O ciokHOCTI XpaHEeHNUd U MOMCKA
nHopMamum*

9. 9. N'acanos

[TocTpoena HOBast 0OIIAS MOJIE/Ib XPAHEHUsI M TIOMCKA NHPOPMa-
M7, HA3bIBaeMasd NH(MOPMAIMOHHO-IPADOBOI, YJACTHBIMA CJTydasi-
MU KOTOPOil SIBJIAIOTCS N3BECTHBIE MOJIEJIH IIPE/ICTABIEHUS TAHHBIX.
M3y4enbl oCcHOBHBIE CBO¥ICTBA 3TOI MOJEM W PEIIeHa IpodJeMa
ONTUMAJILHOIO CUHTE3a MHMOPMAIIMOHHBIX IPadOB JIJIsi ITUPOKOTO
KJIACCa 3a/1a" MOUCKA, BKJIOYAIOIIEro Hanbosee YacTo MCI0JIb3ye-
Mbl€ Ha IIPAKTHUKEe 3aJ[a4d IOUCKa B 0a3aX JAHHBIX.

1. BBenenue

B nociieinue fecstuieTnsi akTUBHO PA3BUBAETCS HOBOE HAyYIHOE Ha-
[paBJICHUE, CBA3aHHOE C ONTUMAJBHBIM XPAHEHHEM U TOUCKOM UHGOP-
Mallil, UMEeHyeMoe Teopreil nH(pOPMAIMOHHOrO onucka. O HUM U3 IJIaB-
HBIX HOCHTEJIeHl 9TOr0 HAIIPABJIEHUS SIBJIsieTCS Teopus 6a3 jaHHbix. Bos-
HUKIIEE I10J] BJIMAHAEM ITPAKTUYCCKUX 3a/1a4, OHO U ceiyac B OCHOBHOM
00C/Ty2KUBAET TPUJIOXKEHUsI, & COOCTBEHHO TEOPETUUIECKAS €r0 YaCTh, KaK
[IPEJICTaBJIACTCs, O0peTaeT KOHTYpPbl. Kak Beskas HaydHAsd TUCIUATLINHA
39TO HAIpaBJICHUE JIOJ?KHO XapaKTEPU30BATHCA CJIEHYIONUMHI YepTaMu:
[IPE/IMETOM HUCCJICIOBAHUS, TPODIEMATHKON, METOIaMI U PE3y/IbTaTaAMU.
B paszBuToii Teopun kaxKkgas U3 ITUX UEPT JOJKHA UMETb JIOCTATOTHO
o0ruit xapakTep. B TO ke BpeMsi BayKHO OTMETHTD, ITO MOJIOJIbIE JTUCITU-
IJINHBI BO3HUKAIOT, KaK IIPaBUJIO, Yepe3 PacCMOTPEHHE OTHAEJIbHBIX KOH-
KPETHBIX BayKHBIX IIPUMEPOB, KOTOpPBIE 3aTeM C Pa3BUTHEM JIHUCIIUAIIIINH

*PaboTa BBIIIOJIHEHA IpHU (PUHAHCOBOI nojuepxkke Poccuiickoro dponga dpyHmaMeH-
TaJbHBIX uccaenoBannil (rpart 01-01-00748).
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0600IAIOTCS KaK B IIOCTAHOBOYHON, TaK M B IMPOOJIEMHO-METO 00T UIE-
ckoii wacTax. ITomoOHBIX PUMEPOB JIOCTATOMHO MHOIO B KHGEpHETHKE,
urdoOpMaTUKe U JPYIUX paszjienax Hayku. K 9uciy XapaKTepHbIX U3 HUX
MOYKeT ObITh OTHECEHA TEOPHsl YIPABJIIONMX cucTeM. B cBoeil mpakTute-
CKOM JIeATEJIbHOCTH Y€IOBEK CTOJKHYJICS ¢ KOHKPETHBIMU BUJIAME TAKHX
CHCTEM, KOTOPBIE JIaJiee UIPAJI POJIh MOJEIbHBIX YIPABJIAIONX CHCTEM.
B umkenepHOM Jie1e — 3TO BEHTHJILHBIE M KOHTAKTHBIC CXEMBI, CXEMbI
u3 (PYHKIMOHAJIBHBIX JIEMEHTOB ¥ HEKOTOPbIE JIDYIUe, B MaTeMaTuKe —
GOpMyJIBI, AJITOPUTMBI | T. JI., B OMOJIOIMNA — HEeHpOHbI, HEHPOHHBIE CETH,
aBTOMAThl U T. 1. JIJIs 9TUX BUJIOB YIPABJSIONIUX CUCTEM PACCMATPUBA-
JIICH JIBEe TaKue TJIaBHBLIC 339l aHa/IM3a U CUHTE3a COOTBETCTBYIOIINX
yupassstiorux cucrem |1, 2|. IlepBasi cocTosiia B U3y4eHNN «IIOBEIECHUST>
TaKMX CHCTEM, a BTOpasg — B CO3JaHUU COOTBETCTBYIOMIEH CHCTEMBI C 3a-
JIAHHBIM «ITOBEJIeHneM». Ha 1mepBoM srarie 9TH MOCTAHOBKH CBS3bIBAJIICD
HENOCPEICTBEHHO ¢ MOJIEJIbHBIMU CHCTEMAMK U JIJIsi KayKJI0N M3 HUX pas-
pabaTbIBaJICsa KOHKPETHBIH MeTos perenus. Co BpeMeHeM HACTY T 3Tall,
KOT/[a GOJIBITMHCTBO M3 9TUX CHCTEM MOIVIU yYKE PACCMATPUBATHCS C €/~
HBIX TOBUIMI, W MCCIeI0BaHUe YKA3aHHBIX OOIMMX 3aJad JOCTUTAI0Ch
y2Ke ¢ HOMOIIBIO OBIMuX MeTooB perterust |3]. Xors mo-npexHeMy Mo-
JIJIbHBIC YIPABJIAIONIAE CUCTEMbI, UMesI CBOIO CIICIU(UKY, ITPOIOIKAIOT
OCTaBATHCS B IEHTPE BHUMAHKS TEOPUU YIPABJISAIONIMX CHCTEM.

AHasIOruIHBI IyTh PA3BUTUS TMPOXOJUT TeOpUst UHMOPMAIIMOHHOIO
noucka. B Hell Takyke NMepBOHAYAJIBLHO BOZHHUK/IM KOHKPETHBIE HMPUMEPHI
CII0COOOB XpaHEeHUs U MPEJICTABICHUS JAHHBIX U COOTBETCTBYIOIIUX 3TUM
crrocobaM aJIrOpuUTMOB oucKa nHdopmanuu. K ux quciy OTHOCATCS JIeK-
cukorpadudecKue, JIPEBOBUJIHBIC, PEIAIMOHHBIE U Jp. 3aJadd HOUCKa
JUIST HUX MMEIOT KOHKPETHDbIE BUJBI U MOAMMUKAIINI TaKue, Kak 3a/a4a
HOMCKA UJEHTUIHBIX OObEKTOB, 33/1a49a 0 OJIM30CTH, BKIIOYAIOIIUI TOMCK
u jgp. OHM UrparoT poJib MOAEILHBIX 3a/ad JIs BBLIOPAHHBIX CIOCOOOB
XpaHeHus: HHMOPMAIMU U U3YUYAJUCh Ha MIPOTIXKEHUU MHOTUX JIET, TIPU-
BJICKasl KazKJIbIil pa3 JJIs CBOEro PEIICHUs CIeIUAIbHbIE UCCIIeI0BATE b
CKHE CPEJICTBA, KOTOPbIE HOCKJIN OIPAHUIEHHBIN 10 CBOUM BO3MOKHOCTSIM
XapakTep.

TeM caMbIM, MOXKHO CYATATh, YTO COBPEMEHHOE COCTOSTHUE TEOPUU
UHGOPMAIIMOHHOIO TIOMCKA HATIOMUHAET TO COCTOSIHIE TEOPHUH YIIPABJISIIO-
IIUX CUCTEM, KOTOPOE COOTBETCTBOBAJIO TIEPBOMY JTAILy PA3BUTHUS IIOCJIE]I-
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Hell, KOrJa HAKAILIMBAJINCH JAHHBIE JIMIIhL O KOHKPETHBIX BUIAX MOJIE/Ib-
HBIX YIIPABJIAIONINX CUCTeM. B TO ke BpeMs, KaK BBISICHIJIOCDH, OIBIT pa3-
BUTUS TEOPUH YIPABJIAIONINX CUCTEM B CBOEH METOI0IOTUYIeCKONH YacTh
JlaBaJI BO3MOXKHOCTB CJIEJIATh TOIBITKY ¢ H0jiee O0IIuUX MO3UIUI ITPOBECTH
HCCJIEIOBAHUE KAK MOJIEJILHBIX 0a3 JIAHHBIX, TAK U MOJEIbHBIX 3a/1ad JIJIs
HUX, C COOTBETCTBYIOIIEH pa3pabOTKOl JoCTATOYHO 0bIeil Teopun.

MpbI npejiiaraeM HOBYIO MOJIENb JAHHBIX (YACTHBIMU CJIy9asiMU KOTO-
pOii MOI'YT CUMTATBCSI Y’KE U3BECTHBIE) C HACJIEJCTBEHHO OINPEJICJIeHHbI-
MU CPEJICTBAMU ITOUCKA MH(POPMAIIUU, C COOTBETCTBYIONIUME TOHATUIMU
CJIOXKHOCTH TAKOT'O TIOUCKA, & TaK¥Ke pa3pabaTbiBaeM OCHOBBI TEOPUU Pe-
meHust 6a30BbIX 33121 OUCKA TPUMEHUTEIBHO K 3TOi Mojiesu. Ecu mpo-
JIOJIZKATDH aHAJIOTUIO C TEOPUEl CUHTE3a YIIPABJIAIOININX CUCTEM, TO MOXKHO
OTMETUTBH, YTO PA3JINIHBIM BUJAM YIIPABJISIONINX CUCTEM COOTBETCTBYIOT
pas3JIMIHbIE BU/BI XPAHEHUsI U IIPEJICTABIICHUS] JIAHHBIX (MOJIeJIN JJAHHBIX ),
KJ1accaM (DYHKIIUMA, UCCIIEIyeMbIM B TEOPUU CUHTE3a, COOTBETCTBYIOT TH-
Bl 33124 [IOUCKA, UCCIelyeMble B Teopuu nH(MOPMAIIMOHHOTO moucka. U
B TEOPUU CUHTE3a U B TEOPHUH IMMOUCKA BBOJSATCS MOHATUS CIIOXKHOCTH U
CTaBATCH 33294 ONTHUMAJILHOIO CUHTE3a U 33Jia9a UCCJIeI0BaHus DyHK-
Ui CJIOKHOCTH TIIEHHOHOBCKOTO Tuiia. TakuM 06pa30M, Mbl CTPEMUMCS K
TOMY, ITOOBI TPUOJIM3UTDL COCTOSTHUAE TEOPUH UH(MOPMAIMOHHOTO TOUCKA
IO CTEeMEeHN MPOJABUHYTOCTU K COBPEMEHHOMY COCTOSIHUIO TEOPUH YIIPaB-
JIATOTIUX CHACTEM.

YTounuMm ckaszanunoe. Bo-mepBhiX, MbI IIpejiaraeM HOBYIO (hOpMAa/In-
3aIuIo MOHATHA 3aJa4d1 MMOUCKa. 1HWIT 337aY MTOMCKA OXBATBHIBAET KJIACC
OJTHOTHUITHBIX BOIIPOCOB K 0as3e MaHHBIX. THII 3a/1a9 MMONCKA 3aKI0YAeT B
CBOEM OIIPEJIe/ICHUN TPU 00'bEKTA: MHOYKECTBO 3aIIPOCOB, MHOYKECTBO 3a-
nuceit u OMHapHOE OTHOIIEHUE, 33 [AHHOE HA JIEKApPTOBOM ITPOU3BEICHUU
9TUX MHOXKECTB, HA3bIBAEMOE OTHOIIEHUEM ITOUCKA. 3/IeCh 3alUCh — 3TO
ITOMCKOBBI 00pa3 3/IeMEHTa JAHHBIX, TO €CThb II0JIe WA MHOXKECTBO IT10-
JIeli 3JIeMeHTa JTAaHHBIX, KOTOpbIe MPEJICTABIAIOT HHTEPEC B JIAHHOM THIIE
BOIIPOCOB. 3aIpoc — 9TO MUHUMAJIbHBIN SJIEMEHT, COJIEPXKAIUN CYyTh BO-
mpoca. 3aIpoc COBMECTHO C OTHOIIEHHEM OUEPUUBAET TOT KPYT 00BEKTOB,
KOTOpBIE OTBEYAIOT Ha JIAHHBIH BOIpPOC. 3ajada [MOMCKa 3aJIJaHHOTO THUIIA
[IOJIy9AeTCs BBIJEJIEHNEM U3 MHOXKECTBA 3AITMCell KOHEYHOI'O ITOIMHOXKE-
CTBa, Ha3bIBAEMOro OmOIMOTEKON. A MMeHHO, 3ajada MMOWCKA COCTOUT B
TOM, ITOOBI 110 ITPOU3BOILHOMY 3AIIPOCY IIEPEUUC/IUTD BCE 3AIUCH U3 OUb-
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JIMOTEKN, HAXOJSAIIMeCs B 38/IAHHOM OTHOIIIEHHUH C 3alIPOCOM (y/I0BJIETBO-
psiforirie 3anpocy). Ipu dukcanuy OTHOIIEHNST TIOMCKA KayKJIasi 3aIlCh
3aJaeT IPeIuKaT, OpPeIe/IeHHbII HA MHOYKECTBE 3aIllPOCOB, KOTOPLIH pa-
BeH 1, ecJin JlaHHAs 3aIUCh YJIOBJIETBOPSET 3aIPOCy — apryMeHTy (byHK-
nuu. [losToMy ecin BepHYTbCS K aHAJOTUU C TEOPUEH CUHTE3a yIIPaBJis-
IOIUX CHCTEM, TO THUIl 3aJ1a9 IIOUCKA €CThb CIIOCOD OIMUCAHUS HEKOTOPOIro
KOHKPETHOT'O KJIACCa IPEINKATOB, 33/[aBaeMbIX HA MHOXKECTBE 3AIIPOCOB,
a 3aJ[a4a MMOUCKA — 3TO KOHKPETHOE MOJIMHOXKECTBO MIPEJIUKATOB U3 3TOr0
KJ1acca.

