpumoxkennit, koTropast
COCTOWT W3 IPABUJI, OMMMCAHHBIX Ha CIEIUAJIHLHOM A3BIKE, Pa3pabOTAHHOM
B paMKax 3To cuctembl. [IpaBuia UCIOIB3YIOTCA B CUCTEME LI CJIELY-
IOIIUX IIeJIeli:

® OIMCAHWE COCTABHBIX COOBITH, KOTOpbIe (DOPMUPYIOTCS HA OCHOBE
MIPOCTBIX COOLITH, COOPAHHBIX TPACCHUPOBIIIUKOM BO BpeMs pabo-
TBI IIPOI'PAMMBI, HJIM JPYTUX COCTABHBIX COOBITUN, U ITPEJICTABIISIIOT
00011 BBICOKOYPOBHEBDIE OIIEPAIIUK TPOrPAMMBIL;

e OIMCaHMe TPUYUH HeJ0CTATOUHON mpousBoauteabHocTn MPI npu-
JIO?KEHUI.

Hurke npuBeieH npuMep IpaBmila, ONACHIBAIOIIETO COOBITHE OIlepallin
IIpreMa JTaHHBIX, KaK COCTOAIIEee U3 IIPOCTBIX COOBITUI, COOTBETCTBYIOMINX
BbrzoBaM dynknuit MPI Recv init w MPI Start.

rule
event el
type function_call_non_blocking receive_operation
event e2 type function_call_request_handling
where
el.@function_name eq "MPI_Recv_init" and
e2.@function_name eq "MPI_Start" and
el.request = e2.request
compose event of type point_to_point_operation
type = RECEIVE_OPERATION
function_name = el.funcion_name
start_time = e2.start_time
finish_time = e2.finish_time
source = el.source
dest = el.dest
tag = el.tag
comm = el.comm
delete el
delete e2;
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OnHO#l M3 UPUYUH HEJIOCTATOYHON ITPOU3BOJIUTEILHOCTH SIBJISETCS
IJI0Xasd CHHXPOHM3AIlUsl TpUeMOB U mepenad jganabix B MPI mporpam-
Me. B pesyibrare mporie/iypa mpueMa JIaHHBIX MOYXKET MPOCTauBaTh, JI0-
JKIUJIASICh [OCBUIKK JaHHBIX (cM. puc. 2). s perenust 3Toil mpobsieMbl
HYKHO 00eCIIeYUTDb, YTOOBI COOOIIEHNUsI TTOChLIAUCH KAK MOXKHO PaHBIIIE,
U TaKUM 00Pa30M IOBBICUTH BEPOATHOCTH TOT'O, UTO COODINEHUE MPUdY-
JIET JI0 MOMEHTa, KOTJa OHO 1oTpebyeTcs jipyromy mporeccy. Cresyroriee
[IPABUJIO OMKCBLIBAECT 3Ty CUTYAIIHIO:

npouecc 1 MPI_Send

nporecc 2 MPI_Recv |

N~ —
—_—

BpeMsi Oe3eiCTBUS

BpeMsi paboThl
HPOTrpaMMBbI

Puc. 2. Ilo3auss nocblaKa JJaHHBIX.

rule
event e type point_to_point_operation_group
where
e.receive_function_name eq "MPI_Recv" and
e.send_start_time > e.receive_start_time
create performance observation
name = "llo3nHsd MTOCHJIKA HAHHHX"
description = "Omepanus NOCHIJIKK [NaHHHX BhH3HBaeTCH
IO3JHee ollepanuy IpreMa. l3-3a aToro 6iorupywpmas
olepalus IIpreMa BHHYXIeHa IpOCTamBaTh.'"
advice = "VIy4umumTh CHHXPOHHU3AIW IPUEMOB U Ilepelad
OAHHBX, OIpAaBldAd OAHHHE II0 BO3MOXHOCTH paHblle, WK
HCIOJIb30BaTh HeOJOKHpyKIXe oIepaluu IpueMa."
impact = opl.send_start_time - opl.receive_start_time;

C mOMOIIBIO MTPUBEJIEHHOTO TPABUJIa OCYIIECTBIISIETCS ODHAPYKEHUE
omepalnii JByXTOYEIHOr0 OOMEHa [TaHHBIMK, OIepalldsd IpUeMa, JTaHHbIX
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B KOTOpBIX Os10Kupyiomero tuna (MPI Recv) u Bpemsi Hagasa mochLi-
KU JAHHBIX I03/IHEe BPEMEHHU Hada/Ia IIpueMa JaHHbiX. [Ipu BeimosiHeHnn
[EPEYUCIICHHBIX YCJIOBAN CHCTEMa JIeJIACT BBIBOJ, O HEdI(M@EKTUBHON pa-
6oTe mporpaMMbl, CBSI3AHHON C MMO3/IHEN MOCBHLIKOM JaHHBIX. B mpaBuie
YKa3bIBAETCsI [IOJIPOOHOE OITUCAHUE TOM MPUIMHBI HEJIOCTATOYHON TPOU3-
BOJUTE/ILHOCTU U COBET IO ee yCcTpaHeHuio. TakKe BHIUYUCIIAETCS CTEIIeHb
BJIMSIHUS Ha 00I1Iee BpeMsi paboOThI IPOrpaMMbl, KaK Pa3HHUIIA MEXK/Ly Bpe-
MEHEM HaJaJia MOCHLIKHU JAHHBIX U BPEMEHEM €ro MpuemMa.

Daza 3nanmit cmcTeMbl COCTOMT W3 MPABWI, OCYIIECTBJIAIONINX BBI-
SABJICHUE CJICIYIONINX IPUYINH HEIOCTATOYHON mnpousBoauTenbuoctu MPI
MIPOrpaMM: MO3MHSAS MTOCHIIKA JAHHBIX, MO3HAN TpUeM JTaHHLIX, PAHHUH
[pUEM JIAHHBIX [PU OMEPAIMH «OT MHOIUX K OJHOMY» U T.JI. DTOT CIIU-
COK OBbLI COCTABJICH Ha OCHOBE aHAJJIU3a JUTEPATYPHI [0 ONTUMHU3AIIN
MPI nporpamm u cranmapra MPI. Bosee moapobno cocrap 6a3bl 3HAHUIT
ommcan B padore [1].

B pa6ore [1] ommcan sKcriepuMeHT O TOBBIIEHUIO TIPOU3BOIUTETHHO-
cru MPI nporpammbr ¢ momornpio pazpaboTanHoii cucrembl. B pe3yiibra-
Te aHAJIN3a TPACCHI ee PADOTHI HA KJIACTEPE CUCTEMON OBLIN YCTAHOBJIEHBI
NPUYUHBI HEJOCTATOYHON TPOU3BOAUTEILHOCTH U BBIJIAH COBET 10 U3Me-
HEHUIO MPOTIPAMMBI TIOJIH30BATENS I YIIYUIIEHUs €€ MPOU3BOIUTE b
moctu. Ilocje BHeceHus m3MmeHeHuUit 06IIee BpeMsi pabOThI ITPOTPAMMBI
CYIIECTBEHHO yMEHBIITNIIOCE.

Cnucok Jureparypbl

[1] Kapuenko C.H., leprynos A.B. IIporpamMmublie cpejicTBa HOBBIIIIE-
Husi npousBojguTesbaocT MPI-nipunoxkennit // Cynepsbrancienust u
MaTemarudeckoe mojenuposanue. Tpyast XII mexmyHapoaHoro ce-
munapa. — Capos: OI'VII «POAII-BHUUD®», 2011. C. 195-202.
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I'eomeTpuydeckuii 1Mo/ IX0/; K paclio3HABAHUIO 3PUTEIbHBIX
obpa3oB (kparkuii 0630p)

Kosmos B. H. (Mocksa, MI'V um. M. B. Jlomonocosa)

Huxe conep:karTe/ibHO OINUCHIBACTCS  JIMCKPETHO-T€OMETPUIECKUIA
MOJTXO/T K PACTIO3HABAHUIO 3PUTEIBHBIX U OCHOBHBIE €r0 Pe3yabTaThl. Omn-
canue pa3dbuTo Ha 5 MyHKTOB.

I) NsobpakenneMm 37eCh Ha3BIBACTCS KOHEYHOE MHOXKECTBO TOYEK
B €BKJIMJIOBOM IIPOCTPAHCTBE. B 9acTHOCTH, JBYMEPHBIM WJIA ILIOCKUM
n300pakeHNeM Ha3bIBAEM KOHEUHOE MHOXKECTBO TOYEK Ha 1tockocTu. Co-
JlepKaTeIbHBIM 00OCHOBAHUEM 3TOMY MOXKET CJIY’KUTh TO, YTO JII0O0E pe-
ajnbHOe (He IBETHOEe) m300paykeHre MOYKHO alllPOKCHMUPOBATH M300pa-
JKEHUEeM U3 TOYeK, IIPUYeM B HYKHOI Mepe MOXKHO IIepPeJIaTh BCe I'Da/jia-
[IUU «CEPOTO I[BETA» PA3HON IJIOTHOCTHIO TOUEK B PA3HBIX YaCTsIX n300pa-
»KeHus. Takoe npejcraBjieHue HE 3aKPBIBAET JIOPOTY U K PACCMOTPEHUIO
[BETHBIX N300PaKeHM, ITOCKOJIbKY, KAK U3BECTHO, I[BETHOE N300parKeHne
MOYKHO TTPEJICTABATL TPEMsI He IBeTHbIMU. HakoHerr, Bce, 9TO MBI BUJINM,
MBI BUJIUM TIOCPEICTBOM TJia3. V3o0pakeHue u3 cpejibl IIPOEIUPyeTcs Ha
CeTYaTKy IJIa3, YTO IIPUBOJUT K BO3DYKJIEHUIO YaCTH PEIENTOPHbIX KJle-
TOK, TO €CTh, B KOHEYHOM cUeTe, K (DOPMUPOBAHUIO HA CETUATKE aHAJIOra
COCTABJICHHOI'O U3 TOYEK U300parKEHUS.

AHAJIOTUYIHO JBYMEPHOMY CJIyYalo, KOHETHOE MHOYKECTBO TOYEK B
TPEXMEPHOM ITPOCTPAHCTBE MOXKET AIPOKCUMUPOBATH C HY2KHOH cTe-
MIEHBIO TOYHOCTBIO MPEJIMETHI, CIIEHBI, U B IIE€JIOM OKPY?KAIOIIYIO CPEJLy.
Hakomneri, koHe4HBIE MHOXKECTBA TOYEK B UETBIPEXMEPHOM ITPOCTPAHCTBE
MOTYT MPEJICTABIATH TPEXMEPHDIE CIIeHbI B AuHamuke. [Ipn sTom onna m3
oceit HHTEPIPETUPYETCsi KAK OCb BPEMEHH.

Nrak, ocHoBHOIT 06BHEKT PACCMOTPEHUsT — KOHEYHDLIE MHOXKECTBA TO-
Y€K B €BKJIMJIOBBIX IpocTpaHcTBax. C TakuM OOBEKTOM MOXKHO YK€ pa-
6oTarh HOPMATBLHBIMU, MATEMATHYECKUMH CPEJICTBAMH, TO €CTh JIOKa3bl-
BaTb TEOPEMBI, JIeJIaTh KOJMYeCTBEHHbIE OlleHKH, U 1p. Ha sTux Teopemax
MOXKHO OCHOBBIBATH AJTOPUTMBI PACIIO3HABAHUSI, DA3UPYIONINECH yKE HE
HA MPABJIONOJOOHBIX PACCYKIEHUSX (KaK IPU 9BPUCTHYIECKOM TIOJIXOJIE),
a Ha TOYHBIX JIOKA3ATEJILCTBaX. JTO TO, YTO MOXKHO HA3BATh JIOKa3a-
TeJIbHBIM, TEOPEMHBIM YPOBHEM DACCMOTPEHUs IIPODJIEM PACIIO3HABAHUS
n300parkeHwuii.
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IT) Urak, aa nzobpazkenuss A u B — 9T0 JiBa KOHEYHBIX MHOXKECTBA
TOYEK, HAIPUMED, J1Be (DUTYPDI, B 3HATUTEIHHON CTEMEHN TTOBTOPSIONIIE
odepTraHusMu, (DOPMOH JAPYT JAPyra, U HAM 3TO OOCTOSITEILCTBO HYZKHO
BBISICHUTB. [Ipobyiema, ofHako, B TOM, ITO apuopyu HAM HEM3BECTHO, ITO
9TO0 3a purypsl, 60jee TOro, HEU3BECTHO, IJI€ Y HUX [PABbIE-JIEBbIE YaCTH,
BEPX-HU3, TO €CTh HET HUYET0, KPOME JIBYX MHOXKECTB TOUeK. Kak MOKHO
6bLIO OBl OMpPEJEUTh CXOXKeCThb 1o (ropme 3tux buryp? Ecim 6b1 oHR
OBLTN OJMHAKOBDLI, TO, OYEBHUIHO, 9TO MOXKHO ObLIO ObI BBISICHUTH HAJIO-
JKEHMEeM X JIPYT Ha Jpyra (HAIpuMep, JBUKEHUSIME, TO €CTh H30MeTPHU-
YEeCKUMHU [PeoOPa3OBaHUSAME) Tak, YTOOBI OHH IIOJHOCTHIO (IIOTOYEYHO)
coBnasiu. ey ke urypbl He BIIOJTHE OJIMHAKOBBI, TO HAJIO JBUKECHUSIMHI
PACIIOJIOXKUTh UX OJHY Ha JPYToifl Tak, YTOOBI CTEIEHb UX «HECOBIAJIE-
HUsT», «PACCOIVIACOBAHU» ObLa Obl HAMMEHDIIICH U3 BO3MOXKHBIX. B 3TOM
caydae BEJMYUHA TOIO «PACCOTJIACOBaHUsi» ObLiIa Obl KOJUYIECTBEHHO
XapaKTEePUCTUKON HECOBIAICHUS MO (hopme.

Crenaem 310 Tpebyemoe cienyronmuM obpazom. st Kaxkmoit TouKu
KaKJI0ro 13 nzobpaxkennii A u B B KauecTBe XapaKTEPUCTUKY PACCOTIIA-
COBaHMS ITOM TOUKU CO CPABHUBACMBIM M300PaYKEHNEM BO3HBMEM OTPE30K
MeXK/JIy Helo U OJiMKalIeil TO9Koit cpaBHUBaeMOro n3obpakenus. Torma
XapaKTEePU30BATH CTEIEHb HECOBIAJCHUS B MEJIOM JAHHBIX JBYX M300pa-
xeanit A m B 6ymeM HanbOIBITIM U3 OTPE3KOB, B3ATHIX MO0 BCEM TOYKAM
obounx nzobpaxkenuit. O6osHaunM JymHy 3T0ro orpeska uepes A(A, B).

Besmunna A(A, B) xapakTepusyeT B3aHMOPACIIOJIOKEHHE KOHKPET-
HbIX MHOXKeCTB ToueK A u B. Temepb Oyiaem npeobpaszobiBath A u B,
HAIPUMED, JIBHKEHUSIMU TaK, 9YTOOBI OHU KAK MOXKHO 00Jjiee COBIAJIHU, TO
€CTh HUINEM TaKoe B3ANMOpACIoyiokenne A n B, mpum KOTOPOM BEJHNTHHA
A(A, B) nanMeHbInast u3 BO3MOYKHBIX.

HerpyHo BuieTh, 9TO 3TO 3ajiada Ha MOUCK SKCTPEMyMa: KaXKJ0e
13 BO3MOXKHBIX TOJIOXKEHUH 71T A 1 B XapakTepu3yeTcsi BIOJHE OIpe-
nesienHoil BesmanHoit A(A, B); HaJ0 MOCTPOUTH MHOMKECTBO BCEX BO3-
MOYKHBIX B3aUMOPACIONOKEHUN 1t A u B, TOpOXK 1aeMbIX HEKOTOPBIMI
UX MpeodpasOBaHUsIMK (JIBIZKEHUSIME, HAIIPUMED). DTO JIACT MHOXKECTBO
{A(A, B)} Besmunn A(A, B). Haio HaiiTu MEHAMYM Ha 9TOM MHOXKECTBE
(ecam OH CyIeCTBYET, KOHEYHO).

[Tpobaema B TOM, uTo MHOXKecTBO {A(A, B)} — Geckoneunoe, Gosiee
TOYHO — KOHTHUHYAJBHOE 110 MOIMHOCTU. Takum OHO OyJIEeT, JlaXke eciiu
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B35Tb B KadeCcTBe mpeobpazoBanuii 1t A u B nanbojiee pocThbie Tpeod-
pasoBaHMA — IAapaJUIeIbHOIO HepeHoca. EcrecTBenno, npobiema coxpa-
HSIETCSI, KOTJ]a MBI PACIIUPSEM KJIacc MpeoOpasoBaHmil JI0 U30METpUYe-
CKUX — COYETAaHMII NapaJjjleIbHbIX [EPEHOCOB, ITOBOPOTOB M IIPeobpa3o-
BaHU CUMMETPHUM OTHOCUTEJbHO MpsiMoil. Clieyromuii M0 CJI0KHOCTH
KJIacC — MpeoOpa30BaHUs IOM00MsI, KOTAa J00aBJISIETCST BO3MOXKHOCTH
st A m B Ipom3BOJIbHO MEHSIThCS B pasdMepax. Hakownerr, B ciydae ad-
bunHBIX Tpeobpa3oBanmii Mbl J100aBJIIEM KO BCEMY IIEPEUNUCTIEHHOMY €II1e
1 BO3MOXKHOCTB T A 1 B CKUMAaTbCSI U PACTATUBATHCS 1O MTPOU3BOJIb-
HBIM HAIIPABJICHUSIM.

Haubosiee maTEpECEH € MPAKTUYIECKON TOYKHU 3peHusi Kiacc addun-
HBIX mpeobpasoBanuii. V160 B 9TOM ciiytdae MbI CDABHUBAEM «II0 (hopMe»
JiBa, m3obpaxkenus A u B 6e30THOCUTENHHO K MX TOJOXKEHUIO Ha TLIOC-
KOCTH, ITOBOPOTaM, U3MEHEHUIM B Pa3Mepax, CKATUSIM U PACTANKEHUSIM.
O/tHaKO, HATIOMHIM, MBI HE MOXKEM CpaBHUBAThL A n B HemocpeacTBEHHO
mepebopoM, mompodOBaB BCE BAPUAHTHI B3aMMOPACIOIOKEHNH, 16O MHO-
sxectBo {A(A, B)} (Tounee, ero anasor jis abdunmoro ciayvas) — oec-
KOHEYHOE.

HeoxuiaaHoCThIO 3716Ch OBLIIO TO, UTO, KAK TEHEPh JI0KA3aHO, CyIIe-
CTBYET KOHETHOE TIOJIMHOYKECTBO B3aMMOPACIOIoXKeHuit 111 A u B, u, co-
OTBETCTBEHHO, KOHEUHOE 1o MHO)KecTBO Ha {A(A, B)}, Ha KOTOPOM HY K-
HBII MEHIMYM TOJIBKO M MOXKET JIOCTUIaThCsI. DTO KOHEUHOE MHOXKECTBO
B3anMopacnoiokernit A u B MoXKeT 6bITh MOCTPOEHO. ITO, B CBOIO OUe-
pe/ib, 03HAYAET, UYTO OECKOHEUHBIN U IMOTOMY HEOCYIIECTBUMBIN 1epebop
BCEX BO3MOXKHBIX BAPHUAHTOB B3aMMOpacrojoxkenuit A m B MoxkeT ObITDH
3aMEHEH MPOBEPKOH JINIb KOHETHOTO, 3apaHee OIPEJICJIEHHOTNO YHC/Ia X
B3anMopacnogoxkennit. Takum 006pasoM, HET HEOOXOINMOCTH MTPOoOOBaTH
[0 Pa3HOMY CMEIATh, TOBOPAYNBATEL n30bpaxkenuss A u B OTHOCUTETHHO
JIpYT Apyra, MEHSITh UX pasMephl, U IIP. — MOYKHO Cpa3y WITU Tyja, TJe
TOJIBKO U MOXKET OBITh PEIIeHuE.

I1T) OHa 13 ocobeHHOCTEl 3pUTEIHHON MH(MOPMAIIMH — €€ OPOMHbBIE
obbembl |1, 2. I'mas gesroBeka comepkut 0kos1o 130 MUJLIMOHOB CBETOYY B-
CTBUTEJILHBIX 2JIEMEHTOB (T1aJloueK u Kosibouek ). Bmecre ¢ Tem pacnosna-
BaHHEe M300parKEHU OCYIIECTB/ISETCS WHOTJA JIUIb 33 JOJI CEKYHJIbI.
Bpsjt 1 970 MOXKHO C/IeJ1aTh, HCIIOIb3Ys IEJIMKOM BCIO NH(MOPMAIMIO Ha
ceTyaTKe riasza. o/KHO CyIecTBOBaTh HEKOTOPOE «CHUTO» U JJIs U300-
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paXKeHUuil u3 CpeJibl, U JIJIsi BU3yaJabHON NHPOPMAIINY U3 AMSTH [IPU OIIe-
pupoBanuu ¢ Humu. [lapajioke, 0JHAKO, COCTOUT B TOM, YTO IOIBITKH JI0
CcODCTBEHHO PACIIO3HABAHUS BBIJIEJIUTH HA N300PaKEHUSAX «OIMOPHBIE TOU-
KW», «BaxkKHble JleTajn» U 0p. (KaK IPABHJIO, CPEJICTBAMH IBPHCTHUKH ),
€CTb TOXKE PACIIO3HABAHUE, TO €CTh BOZHUKAET JI0 HEKOTOPOU CTEIECHH 3a-
MKHYTBII KPYT. fICHO, 4TO Hy?>KHO H30eraTh 3TOro.

Basaumcst HekoTopbiM dnciaoM r (1 = 0). Beibepem Ha uzobparkennn
A monmuoxkectBo A" Touek n3 A ¢ TeM yciaoBHEM, YTOOBI KayKIast TOUKa
u3 A HaxoJMJIach ObI Ha PACCTOSTHIY, He OOJIBIIIEM T°, OT KAKOH-IM00 TOUKI
u3 A”. dcuo, uro A" MOXKHO TpaKTOBaTh Kak Moau300paskenne n3obpa-
xennst A, B gactaom ciaydae A" moxker cosmanath ¢ A. M3obpaxenne
A" MOYXKHO WHTEPIPETHPOBAThH KakK IMOKpbITHE A Kpyramu pajmyca T ¢
MEeHTpaMi B TOUKax n3 A", mpudeM Takoe, YTO KayK 1asi TOUKa UCXOTHOTO
n300parkeHns MMONAJIAeT XOTsl OBl B OJIMH U3 STUX KPYTOB.

Conep:xkaresibHo A” TpakTyercsi Kak «orpybjieHnes m3obparkeHusi A,
ycTpaHeHne Ha HeM W3JIUIIHAX JeTaneli u moapobrocreit, mostomy A"
Ha3blBaeM 3CKu30M uzobpakenusi A. Ilpm 3amaHHOM Tapamerpe 1 Cy-
nectByer HekoTopoe MuoxkectBo {A"} = {A], ..., AL} sckusoB, npudem
ucxojHoe n3obpazkenue A BXOAUT B 3T0 MHOXKecTBO. OJIHAKO MHTEPIIpe-
TUPOBAThH KaK «OTrpybsieHume» A MOKHO, OYEBHUIHO, JIUIIL T€ ICKU3BI U3
A" KOTOpBIE COCTOSIT M3 MEHBIIETO YUC/Ia TOUEK, YeM HUCXOTHOE M300parKe-
rue A. B wacrnocrn, B {A"} ectb n3o6pazkenne (MoKeT GbITh, HE OJIHO) €
HanMensmuM cpegu A7, ..., A} umciom Todek. Takoe n3obpazkenue Ha-
30BEM OCTOBOM mM300paxkeHust A.

ITpu orerke moxozkecTu ABYX n300parkeHuil JOCTATOIHO, MOYKET ObITD,
OIIEHUTH MX CXOJICTBO B IEJIOM, B IVIABHBIX depTax, Oe3 jerasieit. Tako-
r0 poJla MHTYUTUBHBIE COOOPasKeHUsT HESIBHO IPEJIIIOJIAratoT, ITO BMECTO
CcOOCTBEHHO M300paKeHWil OY/yT HMCIIOJIH30BAHBI JIpyrue n300parkeHus,
[OJIyYE€HHBbIE W3 UCXOIHBIX yCTPAHEHHEM HU3JIUINHUX JeTajieil, To eCTh B
HaIeM ciiydae — 3CcKu3bl. OKa3aj0ch BO3MOXKHBIM TEOPEMHBIM 00pa3zoM
CBSI3ATH CXOXKECTh MEXKJ[y ICKHU3AMH CO CXOXKECTBIO MEXKJy OpHUTMHAJIa-
MU. DTO Jae€T BOZMOXKHOCTh, UMesT JIEJI0 C SCKU3aMU, Je/IaTh OIEHKH JIJIsi
CXOYKECTH MCXOJIHBIX M300parKeHuit.

IV) Kox nszobpakenust A — mapa < My, T4 >, tine My — MHOXKe-
CTBO HOMEPOB ToueK. MHokecTBO T4 COCTOUT U3 UMCET C UHIEKCAMU BUJIA
Pmnu,ksp- SNECH Prnu ksp HOIYyHAETCsS OTHOIIEHHEM ILIOMIA el TPEyTroJib-



Cekrust «/HTE/IEKTYaIbHBIE CHCTEMBI» 93

HUKOB C BEPUIMHAME B TOUKaX N300PaykeHusl ¢ HOMEPAMU COOTBETCTBEHHO
m,n,u u k,s,p (6CTECTBEHHO NIPH YCJIOBHUHU, YTO IJIOMIAJ(b TPEYTOJbHIKA
C BepIIMHAMHU B TOYKax k,s,p He paBHa HyJ0). Takue ducsia p CTpo-
SITCSI JIJTsT BCEX IMMap TPeyroJbHUKOB. lloguepkHeM, 9TO TOJBKO Ha ITalle
bopMuUpPOBaHMS UHCIA Py ksp MBI TOBOPEM O TPEYTOIBHUKAX M O ILIO-
@JIsIX — Jlajiee 9Toi naopManyuu HeT U 14 COCTOUT TOJBKO U3 YUCEJT €
UHIEKCAMIU.

JokazaHo, 9T0 KOJIBI JABYX N300pasKEeHU OJIMHAKOBBI (C TOYHOCTBIO JI0
[epeHyMepaluy TOYeK) TOIJa ¥ TOJBKO TOIJA, KOIJA 9T M300paKeHust
LEPEBOISATCS ONHO B Apyroe addUHHLIM IpeobpazoBanueM. TeMm caMmbiM,
9TOT KOJ 3a/IaeT M300parkeHne ¢ TOYHOCTHIO 10 adPUHHBIX IPeodbpaso-
BaHuil. DTO O3HAYAET, YTO II0 KOLY MU300parKeHHe MOXKHO BOCCTAHOBUTD
[0 pa3HOMY, HO BCE BapUAHTHI BOCCTAHOBJIEHUS OYIyT OTJINIATHCS JIPYT
OT Jipyra TOJHKO adOUHHBIMU TPEOOPA3OBAHUSIMU.

AmnayornaupiM cBoficTBOM obmasaeT Kox < Mg, T4 > njst Todek B
TPEXMEPHOM IPOCTPAHCTBE (TpexMepHble n300parkeHus WK Teja). Pas-
JIMYIUE C JBYMEPHBIM CJIYYAEM COCTOUT TOJBKO B TOM, UTO YUCJY p MPHU-
[IUCAHBI JIBE Y€TBEPKU UHIEKCOB 1M, N, U,V U Kk, $, P, ¢ U CAMO THCJIO MOJIY-
YaeTcsi OTHOIIEHHEM 00'bEMOB TETPA’JIPOB C BEPIINHAMEI B COOTBETCTBYO-
X TOYKAX. DTOT KO, TOXKE OIUCLIBAET TEJIO ¢ TOYHOCTHIO 10 adPUHHBIX
IpeoOpa3oBaHM’IA.

JlokazaHo, YTO aHAJIOTMYHBIE KOJBI CYIIECTBYIOT W JIJIsi KOHETHBIX
MHOYKECTB TOYEK B IIPOCTPAHCTBAX PasMEpPHOCTH 7, rae n > 3. AHajo-
IUYHBIE KO/l [IOCTPOEHBI U JIJIsl IPOEKTHBHBIX IIpeobpas3oBanuil [2].

V) Ilycre Tenepsb ecth HEKOTOPOE TEJIO Q) (TpexMepHoe n306parkeHue)
u aByMepHoe n3obpaxkenue S. Bomnpoc, KoTopblil Hac MHTEpeCyeT, MOKET
OBITH IIOCTABJIEH TaK: KaK COOTHOcATCA () u S, eciim U3BECTHO, 4TO S
SABJISIETCS IPoeKIeil Tesa () Ha HEKOTOPYIO ILIOCKOCTD.

OTa 3ajada SBJISETCS OCHOBOI IJIsI BOCCTAHOBJIEHUS TPEXMEPHOI'O
U300pakeHnsT M0 €ro IJIOCKUM IPOEKIUSIM, UTO B CBOI OYEPEIh €CTh
BarkHellIlass COCTAB/ISIONAas MOJeJel CTepeoBOCHPULTUS JJisd pobOTOB,
JKUBBIX OPraHU3MOB W IIPOIELYyP IMOCTPOEHUsT M300parKeHU B TOMOI'Da-
dbumn.

B mesioM paccMOTpeHusI TAKOro Poia JJisi CTEPEOBOCIPUSTUS IPUBO-
ST K cyeaymomneit 3agade. Mmerorcs miockue rnpoeknun S u So Tesia ()
(mpoekruu Ha ceryaTku). OJIHAKO B HAIEM PACHOPSIZKEHUH €CTh TOJIBKO
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II0CKIe n300pazkenusi S) 1 S, Oy UEHHbIE U3 COOTBETCTBEHHO S| 1 S)
IPOU3BOJIbHBIMU ahUHHBIME TIPEOOPA30BAHUAMEI (KAKUME — HEU3BECT-
HO). Kpome Toro, moroueqnoe cOOTBETCTBUE MEXK LY Sy u Sy He 3a1aHo.
Hamo BoccranoButh Tejo Q).

fcHo, 9TO B TaKOil MMOCTAHOBKE CHUMAETCs U BOIPOC O PACCTOSTHUU
MEXK/Iy CeTYATKAMU, ¥ O HAIIPABJICHUM JIydell MPOEKIUU, KOTOPBIMU IIO-
JIYIEHBI TOYKHU Ha S1 U So.

OKas3bIBACTCSI, B TAKOH MOCTAHOBKE 3a/1a4a pemaema: 1m0 97 u Sy Te-
JIO () BOCCTAHABJIMBAETCS C TOYHOCTHIO /10 adUHHBIX ITpeobpa30BaHMiA,
TO €CTh CTPOMTCs TeJo (), OTIMYUAIONIEECs] OT HCXOMHOTO () HEKOTOPBIM
adpdunnbM npeobpaszopanue. IIpn 9TOM Ompese/sieTcst 1 HOTOETHOE
COOTBETCTBUE MEXKTY Sy 1 Sy. Do He SMIHpPHIECKHiT pe3yJIbTaT — COOT-
BETCTBYIOIAsi TEOPEMa, JJOKA3bIBACTCS.

K nacrositiiemy BpeMeHE eCTh HECKOJIBKO KOMIBIOTEPHBIX peaIrn3aIuit
U3JI02KEHHOTO TIO/IXOJIA.

1) PacniosnaBaHue npou3BOJIbHBIX YepHO-0esbIX dburyp: nudp, OyKs,
nojinuceit, neporindoB, puCyHKOB, 1 Ip. Ha 9KpaHe «MBIIIKOH» PUCYIOT-
cst 00pasIbl PUTYpP, KOTOPbIE HYKHO PACIIO3HABATH, OHU OTIIPABJISTIOTCS B
naMsaTh. PacriosnaBaeMblit 00LEKT TOXKE PUCYeTcst Ha 9KpaHe. Pacroszna-
BaHHUE COCTOUT B BBIOOPE TOI'0 OOBEKTA U3 MAMSITH, KOTOPBIi JIydIlle BCEro
«HATSATUBAETCS» Ha OOBEKT Ha SKPAHE METOJAMH, OINUCAHHBIMUA KPATKO
B myukTax [1I u IV. D10 namnytinee «HATIKEHWE» BBIBOJUTCS HA SKPAH
U SBJISIETCs OTBETOM. Paclio3HaBaHue He 3aBHCUT OT PAa3MEpPOB, OPUEHTA-
[IUH, TIOJIOXKEHUST Ha MIJIOCKOCTH, CXKATUH-PACTSKEHUN ¥ JIOKAJIBHBIX OCO-
OeHHOCTell CpaBHUBAEMBIX (PUTYD.

