13. HOJIYYEHUE U30BPAKEHUS. OCHOBHBIE HIOHSTHUSI
IPEJIBAPUTEJIBHON OBPABOTKH N30BPAKEHUN

BusyanbHas uHbopManus mnpeoOpa3yercs B 3JIEKTPUUYECKHE CHUTHAJbI C
IOMOIIBbIO  BUAEOJaTUYMKOB. [locie mMpocTpaHCTBEHHOM AMCKPETU3ALUU U
KBaHTOBAHUS 110 aMIUTUTY/I€ OTH CUTHAIIBI TAf0T UG POBOE N300paKEeHHE.

OCHOBHBIMH yCTPOMCTBAMHU, HUCIIOJIB3YEMBIMH B CUCTEMaX KOMIIbIOTEPHOTO
BUJICHUS, SIBIISIIOTCSL TEJIEBU3MOHHBIE KAMEPBI, COCTOSIIINE U3 DJIEKTPOHHOU TpyOKU
WIA TBEPAOTEIHHOIO UYYBCTBUTEIBHOTO JJIEMEHTAa C COOTBETCTBYIOIIUMU
AJIIEKTPOHHBIMU ~ OnokamMu.  TBepAOTENbHBIE  YYBCTBUTEJBHBIE  DJIEMEHTHI
MpeACTaBISAIOTCS, Kak MpaBwio, npubopamu ¢ 3apsoBoit cBsizbio (I13C). Onu
o0nafaloT psIOM NPEUMYIIECTB INepel] 3JICKTPOHHBIMU TpyOKamMu (Harpumep,
UMEIOT MEHBUIME BEC U pa3Mephl, OOJIBLIMI pecypc M Mallyl0 3HEPIOEMKOCTb).
OnHako, paspemiaromas CIOCOOHOCTh HEKOTOPBIX TpPyOOK TOKa  BBIIIE
BO3MOKHOCTH TBEPAOTENIBHBIX KaMep.

TpyOka BUIUKOH MpEACTaBIsSET COOOM UMIMHAPUYECKYIO CTEKIISIHHYIO
000JI0UKY, COJIEPXKALYI0 C OJHOTO KOHIIA 3JEKTPOHHYIO MYULIKY, a C JIPYroro -
DKpaH M MUILEHb. DJIEKTPOHHBIN JIyd (POKYCHUPYETCS U OTKJIOHSAETCS C MOMOUIbIO
HaANpsOKEHUS, NPUKIAIBIBAEMOr0 K  KaTymkaM. OTKIOHAIOMHUNA — KOHTYpP
o0OecnieunBaeT CKaHWPOBAHME Jy4a 0 BHYTPEHHEHW MOBEPXHOCTH MHUIICHU Jis
CUMTBIBaHMS H300paxkeHus. B mporecce ckaHUpPOBaHUS B METAUIMYECKOM CIIOE
oOpa3yercs TOK, KOTOpBIM TMOJaeTcss Ha BbIBOAbI TpyOku. Bemnumna Toka
IPONOPLMOHATIbHA YHCIY NEpPEMELIAIONINXC D3JEKTPOHOB U CJIEA0BATEIbHO
MHTEHCUBHOCTU CBETOBOI'O MOTOKA B COOTBETCTBYIOIIEM MECTE. JTO HU3MEHEHHUE
TOKa BO BpEeMsl CKaHUPOBAHUSA 3JEKTPOHHOTO Jyda Mocjie ero oOpaboTKu B
AJIEKTPOHHOM OJIOKE Kamepbl (OpMHpYET BHUAECOCUTHAJ, IPONOPLUUOHATIBHBIN
MHTEHCUBHOCTU BXOJHOTO M300paxeHus. [Ipuuem, IeKTpOHHBIN JIy4, CKaHUPYET
no Bcell moBepxHoctu wMuieHn 30 pa3 B 1 cekynny. [lomsbiii o0beM
CKaHMpPOBaHUA (HA3bIBAEMBIA KaJpoM) COCTOUT U3 525 nunuii, 480 M3 KOTOPBIX

cozepkat HHGOpMAIHUIO 00 N300PAKEHUH.

110



[Tpu paccmorpenun yctpoiictB Ha [I3C yao06HO moapa3nenuTs JaTYUKUA Ha
JBa THUMNA: JAaTYUKU JIMHEHHOTrO CKAaHUPOBAHUS M JaTYUKU C IIJIOCKOCTHOMU
cTpykrypor. OcHoBHOM 4acTeio [I3C-pgaTymkoB sBAsETCS psifi KPEMHHUEBBIX
YYBCTBUTEIBHBIX OJIEMEHTOB, Ha3biBaeMbIX (Qorosueiikamu. DOTOHBI  OT
OoTOOpakaeMoro  OObEKTa  MPOXOASAT  4Yepe3  BXOAHYIO  IPO3PAYHYIO
MOJYKPUCTANINYECKYI0 KPEMHHUEBYIO CTPYKTYpPY U 0O0pa3yloT Mapbl 3JIEKTPOH-
neipka. [lomydyeHHble (OTOINEKTPOHBI COOMparOTCs Ha GoTosUeHKaX, MPU ITOM
BEJIMYMHA 3apsiia HA Kaxaoul (oTosiueiike MponoplLuoHaIbHAa COOTBETCTBYIOLIEH
WHTEHCUBHOCTH CBETOBOT'O ITOTOKA.

[13C-gaTuvku ¢ TUIOCKOCTHOM  CTPYKTYpOM aHAJOrMYHBl JIaTYUKaAM
JUHEWHOTO CKaHUPOBaHUS, C TEM OTIMYUEM, UYTO B HHUX (HOTOSUCHKH
pacmoyiokeHbl B (OpME MATPHUIIBI, a MEXIy psaaMu (QOTOSYEEK HMEETCS
KOMOMHAIMs MEepPeXOAHBIX perucTpoB. Paszpemnaromias criocoOHOCTh JATUYMKOB C
MJIOCKOCTHOM CTPYKTYpO# cocTaBiisieT 32*32 sneMeHTOB Ha HWXKHEH TpaHUIle U
256*256 >1eMEeHTOB JJIsl CPEAHETO AUAMa30Ha.

Cospemennsle [13C-ngatunku umerot 1024*1024 s3neMeHTOB U O0JbIIE.