Bo-BTOphIX, MBI TIpejjiaraeM HOBYIO YIIPABJISIONLYIO CUCTEMY, HA3bI-
BaeMy10 HHPOPMAIMOHHBIM I'PadOM, KOTOpasi B 00ITeil nepapxuu Teopun
VIIPABJIAIOIINX CUCTEM HAXOJUTCS B HE OYEHDb BBICOKUX CJIOSX 3aJIEaHUsT
U SIBJISIETCS B HEKOTOPOM CMbICJI€ 000DIIIEHNEM KOHTAKTHBIX cxeM. PakTu-
YeCKU HaM HYXKHBI JIUIIb I'Padbl, TUCKPETHbIE (DYHKIINA U BBIYUCICHUE
BOJTHOBBIX IPOIECCOB Ha Tpadax, W 3TOr0 XBATaeT, YTOOBI C JIOCTATOY-
HO OOIIUX MO3UIUN MOCMOTPETHh Ha TY PA3PO3HEHHYIO KAPTUHY, KOTOPAas
HAOJTIOMAETCS B T€OPUU UHMOPMAIIMOHHOTO TTOUCKA.

B nperaraemoit madopmarmonHo-rpadoBoit MOJIEIN JAHHBIX CTPYK-
Typa JIAHHBIX 33J1aeTCs OPUEHTUPOBAHHBIM rpadoM (Ha3bIBAEMBIM WH-
dopmarmonnbIM), pebpa U BepIIMHBI KOTOPOI'O HAIPYKEHBI 3JIEMEHTAMU
JMAHHBIX U DYHKIIUSAME, OIPEeIeICHHBIMI Ha MHOYKECTBE 3a1pocoB. B rpa-
de Bblzie/IeHA OJIHA BEPIINHA, Ha3bIBAEMask KOPHEM U aCCOIUUpyeMas CO
BXO/IOM, & BEPIIUHBI rpada, HarpyKeHHbIE 9JIEMEHTAMU JAHHBIX, aCCOIHU-
UPYIOTCS C BBIXOJIAMHU. DTOT 2Ke rpad ONUCHIBACT AJITOPUTM IIOUCKA, HA
BXO/l KOTOPOI'O ITOCTYIAEeT 3aIPOC, & HA BBIXOJE IMOJIyUIACTCAd HEKOTOPOe
[IOJIMHOXKECTBO JAHHBIX. [Ipu 9TOM mpoIece MmoncKa HAYNHAETCS C KOPHS
U PACIIPOCTPAHSIETCS B 3aBUCUMOCTH OT 3HAYECHUI HATPY30UHBIX (DYHKITH
Ha 3allpoce, BO3MOXKHO, CPa3y M0 HeCKOJIBKIM HampaBaeHusM. Ecim sToT
BOJIHOBOH Tporiecc Ha rpade JI0CTUTAeT IJEMEHTOB JAHHBIX, TO 3THU dJjIe-
MEHTBI BKJIIOUAIOTCA B OTBET aJTOPUTMa HA MCXOMHBIN 3ampoc. Vudop-
MaIMOHHBIN rpad OyAeT perarh HEKOTOPYIO 3a/1a4dy ITOUCKA, €CJIU JIJIs
MIPOU3BOJILHOIO 3aIIpOca OTBET Ha ITOT 3aIPOC COJIEPKUT BCE T€ U TOJIb-
KO T€ 3aIliCu U3 OUOIMOTEKN, KOTOPBIE YOBIETBOPSIOT 3amnpocy. Takum
obpazoM, mHPOPMAIMOHHBIH rpad ¢ O/IHON CTOPOHBI JAeT HOBYIO KOHIICTI-
U0 XPAHEHUS JIAHHBIX, & C JIDYTON CTOPOHBI IIPE/JIATAET HOBBIN TOJXO/T
K MOUCKY MHGOPMAaIUA KaK BOJHOBOIO Ipoliecca Ha rpadax, yiupasse-



O c/I0)KHOCTY XpaHEHUs ¥ [TOMCKA WH(MOPMAIIII 277

MOT'0 Harpy3o4dnbiMu dyHKIuamu. Harpysounsle dyHKIINN, KOTOpblE Ha-
3bIBAIOTCS OA30BBIMU, Pa3JIeIeHbl Ha JIBA KJIacca — IPEJIUKATHI U Mepe-
KJIFOUATEJTU, U SIBJISTFOTCST OJTHUM U3 OCHOBHBIX YIIPABJISIFOIIUX [TaPaMeTPOB
mogiesin. Harpysounbie byHKIMK 110 CyTH OIPEEIISIIOT (DYHKITUU ITPOBO-
JINMOCTH MEXKJy BepIinHamu rpada, u mpobjiemMa HAXOXKJIEHUS PEIeHUsT
3a/1a9M TIOUCKA CBOJIUTCS K MpodJieMe CHHTe3a HH(MOPMAIIMOHHOTO Tpada.,
peasm3yIoIero cucreMy (byHKIUH, 3a/aBaeMyto 3ajadeil TOUCKA.

Tak »Ke, Kak JIOTHYeCKasi CeTh CO CBOOOJHBIMU djieMeHTaMu 4] 0606-
AT U3BECTHBIE B TEOPUU YIPABJISIONINX CHUCTEM BHUJIbI YITPABJISIFOIIIX
cucreM, Tak u nHMOpPMAIMOHHO-TpadoBas MoJeb 0600IaeT Hanboee
U3BECTHDBIE MOJIEN JIAHHBIX. [[OHSTHO, YTO AJITOPUTMBI U KOHCTPYKITUH,
HCIOJIb3yeMble B JpesosudHbir 6a3ax 0aHHbLr, OMMCHIBAIOTCS JIPEBOBUII-
HbIMu nH(GOpMaImoHHbIMEU Tpadamu. Cemesvie 6a3v, 0arHbLr, €CTECTBEH-
HBIM 00pa30M IepPeKIaIbIBAIOTCs Ha sI3BIK MHQMOPMAIIMOHHO-TPAdOBOii
MOJIEJIH, [IPU STOM $ICHO, YTO CO CTPYKTYPHOU TOYKHU 3PEHUS OHU IO Cy-
ECTBY OY/IyT IPeJICTaB/IsIThCsT Ipadamu. B dedyxmustbir 6a3ax Hy KHbIE
JIAHHBIE ¥ 3HAHUS [TOJIYYAIOTCS MIyTEM JIOTHIECKOrO BBIBOJIA, [TO3TOMY aJl-
TOPUTM IIOUCKA, UCIOJIB3YEMBIH B JIEIlyKTUBHBIX 0a3ax JAaHHBIX, [IPU Ie-
pexojie Ha A3bIK MH(MOPMAIMOHHBIX IpadOB MPUBOIUT K KOHCTAHTHOMY
JIEPEBY, KOTOPBIIl OTparkaeT CyTh JI€peBa JIOTUIECKOI'o BbIBOIA. B peas-
YUOHHBIEL 0603aX TAHHBIE TPEICTABIISIIOTCS B BHjie TabJIUIl, TIPU STOM aJi-
TOPUTM OUCKA, ACCOIUUPYEMBIIl C TAKUM IIPEJICTABJICHUEM JAHHBIX, €CTh
AJITOPUTM T1epebopa, KOTOPBIN eCTeCTBEHHO JIETKO OIUCHIBAETCS JIPEBO-
BUJIHBIM UH(MOPMAIIMOHHBIM T'PadOM CIIEIUATHLHOTO BUJIA.

Nudopmarmonnbie rpadbl MO3BOJSIOT BBECTH HOBOE ITOHSITHE CJIOXK-
HOCTH TIOUCKA. DTO IOHATHE HOBOE KaK C TOYKU 3PEHUsi TEOPUU YIIPAB-
JISTIOIIUX CHCTEM, TaK W C TOYKM 3PeHHsl Teopuu 0a3 JaHHBIX. B Teopun
YIPABJISIONINX CUCTEM OOBIYHO 0] CJIOYKHOCTHIO IOHUMAETCH UJIU YIHUCJIO
pebep, WU 9UCIO JIEMEHTOB-(DYHKIHI, a 3/1eCh CJIOKHOCTh ITOHUMAETCS
KaK 9acTb Irpada, 3aXBa9eHHOTO BOJHOBBIM IIPOIECCOM, U CYIIECTBEHHO
3aBUCHUT OT 3HAYEHUN HArPY30UYHBIX (DYHKIHI, U TEM CaMbIM HE SIBJISIET-
Cs IPOCTO KOJMYIECTBEHHOW XapaKTEPUCTUKON rpada Tako#, KaK UHCIO
pebep mwim Beprma. HoBuzHa ke B Teopuu 6a3 JAHHBIX 3aK/IIOYACTCH B
TOM, 9TO TaKOe BBEJIEHUE CJIOKHOCTH IIOCJI€ OCPEJIHEHUsI 10 MHOXKECTBY
3aIPOCOB AJICKBATHO COOTBETCTBYET CPEJHEMY BPEMEHH IIOUCKA — Tpa-
JIATIMOHHO TPY/IHON JIJIsI M3y YIEHUsI XapPAKTEPUCTUKU aJITOPUTMOB ITOUCKA
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nndopmarmu. Kpome Toro, mpu COOTBETCTBYIONIEM BBEICHUN CJIOKHOCTU
nHGMOPMAIMOHHBIE Tpadbl OKA3BIBAIOTCS yIOOHBIMU JIJIsi U3YUCHUS KaK
MapaJie/IbHBIX, TaK U (POHOBBLIX aJTOPUTMOB Houcka. U, Hakowmerr, B wH-
dopManMoOHHBIX Ipadax COBCEM MPOCTO KOHTPOJUPYETCS TAKONH BAXKHBII
VIIPaBJIAIONINHT TapaMeTp B 3a/1a9ax HHGOPMAIIMOHHOTO MTOUCKA, KAK 00b-
eM TaMsITH, KOTOPBIIl B JAHHOM CJIydae XapaKTePHU3yeTcsl KOJIMIECTBOM
pebep rpada.

PaccmarpuBaeTcs HECKOTBKO MOJETBHBIX TUIIOB 33184 ITOUCKA, SBJIsI-
Iomuxcsd HanboJiee pacIpoCTPAHEHHBIMI 33/Ia9aMy IONCKa, B 6a3ax JaH-
HbIX. BBIOOp MOJIESIBHBIX TUIIOB OIPEJIEISIETCH KAK ITOBCEMECTHOCTBIO UC-
[IOJIb30BaHUS UX B 0a3axX JAHHDLIX, TAK U YaCTOTOH IUTUPOBAHUS B JINTE-
parype [5-22]|. DTu MoesIbHBIE TUIIBI MOXKHO Pa3bUTh UX HA 3 KPYIHBIX
6a30BbIX Kjacca. [lepBblit Kitacc BKIOYaeT B cebst 331491 TIOUCKA, B KOTO-
PBIX JJIsI TIOYTHU BCEX 3AIIPOCOB OTBET HA HUX COJEPXKHUT OTPAHUICHHOE Mar-
JIOH KOHCTAHTOM YMCJIO 9JIEMEHTOB. DTOT KJIACC HOJIYUIN/I HA3BAHUE 33144
IIONCKa C KOPOTKUM OTBeTOM. I[IpericraBuresieM 3TOTO Kjacca sSIBJISIETCS
3a/1a9a MOUCKA MJICHTUIHBIX 00bEKTOB.

