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PeweHune 3aga4y HEMPOHHLIMU CETAMMU

A.H.I'opGanb

Boruucnurensnsiii ieatp CO PAH B F.KpaCHOSIpCKel

Heiipounsie cetn moryt Bce. Ho TOYHO Takke «BCe» MOryT MalluHbl ThIOpHUHTA,
WHTEPIIONSIIIHOHHBIE MHOTOWIEHBI, cXeMbl l[locta, psasl Dypbe, peKypcUBHBIC (DYHKIUH,
JTU3BIOHKTUBHBIE HOpMalibHbIe GopMbl, cetu [letpu. B mpenpiaymieii rinaBe ObuIo MOKa3aHo,
YTO C MOMOIIBI0 HEHPOHHBIX CETEH MOXKHO CKOJIb YTOJHO TOYHO aNMpPOKCUMHUPOBATH JIFOOYIO
HENpephIBHYIO (QYHKIMIO U UMHTHPOBATh JIIOOOW HEMpPEephIBHBIA aBTOMAT. JTO U CIUIIKOM
MHOTO - HUKOMY HE HY)XEH CTOJb IIMPOKUN KiIace (PYHKIMA, W CIUIIKOM Majo, Tak Kak
JTAJIEKO HE BCE BAXKHBIE 337a4X CTABITCS KaK 3aJa4M allpOKCUMAaIUH.

pyroe neno, 4To B KOHEYHOM HTOT€ PEIICHHE MPAKTUYECKU JITIO00N 3a1adil MOXKHO
OnHcaTh, KaK MOCTPOEHUE HEKOTOpoW (yHKIMU, mepepadaThiBarolIel UCXOJHbIE JTaHHBIE B
pe3ynbTaT, HO Takoe OYeHb O0IIee OMHCAaHWE HE MaeT HHUKakoi uHpopmamuu o crocobe
NOCTPOEHUs ATON GyHKIMH. Majio UMeTh YHUBEpCaJbHbIE CIOCOOHOCTH - HA/l0 JUIsl KasKJ0TO
KJlacca 3a7a4 yKa3aTh, KaK MPUMEHSTh 3TU CIOCOOHOCTH. VIMEHHO 311eCh, MPU PACCMOTPEHHUH
METO/I0B HACTPOMKM HEWPOHHBIX CETEH JJIA PEIICHUs 3a]ad JIOJKHBI BBIIBUTHCS peabHBIC
paMKH ux npuMeHUMOCTH. KoHeuHO, Takue peanbHble pAMKH U3MEHSIOTCSI CO BPEMEHEM H3-32
OTKPBITHSI HOBBIX METOJIOB U PEIICHUI.

B nmanHoIi r71aBe onrcaHo HECKOJIBKO 0A30BBIX 3a7a4 JJIsi HEHPOHHBIX CETe U OCHOBHBIX
VI UCTOPUYECKHU MEPBBIX METOJIOB HACTPOUKH CETEH I UX PEILICHHUS:

1. Knaccuduxkanus (¢ yuutenem) (mepcentpon Pozen6narra [1-3]).
AccomnnatuBHas namsTh (cetu Xondunaa [4-7]).
Pemenue cucrem nuHeWHBIX ypaBHeHUH (cetn Xondunaa [8]).

BoccranoBienue npo6enoB B 1aHHBIX (cetn Xomnduiaa).

A I

Knacrep-ananus u xnaccudukamus (6e3 yuurens) (cetu Koxonena [9-12]).

Haunem MbI, 0HAKO, HE C CETEH, a C CUCTEM, COCTOSIIUX M3 OJHOIO JICMCHTA.

1. HacTpoiika 01HO3/IEMEHTHBIX CHCTEM IJIsl pellieHUus 3a1ay4



Jlaxxe cuctembl W3 OJHOTO AaJaNTUBHOTO CyMMaTopa HAaXOASAT OYEHb UIMPOKOE
npuMeHeHrue. Bpluucienne JUHEHHBIX (QYyHKIHI HE0OXOAMMO BO MHOTHX 3ajadax. Bot
HETOJIHBIN MePEUYEeHb «CIEUaTbHOCTEN aJalTUBHOIO CyMMaTopa:

1. JluneliHas perpeccusi 1 BOCCTAHOBJICHUE MTPOCTEUIINX 3aKOHOMEpHOcTe [13-14];
2. Jluneitnasg ¢punbpTpanys U afanTuBHasg o0padoTka curHanos [15];

3. JluneliHoe pa3zelieHne KJIacCOB U MPOCTEHINNE 3a/1aun pacro3HaBanus oopa3os [16-18].

3amaya JIMHeHHOM perpeccMH COCTOMT B TMOMCKE HAWJIY4dlIEro JMHEWHOTO

npubixeHns GyHKUIUH, 3aJaHHONH KOHEYHBIM Ha0OpOM 3HAueHHi: JaHa BHIOOpKA 3HAUEHUH
1 m i
BEKTOpa apryMeHToB X , ..., X , 3aJaHbl 3Ha4eHUs QyHKUMU F B 3THX TOYKax: F(x)=f;
TpeOyeTcs HaliTH JUHEHHYI0 (HEOAHOPOAHYI0) (yHKUHIO @(x)=(a,x)t0y, Ommwkainyio x F.
YroObl OJHO3HAYHO TOCTaBUTH 3a7ady, HEOOXOAMMO [OONPEAEIUTb, YTO 3HAYUT
«Omxkaiinryro». Hanbonee nomnymnsper memoo HaumeHbuux K6aopamos, COrIacHO KOTOPOMY

( UIICTCA U3 YCIIOBUA

m

> (F(x") - (x'))* — min. (1)

i=1
Heo0OxoaumMo 0co6€HHO MOAUEPKHYThH, YTO METOJ HAUMEHBIINX KBAJPAaTOB HE SBISETCS
HU €JMHCTBEHHBIM, HU HAWJIYYIIUM BO BCEX OTHOILEHHIX CHOCOOOM JOOMpEAETICHUs 3aauu
perpeccun. Ero riaBHOE JOCTOMHCTBO - KBaJApPaTUYHOCTh MUHUMU3HPYEMOIO KpPUTEpUS U
JMHEHHOCTH TOJTY4aeMbIX YPaBHEHUN Ha KO PUIIUECHTHI (.
SIBHBIEC (hOpMYIIBI IMHEWHOU PETPECCHU JIETKO MOTYyYUTh, MUHUMHU3ZUPYS KBaIpaTUIHBINA
KpUTEpHii kauecTBa perpeccun. O003HaAUNM

A =(F(x) = p(x)); H=D A =D (F(x") - p(x))* =

i=1 i=1
=3 (fi — (. x") =)
i=1

Haiinem mpou3BogHbIe MUHUMU3HpYeMOU GpyHKIMU H 1o HacTpanBaeMbIM ImapaMeTpam:

H <, H <
— =) Ax%, (j=1..,n); — =) A,
ﬁaj ; iXj (J n) e E i

i i
TJI€ X ; - j-1 KOOPJMHATa BEKTOPA X .
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IIpupaBHuBass yacTHble npou3BOAHBIE H HyIo, momy4aem ypaBHEHMs, U3 KOTOPBIX

JerKo Haktu Bece o, (j=0,...,n). Pemenue ynobHO 3anmcarts B OOLIEM BHUIE, €CIH JUIS BCEX
. 7 l.
i=1,..,m o0603Haunth x(j =1 u paccMaTpuBaTh n+l-MEpHBIE BEKTOPHI JAHHBIX X W

koa(durmenton o. Torga

L(j=0,,...,n).

m
Ai=f;—(a.x"), dH | doj = Apx!
i=l1

1 & ;
O6osHaunM p nt1-MepHBIi BEKTOp ¢ KOOPIAMHATAMH P ; =—z fl-x;-; Q - marpuny
m
i=1

m

3 xid.

1
pasmepoM (nt+1)x(n+tl) ¢ onementamu q j = —
m:
i=1

B HOBBIX 0003HAYCHHSIX pEIICHUE 3aaUl JIMHEWHON perpeccuu UMeeT BU/I;
()=o), =0 p. 2)
[IpuBeneM »5TO pemnieHHME B TPAJULIUOHHBIX OOO3HAUEHUSIX MamMemMamuieckou
cmamucmuxu. O003HauUM M, cpenHee 3HAa4YCHUE j-H KOOPAMHATHI BEKTOPOB HMCXOIHOU
BBIOOPKH:
Xk

_ i
M: = i

J

Mz

1
m-.
1

Il
—

Ilycte M - BektOop ¢ KoopauHartamu M,. Beenem Ttaxke o0o3HaueHue s; It

BBIOOPOYHOT'O CPEAHEKBAIPATUYHOTO OTKIOHCHHS:

12: j 2

1

Sj_— _‘ 1(Xj—Mj)
l:

SJINYMHBI S; 331alI0T €CTECTBEHHBIM MacIuTal JUIsi M3MEPEHUs j-X KOOPAMHAT BEKTOPOB
B ) 0 J
x. Kpome Toro, Ham norpebyroTcs BenuMuMHa Sy M KOI(DOHUMEHTHI KOppeAuuu f ¢ j-Mu

KOOPJIMHATAMHU BEKTOPOB X - 7'fj:

L -
[ | m mglm—Mf)(x;—Mj)
sp= [ 2= My)? My == fi g =—=
i-1 i-1

SrSj
BepHemcss K n-MepHBIM BEKTOpaM JaHHBIX M Kod(duuuentos. llpeacraBum, dro
BEKTOPBI CUTHAJIOB MPOXOIAT MPeaoOpabOTKy - IIEHTPUPOBAHKE U HOPMHUPOBKY M JIAJIE€ MBI

i
MUMEEM JIeJI0 C BEKTOPaMH ) -



3T0, B YaCTHOCTH, 03HAYAET, YTO BCE pACCMATPUBAEMBbIe KOOPIMHATHI BEKTOPA X MUMEIOT

HCHYJICBYIO JUCIICPCULO, T.C. IOCTOAHHBIC KOOPAWHATLI UCKIIOYAKOTCA U3 PACCMOTPCHUS - OHU

HE HecyT moyie3HOoW wuHpopManuu. YpaBHEHHS perpeccud OyaeM UcCKath B ¢opMe:
O()=(B.y)+Po. Iomywmm:

Bo=M;, B=sR 'Ry, (3)

rae Ry - BeKTOp KO3(PUIMEHTOB KOPPENALUHM f € j-MH KOOPMHATAMU BEKTOPOB X, UMEIOIIUI

KOOPAMHATEI 7, R - MaTpuiia Ko3(GUIMEHTOB KOPPEIAUMA MEXKITY KOOPIAMHATAMU BEKTOPA

JTAHHBIX

m

rg =—" =—> iy

1 . .

k= MGG = M)

i=1 1
SkSj M i=1

B 3amauax o0pabOTKM JaHHBIX MOYTH BCETJa BO3HUKAET BOMPOC O MOCIEI0BATEIHHOM
YTOYHEHUU PE3yJbTAaTOB 1O MEpE IMOCTYIUICHUS HOBBIX JAHHBIX (00pabomka OAHHBIX «HA
nemyy). CyllecTByeT, KaK MUHUMYM, JIBa MOAXOAAa K OTBETY Ha ATOT BOIPOC JUIS 3aJa4d
TUHEHHON perpeccuu. [lepBhili MOAXOJ COCTOMT B TOM, YTO M3MEHEHHS B Kod(hduImeHTax
perpeccuM NpU MOCTYIUIEHMM HOBBIX JI@HHBIX pacCMaTpUBAIOTCA Kak Majble U B HX
BBIYMCIICHUM OTIPAHUYMBAIOTCS NEPBBIMM MOPSAKAMH TeOpuu Bo3MmylieHuil. [Ipu BTOpOM
NOJXO0/€ Ui KaXXI0r0 HOBOT'O BEKTOPA JAHHBIX JENaeTcs IIar U3MEHEHUH K0d(pPHUIHNEeHTOB,
YMEHBIIAIOUINNA OMUOKY perpeccuu A’ Ha BHOBb IIOCTYIIMBILEM BEKTOPE NaHHbIX. [Ipu 3TOM
«IIpenbIAYIIUI ONBIT GUKCUPYETCS TOIBKO B TEKYIIUX KO3 PUIIMEHTaX PErPECCUU.

B pamMkax mepBoro moaxoaa pacCMOTpHUM, Kak OyeT U3MEHAThCS o U3 hopMyssl (2) mpu
N00aBJICHNM HOBOTO BEKTOpa JaHHBIX. B mepBoM mopsiike TEOpuH BO3MYIICHHH Haiijem

U3MEHEeHHE BeKTopa Kod((UIMeHTa o TPU U3MEHEHUH BEKTOpa p U MaTpULbl Q:

a+Aa=(0+A0) " (p+Ap);
(©+40) " =01+ 07'A0) " =07 - 0714007 +0(A0);
Aa =0 N (Ap - AQa).



' -1
[lyctb Ha BbIOOpKE {x'}/_; BbIuHCIeHbl p, O, O . [lpu MOJyY4eHUH HOBOrO BEKTOpA
m+1 m+1 _ 2
JAQHHBIX X W COOTBETCTBYIONIECTO 3HaueHUs F(x~ )=f,,+ uMeem":

1 1
Ap=—=(fmr1X™ = p);

1 1oml I I INT
A =7 (T =g ) (e AQ=— = (x"T @ (x"T) 1) );

(4)
AQ Y=L - xmhe @ x"h);
Aa=—=n9 07k

m+1)

AO _ 6 m+1 o
rne Ay = fe —(a,x omunOKa Ha BEKTOpPE  JaHHBIX X pErpecCUOHHON

3aBUCHUMOCTH, MIOJTYYCHHON Ha OCHOBAHUH BBIOOPKHU {xi};-"zl.

[lepecunTriBast o nmpuBeeHHbIM hopmynam p, O, Q'1 U Ol TIOCTIe KaKIOTro MOJTY4YEHUs
JAHHBIX, TIOJTy4aeM MPOIECC, B KOTOPOM TOCIIE0BATEIFHO YTOYHSIOTCS YPAaBHEHUS THHEHHON
perpeccun. M TpeGyemblii 00beM NaMsATH, U KOJMYECTBO OTEPAIMA UMEIOT MOPSIOK 1 - m3-3a
HEOOXOIMMOCTH HAKaIUIMBATh U MOAU(DUIIMPOBATH MATPHUILY Q'l. KoneuHo, 3TO MeHbIIIe, YeM
norpedyeTcss Ha oObIYHOE oOparieHrne Martpuibl () Ha KakKIOM IIare, OJHAKO CIEAYIOIIUI

. -1
IpOCTOil anropuT™ erie skoHoMHee. OH BOBce He oOpaiaeTcs K MaTpuiam O, 0 U OCHOBaH
0 2 _ m+1\\2
Ha YMEHBIIEHMM Ha KaxaoM miare BeauuuHbl (A, ;)" =(f,,+1 —(a,x" " ))" - kBagpara

OLIMOKH Ha BEKTOPE JaHHBIX P PErPECCUOHHOM 3aBUCUMOCTH, MOJYYCHHOW Ha OCHOBAaHUHU
BBEIOOPKU {xi}l'-'il.

BHoBb oOpatumcs k dopmyne (2) u Oymem paccMarpuBarh n+1-MepHBIE BEKTOPHI
TaHHBIX U K03 dunneHToB. O003HAYNM X = xMHA = A(;)n+1 = fus1 — (@, x™ 1) . Torma

grad A =—-Axx. (5)

[Tocnennsist ameMeHTapHas (GopMmylia CTOJIb BayKHA B TCOPUHU AJANTHBHBIX CYMMAaTOPOB,
4YTO HOCUT «MMEHHOE Ha3BaHHe» - Gopmyna Yuapoy. «O0ydeHue» alanTHBHOIO CyMMaropa
METOJIOM HaWCKOPEHIIEro CIycKa COCTOMT B HM3MEHEHHH BEKTOpa KO3(p(UIMEHTOB O B
HaIpaBJICHUU aHTHTPAIUCHTA A% Ha Ka)KJIOM II1are K o, gooasisiercst AxAxx, rae h - BenuurHa
mara.

Ecmu IIpHU KaXJIOM IOCTYIUICHHMHM HOBOI'O BEKTOpA JAHHBIX X H3MCHATH O YKa3aHHBIM

o0pa3oM, TO TOJIYYdM TIOCJIEJOBATEIBbHYIO  MPOLEAYPY  IOCTPOSHHUS  JIMHEHHOMN

T
? HamoMHMM, 9TO TSl BEKTOPOB X, Y MATPHIA X®y HMEET CBOMMH 3JIEMEHTAMH XYk



annpoxkcuManuu QyHkmn F(x). Takoil anroput™ o0y4eHHs JIETKO peaTu3yeTcsl arnapaTHbIMU
CpeCcTBaMH (M3MEHEHUE BECA CBSA3M Ol €CTh NPOM3BEICHUE NPOLIEIIETO MO HEW CHIHANA X;

Ha ommOKy A W Ha BenuuuHy mara). Bo3nukaer, ogHako, mpoOjemMa CXOIUMOCTH: €Clu A
CIIMIIKOM Majlo, TO CXOAUMOCTh OyJeT MEIJIEHHOW, €CIU >K€ CIUIIKOM BEIUKO, TO
MIPOM30MIET MOTEPS] YCTOMUMBOCTH U CXOJUMOCTH HE OyneT BoBce. JleTaabHOMY H3JI0KEHUIO
ATOTO MOAX0/1a ¥ €T0 MPUIIOKESHHI MOCBAIICH YyueOHUK [15].

3agaya 4eTKOro pasjiejieHusi IByX KJACCOB IO 00ydJaromieil BHIOOPKE CTaBHTCS TakK:

1 m 1 m i
uMeeTcs 1Ba Habopa BEKTOPOB X , ..., X H ) ,...,J . 3apaHee U3BECTHO, YTO X OTHOCHUTCS K

NepBOMY Kiaccy, a yi - Ko BTOpoMy. TpeOyercssi MOCTPOUTH pelIaloliee MpPaBUio, TO €CTh
OTpeNeUTh Takylo GyHKUUIO f(x), uTo Tpu f{x)>0 BEKTOp X OTHOCUTCA K MEPBOMY KIaccy, a
mpu f(x)<0 - Ko BTOpoMy.

Koopaunatel  knaccu(uIupyeMbIX BEKTOPOB  IPEACTABIAIOT OO0  3HAYCHHS
HEKOTOPBIX IPU3HAKOB (CBOMCTB) UCCIEAYEMBIX OOBEKTOB.

Orta 3a/1a4a BO3HUKAET BO MHOTHX CIIydasiX: P AUATHOCTHUKE 0OJIe3HEH U omnpeaeaeHun
HEUCIPAaBHOCTEM MaIllMH MO0 KOCBEHHBIM IpPU3HAKAaM, MPU PACIO3HABAHUM H300paKeHUU U
CUTHAJIOB H T.II.

Ctporo roBopsi, KiIacCU(UUUPYIOTCS HE BEKTOPHl CBOMCTB, a OOBEKTHI, KOTOpHIE
001ajafoT 3TUMM CBOMCTBAMH. JTO 3aMEYaHHWE CTAHOBUTCS BaKHBIM B TEX CIydasx, Korja
BO3HUKAIOT 3aTPyJHEHHUS C MOCTPOEHUEM pEIIAOIero MpaBuia - HampUMep TOrnaa, Korja
BCTPEUAIOTCS NPUHAISKAIIME K pa3HbIM KjaccaM OOBEKTbI, HMEIONIME OJWHAKOBBIC
MpU3HAKU. B 3THX cilydasix BO3MOKHO HECKOJIBKO PEILICHUIA:

1) uckaTh AONMOTHUTEIBHBIC IPU3HAKH, TI0O3BOJISIOLINE Pa3/IEIUTh KIIAcChI,

2) IPUMHUPHUTHCA ¢ HEU30ESKHOCTHIO OIMMOOK, HA3HAYUTD 3a KaXKIbIM THUIT OIMTUOOK CBOM
mtpad (cip - mrpad 3a To, YTO 0OOBEKT MEPBOTO KJIacca OTHECEH KO BTOPOMY, Co; - 3@ TO, UTO

00BEKT BTOPOTO Kjacca OTHECEH K MEPBOMY) M CTPOHUTDH pasfelsioliee MpaBUiIO TaK, YTOOBI
MUHMMH3HPOBATH MaTeEMaTHUECKOE OKUAaHue mrpada;

3) mepeiTu K HEUETKOMY pa3JeNICHHIO KJIACCOB - CTPOMTH TAaK Ha3blBaeMble "(YHKUIUU

npuHaIeKHOCTH" f1(X) U fr(X) - fi(x) OlleHMBaeT cTeNneHb YBEPEHHOCTH TPU OTHECCHHH

o0BekTa K i-My kiaccy (i=1,2), st OTHOTO M TOTO K€ X MOXKET OBITh Tak, uTo u f1(x)>0, u

S2(x)>0.