O6o3HaunMm  dYepe3 f(x,y) JAByMmMepHOe H300pakeHHE, IOJIydaeMoe

TeneBu3noHHON kamepont win [13C-gaTynkoM, Jarimmm n300pakeHue:

> Y
f(x,y)
v
X
Puc. 13.1
3I[CCB X U y — HpOCTpaHCTBeHHBIe KOOpI[I/IHaTBI, T. €. KOOpI[I/IHaTBI

IUIOCKOCTA M300pakeHWs, a BenuunHa f B MPOM3BOJABHON TOuke (X,Y)

MPOIOPIMOHANIbHA IPKOCTU (MHTEHCUBHOCTH ) U300paKeHUS B ATOM TOUKE.
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Jlnis momy4yeHus: yaJoOHOM € TOYKHM 3pEHHUs BbIUMCICHHUS (HOPMBI, (PyHKIHUU
nzo0paxenus f(x,y), ee HEOOXOAUMO AUCKPETU3UPOBATH KaK IMPOCTPAHCTBEHHO,
TaKk ¥ MO aMIUIUTYAE (MHTEHCUBHOCTH). J{MCKpETH3aIuIO MO MPOCTPAHCTBEHHBIM
KoopAauHataM (X,y) OyzaeM Ha3blBaTh JUCKpeTH3alMedl u3o0pakeHus, a
AMIUTATYIHYI0 JTUCKPETH3aIlMi0 — KBAaHTOBAaHWEM [0 WHTEHCUBHOCTU WU
KBAaHTOBAaHUEM M0 ypOBHIO ceporo. [locmeanuii TepMuH O3HAa4YaeT TOT (akT, YTO
1300pakeHNe MEHSETCS TI0 TOHY OT YEPHOTo JI0 O€JI0ro B CEPhIX OTTEHKAX.

[IpenmonoxkxuM, 4dYTO HEMPEpPHIBHOE H300paKEHHUE JAUCKPETU3UPOBAHO
paBHOMepHO Ha N CTpok U M cTonOuoB, mpuyeM Kaxkaas AUCKPETHas BETWYHHA
NPOKBAaHTOBaHA IO HWHTEHCHUBHOCTH. Takas cucTeMa Ha3bIBaeTcs LHU(POBBIM

U300paKEHUEM U MOXKET OBbITh IPEJICTABIIEHA B BUJIE:

7(0,0) FOD .. fO,M=1)
| rao fA) .. fALM -1
f(x,y)= .

FIN-10) f(N-L1) .. F(N-1,M—1)

rac X 1y — IMCKPCTHLIC IICPEMCHHLBIC!

x=0,1,....,N-1;y=0,1,...,M-1.

Kaxnpiii 21eMEHT CHUCTEeMbl HAa3bIBAETCS AJIEMEHTOM  H300pakKeHHs,
AIIEMEHTOM KAPTUHKH WU [TUKCEIIOM.

B cootrBerctBuu ¢ puc.13.1 f(0,0) sBisieTcss mukceneomM Hadana KOOPAUHAT
nzo0paxxenusd, f(0,1)— npaBblii OT HETO MUKCEN, U TaK Jajee.

OObyHO Ha mpakTHKe BedWuuHbBI N, M U 4YHMCIO ypOBHEHW IUCKPETHOM
MHTEHCUBHOCTU KaXX/IOr0 KBAHTOBAHHOIO TIMKCENA 3aJal0T B BHUAE LEJBIX
CTeneHeu uucia 2.

CreneHb AMCKPETU3ALMU U YUCIO YPOBHEW MHTEHCHUBHOCTH, HEOOXOAUMBIE
JUTSl TIOJTyYeHUs1 TpeOyeMoro B CUCTEME M300paxeHus OOBbEKTa 3aBUCIT OT CAMOI0

I/I306pa)KCHI/I$I H OT BHJa €ro UCII0JIb30BaHMA.
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Heobxoaumo OoTMETHTH, YTO MJis TOMYyYCHHUS KAaueCTBEHHOW 4YepHO-Oemoit
TEJIEeBU3UOHHON KapTUHKH TpebOyerca 512*512 mukcenoB co 128 ypoBHSMU
uHTeHcUBHOCTU. Kak mpaBuiio, yHHUBepcaibHas CUCTEMa KOMITBIOTEPHOTO BUACHUS
JOJDKHA UMETh, KaK MUHHMYM, pa3pelarollylo CIocOOHOCTh mopsnaka 256*256

MIMKCEJIOB ¢ 64 YPOBHAMUA MHTCHCUBHOCTH.
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14. OCHOBHBIE ITPEOBPA30BAHUA NU30BPAKEHUSA

OcHOBHBIMM TIpeoOpa3oBaHUSIMHU NPU 00pabOTKE M300paKEHUN SBISIOTCS
BpalieHue, W3MEHeHHe Macmradba u cmelleHue (caBur) wu3o0paxkeHus. Bcee
npeoOpa3oBaHus 3aMUCHIBAIOTCS B TPEXMEPHOM JEKAPTOBOM CHUCTEME KOOPAMHAT,
B KOTOPOM KOOpAMHATHI TOYKU 3anuchkiBaloTCs Kak (X,Y,Z). B ciyuae AByMepHBIX
U300paKeHUI JUIsi 0003HAUYECHHSI KOOPAMHAT MUKCENIa UCTIONIb3YETCsl COKpaIleHHas

3anuck (X,y).
Cmewenue (cosuz) uzoopasrxcenus
[Ipeanonoxum, 4To TpeOyeTcsi CMECTUTh TOUKY ¢ KoopauHaTamu (X,Y,Z) B
HOBO€ MECTO, UCHOJB3ys nepementeHus (Xo,Yo,Zo). CMelieHrue BBIMOJHIETCS B
COOTBETCTBHH C COOTHOIICHHSIMH:
X*=X+X,, Y*=Y+Y, Z*=7Z+Z,,

rae X*, Y*, Z* - koopMHATHl HOBOM TOYKH.

B MaTpuuHOM BHIE 3TO MOKHO 3anucarh kak V *=TV, To ecTs:

X1 1 oo x, x
xX*] 1 0 0 X,

Y| (o1 0 v|Y
Y*|={0 1 0 7, =

Z| o o1 z |z
zZ*| [0 0 1 Z,

1] 1000 1]1

H3menenue macuimaoa uzooparcenus
MacmrabupoBanue Ha kod(pdunueHtsl Sx, Sy, Sz mo ocsim X, Y, Z

IMPOU3BOAUTCA C IIOMOIIBIO MATPHIIBI Hpeo6pasoBaHH;[:
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S 0 0 0
0 Sy 0 0
S = Y
0 0 S 0
0 0 0 1

Bpawenue uzoopascenun

>

ZA

QD > Y

Puc. 13.2

Bpaienre Toukd OTHOCUTENBHO KOOPAWHATHOM ocH Z Ha yrod

PCAINIYCTCA C ITIOMOIIBIO Hp€06p8.30BaHI/I}I

cosd sind 0 O
—sin@ cos@ 0 O
RO =
0 0 1 0
0 0 0 1

Bpamenne Touku BOKpyr ocu X Ha YroJl 0 BBIIIOJHSAETCS C TOMOIIBIO

npeoOpa3oBaHUs

1 0 0

0 cosa sina
Ra = )
0 —-sina cosa

0 0 0

- o O O
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Bparmenue Touku BOKpYT ocu Y Ha yrod § peayin3yercs ¢ OMOIIBIO

npeoOpa3oBaHuUs

cos —sin B

0
1

- sinff 0 cosp
0
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15. OCHOBHBIE B3ANMOCBA3N MEXKAY IMKCEJIAMU
N30BPAXKEHUS. METPUYECKUE CBOMCTBA U30BPAKEHUS

OcHogHble 83AUMOCEA3U MEIHCOY RUKCENAMU U300PAICEHUA
[lukcen p c KoopauHaTaMu (X,y) HMMEET YeTbIpE TOPU3OHTAJIBHBIX M

BCPTHUKAJIBHBIX COCCAHUX ITUKCEJIAa C KOOPANHATAMM:

