Iudopmalinonno-rpadoBasi Mojie/Ib XpaHeH!s
1 IIOUCKA JaIHDIX

9.9. [N'acanos

B reopun 6a3 maHHBIX MCCHEAYETCH MHOXKECTBO PA3PO3HEHHBIX 3a/a
noncka. B pabore mpeaiaraercst HOBBIH IIOAXO0, [IO3BOJISIONINI ¢ 00X
HO3I/IHI/Iﬁ B3MVIAHYTbH Ha 9THU 3a1a11. OH OCHOBBIBACTCA Ha TCOPUHN YIIPABJIAIOIINX
CHCTEM M IpeJTaraeT HOBYIO KOHIIEHITUIO XpaHEHUS TaHHBIX U HOBBIN
OAXOJ K TMOUCKY mHpopMmarmu. B paMKax 3TOro mogxoma CTAHOBUTCS
BO3MOXKHBIM UCCJICIOBAHUE TAKON TPAAUIIMOHHO TPYAHON MEPBI CJI02KHOCTHU
KaK cpeffee BpeMsl MOUCKa. B paboTe CTaBSITCS HECKOJIBKO DA3ZOBLIX

pobJIeM TTOMCKA MHMOPMAIINH 1 ITPUBOINTCS PEITIeHHe TPOoOIeMbl OTTTHMAIBLHOTO

cuHTEe3a s 9TuX 6a30BhIX pobiieM. Uccaenyercs Takake BIUSHIE HA
ONTUMAJBHOE Permerne Takux GpakTopoB Kak obbeMm mamaru, 6a30Boe
MHOKECTBO JIOTYCTUMBIX (DYHKITHH U -pacIIupeHne 3ampoca 33, 1a4n.

1 Bseaenne

B reopuu 6a3 TaHHBIX HAKOILIEHO OOJIBIIOE KOJXICCTBO JOKAILHBIX IPHMEPOB
1 33144 oucka nHgopManuu (B 9aCTHOCTH, B paboTe MPUBOIATCS 7 OCHOBHBIX
MOJIEJIBHBIX KJIACCOB 3aj1a4 nHopManunonnoro noucka (3UIT)), mporece 3Toro
HaKOIlJIeHUud IIPOJOJIZKaeTCAd W B HaCTOLAIIECE BpeEMI. STI/I IIpuMepbl UMEIOT
pa3pO3HEHHBI XapaKkTep, a MPOIecC HAKOIJICHNs HAOMUHACT pa3pacTaHue
BIINDPL, OTpazkas KazKIblil pa3 Bce HOBBIE 0COGEHHOCTH IpHMepoB. Bmecte ¢
TeM eCTEeCTBEHHO CTPEMHUTLCA K TOMY, YTOOBI MOKHO OBLIO YCMOTPETh B HHX

HEKOe 0613em/1H51}0mee Ha4vaJ10, KOTOPOE IIO3BO.JIAIO OBI onepupoBaThb HAKOILJIEHHBIMHA

HpUMepaMu ¢ eJIMHbIX o3unuit. lHTeHcuBHOE apaJijie/ibHOe Pa3BUTHE TeOPUU
YIPABJILAIONIMX CHCTEM TI03BOJIMIO pa3paboTaTh Cephe3HbIil MaTeMaTUuIeCKU i
amnmnapaT U HAKOIUTDb BaKHbIe pe3ybTaThl IO CHHTE3Y ONMTHMAJIbHBIX cxeM. 11
XOTd pa3pabOTaHHBIH allapaT U HAKOILIEHHBbIE 3/1eCh Pe3YJIbTaThl He HMEIOT
IPSIMOT'O OTHOIIEHUA K TeOpun 6a3 JaHHBIX U HH(MOPMAIMOHHOTO MTOUCKA, HO

*Pabora  BbImOIHEHA  TpH  (PUHAHCOBOM  mommepskke  Poccwiickoro  ¢omga
dynnamenTanbubix uccnenosanuil (rpant 98-01-00130).



MOTYT CJIY’KUTH XOPOIIUM MPUMEPOM U aCCOMUUPOBAHHBIM UCTOYHUKOM IS
Pa3BUTHUS JAHHOTO HATPABJIEHUS.

B cBsi3u ¢ umeronuMces 110J102keHleM B Teopur 6a3 JIaHHbIX, HAIIPALIUBAETCS
orpejie/ieHHAsl aHAJIOTUS C CUTyalueil, KoTopas BO3HUKJ/IA B TEOPUU CHHTE3a
yHpaB/ILOMKUX cucreM. Tam B posim MOJIEJILHBIX MHOT00Opa3uil, Mmojgo0HbIX
7 MOJIeJIBHBIM KJIaccaM 3aJad MOUCKA, PACCMATPUBAEMbIX B JAHHON padore,
BBICTYIIAIOT CJEAYIONNe: KOHTAKTHO-BEHTHIbHBIE CXeMbl, (DOPMYJIBI, CXEMBI
13 YHKIMOHAJILHBIX 9JIEMEHTOB, HOpMaJibHble (opmbl 1 ap. |1, 2|.

B reopuu cunresa ocHoBHAS 331244 JI0JIT0€ BPEMS COCTOS/IA B CJIE/IYIONIEM.
[Ipejmnosiarasoch, 9To Ha KayKJIOM MOJIEJTBHOM MHOTI0OOOpa3um oIpejie/ieHa
HEKOTOpasd CBOS Mepa CJIO0KHOCTH, U 33/1a9a ONTHMAJIBbHOIO CHHTE3a COCTOSLIA
B TOM, UTOOBI JI/Id 3a/IaHHOiT OY/1eBCKOIT (DYHKIINK YKa3aTh TY CXeMY U3 33 IaHHOTO
MHOT000Opa3us, KOTOpas peajnu3yeT 3Ty (PYHKIUIO U UMeeT MUHUMAILHYIO
win OJIMBKYIO K Heil ciiokHocTb. [To3xke [3] 610 yeranoBI€HO, 9TO HA CAMOM
JIeJe 9TH CJI0KHOCTHBIE XaPAKTEPUCTHKY MOTYT OBITh H3BJIEUEHBI 3 BHY TPEHHUX
CBOMCTB caMoil (pyHKITHH.

B mamem ciydae B KayKJI0M U3 CEMU PACCMOTPEHHBIX MOJIEJIBHBIX CITyYaeB
TaKzKe M300peTaTNCh CBOU CJOXKHOCTHLIE XapAaKTEePUCTUKU W TPeOOBATOCH
i SUTT HaxomuTh B OmpeaeieHHOM CMbICJIE TPOCTERIIEro mpeacTaBuTe st
muoroobpasusi pemenuit 3UIL. Tlpu srom, B orimame or ciaydasi cuHTe3a
YIPaBJILOIMKUX cUcTeM, MoHdaTHe caozkuocTH SUII He ObL10 e 1MHO0Opa3HBIM.

Takum o6pa3om, B HallleM cJIydae Jjisd pellleHus pobieMbl TOUCKa HH(pOpMaIun
AKTYAJIHHBIMI CTAHOBUJINCH CHAYAJIA TOYHAS TMTOCTAHOBKA dTOIl MpOOJIEeMBbI, a
3aTeM U PellleHue ee.

B nocranosounoii wactu mnpexje Bcero HeoOX0JMMO ObLIO BbIpadOTATh
o0I1Iee MOHSITHE YITPAB/IAIONIEH CUCTEMbI, aJeKBATHO XapaKTepu3yIomieit 3a1aqy
noNCKa WHMOPMAIUHA W MPOIECC ee pellleHNs, B YJaCTHOCTU, OXBATHIBAIOIIEE
Hamm 7 ciaydaeB. Bo-BTOpBLIX, HEOOXOIUMO BBeJeHUWE MOHATHUS CIOKHOCTH
TaKOU YIPaBJ/ILIONIEN CUCTEMbI, OTBEYAIOIIEN COJIePKATE/IbHBIM 1IPE/ICTABIEHUSIM.

[Tocsie ocyimecTB/ieHHSI U TOTO M JIDYTOTO BO3HUKAIOT COOTBETCTBYIOIIHE
npobJIeMbl AaHAJIM3a M CHHTE3a YKA3aHHBIX CUCTEM, OIITUMAJIHLHO PEATH3YIOTIIX
3aJTAaHHBII KJIacc 3a7a9 THPOPMAIHOHHOTO MOUCKA.

Mpr mpearaeM HOBYIO YIIPABJISIONIY O CHCTEMY, HA3BAHHYIO HH(MOPMAIMOHHBIM
rpadoM, KoTopas B 00ITeit nepapXu TeOPUHU YIPABISIONINX CHCTEM HAXOIUTCS
B HE OYEHb BBICOKUX CJIOAX 3aJjleraHusi U SIBJISETCH B HEKOTOPOM CMBbICJIE
00001IeHneM KOHTAKTHBIX cXeM. PaKTHIeCKr HaM HYKHBI JIUIITH Tpadbl, JTUCKPETHHIE
GyHKIIUT U BBIYUCTIEHTE BOJHOBBIX IIPOIECCOB HA rpadax, U 3TOTO XBaTaeT,
YTOOBI ¢ JOCTATOYHO OOIINX MO3UINN TOCMOTPETH HA TY PA3PO3HEHHYIO KAPTHHY,
KOTOpast HADJI0gaeTcss B Teopun 0a3 JAHHDIX.

Nudopmarnmontbiit rpad, KOTOpblil pe/icTaBiisier OO0t OpUueHTUPOBAHHBI I
rpad, pebpa u BepIINHBI KOTOPOTO HATrPYKeHbl (DYHKIUSIMU W dJIeMeHTaMU
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JIAHHBIX, C OJIHOII CTOPOHBI JIaeT HOBYIO KOHIEHIIMIO XPAHEHHUs JaHHBIX, a

C JIpYroii CTOPOHBI IpejjTaraeT HOBBIH MOAXOJ K MOMCKY MH(MOpMAINH, KaK
BOJIHOBOMY IIpoIieccy Ha rpadax, yipaB/iseMOMy HAIPYy304UHbIMU (DY HKIIUSAMMU.
Harpysounbie pyHKIMN, KOTOPHIE HA3BIBAIOTCS 0A30BLIME, Pa3/Ie/IeHbI Ha JIBA
KJIacca — TPEeJNKATHl W TepeKJiodaresn (mepBble TPUIUCHBAIOTCSI pebpam
rpaca, a BTopble — BEPIITHHAM ) U ABJISIOTCS OJHUM U3 OCHOBHBIX yTIPABJISIONTHX
mapaMeTpoB MOJIEJTH.

