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BBeageHue

B HacToswee BpemMa MaTemaTMyeckme MeToAbl HaxoasaT Bce 6onee WMpoKoe NpYMeEHeHne B Mo-
AenVpoBaHNN ANHaMUYECKUX CUCTEeM. AKTYanbHOCTb NPOBremMbl OLEeHUBaHUSA OBBACHAETCH TeM, YTO
mMaTeMaTu4yeckne MOAENN MO3BOMAT ONUcaThb LUMPOKMI Kpyr hakToB U HabniogeHun, NpoBecTn KX
AeTanbHbIi aHanus, NPorHo3npoBaTth pesynbTatbl Oyaywmux HabnwogeHun. B paboTte onucaHbl BbICT-
pble anropuTMbl NONU3APANbHON annpokcuMaumMm NMHPOPMALIMOHHBIX MHOXECTB Y MOCTPOEHUS MUHU-
MaKCHbIX OLlEHOK BEKTOpa COCTOSHUS AMHAMWYECKOW CUCTEMbl (PYHKLMOHUPYIOWMX B MPUCYTCTBUU
BO3MYLLEHWIN KaK BEPOSTHOCTHOIO, TaK U HeonpeAereHHoro xapakrepa. Hambonee ageksatHo pearb-
Hble NMpoLecChl B AMHAMUYECKUX CUCTeMaxX OMNMCbIBAeT MMHUMAKCHO — CTOXaCTUYEeCKM noaxon, Ko-
TOPbIN NpegycMaTpuBaeT NOCTPOEHNEe MHAPOPMALIMOHHOMO MHOXECTB U HaxOXAeHUe OLeHKM BeKTopa
COCTOSIHMSA MpUHaanexawero aToMy MHoxecTBy. B paboTe mcnonb3yetcsi reoMmeTpudecknini nogxon,
K HaxoXaeHnto nHHopMaLMOHHbIX MHOXeCTB. PaboTa npogomnxkaeTt nccnegosanusa [1...3].

1. MocTaHoOBKa 3agaun

MycTb B NMIMHEHOM MPUBNMKEHUN ABUXKEHUS CUCTEMbI ONUCHIBAIOTCA NIMHENHOW Pa3HOCTHON CUC-
TEMOWN ypaBHEHUI
Xi+1 =Aka +Bka +Ck§k’ k=0, 1, (l)
B MOMeHTbI BpeMeHM K OCyLLeCTBASEeTCA U3MepeHne r — BEKTOPHOro napameTpa, CBA3aHHOrMO C
BEKTOPOM (ha30BbIX KOOPAMHAT X € R NIMHENHBIM COOTHOLLEHWEM

Yk +1= Gkt X 41+ Hic 4Viet + ke, (2)

roe &, nkyq HE3aBUCMMbIE rayCCOBCKME NMOCneaoBaTeIbHOCTU, NPUYeEM

M&y =0, Mny, =0, cov{Sx}=Qx cov{nk1}=Ry41.
rae 3afiaHHble mxm W rxr Matpuusl Q U Rj,q MONOXUTENbHO OMpeeneHHbIe MaTpULibl KoBa-

puaumn. [eTepMuHMpoBaHHble Bosaencteua wy e W, cR™ n owmbkn v, eV, c RP sapanee
HensBecCTHbl. Matpuubl Ay, By, Cx, Giyq, Hx,q1 COOTBETCTBYIOLLEN Pa3MEpPHOCTU W BbINyKMble MHO-
xectBa W, Vi1 CUMTAIOTCH M3BECTHBLIMMU.