Bropoit kiacc, Ha3BaHHBIN 3aadaMU [TOUCKA HA, YACTUIHO-YIIOPSI0-
YEeHHBIX MHOXKECTBaX JAHHBIX, COCTOUT U3 3aJlad, B KOTOPBIX B OTBET HA
3a1Ipoc HAJO MIEPEIUCTUTD BCE DJIEMEHTHI 0a3bl TAHHBIX, KOTOPBIE B 3a/1aH-
HOM YaCTUYHOM TOpsJIKE MeHbINe deM 3ampoc. lIpencraBurensMu 3Toro
KJIacCca SIBJISIOTCS 3aJava BKJIIOYAIONIETO MMONCKA U 33/lada O JOMUHUPO-
BAHUU.

I, nakoner, TpeTuil KJIacc CONEP:KUT TaK HA3bIBAEMbIe 3aJ]a"1 HHTEP-
BaJILHOT'O MOUCKA, PE3YJIbTAT KOTOPBIX B HEKOTOPOM CMBIC/IE MOXKHO pac-
CMaTpUBATh KaK IepeceveHne pelrennii IByX 3a7ad U3 BTOPOro KJIacca.

st 6a30BBIX 3a71a4 MMOMCKA CTABUTCS U PENIAeTCd IIPOoOJeMa ONTH-
MaJILHOT'O CHHTE3a, KOTOPas COCTOUT B IIOCTPOEHUHN JJIs 3aJAHHON 38341
MHMOPMAIIMOHHOTO TTONCKa MHPOPMAITHOHHOTO T'pada, KOTOPBIH perraer
9Ty 3aJ[ady U UMEET HAUMEHBINYIO WIN OJIU3KYIO K Heil CJIOXKHOCTD.

[Tosyenubiit cBOJT pPe3yJIbTATOB, OMUCKHIBAIONINX ONTUMAJILHOE pere-
Hre 0Aa30BLIX KJIACCOB, HA30BEM KAHOHUYIECKUM IPEHEKTOM, U MBI XOTUM
MOHATH, HACKOJIBKO TyBCTBUTEJIbHA OCHOBHAs MOJIENL IO OTHOIIEHUIO K
KaHOHUYeCKOMY 3P deKTy mpu Bapuaiuu 3-X OCHOBHBIX YIIPABJISIONINX
apaMeTpOB MOJIE/IN, TAKMX KaK O0beM HaMATH, UMEIOIINICS B pacio-
psizkeHnu (TO ecTh 4ncsio pebep mHMOPMAIMOHHOIO rpada), MHOKECTBO
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byHKIWMIT, KOTOpbIe paspelnaercs UCI0Jb30BATh IIPH pelleHun (TO ecTh
MHOYKECTBO 0a30BbIX (DYHKIMI, HCIOJIb3YeMbIX IPU Harpyske rpada), u
e-pacmmpenue 3ampoca. [lokazbiBaeTcs, YTo Ipu JII000i Bapualm, KpoMe
€-pacCIIIpeHnsi 3aIIPOCa IPHU JTOCTATOIHO MAJIBIX £, MBI YXOIUM OT KaHO-
HIYIecKoro 3ddexTa.

st pertennsi 3a7a9 ONTHMAJILHONO CHHTE3a JJIsi 0Aa30BBIX KJIACCOB
pa3paboTaHbl CAeAYIONNE 3 OCHOBHBIX METO/IA.

[TepBbIit MeTO/T MBI HA3BIBAEM METOJOM ONTUMAJILHON JTEKOMIIO3UIIUHN.
OH cocTouT B TAKOM pa3dbUEeHnN 331891 Ha [T0/13a1a91, KOTOPbIE JOITYCKa-
IOT IIPOCTOE PEIEHNE U IIPU STOM CJIOXKHOCTH ITOUCKA, [TO/I3aIa% U, TAIOIei
peleHne UCXOIHOM 3aa11, TaK»Ke OCYIIECTBIISETCsS IIPOCTO. JTOT METOT
HCITOJIb30BAJICA MPU PENIEHUN ONOPHBIX WJIM OJJHOMEPHBIX 3aJat ITOUCKA.

Bropoit MeTo1, Ha3bIBAEMBI METOJIOM CHUYKEHHUsT PA3MEPHOCTH, IPHU-
MEHSIEMbBIfI K MHOTOMEDPHBIM 33JaYaM, CBOJUTCSA K TOMY, YTOOBI C IIOMO-
b0 HEKOTOPBIX OMOPHBIX 3aJad IOCIeI0BATEIbHO IMOHUXKATDH PasMep-
HOCTDb 3aJIa9 U B KOHIIE KOHIIOB CBECTU ee K OIIOPHOH 3ajate, perieHue
KOTOPOI1 yzKe U3BECTHO.

Tpernit MeTom HA3BAH METOIOM XapaKTEPUCTUIECKUX HOCUTEJIEH Ipa-
da 1 UCI0JIB30BAJICST TIPU IOy YeHNH HUXKHUX OleHOK. OH 3aKJII0vaeTcst
B BBIIEJIEHAN B MH(MOPMAIMOHHOM rpade, ABJISIONIEMCS ONTUMAJIbHBIM
perienreM, orpadoB ¢ 3a/[AHHBIME CBOHCTBAMU (XapaKTePUCTUIECKHUX
HOCHTeJIel) W B TOCTEIYIOMEM TOJCYeTe CJAOKHOCTH XapaKTepUCTHIe-
CKIX HOCUTEJICH.

Jannas paboTta comepKuT 0030p PE3yJIbTaTOB aBTOPA, IOJIYIEHHBIX
UM B 9TOM HaIlpaBJICHHUH.

ABTOp BBIpaXkaer TIyboOKyio OGsaromapHocTh akagemuky B.B. Kyma-
pasueBy u npodeccopy A. C. Ilogkoiasuny 3a BHUMaHUE U IOMOIIL B Pa-
bore.

2. NndpopmanmonHo-rpadoBas Moae/ b JaHHBIX

B zajauax moucka, BOSHHKAOIMNX B 0a3ax JAHHBLIX, IMEeTCs 3 OCHOB-
HBIX OOBEKTA:

® MmHootcecmeo 3anpocog X ¢ 33JaHHBIM Ha HEM BePOATHOCTHBIM IIPO-
CTPaHCTBOM;
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® MHOXKECTBO IIOTCHIIMaJIbHBIX OTBETOB Y, 6yﬂ‘el\/l Ha3bIBATDh 3JICMEHTDLI
9TOI'0O MHO2KECTBaA 3ANUCAMU;

e OuwHApHOE OTHOIEHUE p, 3a7annoe Ha X X Y, Ha3bIBaIoeecs OTHO-
IMIeHNeM TIOUCKA U OMUCHIBAIONIEE KPUTEPUH CEMAHTHIECKOTO COOT-
BETCTBUS 3alllCH 3aITPOCy, TO €CTh €CJU TPy, TO HyIeM TOBOPUTD,
YTO 3AIUCH Y YAOBIECTBOPSIET 3aIpOCy I;

B mocrarouno obimieMm ciydae 3HAUUTENIbHBI UHTEPEC IIPEICTAB/ISAET
oIMChIBaeMasi HUKe IIpobJ/ieMa, KOTOPYIO Mbl HA30BeM 3ajiaqdeil nandopma-
monHoro moucka. Tpoiiky (XY, p) Gyaem HasbiBaTh munom 3aday um-
Popmayuonnozo noucka, a Tpoiiky (X, V, p) (nmm gersepky (X, V,p;Y)),
rjie V — KOHEeYHOe TOJMHOYXKECTBO Y , Ha3bIBaeMoe bubauomexot, — 3ada-
weti ungopmayuonnozo noucka (3UII). ComepxkarensHo OyjieM CIUTATD,
gro SUITI I = (X,V,p;Y) cocrour B mepevnciaeHun Jjisi POU3BOJLHO
B3ATOrO 3ampoca ¥ € X BCeX TeX M TOJbKO Tex 3amuceil u3 V', KoTo-
pble HAXOJATCS B OTHOIIEHUU p) C 3alPOCOM I, TO €CThb YJ/IOBJIETBOPSIOT
3a1pocy .

Peanbao sTa mpobisieMa JIOMyCKAET BapHAIMI0 KAK 3a CUET yTOYHE-
HUsI CAMOI 3aJ1a4M, TaK W 38 CUeT JOIMYIIeHUs] PA3HBIX IIPEJITOJI0KEHUT
OTHOCUTEJIbHO 6a30BbIX KoMIOHEHT X, Y, p, V. cocrapysromux 3UII.

OruiiieM OCHOBHON 0OBEKT, KOTOPBI HA3BIBACTCH MH(MOPMAITMOHHBIM
rpadom (UT). Beogurs UT' MbI Gyj1eM, 0JHOBDEMEHHO HJLTIOCTPUPYST €10
Ha TPUMEpPe OJTHOMEPHOIl 3aJlauyM WHTEPBAJbHOIO IIOMCKA, KOTOPAas CO-
CTOUT B IIOWCKE B KOHEYHOM HOJMHOXKecTBe oTpeska [0, 1] BemecTBeHHOI
PSIMON BCEX TeX TOYEK, KOTOPBIE MOMAJIAI0T B OTPE30K-3aIIPOC.

Craugasia 3a1a10TCs1 4 MHOXKECTBA!

® MHOYKECTBO 3aIPOCOB X ;
® MHOXKECTBO 3amuceit Y;

e MHOXKeCTBO F' OJHOMECTHBIX MPEIUKATOB, 3aJaHHBIX Ha MHOXKe-
cTBe X

e MHOXKeCTBO (G OHOMECTHBIX IEPEK/IoYaTesel, 3aJJaHHbIX HA MHO-
)kectBe X (mepeksodarenn — 3T0 (DYHKIMU, 00JIACTb 3HAYEHUI
KOTOPBIX SIBJISIETCSI HAYAJBHBIM OTPE3KOM HATYDPAJIBHOIO Psijia).

B npumepe stu MHOXKECTBa UMEIOT BUJI;:
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Xint1 = {(u,v) : 0 <u < v < 1}
Yint1 = (07 1];
F=FR|F, e F| = {fia ca € (0,1}, Fy = {fia ca € (0,1]},

1, ecmu<a

ecyt u > a

, €MV 2= a
ecin v < a

G=GUG2UG3, t1e G1 = {gsm : m € N}, Go ={g9_m, : m €
N}, Gz = {9<.a:a € (0,1]}, gem(u,v) =lu-m],

)

)

(1, v) = 1, ecmv—u<1l/m
Jmm{t V)= 9, ecim v —u = 1/m

(u,0) = 1, ecmu<a
I<alths V) = 2, ecom u > a

2 2 2 2 2 1 1
hn f>,y2 y2f>,y3 Y3 f>,y4 y4f>,y5 Ys f>,y6 Yo hn f<,y1 Y2 Y3 fé,ys Ya

g9-3
PI/IC. 1. PeIHeHI/Ie O,H,HOMepHOf/'I 3a/la9 MHTEPBaAJIbHOTI'O IIOHCKaA.

NI ompenensercs caemytonum obpa3oM. Bepercss konedHnas MHOIO-
MOJTIOCHAST OPUEHTUPOBAHHAS CeTh. B Hell BHIOMpaeTCss HEKOTOPBIH TO-
JITOC, KOTOPBIH Ha3bIBaeTca KopHeMm. Ha pucynke 1 oH n300parkeH MOJIbIM



282 9.9. I'acanos

KpykKoM. OcTrajibHble MOJIOCA HA3BIBAIOTCS JIMCThAME (Ha PUCYHKe OHI
n300payKeHbl KUPHBIMU TOYKAMM) U UM I[PHUIUCHIBAIOTCS 3amucu u3 Y
(Ha PHCYHKE 9TO CHMBOJIBI Y C MHJIEKCAMN ), IPUYIEM PA3HBIM JINCThSIM MO-
ryT ObITH IPUIUCAHBI OJIMHAKOBBIE 3amucu. HekoTopsle BepriuHbl cetn (B
TOM YHCJI€ 9TO MOTYT OBITH ¥ IOJIIOCA) HA3BIBAIOTCS MEPeK/II0YaTe/bHbI-
MU ¥ MM [PHUIHCHIBAIOTC Tepekodaresn u3 G (Ha PUCYHKe TaKUX Bep-
muH 8). Pebpa, ucxosinume n3 Kax/0if U3 MepeKII0YaTe/IbHbIX BepIIUH,
HYMEPYIOTCS HaYUHasA ¢ 1 U Ha3bIBAIOTCS MEPEKII0UaTe/IbHBIMUA pedpaMu
(na pucynke takux pebep 16). Pebpa, He siBIISIFOIIUECs II€PEKJIFOYATEI b
HBIMU, HA3bIBAIOTCA MPEIUKATHBIME W UM IIPUITHCHIBAIOTCS TIPEUKATHI U3
muoKecTBa F' (Ha pucynke takux pebep 17). Takum o6pazom HarpyKeH-
HYIO MHOT'OIIOJIIOCHYIO OPHUEHTUPOBAHHYIO ceTh HasbiBaeM I mam 6aszo-
BeIM MHOXKecTBOM F = (F,G).