Kpowme Toro, nudopmaiipontbie rpadbl 103BOJISIOT BBECTH HOBOE IIOHATHE

CJIOYKHOCTH MOMCKA. DTO MOHATHE HOBOE KAK C TOUYKHU 3PEHUSI TEOPUU YIIPABJISIONIUX
CUCTEM, TaK U C TOYKH 3peHust Teopun 6a3 JaHHBIX. B Teopun ynpas/isionimx
CHCTEM OOBIYHO ITOJI CJIOYKHOCTBIO TIOHUMAETCH WM YHCJIO pedep, MU IUCTIO0
971eMEeHTOB-(DYHKIIHIT, & 3/1eCh CJI0OZKHOCTH IIOHUMAeTCA KaK 9acThb Irpada, 3aXBaueHHOI'O
BOJTHOBBIM IIPOIECCOM, W CYIIECTBEHHO 3aBUCUT OT 3HAUYEHHIl HATPY30UHBIX
dYHKIHI, 1 TeM caMbIM HE SBJISIETCS IIPOCTO KOJIUYECTBEHHON XapaKTepPUCTUKOMN
rpacda, takoii kak 4ucjao pebep wiau BepmiuH. HoBusua ke B Teopum 0a3
JIAHHBIX 3aKJI0YaeTCd B TOM, UTO TaKO€ BBEJICHHUE CJIOKHOCTU aJIEKBATHO
COOTBETCTBYET CpeHEMY BPEMEHH MOUCKA — TPAJIUIIMOHHO TPYIHOM /I U3y YeHH S
XapaKTepHCTUKE aIrOPUTMOB Ioncka nHopMarun. KpoMe Toro, mpu cooTBeTCTBY IOIIEM
BBEJIEHUHU CJIOZKHOCTH NH(MOPMAIMOHHbIE I'Padbl OKA3bIBAIOTCS YI0OHBIMU J1JI5T
n3y4eHus KaK MapaJsiie/IbHbIX, TaK 1 (POHOBBIX aJITOPUTMOB 1oucka. V, Hakouerr,
B HH(POPMAIMOHHBIX I'padax COBCEM IPOCTO KOHTPOJIUPYETCs TAKON BazKHbI
YIPaBILAOIMKI TapaMeTp B 33ja4daxX HH(GOPMAIMOHHOTO OUCKA, KaK 00beM
MaMsTH, KOTOPBIi B JAHHOM CJIydae XapaKTepu3yeTcs KOJTUIeCTBOM pebdep
rpada.

Anasmm3 paccmarpuBaeMbiX B paboTe ceMum MOJIEIbHBIX KJIACCOB 33124
MOWCKA, MO3BOJIU pa3OUTh WX HAa TPU KPYMHBIX 0a30BbIX Kjacca. [lepsbrii
KJIACC BKJIIOYAET B cebsl 3a/1a4 IMOMCKA, B KOTOPBIX J/Is IOYTH BCEX 3aIIPOCOB
OTBET HA HUX COJEPKUT OrPAHUIECHHOE MAJIOH KOHCTAHTOI IUCIO 3JIEMEHTOB.
DTOT KJIACC MOJIYyYnJI HA3BAHUE 33/a9 MOUCKA ¢ KOPOTKUM OTBETOM. Bropoii
KJIACC, Ha3BaHHBI 3a/la9aMi TOUCKA HA YaCTUYHO-YIOPSIOUY€HHBIX MHOZKECTBAX
JIAHHBIX, COCTOUT M3 3aJ1a49, B KOTOPHIX B OTBET HA 3aMPOC HAJIO MEPEUHUCTIUTh
BCe 3JIeMEHTBI Oa3bl JJAHHBIX, KOTOPHIE B 3aJAHHOM YaCTHIHOM ITOPSIKEe MEHbIIIe
geM 3amnpoc. U, HakoHen, TpeTnii KJaacc COep:KUT TaK Ha3bIBaeMble 334Ul
HHTEPBAJIbHOIO MOMCKA, Pe3YJITAT KOTOPHIX B HEKOTOPOM CMBICTE MOYKHO
paccMaTpuBaTh Kak lepecedeHne penieHuit JByX 3a/la4 U3 BTOPOro KJIACCA.

Kiaccudukanust 7 MoJIe/IbHBIX KJIACCOB 3324 IMMOUCKA U 00beIUHEHHE UX
B 3 0a30BBIX KJIacCa — He eJIMHCTBEHHBI c11ocob 0000IIeHns 33,129 IOUCKA.
OHEM U3 ecTeCTBEHHBIX METOJIOB SIBJISETCS E-paCIIHpeHne 3alpoca, KOTOpoe
MI03BOJISIET OTBETY HAa 33121y HECKOJIBKO OTXOUThH (HA BETUUUHY €) OT TpeGOBaHM
3a/1a4 1.

Jl1st 6a30BBIX 3a/a4 MMOUCKA CTABUTCS 1MPodJieMa ONTUMAIBHOTO CHHTE3a,
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KOTOpas COCTOUT B MOCTPOEHUHU I 3aJaHHON 33a7a9i WH(MOPMAIMOHHOTO
noncka mHdoOpManuoHHOro rpada, KOTOPBI pemaer 3Ty 3aJady U HMeeT
HAUMEHbIILYIO U1 OJIU3KYIO K Hell CJI02KHOCTh. Pe3y/ibrarsl, 101y YeHHbIe DU
pereHnu mpod/IeMbl OIITUMAILHOTO CUHTE3a JI/Isi 0a30BbIX 3a/1a4, XapaKTepPU3yIOTCs,
BO-IIEPBBIX, TEM, 4YTO [dJId BCEX 3a/Ja4 U3 MOJCJIHbHBIX KJIaCCOB, KpoOMe TakK
HA3bIBaEMBbIX 331249 BKJIIOYAIONIEr0 MONCKA U3 BTOPOT0 0a30BOT0 KJIACCA, TOJTYY€HbI
TOYHbIE U (M) ACHMIOTOTHYECKHE Pe3YJIbTATH, & JIJIs 33/a9 BKIIOUYAIOIIEro
HOUCKA 110J1yYeHa acumiroruka ¢gpyukiuu [Ilennona u acumiroruka jorapudma
CJIO?KHOCTH JJISI TIOYTH BCeX 3aJa49 W JJIS CpeJHeil CJIOKHOCTHU IO 3a/ia9aM.
Bo-BTophix, mojiydeHHbie pe3yibTaThl MOXKHO YCJIOBHO pa30WTh Ha 4 THIIA.

K mepBomy Tunmy otHocaTcsd 3372491, IMeOINIe KOHCTAHTHYO CJI0KHOCTD,

TO €CTh KOTOPBbIe MOXKHO PEIIUTh B CPpeJHEM 34 KOHCTAHTHOE YHCJIO IIAroB.
KoHcTaHTHYIO CT0KHOCTH UMEIOT HEKOTODBIE 33JaYd U3 TEepBOr0 OA30BOTO
KJIaCCa.

Ko BTOpOoMYy THIy OTHOCSTCS 3a/@a49d IMONUCKA C YCJIOBHO KOHCTaHTHOMN
CTIOYKHOCTBIO. DTO 3a/a49d, /I PelleHus KOTOPBIX MOMUMO IMepevdnCcaIeHus
oTBeTa (a TO CJIOKHOCTH, KOTOPYIO M30e:KaTh HUKAK HEJIb3sl, U OHA HOCHUT
HA3BaHUe MOIIHOCTHON HUKHEl OIEHKHN) TPeOyeTcs B CPeJIHEM KOHCTAHTHOE
4uC/I0 Boruuc/ienuii. Takue 3ajia4u BCTpevyaloTcs BO BTOPOM M TpeTheM 0a30BbIX
KJIaccax.

K Ttperbemy THIY OTHOCATCA 33Ja9u € JOrapudMUIECKONl CI0KHOCTBHIO,
pellreHne KOTOPBIX He MOZKET ObITH MOJIYU€HO 32 BpeMsl, MeHbIIIee, 4eM Jorapudm
oT obbema 6a3bl JAHHBIX. K 3TOMY THIYy OTHOCATCS HEKOTODPBIE 3aa4d U3
1epBOro 6a30BOI0 KJacca, KOrja U3 MHOXKeCTBA 0a30BbIX (DYHKIUNA UCKJIIOYEHbI
TePeKJII0YaTe .

U, nakoner, K 4eTBEPTOMY THUITy OTHOCSTCS 3aJa4u C OBICTPO pacTyIieil
CJIOZKHOCTBIO, TO €CTh PA3HOCTDH MEKy CJIO?KHOCTBIO KOTOPBIX U MOITHOCTHON
HUZKHel OTIeHKOM SIB/IgeTcd pacTyiieit dyakiueit. K yeTBepToMy THITY OTHOCSTCS
33/1a49U BKJIFOYAIONIEI'0 IIOUCKA U3 BTOPOro 0A30BOI0 KJ1acca.

s periienust 33124 ONTUMAJIBHOIO CUHTE3a J1Jisi DA30BbIX KJIACCOB pa3padOTaHbl
cJIeyIoNe 3 OCHOBHBIX MeTOo/Ia.

[lepBBlii MeTO MBI Ha3BIBAEM METOJOM ONTHUMAJIBHON JekoMmo3uuu. O
COCTOUT B TAKOM pa30WeHWH 33J]a9W Ha TO3aJa49d, KOTODbIE JTOMYCKAIOT
MIPOCTOE pPellleHne U PH 3TOM CJI0ZKHOCTD MOUCKA MOA3ATaYN TAKZKE OCYIIECTBIISETCS
POCTO. DTOT METOJI UCIOJIB30BAJICS TIPHU PEIIEHUH OTIOPHBIX UJIU OJTHOMEPHBIX
3aJ1a49 TIONCKA.

Bropoii meTo, Ha3bIBaeMBblil METOIOM CHHXKEHHS Pa3MePHOCTH, IPUMeHIeMBbI i
K MHOTOMEPHBIM 33J[a9aM, CBOIUTCS K TOMY, YTOOBI C MOMOIIbIO HEKOTOPHIX
ONOPHBIX 33184 MOCTIEI0BATEIBHO MMOHNKATh PA3MEPHOCTD 3a/Ja4d U B KOHIIE
KOHIIOB CBECTU €€ K OLIOPHOM 3a/iade, pelleHne KOTOPOR yrKe U3BECTHO.

Tperwuit MmeTo 1 HA3BaH METOOM XapaKTEePUCTUIECKUX HOcuTe el rpada n
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HCIIOJIb30BAJICS IIPU TOJTYIeHIHN HU2KHUX OTeHOK. OH 3aK/TI09aeTCsl B BBIJICICHUN
B nH(MOPMAIMOHHOM T'pade, ABISIONEeMCsS ONTHMATLHBIM pellleHueM, moarpadoB
C 33/JAHHBIMU CBOWCTBAMHU (XapaKT€PUCTHYECKUX HOCHTEJIE) 1 B IOC/IE/ Y IOIeM
MO/ICYeTEe CJIOKHOCTH XapPaKTePUCTUIECKUX HOCUTEJICH.