Jlunetinoe pasoenenue K1accog COCTOUT B IIOCTPOCHUH JIMHEHHOTO PEIIAOIETo MMpaBuiia
- TO €CTh TAaKOrO0 BEKTOpa O U 4YHClia O (Ha3pIBAEMOTO MOPOTOM), YTO MpPH (X,00)>0y X
OTHOCHTCS K IIEPBOMY KJIaccy, a IpH (x, a)<cLg - KO BTOPOMY.

[Torck Takoro pemaroIero npaBuia MOXKHO pacCMaTPUBATh KaK Pas3ciIeHUE KJIacCOB B
OpPOEKIIMM Ha MpsMylo. Bekrtop o 3azaer npsSMylo, Ha KOTOPYH OPTOTOHAJIBHO
IIPOEKTUPYIOTCS BCE TOUKH, a YUCIIO O - TOYKY Ha ITOU NPAMOU, OTACIIAIOLIYIO IIEPBBIN KJ1acc
OT BTOPOTO.

[IpocTeiimmii u mog4ac oYeHb yI0OHBINH BEIOOP COCTOUT B MPOEKTUPOBAHUH HA MPSIMYIO,
COEAMHAIONIYI0 LEHTPhl Macc BbIOOpOK. LIeHTp Macc BbIUMCIAETCS B MPEANOJIOKEHHH, YTO
Macchl BCEX TOUYEK OJMHAKOBBI U PaBHBI 1. DTO COOTBETCTBYET 3aJaHUIO O B BUJE

o= (y1+ y2+... +y"™"Y/m -(x1+ o+ x "y/n. (6)

Bo MHorux ciyyasx ygoOHee UMETh JIeJI0 ¢ BEKTOpaMH €AMHUYHOH JuiMHbl. Hopmupys
o, MIOJIy4aeM:
o= ((y1+ y2+...+ym)/m -(x1+ o xn)/n)/ll(ylvL y2+... +y"™"Y/m -(x1+ bt x "yl.

Br160p 09 MOXKET MPOU3BOIUTHCS U3 PA3IMYHBIX cooOpakeHuil. [IpocTeiimmuii BapuaHT -
HOCEPEIMHE MEXY LIEGHTPaMHU MacC BBIOOPOK:

="+ 1P+ A" + X+ x ) in,00))/2.
bonee TOHKHME cHOCOOBI MOCTPOEHUS TPaHMIBI pasfesia KIaccoB O YYHUTBHIBAIOT

Pa3INYHBIC BCPOATHOCTHU IOSABJIICHUSA OGBGKTOB Pa3HbIX KJIACCOB, W OLCHKU IIJIOTHOCTU
pacrpeneneHus TOUYeK KJIaccoB Ha MpsMoi. UeM MEHbIe BEpOSTHOCTh MOSBICHHS IaHHOTO
KJlacca, TeM OoJjiee TpaHMIla pasfena MPUOIMKACTCA K IEHTPY THKECTH COOTBETCTBYIOIICH
BBIOOPKH.

MOoXHO Al KaKIOro Kiacca MOCTPOHUTH MPUOMIKEHHYIO TUIOTHOCTh BEPOSTHOCTEH

pacmpeneneHus MNPOEKIUH €ero TOo4YeK Ha MpsAMylo (3TO HAMHOIO Mpolle, YeMm s

MHOTOMEPHOTO paclpeeieHNs1) U BBIOUPATh Ol), MUHUMHU3UPYsI BEPOSTHOCTH omOku. [Tycth
pemaroiiee mMpaBwiIo UMEET BUI: MPH (X, 01)>0lp X OTHOCUTCA K MEPBOMY Kiaccy, a mpH (x,

o)<l - KO BTOpoMy. B TakoMm cirydae BeposITHOCTh OITMOKH OyIeT paBHA

() o0
P=p I Ay + pa fpz(;c)d;c
—00 ao

TZie p1, P2 - AIPHOPHBIE BEPOSATHOCTH MPUHAICKHOCTH 00BEKTa COOTBETCTBYIOLIEMY KIIAaccCy,



p1(%), p2(y) - IIIOTHOCTH BEPOSITHOCTHU JUISl PACIpENieCHHs] IPOSKIUNA . TOYEK X B KaXKIAOM
KJ1acce.
[IpupaBHsIB HYJIIO MPOU3BOAHYIO BEPOSTHOCTH OIIMOKH MO 0O, MOJIYYHUM: YHUCIO O,
JOCTABIISIONIEE MUHIMYM BEPOSTHOCTH OIIMOKH, SIBIISIETCSI KOPHEM YPaBHEHUS:
PiP100)=p2p2(%); (7)
1100 (ecau y 3TOr0 ypaBHEHHUSI HET PEIICHUI) ONTUMAIbHBIM SIBJISETCS MPABHIIO, OTHOCSAIIEE

BCE OOBEKTHI K OIHOMY U3 KJIAaCCOB.

Ecnu npuHATE TMIIOTE3Y O HOPMAJIbHOCTH PACIpPEACIICHUN:

2 2
e—(y—a) /20

b

1
o(y)= N

TO OJId OMMPCACIICHUSA Oy TOJYUNUM!

Pl ~(y-a)? 20 _ Py ~(y-a2)’ /203
\N2roy N2moy

5

In(py / p2)—In(oy/ 03) = (v —a)* | 207 +(y—a)* /1 205 =0

Ecnu 5T0 ypaBHEeHHE MMeeT ABa KOPHS y=0|, Oy, (0t1<Cly) TO HAWIYYIIMM PEHIAOIINM
npaBwiIOM OyzeT: mpH o <(x, o)<o, 0O0BEKT MPUHAMIEKUT OJHOMY KIIACCy, a TPU o>(X, o)
wim (x, o0)>0y - Apyromy (KakoMy MMEHHO, OMpEACISeTCS TeM, KOTOPOE W3 MPOU3BEIACHHIA
pipi(x) Gomnpmie). Eciu kopHEH HET, TO ONTHUMAIBHBIM SBIISETCS OTHECEHHE K OJHOMY M3
kiaccoB. Cry4ail eTMHCTBEHHOTO KOPHS MPEJCTABIISIET HHTEPEC TOIBKO TOT/IA, KOTJAa G|=C).
[Ipu 3TOM ypaBHEHHE TpeBpalIacTCsl B JIMHEHHOE W MBI TIPUXOJNM K UCXOJAHOMY BapHaHTY -
€IMHCTBEHHOW pa3AeIsIIoNIe TOUKE 0.

Takum 006pa3om, paszuenstoiiee MPaBUIo ¢ IUHCTBEHHONW pa3lesiomeld TOYKON o He
ABJBICTCA HAWJTYYIIUM JJII HOPMAaJIbHBIX pacnpeﬂeneﬂm‘/'l U HaJgO HUCKaATb ABC pa3aCiIsAroIIune
TOUKH.

Ecmu Cpa3y CTaBUTb 3aavy 06 ONTUMAJIBHOM pPa3ACJICHUNU MHOTOMCPHBIX HOPMAJIbHBIX
pacnpeneneHuii, TO MOJY4YUM, YTO HAWIy4dlled pa3Aessiiomel MOBEPXHOCTHIO SABISETCA
KBaJpuka (Ha TpsMON THUNWYHAS «KBaApUKa» - JBe Touku). I[Ipenmonarasi, d4TO
KOBapHallMOHHbIE MaTPHUIIBI KJIACCOB COBIMAAAIOT (B OAHOMEPHOM CiIydae 3TO MPEANOI0KEHHUE
0 TOM, YTO G|=Gj), NOJy4aeM JMHEHHYIO0 pa3Aemsioulylo MmoBepxHocTh. OHA OpTOroHajIbHa

OpPSMOM, COEAMHSAIONICH IIEHTPHl BHIOOPOK HE B OOBIYHOM CKAJIIPHOM IPOU3BEICHHM, a B



CIIEIINATILHOM: <x,y>=(x,2_l y), rae X - oOmas KoBapHWAallMOHHAs MaTpHIla KJIaccoB. 3a

JIETAJIIMU OTChUIAEM K MPEKpacHO HanrMcaHHo# kuure [17], cMm. Takxke [11,12,16].
Baxxnas BO3MOXHOCTb YCOBEPILEHCTBOBATH PAa3/CNAIONICe MPABHIO COCTOUT C

UCIOJIb30BaHUU OIICHKM HE MPOCTO BEPOSTHOCTU OIIMOKHU, a CPEIHEro pHUCKa: KaKIou

OIIMOKE MPUMMCHIBACTCS «II€HA» C; 1 MHUHUMH3UpPYETCs cymma cip1p1(y)+coparpa(y). OTBeT

MOJIy9aeTCs TIPAKTHYECKUA TeM ke (BCIOMY p; 3aMEHSIOTCS Ha C;p;), HO Takas qo0aBKa BakHA
JUTSE MHOTHX TIPHJIOKEHUH.

Tpebosanue 6ezowubouHocmu Ppa3AeiAIONIeTO MpaBWiia Ha oOydaromeld BBIOOpKE
NPUHIMIHATEHO OTIMYAETCS OT OOCYKIABIIMXCS KPUTEPHUEB ONTHUMAIBHOCTH. Ha ocHoBe
3Toro TpeboBaHMsI CTpouTcs mepcenTpoH Po3zeHdaarra - «IenylIka» COBPEMEHHBIX
HEUpOHHBIX ceTelt [1].

Bo3bMeM 3a OCHOBY MNpH MOCTPOEHMHM THIEPITIOCKOCTH, pa3Jessaiolieil Kiacchl,
OTCYTCTBHE OIIMOOK Ha oOOydJaromiel BbIOOpKE. UTOOBI YIOBIETBOPUTH 3TOMY YCIOBHIO,

MPUIETCS pelaTh CUCTEMY JTMHEHHBIX HEPaBEHCTB:

o', a)y>o (i=1,...,1)

O, w<ag (=1,...,m).
3nech X (i=1,..,n) - BEKTOpHI U3 00ydJarOIIe BHIOOPKH, OTHOCSIITHECS K NIEPBOMY KJIaccy, a y’
(7=1,..,n) - KO BTOpOMY.