Oyukrmonupoanne WD onpenensercs ciemyronum obpaszom. Cka-
2KeM, 9TO TpeauKaTHOe pedpo MPOBOAUT 3ampoc £ € X, ecan ImpeanKar,
[MPUIIICAHHBIN 3TOMY PeOpy, npuHuMaeT 3Hadenue 1 Ha 3anpoce x. Cka-
JKEM, 9TO TepeKJIIoIaTeIbHOe pebpo, KOTOPOMY IPUIIUCAH HOMED 1, IPO-
BOJIUT 3a1poc & € X, ec/ii NePeKII0YaTe b, IPUITICAHHBIN HAYAJIY ITOrO
pebpa, IpUHIMAaeT 3HaveHne 1 Ha 3amnpoce x. CKaXkeM, UYTO OPUEHTUPO-
BaHHasi IEMoYKa pebep mpoBomuT 3ampoc & € X, ecian Kaxjioe pedpo
[ENOYKY TPOoBOAMT 3anpoc x. CkaxkeMm, 4To 3ampoc & € X MPOXOIUT B
Bepiiuny § UL, eciu cyiecTByeT OpUEHTUPOBAHHAS TEIIOYKA, BEIyIIAs
U3 KOpHSI B BEPIIMHY [, KOTOpasi MpoBoauT 3arpoc x. CkaxkeM, 4To 3a-
[UCH Y, IPUIHCAHHAS JIUCTY «, ronaaer B orBer VI Ha 3ampoc © € X,
ecytu 3arpoc & mpoxoauT B juct «. Orserom UI' U Ha 3ampoc x HazoBeM
MHOXKeCTBO 3anuceil, nmonasiux B oreer VI Ha 3ampoc x, u obo3nadnm
ero Jy(z). Ory byukmuo Jy(z) Oymem cautaTh pe3yabraToM (QyHKIU-
ouuposanus UI" U.

N3 onpenenenusa dpyuxknuonuposanust VI ecrecTBennbiM 00pa3oM BbI-
TekaeT, 9To Kaxkjaomy VI' U MOXKHO COTIOCTABUTH HEKYIO MPOIEIYyPY ITO-
HCKA.

IIpesnnosaraercst, 9o Ta HPOIE/ypa XPAHUT B CBOell (BHeIIHei) a-
MaTtu crpykTypy UI' U. BXogHbIMI JAHHBIMU IPOIEIYPHI SIBJISETCS 3a-
poc. BBIXOTHBIMU TAHHBIMU SIBJISIETCS MHOXKECTBO 3alIlUCeil.

OrmurieM 3Ty TPOIEAYPY.



O c/I0)KHOCTY XpaHEHUs ¥ [TOMCKA WH(MOPMAIIII 283

[TycTs HA BXOJ IPOIELYPHI IOCTYIIUI 3AIIPOC L. BBOIUM MOHSITHE aK-
TUBHOTO MHOXKECTBA BEPINWH W BHOCHM B HETO B HAYAJBHBI MOMEHT KO-
peub UI' U u nomeuaem ero. [lasee mo odepein mpocMaTpUBAEM BEPITUHDBI
U3 aKTUBHOIO MHOXKECTBA W JIJIsi KAXK/IOW M3 HUX HPOJIEIIBIBAEM CJIEJTYTO-
miee:

® CCJIN paCcCMaTpUuBacMasd BEPHINHA — JIUCT, TO 3allUCh, IPUIINCAHHYIO
BEPIINHE, BKJIIO9a€M B OTBET]

® eCJId paccMaTpuBaeMagd BepPIINHA IepeKJIovarebHad, TO BBIYUCIIL-
€M Ha 3allpoce I IepeKJ/odare/b, COOTBETCTBYIOMUN JaHHONI Bep-
IIIUHE, U €CJIN KOHel pedpa, NCXOJIAIIEro U3 paccMaTpUBaeMOil Bep-
IINHBI, HArPy3Ka KOTOPOr'o paBHa 3HAYCHUIO II€PEKJII0OIaTe s, HEIlo-
MeYeHHasd BEpIINHa, TO IIOMeYaeM €ro m BKJ/II0YaeM B MHOXKECTBO
aKTUBHDLIX BEPIINH;

e eCJIM paccMaTpuBaeMas BepIIMHA IIPe/IMKaTHAs, TO IPOCMaTPUBAEM
10 OY€epeIN UCXOMSINIe U3 Hee pedpa U BBIMUC/IIEM 3HAUEHUs pe-
JINKATOB, IPUITUCAHHBIX 3TUM pebpam, Ha 3ampoce x. KoHisr pebep,
KOTOPBIM COOTBETCTBYIOT IPEIUKATHI CO 3HAYEHUSAMU, PABHBIMA 1,
€CJIN OHU HEeIIOMEeYEeHHbIe, TTOMEYaeM U BKJIIOUaeM B MHOXKECTBO aK-
TUBHBIX BEPIIUH;

® JICKJIIO9aEeM PpaCCMaTPUBACMYIO BEPIINHY U3 aKTUBHOI'O MHO2KECTBA.

[pornerypa 3aBepmaeTcs 10 UCYEPIIAHNN aKTHBHOTO MHOYKECTBA.

Taxum obpaszom, NI' kKak ynpasisionas cICTeMa MOXKET pacCMaTpH-
BaThbCA B KadecTBe MOJIEJU aJlOPUTMa MOUCKa, paboTarolmero HaJjl JaH-
HBIMHU, OPraHU30BAHHLIMU B CTPYKTYpY, OlpeesdeMylo crpyKTypoit UT.

[Tycrs vam pana S3UIL I = (X, V, p).

Ckazkem, uro UT' U paspewaem UL I = (X, V| p), ecau jyist 1106010
zanpoca ¥ € X OTBeT Ha 3TOT 3aIPOC COJACPXKUT BCE T€ U TOJBKO Te
3ammcy U3 V, KOTOpbIE YJIOBJIETBOPSIOT 3alIpOCy T, TO €CTh

Ju(z) ={y €V :zpy}.
Ecnu pijny1 — 6unapuoe orHOIerne Ha Xini X Yipgl Takoe, 9To

(4, ) pint1y <= u <y < v,
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U1 Y2 Y3 Ya Ys Ye
0 1/3 2/3 1

Puc. 2.

7o UT', m3o6pazkennsrit Ha pucyrke 1, paspemaer S3UIT I = (X1, V, pine1),
rie Vo= {y1,92,Y3,Y4, Y5, Y6} — Oubsimoreka, n3obparkeHHAsi HA DU-
cyake 2, mpudeMm gaHublit I, cOOTBETCTByeT acCUMITOTUYECKH OIITHU-
MaJIbHOMY PEITEeHUIO, TOJIYIeHHOMY 10 METO/Y ONTUMAIbLHON JIEKOMIIO31-
MU, OMICAHUE KOTOPOI'O IPUMEHUTEILHO K JIAHHON 3a/1a9e MbI IPUBEIEM
MO32Ke.

Bsesiem BcriomorarebHble 0003HAYMEHUSI.

Ecnu f — omHOMecTHBIN TIpeuKaT, onpejiejieHHbIi Ha X, TO MHOXKe-
crBo Ny = {x € X : f(x) = 1} HA30BEM ZaPAKMEPUCTIUNECKUM MHOHICE-
cmeom upenukata f.

Muozxkectso O(y, p) = {z € X : zpy} HazoBeM menvio 3amucu y € Y.

Beenem nonsarue cioxunoctu UI

[Iycts B — mexkoropast Beprmmaa WI. Ilpemukar, ompejesieHHBIN Ha
MHOXKECTBE 3allPOCOB, KOTOPBIH MPUHUMAET 3HadeHune | Ha 3ampoce T,
€CJIU 3aIPOC MPOXOIUT B Bepimuny 3, 1 0 — B IPOTUBHOM CJIydae, HA30BEM
dbynkimeit bunprpa Bepmmabl § u 0603Ha4IM ().

Ornpenientum nionsitue ciaoxkuoctu VI Ha 3ampoce.

Bynem cuntarh, 9TO BpeMsl BBIUUCJIEHUs JIFOOOTO MEPEKJIIOYATE s U3
G u jroboro npeaukara u3 F ogunakoBo u passo 1.

ITycrs mam gan mexkuit UI' U u npon3BoJibHO B3ATHIN 3ampoc € X.
[Tycts A — ompesiesienHast paHee mporeaypa, conocrapiennas U U.

Cnootenocmoro UT' U na 3anpoce x nazosem uncsio T'(U, x), paBHOe
KOJIMYIECTBY TEPEKJIIoYaTe/eil U PEIUKATOB, BBIYUCIECHHBIX IPOIIE Ly POl
A 1pu mojiade Ha €ro BXOJ 3aIpoca &, TO €CTh

TU,2)=> ws)+ Y s psx),
BeP BER\P

e R — muoxkecTBo BepmnH UT' U, P — MHOXKECTBO MePeKTI0YaTe/IbHBIX
sepmun UT' U, g — xommdecTso pebep, NCXOAAMMX U3 BEPIHITHLI (3.
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Besmuuna T'(U, x) xapakTepusyer BpeMsi paboThl Iporeaypbl A mpu
mo/iade Ha ero BXOJ[ 3aIllPOCa .

Beenem momsitue cimoxkuoctn VI Kak cpeamee 3HaUYeHHE CIIOXKHOCTH
WI' ma 3ampoce, B3sTOE IO MHOXKECTBY BcexX 3ampocoB. C 9TOl 1eJbio
BBEJIEM BEPOAMHOCTMHOE NPOCMPAGHCME0 HAJ MHOYKECTBOM 3alpocoB X,
[0JT KOTOPbIM OyzieM moHuMarh Tpoitky (X, o, P), rme o — Hekoropast
anzebpa nodmnooicecms Muoxkectsa X, P — sepoammnocmmnas mepa Ha o,
TO €CTh aJIUTHBHAs Mepa, Takast, uro P(X) = 1.

CkaxkeM, 9T0 6a30BOe MHOXKECTBO F U3MEPUMOE, €CITH KaxK1ast (DYHK-
st 13 F — u3Mepumasi (OTHOCUTETBHO ajireOphl o). dasee Berogy Gyaem
MPEJII0JIaraTh, 9TO 6a30BOe MHOXKECTBO U3MepuMoe. B aToM ciydae Jyist
aroboro UT' U wan F dyuxius T(U, z) kak DyHKIMs OT T U3MEPUMA.

Caooricnocmuvio U U HazoBeM MaTeMaTHIeCKOe OXKHMIAHNE BEJIMIHHBI
T(U,x), TO €CTb 9UCIIO

T(U) = M, T(U, z).

O6semom Q(U) UT' U nazosem uuciso pebep B UT' U.
[Tycts Ham mana wHekast SUII 1. Caoorcrocmoro 3adavu I npu 6azosom
mrooicecmee F u 3adannom o6seme ¢ HA30BEM IUCIIO

T(I,F,q) =inf{T(U):UcU(I,F)uQU) < q},

rie U(1, F) — muoxkectBo Beex UIN nas 6a30BbIM MHOXKeCTBOM F, paspe-
marommx SUIT 1.
ucio
T(I,F)=imf{T(U):UcU(l,F)}

HA30BeM cao02icrocmyio 3adavu I npu basosom mmosicecmee F.

Ecmu I = (X, V, p), To senmuauna R(I) = >, o\, P(O(y, p)) ecrs cpes-
ustst pauna orsera SUII 1.

CupaseiBa ciejiyomnias Teopema [23].

Teopema 1 (MomiHOCTHas HUXKHHAA oneHKa). Ecau [ = (X, V,p) —
npouseosvonas SUIl, F — uamepumoe 6a3060€ MHOINCECTNGO, MAKOE, YMO
mmoocecmeo UL, F) # &, moT(I,F) = R(I).

DTOT pe3yabTar ObLI IMOJYyYeH C ITOMOIIBI0 METO/Ia XapaKTepUCTHIe-
CKUX HOcHTese rpada.



286 9.9. T'acanos

3. Pentenme nmpobJyieMbl ONTUMAJIBHOTO CHHTE3a
IJIs1 0a30BBIX 3aJia4

Ecmm cymecrsyer raxoit UII' U € U(I,F), aro T(U) = T'(I,F), 1o
UT' U 6ynem HaseiBaTh onmumansvruim st SUTT 1.

JL1st MOJIESTBHBIX KJIACCOB CTABUTCH IIPOBJIEMa CHHTE3a OITUMAJIHLHOTO
ur.

Cpen 3a71a4 MOUCKA, B KOTOPBIX BEPOSITHOCTH MHOSIBJIEHUS B
oTBeTe GoJtee ¢ 3anmceil (¢ = const) paBHA HYJIIO, HanboJIEE MOAPO6-
HO UCCJIE/IOBAHA CUTYaIust, Korja ¢ = 1.

Jlns Takux 3ajiad 1Mokas3aHo, 4To ontumasbable U apeBoBuUHBI, a
B CJ/lyvae, KOT/la TeHU BCeX 3alnceil OubJIMOTEKN MMEIOT PABHYIO BEPOSIT-
nHoctb (takue SUIT nasBanbr obsagaronmMu (G-CBOHCTBOM) CIIPABEJIJINB
cieyomuii pesyasrar [24].