HavanbHoe cocTosiHue Xg = Xgo + Xpo CUCTEMBI (1) ByaemM npegnonaratb rayCCOBCKUM N — BEKTO-
POM, He 3aBUCALLNM OT &, My4q, C U3BECTHOWN MONOXUTENLHO OMNpeaeneHHoNn mMaTpuuen KoBapuauum
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COV(Xgps Xpo)=P,, HO C HEW3BECTHbIM 3apaHee CpegHWM 3HayeHueM X,, =M,, =Xy, Xge X,

N3BECTHbIN BbIMNYKNbIA KOMNAaKT.
Takum obpasom, B ypaBHEHUSIX OBMXKEHUS U U3MEPEHUs MPUCYTCTBYIOT Kak crydaliHble BeKTopa
Xco» &k Mk4q4 CTATUCTMYECKME XaPaKTEPUCTUKM KOTOPbIX MOMHOCTbIO M3BECTHbI U HeonpeaeneHHble

BEKTOPA X0, V41, Wi MHOPMALMA O KOTOPbIX MCUEPNLIBAETCS 3a4aHneM obnacTeil M3MeHeHus
Xno € Xo» Wi € Wie, Vii1€ Viya 3)

PaccMoTpuM 3afady oLeHMBaHust. [ns Kaxaoi (oyKCUpOBaHHOI napbl MocneaoBaTenbHOCTEN
wyn_1 (O ={wo, ... wn_1} () ={vy, ..., v },
BENMUMHBLI & = BWy, Nki1 =Hii1Vksq SBNAIOTCA CPEAHMMM 3HAYEHMSIMW FayCCOBCKWUX NOCneaoBa-
TenbHOCTEN
* ES
Ek = Biwy + Cy X, Nkt = HisVisr + Mk » k=0, ..., N-1.

Toraga ypaBHeHus (1), (2) MOryT paccmMaTpuBaTbCs Kak ypaBHEHUS C rayCCOBCKMMU BXOOHbLIMM
BO3AENCTBMAMMN &) , M) 41, N FTAYCCOBCKMM HayarnbHbIM BEKTOPOM X, .
MycTb peanusoBanack nocriegoBaTensHocTb Habmoaerni yy(.)={y1, ..., yn}- Ecnu 6bl Bennyu-
Ha &y (.) Obina 3agaHa, TO Haumny4llen OLEeHKON ANns napamMeTpoB pacrnpeaeneHns Bektopa Xy, bbino
Obl yCNOBHOE MaTeMaTU4ecKoe OXuaaHue
XN
yn()

Mpy 3TOM ANs anocTEPUMOPHON MaTpuLbl KOBapuauui MOXHO 3anucaTb COOTBETCTBYHOLLEE PEKYp-
PeHTHoe ypaBHeHWe Tuna Pukkatu

=XN--

_(xN-Xy)
Py=M (XN—XN)(XyN—ZI)V) =Xy -

PaccmoTpeB BCce BO3MOXHbIE 3HAUEHUS BENMUUYUHBI Ep(.) MOMYyYMM MHOXKECTBO OLIEHOK Xp , KOTO-
poe BMecCTe ¢ MaTpuuei P siBnsieTcs HeynyylwaeMon MHopMaLmen 0 BEKTOPE Xy , KOTOPYHO TOMbKO

MOXHO W3BIieYb Ha OCHOBe 06paboTku mamepeHHoro curHana yp(.). lNonyyeHne ToYeYHOW OLEHKK

Tenepb O3Ha4YaeT NnpocTo Bbl60p TOYKM N3 YKa3aHHOIo MHOXXeCTBa, ABnsaoLwenca HaVIJ'Iy‘-ILIJeVI B CMbIC-
J1€ HEKOTOPOro Kputepusa.

PaccmoTpum B npoctpaHcTee R xR™ x RP" cnepyoliee MHOXeCTBO

DN ={?N( ) )_(O € Xo, Wy € Wk: Vk+1 € Vk+1! k =0, ceey N—1} s

Toraa BbiGUpasa B kayecTBe pyHKUMM noTepb Y(x)= X'x =) x :2 NPUXoANM K criegytollen 3agadye MUHK-
MaKCHO—CTOXacCTU4eCKoM ounbTpauun.
Heobxoaumo no nssectHow peanu3aummn HabnogeHnn y(.) Hantn ans kaxagoro N >1 oueHky

xn =Xy (Yn(.)) YAOBNETBOPSIOLLYIO YCIOBMIO

Bl . Xy =21
max M|——>" &EyN(.)|= min = max M|—F——

2
’ . = ’ 4
ety | NG L A A I @)