[Tosry4uennblii ¢BOJ| Pe3y/JIbTATOB, OMUCHIBAIOIINX ONTHMAJILHOE PeIieHue
0a30BBIX KJIACCOB, HA30BeM KAHOHHYIECKHM 3P(PEKTOM, I Mbl XOTHM HOHSITD,
HACKOJILKO 1YBCTBUTE/IbHA OCHOBHAA MOJIETh 10 OTHONIEHUIO K KAHOHUIECKOMY
apdekry 1pu Bapualuu 3-X OCHOBHBIX YIPABJISIONIUX IAPAMETPOB MOJIEJIH,
TAKAX KaK 00bEeM MaMsiTH, UMEIOHNMICS B PACIOPSIKEHUH (TO €CTh YHCJIO
pebep nubopmanroHHoro rpada), MHOKEeCTBO (DYHKIHI, KOTOPhIE Pa3peniaeTcs
HCIOJIB30BATD [IPU PEHIeHHH (TO eCTh MHOZKECTBO 6a30BBIX (DYHKIHI, HCIIOIb3YeMBbIX
npu Harpyske rpada), u e-pacmuperue 3amnpoca. [[0Ka3bIBaeTCs, 4To Mpu
00011 BapuaIuu, KpoMe e-paciiupeHns 3aIpoca Iph J0CTATOYHO MAJBIX €,
MbI YXOJIMM OT KaHOHUYIECKOro pdeKTa.

Jlannast paboTa coepKuT 0030p pe3yIibTaTOB aBTOPa, MOJYyIYeHHBIX UM B
9TOM HAIIPABJICHUH.

ABTop BhIpazkaet rimybokyto Oaromapaocts akaaemMuky B.B. Kyapsasuesy
u podeccopy A.C. Ilogkom3uny 3a BHEMaHHE W IOMOIIL B paboTe.

2 IlocTranoBka 06a30BBIX ITPOOJIEM

B 3ajiagax mnowcka, BO3HMKAIOINIMX B 0a3ax JIAHHBIX, UMEETCS 3 OCHOBHBIX
obbeKTa;

® MHOXKECTBO 3a11pocoB X € 33/IaHHBIM HA HEM BEPOSTHOCTHBIM IIPOCTPAHCTBOM;

® MHOXKECTBO INOTEHIHaAJIbHBIX OTBETOB Y, 6y,ZLeM Ha3bIBaTh 3JIEMEHTLI
9TOT'0 MHOZKECTBa 3aIllUCAMU,

e OMHApPHOE OTHOIIEHHUE p, 33/ laHHoe Ha X XY | Ha3bIBaIOIIeecs OTHOIIEHHEM
IIOKMCKA U OIICHIBAOIIEe KPUTEPHii CEMAHTHIECKOIO COOTBETCTBUS 3AIIUCH
3aIIPOCY, TO €CTh eCJIH X PY, TO OYIeM FrOBOPUTH, UTO 3aIUCH Y YAOBIETBOPSET
3aIpocy .

B mocrarouno obmeM caydae 3HAYATENbHBII HHTEPeC IPeCTABISCT OIICHIBACMAS
HIZKe Tpob/IeMa, KOTOPYIO MBI Ha30BeM 3aaadeil nHMOPMAIMOHHOTO IIOMCKA.
Tpoiiky (X, Y, p) Oyaem Ha3bIBATH TUIIOM 33124 MHGOPMATMOHHOTO TIOUCKA, A
tpoiiky (X, V, p) (mnm werBepky (X, V, p;Y)), rme V — KoHe1IHOE OIMHOKECTBO
Y, nazsiBaemoe 6ubIMOTEKOl, — 3a1aueii nadopmannonnoro moucka (3UIT).
Conepzkaresbuo 6yaeM cuntarh, aro 3UIL I = (X, V, p; Y') cocrout B nepeuncienun
JUIS IPOU3BOJIBLHO B34TOr0 3anpoca © € X BCeX TeX W TOJILKO TeX 3amuceil u3
V', KOTOpBIE HAXOAATCSA B OTHOIICHUH P C 3alIPOCOM T, TO €CTh yIOBIETBOPSIOT
3ampocy .
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Peanbno sta mpobsieMa JjionycKaeT BapHaIUio KaK 3a CYeT YTOUYHEHHS
caMoii 3a/1a4n, TaK U 3a CUeT JONYIIeHUs Pa3HbIX IIPE/III0I0KEeHI T OTHOCUTE/THHO
0azoBbix KoMoHeHT X, Y, p, V', cocrapistionux 3UII.

st uccenoBanust ObLIH BRIOPaHbI 7 OCHOBHBIX KitaccoB SUIT, urpatomumx
POJIb MOJIEJIbHBIX 00HEKTOB.

1) BUII, B KOTOPBIX BEPOSATHOCTH MHOZKECTBA 3alIPOCOB, OTBET HA KOTOPbIE
cofiepKuT Gostee ¢ 3amuceii (¢ = const), paBHa HYJIIO;

2) MOUCK UJAECHTHYHBIX OOBEKTOB, KOra B Gub/MoTeKe Ha/l0 HAITH 3al1CH
paBHbIE 3aIPOCY;

3) 3agaun 0 GJIM30CTH, KOTOPBIE COCTOST B MOWCKE B JIMHEHHO-YIOPSII0-
YEeHHOM MHOKECTBe 00'bEKTa, OJIMKAMIIero K 06 beKTY-3aIIpocy;

4) 3UII, Korma OTHOIIEHHE MOMCKA SIBJISIETCS] OTHOIIEHHEM YACTHIHOTO
MOPAIKA, 33JaHHBIM Ha KOHEYHOM MHOXKECTBE, B YaCTHOCTH, BKIIOYAIONTNN
HOMCK (9TO 3a/1a49a HOMCKA Ha OyJIeBOM KyOe TOUYeK, He GOJIBIITNX HOKOMIIOHEHTHO,
4eM 3arpoc);

5) 3UII, korja OTHOIIEHHE IOUCKA SIBJISIETCS OTHOIIEHHEM JIMHeHHOro
HPE/IOPSIIKA;

6) 3aJaua O JOMUHUPOBAHWH, KOTOpPAas COCTOMT B MOUCKE B KOHEUHOM
[OJIMHOZKECTBE N-MEPHOT'0 IIPOCTPAHCTBA, BCEX TeX TOYEK, KOTOPbIE He DOJIbIIe
110 Ka K0 U3 KOMIIOHEHT, 4YeM 3alIPOC, ABJIAIOINICA B JAHHOM CJ1y4ae TOYKOU
N-MEePHOro MIPOCTPAHCTBA.

7) 3aj1a4a UHTEPBATBHOIO MOUCKA, KOTOPAst COCTOUT B MOMCKE B KOHEUHOM
OIMHOZKECTBE N-MEePHOT'0 MPOCTPAHCTBA BCEX Te€X TOUEK, KOTOPHIE TOIMMaIa0T
B N-MEPHbIHA lapaJljie/Ielne/-3a1poc.

Bui6op Mo/ IbHBIX KJIACCOB OIIPEIe/IIeTCs KaK MOBCEMECTHOCTHIO UCIIO/Ib30BaAHUS
nx B 6a3ax JAHHBIX, TaK U YaCTOTOI MUTHPOBaHUs B uTeparType [4-21]. «nt-
ley34,bentley37,bentley43,bol52,chaz74,

Hetpynno Bugers, 9T0 Bce 3TH caydan 1—7 BO3SHUKAIOT KaK COOTBETCTBYIOININE
muoroobpasusi SUII jmbo 3a cuer ¢purcanuu coiicts pemenns: 3UTL, ubo
3a cUeT JONOJHUTE/IBLHBIX MPeanoaoxKenuit ornocurenbno X, Y, V, p.

Anamms caydaeB 1-7 mO3BOJISIET 3aMETHTH, UTO BCE MOJIE/bHBIE 3312491
MOKHO pa30buTh Ha 3 Kiacca. K mepBomy Kjaccy, HOJYYHBIIEMY Ha3BaHUEe
33129 MMOUCKA C KOPOTKUM OTBETOM, OTHOCATCS IEPBbIe TPH MOJETIbHBIE 33/ 1a9H.
Bo BTopoii k1acc, Ha3BaHHBIH 3a/Ia9aMU IONCKA HA YACTUIHO-YIIOPSIT0IEHHBIX
MHOYKECTBaX JIAHHBIX, TIONAJIU YeTBePTas, IsTas U IecTas MOJIe/IbHbIE 3a/1a49H.
N cenpmas 3aa4da obpaszoBaJjia TpeTuii KJacc.

WTtak, craBdarcs JBe IVIaBHBIE 3a/1a4H:

e pazpaborka 00IIero MoIeJJbHOrO 00 bEKTa /I HCCJIe0BAHUS CI0KHOCTHBIX
XapaKTepUCTHK aJITOPUTMOB IIOUCKA HHAMOPMAIUN, B YaCTHOCTH AJITOPUTMOB
perennss mogenbubix SUIT 1-7;

168



® HCCJIeI0OBaHUE B paMKaX JAHHOTO MOJIETbHOTO 00bEKTa /I MO/Ie/IbHBIX
kiaaccoB SUII 1-7 Takoit c/10XKHOCTHON XapaKTepPUCTUKH, KaK CpejHee
BpeMd IIOUCKa, U U3YYCHHE BJIMAHHUA Ha ITY XaPAKTEPUCTUKY TaKHUX
YIPABJILONIMX TAPAMETPOB, KAaK 00'beM MaMsITH, UMEIONIUICS B PACIIOPIZKEHUU
(To ecTh uncio pedbep mHMGOPMAIHOHHOTO rpada), MHOKeCTBO (yHKIHI,
KOTOPBIE PA3PeIIaeTCsl HCIOIb30BAThH IPU PEIIeHHH (TO eCTh MHOXKECTBO
6a30BbIX (DYHKIHMIT, HCIOIB3YEMBIX TIPH HArPY3Ke rpada), u E-paciiupenme
3arpoca.

3 HNMuadopmammonusii rpad — HOBas KOHIENITNA
XpaHEeHNd JAaHHBIX W HOBBIil IIOAX01 K MOUCKY
nHbopMaInn

Ormuiem 0CHOBHO# 00'bEKT, KOTOPBI Ha3bIBaeTCsA NH(MOPMAIMOHHBIM rpachom
(UT). Beogute UI' MbI Gy/1eM, OTHOBPEMEHHO HUJLTIOCTPUPYSI €10 Ha IPUMEpPe
OJTHOMEPHOI 33a91 WHTEPBAJIHLHOTO oncka. CHavasa 33/1a10Tcst 4 MHOZKEeCTBA:

® MHOKECTBO 3alpOCOB X ;

® MHOXKECTBO 3aIuceii Y;

® MHOKeCTBO F' OJTHOMECTHBIX MPeJIUKATOB, 33/ JaHHBIX Ha MHOXKecTBe X ;

® MHOZKECTBO G OJHOMECTHDBIX HepeKﬂIOaneﬂeﬁ, 3a/JaHHBIX Ha MHOZXKECTBE
X (mepeksrodaresin — 310 QyHKIUH, 00JACTh 3HAYCHUIT KOTOPBIX SBJISETCS
HAYATBHBIM OTPE3KOM HATYDPAJBHOTO DPSJIA).