(X+1 9Y): (X_ 1 9y)9 (X7y+ 1 )9 (Xay_ 1)

Orta rpynna nuKceaoB, Ha3blBaeMas 4YeThIpe cocena p, 0003HavYaeTcs yepes
Ny4(p). YeTblpe AuaroHaJbHBIX COCEIHUX IHUKCENIa MO OTHOLIEHUIO K IMHUKCEIy P

HMCIOT KOOPAUHATBI

(X+19y+1)9 (X+19y_1)9 (X_19y+1)9 (X_lay_l)

u 0003HayaroTcs yepe3 Ny(p). DT 4eThIpe TOUKU BMECTE C YETHIPbMS YKa3aHHBIMU
BBIIIIE HA3BIBAIOTCS BOCEMb cocelieid p u oOo3HauaroTcs uepes3 Ng(p). HexoTopsie
u3 Touek Ny(p), Ny(p), Ng(p) MOTyT BBIXOAUTH 3a Mpeaesibl U300pakeHus, eCclu

(X,y) HaXOIUTCS HA TPAHUIIE U300PAKCHHUS.

PaccmoTpum Tpu THIA CBA3EH MUKCETIOB:

1. YerbipexcBasublid. /IBa mukcena p U q C ONPEACICHHBIMH 3HAYECHHUSIMU

HHTCHCUBHOCTH ABJIAKOTCA YCTBIPCXCBA3ZHBIMU, CCIIM  OTHOCHUTCSA K I'PYIIIIC

Ny(p).

2. BocbMucCBs3HBIN. J[Ba nuKcena p U q CO 3HAYEHUSIMH UHTEHCUBHOCTH U3 V,

rae V-psja 3HaueHW WHTEHCUBHOCTH, SIBJISIFOTCS BOCBMHCBSI3HBIMH, €CITH
oTHOcUTCA K rpymme Ng(p).

3. m-cBs3HbIi(CMeNIaHHasg cBsA3b). JIBa mmcena p M  CO 3HAYCHUSIMU

WHTEHCUBHOCTEH 13 V SIBISIOTCS m-CBA3HbBIMU, €CIIN:

a) q oTHocuTCcs K rpyrre Ny(p)
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0) q otHOocuTcs k rpynne Ny (p) u MHOkecTBO Ny(p)N4(q) — mycToe.
WHbIMU CIIOBaMH, 3TO MHOYKECTBO MTUKCEIIOB, SIBJISIOLUIUXCS YETHIPbMSI COCEIHUMH,

KaK I10 OTHOLICHHWIO K P, TaK U 110 OTHOHICHHUIO K ( CO 3HAUCHHUAMU MHTCHCUBHOCTHU

n3 V.

Mempuueckue ceolicmea 011 uz00paxceHuil
Paccrossnus wmexnay aByms BekTopamMu X WY pa3MepHOCThIO n*1

YAOBJICTBOPAIOT TPEM aKCHOMAM:

1) d(X,Y)=0, ecmu X=Y
2) d(X,Y)=d(Y,X)
3) dX,Y)<d(X,2)+d(Z,Y), nns Bcex Z

HawnGosee BakHON METPUKOIA siBisteTcs 1P-MeTpuka

" » 1/p
17 (x,y)= [Z|xi - yi| J st p>1
i=1

Ecnu p=2, MbI IOJTy4YHUM KJIACCUUYECKYI0 EBKIMAOBY METPHKY.

OnpenenuM A TUKCENOB P, (, Z COOTBETCTBEHHO C KOOpJAUWHATaMH (X,Y),

(s,t)  (u,v) GyHKIMIO pacCTOSHUS WM METpUKY ] ciemyromum obpazom:

1) A(p,q)=0 [A(p=q)=0, ec p=q]
2) JA(p,)=A(q.p) (cummeTpus)
3) H(p,2)<A(p,q)*+1(q,z) (HepaBEeHCTBO TPEYTOIbHUKA)

EBKIMAOBO pacCcTOAHUE MEXIY P U ( ONPEIEIAETCS U3 COOTHOLICHUS:
_ 2 24172
He(p,q)=[(x-8)+(y-t)7]
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[Ipu u3MepeHuHn 3TOro PACCTOSIHUSI MUKCENbI, UMEIOIINE PACcCTOSTHUE? MEHbIIIEe
WIM paBHOE HEKOTOPOW BENMYMHE I OT (X,y) pacrnojlararorcs B OKPY>KHOCTHU
pagnuycoM T C LIEHTPOM B (X,Y).

Paccrostnue [ly, Ha3piBaeMOE€ MOAYJIBHBIM MEXKIY p U (, ONPEAENSIETCS

COOTHOIICHHUCM:

Ha(p.q)= | x-s |+ y-t]

Metpuky /14 uHOrAa Ha3pIBalOT METPUKOW TOPOACKHUX KBapTaJOB, H3-3a
TOT0, YTO PACCTOSHUS U3MEPSIIOTCS MapaJUIEIbHO OCAM KOOPAMHAT.
[TokaxxeM, uto pyHkuus 14 y10BIETBOPSET K NPUMEPY, YCIOBHIO 3.

3anuineM COOTHOIIIEHHUE:

Tu(p,q) +u(q,2)= | x-s | + | y-t| +|s-u |+ | t-v]

Ho, corimacHO HEpaBEHCTBY TpEYroJIbHMKA [JIs BEIIECTBEHHBIX 4YHUCEN OyleM

HUMCTbB.

|x—s|+|s—u|2|x—u|,
|yt +|tv]=]y-v],
(p,q) + Mu(q,2) = | x-u |+ | y-v | > u(p,2), 1.

Hu(p,2)< Ha(p,q) + Ha(q,z), uTO 1 TpeOOBAIOCH AOKA3ATh.

B sTOoM cimydae muKcenbl, WMEIONIME paccTosHue Jly, MEHbIIee WM PaBHOE
HEKOTOPOH BEJIMYWHE T OT (X,y) 00pazyroT poOMOOBUIHYIO CTPYKTYpPY C IIEHTPOM B
(x,y) (uentpanpHas Touka). Hampumep, mukcensl ¢ pacctossHueM J4,<2 ot (X,y)

00pa3yroT CIAeAyIOUIMe KOHTYPhI C pABHBIMU OT IIEHTPa PACCTOSIHUSMHU
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212
21012
212

Paccrosaue /g, Ha3piBaeMOe TakKe IIAXMATHBIM MEXKIY P M ( ONPEACISIETCS IO

dbopmye:
Ta(p.a) = max{|x-s|,|y-t|}

[Tpu 3TOM MHUKCENBI C PACCTOSHUEM, MEHBIITUM HWJIM PaBHBIM HEKOTOPOMN BEJIMYMHE
r 00pasyroT KBazpaT ¢ IeHTpoM B (X,y). Hanpumep, nukcensl ¢ pacctostaueM Jg<2
OT LEHTPAIbHOW TOYKH OOpa3yloT CIEAYIONIME pPaBHOYIAJICHHBIE OT IIEHTpa

KOHTYPBI:

22222
21112
21012
21112
22222

F€OM€Tqu€CKH€ MCCTa TOUYCK, YAAJIICHHBLIX HAa CIMHUYHOC PACCTOAHUC OT Hadalia

KOOPJIMHAT, TOCTPOEHHBIE VISl Pa3JIMYHBIX METPUK OyTyT UMETh BU/L:
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~s=1
L JTe=1

— I[4:1

Puc. 15.1
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16. METOJIbI IPOCTPAHCTBEHHOM U YACTOTHOM OBJIACTH
INPUMEHUTEJIBHO K ITPEJABAPUTEJIBHO OBPABOTKE
N30BbPAKEHUSA

K mpocTtpaHCTBeHHOW 00JIaCTH OTHOCHTCS COBOKYITHOCTH ITHKCEJIOB,
COCTaBISIONIMX H300paxeHue. @DYHKIMS mNpeABapuTeabHOd 00paboTKH B
MIPOCTPAHCTBEHHON 00JIACTH 3aIMCHIBACTCS B BUJIE:

g(x,y) = h[f(x,y)],
rae f(x,y) - BxogaHoe n3o0paxkeHue,

g(X,y) — BBIX0/IHOE (00paboTaHHOE) N300paxKeHue,

h — oneparop ¢pynkuuu f, onpeneneHHbIil B HEKOTOPOIl 00nacTu (X,y).

OCHOBHBIM TIOJIXOJIOM TIPH OIPEIEICHUH OKPECTHOCTH TOUKH (X,y) SBISETCS
WCIIOJIb30BAaHUE KBAAPATHON WIIA MPSMOYTOJHHOW 00JIACTH YacCTH M300paKEHUs C
HEeHTpOM B Touke (X,y). LleHTp 3ToM Yactu u300pakeHUs NEpeMeNIaeTcs OT
MUKCeNa K MUKCEeTy, HaduHasl, HalpuMep, OT JICBOTo BepxHero yria. [Ipu atom ms
noJiydeHusi g(X,y) oneparop MpUMEHSETCS Ul KaXJIOro MOJOoKeHHs (X,y). XOTs
UCTIONB3YIOTCS WHOTAAa MW JApyrue (OpMBI OKpeCTHOCTH (Hampumep, Kpyr),
KBaJIpaTHbIE (OPMBI O0JIee MPEAMTOUYTUTETHHBI H3-3a TPOCTOTHI U3 PEATU3AIIHH.

OnuH u3 HauOosiee MPUMEHSEMBIX METOJOB MPOCTPAHCTBEHHOW OO01acTH
OCHOBaH Ha WCIOJH30BAHMM TaK HA3BIBAEMBIX MAaCOK CBEPTKHU (IIa0JIOHOB, OKOH,
buapTpoB ). OOBIYHO MacKa MPEACTaBIsSET co00i HeOONbIIyI0 (Hampumep,
pasmepHoCTh 3*3) IBYMEpHYIO cuctemy, KO3 UIIMEHTHI KOTOPOW BHIOMPAIOTCS

TaKUM 00pa3oM, 4TOObI OOHAPYKUTH 3aJaHHOE CBOKMCTBO M300PAKEHHUS.
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v

— (x,y)

Puc. 16.1
Ha puc.m 16.1 mpencraBieHa OKpeCTHOCTh pa3MepHOCTHIO 3*3 Touku (X,Y)
nu3zo0paxenus. [Ipenmonoxxum A Hadajga, 9YTo IaHO W300paKEHUE C TIOCTOSTHHOU
WHTEHCUBHOCTBIO, KOTOPOE COJIEPKHT OTACIbHBIC, YIAJICHHBIC APYT OT Jpyra
MUKCENbl C OTJIMYHOW OT (OHA HMHTEHCHUBHOCTHIO. OTH TOYKH MOTYT OBITh

0OHapy>KEeHbl MacKOH, MOKa3aHHOHU Ha puc. 16.2

[Ipouecc 3akntoyaercs B cienytouieM. LleHTp Macku, moMedeHHbId udpoit
8, mepemeniaercsi Mo U300pakeHUI0 ompeneaeHHbIM oOpa3oMm. [lpu coBmanenun
LEHTpPA MAacKM C IMOJOKEHUEM KaXKJIOr0 MHKCENIa MNPOU3BOAUTCA YMHOXKEHUE
3HAYEHUN BCEX IMKCEJIOB, HAXOMALIMXCSA II0J MACKOM, Ha COOTBETCTBYIOLIUU
KO3 UIIMEHT Ha Macke, T.€. 3HaYeHHE MHUKCeNa MOoJ] HEHTPOM MacKU YMHOXKAeTCs
Ha &8, a 3HAYCHHUs BOCbBMHU COCEIHUX IIMKCEJIOB YMHOXarTcs Ha -1. 3arem
pEe3yabTaThl ATUX YMHOKEHUM CyMMHUPYIOTCA. Eciim BC€ NUKCENBI IIOJ MacKOW
UMEIOT OJIMHAKOBbIE 3HAYEHUS (MOCTOSHHBIN (POH), TO cymMMa OyJeT paBHa HYJIIO.
Ecnm ke LeHTp Macku pa3MeCTUTCS HaJ TOYKOM € JIPYyrod HHTEHCHUBHOCTBIO,
cymMMa OyAeT oTiMuYHa OT Hylsd. B ciydae pa3melieHuss yka3aHHOW TOYKH BHE

HCHTpAa, CyMMa TaKXC 6y,IICT OTJIMYHA OT HYJIsI, HO Ha MCHBIIYIO BCIINYUHY. 210
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paznu4re MOXKET OBITh YCTPaHEHO ITyTeM CpaBHEHUS 3HAYCHUS CYMMBI C
MOPOTOBBIM 3HAUEHHUEM.

Ecnu BenmuuuHbl Wi,W),...,Wo MPEJACTABIAIOT cO00M KOA(DPUIIMEHTHI, MaCKH
nukcena (X,y) ¥ ero BochbMu coceneit (puc.16.3), To OnucaHHbBIN BBIIIE aITOPUTM
MO>KHO MPEACTABUTH KAaK BHIMOJHEHUE CIAEAYIONIEH onepaluu Ha OKPeCTHOCTH 3*3

TOYKH (X,Y).

w, w, W,
(x=Ly-D |(x-Ly) | (x-Ly+D
w, W, Wy
(x,y=D | (y) | (y+])
W, Wy W
(x+Ly-D | (x+Ly) | (x+Ly+1)

Puc. 16.3

h[f(X9Y)] = Wlf(X-l,Y'l) + WZf(X-19Y) + W3f(X-lay+1)+
waflxy-1) + wst(x,y) + Wef(xy+1) + Wit Ly- 1)+ (16.1)

+W8f(X+ 1 aY) + W9f(X+1 9y+ 1)

Metonpl 4acTOTHOM 00JIaCTM  HCMOJB3YIOT JJIi  CBOEW peau3aluu

QJITOPUTMBI TIPSIMOTO ¥ OOPATHOTO IBYMEPHOTO MPeoOpa3oBaHUi.