Cumson M[. Jyn(), xN(.)] O3HavaeT onepaTop YCIOBHOMO MaTeMaTMYECKOro OXnaaHusl, B3ATbl
npu OUKCUPOBAHHOM 3Ha4YeHun Ep(.).
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2. Onpegensiowme COOTHOLWEHUS B 3agave hunbTpauumn

MycTb 3a N Wwaros peanu3oBanacb nocrnegoBaTenbHOCTb HabnoaeHun yy (.). Prkeupys sennyu-
Hy En(.)e Dy, nonyynm 3agadvy Haxox4eHVs BEKTopa Xy W3 YCroBus

2 2
o2 =m| =R | ez ()
yn() zeR" yn()

roe Xp €CTb pelleHVe M3BECTHOW 3ajayu ONnTUManbHOW cpedHeKkBagpaTUYHOW (unbTpauuu, noa-
pobHO nccrnegoBaHHOM BO MHOMMX paboTax, HaunHas ¢ paboThbl [4].
310 pelueHune pgoctasnseT Bektop Xy =M [xn/yn(.), En ()], Npryem

of =Tr[Py].

rae Py =M[(xy = 2n) v = B ) [yn () ] = xn-
lNpwn aTOM BblYMCIIEHNE NapbI {)?N, PN} obpasyoLlen 4OCTaTOYHYI0 CTaTUCTMKY anoCTEPUOPHOro pac-

npeaeneHns, MoXeT OCYLLEeCTBNATLCA NPy PMKCMPOBaHHOM &y (.) B CUNy peKyppeHTHON npoueaypbl

% =Xy + Ay, — GiXy —Hyvi ), ©)

Xy = Ay 1% + Br_wi_q,
’ ’ _1 ’
Pc =My - MGk (GkMkGy + Ry)  GkM . 7)
Mk =Ak_1Pk_1A/’(_1 + Ck_1Qk_1C/,(_1, k =1, 2, FU.
Ak =P GLRi",

roe ¥y, Py 3apaHbl. Mpu 3TOM B cuny nmMHerHocT cuctemsl (1), (2) 1 rayccoBCKOro xapaktepa npo-
LeccoB &y, TMk4q ANOCTEPUOpPHbIE pacnpedeneHns X, Takke 6yayT rayccoBckuMu. CyluecTBEHHbIM
SIBNSeTCA Takke To, Y4To mMaTpuubl Py, k=1, ..., N He GyayT 3aBuceTb OT Bblbopa BenMuUMHbl Ep(.).
BBoasa o6o3HaveHne

Xy ={xy: En()e Dy}

n ncnonb3ys npeobpasoBaHve

- 2 - 2
| X ZIE ey =z m| I )
yn() yn()

Mpu En(.)e Dy no 3agaHHON peanmaaumm yp(.) HaiTv ansa kaxgoro N =1 oueHky xpn(.), yaosne-
TBOPSIIOLLLYHO COOTHOLLEHUIO

e% = oR + 0%, (8)
roe
8% = min max || x - z|[?= max || xy - xy II%, 9)
ze R" xe Xy xe XN

a BenuumHa 8,2\, =Tr Pyo’y = Tr Py He 3aBMCMT OT 3HaYeHNs peanua3oBaslUerocs curHana yp(.)
n napametpa Ep(.)e Dy .