Teopema 2. FEcau I = (X,V,p) — 3HUII, obradarowasn G-ceoticmeom,
F = (F, &) — nexomopoe cneyuasvhoe 6a3080€e MHOHCECTNBO, MO

P(O(y; p)) - B(k) <T(I,F) <P(O(y,p)) - R(k) + 1,
edey eV, k=|V| — mownocmv 6ubruomeru V,

R(k) = 3k[logs k] + 4(k — 3163 M) 4 max(0, k — 2 - 3lcea M),

3ech u jrasiee popMYTMPOBKU TEOPEM HOCST HECKOJILKO YIIPOIIEHHBII
XapakTep U CJIyKaT TOJIBKO IJIs TOrO, YTOObI OTPA3UTh OOIIYI0 KAPTUHY.
Crporue (popMyIMPOBKU MOYKHO HAWTHU 110 CCHIIKAM. DTOT Pe3y/IbTaT ObLI
HOJIyYeH METOJIOM XapaKTEePUCTUIECKUX HOocuTesel rpada.

Basiaua MOMCKA UIEHTUIHBIX 00bEKTOB COCTOUT B IIOMCKE B MHO-
2KECTBE 00beKTa, UICHTUIHOIO 00BbEeKTY-3apocy, U (popMaaIbHO ITPUHAI-
nexur Tuny Siq = ((0,1],(0,1],=,0,P). 3agada o 6au30cTu COCTOUT
B IIOMCKE B JIMHEHHO-YIOPSAI0YEHHOM MHOYKECTBE O0BLEKTa, OJImzKaiimero
K 00beKTy-3a11pocy, u npuHaiekut tuny Spe = ((0,1], (0, 1], ppe, o, P),
e ppe 330aercst Ha (0, 1] X V' u onpe/iesisiercsi COOTHOIIEHUEM Ty Y <>
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(y € V)&(z < »)&(-(3y) (v € V)&(z < y)&(y' < y))). Tlycrs

F=lae)={ } Emre ac o, )

, €CIN T =a

—_

, ecm T < a
B IPOTUBHOM CJIy4Yae

ca € (0,1]}, (2)

Gs={lr-m[:m=1,2,3...}, F=(F3,G4UGS5). (3)
Cupase/ymBa Teopema [25).

Teopema 3. Ilycms eeposmmuocmuas mepa P onpedeasemes oeparunen-
HOU KoHCManmot ¢ @gyrxyuetd niomuocmu pacnpedeaerus, I — SHUIT
muna Sig uau muna Spe, F — ba3060e MHooicecmso, 3a0a8aemMoe COOM-
nowenuamu (1)-(3). Toeda 1 <T(I,F,(2+¢c)-k+1) < 2.

DTa TeopeMa TOJIyUeHa METOJOM ONTUMAJIBHOMN JIEKOMITO3HIIHH.

B [26] ast 331840 oucKa MIEHTUYIHBIX OOBEKTOB TPUBOIUTCS AJITO-
PUTM, KOTOPBI B TUIIMYHOII CUTyalluU IIPU 3aTparax IaMsTa k? obecre-
YUBaEeT BpeMs IIOUCKA, B XYJIIIIEM CIydae paBHOE 2.

3UII c oTHOIIIeHneM MOUCKA, SIBJISIONINMCS OTHOIIIEHUEM JIu-
HEITHOT0 mpeanopsaaKa — IepBas U3 33/1a49, OTHOCAIINXCSA KO BTOPOMY
KJIACCY 3aJia9 MOUCKA HA YACTUIHO-YHOPSJOUEHHBIX MHOXKECTBAaX JIaH-
HbIX.

OrHoltleHre JIMHEHHOTO TPEIIIOPSIKA — 9TO OTHOIIEHHUE, YAOBJIETBO-
psiioree yeaoBusiM pedIeKCUBHOCTH, TPAH3UTUBHOCTU U CBI3HOCTH.

Byznem paccmapuBars coemytontuii Tui: Sp, = (X, X, é% rme X —

l
HEKOTOPOE MHO2KECTBO, t — HEKOTOPOE€ OTHOIIIEeHUEe JIMHEHOT'O opearno-

paaka Ha X X X.
[Iycrs K = {x .(x) : a € X}. CupaBejymuBa cieayormas TeopemMa
-

27].

(3.

!
Teopema 4. /Jlns wobot 3UII I = (X,V, =) muna Sy, cywecmesyem
onmumanvorot UI' nad 6azosvim mroocecmeom F = (K, &) u

T(1,F) = 1+ R(1) - mig P(O(y, =)
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st BUIT Tuna Sy, nccienoBaaoch TaKxKe apaJlie/IbHOEe PeIlleHKe
[28], koTopoe mpemnonaraer, uro NI' obpabarbiBaercsi cpasy HECKOJb-
KUMHM BBIMUCJIUTEJIAMMA, IIPU 3TOM BBIJAC/IACTCA JIBa I10/IXO/a: KOTda I/IF
pacupenesercs Ha 9aCTU MEXK/y BBIYUC/IHTEIAMA U KAXKIBIA BHIYHCIIU-
Tesib 06pabaThIBaeT TOJIBKO CBOIO YacTh (CenapaTHBHBII MOJIX0J); KOIJa
BBIYUCIUTETN COBMECTHO obpabarsiBaioT VI (KoomeparuBHBIN MOIXOM).
[Tony4yeno onruMabHOE NMAPAJLIEILHOE PEIIEHNE B CIydae CernapaTuB-
HOI'O IOAXOJa, W MOKa3aHo cymmecTBoBanue Ttakmx SWII tuma Sy, amaa
KOTOPBIX KOOIEPATUBHBIN IOJXO/T JIAeT JIYUIue Pe3yabTaThl, YeM Cella-
PATHBHBII IIOIXO]I.

3agada BKIIOYAIOMIEr0 MOUCKA MPUHAIICKUT CIACAYIOMEMY THILY:

b

b
Shool = (B™, B™, =), e B"™ — edunuunoid n-meproid Ky6, > — OTHOIIIE-
HUe MorcKa Ha B™ x B™, omnpenessieMoe CJIeyIONNM COOTHOIIIEHUEM

b
(xlw"axn)t(yla"'ayn) — T; 23/1, 1= 17”5

npuueM Ha B" 3ajjaHa paBHOMEpHasi BEPOSITHOCTHAsI Mepa, TO €CTh JIJIsi
Ve € B" P(zx) = 1/2" n VA C B" P(A) = |A|/2". Cupasemiusa
ciiejtyroniast Teopema [29].

Teopema 5. IIycmwv 6azosoe mmoocecmeo umeem eud F = (F, D), 2de
FCM'uK"CF, uM" — muoocecmeo MOHOMOHHBLY OYAEGHIT hyHk-
yuil, a K™ — MHOMHCECTNBO INEMEHMAPHHLL MOHOMOHHBIL KOHBIOHKUU.

b
Tozda dnsn mobot SUIT I = (B™,V, =) muna Sper T(I,F) = 2R(I) u

b
cywecmeyrom maxue SUII I = (B™,V, =) muna Spoer, wmo T(I,F) =
2R(I)(1 +0(1)) npun — oo.

Hmxkusasa orenka 3Toit TeopeMbl ObLIa MOJyYEHA C OMOIIBIO METO-
Jla XxapaKTepucTuieckux nocuteseit rpada. [Ipusenem kparkoe onucanme
9TOTO METOJ[a MPUMEHNTENIFHO K 3a/iade BKJIIOYAIOIIero moncka. Ha mep-
BOM 3Talle IOKA3kIBAETCs, ITO JIsT KaXKI0H 3amcu n3 OnbIMoTeKn 38 a1
B UI, perratoriiem JJaHHYIO 33/1a4y, CYIIIECTBYET TaK HA3bIBAEMAsT TJIABHAS
IIellb, TO €CTh IeNoYKa pedep, Beayias u3 kopus UI' B jimct, koTopomy
MPUIINCAHA JIAHHAS 3AIMCb, U 10 9TOH IEMOYKe MPOXOIST BCE 3aIlPOCHI,
KOTOPBIM VJ/IOBJIETBOPSIET JaHHas 3amnuch. [lasiee mepebupast pa3andHbie
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BapUAHTHI [IEPECEUCHNUS TJIABHBIX IEIell, TOKA3bIBACTCs, 9TO OUOINOTEKY
MOXKHO pa30UTh Ha HEIIEPECEKAIONINECs YaCTH TAKUM 00pa30M, 9TO KarK-
JI0ii 4acTH MOYKHO COIIOCTABUTH CBOE MOJIMHOXKeCTBO pebep rpada (takue
[OJIMHOYKECTBa OOBITHO UMEIOT BH/[ METEJIKH ), CYMMapHast CJIO}KHOCTD KO-
TOPBIX HE MEHBIIIE, YeM YJIBOCHHAsI CyMMa BEPOSITHOCTeH TeHeil 3armceit
U3 JJaHHOI YacTH.

Kak Bumgno Teopema 5 maer acumnroruky dyukiun [Ilernona. Kpo-
M€ TOrO JIJIsl BKJIIOYAIOIIEr0 IMONCKa ObLIa MOJydeHa aCUMITOTHKE, JIOTa~
pudMa CJIOKHOCTH JJId TOYTH BCEX 3aJad U Il CPeIHeHl CJI0KHOCTH 10
3aa9aM.

3agada o JOMUHUPOBAHUM COCTOUT B IIONCKE B KOHETHOM ITOIMHO-
ZKECTBE N-MEePHOr0 IPOCTPAHCTBA BCEX TEX TOYEK, KOTOPhIE HE DOJIBIIE I10
KaXKJI0W U3 KOMITOHEHT YeM 3aIIPOC, SIBJIAIONIUNCA B JIAHHOM CJIydae TOY-
Koit n-mepHoro npocrpanctia. [lycts X gom = (0,1]". OTHOmEHNE NONCKA
Pdom onpeiesieHo Ha X gom X Xdom U 38JQ€TCS CIIEAYIOMUM COOTHOIIEHHU-
eM (T1,22, .-, Tn)Pdom (Y1, Y2y -+ -y Yn) <= i < T3, 1= 1,2,...,n. Torna
a0 Sgom = (Xdoms Xdoms Pdoms T, P) HA30BEM THIIOM 339U O JIOMUHU-
poanuu. Ilycrs

Ge = {gi,-,m(xla---axn) =
:]xi-m[:ie{l,Q,...,n—l},m:1,2,3...}, (4)

G7 = {gi,<,a(x17 o 7xn) ==
1, ecm z; <a .

= ’ : 1,2,...,n—1 1
2, ecou T; = a i€{l,2,...,n—1}, ac (0,1]}, (5)
0, ectm x, < a
1, ectm z,, > a

Fy={gn>a(x1,...,25) = { ca € (0,1},  (6)

F = (Fy,Gg UGr). (7)
Cupase/iiBa CIeyIONass TeopeMa [30].

Teopema 6. IIycmo seposmnocmuan mepa P onpedeanemea oepanuen-
HOU PpyHryuet naomuocmu pacnpedeserus, I — SHUII muna Sgom, F —
bazosoe mHooicecmeo, sadasaemoe coommowenuamy (4)-(7). Toada, ecau
dynryua naomuocmu eepoammnocmu p(x) < ¢, mo
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n—1
k+n-—1
0<T(I 3 )
<T(,F, , + (3+¢) ;:1

IHZ N Rruy<on—1.

DTOT pe3yabTaT ObLI MMOJYYEH C IOMOIIBI0 METO/A CHUXKEHUS pa3-
MEPHOCTU. HpI/IBe,Z[‘eM KpaTKOe OIIMCaHMe 3TOr'o0 MeTO/Ja IPUMEHHUTEJIHBHO
K N-MEpHO# 3a/iavue 0 JJOMUHUPOBaHUU. Bo3bMeM MPOU3BOJIbHBIN 3aIIpOC.
Omn onmcwiBaeT n TpeOOBAHUIT K OTBETY: TI0 KAXKIOH U3 1 KOMIIOHEHT JJIe-
MEHTBI OTBETa HE JIOJI2KHBI MPEBBIIIATH COOTBETCTBYIONLYI0 KOMIOHEHTY
zanpoca. C IIOMOIIBIO peleHnst 3a1a41 0 61130CTH (OIOPHAsT 3a/1a4a, Oll-
TUMAaJIbHOE pellleHre KOTOPOil HPUBOJIUTCA B TeopeMe 3) Mbl HOJIyYaeM
[IOJIMHOXKECTBO OMOJIMOTEKH, COCTOSIIIEE U3 BCEX 3AINCEH, Y/IOBIECTBOPSIIO-
IUX OJIHOMY U3 N TpeboBauuii. /lajee onsgaTh NpuMeHsIeM K Oy 9eHHOMY
[IOJIMHOXKECTBY OMO/IMOTEKN 3329y O OJIU30CTU U €Ille Pa3 CHUXKAEM Pas-
MepHOCTh. Takum o6pasom 3a n — 1 npumenenuii 3aj1a4u o 6auzoctu (To
ecTb B cpejiHeM 3a 2(n — 1) BBIYUCIEHWIT) MBI IPUJIEM K OJIHOMEDHOI 3a-
Jadge O JOMHMHHUPOBAaHUU, OIITUMAaJIbBHOE DeIleHure KOTOpOfI IPUBOJIUTCA B
TeopeMme 4.

st iByMeEpHOI 381291 0 JOMUHUPOBAHUN UCCJIEI0OBAJIOCH TAKKE pe-
menue 3aja49u B oHoBom pexkume [31]. dnst anropurmor moucka B ¢o-
HOBOM DEXKHUME IIPEJITOJIaraeTcsl HaJudIne BHENTHEr0 O00beKTa, HA3bIBae-
MOTO IT0JIb30BaTe/IeM. DJIEMEHTHI OTBETA Ha 3aIIPOC IIPH 9TOM CUUTAKOTCS
MOCTYIIAIOIIMME 110 MEPE HAXOXKJICHUS, KaXK/IbIil 3JIeMEHT oTBeTa obpaba-
TBIBAETCSI TIOJIb30BATEJIEM B TEUEHUHM HEKOTOPOI'O BPEMEHM, a CJIOXKHOCTH
AJIPOPUTMA OIPEJe/IAeTC KaK BpPeMsi IPOCTOs IoJib3oBaresisi. HaiijeHo
doHOBOE perreHne IByMEPHO 3a/a49u O JOMUHUPOBAHUE, KOTOPOE B TH-
MUYHON CUTYaIluu IPY JIMHEHHBIX 3aTpaTax MaMsiTH UMEET KOHCTAHTHYIO
BPEMEHHYIO CJIO2KHOCTD.