N-1N-1

F(u,v) = %ZZf(x, y)e /AN (16.2)

x=0 y=0

N-1N-1

f(xa y) = ZZF(M: v)eﬂﬂ(uxwy)/]v

U=0r=0

[Ipu BBIYMCIIEHUH TPSIMOTO ABYMEPHOTO npeodpazoBanus Pypbe, CHayana ¢
UCIIOJIb30BAaHUEM TEXHUKH OJHOMEpPHOro mnpeodpazoBanus PDypbe ONepUpyrOT
CTpOKaMU MacCuBa H300paKeHMs, a 3aTeM OJHOMEpHbIE NpeoOpa3oBaHus

OCYUIECTBJISIOTCS HaJl CTOJIONAMU (TTOCTPOYHO-CTOJIOIOBBIN aJITOPUTM).
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Omneparusi CriaaXuBaHUS HUCIOJB3YETCs IS CHIDKCHHSI ITymMa U JPYTHX
OMeX, KOTOpPbIE MOTYT TIOSIBUTBCA Ha U300pAKEHUH B PE3YJbTaTe €ro
JTUCKPETU3AINH U KBAHTOBAHUS.

YcpenHenne OKpY>KHOCTH SIBIISIETCS MPSIMBIM METOJIOM MPOCTPAHCTBEHHOM
obmactu sl criakuBaHus wuzoOpaxkenus. [lns uzobpaxkenus f(x,y) mporecc
3aKJIFOYAETCs] B TOJMYYCHHH CTIQKEHHOTO H300pakeHus: g(X,y), MHTEHCUBHOCTh
KOTOPOTO B KaXK0M TOYKe (X,y) paBHA YCPEIHEHHOMY 3HAYEHUIO WHTEHCHUBHOCTHU
nukcenoB QyHkuuu f, comepkamuxcs B 3aJaHHOM OKPECTHOCTH TOYKH (X,Y).
NHbIMU ClIOBaMH CTJIQKEHHOE HW300paKEHHE TIOJTYy4YaeTCs C WCIOJIb30BAaHUEM

COOTHOIICHMA:

g(x,7) =% S f(n.m)

n,meS
1S Beex X,y pynkuuu f(x,y), re p - o0l1ee 4uciao ToUeK B OKPECTHOCTH.

J1J1s1 OKpEeCTHOCTH pa3MEPHOCTHIO 3*3 yKkazaHHOE COOTHOIIIEHUE SIBIIACTCS

YaCTHBIM ciTydaeM BeIpakeHus (16.1) nmpu w=1/9.
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17. CEFMEHTALUSA N30BPAKEHUSA
MOCPEJCTBOM BBIJIEJEHUSI TPAHUIL OBJACTEHA

CermeHranys oO3HayaeT BbIIEICHHE OOJAcTei, OJHOPOAHBIX IO CBOUM
SPKOCTHBIM, IIBETOBBIM MJIM TEKCTYPHBIM CBOWMCTBaM, JIMOO IOCPEACTBOM
BBIICJICHUS] MX TpPaHUL, JUOO MyTeM pPa3METKH BHYTPEHHUX TO4eK. B cBoio
ouepellb, MOKHO BBIIEIUTH JIBa KJIacca, KOTOPBIMU OMNPEIENSIIOTCS METObI
BBIJICJICHHSI TPAHMUIL: POCTPAHCTBEHHOE AU HEPEHIINPOBAHUE U BHICOKOYACTOTHAS
¢unbrpanus. [lpuyem oOmMM ISl yKa3aHHBIX METOJOB SIBISIETCS CTpPEMIICHUE
paccMaTpuBaTh TpaHUIly (Kpaif), Kak oOmacTh pe3koro nepenana (QyHKIUH
SPKOCTU U300PAKEHHUS.

Meron  mpocTpaHcTBeHHOro  au(depeHIMpOoBaHUsl  OCHOBaH  Ha
OPEANONI0KEHUH O TOM, YTO TpaHHUYHbIE (KpaeBble) TOYKHM HMMEIOT OOJBIIYIO
BEIMYMHY MOAyJs Trpaauenta ¢yHkuuu f(x,y). I'paguent uzobpaxkenus f(x,y) B

TOUKE (X,y) ONpeesieTcsl Kak JBYMEPHBIN BEKTOD:

of

_|Gx| ox
G|;(x,y)|—{Gy}— ki (17.1)

y

7
N3 BEeKTOPHOro aHalin3a U3BECTHO, YTO BEKTOpP (G yKa3bIBa€T HAIpaBJICHUE
MaKCUMaJIbHOrO u3MeHeHus: pyHkuuu f B Touke (x,y). BenmuunHa »TOoro BekTOpa

OIIPCACIIACTCA KaK:

g)z +(g)2]1/2 (172)

GLf(x, »)]=[Gx* +Gy*]"* = [(ax o

Ha mpaktuke, kak mpaBujIo, TPaJMCHT aNMpOKCUMHUPYETCS aOCOIIOTHBIMU

3HAa4YCHUAMMU
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Glf(x,y)] = | Gx |+ | Gy|

(17.3)

Kaxk BHUAHO M3 YKAa3aHHBIX COOTHOMGHHﬁ, BBIYHCJICHUC I'paaAuCHTa OCHOBAHO

Ha HAXO0XJICHUH MEPBBIX MPOU3BOIHBIX Of/0x, Of/0y.

I[J'ISI I_II/I(prBOI‘O I/I306pa)K€HI/I$[ 9TO MOKHO CACIAaTb HCCKOJbKHMU ITYTAMMU.

OI[I/IH N3 1OAXOJ0B COCTOUT B HCIIOJIB30BAHHMU PA3HOCTH MCKIAY COCCIHUMU

IMUKCCJIaMU.

Gx = of/ox = f(x,y) - f(x-1,y)
Gy = of/oy = f(x,y) - f(x,y-1)

(17.4)

Heckonpko Ooiiee CIOXKHBIA CIOCOO BKIIIOYAET MHUKCEIbI B OKPECTHOCTH

pasmepHocThIo 3*3 u Goree.

CtpykTypa MeToAa MPOCTPAHCTBEHHOTO AU(PHEPEHITMPOBAHUSI MOXKET OBIThH

npecTaBeHa CIeayONM 00pa3oM

BuHapHoe
UcxogHoe pagmeHTHOE (kOHTYpHOE)
n3obpaxeHne Rudbpepen- n3obpaxeHne . 5 nsobpaxeHne
LpasbHbIN OpOroBblit
¢ > (rpagueHTHBIN) > onepartop T ® >
f(x,y) onepatop [ a(x,y) b(x,y)
Puc. 7

[Tonyyaemoe mocne mpeobOpazoBanus J[ mome g(X,y) HasbIBaeTCs

IrpaIuCHTHBIM I/I306pa}K€HI/I€M NN I/1306pa}KCHI/IeM C YCUJICHHBIMU TI'paHHIIAMH.

OO6paboTtka

I'paAuCHTHOT'O

N300paKEeHUS

MOPOTOBOT0 OIlEpaToOpa COrJIacHO MPaBUIy:

b(x,y) = {

OCYLIECTBIISIETCS

1 npu g(x,y) 2T
0 nmpu g(x,y) <T

C IIOMOIIBIO
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Trac T — BeanunMHA OCTOSIHHOTO UJIN MCHAIOIICTOCH 110 OIMPCACICHHOMY IIPpABUITY

nopora.

