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AnHoTanusa. PaccmaTpuBaercss anropuTM pelleHHMs 3aJadyd O paHLE Ha OCHOBE IpelaraeMoiu
MHOTOKpUTEpUATIbHOM Mojenu. Peanusanus anropuTMma IO3BOJSIET ONPEACTUTh CTPYKTYPY ONTHMAbHOIO
MOAMHOXECTBA B BHIE OOBEAMHCHHUS OIPENETICHHBIX 3JIEMEHTOB TPYNIBI MAPETOBCKHUX CJIOEB, Ha KOTOPbIE
pa3buBaeTCs MHOXKECTBO HAYAJIBHBIX JaHHBIX. IIepBBIM TakUM CJOeM SBISETCS MHOXecTBO Ilapero.
OmnpeneneHue CTPYKTYpbl ONTUMAIBHOTO MOJMHOKECTBA MO3BOJISICT HANTH TaKOe MOAMHOXECTBO HAaYalIbHBIX
JaHHBIX, JJIEMEHTHl KOTOPOrO HE MOTYT BOMTH B ONTHMalbHOE MOAMHOXecTBO. Hambonmee TpymoeMkumu
SBJIAIOTCS 337a4u O paHLe ¢ OONbIIMM HAaOOpOM HayaJbHBIX JaHHBIX. B cTaThe MOKa3aHO, YTO MPH HEOOJIBILIOM
3HAUCHUH O0bEMa paHIA YHCIO 3JIEMEHTOB, TPEOYyeMBIX Ul HAaXOKACHUS ONTHMAJIBHOIO MOAMHOXKECTBA,
3HAYUTEIBHO MEHBIIE MX OOIIEro YuciIa B UCXOAHOM MHOXKECTBE, UYTO MOXET MPHUBECTH K CYIIECTBEHHOMY
YMEHBILICHUIO O0LIEro BpeMeHH PeleHHst KOMOMHATOPHOM 3a1auul.
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Abstract. An algorithm for solving the knapsack problem based on the proposed multi-criteria model

is considered. The implementation of this algorithm allows to define the structure of the optimal subset
as a union of certain elements of a Pareto layers group into which a initial data set is divided. The first such layer
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is the Pareto set. The optimal subset allows to find a specific subset of the initial data. Its elements as a result
of belonging to the Pareto layers with large numbers cannot enter the optimal subset. The most expensive
in terms of the number of operations required are knapsack problems, in which the number of elements in the set
of initial data is quite large. The article shows that with a relatively small value of the knapsack volume,
the number of elements required to find the optimal subset is significantly less than their total number in the
original set. It can lead to a significant decrease in the total time to solve the combinatorial problem.
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BBenenue

3agaya o paHIle OTHOCHTCA K KIACCHYECKUM 3a/lauaM JUCKpEeTHOM onTuMu3army. OHa momydmia
[IIMPOKOE TPUMEHEHHE B Ppa3IMYHBIX MPUKIAIAHBIX O00NAcTAX: IUIAHUPOBAHWM W YIPABIECHUU
IIPOU3BOACTBCHHLIMU TIpoHeCCaMU, JIOTMCTHUKE, KpI/IHTOFpa(i)I/II/I u J1p. MHorue u3 TMEPECUYUCIICHHBIX 3a1a4
OTHOCSTCSL K Kilaccy KOMOMHATOPHBIX, MaTeMaTH4eCKUE MOJIEIN JUISl KOTOPBIX CO3/IAIOTCS Ha OCHOBE
3ajaun o panne. B palore mpeAcTaBiIeH METON pelIeHHS ONTHMH3AIMOHHOM 3a/1ad, KOoTopas
dopmymupyercst  creayronmmM oopa3oM. [lycTh anbTepHATUBHOMY BapWaHTy JOCTHXKEHUS UEIH N
U3 MHOXXECTBA HAYAJIbHbIX JaHHBIX N COOTBETCTBYIOT ABC XapaKTCPUCTUKHU — BPEMA JOCTHMIXKCHUA LEIN ti
" BEPOATHOCTb €€ JTOCTUIKCHUA Wi. CyMMapHoe BpEMA IOOCTWIXKCHUA MCIU IIPU I10CIICA0BATCIIbHOM
BBITIOJITHEHUKW AJIBTCPHATUBHBIX BAapUAHTOB W3 MHOXKECTBA N OIrpaHUYCHO BEITMYNHON T, BpEMsA
BBITMOJIHEHHSI Ka)KJOTO BapuaHTa MeHbIne jJubo paBHO 7. Ilpu mocTwkeHWM 3alaHHOW IEMH XOTS
Ob1 omHMM 3neMeHTOM U3 N pelieHWe 3amadu cuMTaeTcd HaWaeHHBIM. PaccmarpuBaemas 3amada
TIpeaCTaBIsIeT COO0M 3amady TTOMCKa IPH OrpaHUICHUIX Ha pecypcehl [1]. B 3amadax moncka, Kak mpaBuiio,
CUMTACTCs, YTO IIeNb O0S3aTENbHO JIOJDKHA OBITh JIOCTUTHYTA OJHHM W3 albTePHATHBHBIX BAPHAHTOB,
T. €. CyMMa BEPOATHOCTEH BCceX BapHMaHTOB W3 3aIaHHOTO Ha4yaJbHOro MHOXecTBa N paBHa equHUIIE.
JomyctumbiM OyzeT Takoe MOAMHOXXECTBO BapuaHTOB M3 N, ube cyMMapHOE BpeMs BBITTOTHEHHS
He ipeBocxoquT BemuuuHy 7. Cpean IOMYCTUMBIX ITOJMHOXECTB TpeOyeTcs HalTH OnTHMallbHOE
MOAMHOXKECTBO Q ¢ MaKCHMMallbHOW CYMMAapHOW BEpPOSTHOCTBEO JIOCTHXKEHHWsI menmu. IlycTh d4Hciio
ameMeHTOB B MHOXKectBe N paBHO F. Torga MareMaTwdecKyl0 MOJAENb ISl €€ PEIIeHHs MOXKHO

r r
MpPeNCTaBUTh cliemytommmM oopazom: f(X) = ZWi X, — Max, Zti X, % €{0,1}, Xx= (X1, X2, ..., Xr), Wi >0,
i=1 i=1
0<t<T, i=1,...,r. Momems MOKa3bIBAET, YTO paccMaTphBaeMas 3aJada IIPEACTABISET COOOM
ONTHMH3AIMOHHYIO 3a/1a4y O PaHIle ¢ MHOXKECTBOM 00bekToB N M 3amaHHBIM 00bemMoM paniia 7' [2].
Mertonp! ee pemieHus MpeaCcTaBIeHbl, HalpuMep, B [2, 3] ¥ OCHOBaHBI Ha Pa3IMYHBIX CIIocoOax mepedopa
AIIEMEHTOB MHOYKECTBA HAYAIBHBIX JaHHBIX. B pabdote [4] Mexay moboii mapoi 3meMenToB u3 N BBeeHO
IBYXKPUTEPHAIBHOE TPAH3UTHBHOE OTHOLICHUE IPEANOYTEHHUS. JIOMHUHUPYIONMM SBJISETCS 3JIEMEHT,
MMEIOIINI MEHBIIIee BPeMsl BBIIOIHEHHS X OOJBIITYIO BEPOSITHOCTD TOCTIKECHHS TICITH.