Takum o06pa3oM, pelleHne 3agayuvm [OOSMKHO  BKMYaTb OMNMCaHWe OUHAMUKUM  MHOXECTB
Xy ={xn: En()e 5,\,} , kKoTOopble Byaem Ha3biBaTb MHGPOPMALMOHHBIMN MHOXECTBamM [5].
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Ecnu (6) HenocpeaCTBEHHO pacCcMOTPETb Ha MHOXECTBE 3HA4YEHUN
Xk—1€ Xk—1, Vg € Vi, Wi_1€ Wy,

TO, y4nUTbiBasd U3BECTHbIE (baKTbI M3 BbIMNYKIIOro aHanmaa [6], nonyvynm 41O OUEHKU )_(ik MHOXeCTBa

)_(k YOOBMETBOPAOT, HauMHas C W3BECTHOIO )_(0, COOTHOLWUEHUAM And  MHOXeCTBEHHO—
MHOXECTBEHHbIX 0TODpaXkeHni

X1 = Ak X + BWi + Agr (Vi1 = HitViesn), (11)
Xo1 = (I = Ak1Gr1) X1k + A1Vt

X1 = Xoks1 N Xkl

roe MHoxecTBa Xy k41, Yk+1» X[Yk+1] onpenenaotca BblipaXKeHUAMU

Xksrk = Ak1Xik +BiWy
Yk = (Vk+1 = HisVier1) N G X1/ k » (12)

X[ya]={x:G x+H \ v=Y0Vi0 € Viats

,D,J'Iﬂ yeOblLLEeBCKUX pagonycoB MHOXECTB >_(ik MMEeEeT MeCTO HEPaABEHCTBO
div1k Sdig

lMocTpouB 0AHY U3 OLIEHOK )_(,-k MHGOPMaLMOHHOIO MHOXeCTBa )_(k M3 pelleHnss MMHMMaKCHOW 3aaa-

um (9) HalAeM MUHUMAKCHYIO OLIEHKY X; , BEKTOpa ha3oBbiX KOOPAWMHAT Xj .

Cymma mHoxecTtB B (11) n (12) asnaetca cymmon no MuHkoBckoMy. CamMoln TOYHOW ABRsSeTCA
TpPeTbs OUEHKA, KOTOpas ONpeaensieTcs Kak nepeceyeHne MHOXeCTBa NporHo3a W MHOXEeCTBa Heon-
peAenéHHOCTM npuweaLwero 3amepa. Bropas n TpeTbsi oueHku aBnsaTcs 6onee TOYHbIMKU, U HE MO-
ryT ObiTb BbIMUCIIEHbI TOMBLKO NPY NOCTYMNNEHNUN U3MEPEHUI TaK Kak Ans UX HaXOXAeHUs HeoBXoaAnmo
MHOXECTBO HeonpeaeneHHoCcTn npuwedwero 3amepa. OTcioga Bo3HMKaeT HeoBXxoaMMOCTb B BbICT-
pbIX anropuTMax HaxoXgeHus cymmbl N0 MMHKOBCKOMY M nepecedyeHns MHOXecTB. MuHUMaKCHO—
CTOXaCTU4Yeckoe CrraxuBaHue, uenecoobpasHo MpuMMeHATb And 00paboTkm SKcnepuMeHTanbHbIX
AaHHbIX NOCne BbINOSTHEHNS 3KCMEePUMEHTa, KOraa CyLecTByeT BCS peanusaumsa namepeHun yy . Npu

NOCTPOEHUN CrNa)eHHON OLIEHKM BO3HUKaeT HeobXxoanMMOCTb NOCTPOEHUA reomeTqueCKoM pPa3HOCTU
MHOXECTB.