Yno0Ho mnepedopMynupoBaTh 3ajady. YBEJIMYHMM pa3MEPHOCTH BCEX BEKTOPOB Ha
eMHUILY, 100aBUB €lle OJHY KOOpJAUHATY -0y K O, Xo =1 - KO BceM X U yy =1 - KO BceM ) .
CoxpaHuM AJIs HOBBIX BEKTOPOB MPEKHUE 0003HAUCHUS - 3TO HE MPUBEACT K IMyTAHHUIIC.

Hakomnerr, monoxum 2= (i=1,...,n), J= -yi (=1,...,m).

Toraa mosydyuMm cuctemy n+m HEPaBEHCTB

(', 00)>0 (i=1,...,n+m),
KOTOpPYIO OyJeM pemaTh OTHOCUTENIBHO o. ECin MHOXKECTBO pelieHui HemycTo, TO JII000i ero
AJIEMEHT Ol TIOPOJKIAET PEIIaoIee MPaBuiIo, 0€30MnO0YHOe Ha 00yUaroIei BHIOOPKE.

WTepauiMoHHBIN aaropuT™M peLeHUs 3TOM CUCTEMBI Upe3BbIuaiiHo nMpocT. OH OCHOBaH Ha
TOM, 4TO JJisi JIIOOOTO BEKTOpa X €ro CKaJspHBIM KBaapar (x,x) Oonbmie Hyms. Ilycte o -
HEKOTOPBIA BEKTOp, MPETCHIYIOMIMI Ha POJIb PEIICHUS HEPABEHCTB (zi,oc)>0 (=1,...,ntm),

i
OJHAaKO 4YaCTb M3 HHUX HEC BBIIIOJHACTCA. HpI/I6aBI/IM TC€ Z, TJIs1 KOTOPBIX HEPABCHCTBA UMCIOT



. i
HEBEPHBIN 3HAK, K BEKTOPY 0 U BHOBb IPOBEPHUM Bce HepaBeHCTBa (z,0)>0 u 1.1. Ecnu oHu
i
COBMECTHBI, TO MPOIIECC CXOIUTCS 3a KOHEUHOE YHCIo 1maros. bonee Toro, nodasneHue z k o

i
MO>XHO MPOU3BOJIUTH Cpa3y IMocie Toro, kak omuodka ((z,o)<0) oOHapykeHa, HE JOKUIASACH

IIPOBEPKHU BCEX HEPABEHCTB - U ATOT BapUAHT aJIrOpPUTMa TOXKE cXoauTes [2].

2. Cetu Xondpuaga

[Tepeiinem OT OAHORIEMEHTHBIX CHUCTEM K HEWPOHHBIM ceTsiM. IlycTh o - Bec cBs3w,
BEyIIeH OT j-ro HEHpOHA K i-My (ITOJIE3HO OOpAaTUTh BHUMAHUE Ha TOPSJIOK WHIEKCOB). Jlis
TIOJIHOCBSA3HBIX CETEH ONpPENETIEHbI 3HAYEHHS O IPH BCEX 1./, JUIS IPYTUX apXUTEKTYP CBA3H,
BeJlyILllUE OT j-I'0 HEMPOHA K i-My JUIsl HEKOTOPBIX I,/ HE OIIPEeIeHbl. B 3TOM cilydae 1OoI0KUM
0(,']:0.

B nmanHom pasznene pedb MOMAET B OCHOBHOM O TMOJHOCBS3HBIX ceTsX. IlycTe Ha
BBIXOJIaX BCEX HEMPOHOB IOJIYYEHBI CHIHAJBI X; (j-HOMEp Helpona). O003HaYMM X BEKTOP
3TUX BBIXOJIHBIX CUTHAJIOB. IIpoXoxkaeHne BEKTOpa CUTHAJIOB X YEpe3 CETh CBA3EH CBOIUTCS K
YMHOYKE€HUIO MaTPULBI (0;) HAa BEKTOP CHTHAIIOB X. B pesysbTare momyyaeM BEKTOP BXOIHBIX

CUTHAJIOB HEJIMHEHHBIX DJIEMEHTOB HEMPOHOB: ); = Z QX j .
J

OTO COOTBETCTBUE «HPOXONHCOEHUE Cemu = YMHOMCEHUe MAmpuyvl CA3eU HA GeKmop
CUCHANI08» SBIISICTCS OCHOBOM sl TIepeBO/ia OOBIYHBIX YUCICHHBIX METOJIOB Ha HEUPOCETEBOM
s3Ik W oOpaTHO. [lpakTHuecku BCIOAY, T/I€ OCHOBHOW OIE€paldel SIBISETCS YMHOXKCHHUE
MaTpHIlbl Ha BEKTOP, IPUMEHUMBI HelipoHHbIE ceTH. C Ipyroil CTOPOHBI, I000€ YCTPOUCTBO,
NO3BOJISIOIIEE OBICTPO OCYIIECTBIATH TAaKOE YMHOXEHHE, MOXET MCIIOJIb30BaThCs IS

peanu3anyvy HEMPOHHBIX CETEH.
. 1
B wactHOCTH, 8bIuUCICHUE 2paduenma keadpamuuHou ¢hopmwr H =E(x,Qx) MOXET

OCYILECTBIIATHCS TIOTHOCBSI3HOW CETBIO C cummempuunou Marpuiei cpssei: gradH = Ox

(al-j =q;=¢ ji)- HMeHHO 3TO HaOI0IEHNE JISKUT B OCHOBE JJAHHOTO pas3fena.

YTo MOXHO c/ieNlaTh, €CIIU Mbl YMEEM BBIUUCIISTH IPAIUEHT KBAAPaTUIHON (HOPMBI?
B nepByio ouepenp, MOXKHO METOJAOM HAUCKOPEHIIEro CIycKka HCKaThb TOYKY

MHMHHMYMAa MHOIO4YWieHa BToporo mnopsiaka. Ilycte 3agaH  Takoil MHOTIOYJIEH:

1
P(x) = E(x, Ox)+(b,x). Ero rpanuent paBen gradP = QOx +b. DTOT BEKTOp MOXET OBITh



TMOTy4eH NP MPOXOXKICHUM BEKTOPA X 4Yepe3 CeTh C BECAMM CBA3CH «;; =¢;; =qj; TpH

YCJIOBUH, YTO Ha BXOJHOM CyMMAaTop Ka)KJOro HEWpOHA IO JOMOJIHUTENBLHOW CBSI3U Beca b
MOJAETCA CTaHAAPTHBIN €UHUYHBIA CUTHAIL.
3ananum Tenepb (GYHKIMOHUPOBAHUE CETH (POPMYIIOH
x'=x —hgradP = x — h(QOx + b) (8)
Henuneiinbix 21eMeHTOB BoBce He HyHO! Kaxnplil (j-i1) HEPOH MMeEET BXOJIHBIE Beca

@i = —hq;; st CBA3EH C APYrMMU HEUPOHAMH (i#]), BEC — b ISk IOCTOSHHOTO CAMHUIHOIO

BXOJIHOTO CHTHANa M BeC o = 1—hq jj VI CBA3M HEWpoHa ¢ caMUM co0oi (Tepemaun Ha

HEro €ro K€ CUTHaJIa ¢ Mpeapiayiero mara). Beibop mara h>0 MoxeT BbI3BaTh 3aTpy/IHECHHE
(oH 3aBHCHUT OT KOA(P(PHUIMEHTOB MUHUMH3UPYEMOro MHoOrowieHa). EcTb, onHako, mpoctoe

pelieHre: B KaKIbli MOMEHT JUCKpEeTHOro BpeMeHu T BbIOMpaeTcss CBOe 3Ha4YeHUe hyp.

JlocTatouHo, 4TOOBI 1Iar CTPEMHJIICS CO BPEMEHEM K HYJIIO, a CyMMa IIaroB - K 0ECKOHEYHOCTH

1 1
(Hanpumep, hy = 7 B hp = ﬁ ).

Wrak, nmpocTasi CAMMETPHYHAS MMOJTHOCBS3HAS CETh 0€3 HEIMHEHHBIX DJIEMEHTOB MOXKET
METOAOM HaHCKOpeﬁmero CHyCKa HNCKaThb TO‘IKy MI/IHI/IMYMa KBa,Z[paTI/I‘-IHOFO MHOI'O4JICHA.
Pemienne cucreMbl JTHHEHHBIX YypaBHeHHIl Ax =b CBOAUTCS K MHHUMHU3AINHA

MHOI'O4JICHA
1 1 o T 1
P=2((Ax=b).(Ax = b)) =2 (v, A" 4x)~ (4 b.x) = (b.D).

[ToaToMy pelieHne CUCTEMBI MOXKET MPOU3BOAUTHCS HEMPOHHOM ceThio. [Ipocreimias cets,

BbIUUCIIAIOIIAA T'PAAUCHT 3TOI'O MHOT'OYICHA, HE IIOJHOCBA3HA, a COCTOUT M3 ABYX CJIOCB:

TIEPBBINA C MAaTpPULIEH CBA3ENH A, BTOPOU - C TPAHCIIOHUPOBAHHOW MaTpHUIICi AT Tlocrosmmbrit

GI[HHHqHBIﬁ CHUIrHala ImoJgacTcsda Ha CBA3HM C BECaMH b] Ha NEpBOM CJIOC. MI/IHI/IMI/ISaHI/ISI 9TOI0

MHOI'O4JICHA, a4 3HAYUT U PCHICHUC CUCTCMBbI JIMHEWHBIX ypaBHeHHfI, MOKCT NPOBOAUTHCH TaK

K¢, Kak W B O0O0meM cioydae, B COOTBETCTBHHM ¢ dopMmyinon x'=x — hgradP.

VYCcoBepIICHCTBOBAaHHBIE BAapHAaHThl aJrOPUTMA pPEIICHHs MOXXHO HaWTH B paboTax
Cynapukosna [8].