BrluncnurensHas peanu3aius JAaHHOTO METOAAa CBOJMTCS K CHHTE3Y
YHUCIICHHBIX QJIFTOPUTMOB OIIEHKM YACTHBIX TMPOU3BOJHBIX B HEKOTOPOM TOYKE
M300paKEHUS U BBHITTOJTHCHHIO JaJiee HEeCIOKHBIX apu()METHUUECKH OTepaIui.

Ilycte uyepe3 f(m,n) wu g(m,n), rme m, n=0,N-1 o0003HAUEHBI
JUCKPETU3UPOBAHHBIE HCXOJIHOE W TPAJIUCHTHOE H300paXeHHs] M B KayecTBe

JUCKPETHOTO aHajora cootHomeHus (17.2) BeicTynaer:
g(m,n) = [d;*(m,n) + dy*(m,n)]"”
WJIM €0 YIIPOIIECHHBIM BRIUUCIUTEIIbHBIA BapUaHT:
g(m,n) = | dy(m,n) |+ dy(m,n) |

B »atux cootHomenusx dj(m,n) u dy(m,n) 0003HAYAOT OIIEHKA YACTHBIX
MPOU3BOJIHBIX (DYHKIIUHU SIPKOCTU B TOUKE (m,n).

O6o03Hauum uepe3 Fp, u F,, BEKTOpHI

(an)T = (fmna fm,n+la fm+1,na fm+l,n+l)

T _
(an) - (fm-l,n-l, fm-l,n, fm—l,n+l, fm,n-l, fm,n, fmn+1, fm+1,n-1, fm+1,n, fm+1,n+1):

IPE/ICTABISAIOMIUE COOOM YIMOPSAAOYEHHBIE MO CTPOKAM AIIEMEHTBI OKPECTHOCTH
TOUYKH (M,n), pa3MEPHOCTHIO 2*2 u 3*3.

B kauectBe Macok (IHa6JIOHOB) MOXHO HCIIOJb30BaTh [zaSHOCTHBII‘/’I

O1ICPaTOop:
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Toraga.

d;(m,n) = [f(m,n) — f(m,n+1)] + [f(m+1,n) — f(m+1,n+1)]
dy(m,n) = [f(m+1,n) — f(m,n)] + [f(m+1,n+1) — f(m,n+1)]

Onepamop Pooepmca

di(m,n) = [f(m,n) — f(m+1,n+1)]
d>(m,n) = [f(m+1,n) — f(m,n+1)]

Onepamop Ilpesumma
1 0 -1 -1 -1 -1
wo=|1 0 -1|;W,={0 0 0
1 0 -1 I 1 1

di(m,n) = [f(m-1,n-1) + f(m,n-1) + f(m+1,n-1)] — [f(m-1,n+1) + f(m,n+1) +
f(m+1,n+1)]

d>(m,n) = [f(m+1,n-1) + f(m+1,n) + f(m+1,n+1)] — [f(m-1,n-1) + f(m-1,n) + f(m-
1,n+1)]

Onepamop Cobensn

10 -1 -1 -2 -1
W,=|2 0 =2\;W=[0 0 0
10 -1 12 1

di(m,n) = [f(m-1,n-1) + 2f(m,n-1) + f(m+1,n-1)] —
- [f(m-1,n+1) + 2f(m,n+1) + f(m+1,n+1)]
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d>(m,n) = [f(m+1,n-1) + 2f(m+1,n) + f(m+1,n+1)] —
- [f(m-1,n-1) + 2f(m-1,n) + f(m-1,n+1)]
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18. OCHOBHBIE CBOMCTBA
JIBYMEPHOI'O IPEOBPA3BOBAHUS ®YPBE

Cosue

[Tapa npeobpaszoBanuii dypbe 00s1aaeT CIEAYIOUIUMHU TPAHCIALIUOHHBIMU

(CIBUTOBBIMH) CBOMCTBAMU

f(X,Y) éZTC(uOX/M-ﬁ-VOy/N)<:>F (u_uo ,V'V())

f(X-Xo,y-yO)<:>F (u,V) e-jZn(xou/M+yov/N )’

Trac JIBOMHAs CTpCJIKa HCIIOJIBb30BaHa JJIA 0003HaYCHUSA TOrO,

COOTBeTCTBYIOIMME PyHKITMU 00pa3yioT napy dypbe-npeodpa3oBaHHil.

ITpu vy=M/2, vi=N/2 6ynem uMeTh

Qi2H(UOX/MVOy/N ):ejn(x+y):(_ 1)<

B stom ciiyuae Oyaem umeTh
f(x,y)(-1)*"<=>F(U-M/2,V-N/2)

Y aHAJIOTUYHO NpH Xo=M/2;y(=N/2
f(x-M/2,y-N/2)<=>F(u,v)(-1)"""

W3 onpenenenus npeodbpazoBanus Pypre Cleqyer, 4To

FIfi(x,y)Hh(x,y) FF[fi(X,y) [ F[fa(x,y)] 1
F[fi(x,y)*L(x,y) [ZF[fi1(x,y) | *F[f2(x,y)]

qTo
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NupiMu  cnoBamu, mnpeoOpazoBanue @Dypre o0magaeT  CBOMCTBOM
IUCTPUOYTUBHOCTH MO OTHOIICHUIO K CJOXEHHI0, HO He o0Jagaer >STUM
CBOMCTBOM IO OTHOIIECHUIO K YMHOXEHHUIO. YKa3aHHOE OTHOCUTCS U K 0OpaTHOMY
dypre-npeodpa3zoBaHUIO.

AHAJIOTUYHO, €C/IU a, b — JIBE IMTOCTOSHHBIC, TO

f(ax,by)<=>aF(u,v)

f(ax,by)<=>ﬁF(u/a,V/b), ab#0
a

(u3MeHeHue Maciirada)

Ilosopom

BBGI[CM IMOHATHUEC KOOPAHWHATHI

x=r*cos0, y=r*sinf
=m¥
u=m*cose

v=m*sinQ

N o6oznaunm uyepe3 f(r,0) u F(w,p) QyHnkmum, paccMarpuBaeMbie Kak (yHKIAA

MMOJEIPHBIX KOOPpAUHAT COOTBCTCTBCHHO.