3. Onepauuu Hag MHOXeCTBaMM B 3afa4vyax OLUeHUBaHUA

MocTpoeHne MHPOPMAaLIMOHHBLIX MHOXECTB B anropMTMax OLEeHUBaHWSA npeanosiaraeT BbINoOnHe-
HWe crneayrLlmx onepaunin: HaxXoOXaeHUe CyMMbl MHOXECTB No MMHKOBCKOMY, HaxoXaeHue reomet-
pPUYECKON Pas3HOCTU MHOXECTB, HAaXOXAEHNE NepeceyeHnst MHOXECTB U HaxOXOeHUs YebbllLeBCKOro
LEeHTpa MHOXeCTB. [1ns BbINOSIHEHMS 3TUX OMnepauMii MHOXECTBa AOMMKHbI ObiTb onucaHbl. B 3agavax
OLEHMBAHMSA W YMpaBieHNs B YCIOBUSAX HEOMNPEOENeHHOCTU U3BECTHO MPMMEHEHUE OMUCaHUS MHO-
KECTB OOCTWXUMOCTM, 3MNMNCcoMaaMmm n MHororpaHHukamm [8, 9]. MHororpaHHMkM no3BonsoT obec-
neynTb Gornee TOYHYIO annPOKCMMAaLMI0O MHOXECTB MO CPaBHEHUIO AMNMNCOMAAMU T.K. NepecevyeHune
annunconaoe He siensietcsa annuncovaoMm. OTMETUM M3BECTHBLIA HEQOCTATOK annpoKCUMauun MHOro-
rpaHHMkamu. O4eBUOHO, YTO MPK AOCTATOYHO GonblLUelr pasMepHOCTU da3oBOro NPOCTPaAHCTBA YNCIIO

BEPLUMH MHOrOrpaHHMKa [JOMKHO BbiTh BecbMa 6onblumm. Kpome Toro, ¢ poctom k y MHoXecTsa X
(11) yncno yrnoBbIX To4yek pacTteT. [103TOMy aKkTyanbHOM CTaHOBMTCA 3agada NOCTPOEHMSI BHELLUHEro
annpoKCMMUPYIOLLEro MHOrorpaHHuka ansa X, C MeHbLUMM YACIIOM BEPLLVH.
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CornacHo Teopeme McMullena [7] 06 ouLeHKe cBepxy KonuyecTBa rpaHen MHOrorpaHHuKa ¢ m
BEpLUMHAMK, Hanpumep AN npocTtpaHcTBa pasmepHocTy 5 ans 30 sepwnH umeem 702 rpaHu. OTclo-
Aa MOXHO caenaTtb BbIBOA, YTO AS1 NPOCTPaHCTB OO0MbLUOW pasMepHOCTM anropuTMbl, paboTalLme
TONMbKO C BepLUMHAMKM MHOrorpaHHukoB, 6yaoyT 6onee addeKTMBHbI, YEM anropuTMbl, paboTatowime
C NpeAcTaBneHnemM MHOrorpaHHka B BUAe nepeceyeHnst nonynpoCcTPaHCTB.

Cymma no MMHKOBCKOMY ABYX MHOTOrPaHHUKOB, 3aaHHbIX BEPLUMHAMM MOXET ObiTb HageHa Kak
BbInyknas obonovka MHOXECTBa TOYEK NOSTy4eHHOro NyTeM N, CABUIOB MHOrOrpaHHuka B Ha BekTop a;

A+B=conv{aj +bji=1..ng j=1..np}, (13)

roe a; u bj COOTBETCTBEHHO BepPLUMHbLI MHOrorpaHHukos A n B
[MocTpoeHne reoMeTpn4ecKom pasHoOCTM ABYX MHOrorpaHHuKos B n A

BsA= () (B-a) (14)

i=1,...,ng

CBOAUTCSI K HAXOXOEHMWIO NepeceyeHnii MHOrorpaHHUKOB B’ Mony4eHHbIX MyTEM n, COBWIOB MHOXe-
cTtBa B Ha Bektop —a; .

Bce n3BecTHble anropuTMbl, CTpOsiLLME NepecevyeHme MHOrOrpaHHUKOB TPeOYT NOCTPOEHUS CUC-
TEMbl HEPABEHCTB, YTO NPMBOAMT K HEOOXOOMMOCTU, CHavana umMesi MHOXXeCTBO BepLUMH MHOrorpaH-
HWKa HaWTW ero rpaHu, a 3aTem cgenaTtb obpaTHoe Npeobpa3oBaHue Tak Kak B ypaBHEHUAX unbTpa-
LUK UCNONB3YIOTCHA BEPLUMHBI MHOTOTPaHHMKOB.