B crarbe pazpaboTaH MeTOA penIeHus 33/1a4d O paHIle C 3aJaHHBIM MHOKECTBOM HAaYallbHBIX
nanHpix  N. BBeneHue TpaH3UTUBHOTO —JABYXKPUTEPHAIBHOTO IPOCTPAHCTBA  HPEANIOYTECHHUIN
Ha KOHEYHOM MHOXKECTBE M pa3pabOTKa Ha 3TOH OCHOBE alropuTMa (OPMHPOBAHHUS JOMYCTUMBIX
MOZAMHOXKECTB TO3BOJIMIIM OINPEICIUTh CTPYKTYPY ONTHMAIBHOTO JOMYCTHMOIO ITOJMHOMKECTBA.
OHo nipencraBisger coOoil 00bEAMHEHUE HEKOTOPHIX ITOIMHOXKECTB MEPBBIX IMAPETOBCKUX CIIOEB,
Ha KOTOpble pa30MBaeTcs MHOKECTBO HAYAIbHBIX JAaHHBIX B BBEJCHHOM JIByXKPHUTEPHAIHLHOM
npocTpaHcTBe. I MOCTPOSHUS MAapeTOBCKMX CJIOEB B TaKUX IPOCTPAHCTBAX He Tpedyercs
NPUMEHSATH aJITOPUTMBI Iepedopa ¢ IeMEHTaMH HavyalbHOTO MHOXecTBa. [IpencraBiieHHBIN cr1oco0
pelIeHHs 3a/1a4M O paHIe IO3BOJISIET PACCMaTPHBATh IPH IOCTPOCHHU JTOIMYCTUMBIX MOIMHOXKECTB
TOJIKO DJIEMEHTBHI ONPENENICHHOr0 KOJIMYECTBA IEPBBIX CIIOEB, YHCIO KOTOPBIX MOXET OBITh
CYIIECTBEHHO MEHbIIE HMX OOIIEro KOJIMYECTBA. DTO 3HAYMTEIBHO COKpAILIaeT YMCIIO Olepalu,
TpeOyeMbIX ISl HAXOXKICHHS PELICHHs ONTUMHU3ALMOHHON 3a1a4H.

73



Hoknaaer BI'VUP DokLaby BGUIR
MNe 6 (124) (2019) No. 6 (124) (2019)

HOCTPOCHHC AOMYCTUMOI'0 MMOAMHOKECTBA B 3a/1a4€e 0 paHle

IIyctb  BBeOEHO  MPEMIOKEHHOE  JABYXKPUTECPUAIBHOEC  TPAH3UTUBHOE  OTHOIICHUE
MPEANOYTCHUS MEXIy 3JIEMEHTaMHU HavaibHoro MHoxectBa N u  TpeOyercs CcopMHpPOBATH
JonycTuMoe noaMHokectBo D. Bynmem mocnenoBaTensHO BKIIOYATH B HETO 3JEMEHTHI HAYaJbHOTO
MHOXKECTBa JO TEX IOp, MOKa CyMMapHOE BpeMsl UX BBINOJTHEHHS HE MPEBBICUT 3aJaHHYIO
Benmnunny 7. [Ipennonoxkum, Ha MHOXKecTBEe N HET JBYX 3JIEMEHTOB C COBMAJAIOIIMMH 3HAYCHUSIMU
XOTs1 Obl OiHOM KoopauHaThL [lycTh OmpenesicHbI MepBbIE AJIEMEHTH (1, §2, ..., Jx JOIMYCTUMOIO
nogMHokecTBa D. Ha kxaxkaom Imare mocsie BKIIOYEHHS OUEpEHOro 3JeMeHTa (i TpedyeTcss HalTH
3HAUCHHE pecypca BPEMEHH, COOTBETCTBYIOIIEE cleayromiemy mmary, B Bumge Titl=T; — 1 +
rae ti — BpeMs BBINOJHEHUS B3JeMeHTa (i. byneM cuuTaTh, YTO KaxKJblil 3JIEMEHT MOXET BONTH
B (hopmMEpyemMoe JOMyCTUMOE MOJIMHOKECTBO TOJIBKO OJIMH Pas.

Ymeeporcoenue 1. Tlpenmonoxkum, Ha KaxaoM mare (OPMHPOBAaHUS JIOMYCTHMOTO
nmoaMHOXecTBa D MHOXKECTBO HayalIbHBIX JaHHBIX N MOXXHO MPEACTaBUTh B BUJEC O0OBECIMHEHUS IBYX
noaMHoxecTB A; u Bi. I[lomMHOXecTBO Bi copepkut B cede 3ieMeHThl u3 N, KOTOpble HE MOTYT
Ha MOCNIeqyomuX marax BoWth B D, a moamMHOXkecTBO Aj CONEPKUT BCE OCTAJIbHBIE 3JIEMEHTHI
mHo)kecTBa N. Torma Ha KaxkIoMm Imiare BBIOOp OYEpEeAHOrO d3JeMeHTa (i moamMHoxectBa D
OCYIIIECTBIISIETCS TOIBKO U3 MAPETOBCKUX JIEMEHTOB MHOXKECTBA Ai.

loxazamenvcmeo. Ilyctb Vi — MHOXECTBO NAPETOBCKUX  JBJIEMEHTOB Ha  Ai
ITo mpenmonoxkenno, JFOO0H 3JIEMEHT MHOXECTBAa HAYalbHBIX JaHHBIX N MOXET BKIFOYATHCS
B moaMHOXecTBO D Tonbko oanH pa3. Torma moaMHOXKECTBO Bj TOIDKHO BKITIOYATh B Ce0Sl BCe yxKe
Bxomsmue B D anemeHTs! g1, 9o, ..., Ji-1. KpoMe Toro, moaMHOXXecTBO Bi COIEPKUT TAKKE IJIEMEHTHI,
BpeMs BBIMMOJTHEHHSI KOTOPBIX OymeT OOoNbIe TEKYIIEro W BCEX MOCIEAYIONMX 3HAYEeHUH pecypca
BpemeHu Ti. O4eBHIHO, JJIS Ka)KI0TO dJeMeHTa U3 Aj, He BXOAIMIEro B Yj, B TOCTIENIHEM CYIIECTBYET
XOTs ObI OIMH 3JIEMEHT IOMUHHUPYIOIIHHA €ro.

Paccmorpum 1Ba crocoba MOCTpOeHHUs AomycTuMoro moaMuoxkectBa D. IlepBbiii crmoco0
3aKIIOYaercd B TOM, YTO Ha KaxaoM mare B D BKmrouaercs JOMUHUPYEMBIH Ha MHOXECTBE Ai
anemedT di. Bo BropoMm crioco6e B D BrITIOUaETCsl JOMUHUPYIOIINiT ero smeMeHt fi u3 Yi.