Ecrep Oosiee ciIOKHBIN BapuaHT HOpPOTPpAMMBI, KOIJIa Ha SKpaHe —
HECKOJIbKO (DUT'YP, BO3MOXKHO IEPECEKAIOIINXCs, HAJOKEHHBIX JIPYr Ha
npyra. O6pasiibl U3 TaMATH JOJKHBL CAMU «HARTH» Ha dKpaHe Te Pury-
pbI, Ha KOTOPBIE€ OHU JIyYIlI€ BCEIO «HATSHYTCS».

2) BoccranoBiienne TpexMepHBIX n300pakeHuii 1o crepeonapam (cre-
peodororpacdusim). Mcxomubimu siBiistiorest gBe dororpadun 06beKTa
WIN CIIEHBI B JBYX HECKOJIBKO DA3HbIX pakypcax (OObIYHBIE CTepeola-
pbl). Merojamu, u3I0:KeHHBIME KPATKO B IyHKTe VI, BoccTaHaBImBaeT-
csl TpeXMepHoe u300parkeHne (<«BUPTYaJbHOE», B MAMSTH KOMITBIOTEPA).
DT0 JaeT BO3MOXKHOCTH IOJIYYIATH HOBBIE IPOEKIUH, TO €CTh O0BEKT B
HOBOM pakypce (dakruuecku HOBbIE M306parkeHusi obbekTa). Ecau 1o
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JleJIaTh I0CJIeIOBATEILHO, TO Ha 9KpaHe 00beKT MM CIIEHa ITOBOPAINBa-
I0TCSI TaK, KAK €C/TH Obl MbI [IEPEMEIIAIICH OTHOCUTELHO HUX (KOHETHO,
B OIIPEJICJICHHBIX IIPeJIeJIaX: BOCCTAHABIUBAIOTCA TOJIBKO T€ TOYKU CIIEHBI,
KOTOpPBIE IPUCYTCTBYIOT Ha 06EUX MCXOHBIX [TPOEKIUIX).

3) Pacnosnasanue mesouii. Mesoaum, 3aHOCHMBIE B TAMSITH ¥ Pac-
[I03HABaEMble — TOJIbKO U3 «YUCTBIX», «CHHYCOMJIAJIbHBIX» 3BYKOB (OHU
CPABHUTEJLHO JIETKO CO3/Ial0TCsl HEMOCPEJICTBEHHO Ha KommbioTepe). Ta-
KHE MEJIOJIUU JIETKO <«BU3YAJU3UPYIOTCA» B BUJEC JBYMEPHOU KapTUHKU.
PacnioznaBaemasi MeJIoJIuss MOXKET OTJINYATHCS OT 3AIUCAHHON B MaMsTh
IPOMKOCTBIO, TEMIIOM, TOHAJIbHOCTBIO.
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Astropurmbl kosutektusaoro pasyma (AKP) spisttorcst B HacTosiiee
BpEMsI OJTHON U3 CaMBIX JUHAMUYIHO PA3BUBAIONINXCS OTPAC/CH aJrOpUT-
MOB MCKYCCTBEHHOro mHTeJiieKTa. OHM OCHOBaHBI HA TAK HA3BIBAEMOM
«UHTEJUIEKTE TOJIIBl» — SBJIEHUU, [IPU KOTOPOM CHCTEMa U3 MHOXKECTBA
cs1a00 MHTEJIIEKTYAIbHBIX, PABHOIIPABHBIX U JCIEHTPAIN30BAHHBIX CYIII-
HOCTeil MPOsIBJIIET CBONCTBa MHTEJIIEKTyaJbHOCTH. lIpuMepamu Takux
AJITOPUTMOB SIBJISIIOTCSI «MypPaBbUHBIE aJrOPUTMbI» 1], MeTon post ua-
crur |2], ucKyccTBeHHbIE UIMMYHHBIE CHCTEMBI [3], u . 1.

B ommmune or JApyrux MHTEUIEKTYAIbHBIX cucTeM (HeifipOHHBIE cern,
SKCIIEPTHBIE CUCTEMBI, PeHeTHIecKre ajaroputmbl), 1yist AKP 1o cux nop
HE CYIIIECTBYET ODIEN3BECTHON CUCTEMBI ITOJIICPKKY, PEIIAOIIeil TO MHO-
2KECTBO CEPBUCHBIX 33/1a1, KOTOPOE BO3ZHUKAET IPU ITPOIPAMMHON IMYJIst-
[UU TIOJIOOHBIX AJTOPUTMOB. B CBS3M € 3THM, B KaXKJIOH peasin3aiuu Toro
wim uaoro AKP npuxomurcs 3aHOBO pemiaTh Ipob/ieMbl paclapaJliesii-
BaHUs BBIYUCJIEHUN, BBOJA U BBIBOJIA JAHHBIX M3 CHUCTEMBI, €€ OTJIAJ KU
U MHOTHE JIpyTHe. DTO yCJIOXKHSET IPOIECC pa3pabOTKU U JIeJIaeT IpakK-
THYECKN HEBO3MOXKHOW MHTErpaInio pa3jindHbix perieHuii. Kpome toro,
M3-3a OTCYTCTBUs €IUHOTO (bpeliMBOpKa ITPOU3BOIAUTEILHOCTL Pa3Int-
HBIX AJTOPUTMOB CJIOXKHEE CPABHUBATH: BpeMsi paboThl U noTpediieHne
MAMSITH PA3HBIX PeIleHuit Oy T B IEPBYIO OUYepe/Ib 3aBUCETH He OT ITPUH-
[MUMUAATBHBIX PA3JIUYINN AJITOPUTMOB, & OT OCODEHHOCTEH UX peaIm3alluu.
B mexoropnix ciydasx B KadecTBe (ppeliMBOpPKa MOTYT OLITH HCIIOJIb30Ba-
HBI TaK HA3bIBAEMbIE CUCTEMBI ar€HT-OPHEHTUPOBAHHOTO MOJICJTMPOBAHUS
(cm. nanpumep, [4]). Ho, K cokasieHnIo, 9TH CHCTEMBI HE IO/IEPKUBAIOT
MHOTHX CBOMCTB, siBJIsttoIuxcst cymiecrBeHHbiMu Jijisi AKP. Kpowme Toro,
Cpei HUX HeT OTKPBITBIX pertennii Ha sizbike C#. Takum obpazom, Jijist
00JIerveHnsT peasn3alii, WHTErPAIlUd U CPABHEHUsI PA3JIUIHBIX TUIIOB U
Bapuarmit AKP Tpebyercst cozmanme yHUBEPCATBHOW CUCTEMBI TIO/IEPK-
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KU aJITOPUTMOB JIAHHOTO TUIIA. DTA CUCTEMA JIOJI2KHA, TIOJXOUTH JIJIst CO-
3/aHns Ha ee Gase smysisituit Becex obrenssecTHbix AKP u, kpome Toro,
ObITH yIOOHOI JIJIsT UCIIOIB30BAHNUS, U3YUYEHUs] M PACHIUPEHUsT (TOCKOJIb-
Ky BO3MOXKHO IIpDUMEHEHUE €€ TaKzKe U JJId IMOJJACP2KKU JIPYyTrux CUCTEM,
cxoxux ¢ AKP).

Ha ocHoBanum anajmnsa u KjiacCuUKAIUN CYIIECTBYIOIINX AJITOPHUT-
MOB KOJUIEKTHBHOI'O pa3yMa, Oblj1a IOCTpoeHa ux obmas monenb. Oc-
HOBHBIM 3jieMenToM Hareit mogen AKP apisatores azernmo.. Mypasbu B
MYPaBBUHBIX QJITOPUTMaX M KJETKNA KPOBH B MCKYCTBEHHBIX MMMYHHBIX
cucTeMax sBaSioTca areHTaMu. C TOUKM 3peHust TPOrPAMMUCTa, Ar€HTHI
[PEJICTABIIAIOT €000 OOBEKTHI PA3IMYHBIX KJIACCOB, KOTODBIE IOJJIED-
JKMBAIOT HEKOTOPOE KOJINYECTBO METOJIOB, O(DOPMIIEHHBIX B MHTEpdeiice.
[Tomumo areHTOB, €CTh TaKXKe MUpP, KOTOPBI CONEPKHUT Ar€HTOB U JI0-
MOJIHUTEIBbHYI0 MH(MOPMAIUIO 0 HUX. Bpems B MuUpe JIMCKPETU3NPOBAHO
TaKTaMU, 38 KaXKJIbIIl TaKT BCE areHThI JIEJIAIOT T00bi TOCIEI0BATEIBHO.
Takyke CIIpOEKTHPOBaHA CHCTEMa TPAH3AKIMN, MO3BOJISIONIAs JTOOUTHCS
HE3aBHCHUMOCTHU areHTOB JIPYT OT JIpyra U WUIIO3UU NAPaJIeIbHOCTH UX
paboThl. DTa CHUCTEMa OIPAHMYUBAET CBOOOY IIPOrPAMMHUPOBAHUS JIOIH-
KU B JIEICTBUAX areHTOB, JIONYCKas JIUIIb TAKHUe JIEHCTBUS, KaK IIepeMe-
IIeHIe areHTOB, UX CMEPTDH 1 IOABJICHUE, & TaKXKe JIOKAJbHOE U3MEHEHNe
XapaKTEePUCTUK MUpa. YKa3aHHBIX JEHCTBUN, OJIHAKO, JIOCTATOYHO JIJIst
OOJIBIIMHCTBA AJITOPUTMOB KOJUIEKTUBHOI'O pasyMa. CucreMa TpaH3aKIui
TakzKe MpecTaBysgeT coboit 3MEeKTUBHBIN MEXaHU3M i paclapaJiie-
JINBAHUS aJTOPUTMOB.

ITpocTpaHCTBO B MUpe TUCKPETUUPOBAHO AUEUKAMU, B KAXKION sTIeii-
KE MOXKET COJIePZKaThCd OJIMH WJIM MHOXKECTBO areHTOB, B 3aBUCUMOCTHU OT
HACTPOEK aJIrOpUTMa. Tak:Ke B KarxKJIOi staeifke MOKeT XPAHUTCsT TPOU3-
BOJIbHAs CTPYKTYPa JAHHBIX, KOTOPas IPEeJICTAB/IsIeT JOCTYIIHYIO HHQPOP-
Malio 0 Mupe. dra UHPOPMAIAA MOXKET OLITh M3MEHEHA areHTaMU, a
TaK>Ke U3MEHSIThCS CaMOIPOM3BOJILHO, C TedeHueM BpeMeHu. Ha sideii-
Kax 3a/laHa MonoA02us, KOTOpas OlpejlesideT JJIsd KaxKA0M d4eiiKu 1epe-
YUCIEHNe COCEIHUX C Hell siueeK. DTO MO3BOJISIET JIETKO PeaM30BbIBATH
JIOKAJIbHOE 3pEHMEe areHTOB: IIPU COBEPIICHUN X0/l areHT, KaK IIPaBuJlo,
YYIuUTbhIBa€T COCTOAHUNE JIMITB HECKOJIbKO COCEIHUX A9€eK, COOTBETCTBEH-
HO, €My JOCTaTO4YHO JIHUIIb IIPOUTU 110 MIPEJIOCTABIAEMOMY TOULOJIOIUENR
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nepedncyiennio. Pa3paboTaHbl TOMOJOTHH JIJIsl JIBYMEPHBIX U TPEXMEPHBIX
CETOK, a TaK>Ke TOIIOJIOTHST JIJIsT TPOU3BOJIBHOIO Tpada.

AreHTbl MMEIOT CJIEIYIOIIEe BO3MOXKHOCTH B3AMMOIEHCTBUS JAPYL C
npyroM. Bo-mepBbix, OHEH MOIyT OOMEHUBATHCS wuHMOpPMAIUeil |epes
CTPYKTYPBI JJAHHBIX MUpa, U3MEHsAd UX B paMKax CBOUX XOHO0B. Takoii
o/IX0/T HanboJjiee XapaKTePeH JJIsi MYPaBbUHBIX AJITOPUTMOB. BTOpBIM
CIIOCOOOM B3aMMOJIEHCTBHUsT ABJISIETCS 2hup, B paMKaX KOTOPOro coobiie-
HUS areHTOB CTAHOBSATCH JIOCTYIHBIMU OCTA/JIbHBIM areHTaM Ha, CJIeJyIO-
meit nrepanun. DOUP MOKET OBITH HCIOJB30BAH IPH MOJIEJTHPOBAHIHI
UMMYHHBIX CUCTEM IIPU MOJICJIIPOBAHMS BBIOPOCA KJIETKAMU CUTHAJIHHBIX
BemecTB. TperbuM crocobOM B3aMMOIAEHCTBHUS SIBJISIETCS ITPOM3BOJIHLHOE
W3MEHEHWE areHTaMHu IapaMeTpoB JPYT Jpyra, BbI30B METOJAOB U T.]I.
JlauHBI cr10cOO B3aMMOIAENCTBIS HECOBMECTUM C CHCTEMOI TpaH3aKITHI.

IIpuBemennast MOJE/Ib, C OJHONH CTOPOHBI, YI00HA I ITPOrPaMMHOM
peajim3anym, M, C JPYyroil CTOPOHBI, MO3BOJISIET JIErKo omuchiBarh AKP
Jiroboro Tuita. bolia co3maHa moc/Ie10BaTe/IbHOCTD IPOTOTHIIOB H, 3aTEM,
IIOJTHOIIEHHAS Peasin3aliud 3TON MOJIE/IHU, ITPEJIOCTABIIAIONIAs MHOYKECTBO
yI06HBIX nHCcTpyMenToB st onucanus AKP. Ha kaxkmoil nrepamun pas-
pabOTKM MPOU3BOAUINCH PA3JIUIHBIE THUIBI TECTUPOBAHUS, PE3YJIHTATEHI
KOTOPBIX UCIOJb30BAJIUCH JIJIS JTAJTBHENIIIEro yCOBEPIIIEHCTBOBAHUS ITPO-
nykra. Cucrema peanuzobaHa Ha si3bike C# 4, mox mardopmy Net 4.0,
coBMecTtuMa ¢ mardopmoit Mono. B xome paspaboTkn aKTUBHO HCIOJIb-
30BaJINCh TEXHOJOTMU KOHTPAKTHOI'O M MapaJLIeJbHOIO MIPOrpaMMUAPOBa-
HUSI.

Ha ocnoBanunm mganHoit Mojean ObLIN peajn30BaHbl M3BECTHBIE AJIIO-
PUTMBI U3 KJIACCA MYPABBUHDBIX AJITOPUTMOB, UCKYCCTBEHHBIX UMMYHHDBIX
CHCTEM M Posi YacTuil. B Hacrosiiee BpeMs HAMH BeIyTCs paboTe IO pe-
aJu3aluy JIPYyrux aJrOPUTMOB KOJIJIEKTHBHOIO pa3dyMa Ha 6a3e paspa-
6oraHHo#l cucTreMbl. Kpome Toro, cosmannasi MOJE/b MPUMEHSIETCST JIJIsT
CO3/IaHUsT UHTEJJICKTYAJbHBIX AJTOPUTMOB B KOMIBIOTEPHBIX HIpPaX, a
TaK2Ke JIJIsT MOJICJIUPOBAHUS COIUYMA.
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AKTyasbHOI 3ajadeil 00yUeHNUs B COBPEMEHHBIX YCJIOBUSIX SIBJISIETCSI
UH/IUBUTYQJIA3AIINS, KOTOPasi 00ECIIeInBAETCS UCIOJIB30BAHUEM KOMITHIO-
Tepa. lannaa pabora mpejcraBiisier cOOON MHTEIIEKTYAJIbHYIO CHUCTE-
My 00yd4eHUsi si3bIKy Jiorndeckoro nporpammuposannss REFAL(s o6beme
REFAL-2).

[Hennio paboTol siBIsieTca pa3paboTKa MIPOrPAMMHO CHCTEMBI 00y e~
uust 36Ky REFAL, mossosistiorneit mpeiocTaBiIsiTh U3y IaeMblii MaTepu-
aJI, KOHTPOJINPOBAThH €r0 OCBOEHME, KAaK B YaCTH IMOHUMAHUsT MaTepHuaJa,
TaK ¥ B YACTH €r0 MPAKTUIECKOTO UCIOJIb30BAHUS.

B kauecTBe cucreMbl 00yUeHUSI, OTBEYAOIIEH TTOCTABJIEHHBIM IIEJISIM,
ObLIa pa3zpaboTaHa MPOrPAMMHAs CHCTEMA, PEAJIU3YIOIIasi CTPATErHIO 0~
STAITHOTO OOYYeHUsI, KOTOpasl He TOJIBKO OPraHU3yeT aKTUBHOE M3YUeHUE
MaTepuaJia, HO U KOHTPOJIUPYET, & TaK K€ HaIPABJISET IIPOIECcC 00yUe-
Husi. OOyJeHne MPeJICTAaBJIEHO TPEMsI MTOC/IeI0BATEIbHBIMU STAllAMU: Ha
[IEPBOM 3Talle MPOUCXOJUT U3YUCHUE TEOPETUUECKOI0 MaTepuaja U Te-
CTUPOBAHUE €r0 YCBOEHUSI, BTOPOI TaIl 00y YeHUsT IPEJICTABICH BBIIOJIHE-
HUEM YIIPaKHEeHU, TpeOyOIUX OCMBICJEHHOIO TOHUMAaHUS MaTepuaJa,
U TOCJICTHUI dTall, SBJISIONUICH OCHOBHBIM, IIPEJICTABJIEH TPUMEHEHUEM
[IOJTY Y€HHBIX 3HAHWI 1 HABBIKOB JIJIsI HAITUCAHUSI TIOJTHOIIEHHBIX ITPOIDAMM
na s3pike REFAL.

Cucrema mpeoCTaBISIeT OJb30BATEI0 PECYPChl B 3aBUCUMOCTUA OT
ero ypoBHsI jocTymna. HezaperucTrpupoBaHHBIH I0/IH30BATEb TOJIYIAET
TOJIBKO BO3MOXKHOCTH ITPOCMOTPA, METOJMYECKUX MATEPUAJIOB U CPABHU-
TEJILHOTO COCTOSIHUSI OOYYEHUsI CTYJICHTOB. 3aMETHUM, 4TO CepBEp JIaH-
HOIl MHTEJUIEKTYAJbHON CUCTEMBI IIPEJIOCTABIISAET OTKPBITHIE JJIst OOIIEero
[IOJIb30BaHUs BEO-CEPBUCHI, MTO3BOJISIONINE IOy IUTh HH(POPMAIIUIO O CO-
crosinuu O0yYeHHsl CTYJIEHTOB, YTO MOXKET OBITh UCIOJIB30BAHO LIS Pa3-
MeITeHUs TaHHON HHMOPMAIINY Ha caifiTe B MHTEPHETE U/ Ha KAKOM JIHOO
KJIMEHTCKOM MPUJIOYKEHHH, 9TO JIeJIaeT 00y IeHne IIPO3PATHBIM JJIs IPEIO-
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JlaBaTeieil, CTyJIEHTOB U 3aWHTEPECOBAHHBIX JIUI]. 3apPEruCTPUPOBAHHBIN
[10JIb30BaTENb, He SBJILIONUICH aMUHUCTPATOPOM, ITOMUMO BO3MOXKHO-
cTell He3aPErNCTPUPOBAHHOTO IOJIH30BATENsI, TAKYKE MOTYydIaeT BO3MOK-
HOCTB IIPOXOKJIEHUS 0OyUYEeHUs U BO3MOXKHOCTD IT0JIb30BATHCS MHTEPIIPe-
tatopom REFAL. Hakomer, moss3oBaTesib ¢ MpaBaMu aJIMUHACTPATOPA
MMeET BO3MOXKHOCTb M3MEHSATDH [IapaMeTPhl CUCTEMbI, PEIaKTHUPOBATDh 3a-
JIaHWsI, YY9eTHBbIE 3alliCH I0Jib30BaTesell, ceccun obydeHust u T. 1. Pac-
CMOTPHM I10JIpDOOHO KaXKJIbIif 3 ITAIIOB 00yUYeHUs, KOTOPOE MPeIaraeTcs
MPONTH 3aPETUCTPUPOBAHHBIM B CUCTEME MOJIL30BATESIM.

Ha nepsoMm srarte o0ydeHusi CTY/IEHTY IPEJIOCTABIISETCA TeOpeTude-
CKHUIl MaTepuaJsl U I0CJIe ero N3y4YeHus CTYJEHT IEePEXO/INT K CTaJUU Te-
CTUPOBaHUS MOHATHI MaTepuasa. [Ipu aroM ciydaitabiM 06pa3oM BbIOU-
PAIOTCs BOIIPOCHI TECTA C 3aKPBITHIMH BapUAHTAMU OTBETA, JIJI PEIeHUs
KOTOPBIX TPeOYyeTCs yKa3aTh BCE IPABUJIbHBIE OTBETHI. B cily4dae mpaBuib-
HOI'O OTBETA Ha BOIIPOC TECTa, KOJIUYECTBO BOIIPOCOB TECTa YMEHBINAETCS
U CTYJEHT TOJYYaeT BO3MOXKHOCTH BEPHYTLCS K M3YUEHWIO TEOPUU WJIN
IIepeiTU K OTBETY Ha CJICAYIOIIUNA BOIIPOC, & B C/Iydae HelIPpaBUJILHOI'O OT-
BeTa KOJITYECTBO BOIIPOCOB B TECTE YBEJIUYINBAETCS U CTYAEHT OTCHLIAETCS
K TOIl 9aCT! TEOPETUYIECKOTO MaTepHuaJia, Ha OCHOBE KOTOPOil ObLI COCTaB-
JieH Bompoc. 1Ipu mpeBbIieHnn PeJIeIbHOTO KOJTMIECTBA OIMIHMOOK, CEAHC
0o0yd4eHMs 3aKaHINBaeTCs Oe3 coxpaHeHus 11porpecca obydenus. [Ipu npa-
BWJIBHBIX OTBETaX Ha BCe IIpeJijlaraeMble BOIPOCHI TECTA TEOPETUYECKO
YACTH 0DYUEHUs, TPOUCXO/IUT TePEXO]] K CJIE/IYIONEMY STAIly 00y IeHUsT —
9TAIly BBINOJHEHUS YIIPAXKHEHUN TPEOYIONUX OCMbBICIEHHOTO TTOHIMAHUS
MaTepHaJa.

Ha BTopom 3rame obydeHusi TakkKe CIydailHbIM 0Opa30OM CTYJEHTY
MIPEJIOCTABJISIETCS Pl 3aJanuil. BrImosinenne KaKJIOTO U3 TaKUX 3a7a-
HUN COCTOMUT B HAIIMCAHWKM B OKHE DeJaKTOpa HEKOTOPOil dacTu Kojia,
[POBEPSIONIEN OCMBICJIEHHOE IIOHUMAHKIE MaTepruaja. 3a/[aHus STOTO Ta-
1na oO0ydeHUs IIPeJICTaBIEHbI HAIIMCAHUEM OTJIEJIBbHBIX, CHHTAKCUYECKU U
CEeMAHTUYEeCKN TPaBWIbHBIX, (yHKIui Ha s3bike REFAL. Tlpu memnpa-
BWJIHLHOM PEICHUY 3aJaHUs CTYJIEHTY yKa3bIBACTCS OININOKA, U OH BHOBb
OTCBLIAETCA K TEOPETUYECKOMY MaTepHasly TakK ke, KaK U Ha IPeIblIy-
meM srare odydueHust. JUC/I0 YyIIpaXKHEHUI Ha 9TOM dTAlle TAKXKE PacTeT
B C/Iy4ae HEIPABUJILHBIX OTBETOB U IIPU IIPEBLINIEHNN TOPOT'a, HEIIPABUIhb-
HBIX OTBETOB CeccHsl 3aBepinaeTcsd. ToJIbKO IMocje MpaBUIbLHBIX OTBETOB
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Ha BCe IIpejijlaraeMble YIIpaXKHeHUs JAHHOM JacT 00yIeHUs CTY/IEHT MO-
2KEeT MepeilTu K IJIABHOMY dTaly O0y<UeHwUs.

IToceuunit aTamn o0y YeHus MPeICTABICH STAIIOM 00y IeHusT pa3padboT-
ke mporpamMm Ha sizbike REFAL u sBisiercss oCHOBHOM 1esIbIo JTAHHOM
obyuaroreii cucrembl. Ha stane obytenns: pazpaboTke mporpamMm B Kate-
CTBe 3aJIaHWiT TpeJTaraeTcs mucath mporpaMMbl Ha REFAL mo yenosusim,
chOpMyIUPOBAHHBIM B 33 1aHusx. [loMuMO KO/1a ITPOrpaMMbl MIPEIOCTAB-
JIIETC BO3MOXKHOCTH HAIMCAHWs HAOOpa TECTOB K MPOrpamMMe, ¢ BO3-
MOXKHOCTBIO WX IONIATOBOTO BBIMOJIHEHUs. TecThl mpecTaB/isiior coboit
HabOp OXKUJIAEMBIX PE3YJILTATOB BBIMOJIHEHUS MTPOTPAMMBI JJIsi 3aJIaH-
HBIX BXOJHBbIX 3HaueHuil. [lommaroBoe BBIIOJIHEHUE IPOIPAMMBI SIBJISETCS
OYeHb BAXKHON 9aCTbIO 00yUeHUsI, MMO3BOJISIONIEH HALJISIIHO ITPOCJIEINTD,
Kak mpoucxouT BeimoHenne REFAL-mporpaMMbr U coBmajiaer Jim OHO
c okugaembiM. /lannas pabora gaeT BO3MOXKHOCTDH IIPUMEHUTE CTYICHTY
npuoOpeTeHHbIe B Iporiecce 00y UeHUsT 3HAHUS U HABBIKU IIPU HAITMCAHUU
nporpamm Hsi si3bike REFAL. IToMuMo 110/1b30BaTEICKUX TECTOB CYIIle-
CTBYET <«IIOJIHBIII» HAabOP TECTOB NMPUKPEILIEHHBIX K 3ajiade, He 0TOOpa-
2KaeMbIX uHTepGEiicoM, U 10 Pe3y/IbTATY BLIOJHEHUsT KOTOPBIX CHCTEMa,
ompeeIieT TPABUILHOCTD HAIMCAHHOIO II0JIL30BATEIEM IIPOTPAMMHOIO
KOJ[a; B CJIy4Yae JIOTUYIECKOH ONMMOKM CHCTeMa BBIJIAET COOTBETCTBYIOIIEE
cooDIIIeHre, B KOTOPOM YKa3bIBAIOTCSI TECTHI HA KOTOPBIX ObLIa 00OHAPY 2Ke-
Ha omubOKa. B ciryuae mpeBbIlieHns IPeJeIbHONO KOJIMIECTBA JIOTUIeCKUX
omubOK B 3a/IAHNU, 3a/[aHNE MEHSIETCS U KOJIMIEeCTBO 3a/IaHUI [Ipeiara-
€MBbIX K PEIICHUIO YBeJInIuBaeTcsi. [Ipu npeBbIeHnn npejieibHOr0 KOJIn-
YeCTBA HEMPABUIbLHO PEIICHHBIX 33J[aHUil ceanc 00yueHusT 3aBEPIIACTCH.

Hacrpotiika cucrembl 00ydeHust JOJKHA TPOU3BOIUTHCS ITPHU TTOMOIITH
BBIOOpa 3HAUEHUN ee IMapamMeTpOB BO BpEMsI ONBITHON KciuryaTanuu. K
TaKUM I1apaMeTpaM OTHOCSTCS: UCXOJHOE KOJIMYIECTBO 3aJIaHUI HA KaXK-
JIOM dTare 00yIeHnsT, KOJIUIECTBO 3aJaHnil HA KOTOPbIE YMEHDbIITAeTCs UIN
BO3PACTAET KOJIMYECTBO IPEJIATACMBIX 3aJIaHUIl Ha OTJEJbHBIX ITAIax
oOytueHnsi pU MPABUILHBIX U HEIMPABUILHBIX PEIICHUSIX COOTBETCTBEH-
HO, TIPEJIEJIbHOE JIOMYCTUMOE KOJIMYECTBO OIMMMUOOK HA KaXKJIOM U3 ITAIOB
obyteHus: u T. 1.

Cucrema peanuzoBana Ha 6aze miardopmbl Java EE ¢ ucrnombzosa-
anem ORM 6a3 jmaHHBIX, a TakKe pas3/IMIHBIX CTOPOHHUX Java u Java
Script 6ubsmorek. Pabora moJsib3oBaTesneil B JaHHONM CHCTEMe OCYIIEeCTB-
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Jisiercst yepe3 web-unrepdeiic. [Tomumo mosib30BaTe IbcKux HHTEPGEHCOB
CUCTEMA IIPEJIOCTABIISIET Pl BEO-CEPBUCOB, UTO NO3BOJISET €l B3auMo/1eii-
CTBOBAThH C JIDYTUMU BHEITHUME CUCTEMAMU U KJIUEHTaAMU. 3aMETUM, ITO
B CBSI3U C OTCYTCTBHUEM IOJIXOJISAIINX CTOPOHHUX IMPOrPAMMHBIX ITPOJYK-
TOB TIPOUBBOJIAIINX OMATrOBYI0 nHTeppeTaruio nporpaMmm REFAL u ux
aHaJIN3, UHTEPIPETATOP U CHHTAKCUYECKUI U CEMAHTUIECKUN aHAIM3a-
TOPBI HAIMCAHBI B PAMKAX JAHHOHN IIPOIDAMMHON CHCTEMBI.

B 2011 r. nannas pabora ObLia mpescrasiena Ha XIX Mextyrapo/i-
HOl cTynendeckoit Koudepennuu-mkoie-cemuuape «Hosbie nadopmariu-
OHHBIE TEeXHOJIOTUMY, TJe Oblia ynocroena Jlunmoma 111 crenenu 3a y4-
Y0 HAy9IHYIO PaboTy, IPeJICTaB/IeHHYIO Ha KOoHdepeHuu. ABTOp Npu-
3HATEJIeH CBOEMY HaydIHOMY pykKoBoauTesto mpodeccopy B. C. Py6nésy
3a [MOCTOSTHHOE BHUMAaHUE K paboTe U IyTKOe PYKOBOJCTBO.
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Metoj, opranu3anum padboTbl C JAHHBIMU B MPUKJIATHBIX
cucTeMax pacro3HaBaHUs 00pa30B

Maxkcumosa A. HO.
(Houenxk, MucruryT npukiaHoil Maremaruku u Mexannkn HAH
YKpamusl)

Mazimova. Alexandra@mail.ru

[Ipu pazpaborke HHGOPMAIMOHHBIX CUCTEM YACTO BOZHUKAET 3a/1a49a
KJIACCUDUKAIIHA, KOTOPas PEIIaeTcsd METOJAMHU TEOPUU PACIIO3HABAHUS
0obpa30B U aHaIM3a JAHHBIX. B rOTOBBIX CHCTEMaX pPACIO3HABAHUS 00pa-
308 (CPO), taknx xak «Pacrnosnasanne 1.0» u STATISTICA peanuzosan
PSIJT M3BECTHBIX METOJIOB, OHAKO 03 yIaCTHs CIEeNUAINCTa BBIOPATD MO
XOJSIIUI U OIEHUTh KAYECTBO ITOJIYIEHHOTO PEIIEHUS JOCTATOTHO CJIOXK-
HO [1]. Ipyrum HEJOCTATKOM TAaKMX CHUCTEM SIBJISIETCS OPraHU3allusl Pa-
60TBI ¢ JAHHBIMU IO CPEJCTBaM paboThI ¢ dailylaMu ciieryomnero hop-
MaTa: KaXkJas CTPOKa OmpeesseT 00beKT W M3 MHOXKECTBA BCEX 00BHEK-
ToB W B BHjle BeKTOpa 3HAaUYEHHUil ero npusHakoB. st 3amad obydeHus
C yuuTeIeM TaKyKe OIPEIesseTCss HOMEp Kjacca 0O6pa3oB, K KOTOPOMY
OTHOCUThCsT 00beKT w. Takasi TabIUIA HA3BIBAETCsT BHIDOPKON IIpere ieH-
TOB. VMHOI/Ia TPUXO/IUTCS MOJrOTABINBATD JIBE€ BHIOOPKHU IPEIE/IEHTOB —
obydarontyo 1 KOHTPOJIbHYIO. [Ipn pa3paboTke KPYMHBIX MPOrPaMMHOI
CUCTEMBI, BHEJIPSIEMbIX Ha IIPOM3BOJICTBE, MPOIECC (DOPMUPOBAHUS BHIOO-
POK TIPEIETEHTOB HEOOXOINMO ABTOMATHU3MPOBATH YUUTHIBAsST OCOOCHHO-
CTU XpaHEHUs u pabOThI ¢ JAHHBIM B KOHKPETHOI MPEJIMETHON 00/IaCTH.