Torna f(r,0+00)<=>F(w,p+0)

OTO BBIp@XEHHE YKa3bIBa€T Ha TO, YTO MOBOpPOT ¢yHkiuu f(x,y) Ha yrom 6,
MPUBOJUT K MOBOPOTY GyHKIMHU F(u,v) HA TOT ke yro.
JluckpetHoe npeoOpazoBanre Dypbe 001aJaCT CICAYIOIMIMMU CBOWCTBaAMU

IMCPUOANIHOCTH

F(u,v)=F(u+M,v)=F(u,v+N)=F(u+M,v+N)
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Oo6partHoe Dypre-nipeodpa3oBaHNe TAKKE MTEPUOTUYHO:
f(x,y)=f(x+M,y)=f(x,y+N)=f(x+M,y+N)

CsoiicTBO CUMMCETPUHU OTHOCHUTCIIBHO OIICpaly KOMIIJICKCHOT'O

CONPSDKEHUS
F(u,v)=F*(-u,-v)

Otcrona cnenyer, 4To CHEKTP LEHTPATbHO CUMMETPUYEH OTHOCUTEIBHO

HayaJia KOOpJAUHAT
| F(u,v) | = | F(-u,-v) |
B ciyuae nBymepHOro npeodpazoBaHus CIEKTP OMPEIEIIeTCA KaK
| F(u,v) | = [Rz(u,v)ﬂz(u,v)]l/2
rae R=Re(F), I=Im(F)
da3a onpenensiercs kak D(u,v)=arctg[I(u,v)/R(u,v)]

. 2
DHepreTUuYecKuil CreKTp BeIUUCIIETCS Kak P(u,v)= | F(u,v) | , & cpeqiHee

3Ha4Ye€HHUE OYyJIeT paBHO

N

_ 1 M-
f(x,y) = F(0,0) —M—N;Zf(x,y)

-1
y=0
HpeHCTaBHeHI/Ie B ITIOJEIPHBIX KOOpAWHATAX UMCCT BUI
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F(u,v)= | F(u,v) | eIy

CBOMCTBO pa3feieHus MNEPEMEHHBIX O3HA4YaeT, 4YTO [JIs1 BBIYUCICHUS
IByMepHOro mpeoOpa3oBanus @Dypre HEOOXOAUMO BHayajae BBIYUCIUTH
OJIHOMEpHBIE TIPEeoOpa3oBaHUsl MO KaXAOW CTpPOKE H300pa)xkeHus, a 3aTeM
BBIUMCIIUTh OJHOMEpHBIE MPEoOpa3OBaHUs MO KaXJAOMY CTOJOIY MOIYyYEHHOTO
IPOMEXYTOUHOTO pe3ysibTaTa. M3MeHeHue Mopsjika BBIUMCICHUN (CHayajia 10
cToJIOIaM, 3aTe€M MO CTPOKaM) MPUBOJUT K TOMY K€ pe3yJIbTary.

JuckperHas cBepTka AByX ¢GyHkuui f(x,y) u h(x,y) pasmepHocteio M*N

ob6o3Havaetcs kak f(x,y)*h(x,y) u onpenensercs kak

M-IN-1

£y hx,y) = ﬁzzﬂ’"””’)’“" —m,y—n)

Ucnonb3ys nsymepHoe Oypre-npencrapieHue, 0y1eM uMeTh

fx,y)*h(x,y)<=>F(u,v)H(u,v)
f(x,y)h(x,y)<=>F(u,v)*H(u,v)

[Ipy BblUKMCIACHMM JBYMEPHOM CBEPTKHM HEOOXOIMMO HCIOJIb30BATh
TEXHOJIOTHIO IOTIOJTHEHUIO HYJISIMHU.

[Tycts MBI UMeeM aBa uzoopaxenus f(x,y) u h(x,y) pasmepamu A*B u C*D
COOTBETCTBEHHO. Kak M B OJIHOMEPHOM cilydae HE0OXOAMMO paccMaTpuBaTh ATU
MaCCHBBI KaK MEePHOUUYECKIE C HEKOTOPBIMU NiepuofgamMu P B HampaBienuu x u Q

B HarpaBieHuu y. [Ipudem Bo1OOp

P>A+C-1
Q>B+D-1
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MO3BOJISIET N30€KaTh OMTMOOK MEPEKPBITUS TP BHIYUCIECHUN IBYMEPHOUW CBEPTKHU.
[Ipu stom nomonnenue HymsiMu (QyHkuuii f(x,y), h(X,y) B OCHOBHOM mepHo/ie

OCYLIECTBJISIETCS CIEAYIOIIUM 00pa3oM

f(x,y) 0<x<4-1 0LY<B-1

fe(x,y) =
0 A<x<P BL<Y<Q
h(x,y) 0<x<C-1 0<Y<D-I

he(x,y) =
0 C<x<P DL<Y<Q

Koppensaunonnas ¢ynkuus nsyx ¢yskmumit f(x,y) u h(x,y) ompenensercs

COOTHOIIICHHUECM

1 M-IN-1

S, y)eh(x,y) =WZZf*(m,n)h(X+m,y+n)

rae f* o0o3HauaeT QyHKIHIO, KOMIUIEKCHO compspbkeHHYIo QyHkiuu f. OObrdHO
MBI UMEEM [IeJI0 C JACUCTBUTEIBHBIMH (QYHKIUSIMH W B 3TOM ciydae f*=f.
Koppensiust OoT CBEpTKH OTIMYAETCS KOMIUIEKCHBIM COMpsDKeHHEM (B 001eM
Clly4yae) ¥ 3aMEHOM MHUHYCOB Ha TUIFOCHI BO BCEX 4J€HaX MOJ 3HAKOM CyMMbl. B
OCTAJIbHOM BBIYUCIICHHE KOPPEISAIMOHHOW (PYHKIIUU HWICHTUYHO BBIYMCIICHHUIO
CBEPTKH, BKJIFOYAsi HEOOXOUMOCTh JOTIOTHCHUS HYJISIMH.

Torma Teopema koppensuuu
f(x,y)°h(x,y)<=>F*(u,v)H(u,v)
03HAYaeT, YTO KOPPENSAUOHHAA (PYHKIHA B MPOCTPAHCTBEHHON OOJACTH MOXKET
ObITh  TIOJNIydeHa  Kak  pe3yiabTaT  oOpatHoro  Dypne-npeodOpazoBaHus,

IpUMEHEHHOr0 K mpousBeaeHuto F*(u,v)H(u,v), rae F* - QyHkuus, koMIsiekcHO

conpsikeHHas K F.
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AHaJOTMYHO BBIYUCIICHNUE KOPPESIMOHHON (PYHKIIMH B YaCTOTHOM 0o01acTu

CBOJIUTCSI K YMHOXEHHIO B IPOCTPAHCTBEHHOM 00JIaCTH.
F(u,v)°H(u,v)<=>f*(x,y)h(x,y)

VYka3aHHbIE [IBa YTBEPXKACHUS COCTaBISIOT COJEP)KaHUE TEOPEMBI O
KOPPEJSILIMY, IPU YeM BCE (PYHKIMU JOJKHBI OBITh TONOJHEHBI HYJISIMU.

CrnenyeT OTMETHTh, YTO CBEpPTKA SIBISETCS CBS3YIOUIUM 3BEHOM MEXIY
npoueaypaMu (QUIbTpallMd B MPOCTPAHCTBEHHOW W YAaCTOTHOW 0OjacTsIxX, a
OCHOBHAs 3a/a4a, Ul PelIEeHUs] KOTOPOM MCIOIb3YETCsl KOPPEALMs — 3TO 3a7a4a
COBMEIIIEHUSI.