[lo mpenmonoxennto, MHOKecTBO N HE COAEPKHT [OBYX DJIEMEHTOB C COBIAJAIONIMMHU
3HAYCHUSIMH XOTSI Obl OMHOM KOOpIMHATHL Torma Bce HEPaBEHCTBA, BHIPAKAIOUINE OTHOIICHHS
JOMUHHPYEMOCTH MEXKIY 3JEMEHTAMH 10 KaXIAOMY W3 ABYX KPHUTEPHEB, SBIAIOTCS CTPOTHUMH,
uosieMeHT fi MMeer MeHblllee BpeMs BBIMOJHCHHS M OOJBIIYI0 BEPOSTHOCTH JIOCTHKEHHUS IICIIH,
gem aneMeHT Oi. CriemoBaTenbHO, 3HaYEeHHs pecypca BpeMeHu 7 Mpu BTOPOM crocobe hopMHUpOBaHHS
JomycTUMOro nogMuokectsa D OymyT menbimie, yem mpu mepBoM criocode. [Iporecc moctpoeHus AByx
JOMTyCTUMBIX TIOAMHOXECTB TPOIOIDKAETCA 0 TeX MOp, MOKa HE WCYEpIaH BeCh NMEpBOHAYAJIBHEIN
pecypc Bpemenu 7. IIpu BTopom criocobe mocTpoeHust mogMHOKecTBa D pecypc Bpemenu 7' HE MOXKET
HCYEPIIaThCs paHee, YeM IMPH ero MOCTPOEHUH MEPBBIM CITOCOOOM, a CyMMapHasi BEPOSITHOCTh B X071
peanmM3ad BTOPOTO Crocoda ITOCTPOSHHS OKakercst Oombmie. Takum obOpaszom, it J1r000ro
JOMTyCTUMOTO ~ TOAMHOXECTB2, C(OPMHPOBAHHOTO TONBKO W3 JOMHHHPYEMBIX  3JIEMEHTOB
Ha MHOXECTBE Aj, CYIIECTBYeT [OMyCTUMOE TIOJAMHOXKECTBO, HMeEIoIIee OONBIIylI0 CyMMapHYIO
BEPOSITHOCTb. AHAJIOTMYHBIM 00pa3oM TaKOW JK€ pe3ylbTaT TMONYYaeTcs, €CIH BKJIIOUCHHE
JOMUHHPYEMBIX JJIEMEHTOB MPOUCXOAUT TOJIHKO Ha HEKOTOPHIX Imarax (OpMHPOBAHUS TTOJJMHOKECTBA
D. Pemenne paccmatprBaeMoi 3a/1adu O paHIle MPEACTABISIET COOON MOJMHOKECTBO ¢ MAaKCUMAITLHOM
CyMMapHOW BEPOATHOCTBIO JIOCTIKEHHS 1emd. (CremoBaTenbHO, TOCTPOSHHE  JOMYCTHMBIX
MTOIMHOKECTB, BKJIFOUAIONIUX B Ce0s AJIEMEHTHI, He BXOSIINE B TTAPETOBCKOE MHOXKECTBO Yj, HE MMeeT
CMBICITA JIJIsl HAXOXKACHHUS ONTUMATBHOTO TIOAMHOXecTBa Q. YTBepKIeHUE TOKa3aHO.

Takum oOpazom, JJisi HAXOXKJIEHHUS JIOITyCTUMOro moaMHoxectBa D Tpebyercs paspaboraTh
aNTrOpUTM TOCTpoeHUs MHOXecTB B; u Yi. [loctpoenne mMHOxecTBa Y onmmpaercs Ha OIpe/eeHne
maperoBckoro cios. MuHoxectBo Ilapero Bximrouaer B cebs BCe HEIOMHUHUPYEMBIE 3JIEMEHTHI
U SIBIISIETCS TIEPBBIM IMApPETOBCKUM cioeM. llaperoBckwii crmoli ¢ HOMEpOM M TpeaCcTaBisieT CoOOU
COBOKYITHOCTh ITAPETOBCKHAX JJIEMEHTOB Ha TOW YacTH MHOXXECTBA HAYaJbHBIX JAHHBIX, KOTOpas
OCTaeTcs Mocje yAalleHUs 3JEMEHTOB, NMPUHAMNCKAIIUX BCEM MPEABIAYIIUM MapPETOBCKUM CIIOSM.
CrnenoBaTenbHO, Ul KQXKI0TO 3JIEMEHTA, BXOJAIIEr0 BO BTOPOM U MOCIENYIOIINE TAPETOBCKUE CIIOH,
CYIIECTBYET XOTsl OBl OIMH BJIEMEHT U3 MPEIBIAYILEro Clos, KOTOPBIA ero AoMuHupyer. OTMETHM,
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YTO 3JEMEHT CJI0S ¢ HOMEPOM M MOXET JIN0O JTOMUHUPOBATHCS JIFOOBIM 3JIEMEHTOM HPEABIAYIICTO
cinost m—1, mubo HaxomuThCcsl ¢ HUM B oTHomieHuu [lapero. Mcxoms w3 anroputMa MOCTPOCHUS,
pa3OMeHHEe Ha TMAPETOBCKHE CJIOM MHOXKECTBAa HAYalbHBIX JaHHbIX N mpeacraBiser co0oit
OTIPEICNIEHHOE YIIOPSA0YMBAHKUE €TI0 3JIEMEHTOB MO0 OTHONIICHUIO JOMUHUPOBAHMS, YTO U IMO3BOJISACT
(hopMupoBaTh MOAMHOXKECTBA Y.

OnemeHTsl MHOXecTBa [lapeto B JABYXKPUTEPHATBHOM TMPOCTPAHCTBE  OTBEYAIOT
cienyromeMy (GpakTy U3 TeOpHH MHOTOKPUTEpUAILHON onTuMu3aiuu [5]. Ecnu a1eMeHTh MHOXKECTBa
[Tapero ymopsmouuTh IO BO3PACTAHUIO 3HAYCHHS I[10 MPEANOYTCHHIO OJHOTO W3 KPUTEPHEB,
TO IO BTOPOMY KPHUTEPHIO 3TH € 3JIEMEHTHI OYAYT CIeNoBaTh IPYr 3a JAPYroM YXKe B IOPSJIKE
yObiBaHUS WX mpeanodreHus. CremoBaTenbHO, JUIS MOCTPOSHMs MHOKecTBa [lapero u roGoro
[MapeTOBCKOTO CJIOSI B JIBYXKPUTEPUATHLHOM IIPOCTPAHCTBE JIOCTATOYHO HCIOIB30BATh AITOPUTMBI
MOMCKa B YIOPAAOYCHHBIX CTPYKTypax JaHHBIX. TakuM o00pa3oMm, JIsi HUX IOCTPOCHUS
HE IPUMEHSIOTCS aJITOPUTMBI ITepedopa 3JIeMEHTOB HayalbHOro MHOXKecTBa N.