3amaya MHTEPBAJIBHOTO IIOMCKA COCTOUT B IOWCKE B KOHEYHOM
[IOJIMHOXKECTBE 71-MEPHOI'0 MPOCTPAHCTBA BCEX TEX TOUYEK, KOTOPBIE II0-
najialoT B n-MepHbI napasutesenuien-3anpoc. Ilycrs X, = {2 =
(U1,01, ..y Up,vy) =0 0 < u; < vy <1, 4 = 1,2,...,n}. OrHoeHne
MIOUCKA, Pjptn OUPEHeacHO HA Xintn X Yiptn U 38JIQ€TCA CJIEIYIONINM COOT-
HOIIIEHUEM:

(Ul,Ul,... 7un7vn)pintn(y17"' 7yn) — U < Yi < Vi, 1= 1727"' y 1.
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Torpa tuit Sinen = (Xintn, Yintn, Pintn, 0, P) HA30BEM THUIOM HHTEPBAJIb-
HOro noucka. Ilycrts

G8 = {gil,-,m(ulavla cee 7unvvn) -
=lu; -m[:i€{1,2,...,n}, m=1,2,3...}, (8)
G9 = {gz‘%.,m(ulavla cee 7unvvn) -
=lv;-m[:i€{1,2,...,n—1}, m=1,2,3...}, 9)
GlO == {gil,<7a(u17vl7' .. 7un7vn) -
1, ecmu; <a .
= ’ : 1,2,... 1 1
{[oomust e ey (0
Gll — {giQ,<7a(u17’U17' .. 7unavn) -

:{ Loeamui <a oo n—1}, ac(0,1]).  (11)

2, ecnii v; = a

G2 = {g—,m(ulvvlv <. 7un7Un) =
<o —
:{ yoCemOS i = S g5, (12)
2 B IPOTUBHOM CJIydae
F5 = {fa(u17v17 <o ,un,vn) =
:{1, €CHIN Uy < G U Uy = a cac(0,1]}. (13)
0 B HIPOTUBHOM CJlydae
F = <F5,G8UG9UG10UG11UG12>. (14)

CupaseymBa ciejyromias reopema |25, 30].

Teopema 7. Ilycmws sepoammuocmuasn mepa P onpedeasemcesn oeparuven-
1O PYNKYUET NAOMHOCTU PACIPEIEAEHUS C 02PAHUMEHHBLMU YACTTVHDLMU
npou3eodnvIMu nepeozo nopadka, I — SHII muna Sint,, F — 6a3o060e
MHO2HCECTNB0, 3adasaemoe coommowenuamy (8)—(14). Tozda

0<T(I,F,(4k+24(146[logy k])-¢) (k (k +1)/2)" D —R(I) < 4n+1,

2de ¢ — KOHCMANMG, 3GBUCAUGA OM GYHKUUY NAOMHOCTIU pacnpedene-
HUA.
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st paBHOMEPHOI BEPOSITHOCTHON MephI ¢ = 2.

DTOT Pe3ysbTAT ObLI HOJYUYEH € UCIIOJB30BAHUEM METO0OB ONTUMAJIb-
HOI JICKOMIIOZUIINY U CHUKEHHUST PA3MEPHOCTH.

[TpuBesiem onucanue MeToIa ONTUMATLHON JIEKOMIIO3UIMN TTPUMEHHU-
TEJIHLHO K OJHOMEPHOI 3a/lade MHTEPBAILHOIO Houcka. IlycTh HaMm mamo
mHO)KecTBO V' = {y1,...,Yk}, B KOTOPOM MBI JIOJIZKHBI TPOU3BOJIUTH IO~
uck. Beemem HaTYpasbHOE YUCIIO 1M, ABJISIONIEEC apaAMETPOM AJTOPUT-
Mma. Eciim usBecTHa OlEeHKa CBEpXy ¢ (DYHKIMH IJIOTHOCTU BEPOSATHOCTH
HOSIBJICHUST 3aPOCcOB (To ecTh p(x) < ¢), TO B KadeCTBe HapaMeTpa m
BosbMeM m = 2c[logy k|, eciin ke ¢ Hem3BecTHA, TO BMECTO HEE MOXK-
HO B3sTh J1000€ 4mcso, Hanpumep, ¢ = 2. [Iycrs S = {s1,..., s}, tae
s;i = i/(m + 1), i = 1, m. Ilpoussomum 1pe106paboTKYy, 3aK/II0UAIONLY-
10Csl B COPTUPOBKE MHOXKeCTBa V' B IOpsiJIKe BO3PACTAHKS U IIOCTPOCHUN
muokectBa L = {l1,...,ln}, nue l; — nesoe 4ucIio, sIBJISIOIIEeCst HO-
MepOM MaKCHMaJIbHOW 3anucu u3 V', He OOJIbIIei, YeM §;, IPUYeM eCIIu
Takoii 3amucu He cymecTsyet, To npumem [; = 0 (i = 1, m). Tenepsb nouck
[0 TIPOU3BOJIBHO B3SITOMY HHTEPBAJIy-3apocy T = (u,v) TPOU3BOIUTCS
CJIEITyIOIIUM 0OpPa30M.

CHavaJjia BBIYUC/ISIETCS JITAHA 3aIPpOCa .

Eciu ona MenbIne, uem 1/m, 10 B MHO)KecTBe V' GUHADHBIM IIOUCKOM
HAXOIUTCsT OJIMzKaifiast crpaBa K TOUKe 1 3anuch. Jlajee, HauuHas ¢ 9TOM
3aIIUCH, IPOCMATPHUBAIOTCS CJIeBa HAIIPABO BCE 3allUCU U3 V U CpaBHUBa-
IOTCsl C TIPABBIM KOHIIOM 3aIIpOCa — TOYKOI ¥ JI0 TeX MOp, MOKa 09epeHast
3amuch He craHeT GoJibine v. TeM camMbIM B 9TOM cjIydae, MOMUMO Iepe-
YUCJIEHUs OTBETA, IIPOU3BOJUTCS TOpsiIKa logy k JieficTBHil.

Ecmn v —u > 1/m, T0 BbIMMCIAeM HOMED j =|u - m| TOYKH S, HOIa-
Jaorteii B uHTEepBa [u, v]. Teneps, HaunHast ¢ 3a1mucn ¢ HOMEpPOM [, Ipo-
cMaTpHUBaeM ClIpaBa HAJIEBO 3alUCU U3 V U CDABHUBAEM C JIEBHIM KOHIIOM
zampoca — TOYKOi u. Kak ToIbKO ouepeHast 3aluch OKAXKeTCsl MEHbIIe
u, Mbl, HAYHHAA C 3aIUCH C HOMepoM [; 4+ 1, mpocMaTpuBaeM ciieBa Ha-
npaBo 3anmck u3 V U cpaBHUBAaEM C IPABBIM KOHIIOM 3aIIpoCa — TOYKON
v JI0 TeX TOp, MOKa OdYepeIHast 3alliCh He CTaHeT OoJibIe v. TeM caMbIM
B 9TOM CJIydae Mbl, IIOMUMO [EPEYUCICHUsI OTBETA, TPOU3BOIUM 4 JIMII-
HUX JefictBusi (cpaBHUBaeM v — u ¢ 1/m, Beraucisiem dbyHKIuo |u - m,
JestaeM 1 jmuinHee jieficTBre, Wisl clipaBa HaJIeBO, U 1 JuinHee jeficTBHe,
UJisI CJIeBa HAIIPABO).
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3nech MHOXKeCTBO L ompejiesisier TOYKU pa3OreHus Ha I0I3aa4u, a
KaK/lasl U3 [0J[33J1a4 sIBJISIETCS OJITHOMEPHON 3a/iaveil 0 JIOMUHUPOBAHUM,
KOTOpasi, COIJIACHO Teopeme 4, PeIaercs 09eHb MPOCTO.

Ocrajioch 3aMeTUTb, YTO MapaMeTp 1 MOA00paH Tak, 4TO CPeIHsIs
CJIOYKHOCTB IIEPBOIO CJIydas He IPEBBIIIaeT 1, ecjiu H3BeCTHA OIEHKA CBEP-
Xy (DYHKITE TJIOTHOCTU BEPOSITHOCTHU, U HE TPEBBINIAeT HEKOTOPOil KOH-
CTAHTBI, €CJIU ITa OIEHKA TOYHO HE U3BeCTHA. [[OCKOJIBbKY BEPOSTHOCTH
MHOYKECTBA 3allpOCOB, JJINHA KOTOPBIX He Gosibine 1/m, He mpesbliaeT
2¢/m.

N, nakoHer, 3aMeTUM, YTO JIAHHBIA AJITOPUTM TPEOYET JIOTIOJTHUTE/ b=
HYIO ITaMATh opsjika log, k, 4TOOBI XpaHUTH MHOXKECTBO L, B Xy/IIIIeM
cJIydae BpeMs ero IOUCKa PaBHO logy k ILIIOC BpeMs IepPedrCIeHHs] OT-
BeTa, a B CPEJIHEM — COBCEM HEOOJIbINAast KOHCTaHTa (IIPUOJIM3UTEHHO 5)
IUIIOC TIEPEYNCIICHUE OTBETA.

4. BiansgHune Ha onTUMAaJIbHOE penenne rjiaBHbIX
IHapamMeTpoB MOoJeJIin

Kak M0oKHO BU/JIETH, BCE PACCMOTPEHHBIE 331491 B HEKOTOPOM CMBIC-
JIe XOpOoIllue, & UMEHHO BCE JOIyCKalOT CHHUXKCHHUE CPEJHEr0 BPEMEHU IIO-
ncka paKTUYeCKH JI0 MUHUMYMa. BO3HUKaeT BOIPOC: HACKOJBKO YCTOM-
YHUBO CBOHCTBO «XOPOIIECTU», HA3BAHHOE KAHOHUYIECKUM 3D DEKTOM, 11pu
Bapuanuy mapamMeTpoB 3ajad noucka? K mapamerpam, KOTOpPBIE MOXKHO
BapbHPOBATh B 3aJadax IIOMCKa, MOXKHO OTHECTH CJeLyIOIIue:

e 0a30BOE MHOXKECTBO (PYHKIW, XapaKTepusyroliiee HabOp JIOCTYII-
HBIX CPEJICTB;

e orpannyenus Ha odobem U, xapakTepusyiomuit 06beM maMsaTu, co-
orsercTByiormero UI' anropurma mowcka,;

® c-pacIIUpeHne 3alpoca; STOT MapaMeTp MO3BOJSET MOJydaTh BO-
o011te TOBOPsI HOBBIE THIIBI 33Jad IMOUCKA U IPUMEHUM K KJIACCY
3aJ1a4, KOTOPbIE MOYKHO YCJIOBHO Ha3BAThb HEIPEPBIBHBIMU (K HEMY
OTHOCSITCS 3aJ1a9a O JIOMUHUPOBAHUH, 3a/la4a UWHTEPBAJIbHOI'O TTOUC-
Ka 1 3aJ1a9a IOMCKa HMIEHTUIHBIX OO0BEKTOB, KOIJa IPOCTPAHCTBO
3aIIPOCOB, HAIIPUMED, — KOMITAKTHOE ITOJIMHOXKECTBO BEIIeCTBEHHOM
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IPSIMOIi) ¥ COCTOUT B TOM, YTO 3allpOC B HOBOII 3a/laue 110JIyJaeTcst
€-paclIupeHueM 3allpoca CTapoil 3a/1a4u.