Hebonpmass moaudukanus mo3BoisieT BMeCTO 0€3yCJIOBHOTO MHUHHMYyMa MHOTOWJIEHA
BTOPOTO  mopsiika P WcKaTe  TOYKY  YCJIOBHOTO  MHHMMyMa C  YCIIOBHSMH

X;=c¢; Ani=i,..,0;, TO €CTb TOUYKy MHUHUMyMa P B orpaHudeHuu Ha adQHUHHOE



MHOT000pa3ue, mnapamuieibHOe HEKOTOPHIM KOOPAWHATHBIM IJIOCKOCTSAM. /[ 3TOro BMecTo
dbopmybl
x'=x —hgradP = x — h(QOx + b)
CJIeyeT UCTOIb30BaTh:

. . .
X'y =c;upui=1ip,...,i;

P 9)
X', =x;— hg =x;—h qu'jxj +b; | npui#i,...,i.
! J
VYeTpoiicTBO, CIOCOOHOE HAX0OUMb MOUKY YCI08HO20 MUHUMYMA MHO20UNIEHA GIMOPO2O

nopsioka TpH yCIHOBUAX BUAA X; = C; JIA 1 = i],...,i; TIO3BOJSET PELIaTh BAXKHYIO 3a1ady -
3aMoJHATH NPo0ebl B JaAHHBIX (U, B YACTHOCTH, CTPOUTH JTUHEHHYIO PETPECCHUIO).

HpeI[HOJ'IO}KI/IM, 4YTO IMOJy4YaECMBIC B XOO€ HCIBITAaHUI BCKTOPbI AaHHBIX IOJYHUHAIOTCA

MHOTOMEPHOMY HOPMAJIbHOMY PACIIPEAETICHUIO:

1
px) = Ce—g((x—MX),Q(x—MX))

rae Mx - BEKTOp MaTeMAaTUYECKHX OXHAAHUW KoopawHaT, (O = Z_l, Y - KOBapUallMOHHAA

MaTpuLa, /7 - Pa3MEPHOCTb NPOCTPAHCTBA IAHHBIX,

|
T 2r)"?dets

HanoMuuM onpezesenre MaTpunsl 2 :

(2)jj = M((x; = Mx;)(x; —Mx)),

rae M - cUMBOJ MareMaTH4YeCKOro OXHMJIAHWS, HWXKHHUM HHJIEKC COOTBETCTBYET HOMEDPY
KOOpJIHWHATHI.
B wacTHOCTH, MpoCTEiiiias oleHKa KOBapUAIIMOHHON MaTPHIIBI IO BEIOOPKE JIAeT:
LSy j T
S=—> (x/ —Mx)® (Mx’ - Mx)",
m<
J
IJIe m - YUCJIO DJIEMEHTOB B BBIOOPKE, BEPXHUI MHIEKC j - HOMEp BEKTOpa JaHHBIX B BHIOOPKE,
BepXHUW nHJeKkc T o3HayaeT TpaHCHOHHUpOBaHME, a & - MPOU3BEIEHUE BEKTOPa-CTOIOIA Ha
BEKTOP-CTPOKY (TEH30pPHOE NMPOU3BEICHHE).
ITycTs y BEKTOpa AAHHBIX X M3BECTHO HECKOJIBKO KOOPIAMHAT: X; = C; AL =1If,..., I} .
HaI/I6OJICe BCPOATHBIC 3HAYCHUSA HCU3BCCTHLIX KOOPAWHAT AOJIKHBI HOCTABJIATH yCJIOBHLIfI

MaKCUMyM [IOKa3aTeal0 HOPMAlbHOTO pACIpeAeNeHUs] - MHOTOWIEHY BTOpPOrO MOpsiaKa



((x —Mx),0(x —Mx)) (mpu ycnoBUU X; =c; AN i =1i],...,I; ). OTU K€ 3Ha4eHUs OyayT
YCIOBHBIMH MaTeMAaTUYECKUMHU OKHUJAHUSIMU HEU3BECTHBIX KOOpPIMHAT TMpHU 3aJaHHBIX
YCIOBHSIX.

Takum oOpa3oM, dYTOOBI TOCTPOUTH CETh, 3AMOJHSIONIYIO MPOOETbl B JIaHHBIX,
JIOCTaTOYHO CKOHCTPYHMPOBATH CETh IS MOWCKA TOYEK YCIOBHOTO MUHUMYMa MHOTOWICHA
((x =Mx),0(x —Mx)) npu yciaoBUsX CIEAyIOLIEro BUIA: X; = ¢; M I = i|,..., I . MaTpua
cBs3eit O BeIOMpaeTcs u3 ycioBust Q = y! , T1Ie ¥ - KOBapuaIllMOHHasi MaTpuIia (ee OIeHKa 1Mo
BEIOODKE).

Ha nepBelii B3risiz, nomaroBoe HakomiaeHue Q = = 1o Mepe MOCTYIUIEHUS AAaHHBIX
TpeOyeT CIUIIKOM MHOIO OIepaluii - MOJy4yuB HOBBIM BEKTOp MJaHHBIX Tpedyercs
MEepEeCYnTaTh OIEHKY 2, a MOTOM BBIYMCIUTHL () = 1. Moo MOCTyNaTh U MO-APYTrOMY,

BOCIIOJIB30BABIINCE  (POpMyJIONH TMPHOIMKEHHOrO OOpamieHuss MaTpHll IEepBOro IOpsIKa

TOYHOCTHU:
C+eA) T =3 ez Iaz ! 4 o(e).
Ecnu ke no6aBka A umeet Bug A = y ® yT , TO
C+eA) =2 ey )T +o(e). (10)

3aMeTI/IM, YTO pCHICHUC 3aaa4n (TO‘-IKa YCJIOBHOTO MUHHUMYMa MHOI‘O‘IHCHa) HE MCHACTCA

npu ymMmHOkeHuu Q) Ha uncio. [ToaroMy nosaraem:

Qo =1, Ops1 = Op + (O (1 = (M) 1)) ® (0 (F 1 — (M) )T,

rae 1 - equHuyHasg matpuna, €0 - J0CTaTOYHO MAJIOE YHCIIO, xk + k+1-i1 BEeKTOp NaHHBIX,
k+1 k+1,
(Mx) - CpeaHee 3HaUYeHHEe BEKTOpa JaHHBIX, YTOYHEHHOE C YUETOM X ' :
k+1_ 1 k| k+l
(Mx)" " = k+1(k(Mx) +x"7)

B dopmyne s momaroBoro HakoruieHHss MaTpuilel (0 ee u3MeHeHue AQ mpu
_ k+l1 k+1
MOSIBJICHWM HOBBIX JIaHHBIX [IOJIydyaeTcss ¢ TNOMOmIbl0 BekTopa )y=x"  —(Mx)" ",

MPOIYIIEHHOro 4epes ceTh: (AQ);; = &,z ;, rae z=Qy. llapamerp & BEIOUpaeTCst 10CTATOYHO

MaJIbIM JJIA TOTIO, I-ITO6I:I O6€CHC‘-II/ITI> MOJIOKUTCIIbHYIO OIIPCACIICHHOCTD IMOJIY4aCMbIX MATPHIL
(¥, IO BOBMOXXHOCTH, MX OJTM30CTh K UICTUHHBIM 3HAYCHUSIM ().
OnucanHpli Tporiecc (GOPMUPOBAHUS CETH MOXKHO HaszBaTh oOydeHueM. BooOie

TOBOPSI, MOKHO MTPOBOAUTH (POPMAIBHOE pa3InYeHUE MEXTY (GOPMUPOBAHUEM CETH IO AEHbIM



dopMynaMm M TO anropuTMaMm, HE HCHOJB3YIOUIMM SBHBIX (OpMyN JUIsi BECOB CBs3eH
(neasnvim). Torma TepMUH «0Oy4YeHHE» MPEIIOaraeT HESBHbIE aJTOPUTMBI, a ISl SBHBIX

ocTraercs Ha3zBaHUe «(HopMUPOBaHHE». 3€Ch MBI TAKOTO Pa3JInYMs IPOBOIUTH HE OyeM.

k+1
Ecnu npu 0OydeHUU CeTu MOCTYMAT HeKOMNIeKmHble OdHHble X C OTCYTCTBUEM

3HaYEHUI HEKOTOPBIX KOOPAMHAT, TO CHayasla 3T 3HAYEHUS] BOCCTAHABIUBAIOTCS C MIOMOIIBIO
UMEIOILEHCS CeTH, a TIOTOM HCIIOJIBb3YIOTCS B €€ albHENIIeM 00yYeHUH.

Bo Bcex 3amayax ONTHMM3alMU CYIIECTBEHHYIO PpOJIb WUIPAaET BOMPOC O HPABULAX
OCMAaHO6KU: KOTJa CJEQyeT TMPEeKpaTUTh LUKINYecKoe (DYHKIIMOHUPOBAHHE CETH,
OCTAaHOBHUTKCS M CYMTATh MOJTYYCHHBIN pe3ynbTar orBeToM? [IpocTeiimmii BEIOOP - OCTaHOBKA
[0 MaJIOCTH WM3MEHEHMH: €CIIM W3MEHEHHUs CUTHAJIOB CETH 3a LMKJI MEHbIIE HEKOTOPOTro
(UKCUPOBAHHOTO MaJoTo O (MPHU HKCIOJIB30BAHMM TEPEMEHHOTO Iara 0 MOXET OBITh €ro
(dyHKIMEH), TO ONTUMH3AIMS 3aKAaHUYUBACTCS.

Jlo cux mop peypb 1jIa O MUHUMHU3ALUU MOJIOKUTEIBHO ONPEIEICHHBIX KBaJAPaTUUYHbIX
¢dopM U MHOrowIeHOB BTOpOro mopsiaka. OJHaKO caMoe 3HAMEHHUTOE IPUIIOKEHUE
MOJIHOCBSI3HBIX CETeM CBSI3aHO C YBEJIMYEHHWEM 3HAYEHHM MOJIOKHUTEIbHO OMpPEeeICHHbBIX

KBaJpaTHUHBIX GopM. Peub uzaer o cucremax accouuaTuBHoi mamsitu [4-7,9,10,12].