Onpeodenenue 1. BepxHell KpuTepuanbHOW IpaHMIE HEKOTOPOrO HaperoBCKoro cios P,

SBIISICTCSI BEKTOP L, YbM KOOPAMHATHI MPEJCTABIIAIOT COOON MAaKCUMYM MO MPEIOYTEHUIO B KaXKI0H

KOOPJMHATE CPEIM BCEX DJIEMEHTOB, 00pa3yIOLIUX 3TOT MAPETOBCKHUNA CIIOM.
Onpeodenenue 2. HuxHel KpuTepUalIbHON IpaHUIEH TaPETOBCKOTO clios P, SBIsIETCS BEKTOP

L,, 4YbHM KOODJMHATHI NPEACTABIAIOT COOOH MMHMMYM IO IPEIANOYTEHUIO B KaXKJOH KOOpIMHATE
CpEr BCEX JJIEMEHTOB JJAHHOT'O ITAPETOBCKOrO CIIOSI.

M3 crnocoba moctpoeHuss BekTopoB L, L ciemyer, uro Bektop L, moMuHHpyer
BCE aJIbTEPHATHBEI TAPETOBCKOrO CIIOSI P, a BeKTOp L, JAOMHUHHPYETCS KaXKIBIM €ro JJIEMEHTOM.

Vmeepowcoenue 2. Bepxusisi KpuTepHaiabHas TpaHMIAa JIO0Oro maperoBckoro ciost P,

JIOMHHHPYET BEPXHUE KPUTEPHAIIbHBIC IPAHULIBI BCEX Tocieayromux cinoes By 1, Fiio ..., By

Hoxazamenoscmeo. Ilycts P, um P,, mnpencraBisaror co0oif coceqHHe AapeTOBCKUE CIIOH,

+
aBekTopel Ly ® L, — WX BepxHHE KpHTEpHAIbHBIC TPAaHHUBL I[lokaxkeM, 9TO BEKTOp Lj

nomuHHpYeT BekTop L, . IIpennonoxumM mpoTHBHOE, YTO ITU ABA BEKTOPA MO0 HAXOMATCS MEXKIY

N +
coboit B orHomenmu Ilapero, mu6o Lj,; mommmmpyer Lj. Torma mo ompeneneHmio BepXHHX
KPHUTEPHAIBHBIX TPAHMI] CYIIECTBYET AJIEMEHT B clloe Pj,q, KOTOPBIH XOTs OBI 11O OHOI KOOpAWHATE

JOMHMHHpPYET BCE€ JBJEMEHTHl mpeapiaymero ciog P. Orto mnporuBopeunT ToMy (akry,

YTO JUIA KaXIOro »sjeMeHTa u3 P,, B mpenmsiaymeMm cioe P, cymectByer XoTs Obl OIUH

JIOMHUHHUPYIOIMI 5JIeMeHT. V3 TpaH3WTHBHOCTH BBEIEHHOTO OTHOIIEHHS IPEIIOYTEHHs CIEAyeT,
4To BeKTOp L nommHuMpyer BekTop L ,, AoMuHMpyrommi Bektop L ,. Torma LT nmommumpyer u

i+27
BEKTOp L':a AHaJIOrHYHBIM 06p330M MOXHO JOKa3aTb, 4YTO BEKTOP LT JOMUHHPYET BEPXHHUE

KpUTEpUAIbHBIEC OLICHKU L

" ar - L BCEX HMOCIEMYIOMIMX APETOBCKUX CIIOEB. Y TBEPIKIICHHE J0Ka3aHO.

Takum 00pazom, Ha TIEPBOM IIare MOCTPOSHUS JTOMYCTUMOT0 MoaAMHOKecTBa D MHOXECTBO Y1
COBITAJIa€T C MHOXECTBOM [lapeTo Ha BceM MHOXECTBE HAadalbHBIX MaHHBIX N, a MHOXecTBO Bj
ABJSIETCS TYCTHIM MHOXKecTBOM. [l HaxoxkneHus Bi u Yi Ha mociemyrommx marax Tpedyercs
BBIIIOJIHUTH ~ CJIENYIOIIME orepanuu. Bcee smemeHTsl MHOXecTBa [lapero ymopsgodmBaroTcs
10 YOBIBAaHUIO MPEINOYTEHUS 3HAYCHHUSI KPUTEPHsI BPEMEHH BBINIOJHEHUs. [1epBBIi 21eMeHT JaHHOW
MIOCIIEIOBATEIBHOCTH, 00O3HAaUMM ee depe3 Xi, OyldeT MMeTb HamOoiblliee BpeMs BBHITOJIHEHHS.
[To cBOWCTBY  yHOpSIOYMBAaHUS DIEMEHTOB IAPETOBCKUX MHOXECTB B JIByXKPUTEPUAIBHBIX
MPOCTPAHCTBAX €r0 BTOPOH KPUTEPUI MMEeT MaKCHMallbHOE 3HA4eHHE BEPOSTHOCTH JIOCTIIKCHUS
nend. [lpuopuTeTHOCTH TEPBOrO KPHUTEPHsl BO3PACTAeT C YMEHBIICHHEM €ro 3HAYeHHS.
CrnenoBaTenbHO, BpeMsl BBIIOJIHEHHUS KaKJOrO CIEAYIOIIEro 3JIEMEHTa B JaHHOW YHOPSIOYEHHOU
MOCIIEAOBaTENbHOCTH OyleT MeHblle mpeapiaymero. Cpead ymopsiIoueHHBIX I10 YMEHBIICHHUIO
BPEMEHH BBITIOJIHEHHSI 3JIEMEHTOB IIOCJENOBATEIILHOCTH X1 OCYIIECTBIISIETCS TOMCK MEPBOrO
3JIeMEeHTa (1, BpeMs BBIIOIHEHHS KOTOPOro MEeHbLIe JTH00 paBHO 7.

[Iycte TpeOyemblli 3J€MEHT (1 CyLIECTBYeT W BKIIOYEH B (OpPMHUpYyEMOE IONYCTHMOE
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nogMHokecTBo D. Bemumunna pecypca BpemeHu koppektupyercs T1 =7 — (i, rme gi — Bpems
BBIMIOJIHEHUSI dJIEMEHTa 1, W CICAYIOIIMH 3JeMEeHT 2 moAaMHOXecTBa D momkeH uMerh BpeMms
BBITIOJIHEHNUSI, MEeHbIIee 1100 paBHOE T1.

Ymeeporcoenue 3. Homep cnemyromiero snemeHta ¢ monMHOXKectBa D, wumeronmid Bpems
BBITIOTHEHMsI, MEHBIIIee TMOO0 paBHOE BETMYHHE 71, TOKEH OBITH OONbIIE HOMEPa MPEABLIYIIEro AJIEMEHTa 1.