B pabore npejiaraercs MeTOJ] OpraHu3aiuu paboThl ¢ JAHHBIME JIJIsT
cucTeMbl paciio3HaBanust 06pa3oB. CTPYKTypHast cxema pabOThI C JIAHHbI-
Mu npuBojuTcs Ha puc. 1. Ha cxeme mpucyrcrByior Tpu GOpMBI Mpe/i-
CTaBJIEHUS OJHON U TOH ke mHpOopMaIUn.

Nznaganpuo manHble peasbHOTO MHUPA MPEJCTABICHBI B HE(DOPMAIIHU-
30BAHHOM BWJIE: 3HAHUS OMEPATOPA, MOKA3AHUS JTATINKOB JINOO yIKE CO-
xpaHeHHble (ailyibl npakTudeckn JioObx dopmaToB. Bropoit dbopmoit
[IpeJICTaB/IeHNs TaHHBIX siBjigeTcs B/l mpeamerHoit 0b1acTi, OCHOBaHHAS
HE PEJISIUOHHON MOJIe/IN JAHHBIX, KOTOpas HA JAHHOM 3Talle Pa3BUTHUS
UHMOPMATIMOHHBIX CUCTEM MOJTYJIIIa, TITHPOKOE MPAKTHIECKOE TTPUMEHe-
Hue. B Hell, HApAY ¢ aKTyaJbHBIME JIJIsi 38J[a9U KJIACCU(DUKAIIIU JIaH-
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HBIMU, COXPAHSIETCS U BCsl JIpyrast MHQOPMAIds IPEJIMETHON 00JIacTu.
Tperbs dopma 1mpejicTaB/ieHnst JAHHBIX JIAINTHPOBAHA JJisd pabOTHI aJi-
FOPUTMOB PACIIO3HABAHUS 0OPA30B M XPAHUT B BUJE TAOJIHUI] KOJIJICKITHH
obyJaronux BLIDOPOK, TaK KAaK B TEOPUU PACIIO3HABAaHUsI 00pPAa30B U aHAa-
Jin3a JIAHHBIX COPMUPOBAJIACH MPAKTUKA HPEICTABJICHUS] O0YUIAIOIIIX
BBIOOPOK B B CTPATU(MUIINPOBAHHDBIX TaOJINII,

Hadrnie '
PEATLHOT MUpE > [_Asarwearop |
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Puc. 1. CrpykrypHasi cxema pabOThI ¢ JAHHBIMU.

[IporpaMMHuBITT MOTYTb « AHATM3ATOP» SIBJISIETCST MHTEPGEHCOM MeK-
Jly JaHHBIMEU peajibHOro Mupa u BJl npenmernoit obiactu. OH siBJIsIeTCsT
YHUKAJbHBIM JIJIsI KaXKJ0 KOHKPETHOH ITPUKJIAIHON 3a/1a4H.

[Tporpammustit Momyib «MuTeprnperarops saBjsgercd unTepdeiicoMm
MEXK/Ty JIAHHBIM IIPEJIMETHON O0JIACTH M CUCTEMOM paclo3HaBaHUsi oOpa-
30B. Ero ocrHoBHoit yHKIMEN SIBJIAETCA IPEIOCTABIEHNE BCEX HEOOXO -
MbIx JlaHabix Ayt CPO. laHHbIT MOILY/Ih SBISETCH YHUBEPCATBHBIM JIJIsT
soboit nipemernoit obsactu. Hacrtpoiika ero paboThbl OCyIIECTBIISIETCS
C TIOMOIIIHIO MTAKETA CIENUAIBHBIX TPABUII, ONPEJICJCHHBIX JIJIsi KaXK/I0T0
sajranusg CPO. Ipasuia comepkar nHMOPMAIHIO, TTO3BOJILAIONLYO ¢hOp-
MHPOBATH CTPYKTYPY KJIaCCOB 00Pa30B U ONPEIeUTh CUCTEeMY UH(pOpPMa-
[IMOHHBIX TTPU3HAKOB Ha ocHoBauuu BJI npenmernoit obnactu. loctymn k
obbektam Bl BbImosHsAETC 110 MTAOJIOHY «UM$I OTHOIICHUSI». «UMs aT-
pubyTtay. TakxKke NPUMEHSIIOTCS OIDAHUYEHUS HA 3HAYCHUS KOHKPETHBIX
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aTpubyToB. BO3MOXKHO MCIIO/IE30BaHIE PA3HBIX IPAaBUII JIsT (bOPMUPOBa-
HUsT 00y YAIONUX U TECTOBLIX BHIOOPOK.

OcuoBHbie hyHKIIUU MOyJisi «HTEepperaTop»

B cucreme pacriosnaBanus o6pa30B I0JIB30BATENDb JaeT KOMAaHJy Ha
BBITIOJTHEHHS OIPEJICJICHHOIO 3ajanusi. JIs Ka)KIoro 3a/laHust U3BECTEH
MEeTOJI IPUHSATUS PellieHust, 6a3uPYIONUNACs Ha ONPEICJICHHOM aJITOPUTME
pPACIIO3HABAHUS U CIIOCODE KOHTPOJISI KAYeCTBa IOJYYCHHOI'O PEIIeHUs.
Jlist KaXK70ro MeTojia NMPUHSATHS PEIleHus 3aJaH CBOMl Habop MpaBu,
KOTODBIil ToHUMaeT MojyJib «HTEpIpeTaTops.

IIpenmaraemast MeTOIUKA OPraHU3AIUU PUKJIAIHBIX CACTEM PaCIIO-
3HABaHU: 0OPA30B IO3BOJISET CO3/1aBATh KOHTEKCTHO-HE3aBUCHUMBIE CH-
CTEeMBI palo3HaBaHusi 06Pa30B, KOTOPbIE MOT'YT ObITh WHTEI'DHPOBAHBI B
CYIIECTBYIONIYI0 MHMOPMAIMOHHYIO CHUCTEMY II0 CPEJICTBAM HACTPOHKHU
monyitst «uTepriperatops. JApyruM J0CTOMHCTBOM JIAHHOTO TIOIXO/IA siB-
JIIETCST BO3MOXKHOCTD JI00aB/ISTh B IIPOTPAMMHYIO CUCTEMY HOBbBIE THUIIBI
3a/laHuil, He MeHss pu 3ToM cTpykTypy B/l npemmernoit obnactu. Cie-
JIyeT OTMETUTH TaKKe MOJJIEPKKY HEPAPXUIECKON CTPYKTYPBI KJIAaCCOB
00pas30B U MOJJIEPKKY KaK IMAKEeTHOIO PEXKHUMAa, Tak M on-line pexxumMon
00paboOTKN TAHHBIX.

[IpetaraeMpiii MeTOJT OpraHu3auu pabOThl C JAHHBIMU KCIIOJIH30-
BaH IIpU pa3pabOTKe aBTOMATHU3UPOBAHHONW CHCTEMbI KOHTPOJIS KA1eCTBa
HedTenpoayKToB [2].

Cnucok Jureparypbl

[1] ?Kypasises FO.11., Pasanos B. B., Cenbko O. B. PacnosnaBanune. Ma-
TeMaTuyeckue MeTojbl. IIporpaMMuasi cucrema. I[IpakTudeckue npu-
Menenust. — M.: ®A3NC, 2006.

[2] Koznosckuit B. A., Makcumosa A. 0. Heuerkasi cucrema pacrosna-
BaHWsT 00PA30B JJIsT PENIeHus 3aJad KIacCU(pUKAINA KUJIKAX Hed-
renpoaykToB // Hayunsie paborbr JTonHTY, cepusi «Mudopmaruka,
KnOepHeTHKa 1 BBIYHC/INTENbHAs TexHnkay. — 2011. Ne 13 (185). —
C. 200-205.



Ceknus «/HTEIEKTyaIbHBIE CHCTEMBI> 67

IIpumenenne cemanTudeckoro rpada Jijis pemnieHus
TEKCTOBBIX 3aJa4
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B pabore paccmaTpuBaeTcss METO aBTOMATHUIECKOTO PEITEHUS
TEKCTOBBIX 33124 € TIOMOIIBIO TPE0OPA30BAHUIT HAJ| CEMAHTHIECKH-
Mu rpadamu Tekcra 3auaun. [Ipu sToM Kaxkjoe mpeobpasoBaHue
COOTBETCTBYET OIPEJIEJIEHHOMY ATy PEIIeHUs 33/a9l YEJIOBEKOM.

BBenenue

OHuM U3 KJIIOYEBBIX IIPU PEIIeHrHN 3a1a91 00pabOTKI eCTeCTBEHHO-
IO SI3bIKa ABJISIETCS] TOHSITUE CMBICJIA, KOTOPOE JIOCTATOYHO TPY/IHO YETKO
oupeaenuThb. OnHa U3 9acTHBIX pobJieM 00pabOTKH €CTECTBEHHOIO SA3bI-
Ka — aBTOMaTU4YeCKOe peIlleHNe TEKCTOBBIX 3a/a4 — HMeeT TO IIPEeUMYy-
IIIECTBO, YTO IOHATUE «CMBICI» 31€Ch OlpeIe/nTh Jierko. CMbICI 3a/a-
91 BBIPAXKAETCS MATEeMATHIEeCKUMH JIEHCTBUAMU, KOTOPbIE HEOOXOIUMO
MIPOM3BECTH JIJIsSI HAXOXKJIeHUs e€ perrnenus. [Ijas Toro, 4Tobbl mpejcTa-
BUTb TEKCT 3319 B BHJIE 9ero-TO 00Jiee MOHSTHOIO JJIsi MAIUHBI, 9eM
IPOCTO HAOOP CJIOB, CJAEIyeT IIPOBECTH HEKOTOPBIH aHaJNU3 9TOr0 TEKCTa.
Kak mpaBuio, BBIJIEIAIOT TPU IOCTEIOBATEIBHBIX dTalla, aHaIn3a: MOp-
dosorndecknii, CMHTAKCUIECKNI W ceMaHTHYecKuit. B merome aBTroma-
TUYECKOrO PEIIeHHsI TeKCTOBBIX 3aJad, IPEeJIoKeHHOM B [1| u peasmso-
BanHOM A. C. ITofKOI3MHBIM Ha ITPAKTHKE, PE3YJIBTATOM CEMAHTHIECKOTO
aHaJIN3a ABJISIETCsT HAOOP JIOTHYIECKH (POPMAaTN30BAHHBIX YTBEP:KICHMI,
nepeaaionui cMbic 3aja4n. OObIYHO »Ke CeMaHTUYEeCKU aHaIN3 3aBep-
MIAETCA MOCTPOCHUEM CEMAaHTHYECKOro I'pada, BBIPAYKAIOINIETO CMBICIO-
Bble OTHOIIEHUsST MEXKIY YacTIMU TeKcTa. Kciam ceManTmdeckume rpadbl
OPEJIOZKEHNI 381441 [MOCTPOECHDBI, TO PEIIeHre 331a91 MOXKHO CBECTH K
[IEITOYKe JIHCTBHUI HAJl STUMHU I'padpaMu.

OcHoBHbIe TOHATHS U (POPMYJIUPOBKA PE3YJIHLTATOB

ViKe yrioMuHaBIINICH B JJaHHOI paboTe CeMaHTUYECKUI aHAJIN3 — ITO
aHaJIN3, KOTOPBIH BBLIABIIAET CEMAHTHYECKYIO CTPYKTYDPY IPE/JIOKEHUS,
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COCTOSAIILYIO U3 CEMAHTHIECKUX Y3JIOB U ceMaHTu4IecKux oTHomreHuit. Ce-
MAHTHYECKHUH y3€/1 — 3TO CJIOBO, YCTOWUINBOE CJI0OBOCOYETaHue (HAIPUMED,
«HE XBAaTWUJIO JIyXay) WM YKECTKasi CHHTAKCHYIeCKast Ipymnma (<« TPUIATh
TpI/I>>). CeMaHTI/I‘{eCKOe OTHOHIECHUE — 3TO YHUBEPCaAJIbHAA CBA3b MEXKIY
CEMAHTUYECKUMH y3JIaMU, YCMaTPpUBaeMast HOCUTEJIEM sS3bIKa B TeKcTe. B
cucreme pyccko-aHrniickoro mMarmuunoro nepesoja JVMAJIVHI (em. [2])
ceMaHTHYeCKOoe OTHoIIeHre onucbiBaercst kKak R(A,B), rime A — 3aBucu-
MBI 4JIeH OTHOIICHMAI, B - praBHHIOH_[I/Iﬁ TUII OTHOIIIEHU A, YTO O3HaIa-
et: «A siBstercst R st By, Hampumep, cemanTneckoe OTHOIIEHNE, COOT-
BETCTBYIOIIEE CJIOBOCOYETAHUIO «CYyMKa U3 KOXKHN», 3allMIIETCA KaK <«Ma-
Tep(KozxKa, CyMKa)», & CJIOBOCOUYETAHUIO «KUTh B TVIYIIIH» COOTBETCTBYET
3aIUCH «JIOK(IJIYIITh, JKUTh)». FC/IM cCauTaTh ceMaHTHIECKHE Y3JIbl BEPIIH-
HaMmu rpada, a ceMaHTUIeCKre OTHOIeHUsT — péopamu rpada, To pe3yib-
TaT CEMAHTUYECKOTO AHAJIN3A IIPEJJIOXKEHUST MOYXKHO IPEJICTABUTH B BUJIE
Harpy2KeHHOro rpada, Ha3bIBaeMOTo ceMaHTu4IeckuM rpadom. B mannoit
paboTre NpeJIOKEHa WJiesi PEIIeHNsT TEKCTOBLIX 3aJ1ad IIyTEM JIeHcTBUi
HaJl CeMaHTUIeCKUMI rpadamMi IpeIIoXKeHnit TekcTa 3aaaqu. [Ipusenén
[PUMED PeIeHUs ITPOCTOH 3a/1a9u IPEJIJIOKEHHBIM METOJIOM.

Peritenre TeKCTOBBIX 33/1a4 C IOMOIIBIO ITPEOOPA30BaHUs Ce-
MaHTHUYEeCKUX rpadgos

B kaxkmoit TeKCTOBOI 3a/ate COMEPKUTCS MPETOXKEHNe, U3 KOTOPO-
IO MBI Y3HAEM, UTO 2Ke TpeOyeTcs OT YesI0BeKa, Pelraionero 3a1ady. Bor-
neyKasaHHOe TpeOOBaHNE BHIPAYKEHO MECTOUMEHUEM (HAIIPUMED, «CKOJIb-
KO», «KaKoe» ¥ T.JI.) Eciau B cemManTndeckom rpade JaHHOIO MPEJJIoKe-
Hust (Oy/leM Ha3biBaTh TOT I'pad rpadoM-BOIPOCOM 3ajadK) 3aMEeHUTh
9TO MECTOMMEHHUE HA YUCJIO0, COOTBETCTBYIOIIEE OTBETY 3aJIa9u, TO IMOJIYy-
qeHHbll rpad Oymer ceMaHTHIeCKUM I'padOM IPEIIOKEHUST, SABJIAIONIe-
rocst orBeToM 3asiaun (6y/ieM HasblBaTh €ro rpadoM-0TBETOM 3aJiadH).
I'pad-oTBer 33781 MOXKHO TOJIYIUTH U3 IPAdOB HPEIJIOKEHUN TEKCTa
3aJa4H, [TOJABEPIHYB UX ONPEIeJEHHBIM JIOTHIECKN 0O0CHOBAHHBIM HM3Me-
HeHnsaM. PaKTUIECKN, KayKIbII 3Tall PENIeHNs JeJI0BEKOM 3aa1l MOKHO
CBeCTU K MpeoOpa30BaHUsAM CEMAHTUIECKUX I'PadOB IMPEIOKEHUN TeK-
cTa 3aJa¢u.

Paccmorpum mpocTyio 3a/1ady 1 COOTBETCTBYIOIINE €if CEeMAHTUIEeCKHEe

rpador.
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Sagaqa. Y Murmu 2 gb6iioka, a y Karu — Ha 5 516510k 6osibItie. CKOJIBKO
ook y Katu?

2 sbnoka (M) ra 5 abnok Gonewe (M)

_ v koro? " uem y koro?
y Koro? ! g

4
y Muwwn () y Karu(Ql) vemy Mawu(0)

cxoneko siBnok (M)

y Koro?

y Kam ()

Puc. 1. Cemantuueckue rpadbl 3a/1a490.

Ob6paruM BHEUMaHZE Ha MOCHeAHMI rpad Ha puc. l.. IOYTH Tak u
JIOJI?KEH BBINJISIETh I'pad OTBETa, JIUIIL BMECTO «CKOJIBKO» JOJIXKHO Ha-
XOIUTLCS KOHKPETHOE 9rcy0. Ha mepBoM mare pemeHus 3a5a9u MOXKHO,
OJIb3ysiCh rpadom «y Mumu — 2 g906j10Ka», 3aMEHUTL YCJIOBUS «9eM Yy
Mummuy Ha «geMm 2 sg0JI0Ka».

DT0 MOKHO OBLIIO OBI 3aIMCATH B BHUJE IIPaBHUIa, KOTOPOE MOXKHO ObI-
JI0 OB IPUMEHSITH BO BCEX aHAJIONMYHBIX ciydasix: «|[na N exunHur oob-
ekta A Gosbie, uem y cyobekra S|; [M enununn oobekra A y cyObekTa
S| = |ma N emunui oobekra A Gosbine, gem M exunui; oobekTa Al».
CrnoBam «y Mutus, BooOIIle TOBOpsi, HE COOTBETCTBYET KaKOe-JIn00 InC-
JIOBOE 3HaUEHUE, B TO BpEeMsl KaK cjIoBaM «2 s6JI0Ka» — COOTBETCTBYET.
VIMeHHO 1109TOMY MBI OCYIIECTBIIsSIEM 3aMeHy (He IPOTHBOPEYAIIy 0 CMbIC-
ay). Temepb MbI MOXKEM TIpOM3BECTH HEOOXOAMMBIE BbIYHCIeHUs. [IpaBu-
JI0 MOXKHO 3ammcarb Tak: «[Ha N exmnui oobekra A Gosbire]|+[dem M
enuan, oobekTa A| = [M+N ennaun o6bekra Al». [Tocse npumenenus
9TOro mpasuia rpad OyIeT coBmaIaTh ¢ rpadoM-BOIPOCOM 3a/1a4H, Y KO-
TOPOrO BMECTO «CKOJILKO» HAXOIUTCS YUCIO 7. ITO U €CTh Ipad-OTBET.
Banaua, TakuM 00pasoM, Oyier pemnera. Eciu 3a1aTh onpeneéHHbI Ha-
60p MpaBuUII, COOTBETCTBYIONIUX MIPUEMAM, UCIIOIB3YEMBIX YEJIOBEKOM IIPH
PEIIeHnH 3a1a491, TO 3aJa9y MOXKHO OyeT pelaTh aBTOMATHIECKH. JTO
MOKHO YCTPOUTD, HAIPUMED, TaK: JIJIsi KOHKPETHOTO TIPABUJIa IPOBEPATD,
IPUMEHUMO JIM OHO JIM OHO K CEMAHTHYECKUM rpadamM 3a1adu B JaHHLII



70 WNarennekTyaabHble CUCTEMBI U KOMIIBIOTEPHBIE HAYKU

MOMEHT, U €CJIU ITPUMEHIMO, IPEe0OPA30BBIBATE I'Padbl 3a/1a91 110 STOMY
[IPaABUJIY; €CJIN K€ 3TO IIPABUJIO HEIPUMEHUMO, MePeiTH K CJIeTyIoeMy
npaBmwiIy. FKciam ogHOBpeMEHHO HTPUMEHMMO HECKOJIBKO IIPAaBUJ, MOYKHO
paccMoTpeTh KaXK/Iblil BAapUAHT 1O OT/EJIbHOCTH.

Ha 5 aBnok Gonswe (M)

y kora? Hem 4To?

y Kan{fl) 4em 2 aBnoka (0)

7 rnok

y koro?

y Kam(d)

Puc. 2. I'pador 3amauu nocse Bcex mnpeobpazosanuii. Bropoit ceepxy —
rpad-oTBeT.

Takum obpasoM, ecan B MPOIECCe PENIeHUs] 3aJa9d He ITPOUCXOIUT
Iepexo/ia K PEIIeHUIO YPaBHEHUH, ONMCAHHBINA BBIIIE METOJ[ BBIIVIAJAT
BIIOJIHE IIPUEMJIEMBIM. PellleHnio ke ypaBHEHHUI I0BOJBHO TPY/IHO COIIO-
CTaBUTH IIpeoOPaA3OBAHIE CEMAHTUYIECKUX IpadoB, U JJid TAKUX CJIyIaeB
TPeOYIOTCS CIIENUAIbHBIE METOIbI PEIIEHHA.

ABTOp BBIpazkaeT HJ1aroIapHOCTD MTPOGECCOPY DIbIPY DJIbIAPOBUTY
lacanoBy 3a Hay4HOE PYKOBOJCTBO M ITOMOIIb B ITOJINOTOBKE CTATHU.

Cnucok Jureparypbl

[1] TToakomsunr A.C. KoMmubiorepHOe MOJIEIMPOBAHUE JIOTUUYECKHUX I1PO-
neccoB. — M.: @uzmariut, 2008.
[2] Cokupro A. CemanTHyecKne CcJOBapu B aBTOMATHYECKOH 00-

paborke  Tekcra (mo  wmarepmasam  cucrembr JIMAJIVTHT).
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CyMMupoBaHUE MO HOJIYTPYIIIOBOii ollepaluu JAJist
JABYMEPHOIi 33/1a4M MHTEPBAJIBHOTO MOWCKA C
dbuKcupoBaHHOI CTOPOHOIA

ITuBoBapos A.II. (Mocksa, MI'V um. M. B. Jlomonocosa)

pivizz@gmail.com

JlBymMepHast 3a/1aua HHTEPBAJIBLHOIO TIOUCKA ¢ (DUKCUPOBAHHOI CTOPO-
HOIl paccMaTpuBasiach paHee, HapuMep B [1], ofHAKO TaM paccMOTpeH eé
[IePEYNCIINTEbHBI BAPHAHT. 3/1eCh Mbl PACCMATPUBAEM TAKON BapHAHT
9TOM 3aJa4UM, B KOTOPOM KaXKJI0il TOUKe 0a3bl JAHHBIX MPUINCAH HEKUi
«paHI» — 9JIEMEHT HEKOTOPOii KOMMYTATUBHOIN IOy IPYIIIBL. 3a/1ada co-
CTOUT B TOM, YTOOBI JIJIsT 321IPOCA, 3a/IAI0MIET0 OIPAHUIEHUS CBEPXY U CHHU-
3y JUIsl OJTHON KOODJIMHATHI U TOJILKO OrPAHMYEHHE CBEPXY s JAPYIOi,
HaHTH pe3yJIbTaT MOJIyIPYIIIOBOI OIEpAIME Ha PAHraX BCEX TeX U TOJIb-
KO TeX 3JIEMEHTOB 0a3bl, KOTOPBIE YJOBJIETBOPSIOT 3anpocy. B kadecrse
KOMMYTaTHBHON TIOJTyTPYIIIBI MOXKET, HAIIPHMED, BBICTYIIATh, HEKOTOPOE
MHOXKECTBO YHCEJI C Ollepalyeii B3gThsl MAKCUMyMa.

B paGore [2] paccmarpuBasiach 3ajada, 10j00HAsi JAHHON, HO OC-
HOBaHHAs HA JBYMEDHOH 3a/ade O JOMHHMPOBAHWU. BBLIM MOJIyYeHbI
HECKOJIBKO CeMEHCTB aIrOpUTMOB U ¢ WX IMOMOIIBIO OlleHeHa (hyHKIH-
OHAJIbHASI CJIOKHOCTH COOTBETCTBYIOIIEH 3ajaun. JIBymepHasi 3aja4a o
JIOMUHUPOBAHUN SIBJISIETCS YACTHBIM CJIydaeM JIByMEPHON 3a/1aui MHTep-
BaJILHOTO [IOKCKa ¢ (bUKCUPOBaHHO{ cropoHoii. Takum 06paszoM, 3/1ech Mbl
paccMaTpUBaeM 3aJ1ady, YaCTHBII cJIydail KoTopoil pa3obpaH B [2].

Cdopmynupyem pe3ysbTaThl JaHHOH PaBOTHI.

[MousiTust svivuciumervrol sadavu urpopmaruonmozo noucka (B3HUII) n
BHUUCAUMENLH020 UNPOPMayuonto2o epaga (BHT) coBnasaior ¢ mpe/-
JIOKEHHBIMU B [3| 1 ncnosb3yembiMu 1103/1Hee B padore [2].

[lycre 2 = (Z,6p) — koMMmyTaTHBHAsi MOJIYIPYIIa C HYJEM.
Onepanmio @ B jasbHefineM GyaeM Jyis IPOCTOTHl UMEHOBATH CYM-
Mot PaccMOTPUM THII BBIYUCIUTENBHBIX 3319 MH(MOPMAIMOHHOTO TIOUC-
Ka SZ 0. = (Xintor, Yitioe, Zs pint2e s Eoge ), Tite Ximoe = {(a], 2, 22) €
0,1)2: 2} < 2}, Y20 = [0,1)% X Z, oTHOmeHHE TTOMCKA pingo+ OTIPEjIe-
JIEHO TaKuM 00pas3oM, uTo st Jio0bix @ = (2], 2], 22) € Xjpor n y =
(Y1, Y2, Yx) € Y210 COOTHOIICHUE T Pipg2+ Y CHPABETHBO TOTJIA H TOJHKO
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TOrJIa, KOTJ/a OJIHOBPEMEHHO BBINIOJIHEHBI yeJIoBHst ) < y1 < ) nys < xo.
DJIeMeHTBhI MHOXKECTBa 3aluceil Y MOXKHO pacCMaTpUBATh KaK TOYKH Ha
MJIOCKOCTH, KOTOPBIM JIOMOJHUTETLHO TMPUINACAHBI Beca u3 /. OyHKIws
OTBETa fiﬂ* : 2Y — Z onpejesiena Ha KOHEUHBIX MOJMHOYKECTBAX MHO-
kecTBa Y cieyronM obpa3oM (3HadeHne Ha OECKOHEYHBIX IOJMHO-
»ectBax Y ompegenars me Tpebyercs): mycrs Vo= {y',...,yF} C Y
uyl = (yi,yb, yt), Torna 2,0 (V) = yL @ - @ yL. Ornensro onpese-
M €2 0. (@) PABHBIM HeHTpaLHOMY 3JIeMeHTy Z.

Boranciurensusiiit nadopmarmonnsiit rpad (BUTY) mus perenust 3a-
79 BBEJIHHOTO BBINTE THIA SZ 5. GyjleM CTPOHTH Hajl GA30BBIM MHO-
KECTBOM ‘intQ* = <Fmt2*,G¢m2*,HZ,MZ,mOZ,Uid>. Ilonmoxkum Fjppox =
{fé a€(0,1],i € {1’,1”,2}}, rae jist soboro x = (zf, 2, xe) € Xinsor
3HAYEHNE fal/ (x) pasuo 1 Torga m TONBKO TOrMA, Korja ) < a; 3Ha-
JeHme fi//(m) paBHO 1 Torja m TOJNBKO TOryA, Korja xf > a; 3Ha-
werne f2(r) pasHo 1 Toria M TOJMBKO TOTa, KOTJAa To = a. llpeaw-
KaT fg, 3HaveHre KOTOporo pasHo 1 Ha JiroboM 3ampoce r, OyIeM Ha3bI-
BaThb MOodHCIecmBeEnHo euHUuYHbIM Npeduramom. MHOXKECTBO TepeKJTio-
aareneit Ginsgr = {g4: a € [0,1],i € {1',1”,2}}, rue ans moGoro 3ampo-

1, econ 2} > a;

!
ca x = (2}, 2],13) € Xingor mmeer mecto gl (z) = ;
2, ecmn T < a;

1(4) = 1, ecom 2 < a; 2(g) = 1, ecom x2 < @;

. z Mmuozkecrso co-

" .
2, ecym T 2 a; 2, ecnu xo = a.

crosianit BUI' Mz coBrmajiaeT co MHOXKECTBOM 3JIEMEHTOB PaccMaTpUBa-
€MOIi MOJIyTPYIIIBI 4, U Ha4aJbHOE COCTOsIHUE mg — HelTpaJIbHBII 3J1e-
MEHT Z, MHOXKeCTBO (byHKIWIi, MeHsomux cocrosinne Hz = {h,: h,(b) =
b@ 2z Vb€ Z},cz u dynkuus Bbyiaun orBera 0;4(2) = 2z jist J106BIX CO-
crosiHuil z € Z.

ITycts U — nekoroporit BUT nax 6azosbiM muoxkectBoM F. [lycts [ =
<X,mt2*,V, Z, pmtg*,fi t2*> S Sﬁm — BBIUHCJHUTEIbHAsST 3aa19a UHOOP-
maronnoro rmoucka (V' C Y;Z,,.). Myers U (I, F) — muoxkecrso BUL nas
6a30BBIM MHOXKeCTBOM J, pemaromux 3aaady . CioxkaOCThIO 3a7a4u |
npu 6a30BOM MHOXKeCTBe JF U 00bEMe ¢ HA30BEM UHCJIO

T(I,F,q) =min{T(U): U eU(I,F) n QUU) < ¢}

Baecy u panee nox T(U) Gynem nonumarh cjiokuocTh rpada U B
XyAIIEeM CJIydae.
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Eciu k — marypansuoe uncio, S = (X,Y, Z, p,§) — tun Bbranciau-
TEJbHBIX 33129 UH(POPMAIIMOHHOTO TOUCKA, TO 0003HAMIM

I(k,S) ={I = (X,V,Z,p,€) € S: [V| = k}.