B npumepe 3TH MHOXKECTBA UMEIOT BHI:
o Xy ={(u,v):0<u<wv<1}
e Vi = (0,1];
o F=FUFy,tme F ={fl,:aec(0,1]}, F,={f2,:a€c(0,1]},

1, ecmu<a
0, ecau u > a

I

atuo) |

eciii v > G

F2 o, v) { (1) :

, ecam v < a

o ( = G1UG2UG3, rjae G1 = {g*m mE N}, G2 = {g—,m Tm e N},
Gs ={g<a:a € (0,1]},

g*,m(u’ U) = ]u ) m[)
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yl f;:y? y2 f; Y3 y3 fg,?ﬂ y4 f§7y5 y5 f%:yﬁ y6 yl f%ayl y2 f%7y2 y3 f%:yS y4

Puc. 1: Pemenne ognomepHoil 38124 HHTEPBAJILHOTI'O IOUCKA

1, ecmov—u<1/m
2, ecmv—u>1/m

-nl0) = { ,
(u, v) 1, ecmu<a
g<.alt 2, ecamu > a

NI onpenensercs caeayionum obpazoM. bepercs KoHedHAsST MHOT'OIIOTIOCHAS
OPHMEHTUPOBAHHAS CeTh. B Heil BBIOMpaeTcs HEKOTOPBIiT MOTIOC, KOTOPBIil HA3BIBAETCS
kopueMm. Ha pucynke 1 on nzobpazkesn moJibiM KpyzKKoM. OcrajbHbIe MOJII0ca
HA3bIBAIOTCSI JIUCThSIMU (HA PUCYHKE OHU N300DaKeHbl JKHPHBIMI TOYKAMU) 1
UM OPUIHCHIBAIOTCS 3anucu 13 Y (Ha PUCYHKE 5TO CHMBOJIBL i ¢ HHEKCAMHE),
IpUYeM Pa3HbIM JIUCTHIM MOTYT OBITh TPUIUCAHBI OIMHAKOBBIe 3anucu. HekoTopbie
BEPIIUHBI CETH (B TOM YHCJIE 5TO MOTYT OBITh U MOJIIOCA) HAZBIBAIOTCS TEPEKII0UATETbHBIMA
¥ MM [PHUIHCBIBAIOTCS epekodaresn u3 G (Ha pUCYHKe TaKUX BEPIIHH 7).

Pebpa, ncxosinue u3 Kazk 0 u3 nepekJiovIaTe bHbIX BEPIIHH, HYMEPYyIOTCs,
HadWHast ¢ 1, W Ha3BIBAIOTCS TEPeKJI0YaTebHBIMI pebpaMu (Ha pPHCYHKe

takux pebep 14). Pebpa, He sBISIONHIECS TePEKTI0YATETbHBIMI, HA3bIBAIOTCSI
IPEeJIUKATHBIME M UM IPUITHCHIBAIOTCS IPEUKATHI U3 MHOXKeCTBa F' (HA pHCYHKe
rakux pebep 18). Takum 06pa3om HAIPYKEHHY IO MHOIOIIOJIIOCHY IO OPHEHTUPOBAHHY IO
cerb HazbiBaem UT nag 6aszosbivm muOkecTBOM F = (F, G).

Oyukmuonnposanne NI onpenensiercss ciemyromum obpazom. Crazkem,

YTO MpeINKATHOE peOPO MPOBOIUT 3aIIPOc T € X, eCJIU MPeIUKAT, IPUITACAHHBIH
TOMY pebpy, IpuHIMaeT 3Hadenue 1 Ha 3ampoce x. CKaykeM, 4TO MePEKTI0YATETHHOE
pebpo, KOTOPOMY TPUIUCAH HOMED 7, IPOBOJIUT 3apPoc T € X, €CIU MePeKTI0IaTeh,
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IPUIICAHHBIA HavaJy 3TOro pedpa, HPpUHUMAET 3HAUEHUEe 7 Ha 3aIlpoce T.
CkazkeMm, 4TO OpHEHTHPOBAHHAs IENOYKa pebep MPOBOJUT 3ampoc r € X,
ecJIi Kazk 10e pedbpo menovKu npoBoauT 3arpoc x. Ckaxkem, 910 3ampoc r € X
npoxomut B Bepmuny 3 NI, ecsm cymecrByer opueHTHpPOBAaHHAS IMEMOYKA,
BeJIyIasi U3 KOPHsI B BEPHIUHY (3, KOTOpast TPOBOAUT 3ampoc . CKaykem, 9To
3alliCh Y, MPUIUCAHHASA JUCTY v, monajgaer B orBer VI' Ha 3ampoc z € X,
ecan 3amnpoc x npoxoauT B juct «. OrBerom NI' U Ha 3ampoc x HazoBeM
MHOKeCTBO 3anuceii, nounasmux B orser V' Ha 3anpoc x, u 0bo3nadum ero
Ju(z). D1y dyukunio Jy(x) Gymem caurarh pe3yabraToM (hyHKIUOHUPOBAHUS
nur u.

N3 onpeienienus dyukiuonnposanus V' ecrectBeHHBIM 06pa30M BBITEKAET,
qro KaxkjgoMy W' U MOKHO COIMOCTAaBUTH HEKYIO IIPOIEIYPY MOUCKA.

[Ipeamonaraercs, 9To 9Ta MPOIEAYpa XPAHAT B CBOeli (BHeIIHeH) maMsITH
crpykrypy UTl' U. BxogubiMu JJaHHBIMEU TPOIE/LY PhI ABJISI€TCS 3a11POC. BhIX0OHBIMEI
JTAHHBIMU SIBJISIETCST MHOYKECTBO 3aIHCEi.

Omwmirem 3Ty mIponeaypy.

[IycTh Ha BXOJ POIE/1y phl OCTYIIUI 3a1poc x. BBoIMM MoHATHE aKTHBHOTO
MHOKEeCTBa BEPIINH U BHOCHM B HErO B HadabHBII MoMmeHT Kopenb UI' U u
nomevaem ero. /lajiee 1o odepeju npocMaTpuBaeM BepPIIMHbI U3 aKTHUBHOI'O
MHOYKECTBa M JIjI KaXKJI0#l U3 HUX MPOJIE/IbIBAEM CJieIyIolee:

® eCc/IM paccMaTpuBaeMasi BEpPIIWHA — JUCT, TO 3alUCh, TPUTTHCAHHYIO
BepIHEe, BKJIIOYAeM B OTBET;

® eC/IM paccMaTpUBaeMasl BepPIINHA IMePeKJTI0YaTeTbHAsI, TO BBIYUC/ISIEM
Ha 3allpoce T MepeKavaTe b, COOTBETCTBYIONNI JaHHON BepInHe, 1
ecJiu KOHel peOpa, UCXO/SIIero U3 pacCMaTpuBaeMOil BEPIIUHbI, HAIPY3Ka
KOTOPOT'O PaBHA 3HAYEHUIO MEePEKTI0IaTe s, — HelIOMedeHHas BePINHA,
TO TTOMeYaeM ee W BKJII0YaeM B MHOXKECTBO aKTHUBHBIX BEPIITHH;

® ecJid paccMaTpuBaeMas BepIIHHA MpeIuKaTHAs, TO MIPOCMATPUBAEM O
ovepeIn UCXOJLIINe U3 Hee pedpa U BHIYUCIeM 3HAYeHUS MTPeINKATOB,
HPUIIMCAHHBIX 3TUM pebpam, Ha 3aipoce T. Kouipl pebep, KOTOPbIM
COOTBETCTBYIOT IPEJUKATHI CO 3HAYCHUSIMU, PABHBIMU 1, €CJIM OHU HEIIOMeYeHHbIE,
MOMEYaeM M BKJIIOYaeM B MHOYKECTBO aKTUBHBIX BEPIITUH;

® JCKJII09a€eM paCCMAaTPpHBa€MYIO BEPIINHY U3 aKTHUBHOI'O MHOXKECTBa.

[Iponeiypa 3aBepiiaercs 1Mo UCYEPHAHUU aKTUBHOI'O MHOYKECTBA.

Taxum obpaszom, UI' kak yrpaBsionias cucTeMa MOKeT PacCMaTPUBATHCS
B KauecTBe MOJIEIN aJITOPUTMAa OUCKA, pabOTAIOIIEro HaI JAHHBIMUA, OPTAaHU30BAHHBIMU
B CTPYKTYPY, onpeiensgeMyo cTpyKTypoit VI

Hocrouncrsa UI™
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n Y2 Y3 Ya Ys Ye
0 1/3 2/3 1

Puc. 2:

1) Bce OCHOBHbBIE U3BECTHBIE paHee 00beKThI, HCTIOJIb3yeMble JIJIsT MO THPOBAHMTSI
aJITOPUTMOB TIOUCKA, ABJILAIOTCA YacTHBIMU ciaydasavu VI

2) Bce HamboJsiee MOMYJSIPHBIE M M3BECTHBIE AJTOPUTMBI MOMCKA JIETKO
mepeKJIaabIBaloTCda Ha a3uIK V' 1 ipu 3TOM mprobpeTaioT CBORCTBO METPU3YEMOCTH,
TO €CTh CTAHOBHTCS JIETKO TOJACYUTATH TAKHE XaPAKTEPUCTHKHU CJI0KHOCTH
AJITOPUTMOB KaK 00beM HMaMsITH, BPEMs TOWCKAa B CPEIHEM U BPEMsi MOUCKA,
B Xy/IIIEM CJIydae, IMpuYeM HOJIy4YeHHbIe ¢ oMOIbio V' oleHKu moJTHOCTBIO
COTJIACYIOTCS € OIEeHKAMH, MOJYyYeHHBIMH JPYIUMH METOJaMH, eCJIU TaKue
OIIEHKH CYIIEeCTBOBAJIH.

[ToarBepzKieHne cKa3aHHOTO:

1) HaubGostee momysisipHast MOJieJib, HCHOJIb3yeMast sl ONEHKH CJI0KHOCTH
AJITOPUTMOB — ajirebpandeckoe nepeBo Berancaennit (A JIB-momenn), a Takke
ee Pa3’HOBUIHOCTL — aJjiredpamdecKoe IepeBO peIleHuil, IpH IepeBoje Ha
a3bIK V' onuchIBaroTCsa HEKOTOPBIM KJIaccoM JapeBoBUAHBIX V' u TeM cambiM
SABJISIOTCH YacTHbIM cjiydaem I

2) AsropuT™Mbl 1 KOHCTPYKITHHI, HCIOJIb3YEeMble B IPEBOBUIHBIX M JIMHIBUCTUIECKHX
Oa3ax JaHHBIX, OMUCHIBAIOTCA ApeBoBuAHBIMEU T

3) AJITOpUTM TIOUCKA, UCTIOIB3YeMblil B J1eJyKTUBHBIX 6a3aX JAHHBIX, IPH
nepexojie Ha a3ulK VI TpuBOaUT K KOHCTAHTHOMY JIEPEBY.

4) AsropuT™Mbl B PEJISIIIMOHHBIX 0a3aX JAHHBIX HPUBOJAT K JPEBOBHIHBIM
WI' cnenmaabHOrO BHIA.

[Tycrs mam gana SUIT I = (X, V] p).