Hokaszamenvcmeo. llpennonoxuM MNPOTHUBHOE, YTO CYHIECTBYET 3JEMEHT C MEHBIIUM
HOMEPOM, 4YeM HOMEp dJIeMEHTa (i, KOTOPBI MMeeT BpeMs BBIIIOJHEHUS, MeHblIee JTU00 paBHOE
BenuuuHe 71. ONeMeHT (i MO TOCTPOSHUIO SBJISETCS IEPBBIM 3JEMEHTOM M3 X1, 4be BpeMd
BBHITIOJIHEHUsT MeHblIe Jinbo paBHO 7. Torma Bce ocTaibHBIE DIIEMEHTBHI C MEHBIIUMH HOMEpaMH
HMEIOT BpeMs BBINMOJNHEHUS Oojbiie 7. Bmecre ¢ TeM odeBMaHO, uTo BenuumHa 11<T.
CrnenoBaTenbHO, BCE 3JIEMEHTHI ITOCIIEA0BATENIBHOCTH C MEHBIIIMMH HOMEpaMH, YeM HOMep (1, UIMEIOT
BpeMsI BHITTOJTHEHUSI OOJIbIIIE, UEM 3HAYEHHE BETMYMHBI 1. Y TBEPKIEHUE TOKA3aHO.

IIycts 3uHauenwe BemuuuHbl 71> 0. Cpeau 3JIEMEHTOB, MMEIOIIMX OONBIIMA HOMEP B Xi,
YeM HOMEp OJJIeMeHTa (i, ONpeleNneH NepBbIil 3JIeMEeHT (2, Ybe BpPEMS BBHIIOIHEHUS MEHbIIE
m6o papHo Ti. DieMeHT (2 BKIIOYaeTcss B JomycTuMoe moaMHoxkectBo D. Koppekrtupyercs
Bemu4MHaA pecypca BpemMeHu T2=71 — (o Iloctpoenme D mpomomkaercs A0 Tex MOp, MOKa
He hcueprnaH pecypc BpemeHu 71 yubo He Oyner BrioueH B D mociegHuit  neMeHT
MOCTIEIOBATENBFHOCTH X1.

Ymeeporcoenue 4. IlonmHoxecTBO Bj Oymer BKITIOYaTh B ce0s BCE paHee pacCMOTPEHHBIE JJIEMEHTHI
YIIOPSIIOYEHHON TTOCIIENOBATENHHOCTH X1 C HOMEPAMH, MEHBIIIMMU, YeM Y TTOCIIeTHEro 3nemenTa u3 D.

okaszamenvcmeo. Ha miepBoM mare anroputMma MmocTpoeHust mogMHOKecTBa D onpenensercs
3JeMEHT B rociieqoBaTtenbHOCTH X1 < 7. Torzna Bce aneMeHTsl ¢ HOMEPAMHU, MEHBUIMMU, YEM HOMEP
MIEPBOTO AIIEMEHTa J1, €CIIM TAKOBBIE CYIIECTBYIOT, MMEIOT BpeMsl BhINoHEeHHs Oombire 7. OueBuaHO,
YTO TIOCIEIOBAaTeIbHOCTh BENWYUH 7i MOHOTOHHO yObIBatomias. Torma paccMOTpEHHBIE Ha IIEPBOM
mlare ¥ He Boweamme B D asleMeHTHl IocnenoBaTelbHOCTH X1 He MOryr Bodtu B D
U Ha BceX Nocienyooumux marax. [lostomy oHM NOKHBI ObITH BKIIIOUYEHB! B Bi. Homep BTOpOro
3JIEMEHTa (2, TI0 YTBEpXKIEeHUIO 4, Oojbllle HOMepa IEepBOro 3jeMeHTa. Ecin Mexny ajieMeHTaMu
01 U 2 MIMEIOTCS €IIe JIEMEHTHI MTOCIIEe0BATEIbHOCTH X1, TO UX BpeMs BBINOIHEHHS Oyaer Oombiie
Kak BeMu4uHBl 12, TaKk W Bcex mnocienyroumx 7i. 3axitodaeM, 4TO OHM HE MOryT momacte B D.
AnanornyHbsIM 00pa3oM Ha IOCIEAYIOIIMX LIarax Bce 2JIEMEHTH X1, He Boumeamue B D, He moryt
OBITh BKIIIOYCHBI B (opmHpyeMoe IOmycTUMOe MHOAMHOXecTBO. Ilo mpenmonoxkeHuto, o000
JJIEMEHT MOXET II0NacTh B HOAMHOXecTBO D Tompko omuH pa3. Torma smeMeHTH H3 Xi,
yxe Bomenmue B D, Takxe BKiIo4aroTcs B B1. YTBEpKIECHHUE TOKa3aHO.

MuoxectBa Yi, IO ONpPENENEHUIO, BKIIOYAIOT B Ce€0S TApETOBCKUE JIIEMEHTHl U3
MIOJMHOXECTB Aj, KOTOPbIE COIEpXkKAT BCE 3JIEMEHTHl MHOXKECTBAa Ha4aJlbHBIX AaHHBIX N, KpoMme Tex,
KoTopple BXomiAT B Bi. CrenoBaTenpbHO, Ha KaXIOM mIare (QOpPMUPOBAHHUSA JOILYCTHMOI'O
nogMHo)kecTBa D MHOXXeCTBO Yj COZEpXKHUT BCE OCTaBIIMECS 3JIEMEHTHl MHoxecTBa [lapero u3
nocnenoBaTenbHOCTH X1. [lokaskeM, 4TO M 3JEMEHTBI BTOPOrO MAapeETOBCKOr0 CIOA Ha Ka)KJIOM Iare
MOI'YT BOHTH B MHOXecTBO Yi. M3 anropurMa ¢opMupoBaHHSA NApeTOBCKHX CIOEB CIEAYET, 4YTO
KayK/IbIi 3JIEMEHT BTOPOTO MAapeTOBCKOTO CJI0sl UMeeT B MHOXKecTBe Ilapero xoTst Obl OMH 3JIEMEHT,
€ro IOMHHHpYrOmMi. [Ipennonoxkum, 4To 3JIeMEHT Z1 BTOPOrO MapeTOBCKOrO CJIOS HOMHUHHUPYETCS
HEKOTOPBIMH JJIeMEHTaMH MHOKecTBa Ilapero (o6o3HaumM ux dvepe3 R) ¥ He AOMUHHpYeETCS
OCTaJIbHBIMH €ro 3yieMeHTamu. 1lycTs mocie peasn3alnuy HEKOTOPOro mara ObUIO MOMYdYeHO, YTO BCE
anemenTsl u3 R yxe Bkmouensl B D. Torma snemeHT 71 BKIIOYaeTcs B COOTBETCTBYIOLIEE
MHOXecTBO Yi. Takum o0pazom, mocie KaKIOro BKIIOYEHHS B NoaMHOxecTBo D ouepemnoro
3JIeMEHTa U3 X1 BO3MOXKHO BKIIIOUEHHE B cieaytomee Yi 3JIeMEHTOB BTOPOT0 IIAPETOBCKOI'O CIIOSI.

Ymeeporcoenue 5. Homep snemenTa z1 B mocienoBatesibHOCTH X1 Oyzner Oonblie, 4eM HOMEp
MOCJIEAHEr0 3JIeMEHTa U3 Tpynnbl R, KoTopslil Obl1 BKIIIOUEH B D.