Bynem nccnenoBarh dyHKIMO, XapaKTepU3yIOIyIO 3aBUCHMOCTD CJIOXK-
HocTu 3ajad Kiaacca B3UIL Z(k, Sitz*) oT 00bEMa TAMSTH, JIOCTYITHON

JJIg aJITOPpUTMa PEIleHUd:

T(kv Sf’;ﬂ* ) ]:izvth* ) Q) - max T(I7 ’Fz%tQ* ) Q)-

T€T(K,SE ,0x)

Teopema 1. Cywecmeyrom makue nosoHCUMEAbHBIE KOHCTAHMbL C1, C2,
wmo 0as 110607 KOMMYMamuerol nosyepynno. ¢ nyiém 2 = (Z,P) u
21000 wamypasvunr k 2 3 u 2 < s < k umeem mecmo

klog, k S
k,S% z 27 ) < log, k.
T( 7Sdom2?]:dom2vcl 10g25 > C210g28 0g9

JlokazaTebcTBO JIAHHOIO pe3yJIbraTa Mbl He OyJIeM IPUBOJUTH 3/1eCh
nosiHoCThI0. OUIeM JIMIb OCHOBHBIE HJIEH, UCHOJb3yeMble B HEM. [To
CyTH 3aJ1a9a COCTOUT B TOM, YTOOBI JIJIsi HEKOTOPBIX KOHCTAHT C1, C2 I10-
JIYYUTh CEMENCTBO aJI'OPUTMOB C YKA3AHHBIMU BBIIIE OrPAHUYEHUSIMU Ha
TpebyeMyo aMsiTh U BpeMsi paboThl B Xy/[uieM ciydae. st 9Toro npe/-
JIaraeTcs UCI0JIb30BaTh HEKOTOPbIe njien u3 |2]|. Bo-1epBbix 115t KOHKpeT-
HOIT 3ajaun ¢ dukcupoBanHoil 6asoit ganneix V' (momoxum k = |V|) u
BBIOPAHHOIO ITapaMeTpa §, TAKoro uto 2 < s < k, HeoOXOIUMO MTOCTPOUTH
nepeso noabas T, KazKIoii BepIiHe KOTOPOro COOTBETCTBYET HEKOTOpast
nonbasza V. Kopmuio nepeBa coorBeTcTByeT BCE V', a 3aTeM U3 Kax 10 Bep-
IIMHBI, KOTOPOIi B COOTBETCTBHE HOCTaBieHO MHOkecTBO V' ¢ [V/] > 3,
to gemmm V' Ha s omuHakosbix dacreit Vi, ..., V! (ecim |V'| me nesurcs
HAIEJI0 HA §, TO HEKOTOPbIE YacTH OyJyT COAEpKAaTh Ha OJMH SJEMEHT
Gosbinie ocrapiuxcs ). Pasbuenue ciejyer nejarh TaKUM 00pasoM, UTO-
Obl HIepBble KOOD/MHATHI 3alluceii U3 MHOXKECTB C MEHBIIMMHU HOMEepaMu
HE NIPEBOCXOJM/IN IIEPBBIX KOODMHAT 3aliceil MHOXKECTB ¢ GOJIbIIIMI
HOMepaMu. 3areM u3 V' BBIYCKAETCsl § TOTOMKOB, KOTOPBIM CTABATCS B
coorsercTBue MHOkecTBa VY, ..., V.
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ITo nmoydennomy nepesy 17, cTpouTCa Tpu KakK Obl IapaJuleslbHble
CTPYKTYPBbI, TaKie YTO JIIsl KaxKJI0il BepIIuHbl v Jlepesa Ty, KaxKjad U3
CTPYKTYD COIEPXKUT II0 COOTBETCTBYIONIeH BepiuuHe. Ilycrs 310 OyayT
BepIIMHBI V1, V9, V3 U BEpIIMHE v cooTBeTcTByeT mojbaza V' C V. Torua
npoxoxK/eHne 3amnpoca & = (z}, xY, z2) B BepIMHy v JOrHYECKH O3HAUA-
eT mouck B 6aze V' u mpu aTOM IIpo Bee 3jieMeHThl V! U3BecTHO, UTO UX
nepBast KOOP/IMHATA He MEeHbIIE T ; IPOXOXKICHHUE T B Vg JIOTUUECKN O3HA-
yaeT IoUCcK B 6aze V'’ u mpu 3TOM 1Ipo Bee aj1eMenThl V/ U3BecTHO, U4TO UX
nepBasi KOOPJMHATA He IIPEBOCXOJUT I; HAKOHEIl, IIPOXOXKJIECHUE 3alpo-
ca B ¥3 JIOTHUECKH O3HA4YaeT IIOUCK B 6aze V' 6e3 KaKUX-Iubo JIOIOJI-
HUTEJBLHBIX 3HAHMN O HMepBbIX KoopauHarax samuceil u3 V. CTpyKTypbl
CTPOSITCSI TAKUM 0Opa30M, 9TO JIIODOM 3alpoC WAET CHAYAIa IO OJHOMY
[yTH W3 BEPIIUH TPEThell CTPYKTYPBI, a 3aTeM pasjessercss B O0IeM
caydae W UAET [0 OGHOMY IIyTH B IEPBOH M 10 OZHOMY IIYTH BO BTOPOI
CTPYKTYDe.

IIpu TakoM IOAXOE OKA3BIBAETCS BOZMOXKHBLIM BOCIIOJIB30BATLCS TEX-
HUKOW YaCTUYHOTO KaCKaJIupoBaHUdA, ITO ITO3BOJIACT Ha KazKJI0M IIare B
OIpPeJeIEHHOM CMBIC/IE 3allOMUHATDH ITOJIOYKEHUE 3aIIpoca 110 BTOPON KO-
OpJIMHATE OTHOCUTEJIBHO TOI'O0 MHOXKECTBA 3aITNCEil, KOTOPOe paccMaTpu-
BaeTCs B KOHKPETHOH 9acTU CO3JaBaeMOil CTPYKTYPBL.

ABTOp BbIpazkaer 6JAr0JapHOCTH HAYIHOMY PYKOBOJUTEIIO Ipodec-
copy 9.9. l'acanosy.
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MogaesmmpoBanue JUHaAMHUYeCKUX 0a3 JaHHBIX
Ilnernes A. A. (Mocksa, MI'Y um. M. B. Jlomonocosa)

PletnevOrel@rambler.ru

OyuknuoHrpoBanue 6a3bl MAHHBIX — 3TO 00pabOTKa MOTOKA 3aIpo-
COB THIIA IIOWCK, BCTaBKa W yaajeHue. [Ipu 3ToM B pe3ysbrare 3alpocoB
THIIA BCTAaBKa U yAajieHue 0a3a JTAaHHBIX U3MEHSIETCs, a Ha 3aIlpPOChl TH-
118, IIOMCK BBIIAETCS OTBET. Kcu MOTOK 3aIrpocoB Ha ITOMCK CYIIECTBEHHO
npeobJiajiaeT HaJ 3allpOCAMU Ha M3MeHeHrne 0as3bl JaHHbLIX, TO Takue Oa-
3bl JIAHHBIX HA3BIBAIOTCS cTarwdecKuMu. [ljist mccienoBanust Takux 0a3
JAHHBIX peHasHadeHbl nHdopMarmonnbe rpadsl [1|. Ecin ke morok
3aIpOoCOB Ha M3MeHeHue 0a3bl JAHHBIX CPABHUM C IIOTOKOM 3allPOCOB Ha
IIONCK, TO Takue 6a3bl JAHHBIX HA3BIBAIOTCS JTUHAMUICCKUMM, ¥ MO~
POBAHUIO TaKMX 0a3 JIAHHBIX MTOCBSIIEHA JaHHas paboTa.

[Ipetaraemast MosesTh TUHAMUIECKUX 0a3 JAHHBIX IIOCTPOEHA, Ha B3a-
UMOJEHCTBIN KOHEYHOI'O JIeTEPMUHHUPOBAHHOIO aBTOMaTa M HHQOpMa-
nmuoHHOro rpaca. 3ajada aBTOMaTa IEpecTpamBaTh HH(MOPMAIMOHHBII
rpacd npm m3meHeHnn 6a3bl JAHHBIX, TEM CAMBIM 00pabaTBHIBAA JUHAMU-
YeCKHe 3aIpOChl MMOJIb30BATe sl. DTy CTPYKTYpy Oy/ieM Ha3blBaThb JTUHA-
MHUYIECKIM UH(MOPMAIMOHHBIM TPadOM.

B dopmanbaom ompenenenun nousatus VI ucmomb3yorcs 4 MHOXKe-
CTBa: MHOXKECTBO 3allpocoB X ; MHOXKECTBO 3ammceit Y'; mnooicecmeo F
00HOMECTIHBLT NPEIUKAMOS, 3aJJAHHBIX Ha MHOXKECTBE X; MHOHCECTMEO
G odnomecmnux nepexarouamenetd, 3ajanubix Ha MHOXKecTBe X ( ne-
pexmovamenty — 3T0 (QyHKIMH, 00/IaCTh 3HAYEHUN KOTOPDLIX SIBJISIETCS
HAYAJIBHBIM OTPE3KOM HATypaJbHOro psija). [lonstue ungopmayuorro-
20 epagpa (UT') onpenensiercst coeyomum obpasoM. Bepercst KoHedHast
MHOT'OIIOJTIOCHAsT OPUEHTUPOBAHHAsT CeTh. B Hell BbIOMpaeTcs: HEKOTOPBIit
IOJIFOC, KOTOPBIN Ha3bIBaeTcst KOpHeM. OcTajibHbIE MOJIFOCA HA3BIBAIOTCS
JINCTbAMUI W UM IPUINACHIBAIOTCSA 3AIIUCH U3 Y , IPUIEM Pa3HbIM JINCThSIM
MOI'YT OBITh IIPUIINCAHBI OJINHAKOBBIE 3aIiCch. HeKoTopble BEpIINHBI CETH
(B TOM 4mcCsIe MOTYT OBITH U HOJIIOCA) HA3BIBAIOTCS [IEPEKII0YaTeIbHBIMU
U UM [IPUIIUCHIBAIOTCs Hepekodaresn u3 GG. Pebpa, ncxomsimme ns3 Kax-
JIOil M3 MTEepPEeKJII0IATEeIbHON BEPIIIH, HYMEPYIOTCs OJPsi, HaduHast ¢ 1,
1 HA3BIBAIOTCS IEPEK/I0oYaTeJbHbIME pebpamu. Pebpa, He daBjstiommecst
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[EPEKTI0YATEIHHBIMU, HA3BIBAIOTCS IPEINKATHBIMU U UM ITPUITACHIBAIOT-
cd upeauKaThl n3 MHOXkecTBa F'. TakuM o06pa3oM Harpy»kKeHHYIO MHO-
FOITOJTIOCHY IO OPUEHTUPOBAHHYIO ceTh HasbiBaeMm UI' Has 6a30BbIM MHO-
xkecrBom F = (F,G), tne F = {f;,5 € I}, G = {gi,i € J}, I,J —
KOHEYHBbIE MHOXKEeCTBa MHJIEKCOB. OIpesiesluM Tpu MHOXKECTBa (DyHKITHIT
msmenennst wajekcop: R1 = {rl : (IUJUY)* xY — I, ¢c € C},
R?={r2: (JUJUY)"xY = J, c€Cy}, R¥={r2: Y™ =Y, c€ C3}.
Beegem Tpm MHOXKeCTBa IepeMeHHBIX: Z = {z}5°,, Tae z; IpHHIMA-
10T 3Havenud u3 [, V = {Uj};ip rje v; OPUHUMAIOT 3HavYeHuda us .J,
W = {wg}72, t1ie wy, IPUHAMAIOT 3HAYEHHS U3 Y.

Pacemorpum npousBosibabiit UTT U. 3aMeHuM KayKIIbIil WHIEKC IIpe-
JINKaTa HA HEKOTOPYIO IEPEMEHHYIO U3 7, KaXKIblil HHIEKC MMEePEKITI0Ua-
TeJId — Ha NEpeMeHHYIo u3 V', a KaxK/Iylo 3alliChb — Ha IIEPEMEHHYIO U3
W . Ilocste 3TOro COMOCTAB/IEHUS TIOJIYIUM HATPYKEHHBIN rpad, KOTOPbIii
HA30BEM IPOCTBIM T1abJIoHOM. Fesin KaxKJiplii WHJIEKC IPEIMKATa, Mbl 3a-
MEHHMM Ha HEKOTOPYIO (POPMyJIy HAJ MHOXKECTBOM IIEPEMEHHBIX Z U MHO-
sKecTBOM (byHKIHMI R, KAz Iblil HHJICKC HepeKIodaTess — Ha GpOopMyIIy
Ha,T MHOYKECTBOM HePEMEHHBIX V I MHOMKecTBOM (byHKImiT R2, a KaxK1yio
3anmmch — Ha (GOPMYJIy HaJl MHOYKECTBOM I€pEeMEHHBIX W 1 MHOXKECTBOM
dbynkimit R3, To HOJIy4YeHHbIH HAIPYKeHHbIH rpad HAZ0BEM IIAGJIOHOM.

Bynewm rosoputs, uro UI" U u npocroii mabjion 7 corjiacoBaHbl, €CIin
OoHM COBHaAI0T Kak rpadsl, u ecau B I U BerpedaroTcst 0JiMHAKOBBIC
MH/IEKCBI [IPEJINKATOB (IlepeKrovaTeseil u 3ammceii), To B COOTBETCTBYO-
MUX MecTax mabJyioHa | HaxXo[dTCst OJIMHAKOBbIe nepeMennbie u3 Z (V u
W) BOSHI/IKH_[ee COOTBETCTBUE ME2K/1y MEPEMEHHBIMU 1 NHAEKCAMU Ha30-
BEM MHTEpIIpETAINE JIAHHOTO COTJIACOBAHUS.

JlokasbubiM ipeobpasoBanuem HazoseM napy p = (71, 72), rae T1 —
npocroit 1mabsion, T, — mabioH, B GopMysiaX KOTOPOI0 BCTPETAIOTCS
TOJILKO II€PEMEHHbBIE, BXOJSINIE B IPOCTOi mabJioH 71, 1 BO3MOXKHO eIlle
OJIHa TIepeMeHHasl U3 MHoxKecTBa W .

Ecmu UI' U u mpocroit mabiaon T; coracoBaHbI, TO MPUMEHEHUEM
JoKasbHOTrO TIpeobpasosanust p = (71, 72) k UI' U wazosem UI' U’, no-
JIygaromnuiics u3 mabyioHa 7o TMOJACTAHOBKOW BMECTO KaxKJ0# (hOPMYIIbI
3HadeHus JMaHHON opmysibl B muTepuperaruu coryiacoBanusg UI' U u
mpocToro mabyona 7T7.
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[pumep mpeoGpasoBanust p mokasan Ha puc. 1, rae r2(vy,ve,w) €

R r3(wy, we, w), r3 (wi, wo, w), 75 (w1, we,w) € R3, a = (wi,wz,w),
b = (v1,v2,w), ¢ = min(vy,ve,w), 7‘2(b) = (e, min({vy, v, w}\{c})),
rzf(a) =  min(wy, we,w), rg’(a) =  max(wy, ws,w), r%’(a) =

{wi, we, wi\{ri(a),r§(a)}.

Puc. 1.

Takoe npeobpazoBaHme UCIOJIb3yEeTCs TPHU JIOOABJICHUYN HOBOW 3aIlUCH
B 2-3 JiepeBbIX.

Haustee Oyiem pacemarpuBaTh Kiaace nHGOpManuoHHbix rpados C(NV),
N € N, Takux, 9TO CTeleHb WHIINISHTHOCTHU JIFOOOM BepIMUHBI Ipada He
upesocxoguT N. OkpecTHOCTBIO pajimyca L Hekoropoit Bepruabl UT', 6y-
JIeM Ha3bIBaTh MHOXKecTBO BepiiuH WUI', Takux 4To jijiHa IIyTH JI0 KOTO-
pBbIX OT JIAaHHON He IPEeBOCXOIUT L, U MHOXKECTBO pebep, COeIMHSIFONTIX
9TU BEPIIUHBI, BMECTE C HAIPY3KAMU STUX BEPIIUH U pebep.

Hazosem kojom Bepruabl VT napy (ki, k2), rue k1 = 0, ecoin Bep-
IUHa TpejukaTHast, ki = 1, ecyin oHa nepek/oUaresibaasi; ko = 0, ecau
BEpIIINHA KOpEeHb; ko = 1, ecjiu BepIIuHA JIUCTOBasT; ko = 2 B OCTAJIbHBIX
caydasx. Komom pebpa HazoBeM 4uciio, Kotopoe papusiercs: 0, ecjin OHO
[IPEINKATHOE U 1, eC/Iu IepeKII0vaTe/ IbHOe.

Komom okpecTHoCTH Ha 3a1poce & Ha30BeM HH(MOPMAIHIO O KOJIe KaxK-
Joif BepIIMHBI 1 pebpa JTaHHONW OKPECTHOCTH, a TaK:Ke MHQPOPMAIT O
3HAYCHUAX BCEX TPEJIMKATOB U IepeKjrouareseii Ha 3ampoce T (Tak ke
BO3MOYXKHO, YTO KOJI COJIEPXKUT JIOTIOJTHUTEIbHYI0 WHMOPMAIUS O TOMET-
Kax Ha pebpax u BepruHax rpada).

[Iycte P — HEKOTOpPOE KOHEYHOE MHOXKECTBO JIOKAJBHBIX Ipeobpa-
soBanuit, L, N — narypasnbubie uucna, U — NI nag 6a30BbIM MHOXKe-
crBoM F = (F,G) n3 knacca C(N), A — KOHEYHBIN aBTOMAT, BXOJIHOI
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aJipaBUT, KOTOPOT'O €CTh MHOYKECTBO KOJIOB BCEBO3MOXKHBIX OKPECTHOCTEH
pamuyca L Beprun T u3 |, a BbIxoaHO#N a/ihaBUT OMUCHIBACT PEAKITIH
aBTOMAaTa, TAKHE KaK IIepeMeIleHre aBToMaTa 1o rpady, BIOOD JIOKAIb-
HOTO mpeobpa3oBaHnusa U3 P, CUTHAJI Ha 3aBeplineHne paboThl U, BO3SMOXKHO,
PACCTAHOBKY WJIM U3MEHEHHE [TIOMETOK Ha PaCCMATPUBAEMOI OKPECTHOCTH
rpacda. [Tapy (A, U) HazoBeM juHAMIYECKIM MHMOPMAIMOHHBIM TpadoM
(AUT) wam F u P.

Oupenemnm gynryuonuposanue JTUT (A,U) na sanpoce. Eciau 3a-
[POC €CTh 3aIpoc Ha MOUCK, To ¢yukimonupoBanue NI coBnamaer ¢
dyuknmornuposanuem UI' U u He 3ajeiicrByer aBromar A. Ecju 3ampoc
SABJISIETCS 3AIPOCOM HA BCTABKY WJIN yIaJIeHHe, TO (DyHKIMOHUPOBAHUE
JUT npoucxomut cieyronuM obpa3oM. B HaYa/bHBIT MOMEHT TEKYIIei
BepIINHON 00baBsieTcs kKoperb UI' u cunraercsd, 9To JUITHUX ITOMETOK
Ha rpade mer. Ha Bxos aBTOMaTa momaercs KoOJ OKPECTHOCTH TEKYIIeit
BepIuHLI. EC/iu BBIXO/ aBTOMATA MPEIIIUCHIBACT IIEPEIBUKEHUE 10 T'Pa-
dy, To TekyIasi BepIInHA U3MEHSIeTCs. FCJi BBIXOJ, aBTOMATa IIPE/IIIN-
CBIBaET HEKOTOPOE JIOKAJIHLHOE ITPeoObPa3oBaHue, TO B CIyIae €CJAU OKPECT-
HOCTB TEKYIIEeil BEPIIUHBI COIVIACOBAHA C JIEBOI YacTbIO TPpeobpa30BaHus,
TO paccMaTpuBaeMasi OKPECTHOCTL 3aMEHSIeTCd Ha Pe3yJIbTaT ITPUMEHe-
HUsI JJAHHOTO JIOKAJIBHOTO IIpeodpas3oBanms. KM OKPEeCTHOCTh TEeKyIeit
BEPIIUHBI HE COIVIACOBAHA C JIEBOH YaCThIO MIPeodpa3oBaHus, TO (PyHKITHO-
HUPOBaHUE 3aBEPIAETCs ¢ OmubKoit. Kcu BbIxoT aBTOMaTa IPEIINChIBa-
€T M3MEHEHHUE MOMETOK PacCMATPUBAEMOI OKPECTHOCTH, TO 9TH M3MEHe-
HUS BBIIOTHSIIOTCs. EC/in BBIXO/ aBTOMAaTa CUTHAJIM3UPYET O 3aBEPIICHIN
paboThl, TO 06pabOTKA 3aIlIPOCa 3aBEPIIAETCS YCIIENTHO.

[Tycrs gana 3ama4da nadopmannonnoro noucka (SUITL) I = (X, V, p).
Cxkaxkewm, uarto JIUT perraer 3UII I, eciin orBeT Ha TPOU3BOILHBIN 3AIIPOC
2 TUIA MOUCKA, COMEPXKUT Te W TOJHKO Te 3amucu y € V| 4To xpy; ecin
dbyHKIMOHMpPOBaHTE HA TPOU3BOJILHOM 3aIIPOCE TUIIA BCTABKHU (y1aJICHNUS )
3anucu y € Y 3aBepIiiaeTcs YCIEIHO, Pe3yIbTUpyonuii rpad He comuep-
»kut JsmmHnx nomerok n permaer SUIT (X, V U{y}, p) (X, V \{y},p)).

Ecnu kazxmoMy JOKaIbHOMY AeHCTBHUIO COMOCTABUTDL YHCJIO, XapaKTe-
pU3yIoIiee ero CJI0XKHOCTb, TO MOXKHO BBOIUTDL cioxkuocTh NI ma 3a-
mpocax, U ApyTrue CIOXKHOCTHLIe xapakTepuctukn JINT
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JlaJjiee MOXKHO CTABUTDL 3aJa4y CHHTE3a, & UMEHHO 3a1a4y IIOCTPOCHUS
qutst ipoussosibHON 3UIT Takoro JINUT', koropsrit 661 pemran ganayo 3UTT
U MMeJI IIPU 9TOM KaK MOXKHO MEHBLIIYIO CJIOXKHOCTD.

Aprop OGutaromgaput mnpodeccopa D.9. ['acaHoBa 3a MOCTAHOBKY 3a/1a-
YU ¥ [IOMOLIL B paboTe.

Cnucok Jureparypbl

[1] Tacanos 3.9., Kyapsiues B. B. Teopusi xpanenusi u nmoncka uHbOp-
maruu. M.: @UIMATJINT, 2002.
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KomiibroTepHoe MoesMpoBaHUeEe JJOTUYECKUX IIPOIECCOB

INoakossun A. C. (Mocksa, MI'V um. M. B. Jlomonocosa)

Meura gesoBedecTBa 00 UCKYCCTBEHHOM HHTEJIJIEKTE MMeEET JTABHIOK
ucroputo. Ha cerojusiumii JeHb OHA, YBBI, OCTACTCS JIHUIIb MEYTOM.
HpOI/ISBO,[[I/ITe.HI)HOCTb n maMATb COBPEMEHHBIX BBIYHUCJ/IMTE/IbHBIX CHUCTEM
OTPOMHBI U ITPOJOJIZKAIOT OBICTPO YBeIUINBATHCs. OHU OTHOCUTEJIBHO Jie-
IIEBBI U IITTPOKO pacipocrpanedbl. OHAKO, CPeTHECTATUCTUIECKUI CTaH-
JIAPT UCIOJIb30BAHUS STUX CHCTEM IO-IIPEKHEMY CBOJIUTCS K HEKOEMY T'H-
Oputy TesiepOoHA, BAIMMCHON KHHUXKKH, MHIITYIIEH MAITUHKH, TEJEeBU30Da
U TpeHaxkepa s oTpaboTKu mpocreimux peakiuii. [lonnmanue mupa
X0Tsi OBl Ha YPOBHE HATUKJIACCHUKA, C €r0 CIOCOOHOCTHIO UNTATH KHU-
U ¥ BOCIPUHUMATH CMBIC/T H300payKeHmil, OCTAeTCsI TAJEKO 38 PaMKaMu
BO3MOYKHOCTEI CYIIECTBYIOIMINX <«HHTEIEKTYaJbHBIX cucTeM». O Takux
BellaX, KaK HayIYHO-TEXHNIECCKOE TBOPYECTBO B IIOJIJIMHHOM CMBICJIE 9TO-
rO CJI0Ba, TOBOPUTH W BOBCE HE MPUXOIUTCA. ABTOMATH3UPOBATE VIaeT-
Cel JINIITb CPaABHUTEJIbHO IIPOCTHIEC U Y3KO CIIENUAJIU3UPOBaHHBIC (byHKL[HH
€CTECTBEHHOT'O MHTEJUIEKTa. Tak KakK JAHHOE IOJIOKEHHE HAOJIIOIAeTCS
y2Ke JIOCTATOYHO JIABHO, €CTh BCE OCHOBAHWUsI TOBOPUTH O HAJIMIHEN HEKO-
TOPOTO IPUHIUIIHAJIBHOIO Oapbepa, BO3HUKINETO Ha MyTH K UCKYCCTBEH-
HOMY uHTe/IEKTY. O4UeBHIHO, 3TOT Oapbep HUKAK HE CBsi3aH C «usnde-
CKHMI» BOSMOZKHOCTAMU CEI'OJHAINTHUX KOMITBIOTEPOB, a CBA3aH C OCTPBIM
JeUIUTOM HAIMUX 3HAHUI O JIOTMYECKUX IPOIECCax, JIEXKAIIUX B OCHO-
Be JII00OI MHTEJJIEKTYaJIbHOI JiesiTesibHOCTH. 110 cyImecTBy, peds J0/KHA
UJITH O CO3J[AHUU HOBOW HAYKHU, U3YYAIONIEdl 9TU MPOIECChl, CBOErO pojia
«JIOTUYECKON JIMHAMUKA .

Hesbzsi ckazaTh, 9TOOBI MOMBITOK HAYATH U3YYEHUE JIOTHIECKUX TPO-
meccoB He ObL10 BoBce. IIpexk e Bcero, oHU MPEANPUHUMAINCH B PAMKAX
MaTeMaTu4deckoit joruku. OJHAKO, ee MONBITKU CO3JIaHUs YHUBEPCAJIb-
HBIX 9(PEKTUBHBIX MPOIEIYP PEIIeHus 3329 YCIEeXOM He yBEHYAJIUCH.
N3 ob6mux coobparkeHuit BO3HUKJIA JIUITH O0Iast CXeMa OPTaHU3AIIH T1e-
pebopa. DKCIOHEHIIUAIBLHO PACTYINAs TPYJIOEMKOCTh OrpaHuduia chepy
NIPUMEHUMOCTHU 3TUX NPOUEAYP CaMbIMU IIPOCTHIMU 3a/Ja9aMU U J1a2Ke 110-
CTaBUJIA TI0J] COMHEHHE BO3MOXKHOCTH CO3/IAHUSI MCKYCCTBEHHOI'O UHTEJI-
JiekTa BooOIe. Bupoduewm, uestoBek Brosine 3¢ @PEeKTUBHO peIaeT 3a/1adu,
uz3berasi «3KCIOHEHITUAJIBHBIX 1epeOOpOB», U HEyJ/ada MOIBITKU PENIUTh
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npobJIeMy MaTeMaTUIeCKUM IIyTEM O3HAYaeT JIUIIb 3aBEeJIOMYI0 HeJI0CTa-
TOYHOCTH YMO3PHUTEIBHBIX MOCTPOEHUI JJIsI AHAJU3a TaKOTO CJIOKHOTO
sIBJICHUSI, KAK UHTEJIJICKT.

C apyroii CTOPOHBI, TPAKTUIECKU CPa3y MOC/IE MOSIBJIEHUsT KOMITBIOTE-
POB CTaJIA CO3/IABATHCS IPOI'PAMMBI JIJISI PEIIEHUsT «MHTEJIICKTYATbHBIX >
3aJ1a9 B CAMBIX Pa3JIMIHBIX 00s1acTsX. OHU UMUTHPOBAJIN JIEHCTBUST IKC-
[epTa B COOTBETCTBYIONICH ODJIACTA U TOJIYYU/IM HA3BAHUE IKCIEPTHBIX
cucreMm. PaccmarpuBaiuch 3a7adu Ha JI0KA3aTEILCTBO TeopeM B (op-
MaJIbHOI JIOTHKE, 3aJa9d Ha JIOKA3aTE/JbCTBO I€OMETPUIECKUX TEOpeM,
dopMaIbHOE WHTErPUPOBAHUE, TPUTOHOMETPUIECKUE YDPABHEHUSI, YPaB-
HEHUSI B IEJIBIX JHCJIaX, ITaXMaTHbIE 3aJla91, ¥ MHOI'0e, MHOI'Oe JIPYTOe.
CobcrBeHHO, ceffgac TPYJIHO HAWTU TAKyIO IMPEJIMETHYIO OOJIACTB, s
KOTOpOil He OBbLIO ObI CO3aHO MHOXKECTBO SKCIEPTHBIX cucTteMm. Heko-
TOpbIEC U3 HUX BECbMa PA3BUTHI U YCIIENTHO MOT'YT KOHKYPUPOBATH C Ue-
sioBekoM. Hampumep, aj1s maxmar Oblaa cO3/1aHa CHCTEMA, OJepPKaBIIIast
mobey Jaxke HaJ YeMIHOHOM Mmupa. Moxker ObITh, HEKOE 00be/IMHEHUE
BCEX 9TUX CUCTEM U SIBJISIETCSI JIOJITOXKJIAHHBIM MCKYCCTBEHHBIM HHTEJI-
siekroM? OjiHAKO, TIPU OJIMKANIIIEM PACCMOTPEHUN CTAHOBUTCS SICHO, 9TO
6oraTcTBO 3/1€Ch UJII030PHOE. B CKOIB-HUOYIL CIOXKHBIX 00JIACTIX Pas-
BHUTHE HKCIEPTHON CHUCTEMBI OCTAHABIMBAJIOCH HA MPOCTEHINNX 3aja9ax,
JIEMOHCTPHUPYS CKOPee HEBO3MOXKHOCTH OCBOEHHUsI 00JIACTU COBPEMEHHbI-
MU CpeJICTBaMU, YeM YCIIEITHOE ee IIPeoioJieHre. B OTIeIbHBIX CIIydasix
(B Tex ke IMaxmarax) y/aBaJoCh JIOCTHYb BHEIHE BIEYAT/ISIONIAX pe-
3yJIBTATOB He 3a CYET IMPOHUKHOBEHHUSI B JIOTUKY JIEHCTBHUIl YesioBEKa, a
JINIIIb METOJIOM «I'PyOO#l CHJIBbI», UCIOJIb3Ys OIPDOMHYIO MPOU3BOIUTE b
HOCTH KOMIIBIOTEPOB JIIsT TIepebopa. XOpOIIO U3BECTHBI BBICKA3BIBAHUSI
HA& 9TOT CYET OJIHOI'O U3 IMMOHEPOB B 00JIACTH UCKYCCTBEHHOI'O MHTEJLICK-
Ta yeMnuoHa mupa 1o maxmaram M. M. Borsunnuka.

Pazymeercsi, BO MHOTUX, CPaBHUTEJIBHO IIPOCTHIX C JIOTUYECKON TOY-
KN 3pEeHusi, MPeIMETHBIX 00JIacTsIX ObLIN cOo3JaHbl 3(hHEKTUBHbIE TPU-
KJIQJIHBIE dKCIEPTHbIE cucTeMbl. OIHAKO, 37€Ch BO3HUKJIO JIPYyrOe Hera-
TUBHOE siBJIeHUE. Pa3paboTanKu, HAXOsSCh 110/l BIEYATICHUEM JIOCTUTHY-
TBIX YCIEXOB, SKCTPAIIOJUPOBAJIN TPUHIIUAIIBI OPraHU3AINNA CBOMX CUCTEM
JIAJIEKO 33 PAMKHU PACCMaTPUBABIIEHCs TPEMETHON 00JIACTH, BO3BOJISA UX
B paHr «OOIleil TeOpUru» MCKYCCTBEHHOIO HHTE/IIEKTa. ECTeCTBEHHO, B
CKOJIb-HUOY/ Ib 60JIee CJIIOXKHBIX WIN [IPOCTO CUJIBHO OTJIMIAIOIIUXCSA OT HC-
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XOJHOM TIPEJIMETHBIX 00JIACTSIX 9TH TEOPUHM HUKAKOW MOJIB3bI HE TIPUHECJIH.
3J1eCh IPOCTIEXKMBAETCSI BCE Ta, »Ke JIMHUSI OCHOBAHHBIX HA HEJIOCTATOYHOM
uHMOPMAIINYA YMO3PUTETHHBIX TOCTPOCHU.