Kak u citejioBasio 02ku1aTh, CJI0KHOCTD 331291 IOUCKA CYIIECTBEHHO
3aBUCHAT OT BbIDOpa 6a30BOro MHOXKecTBa. lIpudeM 9acTO MOXKHO ITOJTY-
YUTh BECh CHEKTP, HAYMHAsi OT mepebopa (Kak caMoro CJIOYKHOIO) 10 aji-
FOPUTMOB, CJIO2KHOCTb KOTOPBIX NPAKTUYECKH COBIIQJIAET C MOIIHOCTHOM
HuKHEN oneHkoil. [IpousiiocTpupyeM 3TOT TE3UC Ha MPUMEDPE OJIHOMED-
HOI 3a/[a1 MHTEPBAJIBLHOIO MOKCKa [32].

Teopema 8. Ecau Fy = {xq : a € [0,1]},

1, ecruu<a, v=a
0, 6 npomusHom cayuae ’

Xa(u,v) = {

Fo = (Fo, D), mo dasn npouseorvrott SUIT I = (Xin, V, Pint1), makot,
wmo ece sanucy 6 bubavomexe V pasauunol, cnpasedauso T'(1, Fy) = |V

DTOT pe3yabTaT O3HAYaeT, UTO €CJIM 0a30BOE MHOXKECTBO COCTOUT
TOJILKO U3 XapaKTepUCTuIeckux (yHKIUN 3amuceil, To nepedbop siBsgeTcs
ONTUMAJIBHBIM aJITOPUTMOM.

Teopema 9. Ecau Fy = (F1J Fs, @), u ¢ynryusa naommocmu pacnpede-
senus eeposmuocmetds p(u,v), onpedeasrowan mepy P eeposmmnocmmnozo
NPOCMPAHCMEA HAO MHOHCECMEOM 3anPOCO6 Xint1, 02PAHUMENA, MO OAS
npouseoavnot SUIT I = (Xipn, V, pint1) svnoaneno T(1,F1) — R(I) <
O(Vk) npu k — 00, 2de k = |V|, npunem cywecmeyiom maxas 6eposm-
nocmmasn mepa P u maxas BUIT I = (Xini1, V, pint1), 2de |V]| =k, umo
T(I,F)) — R(I) = O(Wk) npu k — .

Teopema 10. Ecau Fo = (F1|J Fs,G3), mo das npouseoavrott SUII
I = (Xint1, V, pint1) svinoanaemca T'(I,Fo) — R(I) <]logy k.

Teopema 11. Ecau F3 = (Fy|J Fa, G2 G3), u dyrkyus naomuocmu
pacnpedeaenus eeposmnocmets p(u,v), onpedessrowan mepy P eeposam-
HOCTNHOZ0 NPOCMPAHCTNEA HAO MHOACECTNBOM 3anpPocos Xint1, MAKAA,
wmo p(u,v) < c=const, mo das npouseosvnotc SUII I = (X1, V, pint1),
maxot, wmo |V | =k, ewnoansemea T (I, Fs)— R(I) <]loglogy k[+6+2c.
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Teopema 12. Ecau Fy = (F1|J F2, G1 U G2 U Gs) v dynryus naommno-
cmu pacnpedesenus 6ePOATMHOCEL 02PAHUYENA, MO 0Af NPOUSEONLHOT
SUIT I = (Xinn1, V, pint1) evinoansemes T(I, Fq) — R(I) < 5.

3aBUCUMOCTb CJIO’KHOCTU 3a/1a4M IIOMCKa OT 0ObeMa HaMaTH 0ojiee
«ILJIaBHAsI», 9eM OT 6a30BOr0 MHOXKECTBA. B KadecTBe mpuMepa 9TOi 3aBH-
CUMOCTH MOYKHO PacCMOTPETH CJIydaii, KOr/a 3a/1a9a IIOUCKa €CTh 3a/1a9a,
[IOMCKA WJIEHTUIHBIX 00BeKTOB [25].

Teopema 13. ITycmov I = (X,V,p;q) — 3adavwa noucka udenmuyunolx
obsexmos, |V| =k, F — basosoe mHootcecmso, 3a0a8aemoe COOMHOUEHU-
amu (1)=(3), ¢ — xoncmanma, ozpanuvusaowas GyHKYUIO NAOMHOCTA
pacnpedeseHus 3anpocos,

0, ecau l =10
Li(l) = ¢ |logyl[+1, ecaul=1,2,3
logo {42, ecaul >4

PYHKUUA, ONPEICAEHHAA HA MHOHCECTNGE UEAIT HEOMPUUATMEALHBIL “HU-
cen. Toz0a

B (-
e £ ) (1)

1<T(,F,(2+c) k)<2
uT(I,F)~1npuk — occ.

B wacmmnocmu,

MoxkHO BUIETH, YTO IIPU 00beMe TTaMsTh 2k MbI IMeeM JIoTapuMuIe-
CKUIi IOKCK, & Ipu yBesndeHnu oobema j10 (2 + ¢)k Mbl IUIABHO CHUZKAeM
cpejiHee BpeMsl IIOMCKa, JI0 2 Ollepalinii. 9Ta 3aBUCUMOCTE OoJiee HaIJIAHA,
B aCUMIITOTUYECKON 3allUCU B Cjly4yae PABHOMEPHON BEPOATHOCTHU 3allpo-
COB, TO €CTb Korjia ¢ = 1:

T(I,F,2k +m) S 2+ logy k — logy m.
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Ota dopmysa «pazymHas mpu 0 < m < k. Takum obpasom, B JaHHOI
CUTYAIIMU BBIMTPBIII 110 BPEMEHN JIOTapU(MPMIIECKH 3aBUCUAT OT IIpUpaIle-
HUSI 00beMa.

Ecnu yepes k 0603Ha4uTh MOIHOCTDL OUOIMOTEKU, TO JIJIsI JIBY MEPHOTT
3a/J@9d UHTEPBAJIbLHOIO MONCKa 00beM HMaMsITH, HEOOXOMUMBbIH aJropuT-
My, Ha KOTOPOM JIOCTHTaeTcsi oreHka Teopembl 7, pasen O(k?). C nennio
HoHMKeHUst obbeMa namsaTu B 33| paspaborana mMoquduKalus ajaropur-
Ma Bentin-Maypepa, coxpaHstonast MopsiIKi BpeMeH! [TOUCKA B XY/IIIIeM
ciydae n o6beMa HaMsATU PU CHIZKEHUN CPEJTHEro BpeMeHHn noucka (6e3
BpPEMEHH IIepeyrcyIeHns OTBeTa) J0 KOoHcTaHThl. Ha ocHoBe 3TOrO asro-
pUTMa MOJIyYeHa CJIeIYIONas OlEeHKa.

Teopema 14. Ilycmov I — deymephnas 3a0a4a UHMEPBAALHOZ0 NOUCKA,
sepoammocmuan mepa P onpedeasemea oeparuvennots gynkyuetd naom-
HOCTAU PACTPEJENEHUSA C 02PAHUMEHHBIMU YACTNHBIMU NPOUSEOOHBIMU Nep-
6020 nopadka, Fs — 6a3060€ MHONCECTNGO, 3a0A6AEMOE COOMHOWEHUAMU
(8)—(14). Tozda dasn awbozo namypanvrozo M makozo, wmo 1 < M <
2Ink, cnpasedauso

0 < T(I, Fs, (2/3)MEMYM 4 O(BMH/MY) — R(I) < 14M — 4.

Tem cambIM 37eCh TakKe HaOJIFOIAETCST <«IJIABHAsI» 3aBUCHMOCTD
CJIOYKHOCTH 33JIa9U [TOMCKA OT 00beMa MaMSTH.

Curyarust, BOSHUKAIONAs IPU ODOOIECHUN 3a/ad 38 CUYET E-PACIIIH-
peHusI 3ampoca, He OJHO3HAYHA. 1aK, B 3ajadaxX O JOMUHHPOBAHUMN W
UHTEPBAJBHOIO TIOUCKA, [IPU MAJIBIX € PE3YJIbTATHI, OMUCAHHBIE B TEOPE-
Max 6 m 7, OJTHOCTBIO COXPAHSIOTCs, TaK KaK €-pacIliupeHne ITPUBOIUT
JINIIb K BBIMBIBAHUIO «MAJIBIX» 3aIllPOCOB, & MOCKOJIbKY WX JOJIsI MaJia,
TO 9TO HE OTPAXKAETCA Ha pe3ysbraTe. B ciydae 3a7adu MOUCKA UICH-
THYHBIX 0OBEKTOB B T€OMETPUYIECKON MHTEPIPETAIINN, KO8 MHOXKECTBO
3a1pocoB ecTh oTpe3ok [0, 1] BemecTBeHHOM IPsIMOIi, KapTHHA GoJiee MH-
tepecras. [Ipu Mambix € (mampumep, npu € < 1/k2, e k — wmomHocTs
6ubmMoTeKN) CIpaBe/[JInBa CUTYyallus, ONUcaHHast B Teopeme 13. A mpu
OONBIUX € 3ajada MPEBPAIAETCA B YIPOIIEHHYIO BEPCHIO OJHOMEDPHOMN
3a/1a91 MHTEPBAJILHOIO TOUCKA, U PE3YJIBTAT OYIeT aHAJOIHYEH Pe3yJib-
TaTy, OMUCAHHOMY B TeopeMe 12.
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5. 3akJIrouyeHue

Ha ocnoBe nudopmarimonHo-rpadoBoii MOEIN MOXKHO IIPEJIOKNTH
HOBYIO TEXHOJIOIUIO [IPOEKTUPOBaHUsl (PU3MIECKOii opranusanun 6a3 JlaH-
ubix (B/1). Tlo sToit Texmomorny na HavIaJILHOM STAIE BBLIEISIIOTCH KJIAC-
CBbI OTHOTHUIIHBIX BOIIPOCcOB K BJI, opopmiisiembie B Bujie TUIIOB 3124 I10-
ncka. MuoxkecrBo nanneix B/I 3a7aeT KOHKpeTHYIO 33/ady HOUCKA JIaH-
Horo Tuma. J{ns Kax 10l 38,1241 HOUCKa BBIEIISIETCS] MHOXKECTBO SJI€MEeH-
TApHBIX OIepanuii Ha i 3anpocaMu, opOpMIIsSEMOe B BHJie 6A30BOrO MHO-
JKeCTBA, M PeIIaeTcsl 3a/1ada CHHTe3a OITUMAJIBLHOrO NH(MOPMAIMOHHOTO
rpada, peraoniero Jaunyio 3ajady noucka. [lomydennsrit nadopmariy-
OHHBII rpad ONUCHIBAET ONTUMAIBHYIO CTPYKTYPY JIAHHBIX, COOTBETCTBY-
IOIIYIO 3a/IAHHBIM IeJISIM ONTHMU3AIUK (CpeIHEMY BPEMEeHH IIOUCKa, Bpe-
MEHH ITOMCKA B Xy/IIIEM CJIydae, 00beMy ITaMsITh).

Tem cambIM, oauH HHGOPMAINOHHBI Ipad ONNCHLIBAET CTPYKTYPHYIO
qacTb B/l, 06pabaThIBaioIyo OIMH KJIACC OJHOTUIHBIX BOIpPocoB K BI.
A cama B/l B nudopmarmonto-rpadoBoii MOJEIN IIPe/ICTaBIsIeTCs Kak
COBOKYITHOCTH HECKOJIbKUX HH(MOPMAIMOHHBIX I'padOB, OXBATHIBAIOIINX
BECh CIIEKTP BOIIPOCOB K 6a3e JIAHHBIX.

ITockobKy B paboTe paccMaTpuBaiOTCs Hanbosee pacupoCTpaHeHHbIe
TUIIBI 33J1a9 I[OMCKA, pellleHne IIPOOJIeMbl ONTHMAJIBHOIO CHHTE3a JIJIsI
JIAHHBIX 38,19 [O3BOJIAET JJIs OOJIBIINHCTBA CJIyIaeB, BO3SHUKAIOIIX [IPH
[IPOEKTUPOBAHUN (DU3MIECKOil opranu3anuy 6a3 JaHHBIX, HMETh TOTOBbIE
PEKOMEH TAITHN.

Cpe/i1 OCHOBHBIX HAIIPABJICHNIT PA3BUTHA JAHHOM TEOPUH MOXKHO BBI-
JIEJIATD CJIEJIYIOIIHE.

Bo-1iepBbIX, JlajbHeillee UCCIeJ0BaHie KaK ePEeUNCJIeHHBIX BbIIIe
THUIIOB 3a/1a" HONCKa TAKWUX, HALPUMED, KaK 33/l TONCKA MJICHTHIHBIX
o6bekToB (JIyrosekas FO.II. [26]), srirouaromero (Koconanos A. B. [34])
u nnrepsaiabroro (Epoxun A.H. 35|, Kysuenosa U. B. 33, 36, 37]) mo-
HCKa, TaK ¥ HOBBIX THUIIOB 3a/1a4 [OMCKa TAKUX, HAIIPUMED, KaK 3ajada o
MeTpuyeckoii 6m3octu Ha Gysesom kyoe (Beraenkosa E. C. [38]) u B es-
ksntoBoM npocrpancrse (lyemamnosa I @. [39]), nnrepsanbroro mouncka
na Gysesom kybe (Buaaiisac T. /1. [40]), 3aa1a 0 HPOTHIKAHUKM U MHOTHE
apyrue. IIpu 9ToM X0Te0ch OBl BBLIEINTD HAIIPABJICHHUE, CBSI3AHHOE C HC-
ciemoBanreM PYHKITMOHHAJILHON CJIOXKHOCTU MH(MOPMAIMOHHBIX rpadoB
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(Kysnenosa I1. B. [33], I'yemanosa I. @. [39]), To ectb dyHKImYN 3aBHCH-
MOCTH BPEMEHH IIOMCKa OT 0ObeMa JOCTYNHOH HaMATH. DTH HCCIe0Ba-
HUsI OYeHb I0JIE3HBI JJIsl IPAKTHKH, TaK KaK [03BOJISIIOT B 3aBUCUMOCTU
OT MMEIOIINXCST PECYPCOB IaMSTH HO0MpaTh Hanbosee ObICTPBIE aJIrOpH-
MBI [IOHCKA.