CrpaBeaIMBOCTh  3TOrO  yTBEPXKAEHHS cienyeT M3 Toro (akra, dYTO 3JIEMEHTHI
MOCJIEAOBATENLHOCTH X1 YIOPAJOYEHBI 10 YOBIBAHHMIO BEPOSITHOCTH, M DJEMEHT Z1 JIOMHHHUPYETCS
BCEMH 3JIeMEHTaMu u3 rpymnsl R. JledcTBUTENBHO, 10 MPEANON0KEHNUIO Y 3JIEMEHTOB M3 MHOXECTBA
HavaJIbHBIX JaHHBIX N HET coBIAJArONIMX 3HaYeHUH KoopauHat. Torna Zi MMeeT MeHbIlee 3HaUeHUe
BEPOSITHOCTH, YeM NOCJIEAHNH BKItOUeHHBIH B D anemenT u3 R, a crnenoBarensHo, U OONbLIIMKA HOMED
B NTOCIIEIOBATENBHOCTH X1.
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Ymeepoicoenue 6. IlycTs Tpy TIOMCKE OYEPEAHOrO (i MOMYYEHO, YTO HU OIMH MOCIEMYIOIIHHA
3NIeMEHT X1 HE YIOBJIETBOPSIET YCIOBHIO, YTO MX BpEMsl BBINOIHEHMS MEHBIIE OO paBHO MOCIETHEMY
3HayeHuto 7. Torma HU OJMH 3J71eMEHT U3 TOCIEAYIOLINX MAPETOBCKHX CJIOEB TAKKe He MOXKeT BOUTH B D.

Joka3aTenbCTBO JaHHOTO YTBEPXKICHHS AaHAJIOTMYHO JOKA3aTeNbCTBY YTBEPIKICHUS 3.
OueBHUIHO, YTO MPH BHITOJHEHUH YCIOBUI YTBEPKACHUS 6 OCTpoeHHe MoJAMHOXKecTBa D 3akoHYeHO.

[Ipennonoxum, 4TO MOCIENHUIN JIEMEHT MOCIEA0BATENIEHOCTH X1 UMEET BpeMs BBIITOIHEHUS
MeHbIee b0 paBHoe 7i. Torma oH BrIouaeTcs B MOAMHOXKECTBO D, M paccMOTpeHME 3JEMEHTOB
TIOCIIEIOBAaTENbHOCTH X1 3aKOoHUeHO. [1ycTh BBIYMCIIEHHOE OYepeaHOe 3HaUeHHe BeTMYMHbI 1i OKa3aloch
Oonbine Hys. anpHeiiee GopMupoBaHre MHOKECTB Yi OyJIET OCYILECTRBIIATCS CICAYIOIIUM 00pa3oM.
Ecmn BennuuHa 7 IpeBOCXOMUT 3HAYEHUE COOTBETCTBYIOLIEH KOOPJMHATHI BEPXHEH KpUTEPUAIBLHON
TPaHMIBl BTOPOTO TAPETOBCKOTO CJIOS, TO BPEMS BBINONHEHHS JIFOOOr0 W3 AJIEMEHTOB MOCIEIYIOIINX
MApETOBCKUX CJIOEB TPEBOCXOAWT BelMW4nHy 7, W (POpMHUpOBaHUE MOMYCTUMOrO MOAMHOXKecTBa D
3aKOHYEHO. B TMPOTHBHOM cilydae HOBOE MaperoBCKOe MOAMHOKECTBO Yi (OpMUpPYETCS M3 DIIEMEHTOB
BTOPOTO ¥, BO3MOXHO, TpPEThero MapeTOBCKUX cJoeB. OYeBHIHO, YTO MOAMHOXECTBO Bj mocie
BKJIIOUeHUs B D mocnenHero aneMeHnTta X1 comepKUT B ceOe BCE 3JIEMEHTHI ATOW IMOCIIEN0BATENHHOCTH.
HeoOxoammocTh mocie1oBaTelbHOr0 PAaCCMOTPEHUsI TAPETOBCKHUX CIIOEB MPU IMTOCTPOSHUH MHOXKECTB Yi
CIIeTyeT U3 YTBEpXKIeHHs | 1 onperesieHns MapeToBCKUX CIIOEB.

OneMeHThl HOBOT'O IAapETOBCKOTO IOAMHOXECTBAa Yi YIMOPSIOYMBAIOTCS MO YOBIBAaHHIO
KpUTEpUS BpPEMEHW BHINIOJIHEHHA. JlanmpHelee MOCTpOeHHE JOMyCTUMOro IOAMHOXecTBa D
BBITIONHSETCS C PECypcoM BpPEMEHH, paBHBIM IIOCIEAHEMY 3HadeHuio BennduHbl 7i. [lpm stom
MIOCTIEIOBATENIFHO PAacCMATPHUBAIOTCS 3JIEMEHTHl HOBOH YIIOPSIIOYEHHOW ITOCIEOBATENBHOCTH X>.
Ecmu mocnennuii snmeMeHT Xp BoOmIeNl B JIONYCTUMOE TOJAMHOXecTBO M BenmuumHa 73> 0,
TO OCYIIECTBIISIETCS TMEPEXOJ K IOCTPOSHUIO YIOPSI0UEHHON MOCIENOBATEIbHOCTH X3 M3 3JIEMEHTOB
CIIEIYIOUINX MapPETOBCKUX CIIOEB. DTOT MPOIECC MPOAOIDKAETCS 10 TeX MOp, MOKa He MCUYEPIIaH BECh
pecypc Bpemenu 7. Kak cieayer U3 BBILICONHMCAHHOTO aJrOpUTMa, Iepel HadajaoM (OopMHPOBaHUS
JOIYCTUMOro ToaMHoxecTBa D TpeOyercss mocTpoeHHE MEpBBIX JABYX IapETOBCKUX CJIOEB.
OcranbHble ciiou GOPMUPYIOTCS II0 MEPE HEOOXOIUMOCTH B 3aBUCUMOCTH OT 3HAa4EeHUM Benu4uH 7.