Ckazxem, uro UI' U paspewaem 3UIL I = (X,V, p), ecau misa 1060ro
3ampoca r € X OTBeT Ha 3TOT 3alPOC COAEPKUT BCE T€ U TOJLKO T€ 3aIlUCH
u3 V', KOTopble VIOBIETBOPAIOT 3alPOCY T, TO €CTh

Ju(z) ={y €V :zpy}.
Ecmu pinn — OuHapHOE oTHOMEeHHE HA Xjpi X Yip TaKoe, 9TO
(u, V) pinnny <= u <y < v,

to UT, uzobpazkennsiii Ha pucynke 1, pazpemaer SUIT I = (X1, V), pine1),
rae V' = {y1, Y2, Y3, Y4, U5, Yo } — OmOIMOTEKA, N300paKeHHAs HA PUCYHKE 2,
npudeM jannbiii T, cooTBeTCcTBYET acMMIITOTHYECKH ONITUMAJILHOMY PEIIEHUIO,

172



[OJIy9eHHOMY II0 METOJy ONTHMAJbHON JEeKOMIO3UIUH, ONMUCAHUE KOTOPOIO
IPUMEHATEILHO K JaHHOR 3aaue Mbl IIPUBEIEM MO37Ke.

Bosnukaer crangapraas npobJieMa cuaTe3a: 1o 3agannoit SV nocrponth
UT" man mHexkoTOopbiM 6A30BBIM MHOZKECTBOM, pa3perrafonuii ganunyio SUIL, u
COOTBETCTBEHHO BOIPOC O TOJIHOTE 6a30BOr0 MHOKECTRA.

CkazkeM, 4T0 6a30BOe MHOKECTBO F noano pyig tuna S = (X, Y, p), ecin
s oboit BUIL [ = (X, V, p) tuna S cymecrsyer UII' U naj 6a30BbIM
muozkectBoM F, pazpemratonuit 3UIT 1.

Beenem BciomorareabHble 0003HAYECHU.

Ecim f — ognomecTHBIN IpeauKaT, onpeaeaennbii Ha X, TO MHOKECTBO
Ny ={z € X : f(x) = 1} HasoBeM Zapakmepucmuueckum MHOHCECTNEOM
npeaukara f.

Muoxectso O(y, p) = {z € X : zpy} Hazosem menwio 3amucu y € Y.

Xapaxmepucmuueckol gynryued 3anucu y HazoBeM (QyHKIUIO

B 1, ecmm xpy
Xy,p(x) - { 0, B IIPOTUBHOM CJly4dae

Ecin n — HaTypabHOe Yucio, a g(r) — HeKuil IIepeKk/Ir0Yareib, T0 0003HATHM

w1, ecimg(x) =n
& (@) = { 0, ecmu g(x) #n

O6o3HaYUM

@:{ﬁg:geG,nEN},

rae N — MHO2KeCTBO HaTypaJIbHBIX YHCEJI.

CupaseyIuB C/eAyOmmii Pe3y/IbTaT, OTHOCAIUIICS K IPOO/IeMe II0JTHOTHL
st T [22].

Teopema 1 Ilycmw 3adanv, mmootcecmea sanpocos X, 3anuced Y u omuowerue
noucka  p na X x Y. Tozda 0a3060€  MHONHCECTBO

F = (F,G) 6ydem noanvim das muna S = (X, Y, p) mozda u moavko moeada,
Ko2da daa moboll sanucu y € Y makod, wmo O(y, p) # 0, dynryuro x, ()
MOHCHO npedcmasumsb Hopmyroti 6uda

Yun@) =\ £ (@),

i=1j=1

2de fij S FU@
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4 CunoXKHOCTH MONCKa B MH(POPMaAITMOHHBIX rpadax

Beenem nongarue caoxxuocru M.

[Tycts 3 — nexkoropas Beprmmaa UL, [Ipenukar, onpeeennbiii Ha MHOKECTBE
3aIllPOCOB, KOTOPBIil IPUHUMAET 3HAaUYeHne | Ha 3ampoce X, U 3aIPOC MPOXOIUT
B BepuinHy (3, u 0 — B mpoTUBHOM cJydae, HazoBeM yHKIHeH GuibTpa
BEPIMHHBL [ 1 0003HAIUM ©g(X).

Omnpegenum nonsitue ciaoxkuocru I ma 3ampoce.

Bynewm cunrarh, 910 BpeMsi BEIYUCIeHHs JTIOO0TO nepekodaress u3 G u
JIF0OOro mpeaukKara u3 F' oauHaKoBO U paBHO 1.

[Iycte nam man wekuit VII' U m npomsBo/ibHO B34THIM 3ampoc z € X.
[Iycts A — ompenenenHas panee mporeaypa, conocrasinennas VI U.

Cnootcrocmuvro UT'U na sanpoce x nazosem aucsio T'(U, x), paBHOe KOJMYECTBY
nepek/Jare/ieil 1 nNpeJuKaToB, BbIYUCJIEHHBIX MPOIEypoil A npu mojgade
Ha ee BXOJI 3alpoca T, TO ecTh

T(U,2)> ep(x)+ Y s pa(x),

BEP BER\P

rie R — muoxectBo Bepmua VTN U, P — MHOXKECTBO MepeKToYaTeTbHBIX
BepuruH UI' U, 13 — KommaecTBO pebep, HCXOJANINX U3 BEPIIUHBL (3.

Bennunna T'(U, x) xapakTepusyer Bpemst paboThl poteaypbl A pu nogaue
HA ee BXO/I 3alpoca T.

Bregem nonsitue cioxknoctun Ul kak cpeanee 3navyenune cjioxuoctu VI
Ha 3alpoce, B3ATOe 10 MHOYKECTBY Bcex 3ampocoB. C 3Toil 1ebio BBeJIeM
BEPOAMHOCMHOE NPOCMPAHCME0 HAJ MHOYKECTBOM 3aIIPpOCcOB X , 10T KOTOPBIM
Gyzem oHnMaTh Tpoiiky (X, o, P), riie o — mekoropas a.azebpa nodmmosrcecms
muozxkectBa X, P — eepoamnocmmnan mepa va o, TO €CTb aIATUBHAS Mepa,
rakas, aro P(X) = 1.

CkazkeM, uto 6a3oBoe MHOKecTBO F = (F,G) uamepumo, eciau anrebpa
0 comep:KuT Bce MHOKecTBa Ny, Tae f € F'U G.

CupaBe/IUBO yTBEP2KIAEHNE, ITO eCIu 6a30BO€ MHOXKECTBO J H3MepHMO,
10 s aoboro VI U nag 6asobim muoxkectBom F dbynknus T'(U, x) kax
BYHKIUS OT T SABJISIETCS CJIyYallHON BEJIMIUHOIN.

anee Bcrogy Oyzem npejrmojarath, 9To 0a30Boe MHOYKECTBO U3MEPUMO.

Caooterocmuvto UI'U nazoBem MaTeMaTnieckoe oxkuganue seanantbt 1 (U, ),
TO €CTb YHCJIO

TU)=M,TU,x).
Obsemom Q(U) UT" U nazosem uuciio pebep B UT' U.
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Ilycts mam ganma mekas 3UIL 1. Caoorcrocmovio 3adavwu I npu 6azosom
mrootcecmee F u 3adanrom obseme ¢ HA30BEM UHCJIO

T, F,q)=inf{TU):UecU(l,F)uQU) < q},

rie U (I, F) — vmuoxectBo Beex VT Hai 6a30BbIM MHOXKECTBOM JF', pA3pPENIaoiux
SUII 1.
Yuco
T(LF)=mf{TU):UecU(l,F)}

HA30BEM CA02CHOCMbI0 3adayvy I npu 6azosom mmoocecmee F.
CupasejuinBa ciiejytorasi reopema |22].

Teopema 2 (MomHOCTHas HUXKHAA oneHka) Ecaul = (X, V, p) — npouseoavran
BUII, F — usmepumoe 6a3060e mnoxHcecmso, maxoe, wmo muoscecmeoU(I, F) # 0,
mo

T(I,F) > > P(O(y,p)).

yev

OTOT pe3yIbTAT OBLT MOJYUYEH ¢ MOMOIIBI0 MeTOIa XapaKTePUCTHICCKUX
HocureJeit rpada.

5 Penienne mpob6JjeMbl oNTHIMAJbHOTO CHUHTE3Q
nJid 6a30BbBIX 3aa4

Ecin cymecrsyer rakoit UI' U € U(I,F), aro T(U) = T(I,F), ro UT' U
OyaeM Ha3bIBaThb onmumansvrowm s SULT 1.

J11s1 MOIeIBHBIX KJIACCOB CTABUTCS IIpobJieMa CHHTe3a onTuMaabHoro MI

Cpejiu 331249 IOUCKA, B KOTOPHIX BEPOSATHOCTH MOSIBJIEHUS B OTBETE
6oee ¢ 3amuceii (¢ = const) paBHA HYJIIO, HanboJIee MOAPOOHO HCCJIe[0BAHA
cuTyanus, Kormaa ¢ = 1.

g Takmx 3ajiad MOKa3aHO, 4TO onTuMajbHble VI npeBoBHIHBI, a B
caydae, KOIjia TeHH BCeX 3alluceil OMOTMOTEKN UMEOT PaBHYIO BEPOATHOCTD
(rakue 3UIT nazBanbl obragaonmuMu G-CBORCTBOM) CIIPABE/TUB CJIe Ty IOTIHii
pesysbrar |23].

Teopema 3 Ecau I = (X,V,p) — 3UII, obaradarwas G-ceoticmeom, F =
(F,0) — nexomopoe cneyuanvroe 6a3060€ MHONCECMBO, MO

P(O(y, p)) - R(k) <T(I,F) <P(O(y, p)) - R(k) + 1,
edey €V, k=|V| — mowpnocmo 6ubauomeru V,
R(k) = 3k[logs k] + 4(k — 30°83*) 4 max (0, k — 2 - 3lloes k),
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Baech u manee (DOPMYIUPOBKH TEOPEM HOCST HECKOJBKO YIIPOIIEHHBIN
XapakTep M CJIyZKAT TOJBKO JJI TOrO, YTOOBI OTPA3UTh OOIIYI0 KAPTUHY.
Crporue GpOpMyJIMPOBKY MOKHO HAHTH 110 CCHLIKAM. DTOT PE3YJbTAT ObLI
HOJIyYeH METOJ0M XapaKTePUCTUIECKUX HOocuTes el rpada.

Basa4ua MOMCKA UAEHTUYHBIX 00'bEKTOB COCTOUT B MOUCKE B MH(MOPMAIIMOHHOM
MaccuBe 00beKTa, HIEHTHIHOTO 00 beKTY-3a1pocy. PopMaJbHO OHA IIPUHAJIEZKAT
caenytomemy tany: S;g = (X, X, pia), [Jie OTHOIIIEHHE TOUCKA p;q €CTh OTHOIIIEHIEe
HJIEHTUIHOCTH, TO €CTh Tp;qy <= = = y. CupaBemiuba Teopema [24].