Bupouewm, orBiiedemcsi 0T 3aBeioMoil ciaabocTu Kakoii-To (HeBarkKHO,
MaJIofi Wi GOJIBIIO) YacTH y3KOCHEINAIN3UPOBAHHBIX SKCIIEPTHBIX CH-
crem. [Ipeamosokum, 9TO Kaxkjasi W3 HUX B CBOeH ODJIACTH JTOCTHIJIA
YPOBHSI CaMOr0 OIBITHOrO dKciiepra. M B aToMm ciydae dopmasibHOE HX
obbeInHeHne HUKAKOTO NCKYCCTBEHHOI'O MHTEJIJIEKTa, He JTacT. Bo-TepBhIX,
u3-3a MpobJIeM OpraHu3alMyd B3auMOJiecTBUs. Kak M3BeCTHO, 3HAHUS
PA3IMIHBIX TPEJIMETHBIX 00JIacTeifl TECHO B3AaMMOCBSI3aHBI JIPYT C JIPY-
rom. Henb3s xoporrio perarh 3aa4u 110 reOMeTPHUH, COBCEM He 3Has aJi-
reOpbl, HEJIb3sl OBJIAJIETh (DU3UKOI, HE 3HAS MATEMATHKHU, W T.JI. U T.II.
YT006BI HAYYUTH CHCTEMY HMOHMMAHUIO CMBIC/IA U300parkKeHni, Hy»KHO 3a-
JIOXKATH B HEe IIPUMEPHO CTOJILKO »Ke 3HaHU 0 MUpe U IIPUEMOB UCIIOJIb-
30BaHUs ITUX BHAHUN B PACCYXKIEHUAX, CKOJILKO UX ITOHAJI00UIOCH Obl
JUtsi O0OyYIeHHUsT JPYTOfl CUCTEMBI IOHUMAHUIO €CTECTBEHHOTO si3bika. Hu-
KaKOIl caMblii yMHBII IIepeKJIIodaTe/ b MKy U30/IMPOBAHHBIMU IKCIIEePT-
HBIMU CUCTEMAaMU 3/IeCh He IIOMOZKET, TaK KakK pelIleHue 3319 «Ha CThIKe»
pa3InIHbIX o0JacTeil moTpedyeT OJHOBPEMEHHOrO uxX ydactus. Ecim Obr
110/T00HAasT MOTBITKA, CO3JaHUsT «O0bEIMHEHHOTO» UCKYCCTBEHHOTO MHTEJI-
JIEKTa U B CAMOM JIeJie KOTIa~-au00 ObLaa ObI IpeIIIpUHSITA, TO OHA HEME -
JIEHHO TIpUBeja Obl K HEOOXOIMMOCTHU yCTPAHEHHUS IMEPErOPOIOK MEXKy
OTJ/ICJIBHBIMU YaCTSIMU ¥, (PAKTUIECKHU, CO3JAHUI0 3aHOBO HEKOEH «yHU-
BepCaJIbHOI» 3KCIEPTHON CUCTEMBI.

Ho u Tmak Mbl He mosjyumin Obl MCKYCCTBEHHOI'O WHTE/JIEKTA. DKC-
[ePTHAas CUCTEMA JIUIIb 3aUKCHPOBaa Obl TEKYIINil yPOBEHD PA3BUTHUS
HaImMX 3HaHuil n ymeHnit. HecMoTpss Ha CBOIO HEOCIOPHUMYIO ITPAKTHU-
YeCKYyIO IT0JIE3HOCTDh, OHA HUKOUM 00pa3oM He MOIJia Obl MPETEHI0BATD
Ha Ty POJIb MOIIHOIO YCKOPUTEJIS HayYIHO-TEXHUYECKOro IIporpecca, Ko-
TOPYIO IPU3BAaH CHIIPATh UCKYCCTBEHHBIN MHTE/IEKT. Takas pojb OIHO-
3HAYHO MPEJIIOJIAraeT CIIOCOOHOCTH CUCTEMBI K camopasBuTuio. Ilpocreii-
mas aJalTalis, CBA3aHHasd ¢ ONTUMU3AIACH CUCTEMON KaKUX-TO CBOUX
napaMmeTpos, He B cueT. [logmunnoe camopasButrue TpedyeT MEXaHU3MOB,
CO3JAIOIINX HOBbIE IPUEMbI PEIIeHUsd 3a/ia9 Ha OCHOBE UMEIOIUXC 3Ha-
HUl ¥ TIOMOJIHSIIOIMNX 3HAHWSI C OpPUEHTalueil Ha perneHne 3amgad. bes
9TOr0 HEBO3MOXKHO peIlleHre HeCTaHAapTHBIX 3a/a4, & OHU B TBOPYECTBE
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COCTABJISIIOT TOMABJISIONIYIO JI0JI0. VHTe/IIeKTya/IbHOM CUCTeME MIPOCTO
HeO6XO,Z[I/IMa. MOITHasd TeXHUKa KOMIIUJIAINM, BBIBOIAIIaA €ee apXI/ITeKTy—
Py ¥ IPOrpaMMBbl U3 HJIEH, TOPOXKIAEMBIX €10 YK€ Ha A3bIKEe, MaKCHMAJIHLHO
MPUOJIMAKEHHOM K SI3BIKY TeopeTndecknx 3Hanuii. COOCTBEHHO MeHeparust
uJiell TPOMCXOIUT Ha MOIPAHUIHOM CJIOE MEXKJY TEOPETUIECCKUMH 3HAHU-
AMU 1 IIPpaKTUYIEeCKUMU IIpueMaMu, KOTOprfI n JOJIZKEH CTaThb I'VIaBHBLIM
00BEKTOM U3y IEHUS.

3/1ecb MBI CHOBa IIPUXOJIUM K BOIIPOCY O IeJIeCOOOPA3HOCTU CO3JIaHUSI
N30/ IMPOBAHHBIX JIPYT OT Jpyra WHTE/UIEKTYaJbHBIX CHCTEM B pPa3jInd-
HBIX MIPEJIMETHBIX 00JacTsix. KOHEeUHO, JJIsT UTPhI B IIaXMAaThHI, 3HAHUE,
CKayKeM, aHAJUTUIECKON TeOMeTpUr MOXKET HOoKa3arbcsd uaaumuumM. O1-
HaKO, ME€XaHU3MbI, IIOPOXKJIaIOIIe HOBbIC IIPUEMBI Ha OCHOBE TeOpeTu4e-
CKUX 3HaHUI, UMEIOT ODIIesIoruvdecknii Xxapakrep. Karkmast mpeaMeTHast
O6JIa.CTb BHOCUT B KOHI/I.HKy TaKUX MEXaHU3MOB, THUIIOB IIPUEMOB N CTaH-
JIapTOB PaCCyzKIeHUI 9TO-TO cBoe. U JijIst mMoJiydeHust ITOJIHOM KOJIIEK-
1 HeoOXOMUMO U3YUUThL KaK MOXKHO 0oJjiee IIUPOKUIl CIeKTD pa3/int-
HBIX IIPEJIMETHBIX 00J1acTeil, YTOOBI y2Ke BIIOCJEICTBUU BEPHYTHCA <BO
BCEOPYKUU» K KAKOI-TO OIHON 00JIacTu.

Takum 06pa3oM, IyTh K UCKYCCTBEHHOMY WHTEJIJIEKTY JIESKUT depes
CO3JJaHUE IKCIIEPTHOU CHUCTEMbI, OXBAaTBIBAIOIIEHA JTOCTATOYHO IMIUPOKUN
CIIEKTP IMPEIMETHBIX 00JIacTeil W MPOrpaMMUPYEeMOil Ha YPOBHE «IIOTpa-
HUYHOTO CJIOST» MeXKy Teopueil m ajropurmamu. OHa JIOJKHA ITOCITY-
JKHUTHb CBOEIr0 POJa MHUKPOCKOIIOM, JIAIONINM JOCTATOYHO OOraThIil (hak-
TUYIECKUN MaTepHuaJ s U3ydIeHus OOIUX MPUHIUIIOB OPTaHU3AINHI JIO-
IUYECKUX MIPOIECCOB: MPUHITUIIOB 3P PEKTUBHOIO YIIPABICHUAST PACCY K Ie-
HUSIMH IIPU PEIIeHUN 33184, IPUHIINIIOB U3BJIEYEHNA HOBBIX IIPUEMOB U3
TeopeM, IIPUHIUIIOB ABTOMATHIECKOTO Pa3BUTHSI TEOPHUi, U T. ;1. AJibTep-
HATHUBOW SIBJISIETCs JIMIIB IIPOIOJIZKEHNE OECIJIOMHBIX ITOIBITOK YMO3PHU-
TEJIBbHOTI'O yI‘a.I[‘I)IBaHI/IH ATUX IMPUHIIUIIOB.

JlanHast cucreMa BOBCe He O0si3aHa IPETEHIOBATH HA POJIb CKOJIb-
HUOYIb CHUJIBHOIO pemiare/is. B mepBylo odepeib, OHa JIOJXKHA J1aBaTh
MHO>KECTBO MPUMEPOB, OObICHAIONINX, KaK MOYXKHO OBLIO ObI YIIPABJISTH
pa.Ccy)KI[GHI/ISHVII/I7 qTO6I)I PEeNInTbL Ty 1 I/IHyIO KOHerTHyIO 33,,[(&‘{}7, HE
npuberas K HEIOMepHO OoJibIlioMy Iepebopy. Pazymeercsi, mo mepe Ha-
KOILJIEHUSI CPEJICTB OHA HAYHET MHOT'OE JIeJIaTh CaMOCTOsiTesIbHO. OJ1HaKO,
B MHBIX HPEIMETHBIX 00/IaCTIX BO3MOXKHOCTH IIOJIHONH HPOPabOTKU Te-
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MBI [IpU OOYYEHUU «BPYYHYIO» BOODIIE HPEICTABIISIETCS COMHUTEIBHOIA,
U 3J1eCh MPUMIETCA OTPAHUYUTLCS HAKOIIEHUEM €IMHUYIHBIX TPACKTOPHUil
[IPOIIECCOB, KOTOPBIE BCE 2Ke JIQJIyT MUILy Jjist obobiennii. JlefictBuresnb-
HO CUJIbHBIE PEIATEeIN JOJIKHBI OYAyT MOSBUTHCS BIIOCIEICTBUHU, KOTJA
HaKOILJIEHEe 3HAHUIA O JIOTUYIECKUX IPOIECCaX IMO3BOJIAT CO3/IaTh WMHTEJ-
JIEKTyaJIbHbIE CUCTEMBbI, CIIOcOOHBIE caMoobydaThes. [loka Takux cucrem
HET, U PeYb UJIET JIUIIH O Havdaje CUCTEMATUIEeCKOT0 MCCIeIOBAHUS, OMU-
parolerocd Ha HEKUl KOMIILIOTEDHBIN «JIOTMYEeCKUNA MUKPOCKOII».

ITpemraraemast paboTa MOCBSIIIIEHa PA3BUTHIO0 KOMIBIOTEPHOHN cucTe-
MBI, KOTOpasi MOIJIa Obl CTaTh OCHOBOW JIJIsi YHUBEPCAJBHON IKCIEPTHOI
cucTeMbl («pelaresist») YKa3aHHOTO BBIIIE TUIIA ¥ OJHOBPEMEHHO «MUK-
POCKOIIOM» JIJII U3YyUeHUsl OOIUX MPUHITUIIOB OPTraHU3aIlNNA JIOTHICCKUX
[IPOIIECCOB, BKJIIOYas camoobydenne. CucreMa OCHOBaHA Ha MPUMEHEHUU
HOBOT'O SI3bIKA ITPOrPAMMUPOBAHUSA FEHOHOF, PacIoI0XKEHHOI'0 B TOY-
HOCTHU Ha MOTPAHUTIHOM CJIOE MeXKIy Teopueil u aaropurMamu. [lpuem na
9TOM $3bIKE 33JA€TCsI KaK TeopeMa IpPeIMeTHOH 00JiacTu, CHaOXKeHHAs
HEKOTOPOI aJIrOPUTMU3UPYIOIIEl pa3MeTKOM.

ObyueHne CUCTEMBI MIPEIITPUHUMAJIOCH B ITUPOKOM CIIEKTPE IPEIMET-
HBIX 00J1acTeil M TO3BOJIMJIO BBIABUTH JOCTATOYHO OOraTyio KOJLIEKIIUIO
c11oco00B 3 deKTUBHON ajropurMusanuu reopeM. Vcrnosms3oBanue 31oit
KOJLJIEKITUH, C OJHOM CTOPOHBI, CYIIECTBEHHO YCKOPHUJIO U YIPOCTUJIO ITPO-
[IECC «PYIHOrO» ODOYHUEHUSI PENIaTe/isi, a ¢ JAPYTroil CTOPOHBI — ITO3BOJIAIO
BIUIOTHYIO TPUOJIU3UTHCS K ABTOMATUIECKOMY CHHTE3Y HPUEMOB.

Crenyer 3aMeTUTb, 9TO HE TOJIBKO IIPOrPAMMUPOBAHUE periaTesei,
HO Jlake TPATUIINOHHOE «HEJIOTUIECKOe» ITPOrPAMMUPOBAHNE B KOHETHOM
cYeTe BBIBOJUT CBOM KOHCTPYKIIUU U3 TEOPEM. DTO O3HAYAET, ITO B CAMO-
00y JaIoNuXCsl THTEIEKTYAJIbHBIX CHCTEMaX BOODIIE BCE IMPOrPAMMUPO-
BaHIe HeM36EKHO JI0JZKHO Gy/1eT IpoxoauTh depes yposens IEHOJIOT ,
U OH BIIOJIHE MOXKET MPETEH0BAThL Ha POJIb «yHUBEPCAJIHLHOIO aJrOPUT-
MUYECKOTO si3bIKa, OyayIiero». Pazymeercs, 3T0 IPUIAET OCODOYIO 3HAYUU-
MOCTb Pa3BUTUIO KOMITMJIATOPOB JJIs SI3IKOB TAKOI'O THUIIA.

Hpu passurun TEHOJIOTa 1 o6yuenuy permareis, TPOMCXOIUBIIAX
OJ/IHOBPEMEHHO, OBLIN PACCMOTPEHBI TAaKHE IPEJIMETHbIE ODJIACTH, Kak
9JIEMEHTBI JINCKPETHOW MaTEeMATUKH, ajredpa MHOXKECTB, JIEMEHTAPHAS
ajrebpa, s/leMeHTapHas T'eOMeTPHsl, aHAJUTHIECKAas T'eOMeTPHsl, JINHEH-
Has ajrebpa, MaTeMaTHIeCKuil aHams, nuddepeHIuaibible ypaBHEHNUS,
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KOMILJIEKCHBIN aHAJIN3, BBIYUCJICHUS, TEOPUS BEPOSTHOCTEN, 37IeMEHTBI 00-
et aaredpbl, Psii Pas3/Ie/ioB IJIEMEHTAPHLIX (DUBUKH U XUMUU, MAXMa-
ThI, TEKCTOBBIE 3a/a9i (B JBYX BapHaHTaX — HA JIOTMYECKOM JIHOO ecTe-
CTBEHHOM $I3bIKE), aHaau3 pucyHkoB. OOydaromuii MaTepuas cojepxKai
npumepro 11000 3amad, u3 KOTOPhIX ObLIN u3BJedeHbl npumMepao 39000
npueMoB. B oTaebHBIX 00J1aCTAX HaXke TaKoe, Cyry0o mpeaBapuTebHoe,
o0ydeHre TIO3BOJITUJIO BBINTH HA HEIUIOXOW YPOBEHDb PEIICHUS 3a/1a1 CPE/I-
Hell CJIO2KHOCTH. B Ipyrux — yaajioch mpopadoTaTs JUIb HeOOIbIIToe KO-
JITYECTBO [IPUMEPOB, KOTOPBIE, OJIHAKO, JIAJIM BO3MOXKHOCTD CYIIECTBEHHO
CKOPPEKTUPOBATH IEPBOHAYAIbHbBIC MIPE/ICTABICHUS U MOy INTh CPABHU-
TeJILbHO YCTORYIUBYIO apPXUTEKTYPY JJIs MaJbHEHIIIero pa3BuTHs.

[IpemmpunrmaeTcs: aHaM3 BO3MOXKHOCTEH camMoobydenns cucrembl. K
SIBJICHUIO CAaMOOOYUIECHUS CJIE/IyeT OTHOCUTHCS C OIPEJIEJIEHHON OCTOPOXK-
HOCTDBIO, TaK KaK I[TOKA M3BECTHA JIUIIHL OJIHA CAaMOOOYJAIOINIasicsa B abCco-
JIIOTHOM CMBIC/I€ UHTEJUIEKTYAJbHAST CUCTEMa — 3TO BCsl UEJIOBEYECKAst
nuBmwim3anys B 1esjomM. llporeccsr momobHoro maciraba Jajieko BBIXO-
JISIT 38 PAMKH BO3MOYKHOCTEH COBPEMEHHBIX KOMITBIOTEpOB. lIpakTude-
CKUII MHTEpEC IMPEJICTABISET cefidac «OrpaHUmIeHHOe» CaMOOOydeHue OT-
JIEJIHOTO J€JIOBEKA, 3aKJIOYAIONeecs B CAMOCTOATEILHOM YCBOEGHUM II0
KHATAM WJIM UHBIM HCTOYHUKAM BO3MOXKHO OOJIbINEH CyMMBbI 3HAHHIA U
pUOOPETEHNHN HABBIKOB MX MTPAKTUIECKOTO UCIIOJIb30BAHUS [Ty TEM TPEHU-
POBKH Ha obyuarorux npuMepax. Llenbio paboThl ¢ KOMITBIOTEPHOI CUCTe-
MO#l JIOJIPKHO SIBUTHCSI OCBOEGHUE AHAJIOTUIHOIO PEXKUMa CaMOOOYUIeHUsI:
eit coobIaeTcst Teopusi U JAETCA MOTOK 3aJ1ad, Ha KOTOPOM ITPOUCXOIAT
CaAMOCTOSITE/IbHOE CO3JIaHUE TPUEMOB U OIITUMHU3AIUs UX COBMECTHOTO IO~
BEJICHHUSI.

[lenTpaabHBIM 371eCh SBJISETCS CO3/AHUE PA3BUTON KJIACCU(DUKAIIUN
JIOTUYECKUX THUIIOB IIPUEMOB, KOTOPAasi IO3BOJIsIa ObI 110 3aJIAHHOU Teo-
peMe TeHEPUPOBATH CEPUIO TTPEJIIOIOKUTEHFHO HHTEPECHBIX IS 33191
npueMoB («uJeit» ), TpoBEPsITh UX IEHHOCTh U OTOUPATH 110 OKOHYAHUH
peITenns 3aJa4Iu Te TPUEeMbl, KOTOPbIEe OKA3aJINCh Pe3yJIbTATUBHBIMU. Pa-
6oTa HaJ CO3/IaHNeM TaKOM KJacCudUKAIUU HadaTa, OJHAKO OHA CBI3aHa,
C TPYJI0EMKOW HTEPATUBHON CTaHJApTH3AIMel PUEMOB CO3IAHHOTO (B
obI1eM, MOKa OTHOCHUTEIBHO «CBHIPOrO») DelaTesis U ONTHMU3aIMeli ero
JIOTUYECKUX PEKUMOB.
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ApXuUTeKTypa U A3bIKM OOYYEHUsT CUCTEMBI OIMCAHBI B TIEPBOM TOME
MOHOTPa(UU IO KOMIBIOTEPHOMY MOJIEIUPOBAHUIO JIOTHICCKUX ITPOIIEC-
cos |1]. Ilnanupyercst n3nanue MocaeAyIONUX TOMOB, B KOTOPBIX OyJIyT
OIMCAHBl MHOT000Opa3ne MPUEMOB peniaTe/isi, BO3HUKIINX IIPU ero odytde-
HUU, U CPEJICTBA aBTOMATHU3AIUN CUHTE3a ITPUEMOB.

ApTOp BBIpaykaeT HUCKpeHHIOW OjaromapHocTh B.B. Kynpssiesy,
MOJIEP>KKa KOTOPOTO CJiesiajia BO3MOXKHBIM IIPOBEIEHNe JTaHHOTO HCCJIe-
JIOBaHUSI.

Crcok JurepaTypbl

[1] Hoakomsur A.C. KoMmnbioTepHoe MOjeIMpOBaHuie JIOTHIECKUX PO-
[ECCOB. ApXUTEKTypa U sI3bIKM pernarens 3amad. M.: Ousmarinr,

2008.
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O HeJMHENHBIX XapaKTEePUCTUKAX HEHPOHHBIX CXE€M B
MPOU3BOJILHBIX Oa3mcax

ITonoBuukos B. C. (Mocksa, MI'Y um. M. B. JIomonocosa)

puser@mail.Tu

B mannoit pabore 1oy 9eHbl CJIeICTBUSA HEKOTOPBIX PE3Y/ILTaTOB MOE
KaHIUIATCKON JIMCCepTaIliN, KOTOPbIe MOTJIN Obl ObIThH IOJIE3HBI IIPH 10~
CTPOEHMM HEHPOHHBIX CXEM U3 JIEMEHTOB, MPEJICTABJISAIONINX COOOM OJI-
HyIO (IO omepanuy Cyneprnosuryn) cucremy F' KycoOdHO-TIapasjiebHbIX
dbyHKIWit, comepKaIux Bce JIMHEHHbIE SJIEMEHTHI (CJI0KeHNne, KOHCTAHTBI
u3 R, yMHOXKeHUsT Ha KOHCTAHTBI n3 R) 1 HEKOTOPYIO HEJTMHEHHYIO YaCTh.

Ham nonamobsiTes ciryrorue onpeiesienns, 0003HaAYCHUST U yTBEPK Ie-
HUsI JIECcepTanuy (HyMepalus TeOpeM COXPaHEeHa):

L — MHOXKeCTBO JUHEHHDBIX (PYHKITUH,
PC — MHOXKeCTBO KyCOIHO-TIOCTOSTHHBIX (DYHKITHI,
PP ={f|f = fe+ fi,fc € PC,fi € L} — MHOXKeCTBO KyCOUHO-IIAPAJI-
JIEJIBHBIX (PYHKITHIA.
Heitponnoit cxemoit Maxk-Kastoka-IInrTca HasbiBaeTcst cxema, IOCTPOEH-
Hasl C MCIIOJb30BAHNEM JIMHEHHBIX 9JIEMEHTOB W HEJIMHEHHON O-pyHKINn
Xesucaiiaa.

1, ecmmz >0

0(z) = { 0, ecmm x < 0.

Teopema 3. Mnoocecmseo Gynkyuti, Peasuyemvir HetpoHHuMYU CTeMA-
mu Max-Kanroxa-Tlummea, cosnadaem ¢ MHOICECTMBOM GCEX KYCOUHO-
NAPAAACALYHBT Pynruut. U das 110007 KYCOUHO-NAPAANEALHOT GYHKUUU
cywecmeyem netpornnas cxema Max-Kannroxa-Ilummea neaunetinot eay-
bunvl He bosee deyw.

QOyukrust f(t) uz PC(1) nazsiBaercs C-gpunummots gynxuuet om 1
nepemennot, eciun 3T, ¢y € R, Ty > 0 Takue, aro npu t € (—oo, =Tf) U
(Tf,400) Bomonneno f(t) = cy. Obozuaunm kimace C-pUHATHBIX DyHK-
it or 1 mepemennoit $(1).

Pacemorpum kycouno-nocrosinnyio dyukmmio f : R” — R u npsmyio
M 3aaHHyI0 TapaMeTpuieck: 1 = aijt+by, ..., o, = apt+by,. PyHknus
g(t) = f(ait+by,...,ant+b) HA3BIBAETCS CevEHUEM KYCOUHO-NOCTNOAHHOU
pynxuyuu f npamot N.
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Oyukius f € PC naspiBaercsa C-ghurnummnoti, ecau cedenne f moboit
npsimoit siejistercst C-cpuauTHON pyHKIMe or 1 nepemennoit. O6o3HaINM
kjacc Bcex C-dunnrHbix QyHKIuUi depe3 P.

Beenem xaacce C-gunummo-aunetinoix GyHruud:

SL={f|f=¢p+1,pc P lec L}

Teopema 4. F noarno 6 PP no onepayuu cynepnosuyuy, moz0a u moaivko
moeda, xozda B L.

[Iycrs  f(x1,...,%,) — NOpPOM3BOJbHAS KyCOYHO-TIAPAJIICTbHETHAS
dbyuxims B R", 3agannas k runepruiockocrsivu. 3a Zyrp(S) obosHadnm
q1CsI0 37eMeHTOB 6 B cxeme (S, f), TO €CTb HeAUHETHYIO CAOAHCHOCTID CXe-
Mol (S, f). COOTBETCTBEHHO ONPEIETIM CAOHCHOCTND DEAAUSAUUY PYHK-
yuu cxemoit Mak-Kastnoka-ITutTca

ZUJP(f)==SPiEE;HfZQWP(SL

rje MUHUMYM OepeTcs 1O BceM HeflpoHHBIM cxemMaM Mak-Kasoka-
[MurTca peanuzyromum f.

Dynryus Llennona Zyp(k) = max Zvp(f).

fEPPZfsau,aHa k T'UINEePIJIOCKOCTAMU

Teopema 5. Jlaa dynxuyuu [lennona Zyrp(k) eepra ouenka
1) npu k < n:
38 1< Zyp(k) < 3%+ 2k.

2) npu k > n:
n—1 k—2
3 Ci2'+2" > O —1< Zup(k) <
i=0 j=n—1
n—1 k—2
<3) Ci 242" Y Ot 42k,
i=0 j=n—1

N3 nokazarebcTBa TeopeMbl 4 BBITEKAET BBIPA3UMOCTH 0 QyHKIUH
gepe3 HeUHUTHO-JIUHENHY IO DYHKINIO 13 F| KOTOpasi COJIACHO TEOpEMe
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4 obstzana cosepkaTbest B F BBy nosHOTHL F. [lpunuem cxema crpount-
Cs SIBHO CO CJIEJLYIONTUMU IIapaMeTpaMu: HeJIMHeliHas riyouna 4 u HeJu-
HeliHast CJI0KHOCTD 4. [lJisi Ipon3Bo/IbHON KyCOYHO-TTAPAJIIETbHON BDYHK-
[, paccMOTpuM ee Heliponnyio cxemy Mak-Kamnnoka-Ilurrca nenumneii-
HO#T TryOuHBI 2 (13 TeopeMbl 3). 3aMEHUM B Heil 3jieMeHT ) Ha HeHPOHHYTO
cxemy HaJi F' (13 Teopembr 4). [osyuaem ciejiyiee yTBep:KieHue:

Caenacrsue 1. J[as 410601 KYCOUYHO-NAPAAICABHOT GYHKUUY CYUECNEY-
em HelpoHHas cxema nad F neaunetinotl eayburv, He bosee 8.

Hanee, anasoruuno Zyp(k) oupenenum dynximo [ennona Zp (k)
Jutst (bYHKIHH, peansyeMblx cxemMamMu Haj F. AHamormgsoit 3ameHoi
ssemenTa ) Ha HefipoHHYIO cxemy HaJl F', 0000IaeTcss BepxHsisl OIeHKa
dyuknun [llenona u3z Teopemsbr 5.

Caencrue 2. Jlaa ¢ynryuu lennona Zp(k) sepra ouenka
1) npu k < n:
Zup(k) < 4(3% + 2k).

2) npu k > n:
n—1 . . k—2
Zup(k) <ABY Ci2'+2" > CF7l 4 2k).
i=0 j=n—1

3a 1moMoIIh B HAyYHBIX M3LICKAHUSX BBIPAXKAIo OJIAroJapHOCTh K.(.-
M.H. Jacosckux A. A.
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MonenupoBaHue 3JIEKTPOHHOTO OMJIMHTBAJIBHOTO
METO/IUYECKOI'0 CJIOBApPs OTKPBITOTO TUIA KaK
cocTaBJigoIIas mponecca popMUPOBaAHUS
WHTEJUIEKTYyaJbHOU MHAOPMAIMOHHOMN CUCTEMBbI

Pomanosa A. A. (Cmosenck)

Vackhanka88@mail. ru

OpnHolt 13 33184, permaeMbIX HHTE/JIEKTYAJIbHBIMEI HH(OPMAIHOHHbI-
MU CHCTEMaMH, SIBJIIETCS ODOyUeHne. DTO MOJIpa3yMeBaeT UCIOIH30BaAHUE
KOMITBIOTEpa JIJIsi 00y UeHusT KaKoi-ub0 aucruiintae wim npeamery. Cu-
cTeMbl O0yYeHHs JIMArHOCTUPYIOT ONMIUOKHM NPYU W3YUE€HUU JIACIUTLIAHDBI
¢ momombio 9BM u mosckasbiBaloT npaBuiibHble perienusi. CTpyKTy-
pa MHTEJUIEKTYAJILHON CHUCTEMbI BKJIIOYAET TPU OCHOBHBIX OJIOKa — Oa-
3y 3HAHWIl, peliaresib 1 UHTE/UIeKTyaabHbIH nHTepdeiic|2]. Takum obpa-
30M, paccMaTpHuBasi IJIEKTPOHHbBIN OMJIMHTBAJIBHBIA CJIOBaAPb OTKPBITOTIO
THIIA KaK 0a3y 3HAHUN, €r0 MOXKHO OTHECTU K OJIHOMY W3 COCTABJIAIONINX
KOMIIOHEHTOB MHTEJLICKTYAJIbHBIX HH(MOPMAITMOHHBIX CUCTEM, TOCKOJIBKY
B JIAHHOM CJIy4ae BBICOKOKBAJMMDUIIMPOBAHHBIMU CIEIUAJIACTAME, OCY-
IIECTBJISIONINME BbIsIBJICHUE, UCCIEIOBAHNE U IIPUMEHEHIE 3HAHUM, STBJIsI-
IOTCsI OJTHOBPEMEHHO IIEJIATOIUKH, YIUTE/IA-IIPEIMETHUKNA U JIMHIBUCTHI.
IIpu mocTpoeHnn WHTE/LIEKTYaJbHBIX CACTEM, OCHOBAHHBIX Ha 3HAHUSIX,
UCIOJIB3YIOTCsl 3HAHWS, HAKOIJICHHBIE YKCIEPTAMU B BUJE KOHKPETHBIX
MPABUJI PENIeHUs TeX WJIM WHBIX 3aJ1ad, CJIeI0BATEIbHO, OMIMHIBAILHBIIHI
METOJIMYECKUIl CJIOBAPh-CIIPABOYHUK, CO3JAHHBIN 110 TpUHIUIY Bukwnire-
JIAU, SIBJISIETCST TUITMYHBIM OAHKOM 3HAHUI, KOTOPBIH BIOCJEICTBUM MO-
2KeT OBITH BKJIIOUEH B COCTaB 00J1ee CJI0KHON 9KCIIEPTHOM cucTeMbl. ABiis-
sICb COCTABHOW YACTBHIO UHTEJUIEKTYAJbHON HH(MOPMAIIMOHHONW CHUCTEMBI,
Takol BeO-pecypc MOXKET TakkKe ObITh KJIACCHMPUIIMPOBAH KaK THIIEPTEK-
CTOBasl CUCTEMA.

B cBowo ouepenp OuyimHrBajbHOE 00pA30BAHUE B HACTOSINEE BPEMsI
CTAHOBUTCS OOIE3HAYMMBIM HAIMOHAJIBHBIM IIPEJIIMCAHIEM, IIPUIEM He
TOJIBKO HPABCTBEHHOI'O, HO M TPOQECCHOHAJIBHOIO XapakTepa. OTcioma
BO3HUKAET aKTYaAJbHOCTH IPODJIEMBI TTOBBINIEHUsT KBAJTHMUKAIUN TPEIIO-
JlaBaTesisd BBICIIEH TPOodecCnoHaLHOM IITKOJIbBI B CHCTEME HEIIPEPBhIBHOTO
(lifelong) m pexyppenTHOrO, BO300HOBJIsSIEMOro (recurrent) oGpasoOBaHMUs.
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CraHOBUTCS OYEBHJIHON HEOOXOIUMOCTH Pa3pabOTKU JIBYSI3BITHBIX JIEK-
TPOHHBIX METOIUYECKUX CIPABOYHUKOB C yYETOM OTHEJILHBIX CIICIAAIb-
HOCTel METOJIUCTOB U II€JIArOrOB, MOCKOJIBKY OOydeHHe Ha OUJIMHTBaJIb-
HOT OCHOBE CIIOCOOCTBYET YT/IyD/ICHUIO IIPEIMETHOM TOATOTOBKHU U PACIIIU-
peHuio cepbl MEKKYJIBTYPHOI'O 0O0YUEHUsI, COBEPIIEHCTBOBAHUIO OOIIEit
SA3BIKOBOU IIOJITOTOBKM M BJIQJICHUA MHOCTPAHHBIM S3BIKOM B CIICIAAJIb-
HBIX HEA3BIKOBBIX IIPEJIMETHBIX IEJIAX, & TaKxKe MOBBIIICHUIO MOTUBAIIAN
B U3yYEHUM MHOCTPAHHOIO $I3bIKA [3].