Orlpezle.nelme Mape€TOBCKHUX CJI0€B, BXOAAIINX B OIITUMAJIBHOC ITOJIMHOKECTBO

IlepBeiM MHOxECTBOM Y1, C 3JIEMEHTOB KOTOPOIO HAUMHAETCSI IIOCTPOEHHE NOIYCTHUMOTO
noaMHoxkectsa D, siBisercs mHOxecTBO [lapero Ha Bcem Habope HayanpHbIX AaHHBIX N. Kak cnemyer
U3 BBILICIPUBEACHHOIO aJIrOpUTMa, Ha KaxaoM Imare ¢opmupoBanuss D Haxogurtcs mepBblid
13 BO3MOXKHBIX 3JIEMEHTOB IIOCIIEIOBATEIBHOCTH X1, BPeMsl BBIIOIHEHHS KOTOPOrO MEHbIIE JHOO
paBHO 3HaudeHwio BemuunHBI 1. M3 cmocoba mocTpoeHus X1 CIIEAyeT, 4TO MOXET CYIIEeCTBOBATH
TpymIa 3JeMEHTOB, KaXKIbli M3 KOTOPHIX MEHbIEe OO paBeH 3Ha4deHWI0 BemuunHbBl 1. JIro0oii
U3 TAKUX 3JIEMEHTOB MOXET [TOPOKIaTh HOBOE JTOIYCTUMOE ITOJMHOXKECTBO M COOTBETCTBYIOLIIE EMY
napeToBckue moaMHoXkecTBa Yi. Bech HaOop IOMyCTHMBIX HOAMHOXECTB, KaXKObIM M3 KOTOPBIX
collepxkUT B cebe XoTs OBl omuWH dIeMeHT W3 MHoxecTBa Ilapero, Oymer o6o3maueH uepe3s W.
Ha xa>)xgom 1miare mocTpoeHusi JOMYCTHUMBIX MOAMHOXKecTB u3 W  BBIOOp MIpOMCXOOUT
13 COOTBETCTBYIOILETO MapeTOBCKOro MHOkecTBa Yi. M3 nokasarenbcTBa yTBEepkAeHUs | BHIHO,
YTO [UIsl JIF0OOr0 AOMYCTHUMOrO MOAMHOXECTBA, COIEPIKAILIEro XOTs Obl ONMH 3JIEMEHT, HE BXOAALINN
B Yi, MOXKHO TOCTPOUTH JOMYCTHMOE IMOIMHOXKECTBO, MpuHamIexamee W u mMerornee OONBITYIO
CYMMapHYIO BEpOATHOCTh BXO[SIINX B HEr0 3JIEMEHTOB. 3HAYMUT, U ONTUMAJIbHOE MOAMHOXECTBO Q
C MaKCUMaJIbHOM CyMMapHOW BEpPOSTHOCTBIO MPHUHAMJICKHUT TPYIIE AOMYCTHUMbIX MoAMHOxecTB W.
Bbimie ObII0 TIOKa3aHO, YTO B 3aBUCHMMOCTH OT 3HAYEHHs BEIWYMHBI I M IPH BBIIOJIHEHUU YCIOBHUM
yIBEep)KIEeHUS! 6 MOCTpPOEHHE MAOMYCTUMBIX IOAMHOMKECTB MOXKET OBbITb 3aKOHYEHO HEKOTOPBIM
3JIEMEHTOM II€PBOM YNOPSIIOUYEHHOW MocienoBaTrenbHOCTH X1. Ecin ycioBust 3TOro yTBepkKIeHHS
HE BBIIOIHAIOTCS, TO TpeOyeTcs MOCTPOCHUE CIEAYIOIIECH YIOPsIOUYeHHOH MOCIeN0BaTeIbHOCTH Xa,
coZieprKallleil 3EMEHThl BTOPOTO M TPETHEro MAPETOBCKUX CIIOEB. OTOT MpoLecC UIA KaXIOoro
nonyctuMoro noamuoxkectsa D u3 W nponoskaercs, moka He Oyaer ucuepnaH pecypc BpeMeHH 7.
[onywaem, 1 KaXI0ro OTAENBHOrO MoaMHOXKecTBa Dj mocneaHum ero snmeMeHTOM OyAeT 3JeMEHT
MApeTOBCKOI'0 CJIOSi C HEKOTOPHIM HOMEPOM, Ha OCHOBE KOTOPOro cGOpMHpOBaHa IOCIEIHSS
yIopsiAOueHHasl TOCIIEA0BAaTENbHOCTE Xi. Bce mpuBeneHHbIE pacCyKACHUS Iar0T BO3MOXKHOCTD
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chopMynupoBaTh CeayIolIee yTBEPKIACHHUE.
Ymeeporcoenue 7. OntumanbHOe MOAMHOXKECTBO Q, mMpeacTaBisioniee coOOH JOMyCTUMOE
MOJAMHOXKECTBO C MAaKCHUMaJbHOW CYMMapHOH BEPOSTHOCTBIO, HMMEET CICIAYIOIIYI0 CTPYKTYpY:

m
Q=UPi, rae Pi mpexacraBiaser co0Oi TOJMHOXKECTBO 3JIGMEHTOB M3 MHOkecTtBa [lapero
i=1

BO BBCACHHOM ABYXKPUTCPHAJIBHOM IIPOCTPAHCTBE, Pi — NOJAMHOXECTBA 3JIEMCHTOB, IPUHALJICKAIINX
I-My MapeTOBCKOMY CJIOIO.

JUii  moctpoeHust JOOOrO MApEeTOBCKOrO CJIOS B JIByXKPHTEPUAIBHBIX IIPOCTPAHCTBAX
WCIIONB3YeTCsl ITOPUTM TIOMCKAa B YIOPSJOYEHHBIX CTPYKTYpax NOaHHBIX, HE TPEOYIOIMI orepanuii

nepebopa, M CIOKHOCTh 3TOrO airopuTMa olenmpaercs emmuuHoi O(n® log, n). Bce momyctumbie

MOZIMHOXKECTBa U3 rpymiisl W, KoTopble coiepkar B cebe onTuMaibHOE MOAMHOKECTBO Q, onpeensroTes
NPy TIOMOIIM Ofepanuii nepebopa ¢ dIEeMEHTaMH TOJIBKO MEPBBIX V TAPETOBCKUX CIIOEB. AJTOPHTM
MIOCTPOEHHSI BCEX JIOMYCTUMBIX MOAMHOXKECTB M3 W TpeOyeT OTAenbHOrO0 pacCMOTPEHHS W B JAHHOM
pabote He paccMmarpuBaercs. M3 airopuTMa MOCTPOSHHUS JIOMYCTUMBIX MTOJMHOXECTB CIIEIYET, YTO MPH
yBeNM4YeHUH (YMEHBIIICHUN) 3HAYCHHs pecypca I YHCIO MEPETOBCKUX CJIOEB V, U3 3JICMEHTOB KOTOPBIX
(hOpMUPYIOTCS TONTYCTUMBIE MOAMHOKecTBA M3 W, Taioke MOXKET yBEIMYUTHCSA (YMEHBIIMTCS). Takum
00pa3oM, TIpH UCTIONB30BAHUM TIPEIaraeMoil MaTeMaTUYecKOW MOJICNU OlpeNeiicHHe TOro, Kakue
OJIEMEHTBI MOI'YT BXOJWTH B ONTHUMAJIBHOC ITOJIMHOXECTBO Q, a KaKHe€ HCKIIIOYAKTCA U3 )IaHBHefIHIeFO
pPacCMOTpPECHUA, 3aBUCUT OT 3HAYCHUA BEIIMYUHBI T v He 3aBUCHT OT BEIIMYHMHEI JIEMEHTOB B MHOKeCTBE N.