Hpe,[[HOJIO)KI/IM, 4TO 3aJaHO HCCKOJIBKO 3TAJIOHHBIX BCKTOPOB HAHHBIX xl,...,xm " 1pu
00paboTKe TMOCTYNHBILEIO Ha BXOJ CHUCTEMbI BEKTOpa X TpeOyeTcs MOJYYHUTh Ha BBIXOJE
OMKalIIMK K HEMY STaJOHHBIM BEKTOp. Mepol CXOJCcTBa B MpocTeHiieM ciaydae Oymem
CUNTATh KOCHHYC YTJIa MEX/1y BEKTOPaMH - I BEKTOPOB (PMKCUPOBAHHOM JJTUHBI 3TO MIPOCTO

CKaJIsipHOE Mpou3BeeHue. M0XHO 0KUAaTh, YTO U3MEHEHHE BEKTOPA X TI0 3aKOHY

x'=x+h2xk(xk,x), (11)
k

rae /4 - Manblil 1ar, IpuBeNeT K YBEJIMYEHUIO MPOCKIMH X Ha Te ATAJOHbI, CKaJspHOE

MIPOM3BENICHUE Ha KOTOPHIC (xk,x) OoJbIIIe.
Orpann4mMcst pacCMOTPEHUEM STAJIOHOB, M OXKHUIAEMBIX PE3yIbTaTOB 00pabOTKU C
koopauHaTamMu +1. Pa3BuBas W3JI0XKECHHYIO HICI0, NMPUXOAUM K Au(QepeHIHaIbHOMY

YPaBHEHUIO



ﬁ = —gradH,

dt
1 2 1
H = Hy +0Hy, Ho(x) =~ 2 (.00 By =2 267 -7, (12)
k i
_ ko k .2
gradH ——Zx (x™,x), (gradHl)j = (x5 —Dx;,
k

I7Ie BEpXHUMH MHAEKCAaMH O0O03HAYalOTCI HOMEpa BEKTOPOB-ITAJIOHOB, HIKHUMHU -
KOOpJMHAThl BEKTOPOB.

Oyukuus H Ha3zplBaeTcsd  «9Hepeuel CETH, OHAa MHHUMHU3HPYETCS B  XOJE
¢ynxuuonupoBanus. Crnaraemoe /(; BBOAUTCS IJIsi TOTO, YTOOBI CO BPEMEHEM BO3pacTaja

IPOEKIMs BEKTOPA X Ha T€ 3TAJOHBI, KOTOpble K HEMY Oumxe, cinaraeMoe | obecrieunBaer

CTpeMIIeHHE KoopAuHAT BekTopa x kK *1. Ilapamerp O ompenenser COOTHOLIEHUE MEXIY
WHTEHCUBHOCTSIMH JTHX JBYX IporeccoB. llemecooOpa3Ho MOCTENEHHO MEHATh O co
BpEeMEHeM, HaunHas ¢ Masiblx 0<1, 1 mpUX0/s B KOHIIE KOHIIOB K 0>1.

[TonpoOHEee crucTeMbl acCOIMATUBHON MaMATH PACCMOTPEHBI B OTAEIBbHOM TJIaBe. 37eCh

’Ke Mbl OTPaHMYMMCSA OOCYKICHHEM IMOJyJaloluXcs BECOB CBsA3eld. Marpuna cBszel
IIOCTPOEHHOIl cetn onpenenserca ¢ynkuue H,, Tak kak (gradH|) j =(x? —Dx;

BBIYHUCIISIETCS HEMIOCPECTBEHHO IIPH j-M HeWpoHe 0e3 yyacTus ceTu. Bec cBA3M Mexy i-M U j-

M HelpoHaMH HE 3aBUCHUT OT HAIPaBJICHUSI CBSI3U U paBEH

al-j =Z)Clk)6§ . (13)
k

Ota npoctas ¢opMyaa UMEET Ype3BbIYAIHO Ba)KHOE 3HAUYEHHUE JUISl Pa3BUTHS TEOPHUH

HEHPOHHBIX ceTell. Bkitan k-ro sTajoHa B CBsI3b MEXKAY i-M U j-M HEHpPOHAMH (xlk x? ) paBeH

+1, ecnu i-s1 ¥ j-s1 KOOPAMHATHI ATOTO ATAJIOHA UMEIOT OJMHAKOBBIN 3HAK, U PaBEH -1, €CiIu OHU
UMEIOT Pa3HbIi 3HAK.

B pesynbTaTe Bo30YyXKaeHUE -0 HEMpOHa nepeaaeTcs j-Mmy (M CHMMETPUYHO, OT j-TO K i-
My), €clii y OOJIBIIMHCTBA 3TAJOHOB 3HAK i-d M j-H KOOpIMHAT COBMAJar0T. B mpoTHBHOM
cllydae 3TU HEHPOHBI TOPMO3AT APYT JIpyra: BO30YXKAEHHE i-T'O BEAET K TOPMOKEHHUIO j-TO,
TOPMOXEHHE i-TO - K BO30YXJEHHUIO j-TO (BO3JACHCTBUE j-Tr0 HAa i-i CUMMETPHYHO). DTO
MpaBUJIO0 00pa30BaHUs aCCOIMATUBHBIX CBsA3eH (mpaBuio Xe60a) ChIrpajio OTPOMHYIO POJIb B

TEOPUU HEMPOHHBIX CETEH.

3. Cern KoxoHeHa U1l KJIacTep-aHAJIN3a U KJIacCHPUKALUM 0e3 YUHuTe st



Ilocmpoenue omunowenuti Ha MHodcecmee 00beKmog - OHA U3 CaMbIX 3araJOuyHbIX U
OTKPBITBIX U1 TBOpPYECTBA 00JIACTel MPUMEHEHUs HCKYCCTBEHHOrO MHTENIeKTa. [lepBbiM U
HanOoJiee pPACHpPOCTPAHEHHBIM NPUMEPOM JTOM 3aJauyd  SBIAETCS Kiaccupukanus 0Oe3
yuutens. 3amaH Ha0op OOBEKTOB, KaXJIOMY OOBEKTY COIMOCTaBJIEH BEKTOp 3HAYCHHI
npU3HAKOB (cTpoka Tabnuibl). TpeOyercst pa3ouTh 3TH 0OBEKTHI Ha KJIACChl SKBUBAJICHTHOCTH.

EcrectBeHHO, mpex/ie, 4eM NPUCTYNaTh K PEHICHUIO 3TOM 3a7aud, Hy*KHO OTBETHTb Ha
OJIMH BONPOC: 3a4eM NPOM3BOIUTCS ATO pa30MeHHe M 4YTO MbI OyaeM Jenarth C €ro
pesynbratoM? OTBET Ha HEro MO3BOJUT NPHUCTYMUTHh K (OpMajbHON TOCTAHOBKE 3aJ]layH,
KOTOpasi Bcerga TpedyeT KOMIIPOMHUCCA MEXIY CIOXKHOCThIO PpEIICHUS M TOYHOCTHIO
dopManuzanuu: OyKBaJIbHOE CIIEIOBAaHHE COJEPXKATEIIbHOMY CMBICIY 3a7aud  HEpPeaKo
MOPOKIACT CIOXKHYIO BBIYUCIUTENBHYIO TpOoOJieMy, a CIeJOBaHHE 3a TMPOCTHIMH H
3JIETAaHTHBIMU AITOPUTMAMHU MOXET MPUBECTH K IPOTUBOPEUHIO CO 3/IPABBIM CMBICIIOM.

Wrak, 3aueM HY)XHO CTPOUTH OTHOIIEHHUS SKBUBAJICHTHOCTH Mexay oObekTtamu? B
NEPBYIO ouepenp - Uil puKcanuu 3HaHui. JIloau HakarIuBaloT 3HaHMS O KjiaccaX OOBEKTOB -
3TO MPAKTUKA MHOTUX TBHICSUYEICTUH, 3a)UKCHUPOBAHHAS B S3BbIKE: 3HAHUE OTHOCHUTCS K MMECHH
Kyacca (IpuMep CTaHIapTHOM npeBHeU (Gopmbl: "momu cMepTHBI'", "monu" - uMs kiacca). B
pe3ynbTaTte Kiaccu(uKay Kak Obl MOSIBISIFOTCS] HOBBIE MMEHA U TIPAaBUJIA UX MTPUCBOCHUS.

Jl1s kaXx1oro HOBOTO 0OBbEKTa MbI I0OJKHBI CIIENaTh JBa Jefa:

1) HaiiTH Ki1acc, K KOTOPOMY OH IPUHAJJIEKUT;

2) WCHOJb30BaTh HOBYKO HH(POPMALMIO, TOJYYCHHYIO 00 OTOM OOBEKTe, I
UCTIpaBJICHUS (KOPPEKLUH) MIPABUI KJIACCH(PHUKAIIHH.

Kakyro ¢opmy Moryr mMeTh mpaBwiia OTHECEHHs K Kiaccy? Bekamu ocBsieHa
TpaAUIUs MIPEACTABIATH KJacc ero "Tunu4yHbiM", "cpeaqaum", "ugeanbHbIM" U T.11. 2JIEMEHTOM.
DTOT TUTIUYHBIN O0BEKT SBIISIETCS MICATbHON KOHCTPYKITMEH, OJTUIIETBOPSIONICH KTace.

OtHecenne O0OBEKTAa K KIACCY IMPOBOJIUTCS IYTEM €ro CpPaBHEHHUS C THIIHYHBIMH
3JIEeMEHTaMU pa3HbIX KJIAcCOB W BbIOOpa Onmxkaiimiero. [IpaBuna, ncronb3yronme TUMTHYHBIE
00BEKTHI U MEpHI OJIM30CTH JIJIsl UX CPABHEHHS C JPYTUMHU, OUEHb TOMYJSPHBI U ceifuac.

[Tpocreiimas Mepa OAM30CTH OOBEKTOB - KBaApaT €BKIUIOBOTO PACCTOSHUS MEXKIY
BEKTOpPaMH 3HAUEHUH HMX MPU3HAKOB (YEM MEHBIIE PACCTOSHUE - PACCTOSHHUE - TEM OIHKe
00bekThI). COOTBETCTBYIOIIEE OMNpECICHIUE NPU3HAKOB THIUYHOTO OOBEKTa - CpeaHee

apru(dMeTHUECKOe 3HaUeHUE MPU3HAKOB 110 BHIOOPKE, MPECTABIISAIONIEH Ki1acc.



Mbl HE oOroBapuBacM CHEIHAIBHO CYIIECTBOBAaHWE alpPHOPHBIX OTPaHHYCHUH,
HajaraeMbplX Ha HOBBIE OOBEKTHI - €CTECTBEHHO, YTO 'BCeJeHHas" 3aJadyd MHOTO 'YK€ H
ropaszio omnpeneiacHHee BeeneHHoil.