ITepcrieKTUBHBIMU TIPEJICTABIISAIOTCS HAIIPABJICHUSI, CBsI3aHHbBIE C HC-
caesioBanneM mapasuiesasHbix (Epoxuna E. P. [28]), donoseix (Mxurapo-
Ba T.B. [31]) u meuerknux (Pemyk A.A. [41, 42]) 3ama1 moncka. B srnx
HAIIPABJICHUSAX [IOKA CJIeJIaHbl TOJIBKO IIEpPBbIE IIark, & UMEHHO BBEJIECHbI
cooTBeTCTBYIOIUEe 00001TeHnsT HHMOPMAITMOHHO-TPaMOBON MOJIEJIA U T10-
JIyY€HBI [IEPBbIE PE3YJIbTATHI.

Cpe/m 3as1a4 noucka B 6a3ax JaHHBIX KPOME 33/a4 Ha IIePEeUUCIICHIe
OTBETa, KOTOPbIe OINCHIBAJINCEH BBIIIE, €CTh €Ile 3a/adi Ha IOUCK IIPEeJl-
CTABUTENsA, KOIJA JIOCTATOMHO HAilTH OJUH OODBEKT, YOBJIETBOPSAIONIHI
sanpocy. Takue 3a/1a41 HHTEPECHBI KaK caMu 110 cebe, Tak 1 KaK BCIIOMO-
rareJbHBI annapar B (DOHOBBIX 3a/jadax Houcka. VccrenoBanust B 9ToM
HAIIPABJICHUN HAXOJSATCS Ha HAYAJIbHOM CTajuu.

HTepecHbIM [IPEJICTABIISIETCS MCCIII0BAHNS, CBSI3aHHbIE C Peasn3a-
7€l MOMCKOBBIX OIIEPATOPOB B BHJIE MHTErPAJILHBIX CXEM, IIPH 9TOM HH-
bopmarmonnbie rpadbl He TOJIBKO T0JICKA3BIBAIOT CTPYKTYPY CXeM, HO U
[TO3BOJISIOT MOAOUpaTh Hanboee yI00HYIO JIEMEHTHYIO 0a3y.

Crnucok aurepaTypbl
[1] lennon K. PaBorer 1o Teopun nudopmanun u kubepaeruke. M.:
W3na-Bo nnoctpannoit ureparypsl, 1963.

[2] JIymanos O.B. O cunrese HEKOTOPBHIX KJIACCOB YNIPABIISIONINX CH-
crem // IIpobsiembr kubeprernku. 1963. 10. C. 63-97.

[3] Aumpees A.E. Meron 6ecnioBTOpHON pEJyKIMHA CHHTE3a CAMOKOD-
pekrupytomuxcs cxem // JTJAH CCCP. 1985. 283. Ne 2. C. 265-269.

[4] Kyapsisues B.B. ®ynknmonanbubie cucrembl. M.: Usm-Bo MIV,
1982.

[5] Epmos A.TI. O mporpammupoBannu apudMeTudecKux OrnepaTopoB

// JAH CCCP. 1958. 118. C. 427-430.



(6]

7]

8]

19]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

O c/I0)KHOCTY XpaHEHUs ¥ [TOMCKA WH(MOPMAIIII 299

Kuyr /1. Uckyccreo nporpammuposanust jyist 9BM. Coprupoeka u
mouck. 3. M.: Mup, 1978.

JIn J1., Ipenapara ®@. Berancaurensuas reomerpusi. O630p // Ku-
6epuernyueckuii ¢6. 1987. 24. C. 5-96.

Maptun JIx. Opranusaiius 6a3 JaHHBIX B BHIUYUCIUTEIbHBIX CHCTE-
max. M.: Mup, 1980.

Hpiomen Y. M., Cupyassun P. @. OcHOBBI HHTEpAKTUBHON MAaITMHHON
rpacduxu. M.: Mup, 1976.

IIpenepara @., Iletimoc M. BrramciaurenbHas reoMmeTpus: Bpeme-
ume. M.: Mup, 1989.

Pemernukos B. H. Anre6panueckas Teopust nHGOPMAIMOHHOTO I10-
ucka // ITporpammuposanue. 1979. Ne 3. C. 68-74.

Cenron I'. ABromarnueckast 06paboTKa, XpaHeHUe U TTOUCK WHMOP-
maruu. M.: Coserckoe pajmo, 1973.

Ben-Or M. Lower bounds for algebraic computation trees // Proc.
15th ACM Annu. Symp. Theory Comput. (Apr. 1983) P. 80-86.

Bentley J. L., Friedman J. H. Data structures for range searching //
Comput. Surveys. 1979. 11. P. 397-409.

Bentley J. L., Maurer H. A. Efficient worst-case data structures for
range searching // Acta Inform. 1980. 13. P. 155-168.

Bentley J. L., Stanat D. F. Analysis of range range searching in quad
trees // Inform. Processing Lett. 1975. 3. P. 170-173.

Bolour A. Optimal retrieval algorithms for small region queries //
SIAM J. Comput. 1981. 10. P. 721-741.

Chagzelle B. M. Filtering search: a new approach to query-answering
// Proc. 24th IEEE Annu. Symp. Found. Comput. Sci. (Nov. 1983).
P. 122-132.

Fredman M. L., Baskett F., Shustek J. An algorithm for finding nea-
rest neighbors // IEEE Trans. Comput. 1975. C-24. P. 1000-1006.



300

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

28]

[29]

[30]

9.9. I'acanos

Fredman M. L., Bentley J. L., Finkel R. A. An algorithm for finding
best match in logarithmic expected time // ACM Trans. Math.
Software. 1977. 3. Ne 3. P. 209-226.

Lee D.T., Wong C.K. Worst case analysis for region and partial
region searches in multidimensional binary search trees and balansed
quad trees // Acta Informatica. 1977. 9. P. 23-29.

Lueker G.S. A data structure for orthogonal range queries // Pro-
cessing of the 19th Annual IEEE Symposium on Foundations of
Computer Science. 1978. P. 28-34.

lacaroB 9. 9. O6 oHOI MaTeMaTHIECKON MO/ HH(MOPMAITMOHHO-
ro moncka // nckpernas maremarnka. 1991. 3. Ne 2. C. 69-76.

lacanoB 9. 9. HurkHsist OleHKa CJIOKHOCTH HHMOPMAIMOHHBIX CeTeil
JIJIsT OJTHOTO KJtacca 3aja4 nH(OpMaInoHHoro noucka // Jluckpernast
maremaruka. 1992. 4. Ne 3. C. 118-127.

Tacanos 9. 9. Mruosenno peraembie 3a/1auu noucka // Juckpernast
mareMaTuka. 1996. 8. Ne 3. C. 119-134.

lacanos 9.9., Jlyrosckast FO.II. KoncranTHBI B Xy/IieM ciiydae
AJITOPUTM IOMCKA UJCHTUYHBIX 00bekTOB // JluckperHasi maTema-
Tuka. 1999. 11. Ne 4. C. 139-144.

lacanor 9.3. OnruMmasbable HHPOPMAIMOHHBIE CETH JIJIsi OTHOIIE-
HUI [TOMCKA, SIBJISIIOIIUXCS OTHOIIEHUSIMU JIMHEHHOIO KBA3HIIOPSIIKA,
// Koncrpykiun B asnrebpe u joruke. Tsepb: U3n-Bo Teepckoro roc.
yu-Ta, 1990. C. 11-17.

lacanos 9. 9., Epoxuna E. P. MosesmpoBanne u C/10}KHOCTh TTOUCKA,
B MHOTOITPOIIECCOPHBIX cucremax // Jluckpernast maremaruka. 1999.

11. Ne 3. C. 63-82.

lacanoB 9. 9. HurkHsist OleHKa CJI0KHOCTH HHMOPMAIMOHHBIX CeTeil
JIJIs1 OJTHOTO OTHOINEHUsT YaCTUIHOrO Topsiyika // [nckpernast mare-
maruka. 1996. 8. Ne 4. C. 108-122.

lacanoB 9. 9. OyHKIIMOHAIBHO-CETEBbIE OA3bI JIAHHBIX U CBEPXOBICT-
pbie agroputMmbl noucka. M.: Uzn. nearp PI'TY, 1997.



[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

O c/I0)KHOCTY XpaHEHUs ¥ [TOMCKA WH(MOPMAIIII 301

lacanoB 9.3., Mxuraposa T.B. O6 omHoit MaremaTnieckoil mMojie-
Jii (POHOBBIX AJTOPUTMOB MOWCKA W OBICTPBIH (POHOBBIN aarOpUTM
JIBYMepHOii 3aja1u o jgoMuanpoBannn // Oynjamentaiabaas u Ipu-
KyIaaHasg mareMaruka. 1997. 3. Ne 3. C. 759-773.

TacanoB 9.9. O6 oHoMepHOil 3a/ade HHTEPBAJILHOIO IIOUCKA //
Huckpernas maremaruka. 1995. 7. Ne 2. C. 40-60.

lacanoB 9.9., Kyzsuemosa U.B. O dyHKIMOHAIBHON CJIOXKHOCTH
JIBYMEPHOI 3a/1a41 HHTEPBAJIBHOrO 1oucka // Jluckpernasi Mmarema-
Tuka. B mewaru.

lacanos 9. 9., Kocomamor A. B. K Borpocy o JpeBOBHJIHOCTH OIITH-
MaJIbHBIX MH(MOPMAIMOHHBIX ceTell BKIIIoJaroIero noucka // Nuares-
JIeKTyaJibHbIe cucTteMbl. 1998. 3. Ne 1-2. C. 167-192.

lacanos 9.9., Epoxun A.H. O 6bIcTpOM B CpeJHEM pEITEHUN
N-MEPHOH 3a/1a91 WHTEPBAJILHOTO MOUCKa // MeTo/bl 1 CHCTEMBI TeX-
ardeckoil quarnoctuku (Tesucsr X mexkryHapoHON KOHMDEpEHInN
1o pobJiemMamM Teoperudeckoit kubepuerukn). Caparos: Usn-so Ca-
paToBckoro yuusepcurera, 1993. C. 48-49.

lacanos 9. 9., Kysunenosa U. B. Onenku ¢pyHKIIMOHATIBHON CJI0KHO-
CTH JIByMEPHOI 3a/1a41 WHTEPBAJILHOrO moucka // Tesuckr nokiaion
XII Mex aynapomuoit kougepenruu «IIpobaemMbl TeopeTudeckoil Ku-
6epuernkuy. Hrxumit Hosropos, (17-22 mas 1999 1) C. 47.

Gasanov E.E., Kuznetsova 1. V. On one method to decrease ave-
rage search time // Abstracts of I*® Turkish World Mathematics
Symposium. Elazig, Turkey. (29 June — 2 July 1999). P. 135.

Broruenkosa E. C. Acumnrorndeckoe pereHne 3aJa9u 0 MeTPUIECKOM
Omm30CTH J1jIs OMHOrO 6a30BOro MHOXKecTBa (pyHKIi. B nmevaru.

lacanoB 9. 3., I'yemanosa I @. Onenku GyHKIMOHATBHON CJI0KHO-
CTU 33191 O METPUIECKON OJM30CTH B €BKJIUJIOBOM IPOCTPAHCTBE.
B nmeuaru.

Braiisac T. /1. OnrumajbHOe pellieHre 3a/1a9i WHTEPBAJIBHOIO I10-
ucka Ha OyJieBOM Ky0Oe B Kjacce cOAJaHCUPOBAHHBIX JIPEBOBUJIHBIX
cxeM. B negaru.



302 9.9. T'acanos

[41] Tacanos 3.9., @emyk A.A. MNudbopmannonHo-rpadosas Moesb
JAHHBIX ¢ HevYeTKo Jjiorukoii // Tpyapt IV Mexpynaposnoit konde-
PEHIIUK 1[I0 MaTeMaTHIecKoMy MojeanpoBannio, Mocksa (27 uroHs —
4 miosst 2000 r.) T. II. C. 16-20. M.: Uzn-Bo «Crankuny, 2001.

[42] Pemyk A.A. K Bonpocy ananmsa HedeTKUX WH(GOPMAIMOHHBIX I'Da-
dos. B meuarn.