O6actb 3 PEeKTUBHOTO TPUMEHEHHUS MPEAIaracMoro METo/Ia IS PEIICHUs 3a/1adi O PAHIIe
MOXeET OBITh ONpe/eNeHa CIeAYImUM odpa3zoM. Kak yxe oTMedanoch, METONbI pelieHUs 3aJlauu
O paHIle TPEICTaBISIIOT COOOH pa3luYHbIe CIOCOOBI Tepedopa BceX JJIEMEHTOB MHOXECTBA
HayanbHbIX JgaHHbIX N. [lpemnokeHHbit Merom Oyaer TeM 3(QeKTHBHEE, YeM MEHBIIEE YHUCIIO
anemeHToB M3 N morpelyercs A HaXOXKACHUS ONTHMAIBHOTO MOAMHOXecTBa. [Ipu yMeHbIIeHHH
3HauUeHHs pecypca 1 9uCIIo IEPETOBCKUX CII0EB V Takke yMeHbInaercs. OTHaKoO BaKHO B 3TOM CIydae
YMEHbBIIIEHHE dYHcia V OTHOCHUTEIHHO OOIINEro KOJWYECTBA IMapETOBCKUX CIIOEB, MOIYYEHHBIX
mociie pasbuenus Ha cion MHoxkectBa N. ITycts F = T/Z, rne Z npezncrasnser coboii cyMMy BpeMeHH
BBITIOJTHEHUS BCEX AJIEMEHTOB HadaibHOro MHokectBa N. Ecim F > 1, 9uro o3mauaer, uto pasmep
pania Oomnbiie THO0 paBeH BPEMEHU BBITIOJTHEHHS BCEX 3JIEMEHTOB HadabHOro MHOXkecTBa N, To N
MPEICTABISECT COO0H ETMHCTBEHHOE JIOMYCTUMOE TIOJAMHOMECTBO, M TOCTAHOBKA ONTHMHU3AIMOHHON
3ama4yn O paHIe TepseT cMbich. bynem momarats, uto F < 1. Torma F c ompeneneHHOl creneHbIO
TOYHOCTH MOYKHO WHTEPIPETUPOBATH KaK BETMIHHY, TOKA3bIBAIOMIYIO, KAKYIO YaCTh OT OOIIEro 4ncia
MapeTOBCKUX CJIOEB TOKPBIBAET 3aJaHHbBIN pasmep panna 7. Ilycts BenmunHa F B paccmaTpuBaemoit
3amade O paHIle UMeeT 3HA4YEeHHWe, JOCTATOYHO ONM3Koe K Hymo. Torjma 9mciio mapeToBCKHUX CIIOEB,
a CIIEIOBATENBHO, M TPEOYEMBIX ISl MTOCTPOSHHS ONTHMAIFHOTO ITOJAMHOXKECTBA 3JIEMEHTOB MOXKET
OBITh CYyIIECTBEHHO MEHbBIIE WX KonndecTBa Ha MHoxectBe N. B 3ToM ciydae mpumeHeHue
TIpemIaracMoro MeTo/ia CTaHOBUTCS HanOosee 3P PEeKTHBHBIM.

[Ipn mpoBeaeHWH BcexX MPEOBIIYIINX PACCYKISHHH IPEanonarajoch, 4TO y 3JIEMEHTOB
HayalbHOTO  MHOXKecTBa N HET  COBMAJArOmMUX  3HAYEHWH  OTHEIBHBIX  KOOpAUHAT
B IByXKPUTEPHAILHOM MpPOCTpaHCTBe. PaccMoTpuMm nBa ciydas coBmaneHwsi KoopawHat. llepBbrit
BapHaHT: CYIIECTBYET 3JIEMEHT M3 MHOXKecTBa [lapero, KOTOpBIH JOMUHUPYET HEKOTOPBIA IIIEMEHT
M3 BTOPOTO ITAPETOBCKOTO CIIOS U UMEET C HUM OJIMHAKOBOE BPEMSI BEHITIONHEHHU. Tor/ia 3HaueHne ero
BTOpPOW KOOPIUHATHI (BEPOSTHOCTH TOCTH)KEHUA 1eu) Oyner Oomblie, YeM 3HAYeHHWE BEPOSATHOCTH
y IOMUHHpYeMOro 3neMeHTa. [lo3ToMy HEoOXOIMMOCTh MPUOPUTETHOIO BHIOOPA JTOMHHHUPYIOIIETO
aJeMEeHTa JJIs BKIIIOUeHHs B (POpMHUpyeEMOe JOITyCTUMOE TIOJAMHOXKECTBO OUeBUIAHA. BTOpoii BapnaHT:
JOMUHUPYIOIIAA W IOMUHUPYEMBIH 3JIEMEHT MMEIOT OJWHAKOBBIE BEPOSTHOCTH, HO pa3HOE BpeMs
BeImoiHeHUsA. IlycTh mis BKIFOYEHHS B MOAMHOXecTBO D BhIOMpaercs JOMUHUPYEMBIH 3IIEMEHT
c OonmpIIMM 3HAYEHWEM BpEMEHH BBITIONHEeHHA. HecMOTpss Ha TO, 94TO Ha BCeX IaraX OCTAaJbHBIE
AJIEMEHTHI BHIOMpAINCh B COOTBETCTBHH C YTBEpXIeHHWEM 1, o0Iee BpeMsi WX BBITOJIHEHUS MOXKET
okazaThcsi Oonplinie pecypca Bpemenn 1. Torma cymmapHas BEpOSTHOCTh OYAET OJMHAKOBas B JBYX
croco0ax MOCTPOEHHS AOIYCTUMOro MoAMHOXecTBa. OHAKO TpU BBHIOOPE JOMUHHPYEMOro dIIeMEHTa
MOTYYEHHOE TIOAMHOKECTBO MOXKET He OBITh JOMyCTUMBIM. Torga u BO BTOPOM ciydae TpeOyercs
BEIOMpATh JIOMUHUPYOIHN 3JIEMEHT U3 COOTBETCTBYIOIIETO MAPETOBCKOr0 MOAMHOXKeCTBA Yi.
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3akaouenne

B paGote mpexacraBieH cnoco0 pelieHHss ONTHMHU3AHMOHHON 3aJadd O paHle Ha OCHOBE
MPEATIOKEHHOW MHOTOKpUTEpPUAJIbHOM MaTeMaTHUecKOH Mojend. BBeageHue TpaH3UTHBHOIO
JIBYXKPUTEPHAIBLHOTO MPOCTPAHCTBA NMPEANOYTEHUH Ha MHOKECTBE HAYaJbHBIX AaHHBIX N 103BONMIIO
OIPEIETUTh CTPYKTYPY ONTHMAJBHOIO MOAMHOXKeCTBa Q kak oObeAMHEHHE TPYI MOJMHOMKECTB,
MPHHAAJIEKAIINX TEPBBIM M MAPETOBCKUM CIIOSIM, HA KOTOPBIE pa30MBaerTcss MHOKECTBO HaYaJIbHBIX
nauaeix N. IlpemnoxkenHsiii B pabore crmoco® TO3BONSIET HE paccMaTpuBaTh MPHU TOCTPOSHHUU
JOMYCTHMBIX TIOAMHOXECTB 3JIeMeHTHl W3 N, BXozslue BO BCE MOCIEAYIOIINE MapeTOBCKUE CIIOU
c HoMepamu, Oonpmmmu, deM M. Torma oOmee 4YucIo omnepanuii, TpeOyeMbIX Uil PpelieHHUs
paccMaTpuBaeMoi 3aJjaud B 3HAYMTENBHON CTENEHN 3aBUCUT OT 3HAYEHHsI BEIMYMHEI 7, a HE OT Yuclia
3neMeHToB B MHOKecTBe N.
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