O/HUM W3 IVIABHBIX STAIOB B pa3paboTKe J0O0# MHTEIICKTyaTbHO
nHMOPMAIMOHHON CUCTEMBI, B TOM YHCJIE U THIEPTEKCTOBOH, sIBJISIETCS
MIOCTPOEHNE KOHIENTYAJBHON Mofenn. B pamMkax HaIlero mcciaeJoBaHUs
OBLIO CO3/IaHO IEJIOCTHOE W CUCTEMHOE OIMCAHKE HCIIOJIb3YeMbIX 3HAHMUIA,
OTpaKalolee CyIHOCTh (DYHKITMOHUPOBaHUs IpobeMHoN obactu. B pe-
3y/IbTAaTe KOHIECNITYAJN3AIUN IPOOIEMbI IPOCKTUPOBAHUS IJIEKTPOHHOTO
METO/IMIECKOr0 CJIOBAPST OTKPBITOTO TUITA ObLIA MTOJIyYeHa 00 bEKTHAS MO-
JieJib, OTIUCHIBAIONIASA CTPYKTYPY IPEIMETHON 00/1aCTH KAK COBOKYITHOCTU
B3aMMOCBSI3aHHBIX OOBEKTOB (cxeMa 1).

ITporecc mpoekTUpOBaHUs JEKTPOHHOIO OUIMHTBAJILHOTO METOTIYE-
CKOT'O CJIOBapsi B JIAHHON KOHIIECNITYAJHHONW MOJIEJN MPEJICTABIIET CODOit
QJITOPATM JIeCTBUH, IIOCJIE BBIIOJHEHUS KOTOPBIX MBI JOCTUTHEM IIO-
craBjieHHON 1iesu. [lepBbil mar ajgropurMa — MOCTAHOBKA ITPODJIEMBI —
BKJIIOUaeT B cebsl OlpejiesieHne Tuia npobsieMsl, ren u 3aza4 2. Leaso
KOHIICNITYaJIbHON MOJENIN ABJIAETCA ITOBBINICHNE YPOBHSA 3HAHWM W IpO-
deccronaIbHON SI3BIKOBOI KOMIleTeHIuN yunrtesieit By3os u memaroros-
nccijenoBaTesei.

Chenyromuii 9ranr — 3TO apasiieJIbHOe BBIMIOJIHEHNE JIBYX IAroB
aJITOPUTMAa: OIpPEeJeJICHNE TEOPETUKO-METO/IOJIOTHIECKNX OCHOB IIPOIIEC-
ca TPOEKTUPOBAHUsSI, & TAKXKE€ BLISBJCHUE UM aHau3 MOTpeOHOCTEel KO-
HEYHBIX IOJIb30BaTeN el K IMpearnojiaracMoMy IpoaykTy. llapasmnemsnoe
BBITIOJTHEHNE 9TUX JEHCTBUil 0becreunBaeT nX B3aUMOBJIUSIHUE U B3aUMO-
00yCJIOBJICHHOCTD. [Ipn poeKTUpoOBaHNY KOHIEIITYAJIHLHOW MOJIE/IN HAMUI
OBLIN B3ATHI 32 OCHOBY CJICJYIOIIME METOI0IOTUIECKHE TIOXO/IbI: CUCTEM-
HBIN, OMJIMHIBAJIBHBIN, KYJIBTYPOJIOIUIECKUil, Ped/IEKCUBHbIN, ITeATe/ b
HOCTHBI. CHCTEMHBIN, OUJIMHIBAJIBHBIA U KYJIbTYPOJOTHIECKUN ITO/IXO-
JbI TIO3BOJIAIOT BBIABUTH CYIIHOCTHBIE XapaKTECPUCTUKY, 3aKOHOMEPHOCTH
7 NIPUHIANBI THTEPCOINAJIBHON KOHIIENIINN Pa3BUTAA MEXKKYJIbTYPHOI 1



Cekrust «/HTE/IEKTYaIbHBIE CHCTEMBI» 93

SI3BIKOBOM ITPOdeCCHOHAIBLHON KOMIIETEHIINN CTYIEHTOB, YPOBHH €€ PyHK-
[IMOHUPOBAHUSI, IIOCTPOUTH U ODOCHOBATH KOHIENTYATbHYIO MOJIeJIb|4].
PednekcuBublit 1 aesTeIbHOCTHBIN TOIXOIbI 00ECIIeIBAIOT pa3paboT-
Ky METOJIMYEeCKUX OCHOB PAa3BUTUA ITPOMECCHOHATBLHON S3BIKOBON KOM-
MIETEHI[NU CTYJIEHTOB B IIpoIlecce 0Opa30BaHMs B HESI3BIKOBOM By3e. [lam-
HBIE MTOJIXO/IBI BXOIAT B COCTAB TEOPETUKO-METOIO0JOTTIECKOTO KOMITOHEH-
Ta, KOHIIENITYaJIbHOW MOJIE/M U MO3BOJIAIOT IOJTOXKHUTH HAYAJIO PeaTn3aIlun
BEIyIIUX UJIeil JAHHOTO UCC/IEIOBAHUS — IVIO0AIM3AIINNA U MOJICPHUBAIIIH.
AKTyaJIbHOCTh MU MOIEPHU3ALUN CBI3aHA C TEM, UTO IOJHMHIBAJIbLHOE
obytenne, siBJSSICh CPEJICTBOM IOJIydeHUs OOpa30BaHUS, ITPEICTABIIAET
co0oif TakzKe | IpoIece (bopMUpPOBaHUs JTUIHOCTH, OTKPBITON K B3aWMO-
JIEHCTBHIO C OKPY2KAIOIIUM MUPOM [5]. A mjiest riobaim3anum CTaBuT 1eb
BKJIIOUEHUs TIOJ00HOTO Pecypca B COCTaB O0ydaroniell SKCIEPTHON Cu-
CTEMBbI, JIOCTYIIHON IMIMPOKOH ayuTOpuu. TeopeTuKo-MeTOM0 0T MICCKUi
KOMIIOHEHT KOHIIEIITYaJIbHON MOJEN TaKKe PACKPBIBACT OOIIEINIaKTU-
YeCcKre MPUHIAIBI PeaIu3allii YKA3aHHBIX OIX0A0B: ITPWHIUI HAYIHO-
CTHU, JOCTYITHOCTH, MOTUBAIMKA U HATJISITHOCTH.

IToce ompemesieHns TEOPETHKO-METOMOJIOTTIECKOIO0 KOMIIOHEHTa U
aHaJIM3a MOTPEOUTE/ILCKUX TPEOOBAHUI CJIE/IyeT ITAIl HEIOCPEICTBEHHO-
I'0 MOJEJTMPOBAHUSI IIPOEKTA, ITOKA ellle He OKOHYATEILHOIO0 OPOPMICHUS
nJien, nHade — OPTaHU3aIllMOHHO-METONMIECKNT KOMIIOHEHT. [IpoekTupo-
BaHUE METOIUIECKOr0 pecypca o0yC/IaB/IMBaACT HAJMYIUE V JTAHHOIO STAIIa,
XapaKTEePHBIX 0CODEHHOCTEH: METOANYECKNE IPUEMBI U YCJIOBUST OPOPM-
JIEHUS [IPOEKTa B HEKOTOPYIO 000/104Ky. [legarorndeckue ycjaoBust BKJIIO-
YeHbI B KOHIIENITYaJIbHYIO MOJIE/b, TaK KaK CUCTEMa HE MOYKET OBITH CO31a~
Ha U CYIIECTBOBATHL B MHOM BHJE, KPOME KaK B KOMILIEKCE C YKA3aHHBIMHI
YCAOBUSIMU, WHAYE MBI IMOJIYYIUM CHCTEMY C JPYTUMH XapaKTepPUCTUKA-
mu [4].

OO6beauHsist METOINIECKHE IIPUEMBI U CPEJICTBA CO3IAHMUS, MOXKHO BbI-
JeUTh 8 3TANOB B CO3MAHUU 3JIEKTPOHHOTO OMJIMHTBAJIBHOTO METOIMYe-
CKOI'O CJIOBapsi OTKPBITOTO THINA: 1) aHaJIu3 JUTepaTyphbl, 2) pasbueHnue
MaTepuasa Ha MOJYJH, 3) ONpejeeHre MHIePCChUIOK, 4) peajn3aus B
9JIEKTPOHHOIT hopme, 5) pazpaboTKa KOMIIbIOTEPHO! HO/JIEPKKH, 6) KOp-
PEKTHPOBKa Marepuasa, 7) or6op MYJIBTUMEIUITHOIO COMPOBOXKICHUST 1
8) Bo3MOXKHasl Bu3yasusanusi Marepuasa |1|. dasee asropurm naiero
IPOEKTUPOBAHNS IPEIyCMaTPUBACT IIPOBEIECHNE IKCIEPTHOIO AHAJIM3a, C
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[OCJIE Y IOITell KOPPEKTUPOBKOI B ciiyvae HeobxogumocTu. M TobKo 10~
CJI€ TOTO CJIeIYyeT MPAKTUIECKAsT AITPOOAIls HAIIEIO METOINIECKOTO CJI0-
Bapsd OTKPBITOrO Thma. lIpakTmdeckas 9acTh 3KCIIEPUMEHTA peajin3yeT-
Cd B COOTBETCTBUU C Pa3pabOTaHHON y4ueOHOI MPOrpamMMOil IpU yCJIOBUHU
AKTUBHOM OMJIMHIBAJILHON yUeDHOI JIeATe/IbHOCTH YUalluXCcsd U HAIPaB-
JIAoITell OMIMHTBAJILHOM TIeJArOruIecKoil JIesATeIbHOCTUA YIUTEJIs.

B kadecrBe pesysibrata (DyHKIIMOHUPOBAHUS MPEJJIOXKEHHON CcucTe-
MBI MBI pacCMaTpHUBaeM ONPEIEJICHHLII ypPOBEHb METOAUYECKOHN I10/ro-
TOBKH YUAIINUXCsl, KOTOPBIl 0DECHEUNBACT IIEPEX0J] CUCTEMbl Ha HOBYIO,
6oJiee BBICOKYIO cTauio pas3Burusi. ONEeHOTHO-PE3YIbTATUBHBIN KOMIIO-
HEHT BKJIIOYACT YPOBHU METOAUYECKON MOTOBHOCTH K IIeJIarOTMIeCKON Jie-
ATEJIBHOCTU yYAIAXCA, KPUTEPUU U IOKA3ATEJIH, JUAIHOCTUKY U METOJbI
MaTeMaTUYECKON CTATUCTUKU.

Takum 06pa3oM, CIPOEKTHPOBAHHAST HAMHU MOJIEJb 00JIAaeT BCEMHU
IIPAU3HAKAMA CHACTEMBI, & UMEHHO:

® I[eJIOCTHOCTBHIO, TaK KaK BCe yKa3aHHbIe KOMIIOHEHTHI B3aMMOCBsI3a-
HBI MEXKJIy CODOM, BBIIOJIHAIOT ONpPEJIEIeHHYI0 (DYHKIUIO, CIIOCOD-
CTBYIOT JIOCTHKEHUIO ILJIAHUPYEMOI'O pe3yJjbTaTa, KOTOPHIil BhIpa-
JKaeTCs B BBICOKOM YPOBHE OMJIMHIBAJBHON METOJIUYIECKON TOTOB-
HOCTHU CTY/IEHTOB;

® HAJIMYMEM MHBAPUAHTHBIX KOMIIOHEHTOB (COIMAJIBHBIN 3aKa3, ToCy-
JIAPCTBEHHBINT 00pa30BATEILHBIN CTAHIAPT, 1EJIb, TEOPETHKO-METO-
JIOJIOTMYECKUE OCHOBBI PeIIeHns] IPO0JIeMbl) U BAPHATUBHBIX KOM-
HOHEHTOB (CPeJICTBA, MEXaHU3MbI JIOCTHZKEHUSI TIEJIN );

® OTKPBLITOCTBIO, TaK KaK KaKJbli KOMIIOHEHT B3aUMOIEUCTBYeT C
BHEIIIHEH cpejloil: JaHHasd CUCTeMa, ¢ OJHOM CTOPOHBI, caMa HUCIIbI-
TBIBAET BJIUSIHUE CPEJIbI, C JIPYToil, — OKa3bIBaeT HA HEE BIIUSHUE,
Opranu3dys €€ B COOTBETCTBUU C IIEJIbIO;

® JIMHAMUYHOCTBIO, TaK KaK COJeprKaHue KOMIIOHEHTOB MOXKET Me-
HATHCS B 3aBUCUMOCTH OT COIIMAJILHOI'O 3aKa3a U IIpeJIoJaraeT co-
BEPIIEHCTBOBAHUE B IIPOIECCYAJILHOM IlJIaHE U B OIlEHKE Ka4eCTBCH-
HOI XapaKTEePUCTUKU pe3yJ/braTa — yPOBHEN;

® JIMHEIHO-BO3BPATHBIM XapaKTePOM, BBIPAXKAIOIKUMCS B obecrede-
HUM OIIepaTUBHON 0OpaTHON CBA3U, KOPPEKTUPYIONICH HEIOCTATKI
HOJTy YeHHOTO pesyJibraTa [4].
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CHpOGKTI/IpOBaHHaﬂ HaMMn MOJEJIb ABJIAETCA KOHH,GHTyaJH)HOI;'I, TaK

KaK y49UTbIBA€T OCHOBHBIE ITOJIOZKEHU A I/IHTepCOLLI/IaJIbHOﬁ KOHIICIIINU, 3a-

KOHOMEPDHOCTH W IPUHITUIILI eé IOCTPpOEHU A 1 HallpaBJIEHa Ha HUX DeEaJid-

3aIUIO.

1]

2l
13l

4]
5]
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O6bektHas CYB/l DIM u nyTu ee peajim3aiiuu

Py6aes B. C., Cmupnosa E. A. (fpocnasib, SIpociaBekuii
rocynapcrBernblii yausepeurer um. [1.T. Temumosa)

roublev@mail.ru

TpeboBanusi COBpEMEHHOTO Pa3BUTHsA 0a3 JIAHHBIX CTABIT HOBBIE 3a-
naqn. ITocseHue oCTHKEHUsT B HAY YHBIX UCCJIEIOBAHUSX (HAPUMED, B
acTpodusrke) TPeOYIOT XpaHeHUsI U 00PAbOTKU KOJOCCATBHBIX 00bEMOB
uHMOpMAaIMI, KOTOPbIe 0oL yKe K nenrabaiitam [1]. Ilorpebrocts B
[MOCTOSTHHBIX U3MEHEHUSX He TOJILKO JIAHHBIX, HO U AJITOPUTMOB SIBJISETCS
«HEM3MEHHOIl XapaKTepUCTUKONW COBPEMEHHOro Mupas 2.

B [3| onucan HOBBIT 06bekTHBIIT TOIX07 K cozmannio CYB/I, koro-
pBIil IpejirioiaraeT He TOJBKO M3MEHEHHe JIAHHBIX O0bEKTOB, HO U BO3-
MOXKHOCTb U3MEHEHUsI TUIOB OOBEKTOB, TO €CTb CXeMbI 0a3bl JAHHBIX,
HA3BAHHBIN Junamuveckoti ungopmayuonroti modeaviol (DIM). B stom
[IOJIXO/I€ MBI BBLIEIUIN 6 6A30BBIX OTHOIIEHUN O0BEKTOB: HacAeJOGAMHUA,
BRAIONEHUSA, BHYMPENNE20 HACACO0BAHUA, GHYMPEHHEL0 BKAIOYEHUA, UC-
mopuu u 83aumodeticmeus. s onrcanust mpeMeTHONR 00J1aCTH BBEJICHO
obrree ompeesierane JNCKpeTHON TeTepMUHIPOBAHHON MO, 00bEeKThI
KOTOPOI MOTYT SBOJIIOIMOHUPOBATH, JlaHa (DOpMAaIu3aliusi TAaKUM MOJIe-
M (OD-mozenn) u nokazana mosmora DIM: wobas OD-modeav u ee
a6om0uUA ModcEM boimb onucana ¢ nomowpro DIM. Ouncannsrii B [4]
A3BIK 00beKTHO-InHaMreckux 3arnpocoB ODQL st jurnaMutieckoit wH-
dopmanmonnoit mogesin DIM obsataeT moaHOTOM — A10664 2pynna 06Gek-
moe DIM (emecme ¢ aobvmu ux ceoticmeamu,) moocem 6uimv evidenena
ODQL-3anpocom (cm. |5]). B 6] onncana oprammsariust BLIIOIHEHNST 38~
[IPOCOB, IPU KOTOPO# TPYIOEMKOCTH OoNTUMaJibHa. Ho BpeMs BBITIOJIHEHUS
3aIPOCOB 3aBUCHUT KaK OT OPraHU3aIUN XPAHEHUST TAHHBIX U MAHUITYJIHPO-
BaHUS UMU, TaK U OT BbIOOpa 1iatdopMbl peasm3aruu. [Ipu aTom mosmk-
HBI OBITH YUTEHBI BOIIPOCHI JJMTHAMUYIECKOTO U3MEHEHUST JIaHHBIX. PaccMoT-
pUM CHaYAJIa IIyTH TOJIyIEeHUS TAaKOH OpraHu3allui, KOTOPhIE HE 3aBUCAT
OT BBIOOpa TIAT(MOPMBI T PeaTN3aIlii.

Ecrecrennsrii myTh opranuzarun Juaamudeckoir CY B/ moxer 661Th
oIpeJie/ieH MeTayPOBEHEM OIMCAHUsI OOBEKTOB, KJIACCOB OOBEKTOB, Map-

'B anrebpe cucreMa OObEKTOB € BBEIEHHBIMU OTHOIIEHUSME HA3BIBAETCA MOOEALIO.
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METPOB U PEJIAIMOHHDBIX CBA3€il 9TUX cymHocTei. MeraypoBeHb IpeacTas-
JiseT co0Oi pesIanoHHy 0 6a3y JaHHBIX ¢ HAOOPOM TaOJINIL, COMEPIKAIIUX
B cebe Bce HyzKHBble 3HadeHnsd. lIpn 3ToM BBIOOP B KadecTBe ILIAT(OP-
Mbl pessinimorHol CYBJI MoxkeT OBITH ClejiaH T03Ke HA OCHOBE aHa-
JIN3a, YAAYHOCTU BBIOOpa TON WMJIM MHON ILIaT(OpPMBbI JjIsI MeTaypOBHSI.
B rabsmiax mertaypoBHs mHMOpPMaIUsg O KJIaCCaX IPEJCTaBIeHa KaK 00
o0bekTax MeTaypoBHs. [[0CKOIBKY IMapaMeTpbl KarKJIOro KJacca MOI'YT
MEHSITBCs, TO MH(POPMAIMS O IMapaMerpax KJIaCcCOB TaKXKe IIpeJICTaB/Ie-
Ha B JIDYTUX TabJ/IMIAX, CBI3aHHBIX C TAOJUIEH KJIACCOB PEJIAINOHHBIMEI
CBA3dMU. O6’beKTbI KazKJI0T'0 KJlaCCa OPraHnu3yIOTCdA B OTAC/IbHBIX Ta.6JII/I—
[aX, CBA3AHHBIX C KJjaccaMnd TabJuIbl KjaaccoB. IlomobubiM obpazoMm u
3HaYEHUsI [TapaMeTpOB OOBEKTOB ITOMECTUM B OT/IE/IbHbBIE TaOJIMIILI, CBS-
3aHHBIE C COOTBETCTBYIOIINMU TADIUIIAMU TAPAMETPOB U OOHEKTOB PeJisi-
IUOHHBIMK CBsI3AMU. OTMETHM, YTO KaKJbli KJIacc, mapaMerp, 0ObeKT
umeer cBoit yaukasbhbli niaentuduxarop (IdClass, IdParamter, IdObj)
JJIST YCTAHOBJICHHUSI YIIOMAHYTBHIX CBSI3€dl MeKy TaOJnIaMU, a TakxKe 2
arpubyra Jlama poowcdenue u Jama cmepmau, OIPeEISIIONUMA TIEPHOJT,
JKU3HU COOTBETCTBYIOIIErO JAHHOIO (IIPM M3MEHEHUH KJjacca, napamer-
pa, 00beKTa UX OObEKTHBIE WJIEHTU(MDUKATOPHI TakXkKe u3MeHsiforcsi). Ha
puc. 1 npuBesieHa cxema opraHu3amnuu MeraypoBHa DIM.

Ha »stoit cxeme ClassInheritance, ClassInclusion, ClassInteraction,
ClassHistory Tabimupl CBsi3ell KJIACCOB, COOTBETCTBYIOLIMX OTHOLIECHU-
M HACJeIOBaHNS, BKJIOUYEHHUs], B3amMOeicTBusa u mepapxun.Tadbania
Obj IdClass 06beKTOB Kjacca OnpeiessieT JJjist KaXKIoro 00beKTa I10-
merky Mark Boibopa o6bekTa B undexc-6vb0pky kaacca (cM. [6]), a camu
UHJIEKC-BLIOOPKH KJIACCOB M OTHOIIEHUN KJIACCOB PEAIU3YIOTCS KAK BHEIL-
HUE MHJEKCHI 3TON TabJIMIbl U TAOJIMI CBsI3ell 00bEKTOB.

Beesennniii B [4] SQL-no06HbI# s13bIK 00beKTHBIX 3anpocos ODQL
BeiesisieT w3 dppasel WHERE orpannuenus FOR, HakiiagpiBaeMbie Ha
JaHHBIE TOIO WJIM WHOTO KJiacca 0o0bekToB, u orpanndenns LINKS, na-
KJIa/IbIBAEMbI€ Ha CBSA3H KJIACCOB B MOPsijIKe 06X01a cxembvl caoes (eMm. [5]).
AJtropuT™M BBITTOJTHEHHST 3aIIPOCa COCTOUT W3 ITAIOB HAYAJIBHOTO OIIpe-
JleJIeHusT UHJEKC-BbIOOPOK KiaccoB 1o ¢dpaze FOR, koppekiun stmx
WHJIEKC-BLIOOPOK C MCIOJIL30BAHMEM OTHOIIEHUN KJACCOB B MOPSIKe 00-
patHoM cBst3siM BO dpaze LINKS wu monydenusi B KadecTBe pe3ysibTara
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Puc. 1. Cxema metaypoBHs.
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«zepeBbeBy maHubix Gpasel SELECT mg1a kaxKmoro oobekTa 6a30BOro
ksacca (mepsoro Bo ¢dpaze FROM).

B kauecrse HJIaT(bOpMI)I METaypOBHA IIPEAIIOJIaracTCAa basza JaHHBIX

JAVA. B Hnacrosiiee BpeMsi IPOBOJMTCS CPaBHUTEILHOE HCCJIEI0BAHNE
OBICTPOTHI BBIITOJTHEHUST 3aIIPOCOB C HMCIOJB30BAHUEM BBLIIIEYKA3AHHOIO

aJrOPUTMa U C IOMOIIBIO JIPYTOr0 aJIOPUTMa O0X0/Ia CXEMbI CJIOEB, a

TaK»Ke CpaBHEHUE ¢ OBICTPOTON BbINOJIHEHHUs 1peobpaszoBanubix ODQL-
3a1pocoB B rocienopareabHocTn SQL-3ampocoB. AHaIU3 3TUX UCCIEI0-
BaHWII JIOJIPKEH BBISBUTH OOJIACTD UCTIOIB30BAHNS KaYKJIOTO U3 MMOIXOJIOB,

YTO JIACT BO3MOXKHOCTDL IepeiiTu K Jiyumreit peasuzamuu DIM.

1]

2l

3]

4]

5]

6]
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O koJaxX KOHEYHBbIX MHOXKECTB TOYEK B €BKJIMJI0BBIX
IPOCTPaHCTBAX

Pynenko A. 1. (Mocksa)

aleksei-rudenko@yandex.Tu

BBenenue

B pa6orax B.H. Kosmnosa ([1]) mpn mocrpoeHun reoMeTpudecKoro
MOJIX0/Ia K 3ajade PaClo3HABAHUS W300parKEHUNl BBOJIUTCH KOJI CIICIIU-
aJIbHOTO BHJIA.

ITycts A C R? — koHeuHOe MHOXKECTBO. llepeHyMepyeM Toukn n3 A
Tak, 9T00bI UX HOMepa ObLIHu monapHo pasymdabl. O6o3HaYnM yepe3 My
MHOKeCTBO 5TuX HoMepoB. Ilycrs S(ig, i1, 42) — III0IAb TPEYTOJbHUKA
C BepIIMHAMK B TOYKaX ¢ HOMEPaMH g, i1, 12 U3 Ma.

Bresent p(io, it ia; jo 1, 52) = Set2s (io, i1, 42, Jo, 1, ja € Ma, 1io-
PsIZIOK HOMEPOB B TpoiKax He BazkeH); eciu S(jo,j1,j2) = 0, camraem,
qro 3uadenue p(ig,i1,12; jo, j1,jo) He oupejesneno. ObozHaunm depes 14
MHOKECTBO MHJIEKCUPOBAaHHBIX 1uces p(ig, i1,12; Jo, J1, j2) JJIs BCEX TAKUX
nap tpoek. Torma komom A HazoseM mapy < Ma,Ta >.

Hazosem koneunble MHOzkecTBa A, B C R? SKBUBAJICHTHBIME, €CJIH

CymIeCTBYET TaKasl 6I/IGKHI/IH

Y Ma — Mp: Vig, i1, 12, jo, j1,J2 € Ma:
plio, i1, 12; jo, j1, J2) = p(¥(io), ¥ (i1), ¥ (i2); ¥ (Jo), ¥ (j1), ¥ (j2));

OKa3bIBaIOTCSI BEPHBI CJIEYIOIINE Y TBEPIKICHUST:

Teopema 1.Ecau xonewnvie muoocecmea A, B C R? afdunno sxeuea-
AEHMHDL, MO OHU IKEUBAACHTHbL.

By,ILGM Ha3bIBaTh KOHEYHOE MHOXKECTBO TOYEK IIJIOCKOCTHU IIJIOCKHM
I/I306pa}KeHI/IeNI, €CJIM OHO HE JIE2KUT IICJIMKOM HH Ha KaKOI Imape IapaJi-
JICJIBHBIX TIPAMBIX.

Teopema 2.[liockue usobpasicerusn addunno sK6UBGAEHMHDL MO0200 U
MoAbLKO Mo2da, k0200 IKEUBANEHHDL.

Ananormannim 06pa30M BBOJUTCA KO/ KOHECYHOI'O MHOXKeCTBa H3 R3
(BMGCTO TPOEK TOYEK pPacCCMaTPpUBalOTCA YETBEPKH, BMECTO TpPEYIOJib-
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HUKOB — TeTPa’JIePbl, BMECTO MPSIMBIX — IJIOCKOCTH), U AHAJOI'H TEO-
peMm 1 1 2 OKa3bIBAIOTCS BEPHBI.

JIorn4Ho WPEeANoNIOKUTH, UTO IOXOXKHWE MOCTPOEHMS MOXKHO ITPOBe-
CTH W B mpocTpaHcTBe R TPOM3BOIBLHON Pa3MEPHOCTH C BBEIEHHBIMHU
CTaH/IAPTHBIM 00Pa30M CKAJISPHBIM [IPOU3BE/ICHUEM U MepOii. 3/eCh pac-
CMaTpHUBAaeTCsI 3Ta 3a/1a9a.

IlonsiTue KO/Ja MHO2KeCTBa

Yepes V(ag, . .., a,) 603HAIMM Mepy N-MEPHOIO CUMILIEKCA C BEPIIIH-
HAMHI B TOUKAX Ay, ... ,a, u3 R™. Iycrs ®: (R")*"t2 &5 RU{A},

V(ag,...,an)
CIJ(ao, e O bo, o 7bn) — V(b0,...,bn) V(b07 cee ,bn) 7é 07
A, V(bg,...,by) =0;

Omnpepnenenne. Ilycto A, B C R" xoneunnl, g: A — B — Oueknusl.
Bynem roeoputh, uro A skBuBajieHTHO B ¢ 0TOOparkKeHUeM ¢, eCJIu JIJist

mobbix Touek a0, ..., a™,a", ..., a" u3 A BemosHseTcs

®(a”,...,a"d", .. ") = B(g(d”),... g(a");g(a™), ..., g(a"));

Bynem roBoputh, 94T0 KOJBI MHOXKECTB A 1 B paBHBI, €CJIU CYIIECTBYeT
Takas Oueknust g, 9To A skBUBajeHTHO B ¢ oTOGpaskeHueM g.

Onpenenenne. Koneunoe muoxkectso B R, He Jiexkallee IEJIUKOM HU
B KaKO#l IMape mapaJjjiejbHbIX THIIEPILIOCKOCTEH, HA3bIBAETCS T-MEPHBIM
M300parKeHNEM.

st n-MepHBIX n300pakeHuil OKa3bIBAETCs BepHA TeopeMa 7 — aHa-
Jor TeopeMbl 2. /lasee cTponTcst cxeMa e€ JI0Ka3aTeIbCTBA.

BcnomoraresabpHble MOHATUSA U yYTBep2XKJaeHu:d

Omnpepnenenne. [Ilycth A C R" — KoHeuHOEe MHOXKeCTBO, g: R" — R —
6ueknus. Hasosem napy (A, g) HenpaBuibHOI, ecin
1) e € A, g(e') = ¢',i = 0,n, 3mecn e, ... e"
Horo Gasnuca, e = 0,
2) 3a € A: gla) £ a, X0 4 £ 1,

3) muoxectBa A n g(A) SKBUBaJEHTHBI C OTOOPAKEHIEM (.

— BEKTOPbI CTaH/IapT-
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Hasee Bessie B aTroM naparpade (A, g) — HenpaBuiibHAs mapa.

JIemma 1./[as kaotcdoti mowku a mmoorcecmsa A, |a;| = |g(a)i|,i = 1,n.
Takum 06pa3oM, MOJIOKUB
Ey(a; =1) = {i € [1,n]|a; = —g(a); # 0},
Ey(a;0) = {i € [1,n]|a; = g(a)i = O},
Ey(a;1) = {i € [1,n]la; = g(a)i # 0},

HOJLy THM

[1,n] = Eg(a; —1) ® Ey(a;0) & Eg(a; 1);
JIemma 2./1yemv a — mouka mmoorcecmea A, g(a) # a. Toeda au-
60 npu o = —1, aubo npu o = 1, muooicecmeo Ey(a;a) ne nycmo,

Z a; = atl
i€E(a;0) 0 ™ T2

Oupenenenne. [lycrs [ > 0 — nenoe uucio, (A, g) — HenpasBuabHas

napa, a’,...,a' — rouxku muokectsa A, of € {—1,1},i = 0,1. Byzgewm

rosoputh, ato [(a’;al), ..., (a';a!)] — myTs 1o (A, g) ammmer [ us (a’; o)
B (a';al) ecrm 6o [ = 0, 6o [ > 0 u s Kask0ro nestoro i us [1,1]
nepecevenne muoxects Eg(a™1 a7 n Ey(a'; af) ne mycro.

Teopema 3.1Tycmo (A, g) — nenpasusvnas napa. Hu das kaxot mouku
a mmoorcecmea A ne cywecmeyem nymu no (4, 9) us (a;a) 6 (a;—a),
aec{-1,1}.

Teopema 4.[Iycmv (A, g) — nenpasusvnas napa, b, c cymov mouku mHo-
orcecmea A, npuuem b # g(b),> 1 by # 1. Iyemv maxorce

/877 € {_171}7Eg(b7 /B)vEg(caﬁ)/) 7é g,
> bi:%» Yo # 8L

i€y (b;83) i€Hg(c;y)

Tozda ne cyuwecmsyem nymu no (A, g) us (b;3) 6 (¢;7).

CBoiicTBa OTHOIIICHUSI paBeHCTBa KO/JI0B

Teopema 5.0muowerue pageHcmsa k00068 KOHEYHBIL MHONMcecms u3 R™
ABNAAENCA OMHOWEHUEM IKGUBAACHTTVHOCTIU.