Teopema 4 ITycmo I = (X, V, pjq) — 3adana noucka udenmuunoz 00sekmos,

mo ecmo 3adawa muna Siq, 20e |V | =k, F — nexomopoe usmepumoe bazogoe
MHOHCECMBO, C — KOHCTMAHMA, 02PAHUNUBAIOWAL GYHKUUIO NAOMHOCTIU PacnpedeseHUus
sanpocos. Toeda 1 <T(I,F,(24¢)-k)<2uT(I[,F)~1 npuk — oo.

3nech oz cioBoM "HekoTopoe' mpeamoaraeTcs, 9To 6a30BO€ MHOXKECTBO
coJiepKuT (DYHKITUN CPABHEHUsI U pa30neHust MHOXKeCTBa X Ha NPUOJIU3UTETHHO
paBHBIE YACTH (yMHOYKEHHUE).

[IpuBoUTCS TaKKe aaroOpuT™M, KOTOPBIi B THIUYHON CUTYaIluu IPU 3aTpaTax
maMaTu k? obecrieunmBaeT BpeMs MOHMCKA, B XY/IIIeM CJIydae paBHOe 2 [25].

3amaun 0 6,IM30CTU COCTOAT B MMOUCKE B THHEHHO-YTIOPSITIOYEHHOM MHOYKECTBE
obbekTa, OsmzKaiiiero K o0bekTy-3anpocy. B 3amadax o 6imsoctu (306) B
oranune or SUII orHomenne mouncka 3agaercs He Ha X X Y, a na X X V,
rae V — 6ubsmoTeka 3a1a4n O OJM30CTH.

Paccemotpum cieytorntyto 3aga4qy o 6sm3octu. [1ycTts Ha MHOZKeCTBe 3anuceit
Y 3amaHo oTHOIIEHHE JTUHEITHOTO MOpsaka <.

OTHOIIIEHHE TOUCKA, Ppeqr1 3a0aeTCsI HA X XV 1 OIpeIe/isieTcst COOTHOIIEHHEM

Tpnearty <= (y € V)&(z 2 9)&(=(3y)((y' € V)&(z 2 y")&(y' < v))),

TO €CTh TPpear1y, €Cu y € V, Ouimzkaiiiiee cupasa K .
[Tpu Bomoauennn srux yeaosuit SUTT I = (X, V) pheqr1) HA30BEM NEPBOii
3amaveii o 6amsocru. CrupaseuBa cieayomnas TeopeMa [24].

Teopema 5 ITycmo I = (X,V, ppear1) — nepeas sadaua o 6auzocmu, 20e
\V| =k, F — nexomopoe uamepumoe 6a3060e MHOHCECTNEO, ¢ — KOHCMAHMA,

0ZpaHUMUBaIWAA PYHKYUI0 naomrocmu pacnpedeenus sanpocos. Tozda 1 <
T, F,24c¢c) - k+1)<2uT({,F)~1npuk — oco.

[TocJtegane aBe TEOPEMBI IOy Y€HBI METOIOM ONTUMAJIHLHON JeKOMITO3UIIAH.

3UII c oTHOIIEHUEM TTONCKA, ABJIAIOIIAMCSI OTHOIIIEHNEM JINHENHOTO
MpeamopsaaKa — IepBasd U3 3a/1a9, OTHOCAIIUXCA KO BTOPOMY KJIacCy 3334
IIOUCKa Ha YaCTUYHO-YIIOPAJOYCHHbIX MHOZKECTBAX JaHHbIX.
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OTHoIIeHNe JTUHEHHOTO IPeIMoPIIKa — 9TO OTHOIIEHNE, YIOBJIeTBOPSOIIee
yeaoBuaM pedIeKCUBHOCTH, TPAH3UTUBHOCTH U CBA3HOCTH.
1
Byzaem paccmarpusarh ciaepyommit tun: Sy, = (X, X, =), rae X — Hekoropoe

!
MHOKECTBO, =~ — HEKOTOPOe OTHOIIeHUE JIHHEHTHOTO npeamnopsaka Ha X X X.

[Tycrs K = {x ;(x) :a € X}. CupasejuBa cienyiorast Teopema |26.

!
Teopema 6 Jlaa aoboti SUIT T = (X, V, =) muna Sy, cywecmeyem onmumasorvl
HUT nad 6asosvim mmoocecmeom F = (K, 0) u

T(1,F) =1+ 3 P(O(y, =) — min P(O(y, »)).

yeVv
yev

Mo BUIT tuma Sy, uccsaeoBaioch TakKe napaJuieabioe perienue |27,
KoTopoe npeamnoaaraet, ato NI oopabarwsiBaeTcst cpa3y HECKOJIBKUMHI BHITUCIUTEISAM,
IIPH 9TOM BbIJIeIgercd 2 mojaxoja: koraa VI pacupeensercs Ha 9acTH MEZKTY
BBIYHCTUTEIIMA U KaZKIbIl BBIYHCIUTE/H 00pabaThiBaeT TOJTHKO CBOIO YaCTh
(cenapaTUBHbBII 110JX0/1); KOIJIA BBIYUCIUTEIM COBMECTHO obpabarbiBator VT
(koomeparuBHbIii oAX0). [Tosydeno onruMaabHOE MapaIeJbHOe PelleHne
B CJIyUae CermaparuBHOTO TOIX0Ja, W MOKa3aHO cymecTBoBanne takux 3UTI
Tuna Sy, /IS KOTOPBIX KOOIEPATUBHBIN IOIXO0/, JTaeT JIyJIlne Pe3yIbTaThl,
YeM CenapaTUBHBIN MOIXO.

3aJava BKJIIOYAIOMIETO MOUCKA IPUHAIIEKUT CJAEAYIONEMYy THITY:

b b
Shoot = (B™, B™,»), tae B™ — edunurunwiii n-mephuil kyb, »= — OTHOIIEHUE
noucka Ha B"™ X B", ompejenseMoe CJIeIyIOIIM COOTHOIIIEHHEM

b
(1, T0) = (Y1, oy Yn) = x>y, 1= 1,n,

npudeM Ha B" 3a/iaHa paBHOMEPHAasi BEPOSTHOCTHAs Mepa, TO ecTb Vo € B"
P(z) =1/2"uVA C B" P(A) = |A|/2". CupaBeuBa cjie/yomnias TeopeMa
[28].

Teopema 7 Ilycmv basosoe mnoscecmeo umeem eud F = (F, D), 2de F C
M" u K" CF, u M" — MHootcecmeo MOHOMOHHUET OYAEBHT GYHKUUT, @
K" — MHOMHCECTNBO IAEMEHMAPHHLL MOHOMOHHLET KOHBtoHKUUl. To2da 0

b
o060t SUIT I = (B™,V, =) muna Spoo
b

T(1,F)>2- 3 P(O(y, 7)),

yeVv
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b
u cywecmeyrom makue SUIT I = (B",V, =) muna Speo, 4mo

T, F)=2- ZP(O(y, é’))(l +0(1)) npu n — occ.

yev

Hukuss onenka 3Toit TeopeMbl ObLIa HOJYIeHA C HOMOIIBIO METO/Ia XaPAKTePUCTHICCKUX
nocureseit rpada. [IpuBesem KpaTKoe OIMHCaHEe STOTO METOAA TPUMEHHTETHHO
K 3aja4de BKJIYAKNEro moncka. Ha mepBoM srtale moKas3biBA€TCs, YTO J1JId
KazKJ10i 3anucu u3 oubmorekn 3ajauu B VI, permaroiiem Jlanuyio 3a/1a4y,
CYIIECTBYET TaK Ha3bIBaeMasl IIaBHasI [IeMb, TO €CTh IEeNoYKa pebep, BeayInas
u3 Kopug VI' B tucT, KoTopoMy npunucana JaHHas 3alUCh, U IO 3TOM Iernovuke
IPOXOIAT BCE 3aIlpPOChI, KOTOPBIM YVJIOBJETBOpsieT aaHHas 3amuch. /lanee,
nepedupas pasJImIHble BADHAHTHI IePEeCeUeHNs IJIABHBIX HEeleil, HOKa3bIBAETCS,
910 OMOJIMOTEKY MOYXKHO Pa3dUTh Ha HellepeCceKalonnecs: YacTu TaKuM 00pa3oM,
9TO KaykJIOW YacTH MOYKHO COTIOCTaBUTH CBOE TOJIMHOYKeCTBO pebep rpada
(Takue mOJIMHOZKECTBA OOBIYHO UMEIOT BUJ] METEJIKH ), CYMMAapHAas CJI0ZKHOCTD
KOTOPBIX HE MeHbIIle, YeM YJIBOEHHAad CyMMa BEPOATHOCTEN TeHell 3anuceil u3
JAHHOII 4aCTHu.

Kak Bujyino, Teopema 7 gaer acumnroruky ¢pyukiun [lennona. Kpowme
TOrO, JJIsI BKJIIOYAIOIIET0 MOUCKa OBbLIa TOJyYeHa aCHMITOTHKA Jorapudma
CJIOZKHOCTH JIJISI TIOYTH BCEX 3aJa4 U JJjIs CpejiHeil CJI0KHOCTHU 110 3a/a9aM.

3asavua 0 JOMUHUPOBAHUY COCTOUT B TIOUCKE B KOHEYHOM ITOJIMHOYKECTBE
N-MepHOT0 MPOCTPAHCTBA BCEX TeX TOUEK, KOTOpbIe He DOJIbIIe 10 KazK a0 13
KOMIIOHEHT, 9eM 3alpOC, SIBJAIOIIMICA B JAHHOM CJIy9ae TOYKOIl M-MEePHOIro
MPOCTPAHCTRA.

OmnwmireM TUI 331249 MOUCKA, KOTOPBI COOTBETCTBYET N-MepPHOI 3ajade 0O
JIOMAHUPOBAHUM.

[Tycts Yiom = [0, 1]" — muoxecTBo 3ammceit u X 4o, = [0, 1] — MuoxecTBO
3anpocoB. [lycrs Ha MHONKECTBE X g0y, 38IaHO BEPOSITHOCTHOE HMPOCTPAHCTBO
(Xdom, 0, P), rne P 3amaerca dynknueit njornoctu Bepostaoctn p(x).

OTHOTIIeHHE TOUCKA P, OTTPEIETCHO HA X jom X Yiom 1 321a€TCS CJIELYIONAM
COOTHOIIEHUEM:

(xl,l'Q, s 7xn)pd0m(y17y27 s )yn) — Yi S Z, L= ]-)n'

Tornma Tun
Sdom = <Xdom7 Ydom7 Pdom> T, P>
Ha30BEM TUIIOM 3a/a41 O JOMUHUPDOBAHUMU. CHpaBeAﬂI/IBa cjlieAyIollasd TeopeMa

29].