YuntbiBas onMcaHHOE paHee COOTHOLUEHUE MeXAy KONMYECTBOM BEPLUMH M KONMYECTBOM MOIy-
NMOCKOCTEN, NpeanaraeTcsi HOBbIM NOAX0M, paccMaTpuBaTb MHOTOMPAHHUKA Kak KONMMEKUUo NpoeKLmni
Ha MMOCKOCTW, YTO MO3BONUT M3bexaTb OBOMHOrO Npeobpa3oBaHUs M CyLECTBEHHO CHU3UTb 0OBbEM
BblYMCINEHUNNA.

PaccmoTpyM MHoOrorpaHHuk X 3agaHHbIA MHOXXECTBOM BEPLUVH:

X11 X12 X131 Xim
X21 X22 X23  Xom

X=|X34 X3o X33 : Xzm|, Xe R" [nxm]. (15)
| Xm1 Xn2 Xp3 i Xpm |

AnNnNpoKCUMUPYeM CBEPXY UCXOAHbIA MHOrOrpaHHWUK X MHOrorpaHHuMkom X, Npoeuupysi BEpLUMHbI
X Ha NnockocTW, napannenbHble KOOPAMHATHLIM NIIOCKOCTSIM, NPOBEAEHHBIM Yepe3 MUHUMAIbHY U
MakcuMarbHYy0 TOYKY MO Kaxdol koopauHate (pUc.) TO eCTb Ha rpaHu annpoKCUMUPYHOLLErO €ro
CBepxy runepnapannenorpamma.

Al'll'lpOKCMMaLI,I/IFl MHOrorpaHHuKa npoekumnamMmm Ha niioCcKOCTU napaniesribHble KOOpANUHATHbIM MNITOCKOCTAM
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[na npocTpaHCcTBa pasMepHOCTM N KOMMYECTBO MPOEKUUIN Ha NIIOCKOCTM ByaeT HaxoouTbCH Kak
BblbOpKa 13 n no 2

R? =C2 =@, (16)

roe cpegHee KoJlm4eCcTBO TOYEK B NMpoeKunn rnocne noctpoeHuA BbII'IyKJ'IOl7I 000noYKM qm/n Benunyu-

Hbl KoadpuLMeHTa g AN NPOCTPAHCTB pasHoil pasmepHocTu npu X =conv{x;}, i=1 100xnx2"

npvBeaeHbl B Tabn.. [laHHble nony4yeHbl nytem ycpeaHeHus pesynbtatoB 1000 akcnepumeHTOB Anis
KaXkgon pa3sMepHOCTN.

n 3 4 5 6 7 8
q 1,54 1,37 1,25 1,17 0,83 0,73

[nsa kaxkaom NpoekLnun MMeem:

if /. i
X{1 Xi2 Xim;
= g i |
X1 X2 - Xomy

rAe mj — KOJNIM4ECTBO BEPLUMH B NPOEKLMM Ha NNockocTb ij. Obpasyem matpuuy Xminmax ATS Xpa-
HEHNs1 MMHUManbHbIX 1 MakCUMarbHbIX KOOPAMHAT MO KaXaon ocu:

X%THI"I X;nax

X 3 X&nln X;nax
minmax —

er;wln X,Tax

M3 ypaBHeHus (16), konnyectBo NaMAaT HEOBXOOUMOE ANS XpaHEHUA MHororpaHHuka X, npeg-

(n—=1gm

CTaBJ1IEHHOIo KakK COBOKYMNHOCTb I'IpOGKLI,VIVI — +2n, 4YTO0 Ons NpPOCTpPaHCTB oonbLKnX pas-

MEPHOCTEN 3HaYUTENbHO MeHbLUe, YeM NM ANS UCXOOHOr0 MHororpaHHuka X ns (15).