Teopema 6.Fcau xoneurnoe mmoocecmeo B C R™ nepesodumcs 6 xo-

newnoe mroocecmeo C C R"™ adpurnoim npeobpazosaruem ¢, B axsu-
saaermro C' ¢ omobpasicernuem ¢.
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Teopema 7.n-meprvie uzobpasicerusn aPurno sK6UBAAEHMIBL 0204 U
MoAbKo moezda, Ko2da ux Kodv, PasHbL.

IIpuBesieM KOPOTKYIO CXeMy JIOKa3aTeIbCTBa, TOH OCHOBHOW Teope-
ML ITycrhb Kompl 1ByX He apPUHHO 3KBUBAJIEHTHBIX KOHEUHBIX MHOXKECTB
B,C C R" pasubl. Torja Haiinércs Takasi HeripaBuiibHast napa (4, g), 9ro
B addunno sxksusasentao A, C' addbunno sxpusasenTHo g(A). Bosbmenm
rakue a € A, € {—1,1}, uro

a#g(a%iai#lvEg(a;a)#@v Z ai:a+1;

; , 2
i=1 1€ (a;a)

Ilycrs E — obwemunenne Ey(b; 5) no Becem (b; 3), B KoTOpBIE CyIIie-
cryer myTh u3 (a;«). Torma us reopem 3, 4 ciemyer, 4r0 A JeXKuT B
nape IUHepIIockocTelt » i px; =0, >, px; = 1.

Bruipaxkaio 6saromapuocts B. H. KosioBy 3a HaydHOoe pyKOBOICTBO.
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CucreMbl OII€HKMX Y MOHUTOPUWHIA CJIO2KHBIX IIPOIIEeCCOB u
nx MnMpuJjIo2KeHu#d

PorkoB A.II. (Mocksa)

ryjov@mail.ru

B pabore onuchiBaeTcst TEXHOJIOTHST HHAOPMAIIMOHHOIO MOHUTOPHUHTA,
CJIOZKHBIX MIPOIIECCOB, pa3pabaTbiBaeMast aBTOPOM ¢ KoHIa 80-X — HadaJIa
90-x romos. IIpuBoauTcst comeprkarebHast IOCTAHOBKA IIPOOIeMbI HHQPOP-
MaIlMOHHOTO MOHUTOPUHTA, OIUCHIBAIOTCS TEXHOJTOTTIECKIE U MaTEeMaTH-
JeCKHe acleKThl PaspaboTKN CUCTeM HHMOPMAIMOHHOIO MOHUTOPUHTA.

Mmuorue mporieccbl B 6u3Hece, SKOHOMUKE, TTOJIUTUKE U JIPyrux objia-
CTsIX, HA3BIBAEMBIX CJIA00 (MM T10X0) (bOPMATM3YeMbIMH, HEe BO3MOYKHO
[IPEJICTAaBUTDH B BUJie HAOOPa ypaBHEHUI, aBTOMATOB U JIPYTUX MATEMATHU-
YEeCKUX CPEJICTB IPEJICTAaBICHUA U aHAJIN3a JUHAMUIECKUX CUCTEM, OJIHA~
KO CIIEIMAJINCTHI KAK-TO PEIIaloT 3aJ[a9 OIEHKU COCTOSIHUS IIPOIecca U
yIIpaBJieHusI UM. B obImeM Buje 3a1a4a 3aK/II09AeTCA B OIEHKE TEKYIIEro
COCTOSIHUSI TIPOIIECCa Ha OCHOBE BCEil JOCTYIHONW wHMOPMAINU, MOCTPOe-
HUM TIPOTHO30B €0 Pa3BUTHUsI U BBIPAOOTKE PEKOMEH Al 110 yIIpaBJie-
HUIO UCXOJsT U3 TeJIel, CTOSIINX Mepejl CIeruaancToM. B pabore mpuBo-
JISITCST TPUMEPBI TAKUX 33189 U3 MMOJUTOJIOTUN, MapKEeTHHTa, (PUHAHCOBO-
ro aHaJIn3a, CTPAxXOBOro Jiesa. B KadecTBe MpuMepa IPOIEcCOoB, HE sB-
JISIOIIUXCS TAKOBBIMU, MOXKHO ITPUBECTH B3aUMOJIECHCTBUE JBYX TeJ WA
pacipocTpaHenre KojebaHuii B OJHOPOIHON cpene. MMeroTes MaremaTn-
YeCKre MOJIEJIM TaKUX IIPOIECCOB, NH(MOPMAIUA U3MEPUMA U JTOCTYIIHA,
pe3yJIbTaT MOYKHO BBIYMC/IUTDL JJIsd JTI0O0ON0 MOMEHTa BPEMEHH.

Bysem HasbiBaTh 3311y OIEHKU TEKYIIEro COCTOSHUS CUCTEMBI (I1PO-
recca) M IOCTPOEHUM IIPOTHO30B €€ pas3BuUTHs 3ajadeil mHbOpMAaInoH-
HOT'O MOHHUTOPHHTA, & 9eJIOBEKO-KOMIIbIOTEPHBIE CHCTEMBI, 00ECIIeTnBaIO-
e aHAJIMTUYIECKYIO MOJJIEPKKY TOI00HOTO Pojia nH(MOPMAIIMOHHBIX 3a-
J1ad, cucTeMaMyu HH(MOPMAIMOHHOTO MOHUTOPHUHTa. OCHOBHBIME 3JIEMEH-
TaM# CUCTEM HH(MOPMAIMOHHOIO MOHUTOPHUHIA, SIBJISTIOTCST HH(POPMAIHMOH-
HOE IIPOCTPAHCTBO U aHAJMTUK. B paboTe aHAIM3UPYIOTCS CBOWCTBA MH-
GOPMAIIMOHHOTO ITPOCTPAHCTBA: PA3SHOPOIHOCTD, (DPArMEeHTAPHOCTD, Pas3-
HOYPOBHEBOCTDL M HEHAJEXKHOCTDb JIOCTYITHON uH(pOpMAINU, €6 ITPOTUBO-
PEYNBOCTb U U3MEHSIEMOCTh BO BPEMEHH.
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[IpuBomATCS apXUTEKTYPHBIE M TEXHOJOTMIECKHE OCOOEHHOCTH KOM-
NBIOTEPHBIX CHCTEM, ObecriednBaroIiue o0paboTKy Takoro poja HHGOP-
manuu [3]. B wactaoCTH:

® JIJIs peaJIn3aIii BO3MOXKHOCTH 00pabOTKU MHMOPMAIUU U3 PA3HO-
POJHBIX UCTOYHUKOB, B 0a3e JaHHBIX CHCTEMbBI XPAHSITCI KaK CaMU
JOKYMEHTBI, TaK M CCbUIKM Ha HUX C OIEHKOI cojiepzKalieiicsas B HUX
MHMOPMAITUH, JAHHONW SKCIEPTOM;

® Jijisi BOBMOXKHOCTH 00paboTku dparmMeHTapHoi wuHdOpMaIun uc-
[IOJIB3YETCsT MOJIe/Ih TIpoliecca B Bujie rpada;

e 00paboTKa pa3sHOypPOBHEBOU WHGOPMAIIUUA JOCTUTAETCS 33 CUYET
[IPEIOCTABIEHNs] II0JIb30BATEII0 BO3MOXKHOCTH OTHECTH OIEHKY
KOHKPETHOI'O I/IHCbOpMaL[I/IOHHOFO MaTepuaJia K pa3dHbIM BEpPIITHHAM
MOJIEJIN;

e 00paboTka MHMOPMAIMK PA3IUIHON CTEIEHU HAJIEKHOCTH 1 00JI1a-
Jaroleil BO3MOXKHOI ITPOTUBOPEUYUBOCTHIO UJIN TE€H/IEHITMO3HOCTHIO
JOCTUTAETCs 3a CYET UCIOIb30BaHUS JIMHI'BUCTUYECKUX OIEHOK dKC-
rnepraMu JTaHHON mHGOPMAaIUNT;

® U3MEHSEMOCTH BO BPEMEHH yUNTBHIBAETCsI (PUKCAIUE JAThI TOCTYII-
JieHusT THMOPMAIMT TIPHU OlleHKe KOHKPETHOTO MaTepHuaJia, TO eCTh
BpeMsI SIBJISIETCS OJHUM U3 3JIEMEHTOB OIMCAHUS OOBEKTOB CHCTE-
MBI.

st 3 heKTUBHOTO MPAKTUIECKOTO TTPUMEHEHHST TP/ IJIOYKEHHBIX TEXHO-
JIOTUYIECKUX PEIIeHnil HeoOX0oarMa IIPopaboTKa PsAaa TEOPETHIECKUX IPO-
Gs1eM, pe3yJIbTaThbl KOTOPOH NpUBOIATCA B JOoKjaje. PaccmarpuBaioTcs
TPHU TaK#e ITPOOJIEMBL.

IIpobsema 1. MoxkHo /i, y9uTbiBas HEKOTOPBIE OCOOEHHOCTU BOC-
NPUATHUST 9€JIOBEKOM OObEKTOB PEAJLHOIO MUPA U UX OIMUCAHNA, ChOpMY-
JINPOBATH MIPABUJIO BHIOOPA ONTUMAILHOIO MHOXKECTBA 3HAUEHUN TPU3HA-
KOB, IT0 KOTOPBIM OIHUCHIBAIOTCS 3T O0bEKThI! BO3MOXKHBI J1Ba KpUTEPHUS
ONTUMAJILHOCTH:

Kpumeputi 1. Tlox onTUMaJIbHBIMA ITOHUMAIOTCS TaKHe MHOXKECTBa
3HAYEHUH, WUCIOJIb3ysd KOTOPBLIE UYeJOBEK HCILITHIBAET MUHUMAJILHYIO
HEOIIPEeJIEIEHHOCTD IIPHU OIMCAHUU OOHEKTOB.
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Kpumepuii 2. Eciu o0beKT ONUCHIBACTCST HEKOTOPBIM KOJIMIECTBOM
9KCIIEPTOB, TO IOJI, ONTUMAJbHBIMU TOHUMAIOTCS TaKHe MHOYXKECTBa 3HAa-
YeHUll, KOTOPhIe 00ECIIEINBAIOT MUHUMAJIbHYIO CTEIIEHb PACCOIVIACOBAHUST
OIIMCaHUA.

[Tokazano [6], aro Mbl MOkeM CHOPMYJIUPOBATH METOJMKY BbIGOpA
ONITUMAJILHOIO MHOYKECTBA 3HAYEHWMI KAYeCTBEHHBIX IPU3HAKOB. bBoJiee
TOTO, MTOKA3aHO, YTO TaKas METOJNKA SBJIIETCA YCTOWIUBOM, TO €CThb BO3-
MOXKHBIE [P TOCTPOEHUH (DYHKINIH TPUHAJIEXKHOCTH €CTECTBEHHBIE Ma-
JICHbKUE OITUOKM He OKA3BIBAIOT CYIIECTBEHHOT'O BJIMSHUS HA BBIOOD OII-
TUMAJILHOIO MHOXKEeCTBa 3HadeHuit. MHOXKeCcTBa, ONTUMAJBHBIE 110 KPU-
TepusiM 1 U 2 COBITQIAIOT.

IIpo6sema 2. Mo>KHO JIi ONIPEEIUTD MTOKA3ATEIN KAaYeCcTBa MOMCKA,
uadopMaInyuu B HeYeTKUX (JMHIBUCTUIECKNX) 6a3ax JaHHBIX U cHOpMY-
JINPOBATH MIPABUJIO BHIOOPA TAKOIO MHOXKECTBA JIUHIBUCTUYIECKUX 3HAYE-
HU, UCIIOJIB30BaHHE KOTOPOro 0OECIeYnBajI0 Obl MAKCUMJIbHBIE ITOKA3a-
TeJIn KauecTBa, MouCcKa wHpopMaImn?

[Tokazano [4], 9T0 MOXKHO BBECTH IIOKA3aTEJU KadecTBa IIOUCKA WH-
dbopmanumn B HeUeTKUX (JIMHIBUCTHYIECKNX ) 6a3aX JAHHBIX 1 (hOPMAIH30-
Barh ux. [lokazano, YTO0 BOZMOXKHO CHOPMYJIUPOBATH METOJINKY BBIOODA
ONITUMAJILHOTO MHOXKECTBA 3HAYEHUI KAUECTBEHHBIX IIPU3HAKOB, KOTOPOE
obecrieunBaeT MaKCUMAaJbHBIC MMOKA3ATENN KAIeCTBa ITOUCKA HHQOpPMA-
nuu. BoJsiee TOro, MokazaHo, 9TO TaKasi METOJIUKA SIBJISICTCS YCTONIMBOIA,
TO €CTh BO3MOXKHBIE IPU MOCTPOECHUU (DYHKITUI MPUHAJJIEZKHOCTH €CTe-
CTBEHHDbIE MaJICHbKIE OIMTUOKHU He OKA3bIBAIOT CYIIIECTBEHHOI'O BIUSHUAS Ha,
BBIOOD ONTHMAJILHOI'O MHOXKECTBA 3HAYEHUN.

ITpo6aema 3. MoxkHO JT TIPEJIOKUTD IIPOIETYPhI BRIOOpa OlepaTo-
POB arperupoBanus HHQGOPMAINN B HEIETKUX UEPAPXUICCKUX TUHAMUYIEC-
CKUX CHUCTEMaX, MUHUMU3UPYIOIMNX TPOTUBOPEIUBOCTb MOJIEIN TIPObIIe-
MBI /TIPOTIECCA B CHCTEMAaX MHMOPMAIMOHHOIO MOHUTOPUHTA?

Mo2KHO BBILIEIUTD CJIEIYIONINE MTOAXO0/Ibl K PEIIEHUIO 3TOH ITPODJIeMBbI,
6a3UPYOIMINEcs Ha PA3IMIHBIX HHTEPIPETAIMAX OIIEPATOPOB arperupoBa-
Hust nHbOpPManuu [5]: reoMerpuyuecKuii, JOruUecKuii 1 mojxo/| Ha OCHOBE
00y deHwUs1, BKJIIOYAIOIINI Bbl cebsi 00yUeHne HA OCHOBE N€HETUIECKUX AJl-
FOPUTMOB 1 OOyUeHue Ha, OCHOBE HEHPOHHBIX ceTeil.

B mokmaze ommchiBaroTcs paspaboTaHHBIE Ha 0a3e ONMUCAHHON TEXHO-
JIOTMM CUCTEMBI OIICHKM U MOHHTODPHHIA IPOIECCOB HEPACIIPOCTPAHEHUSI
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ATEPHBIX TEXHOJIOTUNA 1 MaTepuaJioB [7], CUCTEMBI OIICHKN 1 MOHUTOPUHI'a

PHCKOB aTepocK/epoTudecknx 3aboseBannii [1], cucreMbl OIeHKH U MO-
HUTOPUHTA [TPOEKTOB B MUKPO3JIEKTPOHUKE 2.

1]

2l

3]

4]

5]

[6]

17l
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DddekTuBbIE peain3aliuid CTPOKOBBIX CJIOBapeil JJjis
pelleHns 3371a4 KOMIbIOTEPHON JIMHIBUCTUKA
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rocynapcreennblii yuusepcurer um. H. 1. JlobaueBckoro)

ds@dictum.ru

BBenenue

B macrostiem ucciieioBannn Hac OyJyT WHTEPECOBATH peaI3aIlin
cJoBapeil JjIst XpaHeHUsi CTPOK U ACCOIMUPOBAHHBIX C HUMU 3HAYMEHUI.
Paccmarpusaercs 5 6ubamorek Ha C/C++ U3 OTKPBITBIX PENO3ZUTOPHU-
€B, JIBE aBTOPCKUX PEAJIN3AINKA HA OCHOBE trie-JilepeBa U X3IMIUPOBAHUSI, a
TaKKe SCKU3HAs Peaau3alrys ajropurMoB u3 [6].

st 0oTOOpaHHBIX peasu3alluil BBIIIOJIHEHBI SKCIEPUMEHTHI 110 UHICK-
camm 3 - 10% sanpocos k T1C Sngexc. PesyabTaTsl IO3BOISAIOT PEIIHTD
WHXKEeHEePHYI0 33129y (1) BRIOpATh OJIHY U3 CYIIECTBYIOMINX pean3aluii,
60 (2) UPUHSATH 11€71eCO000Pa3HOCTD co3/anust cobcTBeHHOi. [IpuBeeHa
OIIEHKa Pe3yJIbTATOB U MEPCIEKTUBDI JIAJbHEHINEr0 pa3BUTHS IIPE/ICTaB-
JIEHHBIX aBTOPCKUX HAPaDOTOK.

1. CsoiicTBa cjoBapeii

Han andasur A u K C AT, |K| < oo, Vw € K Fval (w) € Z.
Ha cuMBostax A 3a1aH0 OTHOIIEHNE HEMOCPEACTBEHHOTO CJICOBAHUS SUCC
(a,b), a,b € A, ungynupytoree JeKcukorpacbuueckuii nopsaok na AT:
v<w, v,we At

Nurepecyiomue Hac GYHKIUNA CIOBAPS:

1) Ilo x € AT ysmare: x € K u val (x), eciu true (1mouck 1o Kmody);
2) o pr = aqay. .. Ajpr| HAIUTH BCE Y = Pr - Qpp|y1--- Ay € K, aj €
A, 7 =1,y| (npedurcHbIil moOUCK);

3) Ilo Takomy ke pr, Jjist KOTOPOTO €CTh aHAJOrUYHBIH y € K, Haiitu
GmKaiimmit ciipasa pr' = pr, Tax uto 3y = pr’- a4 ... ay) €
K (urepupyemocTs).
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B (1) k1104 MOXKHO MHTEPIPETUPOBATH KaK IENOoUKy OallToB, 9To J10-
IIyCKaeT JIOYIO N3BECTHYIO Peaan3anuio (Xom-rabuipl, OuHApHBIE Jepe-
Bbs U 1p.). Pyuknus (2) peanusyema Ha CI0Bape, JIOMYCKAIOIEM BbIOOD-
Ky juanasona. [leficTBUTebHO, I pr = aq . . . 4, MOXKHO B3sITh IIPABOTO
cocenia pr’ = pr (mia A = {a,b,c}, pr = abc = pr’ = abaa) n uzBNEUDL
nmanasol [pr, pr'). Peammsanus (3) pocTuKuMa NpeCTABICHIEM CI0Ba-
ps rpacdom nepexono. OH MOKeT GLITH 3aTeM PaCHIUPEH J0 KOHEIHOTO
aromara (KA), pasmeuaroniero HenH1IeKCHPOBAHHBI TEKCT BXOXK/IEHIEM
kiouedi (manp., no cxeme Axo-Kopacuk).

2. Uccnenyemble pearu3anuu

Trie-xepeso. 13 5 peanusanuit 6outn orobpanst [1] (A) u [2] (B)
Kak oOHapy»KuBIHe MeHblne cboeB. K cpaBHenunio 6bLia jjo0aBjeHa aB-
rTopckast peanusarys (C) trie, npumeHsieMasi B IPOMBIIIIEHHBIX [TPHJIO-
JkeHusxX (Hamp. [5]), co ciemyromumm cBoficTBaMu: XpaHeHne Habopa 3Ha-
YeHUil 110 KarKJIOMy KJIIO4Y, KOMIIAKTHAS CePUATU3AIINST, IeCePHau3aIis
NpSMBIM oTODpazkenueM daiijia B maMAThb. Bce pean3aiun nTepupyeMbl.

Judy-maccuB. B 2004-m romay OnLia npejjioxkena trie-mogobnas pe-
aymsaIys cyioBaps 3] ¢ omepanueit (2), onTUMU3NPOBAHHAST TEXHIIECKH:
UCIOJIb30BAHBI JIECATKU TIPUEMOB CXKATHUSA JJIsi YMEHbIIEHUS IUCIa KIIII-
IPOMAaXOB, HO PE3YJIBTUPYIONIUE aJlfOPUTMbI 06PAbOTKN BECbMa CJIOXKHBI.
st TecrupoBanus Gblia BblOpaHa He [3], a GoJiee mpocTasi Jist TIOBTOP-
HOT'O HCIIOJIb30BaHus U Hecepnasmsyemas [4] (D).

DAWG-rpad. DAWG (E) ssisiercst czkaroit dbopmoit trie-jepesa.
«[TpsiMble» aJIrOPUTMBI €0 TIOCTPOEHUs, OCHOBAHHbIE HA MUHUMU3AIUN
trie kak KA, Tpy/IHO IPUMEHUMBI M3-38 PACX0Jia MaMATH. YJIydIleHne 3a-
KJIIOYAeTCs B OHJIAfH-MUHUMU3BAIMN, HO TPEOYeT, YTOObI MOC/IEI0BATE b
HOCTH BXOJIHBIX TEPMHUHOB Obljia orcopTupoBana. COBpeMeHHbIE Pe3y/ib-
TaThl JAIOT 0OJiee CJIOXKHBIA AJTOPUTM, HO C JIOIYCKOM MPOU3BOJIBLHOTO
nopsiyika. VsBecTHasi peanusaiys 8| TpyJHO HCHOJIb3yeMa IMOBTOPHO U
JaéT cHbou 1pu KoamdecTse Kioueil, Gosbmiem 2 - 108, ITis skcnepunen-
TOB ObLJIa TIOCTPOEHA ICKU3HAS peasin3alius aJropuTMoB us [6].

Hcenpasaerue onenamok COCTOUT B TOM, 9TOOLI 110 3aganHoMy w € AT
U3BJIeYb M3 CJIOBApsl NPABUJIBHBIX CJIOB K BApHaHTBI €ro HUCIpaBJe-
must: Corre (W) = {w € K : p(w,w) < €}. Oneparmsim (BcTaBka, 3ame-
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Ha, TPAHCIIO3UINS) HA3HAYAIOTCS BECa, & PACCTOsHUE p (W, W) BBIYUC/IH-
Mo asropurmoM Jlesermrreiina-Tlamepay. Ero cioxuocrs O (Jw|?) moxkuo
YJIyUIIATH METOJIOM BeTBeli u rpanur Ha cjioBape st K ¢ dynkimeii (3).
Bousbmiee ynyumenue, 10 O (|w|), mocrukumo, eciu pu GUKCUPOBAHHOM
€ Ha OCHOBAHWM BECOBBIX MATPUIL OJIYIATH OObeIUHEHUE IapOB

Corrz 1 (K) = Uyer {0]p (0, w) < £}

¢ JaJbHemM coxpanenneM B cjioBapb. OT Hero Tpebyercst TOIbKO (2),
HO W3-3a OI'POMHOTO OObEMa JIAaHHBIX XpaHeHue parmonajbao B DAWG.
Auropurm nocrpoennsst DAWG He J10/12KeH 3aBUCEThb OT IOPSIIKA TEPMU-
HOB (B CHJIy CJIOKHOCTU TeHEPAIUH I1apoB).

XsmmpoBanme. Ilpejaraercs rubpuanas peanusanus (F) xsmr-
cJIoBapst ¢ BO3MOKHOCTBIO (2). O npejicrasien marpureii n3 max {|w|} x
|A| c10TOB, B KaXK/IOM XpaHsITCsI 3aIlUCH JIsl Kio4deil n npedukcos. Boi-
60p cIoTa ompeiesieTcst moce el 6ykBoit Tepmuna. Mcnomb3yercest KOH-
KaTeHalsi 3HadeHnii xsur-pyukiwmit u3 [7|. Ipyrue, ussecrusie, peasu-
3aIMi HE PACCMATPUBAJINCH B CHILy OTCYTCTBUS (2).

SQLite DB, std: :map. B kiacce std: :map (G) Ha ocHOBe KpacHO-
yépHOro GuHapHOro JepeBa dyHKIWs (2) peasmsyema lower_bound (pr)
u upper_bound(pr’). std::hash_map He TeCTUpPOBAJIACH, HO, IO OIBITY
aBropa, B cpejHeM oHa ciabee trie m xsmr-cxem. B SQLite (H) Boibop
JUAIa30Ha OCYIIECTBIIACTCA M0 IePBUYHOMY K04y, ¢ synchronous=0FF
u :memory: (coxpanenue 6a3bl B IAMATh BMeCTO (aiisia).

3. DKCIIEpUMEHT U Pe3YJIbTAThI

(A) u (B) 13 OTKPBITHIX PENO3UTOPHEB OJMHAKOBBIM 00PA30M HE CIIpa-
BIUINCH C 3a/1ateil, HaduHast C InC/Ia 3alPOCOB B CJI0BapE, IPEBBINIAIOIIEIO
3-10°.

Asropckast (C) n judy (D) onnraxoBo nponssoguresbusl, npuiém (D)
He cepuasmsyemo, a (C) Tpebyer 6oJIbIle TaMsTH It TOCTPOEHHs. X3III-
cxema (F), HecMoTpsi HA TPUBHAJIBHYIO PeasM3aIlMio CJIOTOB Ha std: :map,
[OKA3bIBAET JIYUIIYIO B CDABHEHUH C HUM IIPOM3BO/IUTEILHOCTD. [labpHeii-
IIge yJIydIleHns MOTYT ObITh JOCTUTHYTHI HpuMeHeHneM TexHuk u3 (D)
B (C) u ontnmuzarueit xpanenns B (F).
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Puc. 1. Bamepsr (Intel Core Quad Q8200, Visual C++ 2010 x64) B mkaJse
log px. JaHbl OeHKY CpejiHero BpeMeHH JIJIsi OIIEePAIil ¢ OJIHUM 3aIpo-
COM TIpHU y2Ke umerormuxcst B cyoBape (B kosmaecrse ot 1000 10 3 MutH.):
sepxuuii Jsiepblii (BJI) — nobassenne, BII — ycnemmnbiit mouck, HJI —
neycnemmnprii. HIT — makc. 06béM mamsaTu B M6 B ceance 1006aBieHns.

(H) (mecmoTpst Ha :memory:) He sIBJISIETCs TIPOU3BOIUTEILHOM PeaIu-
sanueii, onHako (G) MOXKeT craTh XOPOIIMM BapHAHTOM Ha HAYaJIbHBIX
sTarax — HeCMOTPsl Ha JOCTYIIHOCTD, €ro HeJlb3sl pacCMaTpUBATh B Kade-
CTBe Xy/IIIIell 'PAHUIIBI JJIsI OIIEHOK [IPOU3BOUTEIbHOCTH. JInmepoM crasa
sckusHas peasmsanus DAWG, nocrpoennast Ha 6a3e [6]. IIpenonaraercs
JasTbHeliInee yiIydieHne Toro Koja ¢ UCro/b3osanneM mpuémos u3 (C)
u (D) u peanmsanusi ajropurma, He 3aBHCSIIETO OT HOPSIJIKA BXOJIHBIX
TEPMUHOB.

Crcok JurepaTypbl
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Kpurepuii cBo/[uMocTH 33j1a41 O MPea0OTBpAaIlleHun
CTOJIKHOBEHU K 3a/a4e O IMPOKAJIbIBAaHUU

Cuerosa E. A. (Mocksa, MI'V nm. M. B. Jlomonocosa)

lenasnegova@gmail.com

B pabote uccnenyercs 3asiata 0 MOUCKE JIBIKYIIUXCI 00HLEKTOB, KO-
TOpPBIE MOT'YT CTOJKHYTLCS C JIBUXKYIIAMCS O0bEKTOM-3aIIPOCOM, TII€ TIOT
CTOJIKHOBEHHNEM ITOHUMaCTCA HaXO0XKJICeHUe O6'beKTOB B OIIacHOM 6JII/I3OCTI/I.

OmnumieM  3aj1adqy O MPEIOTBPAINEHUN CTOJKHOBEHHUI, UMEIOILY 0
HECKOJILKO IIapaMeTPOB:

1) mapamerp p € (0, %), obo3HAYAIOIIHIH paccmoanue onacHol bAU30-
cmu 1o ManxaTTeny,

2) aHajuTHYecKas Ha Beeil 00JIACTU OIpEJIeJIeHUs] CTPOrO BO3pacTa-
omas dbynkiusa f @ RT — [—p,1 + p], Takag aro f(0) = —p,
Ha3bIBaEMast 3aK0HOM 08UINCEHUA 00BEKMOG.

3) aHaJMTHYecKas Ha Beeil 00JIACTU OIpeJIeJIeHUs] CTPOro BO3pacTa-
omas Gyskmus fy 1 RT — [—p, 1 + p|, Takaa aro f,(0) = —p,
HA3bIBAEMAsl 3aKOHOM JBUNCEHUA 3aNPOCA,

4) MHOXKeCTBO 00beKTOB V (1), HAXOIAIIUXCST B MOMEHT BPEMEHU t B
obmacru [—p, 1+ p| x [0, 1].

Yersepky (f, fq,p,V(t)) HasoBem 3adavett o npedomepaweruu
CMOAKHO6EHUT.

[Tpennonaraem, aro o6bekT 0; = (t;,y;) NOSBIISIETCs] HA TPAHUILE TIPSi-
MoyrosbHuKa [—p, 1 + p| X [0, 1] B MOMEHT BpemMeHHU t; B TOUKE ¢ KOOP/IH-
HaTaMu (—p,y;) U JBUKETCS [0 3aKOHY JIBUXKEHWs! [ HapaJlIeIbHO OCH
Z, TO eCThb B MOMEHT ¢ € [t;,t; + Tiaz| OOBEKT 0; HAXOIUTCS BHYTPH IIPSsi-
MoyrosbHEKa [—p, 1 + p] X [0,1] B Touke ¢ koopauuaTamu (f(t —t;), ;).

3anpocom q nazoseM napy (tq,z), rae t, € R, a x € [0, 1].

I[Ipeamosaraem, 410 3anpoc ¢ = (t4, ¢) HOSIBIISIOTCSA Ha TPAHMUIE IIPsi-
moyrosbauKa [0, 1] X [—p, 14 p] B MOMeHT BpemeHH t; B TOUKE ¢ KOOPIHU-
HaTaMu (Z, —p) U JBUXKETCS 110 3aKOHY JIBHXKEHUs f, NapajuleJIbHO OCH
Y, TO €CTb B MOMEHT t € [tg,ty + Trhaz] 321POC ¢ HAXOAUTCSL BHYTPH IPsi-
moyrosbauka [0, 1] X [—p, 1+ p] B Touke ¢ Koopaunaramu (x, fo(t —t,)).
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CkazkeM, 9T0 00beKT 0; = (t;,y;) u 3aupoc ¢ = (t4, =) cmaakusarom-
€A, €CJI CYIECTBYeT MOMEHT BpeMenn ¢ € R, Takoif 4ro

|f(t —ti) — |+ |yi — fq(t - tq)‘ <P

B zajage tpebyercst i TPOU3BOJIBHOTO 3aMpOCa, MOCTYIUBIIErO B
MOMEHT BpeMeHH {, [epevduc/nTh Bce 00beKThl n3 Gubsanoreku V(t), c
KOTOPBIMHU OH CTOJIKHETCSI B MIPOIIECCE CBOETO JIBUKEHUS.

OcCHOBHO# XapaKTEPUCTUKON AJITOPUTMa PEIeHNsT 9TO 3a/1a9n sIBJIsI-
€TCsA CJIOKHOCTD TIOMCKA, U3MEPAEMasi B ONEPAIUAX BLIYACICHUS 3HAYE-
HUM HEKOTOPHIX (DYHKINH, TPUHATHIX 38 dJIeMeHTapHble. [[ockobKy 6ub-
JINOTEKA, JMHAMUIECKA MEHSAETCS CO BPEMEHEM, TO BaXKHBIMU XapaKTepH-
CTUKAMHU SIBJISTIOTCST TAK>Ke CJIOKHOCTH BCTABKH W yIAaJeHUsT OOHEKTOB B
B/1. Eiie onHolt xapaKTepUCTUKON SABJISIETCST 00bEM MaMATH, TpeOyeMbIit
AJITOPUTMY JIJIsT XpAHEHUsI CTPYKTYP JAHHBIX.

OnauM 13 c11ocoboB 3P HEKTUBHO PEIIUTD 33/1a9y O IPEJI0TBPAIICHITT
CTOJIKHOBEHUI MOXKeT OBbITH CBEJCHUE JTAHHON 38709 K y»KE U3BECTHBIM
OTHOMEPHBIM 3aJ1a4aM. B 9To# paboTe B Ka4ecTBe TaKOi 38744 PACCMAT-
PUBAIOTCS 33J1a9a O MPOKATLIBAHUH.