Hpyras mepa OJM30CTH, €CTECTBEHHO BO3HHKAIOMIasg NpU OOpabOTKE CHUTHAJIOB,
n300pakeHU U T.I. - KBaapaT Kod(dduimeHTa Koppensiuuu (4em oH Oouiblie, TeM Orke
00BbeKThI). BO3MOXKHBI 1 HHBIE BApUAHTHI - BCE 3aBUCHUT OT 3aJauu.

Ecnu 4ncno kimaccoB m 3apaHee ONpeNeNieHo, TO 3a/1ady KiaccupUKanuu 06e3 yduTelns
MO>KHO MOCTaBUTh CIEAYIOLUIUM 00pa3oM.

[ycts {x’ } - BEKTOpHI 3HAYCHMil NPU3HAKOB ISl PACCMATPHBAEMBIX OOBEKTOB M B

IPOCTPAHCTBE TAKUX BEKTOPOB OmpesenieHa Mepa ux Omusoctu p{x,y}. [ng onpenenenHoctu
IPUMEM, UTO 4eM OJKe 00BEKTHI, TeM MeHbIIe p. C KakIbIM KIaccoM OyJeM CBS3BIBATH €To

TUMIMYHBIA 00BEKT. Jlaree Ha3piBaeM €ro siipoM kiacca. Tpelyercs ompeaenuTs Habop u3 m
1 2
anepy ,y ..y upasduenne {x’} Ha KIacchl:
xPl=xRuUhu.UY,
MUHUMHU3UPYIOUIEE CAEAYIONIUNA KPUTEPUI
m
QO =).D; - min, (14)
i=1
rae il Kaxgoro (i-ro) kinacca D; - cyMMa pacCTOSHUN OT NPHUHAMIEKALNIMX €My TOYEK

BBIOOPKH JI0 si7[pa Kiracca:

Di= Y p(xP,y"). (15)
xPey;

Munumym Q Gepercs 110 BCeM BO3MOKHBIM IIOJIOKEHUAM S1ep y' M BCeM pa3OMEHHsAM

{x’Yna m xnaccos Y;.
Ecnm gucno xiiaccoB 3apaHee HE ONPEIEIEHO, TO TOJIE3eH KPUTEPUI CIIHUSHUS KIacCOB:
KIaccel Y; M Y; cnmBaloTcs, eciM MX sAapa ONMke, YEM CPEIHEE PAacCTOSHUE OT JJIEMEHTa

KjlacCa 10 sdJpa B OJHOM H3 HUX. (BOSMO)KHLI BApHUAHTBI: HCIIOJIB30BAaHUC CPCAHETO
paccTtossHus MO  O0OMM  KjlaccaMm,  HCIOJb30BaHUE  TOPOTOBOro  Kod(dduimeHra,
MOKA3bIBAIOIIETO, BO CKOJIEKO pa3 JOHKHO PACCTOSIHUE MEXKIY SAPAMU IPEBOCXOUTH CpeHEe

paccTosiHEe OT DJIEMEHTA JI0 sSIIpa U JIp.)



Hcnonp30BaTh KpUTEPUN CIUSHUS KIACCOB MOKHO TaK: CHadajaa IMPUHUMAEM THIIOTE3Y
O JIOCTaTOYHOM 4YHCIIE KJIACCOB, CTPOMM UX, MHHUMM3UpYsS (Q, 3areM HeKoTopble Y

o0BbeAnHsIeEM, TOBTOPSIEM MUHUMH3AIUIO (Q C HOBBIM YHCIIOM KJIACCOB U T.[I.

CymiecTByeT MHOTO 3BPHCTHYECKHUX aJITOPUTMOB KiIacCU(pUKAMK O3 y4uTens,
OCHOBaHHBIX Ha HCIOJB30BaHUU Mep OJIM30CTH Mexay oObekTamu. Kakiaplii M3 HUX UMeEeT
CBOIO OGH&CTB NpUMCHCHUA, a HaI/I6OH€€ PacnnpoCTpaHCHHBIM HCIOCTATKOM  ABJIACTCA
OTCYTCTBHE YETKOHM (popmanu3anuy 3ajjaud: COBEPIIAETCS Mepexo]] OT UIeH KIacTepu3aluu
npsIMO K aJITOPUTMY, B PE3y/IbTaTe HEU3BECTHO, YTO UIIETCS (HO YTO-TO B JIOOOM cliiydae
HAXOJUTCSI, NHOTJa - HEII0XO).

CereBble aITOpUTMBI KJIacCU(pUKauy 63 yIUTeNst CTPOSATCS Ha OCHOBE UTEPAIIHOHHOTO
MeToaa AuHaAMUYecKux saep. Onuiem ero cHavana B HanOosiee oOmieit abctpakTHOU (hopme.
IIycTh 3anaHa BHIGOPKA IPeI0OpaGOTaHHBIX BEKTOPOB AaHHBIX {X}. IIpOCTPaHCTBO BEKTOPOB
TaHHBIX oOo3HaumM FE. Kaxmomy kiaccy OyaeT COOTBETCTBOBaTh HEKOTOpOE SApPO d.
[IpoctpanctBo simep Oyaem ob6o3Hauath A. s kaxnbix xeE u a€A ompenensercs mepa

omsoctu d(x,a). Jlnsa kaxmoro Habopa u3 k sep dj,...,ay ¥ moboro pasouenus {x} Ha k
KiaccoB {x }=PUP,U...\UP} OIpe/ieiM KPUTEPHil KadecTBa:
k
D =D(ay,ay,....ap, B, Py, P )= Y, Y d(x,a;) (16)
i=lxeP,

TpeGyercst HaitTh HAGOP i,....a; U paszouenue {x}=PUP,U...UP}, MUHEIMH3HPYIOIIHE

[lar anroputma pa3duBaercs Ha JiBa dTarna:

1-it sran - mia ¢dukcupoBaHHOro Habopa saep di,....dx HUIIEM MHHMMHU3HPYIOLIEEe
KpuTepHil kauectBa D pazGuenue {x }=P;UP,U...UP}; OHO [aeTcs PelaioluM HPaBUIOM:
xeP;, ecnu d(x ,a; )<d(x ,a; ) Npu i#j, B TOM CiIy4ae, KOTJa i X MUHUMYM d(x,a) TOCTUTaeTcst
IPY HECKOJIBKUX 3HAUCHHUSX i, BBIOOP MEXLy HUMH MOKET OBITH C/IeNaH MPOU3BOJIBHO;

2-i atan - st kaxaoro P; (i=1,...,k), MOTy4eHHOr0 Ha MEPBOM JTare, UIETCA a;€A,

MHHUMH3HPYIOLIee KpUTEPHd KauecTBa (T.e. caaraeMoe B D A JaHHOTO i - D; = Z d(x,a;)
xeP,

HavanbHble 3HAYCHHS dy,...,df, {xp }=P1UP,...UP; BBIOUpAIOTCS MPOU3BOJIBHO, JTHOO

110 KaKOMY-HUOY/Ib 3BPHUCTUUYECKOMY IPABHITY.



Ha xaxgom miare v sTane aaropuTMa yMEHBIIACTCS KPUTEpHUM KadecTBa D, OTCrOIa

CICayeT CXOOAMMOCTb ajJropurMa - TIIOCJI€ KOHCEYHOro 4Yucja MIaroB pa36I/I€HI/Ie

{x}=PUP,U...UP}, yXKe He MEHSeTCS.

Ecnu anpy a; conocraBnisiercss 3J€MEHT CETH, BHIYMCISAIOIIUN 110 BXOJHOMY CUTHAIY X
byakuuo d(x,a;), TO pemaromee MpaBUiIo Ui KiIAaCCU(UKAIMU JAeTCS WHTEPIPETaTOPOM
"mobenuTens 3a0MpaeT Bce'": AIEMEHT X TPUHAMICKHUT Kinaccy P;, €Clu BBIXOIHOW CUTHAM i-TO

anemMeHTa d(x,a;) MEHBIIIE BCEX OCTAIbHBIX
E,Z[I/IHCTBGHHEUI BBIUUCIIUTCIIbHAA CJIIOJKHOCTH B AJITOPUTMC MOXKET COCTOSATHL B IMOHMCKC

AIpa O Kjaccy Ha BTOPOM JTale aliroputMma, T.e. B IMOUCKE a€A, MUHUMH3UPYIOLIETO

D; = Y. d(x,a)

xeP,
B cBs3u ¢ 3TUM, B OONBIIMHCTBE KOHKPETHBIX pealu3alMidi MeToja mepa Onu3ocT d

BBIOMPAETCS TaKOM, YTOOBI JIETKO MOKHO OBLIO HAWTH @, MUHUMU3HpYIoliee D it JanHoro P

B npocreiiiiem cirydae NpocTpaHCTBO Aep A COBNAAAET ¢ MPOCTPAHCTBOM BEKTOPOB X,
a Mmepa Omu3ocTH d(x,a) - TOJNOXUTENBHO OMpeAeNieHHas KBaaparthyHas ¢opma OT X-d,

HanpuMep, KBaapaT EBKJIMIOBOTO PACCTOSHUS WM JApyras MOJIOKUTEIbHO OIpe/ieieHHas
kBaapatuuHas popma. Toraa sapo a;, MUHEMHU3HpYIOITee D;, €CTh IIEHTP TSHKECTH Kitacca P; :

1
ai=|? Zx, (17)
i

xeP;

rae |P;| - unucio anemMeHToB B P;.

B sToM ciyuae Takke YIpOIIAaeTCsl M peIIaloliee MPaBHIIO, pa3fAessioliee KIIacChl.
O6o3naunm d(x,a)=(x-a,x-a), rae (.,.) - ownmHEiHAs Gopma (ecnu d - KBagpaT €BKIMIOBOTO
paccrosiHUS Mexay X U a, To (.,.) - OOBIYHOE CKaJIsIpHOE Mpou3BeleHue). B cuiy
OuIMHEHHOCTH

d(x,a)=(x-a,x-a)=(x,x)-2(x,a)+(a,a).

UtoObl cpaBHUTH d(X,a;) ISl pa3HBIX [ U HAUTH Cpeld HUX MHUHMMAJIbHOE, TOCTATOYHO
BBIYHCIIUTH JIMHEHHYIO HEOJHOPOIHYIO (DYHKIIHIO OT X:

di(x,a;) = (a;,a;)-2(x,a;).