HaxoxgeHnne cymmbl N0 MUHKOBCKOMY OBYX MHOTOrpaHHUKOB CBEOETCS K MOCTPOEHMIO BbIMYKITON
060Mn04YkM MHOXECTBa Touek M3 (13) Ana Kaxgon nnockocTu. [loka3aHo, YTO HEBO3MOXHO MOCTPOUTb
anropuTM HaxoXOeHus TOYHON BbiNykron obonoykn acddekTneHee, 4em mlogm, OgHako B Hallen 3a-
Aaye n3—3a owmnbok Bbibopa N He06XO0ANMMOCTM BECTU BbIYUCIEHMS B peanbHOM BpemeHu ByaeTt ooc-
TaTOYHO HaNTWU annPOKCMMAaUMIO BbINyKNon 060no4km. OCHOBHbIM AOCTOMHCTBOM 3TOro nogxoga Oy-
aet 3(pdeKkTMBHOCTL M CKOPOCTb HaxoxXaeHusa pesynbTata. [locTpoeHue BbINykrion 060Mn04ku
anroputm beHTnn — ®ayct — lNpenapaTta [10] nmeeT BblMUCANTENBHYIO cnoxHocTb O(m), rae m —

KOnMM4yecTBO Toyek. Jliobas Touyka He HaxoAsLasics BHYTPU HaWAEHHOW annpoKcUMauuMn BbIMyKMIon
0GOMOYKN HAXOAUTCS HA PACCTOSIHAM (Xmax — Xmin )/K OT Hee, rae K — aTo KOnM4ecTBO HTEpBasIos,

YTO MO3BONSAET PErynMpoBaTb TOYHOCTb MOCTPOEHUS B COOTBETCTBUM C UMEKOLLMMUCS BbIMUCTIUTESb-
HbIMK pecypcamin. Pe3ynbTaTtoM paboTbl 3TOro anroputma byaeTt aBnaTbCA ynopsgoyYeHHas no vaco-
BOW CTperke nocnefoBaTenbHOCTb BeEPLUMH, KOTopad U ByaeT MCnonb3oBaTbCA B NOCTPOEHUM nepe-
ceyeHms.

[Ona HaxoxaeHus nepeceveHnss npumeHnm anroputm O’Rourke [11], KOTOpbIA OCHOBaH Ha Mno-
crnegoBaTenbHOM Yepegyroiemcsi 06xoge MHOrOYroflbHUKOB, PELUEHNS O TOM KakoW MHOTOYroSibHUK
00X0anTb Ha creaylrollem Lare NpMHMMAaeTCs Ha OCHOBE 3HaKa OPMEHTUPOBAHHOW nrowagu Tpe-
yrofibHUKa, CoOAepXallero ABe BepLUMHbl pebpa 04HOro MHOroyrofbHUKa U oMepeaHon BEPLUMHBI ApY-
roro MHoroyrofbHuka. BeluncnmrensHasa crnoxHocts O(m) Onsa Kaxgowm ninocKoCTu.
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[na HaxoxaeHns MUHUMAaKCHOW OLEeHKU (pa3oBOro BeKTopa BOCMOMNb3yemcs anroputmom duuie-
pa [12] O(m). Naea anropuTma 3akntoyaeTcss B NOCTpoeHun cdepbl Noboro anameTpa, cogepxallen

BCE TOYKN UH(POPMALIMOHHOIO MHOXECTBA, a 3aTeM MONbITKU YMEHbLUNTb paguyc cdepbl, He HapyLLMB
orpaHnyeHun (4). BeluucnmtenbHasa CNOXHOCTb anropMTtMa SIMHENHO 3aBUCUT OT KONMMYECTBa TOYEK.
B ocHoBe meTofa nexaTt ABa npuHumna:

LleHTp gormkeH npuHagnexatb BbIMyKNOM 00OMOYKE NOCTPOEHHOW Ha BepLUMHax, NpuHaanexa-
LWMX MNoBepxXHOCTU cdepbl axe conv{B}, N kO3 DPULNEHTbI ITUX TOYEK B BbIMYKMOM KOMOMHaUUK