3ajada 0 TpOKAJBIBAHUN UMeeT PPEKTUBHOE CTATHYECKOE pellie-
HUe — JiorapudMUYecKoe BpeMsl IIOUCKa U JIMHeHHbIH o0beM mamstu [1],
a B JIMHAMHYECKOM CJIydae [2| onTuMasbHOe pellieHre MMeeT CJI0KHOCTD
IIOMCKA, TOPSIIKA /7, CJIOKHOCTb BCTABKH /yIaJIeHIsI TOpsaKa log?n, u
UCIIOJIb3YET NAMSTh MOPSIKa N, TIe 7N eCTb YUCJIO 0OO0BEKTOB B 00JaCTH
HaOJIIOCHUS.

B [3] paccmarpusasicst ciryuail buKCHpOBaHHBIX CKOPOCTEil 00HEKTOB,
To ectb f(t) = vt, a fy(t) = v4t, B 4] paccmarpuBascs ciydaii, Korga
f't+1") = fo(t) <0 s moboro t € [0, Thaz] m moGoro t', Taxoro, ¥ro
t+t €0, Tmaz|.- B 060oux ciydasix 3a/aua penrajgach [yTeM CBeIeHHsl 3a-
JTa<n O TPEIOTBPAITCHAN K 33/1a9€ OJTHOMEPHOTO MHTEPBATLHOTO TTONCKA,
KOTOpasi UMeEeT JIOTAPUMMUIECKYIO OTHOCUTEHLHOTO ODOIIEro Incia 06b-
€KTOB B GUOINOTEKE CJIOYKHOCTD TIONCKA BCTABKU U YIAJEHUST, U JIMHEHHBIIH
obbeM namsitu. B [5], [6] npuBoxmincs Kpurepun CBOAMMOCTH 3a/a49H O
MIPEJIOTBPAIIEHIN CTOJKHOBEHUH K 3a/aue OJIHOMEPHOI0 WHTEPBAIHLHOTO
MONCKA ¥ K 3a7]a9€ O MPOKAJBIBAHUN, COOTBETCTBEHHO, JIJISI CJIydas IPO-
U3BOJIbHBIX (HE 00s13aTe/IbHO AHAJIMTUIECKUX ) 3AKOHOB JIBUXKEHUST 00bEK-
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TOB U 3anpocoB. B |7| mpuBoawicst Kpurepuii CBOJMMOCTH K OJJHOMEPHBIM
3aj1a4aM IS CJIydast, KOTJIa 3aKOHbBI JIBUYKEHUsI — MHOTOYJIEHBI.

3adaueti o npokarvisanuu nazosem mapy (R, Z), rae 6ubimoreka Z
eCTh KOHEYHOE MHOYKECTBO BCEX MHTEpBaJIOB ¢ KoHlamu u3 R, a R ectb
MHOYKECTBO BCex JieficTBUTEbHBIX dncest. CoepKaTe/lbHO 9Ta 3aj1a9a Co-
CTOHUT B TOM, YTOOBI JIJIsI IPOU3BOJILHOTO 3apoca p € R nepedncimTs Bee
T€ W TOJHKO T€ OTPE3KU U3 Z, KOTOPbIE COepyKaT p.

Omesem na 3anpoc p € R npu 6ubsmoreke Z B 3aja4e O MPOKAJIbIBA-
HUU ecTh MHOXKecTBO J(p, Z) ={z € Z : p € z}.

Byjaem roBopurh, 4UTO 3ajiada O NpEJOTBPAINEHUN CTOJKHOBEHU
(fs fq, P, V(t)) ceodumes ¢ 3amade 0 MPOKAJIBIBAHUU, €CIH CYIIECTBYIOT
Takue orobpaxkeHust @, 1,2 : R X [0,1] — R, uro mis narob6oit 6ubsmo-
rexu V (t), moboro 3ampoca g = (t4, x) u 1060ro 06bekTa 0 € V' BEpHO

o€ J(f, fo, 0.V, q) & [¢1(0), p2(0)] € J(0(q), Z),

rie Z = {[p1(0),p2(0)] :0 € V}.
Teopema 1. 3adaua o npedomspawenuu cmonxroseruts (f, fq,p, V(1))
ceodumces x 3adade 0 NPOKAALLGAHUL M020a U MOALKO Mo2da, K020a 6bi-
NOAHEHO TOMA Obl 00HO U3 CACIYVUWUT IBYT YCA08UT

VYcaosue 1.

) Een (x,9) € [p1 4% 0 47 0) = 17 @) <0 mo
(') <f*1<x>

2) Ecau Fr(z,0) <0, mo p € arg min Fr(z,0,¢);
£€[0,p]

N

3) Ecau Fr(x,1) <0, mo —p € arggr?ax ]FL(J:, 1,&);
€l—p,0

4) Ecau (z,y) € [0,2p] x [0,1] : Fr(z,y) <0, mo

—p € arg max Fg(z,y,&);
Ee[_pvo]

5) Ecau (x,y) €10, p] x [0,1] : Fr(z,y) <0, mo
p € arg min F(z,y,);
£€[0,p]

VYcaoBue 2. [ — Aunetinwit MHO20UAEH.

ApTop GJIaroapuT CBOEr0 HAyYHOTO pyKOBojamTeNst mpodeccopa [a-
caHoBa .. 3a IMOCTAHOBKY 3aJ1a4d W IIOMOIIL B paboTe.
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dopma n3zobparkeHus

[Tox m306pazkernem moHMMaeTcst ancyoBas dynkius f(-), 3ajaHHast
Ha 1oJie 3penns X C R?, MHOXKECTBO BCeX M306parkKeHnii 06pasyeT IOJIHOe
JIMHEiHOe HOPMUPOBAHHOE TPOCTPAHCTBO R. 3Havenue f(x) Ha3bIBAETCS
SIPKOCTBIO M300pakeHust f(+) B TOUKe X MOJIsi 3PEHUSL.

Nz0bpakeHust OHOrO U TOTO K€ OOBEKTA WMJIM CIEHBI, ITOJIy9IeHHbIE
[P PAa3JIMIHBIX YCJIOBHUSX, MOIYT PAa3JIMdaTbCsl PaUKaIbHO. 3aKJIHO-
YeHHasl B HUX <«9aCTby» MH(MOPMAIUH, HE MEHSIONASCS [IPU U3MEHECHUHU
yCJIOBUiT UX perucTpalyn, HasbiBaeTcs Gopmoit nzobpaxkenust [1]. Pop-
Ma MOYKET OBITh IMOCTPOEHA, €CJIM 3aJaHa Olepalldsi CpaBHEHUS 110 (Hop-
Me: ompeneauM KJace J GyHKIui, mpeodpasyonmx apKOCTh N300pake-
HUsI TIPU M3MEHEHUU YCJOBHUI ero perucrparuu: nycrtb f € R — u300-
paXKeHue CIeHBI, Torya st Jioboro F € F uzobpaxkenue F * f € R:
F x f(z) = F(f(z)), v € X, ecrb usobparkeHue TOH Ke CIIEHBI, I10JIy-
YEeHHOE TPU HEKOTOPBIX yCJoBusX HabuojeHus. [Ipumepamu knacca F
MOryT ObITh BCe (M3Mepumble) (YHKINM, MOHOTOHHBIE (DYHKIUH, [OJIH-
HOMBI CTEIIEHU He BBIIIE 33 ]aHHOM U T. II.

Omnpenenenune. 3obpazkenne g € R He cjioykHee 110 (bopme n300pazke-
Husi f € R, ecau cymectByer dyHkims F € F, Takasi, 9ro g = F * f.

Onpepnenenne. Muoxkecrso Vy C R Becex u3obOpazkeHuii, KoTopble He
caoXHee 1o popme, YeMm m3obpazkenue f, HazbBaeTcss (GOpMOil n3obpa-
xennst f.

Ecim Vf BBIITYKJIO 1 3aMKHYTO, TO 3a/la49a HaWuJI1y4dIIero HpI/I6JH/I}K6HI/IH

1€ = &1l = inf{]l€ — gl [g € Vy}

pasperuma i Jioboro € € R, a ecyiu ee perieHne euHCTBEHHO, TO OHO
onpejiesiger npoexnuio § na Vy, £y = P&, oneparop mpoenuposanus Py
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B 9TOM CJIydae cBaA3aH ¢ Vy B3aMMHO OJHO3HAYHO U TaKrKe Ha3blBaeTCs
dopmoit nzobpazkenus f.

3amauu, peinaeMbie MeTogaMu MOPQOJIOTNIECKOro aHaJIN3a
n300pakeHuit

ITycrs npoekTop Py : R — R cymecrsyer. B repmunax Py pemaer-
csl PsiJi BAXKHBIX 33J1a9 aHaIn3a M300pakKeHuil, B YaCTHOCTU — CJIEJLYIO-
e [1].

e Ilycth Tpebyercst onmpeaenTh, CPABHUMO JIU IIPEIbIBICHHOE N300~
paxenne £ o ¢opme ¢ f. OTBeT Ha TOT BOIPOC MOJIOXKHUTEJIEH,
ecam 1 TOJIbKO ecu § = Pyé.

o Ilycrs umeercs nabop dopm Vi, ..., Vas, u Tpebyercs onpenenTb,
K Kakoii hopme u3 3aj1anHbIX Hanbosee 6,u3Ko (1o dhopme) mperb-
siBjieHHOe m300paxkenue &. OrBer: K (opme ¢ HOMEPOM Ky, TIe
€ — Pe.&ll < ||I€ — P&ll, Kk =1,...,M. Ecim Takux HOMepOB
HECKOJIbKO, TO OTBET HEOTHO3HAUEH.

e Ilycts Tpebyercs ykazaTb, 9YeM OTJIMYAETCH IPEIbsABJIEHHOE U300-
paxkenue § ot f no dgopme. OTser naer uzobpaxkenue § — Pr§.

st perrenust 9TUX 3329 ANPUOPH TPebyeTcs 3a/1aTh (DOPMY KaK MHO-
skectBo V' (mwim npoextop P).

O/iHaKO Ha TpakTHKe 9acTo HHGOPMAIms O (POpMe COJIEPKUTCS B
n300paKeHNH CIEHBI, 33JJAHHOM C IIOI'DENTHOCTBIO Wik B Habope n3obpa-
JKeHUI OJIHOU M TOI 2Ke CLEHBI, IIOJIyYEeHHBIX IIPU PA3JIMYHBIX U HEKOH-
TPOJINPYEMBIX YCJIOBUSIX HADJIIOJICHUS] U MCKAXKEHHBIX IIyMoM. B pabore
paccMaTpuBalOTCd MOPGOJOTHIECKHE METOJbl, OCHOBAHHBIE Ha (opMe,
OIEHEHHOW M3 HETOYHO 3a/[aHHBIX N300PAXKEHUI CIICHBI.

CpaBuenne nmo ¢popme m300pa>keHuil, 3aJJaHHBIX C MOTPeIlI-
HOCTBIO

[Tycts 3amannbl u3obpaxkenus: £, n € R, MOyIeHHDbIE IO CXEME

E=f+v, n=g+u,
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rJle HeMCKayKeHHbIe MIYMOM U M (i COOTBETCTBEHHO W300paxkeHust f U g
nenabsiioaeMol. Tpebyercs 1mo 3a7aHHbIM € U 1) OIPEISINTh, CPABHUMO
gu g o dopme ¢ f, TO ecTh Haiimercsa ju Takad gyakius F € F, aro
g=Fx [, ecmn |lv|| <e, [lull <e.

[Tycrs Fp;, — Kjacc MOHOTOHHBIX IpeobpaszoBanuii F'(-), T0 ecTh Ta-
kux, 9ro u3 x < y caeayer F(x) < F(y), nu uzobparkeHus 3aJIaHbl
B KOHEYHOM YHCJIe TOYeK CBOMME 3HadeHusMu (fi,...,fn), Tak, 4ro
IPOCTPAHCTBO R ABjgerca N-MepHBIM JTHHEHHBIM HOPMUAPOBAHHBIM IIPO-
crpaHcTBOM € HOpMOiL [|f|| = I{laXN{’ fil}. Torma samaua cpaBHeHUs

i=1,..

nzobpaxkenuit £ u 1) Mo popmMe CBOAUTCS K IPOBEPKE HEPABEHCTBA

inf inf (f, <e.
i) A< . <fNi91<02<.. <gN {Q;(f.9)}
riue
Qi(f.9) = max {max (|fi = &) o —nj )}
a j(-) — Onexmua mmoxectsa {1,2,..., N} na ceba. Merom n anropurm

pelleHus 9Toil 3a/[a4u npuBeJieHbl B paborax [1-3].

Onenka dopmbl, 3aJaHHOU YIIOPSJOYEHUEM SPKOCTUA TOUYEK
T0JIsI 3peHus

B eBkimioBoM mpocrpaHcTBe Beex uzobpaxkenuit Ry = {f =
(f1,fo,---s IN) : f1, fo, -, [N € (—00,00)} 3aMbiKaHue Kiacca u3obpa-
wennit Vo = {f : f1 < fa < ... < fn} sBiIsieTcsi 3aMKHYTBIM BBIILYKJIBIM
KOHYCOM U UI'PAeT BayKHYIO POJIb B IPUJIOKEHUSIX.

[Iycrs g = (g1,-.-,98) € RN ecTb m300pakeHue HEKOTOPOH Clie-
Hel, 1 j(-) — OGuekmms muoxecrsa {1,2,...,N} ma cebd, Takas, 4TO
(9501),9j(2)s -+ »9n) € Vo, ommako ynopsiiodenne j() HeM3BECTHO, M €ro
Tpebyercst YCTAaHOBUTH 110 HAOJIIOJIECHUIO MOC/IE0BATEILHOCTH U300paske-
mnit {&; = Fj* f+vj,j =1,2,...}, B kotopoit Fj(-), j =1,2,... — Mo~
HOTOHHO BozpacTalonue dbyHknun, a v; € Ry, j = 1,2,..., He3aBUCUMBI
B COBOKYITHOCTHU, O0JIQJIAIOT HE3aBUCUMBIMU B COBOKYIIHOCTH KOODJIMHA-
ramu, pudeM ||v|| < 0 ¢ BepositHOCTBIO 1.

[Tpu yKasaHHBIX YCJIOBUSIX CIPABEJINBA CJeyomas Teopema [4].



120 WuTesekTyasbHble CHCTEMBI U KOMITBIOTEPHBIE HAYKA

Teopema 1. Vnopadouenrnocmsd xoopdurnam eexmopa g € Ry onpede-
ASEMCA € BEPOAMMHOCTNGIO eOUHUYA NO KOHEUHOMY “UCAY HaOA00eHull

&1,...,8n € Ry

B sroit ke pabore [4| npe/yioyken aqropuT™ YIOpPSIOYEHHsT KOOD/H-
HAT ¥ IIOJIyU€HBI OIIeHKU BEPOSITHOCTH OIIMOOYHOIO PE3Y/IbTaTa yIOPSII0-
YeHUs. DTU PE3yJIbTATHI HOJIYUYeHBI 10 aHAJIOTUU C YHOPAJOYeHUeM 3Ha-
geHnii BosmoxkHocTeid, npejyioxkenubx FO.ILIIbirbeBbiM B padore [5].

dopma Kak JMHEIHOe HNOAIIPOCTPAHCTBO

JpyruMm BaxKHBIM TpuUMepoM (HOPMBI HU300PAXKEHUsT SABJISIETCS KO-
HEYHOMEPHOe JIMHEIHOe MTOAITPOCTPAHCTBO €BKJIMIOBA MPOCTPAHCTBA RN
BCeX M300parKeHHUN. DTO MOAIMPOCTPAHCTBO (POPMAJBHO MOYKET OBITh
3aj1aH0 Kak mpocTpaHcTBo R(A) 3Hadenuii juHeiinoro omeparopa A €
R, — RN, BOCCTAHOBJIEHHOIO SMIIMPUIECKN U3 HAOIIOJeHUI n300parke-
Huit &1, . ..,&n € /RN CICHBI B yCJIOBUSAX PETUCTPAINH, 3a/IaHHBIX BEKTO-
pOM mapaMeTpoB g € R,,, IPUHUMAIONINM B KaXKI0i TECTOBON CUTYAIH
C HOMEPOM j M3BECTHOE 3HaveHue g;, j = 1,...,m, 1o cxeme

€JZA9]+V]7 7j:17"'7m7

rje v; — IOIPEIIHOCTh PErUCTPAIii M300PasKeHusl B CUTyalldll ¢ HOMe-
pom j, 5 =1,...,m. MeTo/ib! OIECHKYU MPOCTPAHCTBA 3HAUCHUN JTUHEHHBIX
OTIEPATOPOB IO JAHHBIM TECTOBBIX M3MEPEHN, BBITOJTHEHHBIX C IOTDeII-
HOCTBIO, OIUCaHbl B paborax [6,7].

Pabotra Brrimosinena npu nomep:kke rpaata PODIU 11-07-00338.
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AHaim3 COBPEMEHHOTO COCTOSIHUSI OPTaHW3alnyd 0OpPa30BATETHLHOTO
[pOIiecca, N3yUeHne TUCTAHIMOHHBIX 00pa30BaTEIbHBIX TEXHOJOTUM, TO-
HATUA <«UHTEPaAKTHUBHOCTL», a TaKXKe BbIJBJICHHNE OCHOBHBLIX aCII€EKTOB
[IOCTPOEHUST MHTEPAKTUBHON 00pa30BaTe/NbHON ceTu M03BOJIseT cdop-
MYJIUPOBATL MIPEJACTABJICHNE O MOJIEJIM OpPraHu3aIuu o0ydeHus Ha Oa-
3e MpeMETHO-OPUEHTHPOBAHHON MHTEPAKTUBHON ceTr 06pa3oBaTeIbHOrO
YapexaeHusd.

Paspaborannas Mozesb opranu3amnuu odyueHnus: Ha 6a3e MpeIMeTHO-
OPUEHTUPOBAHHON WHTEPAKTUBHONW CETH B KAYECTBE METOJOJIOTHYECKON
OCHOBBI UM€EET CUCTEMHBIN TOIXOJ, PACCMATPHUBAIONINN 00BLEKT U3y YCHUST
KaK I[eJIOCTHOEe 00pa3oBaHUe, yUUTHIBAIOIIEE U IPUBOJISINEE B CKOOP/IU-
HUPOBaHHOE JieficTBIE BCe (PAKTOPHI U YCJOBUS, CYIIECTBEHHO BJIUSIONINE
Ha Hero [2].

[TpemeTHO-OpHUEHTUPOBAHHAS WHTEPAKTUBHAA CETh JIOJIXKHA ITOJ[IH-
HATHCSA AEUCTBUIO CIICAYIONNX IIPUHIIAIIOB: JOCTYIIHOCTH, NHTEPAKTUBHO-
CTH, BAPUATUBHOCTH, CUCTEMHOCTH U IIOCJIEI0BATEILHOCTH, I1€/1eCo00pas-
HOCTH IIPUMEHEHNsT HOBBIX MH(MOPMAIIMOHHBIX TEXHOJIOTHH, CO3HATEIbHO-
CTU U aKTUBHOCTH, HATVISITHOCTH.

PaCCManI/IBaeMaH MOJeJIb JO0JI2ZKHa OTBEYaTb Tp€6OBaHI/IHM HOpMa-
THUBHOCTHU, IIPEEeMCTBEHHOCTHU, II€JIOCTHOCTU, CBA3aHHOCTU KOMIIOHEHTOB
MOJeJIN, aJallTUBHOCTH.

B nportecce m3ydeHus JUCTAHIMOHHOIO OOYYEHUS BBISBJICHBI (DYHK-
I NIPEIMETHO-OPUEHTUPOBAHHON NHTEPAKTUBHOI CETH, CpeN KOTOPBIX:
CO3JIaHME €IUHOr0 UH(MOPMAIIMOHHOTO 00pPA30BATEIHLHOIO IIPOCTPAHCTBA
OY, BHeceHEe MHHOBAITMOHHBIX U3MEHEHUH B 00pa30BATE/bLHBIN MPOTIECC,
MOBBIIIIEHNE YPOBHS UHTEPAKTUBHOI'O B3AUMOJIEHCTBHUS CyOHEKTOB 00pa-
30BaTE/ILHOTO IPOIECCa, AJANTUBHOCTh K WUHIAWBUIYAJILHBIM MTOTPEOHO-
CTSIM CYyO'bEKTOB 00Pa30BATEJILHOIO MIPOIECCa U T. JI.
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Pazpaborannast Mojiesib peau3aliuu  IpeIMETHO-OPUEHTHPOBAHHOM
MHTEPaKTUBHOI cern (puc. 1) BK/IOYaer B cebsi TEXHUUECKHUI KOMIIOHEHT
1 KOMIIOHEHT peaJIn3alliu.

TexHAUECKHIT KOMTOHEHT

Brifiop in1arpopin ANNaparioe i NpOrpaMMIoe Basa S0P
obecreuerme

!

Komnomenr PCaad3an I
4’| Hopmarusneii faok i

I'ocynapersesHble 00PAI0BATEILHBIE CIAHAAPLD] ‘

TpeGosanHs, UPEILAB.IIEMBIE K BbIIYCKHUKY ‘

—'I [oTpedHOCTHO-MOTHBALUMOHHBI 810K

AHATHI CYMECTRYIONICH CHTYAIHMH ‘

Breapenne ‘

C'[HM'_\-’JH]J OBAHHEC JCATCIBEHOCTH ‘

—.I CoaepsxaTeneinii fnok [

Kontent HOC ‘

Hurepaktusibie MOAYAH 3HaHKi 1O npeamery ‘

AfanTHBHBIC TCCTHPYROTITHC 0BOTOMKH ‘

CpeneTra HHTEPAKTHRHON KOMMYHHKAIINH ‘

4'| TexHonmornHeckHi 610K i

CmocoGel Opranu3alig ACATCIREHOCTH ‘

BLIGOP MHTCPAKTHRHON KOMMYHHKAIIH ‘

—‘ Koupouupyowmii 610 |

Pac. 1 Monens peamH3saund OpeaAMETHO-OPUCHTRPOBIHHOM HHTCPAKTEBHOMH C4TH

Puc. 1.

B noruke mocTpoeHust mpeaMeTHO-OPUEHTUPOBAHHON MHTEPAaKTUBHOMN
CeTH TEXHUYECKUI KOMIIOHEHT MOJIE/IN 3aKII09aeTCsI B BBIOOPE ITPOrPaMM-
HOI 000JIOUKM, TEXHOJIOTUU TUCTAHIITMOHHOTO OOYyYUEHMs, CO3MaHnn Oa3bl
9JIEKTPOHHBIX 00pa30BATEILHBIX PECYPCOB.
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KomMmmonenT peajnzanyuym COCTOUT U3 CJAEIYIOMNX OJIOKOB: BbIJICJICHBI
HOPMATHUBHBIN, MOTPEOHOCTHO-MOTHUBAITMOHHBIN, COMepPXKATEIbHBIN, TeX-
HOJIOI'MYECKUAN U KOHTPOJIUPY IOIIUA.

HopmaruBnbiit 610K BK/IIOYaeT B cebsi IPaBOBLIE, TEOPETUIECKUE U
METOJIOJIOTHIECKIEe OCHOBAHUsI O0YUeHUsT yUAIINXCsl Ha Oa3e IIpeMeTHO-
OPHMEHTUPOBAHHON MHTEPAKTUBHON CETH, rapaHTHPyeT O0ydeHHe B COOT-
BercTBun ¢ TpeboBanusmMu ['OC, a Takke OXBaTBIBAET CIEIUPUIECKUE
TpebOBaHUsl, IPeIbsiBIsieMble K BBIIIYCKHUKY 0OpPa30BaTEbLHOIO yUpe-
KJEHUsI KaK COBPEMEHHOHN JIMYHOCTH, CIIOCOOHOH KUTh M Pa3BUBATHCSI
B UH(MOPMAITMOHHOM ODIIEeCTBE.

[ToTpebHOCTHO-MOTUBAIMOHHBIN OJIOK MOIEIN SIBJISIETCS OCHOBHBIM
yCa0BUEM, TTOOYKIAIONINM K BHEJIPEHHUIO W IPUMEHEHUIO B JIeITEeJIbHOCTH
00pa30BaTeIbHOIO YIPEXK IEHUsI PEIMETHO-OPUEHTHPOBAHHON HHTEPaK-
TUBHOW CETU, COMEPIKUT CJICAYIOIINE OIPEIC/ISIONINe KPUTEPUU: AHAJN3
CyIIECTBYIOIIEH cuTyannn B 0Opa30BaTEILHOM YUPEXKICHUU, HEIOCPE/I-
CTBEHHO BHEJPEHHUE, & TaKXKe YCJIOBUSA CTUMYJIUPOBAHUS IEATETHLHOCTH
[10JIb30BaTeJIeN.

Crreny1onuM BasKHBIM KPUTEPHEM SIBJIAETCS HEIOCPEJICTBEHHO BHE[I-
peHNe IIpeIMETHO-OPHEHTHPOBAHHON MHTEPAKTUBHON ceTH Ha Gase ompe-
JleJIEHHOH paHee I1aTOPMBbI JUCTAHIIMOHHOIO 00y YeHNsI, 3aKII0Ta0IIee-
Cs1 B HEIIOCPE/ICTBEHHO MHCTAJUISIIIN IPOrPAMMHOIO IIPOYKTA, €r0 HHTe-
IPAIH C IPUJIOXKEHUSIMI BHEIITHUX PA3pabOTINKOB y2Ke HCIOJIb3YEeMbIMH
B 00pa30BaTeILHOM yUPEXKICHIN U 3all0/THeHNH 6a3bl JaHHBIX BCell HeoO-
xojuMont nndopmariei.

OcosHanue HEOOXOIMMOCTH BHECEHNST N3MEHEHNUIT B 00Pa30BaTe/IbHBII
IIPOIECC HEJIOCTATOYHO ISl KAYEeCTBEHHOT'O HCIIOJIb30BAHUS HHTEPAKTHB-
Hoit cern. Orciona cjeayeT KPUTEPHUil CTHMYINPOBAHUS JESTEIBHOCTH,
OTHOCAIIUICA K IIPEIOaBATEIbCKOMY COCTaBy (ydeT y4eOHON HArpysKH
IIpeIoIaBaTelIst, OPraHU3allis KOHCY/IbTALNI, y9eT BPEMEHH [IPOBEICHHO-
ro IperoaBaTeseM B HHTEPAKTHBHOM CETH U T. JI.), yYAIIUMCs (CO3/aHme
CHATyaIuil ycriexa, HOOIMIPEHHe U T.J.), POAUTE/sAM (CO3/aHne CHTYyaIuii
ycCliexa, OpraHusanus KOHCy/branuit) [1].

ConepzkarebHbIN OJIOK MPeICTaBIeH TeMH BHIAMHI 00Pa30BaTe/IbHO-
ro KOHTEHTa, KOTOPbIE 3aKIYA0T B cebe mrardopma, MOCTPOEHHAs HA
€e OCHOBE MHTEPAKTHBHAsS CEThb U JIMCTAHIMOHHBLIA KypC: MHTEPAKTUB-
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HbI€ MOJYJIA 3HAHWIA 110 IIPEAMETY, aIallTUBHBIE TeCTUPYIONe 000I09KH,
CpeJICTBa MHTEPAKTUBHON KOMMYHUKAIIWH.

Moayab 3HaHUil — OCHOBHAsl €IUHUIA JUCTAHIIMOHHOIO O0ydJaroIe-
ro Kypca. Ilpu pazpaborke Momyseil 3HaHUit HEOOXOINMO yINTHLIBATH HE
TOJIBKO TO, 9TO KaKJIbIIl MOJY/Ib JOJIZKEH JABATh COBEPIIEHHO OIpese-
JIEHHYIO CAMOCTOSITEJIbHYIO TOPIMIO 3HAHMI IO TeMe YyPOKa, HO U cop-
MUpOBATh HEOOXOMUMbIe yMeHusi. OTCroa cielyeT HeoOXOIUMOCTb B UH-
TEPAKTUBHOCTH, KOTOPas 3aK/II0IAETCA B CBOEBPEMEHHOM OTCJICXKHMBAHII
JIOCTUYKEHUI y9IaIlerocsi, B3aMMOJEHCTBAN C TPENoiaBaTeieM W CAMUM
MOJIyJIEM 3HAHUI, KOTOPBI B CIydYae OTCYTCTBHS IPENOIaBaTessl B HH-
TepaKTUBHON CeTU JOJI?KEH BBIMOJIHSITD Psijl ero (OyHKITUIL.

st coorBeTCTBUST TPEOOBAHUSIM OOBEKTUBHOCTH B OIIEHKE KadecTBa
SHAHUN yIaImxcs 00y Jarouil Kypc HHTEPAKTUBHON CETH JIOI?KEH UMETh
aAIITUBHBIC TECTUPYIONHE 0D00JIOUKH, TTO3BOJIAIONINE TPUIATH OOJIBIITYIO
UHIWBUIYAJIHLHOCTD JUCTAHIIMOHHOMY OOYYeHUIO.

CpezcrBa HHTEPAKTUBHOM KOMMYHHUKAIIUN — 00sI3aTEIbHBIA 3JIeMEHT
HHTEPAKTUBHOI'O JINCTAHIIMOHHOIO Kypca. Jjis obecrieueHnst HHTEPAKTHB-
HOCTHU B KypcCax JMCTAHIIMOHHOIO 00y YeHNS 11eJIECO00PA3HO UCIIOIHb30BATD
dOopyMBI, 9aThl, CIYyKObI KOPOTKUX COODIIEHUI, ayauo- U BUJICOKOH(DE-
PEHITNH, JIEKTPOHHYIO TOUTY.

Texnosornueckuit 610K MOJIE/IM TPU3BAH 00ECIIEIUTH IIPOIECC 00y Ue-
HUsI METOJIAME, IIPUEMAaMU, CPEJICTBAMU U (POPMAMHE, CIIOCOOCTBY FOIIIMUI
HanOoJIee TIOJIHOM OPraHU3AINY JUCTAHITHOHHOTO OOYYEHUsI, U BKJIIOUAET
B cebs Ba OJi0Ka: CIIOCOOBI Opranm3aiuu o0ydeHus Ha 6ase mpeaMeTHO-
OPUEHTHPOBAHHON MHTEPAKTUBHON CeTH W OIpeJeieHne CPEeICTB HHTEp-
AKTUBHOW KOMMYHHUKAIIUN.

KonTposmmpyromuii 6,10K MOJIE/ N HAIIPABJIEH Ha MOHUTOPWHT KadeCTBa
o0OyJeHnsi, OPraHu30BaHHOIO Ha 0as3e MPeIMETHO-OPUEHTUPOBAHHON WH-
TEePaKTUBHOW CETH C MCIIOJIb30BaHNEM KaK BCTPOEHHBIX B 0DOJIOUKY IIPO-
TOKOJIOB (POPMUPOBAHUST OTUETOB, TaK U SMIUPUIECKIX METOIOB HUCCTIE-
noBanusi. KadecTBeHHBI MOHUTOPUHT HEOOXOJINM Ha KaKJIOM JTalle pe-
AJIM3AIIH [TPEIMETHO-OPUEHTUPOBAHHOW WHTEPAKTUBHOW CETH, TO9TOMY
KOHTPOJIUPYIONIHiT OJIOK OTHOCUTCS K KaXKJOMY PACCMOTPEHHOMY OJIOKY
MOJIEJIH.

Takum obpazom, paspaboTaHHas HAMU U PACCMOTPEHHAs MOJE/b pe-
AJTN3AINY TPeIMETHO-OPUEHTHPOBAHHON MHTEPAKTHBHON CETH IIO3BOJIAET
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HOJIONTU K BHEJIPEHUIO U UCIOJIB30BAHUIO JUCTAHIIMOHHOIO 00y YeHHs KaK
IIEJIOCTHOMY IIPOIIECCY, B X0Jle KOTOPOI'O OCYIIECTBIIACTCS e/ IeHAIIPAB/ICH-
HOEe MHTEePAaKTHUBHOE B3aUMOJEICTBHUE Ilejarora, ydallerocsd 1 JUCTaHIU-
OHHOT'O Kypca.
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