Teopema 8 ITycmo SUIT I = (Xiom, V, Paom) — N-mepraa 3a0a4a 0 JOMUHUPOSAHULU,
mo ecmwv 3adaua muna Sgom, 2de |V| = k. [Iyemv F — 6a3o60e mHostcecmeo,
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codepotcawiee apudmemueckue onepayuu u onepayuu cpasrerus, R(I)

IN

ZP(O(y, Pdom)). Tozda, ecau pynruyua naomuocmu seposmmocmu p(x)

yev
Cc, mo

R(I) < T(I, F, <k+”_1>+(3+c).§(k+?_1>)gR(l)+2n—1.

n - 1
i=1

DTOT pe3yabTaT ObLT MOy YeH C HOMOIIHIO METO/1a CHUYKEHHS PA3MEDHOCTH.
[IpuBesem KpaTkoe ONMHMCAHWE TOrO METOMA MPUMEHUTEIHHO K N-MEPHOI
3ajlade o JJIOMHHUpoBaHuU. Bo3bMeM mpou3BoJibHBII 3ampoc. OH OIUCHIBAET
n TpebOBaHUil K OTBETY: IO KaKJI0i M3 7 KOMIIOHEHT 3JIeMeHTBI OTBeTa He
JTOJIZKHBI MPEBHIIIATH COOTBETCTBYONLYI0 KOMIOHEHTY 3ampoca. C MOMOIIbIO
perenust 3a1a49u 0 6Ju30cTH (OMOPHASI 331494, ONTUMAJBHOE PeIlieHre KOTOPOii
[PUBOAUTCST B TeOPEMe 5) MbI TTOJIy9aeM MOJAMHOKECTBO GHOINOTEKH, COCTOSIIIEe
U3 BCeX 3alluceil, YI0BIeTBOPAIONINX OJHOMY U3 n TpeboBanuii. /lagee onarnb
IpUMeHsIeM K HOJIYIeHHOMY HMOJIMHOXKECTBY OMOJTMOTEKH 3a/1ady O OJIM30CTH
U eIlle pa3 CHUKAeM pa3MepHOCTh. Takum obpa3oM 3a n — 1 mpuMeHeHHii
3aaun 0 G6m30cTH (TO eCcTh B cpejHeM 3a 2(n — 1) Bbruuc/aenuii) Mbl npugem
K OJTHOMEPHO#l 3ajade O JOMUHUPOBAHUU, ONMTUMAIHLHOE PEIeHune KOTOPOil
IIPUBOJIUTCSI B TeopeMme 6.

JLns 1ByMepHOii 3a1a91 0 IOMUHUPOBAHUH UCCIEI0BAIOCH TAKKe PeIllleHne
3ajaun B (honoBoM pezkume [30]. Iiist anropuTMoB HOUCKa B (DOHOBOM PEsKHME
HpeJIIoJIaraeTcs HaJudne BHENTHErO 00beKTa, HA3bIBAEMOI'O 110 Ib30BATE/IEM.
DJIeMEHTHI OTBETA HA 3aMPOC TPU ITOM CUUTAIOTCS MOCTYMAIOIIMME 110 Mepe
HAXOYKJIEHUSI, KayKJbIi 3J1eMeHT OTBeTa 00padaThIBAETCS MOJIH30BATEIEM B
TedeHre HEKOTOPOTO BPEMEHH, a CJIO)KHOCTb aJTOPUTMa OIpeJIe/ideTcd Kak
BpeMsI IIpocTos nosb3oBare . Haiigeno (poHOBOE peltenue AByMepHOit 3a1a4Un
0 JJOMHUHUPOBAHUHU, KOTOPOE B TUIHUYHOW CUTyalluu IPU JIMHEHHBIX 3aTPATAX
MaMSTH UMeeT KOHCTAHTHYI0 BPEMEHHYIO CJI0KHOCTD.

3amaya MHTEPBAJBHOTO MOMCKA 00pa3yeT MOC/IEIHWI KJIAacC C TeM
’Ke Ha3BaHHEeM M COCTOUT B IIOMCKE B KOHEYHOM IIOJIMHOZKECTBE NM-MEepPHOIO
IPOCTPAHCTBA BCEX TeX TOUEK, KOTOPbIe MOMAIAI0T B N-MepPHBIil MapaJiieennne/I-
3a11pOC.

[Tyctb Y, = [0,1]" — mMuoxkecrso sanuceii n

Xintn = {7 = (ug, 01, Up,vy) 1 0 <y <0; <1, i =1,n} —
MHOZKeCTBO 3ampocoB. Ilycrs ma mHONKeCTBE Xjpt, 337aHO BEPOSATHOCTHOE
npocTpalcTBO { Xinm, 0, P), riae P 3amaercsa byHKnuei mioTHOCTH BEPOSTHOCTH

p(7).
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OTHOIIIeHHE TOUCKA Pjntn, ONPEIETCHO HA X jpin X Yinimn U 332€TCSA CIETYIONTUAM
COOTHOIIIEHUEM:

(U1, V1,5« oy Uy Un) Pintn (Y15« -+ Yn) <= u; <y < vy, 0= 1,m.

Torma Tun

Sintn — <Xintn7 Y;nt'm Pintns O, P>

Ha30BEM THUIIOM HHTEPBAJBHOI'O ITOHUCKA. CHpaBe,ZLIII/IBa CJIeAyroigasd TeopeMa
24, 29].

Teopema 9 ITycmo SUIT I = (Xinin, V, Pintn) — N-MePHas 300440 UHMEPEANLHOZO
noucka, mo ecmsv 3adaua muna Sip,, 20e |V| = k. Iyemv F — 6asosoe
MHOHCECTNBO, COOEPAHCAULEE APUPMEMUYECKUE ONEPAUUL U ONEPAUUL CPABHEHU,

¢ — HEKOMOPasA KOHCMAHIMG, ONPEICAIEMAA N0 PYHKUUL TAOTIHOCTU GEPOATTIHOCIIU
p(Z), R(I) = E P(O(9, pintn)). To20a

geV

R(I) < T, F,(4k+2+ (1 +6[log,k])-c)(k(k+1)/2)" ") <
< R()+4n+1.

g paBHOMEPHOIT BEPOITHOCTHOI MepHl ¢ = 2.

DTOT pe3y/ibTar ObLI IMOJYYEH ¢ HCIOJIb30BAHHEM METO/0B OINTHMAJIbHO
JIEKOMITO3HINN U CHUKEHUSI PA3MEPHOCTH.

[IpuBeaem onrcanre MeTOAA OMTUMAJIBHON JEKOMIO3HUIINN TPUMEHUTETHHO
K OJIHOMEpHO# 3ajadue HHTePBaJIbHOIO moucka. IlycTs HaM 1aHO MHOZXKECTBO
V. = {v1,...,Yx}, B KOTOPOM MBI JIOJKHBI TPOU3BOJUTEL MOUCK. BBejem
HATYPAJIbHOE YHCJIO M, SIBJILAIOIIEECs apaMeTpoM ajropurma. Ecim n3pectna
OIEHKA CBEPXY ¢ (DYHKIUH [JIOTHOCTH BEPOSITHOCTH HOSIBJIEHUSI 3aIIPOCOB (TO
ecth p(z) < ¢), To B KadecTBe mapaMerpa m BozbMeM m = 2 ¢ [log, k|, ecin
JKe ¢ Hem3BeCTHa, TO BMECTO Hee MOXKHO B34Thb JII00O€ YHCJIO0, HAIIPUMeEp,
c=2 Ilyctb S = {s1,...,8m}, e s; = i/(m + 1), i = 1,m. Ilpoussoaum
1pe100paboOTKY, 3aKJIIYAMILYIOCs B COPTHPOBKE MHOXKeCTBa V' B HOPSIKe
BO3pacTanus u mnocrpoenun muoxectsa L = {li,... 1.}, tae l; — memoe
YUCJI0, SBIAIONIEECST HOMEPOM MaKCHUMAaJIbHON 3ammcu u3 V, He OOJbIeii,
qeM S;, HpUYeM, eCJTH TaKOi 3amuch He cymecTByer, To mpumem [; = 0
(i = 1,m). Tenepb NOHCK 110 HPOM3BOJLHO B3ATOMY HHTEPBAJTY-3aIpPOCY
x = (u,v) TPOU3BOJUTCS CIEYIONUM OOPAZOM.

Craua/ia BBIYUCASETCS JTMHA 3anpoca ©. Ecau ona menbre, uem 1/m, to
B MHOKecTBe V' OMHAPHBIM ITOMCKOM HAXOAUTCS OJIMzKaifiiast cripaBa K TOYKe
u 3anuch. /laee, HaunHasg ¢ 3TOU 3alUCU, TPOCMATPUBAIOTCS CJIeBa HAIIPABO
Bce 3amucu u3 V U CpaBHUBAIOTCA C MPaBBIM KOHIIOM 3alIpoca — TOYKOH v
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JI0 TeX IOp, MOKa OvepejHas 3alKch He cTaHer GoJblre v. TeM cambIM B
9TOM CJIydae, MOMUMO IEePEeYUCIeHnsT OTBeTa, MPOU3BOAUTCA HOpsaaKa log, k
JIeNCTBUI.

Ecim v —w > 1/m, 10 Bblunciasiem Homep j = max(1l, Ju - m[) rouku s;,
nonajaoneit B uarepsasa |u,v]. Temeps, HaunHast ¢ 3amucH ¢ HOMEPOM [j,
IPOCMATPUBAEM CIIPABa HAJIEBO 3alUCH U3 V' U CPABHUBAEM C JIEBBIM KOHIIOM
3ampoca — TO4YKOi u. Kak TOJIbKO ouepejiHas 3aliuch OKayKeTCa MeHBIIe U,
MBI, HAYMHAS C 3amucu ¢ HoMepoM [; + 1, mpocmarpuBaem ciieBa HALPABO
3amucu m3 V' M CPaBHUBAEM C IIPABbIM KOHIOM 3alpoca — TOYKOH ¥ 10
Tex 1Mop, MOKa odepeHasi 3aluch He cTaHeT 00jbie v. TeM caMbiM B 3TOM
cJlydae Mbl, IIOMUMO II€PEYUC/IeHNsT OTBETa, IIPOU3BOAUM 4 JINIIHUX JefCTBHs
(cpaBHuBaeM v — u ¢ 1/m, Borancasem dbyukuuo max(1, ju - m[), nenaem 1
JIUIIHee feficTBhe, WA ClpaBa HaneBo, W 1 JHIIHee deficTBHe, UAd CJeBa
HAIIPABO).

B1ech MHOKECTBO L onpeaesiser TOUKN pa30nenns Ha M0A3a,1a491, a KasK 1ast
U3 [0/33/a4 ABJISETCS OJHOMEDPHON 3ajadeil 0 JOMHUHUPOBAHHU, KOTODPasd,
COTJIACHO TeopeMe 6, pelraercsa 04eHb MPOCTO.

OcTaoch 3aMEeTHTD, UTO ITAPAMETP M MOA00PaH TaK, YTO CPeIHAA CIOKHOCTD
HEePBOIo CJy4vasi He NPEBbIMAeT 1, e M3BeCTHA OLEHKa CBepxXy (hbyHKIUU
IJIOTHOCTU BEPOATHOCTH, ¥ HE IPEBHINACT HEKOTOPOIl KOHCTAHTBI, €CJIN 9Ta
OIlEHKA TOYHO He M3BeCTHA. [I0CKOIbKY BEPOATHOCTH MHOYKECTBA 3alPOCOB,
JUTHHA KOTOPBIX He Gosibie 1/m, He mpeBbimaer 2¢/m.