OOIMKHbI ObITb MeHbLUe S

a'=> hpb, D Ap=1 VbeB, Ay20= Ap<1/2,
beB beB

roe Bce TouYku U3 B nexat Ha noBepxHOCTU cdpepbl. ECRM LEHTP OKPY>KHOCTU He ABMSIETCS BbIMYKNON
KOMBUHaLMEN BEPLUNH NeXalux Ha NOBEPXHOCTU chepbl, TO BEPLUMHY C OTpuuaTenbHbiM Ko3addu-
LMEHTOM BbiNyckaem 13 paccMmoTpeHuns. LieHTp cepbl nepemelaem opTOroHanbHO MOCKOCTU Npo-
BEAEHHOWN Yyepe3 OCTaBLUMECS BEPLUUHBI, 4O TEX NOp, NoKa NOBEPXHOCTU cdepbl He ByaeT npuHagne-
XaTb oyepedHast Touka MnM TOYKWU. BknoumB 3Ty TOYKY B MHOXecCTBO B Oyaem noBTopaTb 3Ty
npouenypy A0 Tex nop, Noka odepefHow war octaBuT 6e3 nsmeHeHun paguyc cdepobi.

3aknroyeHue

Mcnonb3oBaHue B anropnTtMax nocTpoeHus I/IH('bOpMaLl,I/IOHHbIX MHOXeCTB U MMHUMAKCHbIX OLe-
HOK BEKTOpa COCTOAHUA OWHaMMNYECKOM CUCTEMBI (byHKLl,VIOHVIpyI-OLLI,VIX B NMPUCYTCTBUNA BO3MyLLI,eHVIl7I KakK
BEPOATHOCTHOIO, TakK U HeonpenesrieHHOoro Xxapakrepa npencraBsneHna MHOrorpaHHMKOB B BuUAE TMpo-
€KLMI Ha NIoCKOCTH annpokcnuMumnpytrowlero rmnep— napannenenmnena no3BosideT NPpUMEHATb NNHeRn-
Hbl€ alnropuTMbl OJ1A HaxXoXAEHUA pe3yJibTaToB OJ1A Kakgom npoeKkunun, npmnyem 3T BblHUCIIEHNA MO-
rytT BeCTuUCb napasielibHO. BbluncnmtenbHasi CNOXHOCTb HaxOoXAeHWs CyMMbI MO MVIHKOBCKOMy,

nepeceyeHns N reoMeTpUYECcKoi pasHOCTM MHOXECTB AN npoctpaHctea R O(gmn).

[MonyyeHHbIE anropuTMbl MO BbIYUCIIUTENBHOW CIIOXHOCTU CPaBHUMbLI C anropuTtMamu, UCMNosib-
3yOLWUMK annunconabl ANA ONMCaHNA MHOXECTB JOCTMXMMOCTU B 3ajavyax OLEeHUBaHUA U ynpasrne-
HWUS B YCMNOBUSAX HeonpeaeneHHocTn. MHororpaHH1KK nNo3sonsaT obecneunTb Gonee TOYHYH anmnpok-
CUMaUNI0 MHOXECTB MO CpaBHEHMIO annuncongamu [8]. SdpekTuBHbIE anropuTMbl annpokcumMalmm,
BKITHOYEHHbIE BO BCE OMepauun Hag MHOXEeCTBamMu, NO3BONAT nsberatb M3BECTHLIX HEOOCTATKOB an-
MPOKCMMaUNN MHOTOrpaHHMKaMM TaKMX Kak, BeCbMa OO0MblIOEe 4YWMCNO BEPLUMH MHOrOrpaHHMKa npu
AOCTaTOYHO Gonbluert pasMepHOCTM ha3oBOro NPOCTpaHCTBa M BO3pacTaroLlee ¢ pocTom K 4mcno yr-

NOBbIX TOYEK MHOXXeCTBa )_(k .
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