MuHuManbHOe 3HaueHue d(x,a;) AOCTUraeTcsi MpHU TOM XK€ I, YTO U MUHUMYM d|(xX,a;),

MO3TOMY pellaloliee MPABUIIO PEaTU3yeTcsi C IOMOIIBIO0 A CyMMaTOPOB, BRIYUCISIONINX d(x,a)



U MHTEpPIPETaTopa, BEIOWPAIOIIET0 CYMMATOp ¢ MUHUMAJIbHBIM BBIXOAHBIM curHasiioMm. Homep
3TOr0 CyMMAaropa 1 €CTb HOMEp KJlacca, K KOTOPOMY OTHOCUTCS X.

[TycTh Teneps Mepa 6IU30CTH - KOAPPHUIMEHT KOPPEISLUN MEKIY BEKTOPOM JTAHHBIX U
APOM KJiacca:
X _Mx)(aj _Ma)

O0xO0q

d(x,a)=r(x,a)= Z (
J

1
e X;,d ;- KOOPJAMHATEI BEKTOPOB, M =;Zx j (1 amanornuno M), n - pasMEPHOCTb
J

1 2
IPOCTPAHCTBA JIAHHBIX, O, = o Z (x;—My) (1 aHAJIOTUYHO O, ).
J

[Ipennonaraercs, 4yTO AaHHBIC NPEABAPUTEIBHO 00pabaThIBalOTCS (HOPMHUPYIOTCS H

HEHTPUPYIOTCS ) 110 TIPABUITY:

ToyHo Takke HOPMHUPOBAHBI U IIEHTPUPOBAHbI BEKTOpHl sjaep a. IloaTomy Bce

oOpabaTbIBaeMble BEKTOPHI U siipa MPHUHAIJICKAT CEUCHUIO €AMHUYHON EBKIMIOBOH chepbl

(x|IF1) runepmmockocThiO (le- = 0). B Takom cnyqae d(x,a)=(x,a).
i

38.,[[8.‘13 IMOUCKa dapa JJis1 JaHHOT'O KJ1acCa P umeet ceoum peUICHUCM

ap = Z)c Z)c . (18)

xeP xeP
B omucaHHBIX TpOCTEHIIMX Ciiydasx, KOTJa SApPO Kjacca TOYHO OIMpeAemseTcs] Kak
cpennee apudmernueckoe (WM HOPMHUPOBAHHOE CpefHee apu(METUUECKOe) 3JIEMEHTOB
KJlacCa, a pcuiarouicc IMpaBuJI0O OCHOBAHO Ha CPAaBHCHUU BBIXOJHBIX CHIHAJIOB JIMHEHHBIX
aJalTUBHBIX CYMMAaTOpPOB, HEHPOHHYIO CETh, PEaTM3YIOIIyI0 METOJ ITWHAMUYECKHX SAep,

Ha3bpIBalOT ceTblo Koxonena. B omnpenenenun snaep a s cereii KoxoHeHa BXOIAT CyMMBI

Zx. DTO NO3BOJISET HAKAIIUBATh HOBBIE JIMHAMHUYECKHUE Spa, O6pa6aTBIBa$I o OJHOMY
xeP

pUMEpY U MepPEeCUnThIBAS a; TOCye MOsABIEHUs B P; HOBOro npumepa. CXoauMocTh MpH TaKou
Mo u(UKAIIH, OHAKO, YXYIIIASTC.
3aKOHYUM pa3ziesl pacCCMOTPEHHUEM PA3IUYHBIX CIIOCOOOB MCIOJB30BAHUS MOTYYEHHBIX

KJ1acCu(UKaTOPOB.



. i
1. bazosvlil cnoco6: sl BEKTOpA JAHHBIX X W KaXAOTO spa a; Berauciasercs yv,=d(x,a;)
(YyCImoBUMCSI CUUTaTh, YTO MPABHILHOMY SJIPY OTBEUAET MAaKCHUMyM d, U3MEHssS, €CIU HaJo,

3HaK d); 10 IPaBUITY «II00EIUTENh 3a0MPaAET BCe» CTPOKA OTBETOB ); MpeoOpa3yeTcsi B CTPOKY,

I7I€ TOJIBKO OJMH 3JIEMEHT, COOTBETCTBYIOLIMI MaKCHUMaJIbHOMY V;, PaBeH 1, OCTalbHbIE -

HyJIH. DTa CTPOKa M SIBISETCS pe3yNbTaToM (pyHKIHMOHHpOBaHUs ceTh. [1o Hell MOXeT OBITh
OIpeZIeTICH HoMep Kilacca (HOMep MecTa, Ha KOTOPOM CTOMT 1) U ApYTue MmoKa3arely.

2. Memoo axxkpedumayuu: 3a CIOEM SJIEMEHTOB 0a30BOr0 METO/Ia, BBIAAIOIINX CUTHAJIbI
0 wmm 1 mo mpaBuiny "moOeaurtens 3abupaer Bce" (majee Ha3blBaeM €ro cjioeM 0a30BOro

MHTEPIIPETaTOPa), HAJICTPAUBACTCS €IIE OJMH CJION BBIXOJHBIX CyMMATOpoB. C KaxabM (i-M)
. . i i
KJIACCOM aCCOLMUPYETCS (-MEPHBIM BBIXOJHOW BEKTOp z C KoopAauHaTamu z; . OH MOKeT

(dbopMUpPOBATHCS MO-Pa3HOMY: OT ABOUYHOTO MPEICTABICHUS HOMEpa Kiacca J0 BEeKTopa sapa

Kiacca. Bec cBs3u, Beaymied OT i-ro 3JeMEHTa Ciiosi 0a30BOr0 HWHTEpIpETaTtopa K j-My
BBIXOJIHOMY CYMMAaTOpy OIIPEIEIsSCTCS B TOYHOCTH Kak zij . Ecnmu Ha 3TOM i-M 31€MeHTe
6330BOFO HHTCpHpCTATOpa MHOJYUYCH CHIHAJI 1, a Ha OCTaJbHBIX - 0, TO Ha BBIXOAHBIX
cymMmaropax OyayT MOJy4eHbI Yhcia ZIJ

3. Heuemrxas xnaccuguxayusi. IIycTh JUIS BEKTOp JaHHBIX X 00paboTaH cjoeM
3JIEMEHTOB, BBIYUCIAIOMNX Vi=d(x,a;). Unes nanpHeiein 00pabOTKH COCTOUT B TOM, YTOOBI
BbIOpaTh M3 3TOro Habopa {y;} HECKOJbKO CaMbIX OOJIBIIMX YHCEI U I0CIE HOPMHPOBKHU

00BABUTH HUX 3HAYCHHUAMU @WKHHIZ MNPUHAJIC)KHOCTU K COOTBCTCTBYIOIIUM KJIaCCaM.

[Ipenmnonaraercs, 4TO K OCTaJbHBIM KjlaccaM OOBEKT HaBEpHsSKa HE NpPUHAISKUT. [lns

BBIOOpa ceMelicTBa G HaMOOIBIIKX Y; ONIPEAEIHM CIIEAYIONINE YHCIA:
1
Ymax = mMax{y;}, My = %z%,s =(1- a)My + QY max
i

IJle YMCII0 OL XapaKTePU3yeT OTKIOHEHHE "ypOBHs cpe3a” s OT cpeiHero 3HaueHus M, oe€l-

1,1], mo ymom4yaauio oO0bI9HO MpuHUMAETCS a=0.
MmuoxectBo J={i|y;€G} TpakTyeTcsi KakK COBOKYITHOCTbh HOMEPOB TE€X KJAacCOB, K

KOTOPBIM MOXET MpHUHAIekKaTb OOBEKT, a HOPMHPOBAHHBIE HA EIUHUYHYIO CyMMY

HEOTPpULATCIIBHBIC BEJIMYUHBI

fi= S - (npu ieJ u f= 0 B IPOTHBHOM cClTydae)
2 (=)

jeJ



UHTEPIIPETUPYIOTCS KaK 3HAYCHUS PYHKIMA MPUHAATIC)KHOCTH 3TUM KIIACCaM.

4. Memoo unmepnonsayuu HaACTPaUBACTCs HAJl HEUETKOU KiacCu(UKaIMeld aHAJIOTMIHO
TOMY, Kak METOJ aKKpEeIWUTaluu CBs3aH C 0a30BbIM crmocoboM. C  KaXIbIM KJIaccoM
CBS3BIBACTCS ¢-MEPHBIA BBIXOJHOU BEKTOP Z. Crpoutcst cjioil U3 g BBIXOJHBIX CyMMAaTOpPOB,
KK M3 KOTOPBIX JIOJDKEH BBIIaBaTh CBOIO KOMIIOHEHTY BBIXOJIHOTO BEKTOpa. Becomwie
KO3 QHUIMEHTHI CBSA3€H, BEIyIIMX OT TOrO JIEMEHTa HEYETKOTo Kiaccudukaropa, KOTOPBIH
BBIUUCISIET f;, K j-My BBIXOJHOMY CYMMATOpy OMNPEIEISIFOTCS Kak sz B wurore Bekrtop

BBIXOJIHBIX CUTHAJIOB CE€THU €CTh
i
z=) fiz
i

B oTnenbHBIX ciiyyasx MO CMBICTY 3afaydl TpeOyeTcss HOPMHPOBKA f; HA €IWHUYHYIO
CYMMY KBaJIpaTOB WJIM MOJYJICH.

Bb160p 0HOTO U3 ONUCAHHBIX YEThIPEX BAPHAHTOB HUCIOJIB30BaHMS CETH (MJIM KaKOTo-
HUOYJb APYroro) ompeiessieTcs HyKIaMH Iojb3oBarelis. [Ipemnaraemeie 4eTwipe crmocoda
MOKPBIBAIOT OOJIBIIYIO YaCTh MOTPEOHOCTEH.

3a mpexenaMud 3TOW TJaBBl OCTalCs HaumOoJiee YHUBEPCATBHBIM CIOCO0 OOy4YeHHS
HEHPOHHBIX CETEH METOAAMU TIIIaJIKOM ONTUMH3AIMH - MUHUMU3ALUU (PYHKIIMH OLleHKU. EMy

MOCBSIIEHA CIICIYIOIIas TJ1aBa.

PaGota nan riaBoii Obuta moanepxkana KpacHospckuM kpaeBbiM (POHIIOM HAyKH, TPAHT

6F0124.
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