1, HAKOHEII, 3aMeTHUM, 9TO JaHHbI aaropuT™M TpebyeT JOIOJTHATENLHYIO
namsiTh HOpsaka 10g, k, 9T06bl XpaHUTh MHOKECTBO L, B Xy/AlIeM CJLydae
BpeMsl ero MOUCKA PABHO 10g, k ILIIOC BpeMsT IIePeUYrC/IeHUsI OTBETA, a B CPEJIHEM
— coBceM HeGOJIbINasT KOHCTAHTA (MPUOJN3UTENHHO D) TUIIOC MepedncieHie
oTBeTa.

6 DBJiugxHue Ha onTUMAaJIbHOE pellleHNne TJIaBHbIX
nmapaMeTpoB MOJeJIn

Kak M0:KHO BUJIETH, BCE pACCMOTPEHHBIE 33/1a91 B HEKOTOPOM CMBICJI€ XOPOIIIHe,

a UMEHHO, BCe JIOIYCKAIOT CHUZKEHHE CPEJIHEr0 BPEMEHH 10uCKa (PaKTHIeCKn

JI0 MEHAMYMa. BO3HHKAeT BOIPOC: HACKOJIBKO YyCTOWINBO CBOWCTBO "'XOPOIIIeCTH Ha3BaAaHHOE
KaHOHHYeCKUM 3pdeKkToM, Mpu Bapualuu HapaMeTpoB 3axad moncka’? K
mapameTpaM, KOTOpble MOYKHO BapbUPOBATh B 3a/1a9aX MMOUCKA, MOXKHO OTHECTH
CJIe Ty IOTITHE:

e 6a30Boe MHOXKeCTBO (DYHKIUH, XapaKTepusylomee HADOP JOCTYIHBIX
CPeCTB;
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e orpannmyenusa Ha o0bem VI, xapakTepusyiomniue 00 beM NaMaTH COOTBETCTBYIOIIETO
NI anropuTMa IOMCKA;

® c-pacHIdpeHHe 3aIpoca; ITOT IMapaMeTp MO3BOJSIET MOJIydaTh BOOOIIE

POBOPS HOBbIE TUIIBI 33/1a4 ITOUCKA U IPUMEHUM K KJIacCy 3a/a4, KOTOpbIe
MOZKHO YCJIOBHO HA3BATh HENMPEPHIBHBIME (K HEMY OTHOCITCS 3ajada

0 JIOMAHUPOBAHWH, 3a/ia9a WHTEPBAJHLHOTO TOWCKA W 3ajada MOUCKA,

UJIEHTUYIHBIX OOBEKTOB, KOIJIa IIPOCTPAHCTBO 3aIlIpOCOB, HAIIpUMep, —

KOMIIAKTHOE TOJMHOYKECTBO BEMIECTBEHHON MPSIMOii) U COCTOUT B TOM,

4TO 3aIIPOC B HOBO# 3a/1a4e 1oJIyYaeTcs E-pacliupeHneM 3a1poca cTapoit
3a/a49H.

Kak u ciemoBasio 0Ku1aTh, CJI0KHOCTD 38/Ia91 MTOUCKA CYTECTBEHHO 3aBUCHT
0T BbIOOpa 6a30BOT0 MHOZKeCTBA. [IprmyeM 4acTo MOXKHO IOJIYIUTh BECh CIIEKTP,
HaunHAsT OT TepeGopa (Kak caMoro CJIOYKHOTO) JI0 AJTOPUTMOB, CJIOKHOCTH
KOTOPBIX IPAKTUIECKH COBIIA/IAeT C MOIIHOCTHOM HUKHEl o1ieHKoit. [Ipoustocrpupyem
9TOT TE3HUC Ha MPHUMepe OJHOMEPHON 3ajadi MHTEPBAJILHOTO moucka |31].

Teopema 10 Ecau Fy = {x,:a € [0,1]},

1, ecruu<a, v>a

Xa(u7v> = )
0, 6 npomusHoOM cayuae

Fo = (Fy, D), mo daa npouseoavroti SUIT I = (X, V, ping1), maxoti, umo
ece sanucu 68 bubsuomere V pazsuunst, cnpasediuso

T(I,Fy) = |V|.

DTOT pe3yabTaT 03HAYAET, 9TO €CJIU 0A30BOE MHOYKECTBO COCTOUT TOJIHKO
U3 XapaKTepUCTHIeCKNX (PYHKIUI 3aluceii, To mepedop saBIgeTcs ONTUMATbHBIM
AJITOPUTMOM.

Teopema 11 Ecau Fy; = (F1 | Fz, 0) u pynrxyus naommocmu pacnpedenenus
seposmmocmeti p(u, v), onpedeasrowasn mepy P eeposammocmmozo npocmpancmea
Ha0 MHOHCECTNEOM 3aNpoco8 Xini1, 02PaHuMeHa, Mo OAfL npouseosvhoti SUIT

I = <X7Lntla ‘/7 pintl)

T(I,F) — ZP (Y, pin1)) < O(VE)

yev

npu k — oo, 2de k = |V|, npuuem cywecmsyiom makas 6epoamMHOCTIHASL
mepa P u maxas SUIT T = (X1, V, pint1), 20e |V| =k, umo

T(I,F1) =Y POy, pinnr))O(VE) npu k — oo

yeVv
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Teopema 12 Ecau Fo = (Fy|J Fy, G3), mo daa npoussosvnot SUI I =
<Xint17 Va pint1>

T(1,F2) = Y _P(O(y, pinnr)) < ]log, k[.

yeVv

Teopema 13 Ecau Fs = (F1 | Fy, G2 |J G3) u pynryusa naommocmu pacnpedeserus
seposmmocmeti p(u, v), onpedeasrowasn mepy P eepoammocmmozo npocmpancmea
Had MHootcecmeom 3anpocos Xiner, makas, wmo p(u,v) < ¢ = const, mo das
npouseoavnot SUII I = (X, V, pint1), makot, wmo |V| =k

T(I,F3) Z P(O(y, pint1)) <]loglog, k[+6 + 2c.
yev

Teopema 14 Ecau Fy = (FyJ Fe, G1\J G2 U Gs) u dynkyus naomuocmu
pacnpedesenus 6eposmuocmet o2parudena, mo 0aa npoussosvroti SUIT I =
(Xint1, V, pin1)

T(I,Fs) = > POy, pinn1)) < 5.

yev

3aBHCHMOCTD CJIOXKHOCTH 33249 IOUCKA OT 00beMa HaMsaTh 6osee "maBHas yem
oT 6a30BOr0 MHOXKECTBa. B KauecTBe mIpuMepa 3TOH 3aBHCHMOCTH MOYKHO
paccMoTpeTh Caydait, KOrja 3a/1a4a MOuCKa eCTh 3a/1a9a MOUCKA UJIEHTUYHbBIX
00BeKTOB |24].

Teopema 15 IIycmo I = (X, V, piq) — 3adaqa noucka udernmuunoiz 00sekmos,
V| =k, F — nexomopoe usmepumoe 6a3060€ MHONCECMBO, ¢ — KOHCTNAHMA,
02PAHUMUBANOULAA PYHKUUIO TAOTMHOCTY PACTPEIEAEHUA 3ANPOCOS,

0, ecau l =0
Li(l) =< Jlogyl[+1, ecaul=1,2,3 —
logo Il +2, ecaul >4

PyHryUA, ONPEdeNEHHAA HA MHOHCECTNEE UEABIT HEOMPUUAMENOHBIL YUCEN.
Toz0a

(R ()
Y 1 158

1<TU,F,(2+c¢c)-k)<2
T(I,F)~1npuk — oo.

3

B wacmnocmu,

183



31ech, Kak u B Teopeme 4, o1 c;ioBoM "HekoTopoe'' ipenosiaraeTcs, ITo
06a30BOe MHOYKECTBO COJIEPKUT (DYHKIMH CpaBHEHUS U pa30HeHNs] MHOZKECTBA
X Ha npubJM3UTEHbHO PABHBIE YaCTH (yMHOXKEHHE).

MoxkHO Bu1eTh, 9TO pH 00'beMe aMaTH 2k Mbl UMeeM JIorapuMUAIeCK it
MOKCK, & PH yBeJimdeHnn obbema J10 (2 + ¢)k Mbl IJIABHO CHUXKAEM Cpe/Hee
BpeMsl IIOUCKA JI0 2 ollepalinii. DTa 3aBUCUMOCTD H0JIee HAIJISTHA B aCHMIITOTHIECKOIT
3aIlICH B CJIyYae paBHOMEPHOH BepOSITHOCTH 3aIIPOCOB, TO €CTh Korjaa ¢ = 1:

T(I,F,2k+m) S 2+ logy k — logym.

Ota dhopmya "pasymua'npu 0 < m < k. Takum 06pa3oM, B TaHHOI CHTyaInN
BBIMI'PBIIIL 110 BPEMEHH JIOrapuPMUUeCK 3aBUCUT OT HPUPAILEHUs 00beMa.
Curyanust, BOSHUKAOIIAas Tpru 0000IIEHNH 3a1a49 33 CUYeT E-PACIIHPEHUs
3alpoca, He 0JHO3HaYHa. Tak, B 3a/1a49axX O JJIOMUHUPOBAHUN U MHTEPBAJIHLHOTO
IOKMCKA IIPU MAaJBbIX £ pe3yabTaThl, OIUCAHHLIE B TeopeMax 8 u 9, MOJHOCTHIO
COXPAHSIIOTCH, TaK KaK E-PACIIPEeHNe IPUBOINAT JIMIIL K BEIMBIBAHUIO ""MaIbIX" 3a11poCcoB,
a TMOCKOJIBbKY X JIOJIs MaJja, TO 3TO He OTparKaeTcs Ha pe3yabrare. B ciyuae
3a/la4U MOUCKA UJIEHTUYHBIX O0bEKTOB B I'€OMETPUYECKONW MHTEPIIPETAIlUH,
KOT/Ia MHOYKECTBO 3aIIPOCOB €CTh 0Tpe3ok [0, 1] BemecTBeHnOl nMpsimMoii, KapTuHa
Gosee unTepecuad. [Ipu manbix € (Hanpumep, npu € < 1/k% riae k — MomuocThb
GubIMOTEKN) CIIpaBe/JINBA CUTYAIUs, OMUCAHHASI B Teopeme 15. A mpu 60JIbImnx
€ 3a/1a4a IMPEeBPAIAeTCd B YIPOIIEHHY IO BEPCHIO OTHOMEPHO’ 38,241 HHTEPBATHLHOTO
HOUCKA ¥ Pe3y/IbTar Oy/eT aHAJOTHYeH Pe3y/IbTary, ONUCAHHOMY B TeOpeMe
14.
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