N3obpaxenne f(X,y) ydacTByroIee B COBMEIICHUN COCTOMT, KaK MPAaBHUJIO,
U3 HEKOTOPBIX OOBEKTOB MM oOsacTeil. Ecau Mbl XOTUM ONPENENINUTh, CONEPIKUT
au n3o0paxkenrne f KOHKpETHBIM HMHTEpecyroluii Hac 00BEeKT (007acTh), TO MbI
dbopmupyem oTaenbHOoe n300pakenue h(X,y) atoro oobekTa (0OBIYHO Ha3bIBAEMOE
ATaJOHOM) M BBIYHMCIISIEM KOPPEISAIUOHHYIO (DYHKIMIO U300paKeHHs] U HTajoHA.
Torpaa, ecnu naHHOE M300paKEHUE COAECPKUT OOBEKT, COBMEIIEHHBIN C 3TAJIOHOM,
TO KOppessiuus AByX (yHKIUN OyJeT UMETh MAaKCUMYM, PacIlOJIOKEHHBIN TaM, I1ie
00HapyXEeHO COOTBETCTBHE MEXAY STanoHOM h u nzobpaxkenuem. Ilpu permenun
OONBIIMHCTBA TNPAKTUYECKUX 3a/a4 COBMELIEHUS HEOOXOAMMBI MPOLEAYpPbI
IpelBapUTENbHON 00pabOTKHM, Takhe Kak yYTOHbBIIEHHE, MaclTaOMpOBaHUE,
BbIpaBHUBAaHHWE (SKBAJIW3allMsA), OJHAKO OCHOBOW SIBISIETCS  BBIUMCIICHUE
Koppemsiuui. Bmecto TepMuHa KOppensiius O4eHb YacTO HCIOJIb3YETCS TEPMUH
«B3aUMHAsT KOPPENSAIUs» YTOOBl MOMYEPKHYTh, YTO KOPPEISIIHS BBIYHCISETCS
MEXIy pa3iuuHbIMM u300paxeHusMu. Eciu u300paxkeHus cpaBHUBaeMble

COBITIagarOT, TO
f(x,y)°f(%,y)<=>F*(u,v)F(u,v)<=> | F(u,v)’ |

DTO COOTHOIIECHUE MPEACTABISIET COO0I SHEPTETUUECKUI CIIEKTP.
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AHaJIOTUYHO

| f(x,y) | *<=>F(u,v)°F(u,v)
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19. OCHOBBI ®WJIbTPAIIMA B YACTOTHOM OBJIACTH

H(u,v) F(u,v)
MpeobpasoBaHue Mepenatouhan | ——— ObpatHoe
dypbe (pyHKLMSA unbTpa npeobpasoBaHue
H(u,v) ] ®ypbe
MpenBapuTenbHas 3aknioynTenbHas
obpaboTka obpaboTka
a(x.y)
f(x,y)
BxoaHoe n3obpaxeHuve YnyJdweHHoe nsobpaxeHue
Puc. 19.1
F[f(x,y)(-1)"Y]=F(u-M/2,v-N/2) (19.1)

[Ipouenypa puibTpanuy B 4aCTOTHOM 00JIACTU COCTOUT U3 CIEAYIOIIUX IIaroB:

1.

HcxoaHoe n3obpaxenue ymHoxkaercsa Ha (-1)*"Y, uro6sl ero dypbe-
npeoOpa3zoBanue B coorBerctBHM ¢ (19.1)  okaszanoch
HEHTPUPOBAHHBIM.

Beraucnsiercst npsimoe JIIID F(u,v) m3obpaxkeHus, MOTy4EeHHOTO
noce mara 1.

Oyukius F(u,v) ymHoxaercs Ha H(u,v) (nmepenatounas QyHKuus
¢unbTpa).

Breruucnsercst oopatnoe JAI1®D ot pesynbrarta mara 3.

Brinensiercst BenecTBeHHas YacTh pe3yJibTara 1ara 4.
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6. Pesynbrar mara 5 ymaoxkaercs Ha (-1)°"

[Tpuunna, mo kKoTopoi MHOXKUTENh H(u,v) Ha3biBaeTcss (GUIBTPOM, COCTOUT B
TOM, YTO OH ITOJaBJIIET HEKOTOPBIC YACTOTHI IPEOOPA30BAHUS, OCTABIISAS MPU ITOM
npyrue 6e3 N3MEHEHUS.

AHanorusi ¢ TIOBCEIHEBHON JKM3HBIO BO3HUKAET TIPU PACCMOTPEHUU
ceTdaTtoro ¢GuibTpa (CHTO), KOTOPBIA IMPOITyCKAaeT HEKOTOPBIC NMPEIAMEThI H HE
NIPOIYCKAeT IPYTHE B COOTBETCTBUU C X Pa3MEPaMHU.

ITycte f(X,y) o003HauaeT BXOAHOE M300pakeHUE Tocie mara 1 U MmycTh
F(u,v) ects ero ®Dypwe-o6pas. Torma Dypre-o0pa3 BBIXOJHOTO H300paKEHUS

OIIPEIENISETCSI COOTHOIIEHUEM
G(u,v)=H(u,v)F(u,v)

Ymuoxenue pynkuuii 1Byx nepemeHHbsix H u F ocymiecTBisiercss mo3neMeHTHO.
DTO O3HayaeT, 4yTo MNepBbId 31eMeHT H ymHoXkaeTcs Ha mnepBblil 31aeMeHT F,
BTOpOU 31eMeHT H — Ha BTOpoii anemeHT F u Tak nanee.

OunbTpOBaHHOE M300paKEHUE TIOJIY4YaeTCsl BBIYMCIEHHEM OOPaTHOTO

npeodpazoanust Dypre oT Dypue-odpaza G(u,v)

gqmnbrp(xa}I):F-l [G(U,V) ]

Hckomoe wu300pakeHHe MOMydaeTCcsl BBIACICHHUEM JACUCTBUTEIBHOW YacTH U3
TnocjieHero pesyibTata M yMHOxkeHHs Ha (-1)Y, 4ToGbI CKOMIIEHCHPOBATH
3 (PEeKT OT YMHOXKEHHS BXOJJHOTO U300paKEHUS Ha Ty K€ BEJIMUUHY.

O6patHoe  dDypwe-ipeobpa3oBanue B  0oOmEeM  ciaydae  SBISICTCS
KOMIUIEKCHBIM. OJIHAaKO, B CiIy4ya€ BELIECTBEHHOI'O BXOJHOTO H300pa)K€HUs U
BEIIECTBEHHOMN MepeNaToOuyHON (YHKIMH (UIBTpAa MHUMBIE YaCTH BCEX 3HAUCHUU
oOpatHoro ®ypne-npeoOpa3zoBaHusl TOJKHBI PaBHATHCS HYI0. OJIHAKO B CBSI3U C
OIIMOKAMHM OKPYTJIEHUS MPU BBIYMCICHUSX Ha MPAKTHKE 3HAUYEHHS] OOpPaTHOTO

dypbe-peoOpa3oBaHusi, Kak MPaBHIO, COJAEPKaT Mapa3uTHYID MHUMYIO
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COCTaBIISIIOLIYI0, KOTOPOH HEOOXOIMMO TpHU pEHIeHHH TMPHUKIAIHBIX 3a7ad
npeHeopeyb.

[Ipouenypa unbTpanuu, npuBejeHHas Ha puc.19.1, mnpexacraBieHa B
oOmmeM BHZle, BKJIIOYAas NPEIBAPUTEIBHYI0 W 3aKIIOYUTEIbHYIO 00paboTKy.
[Momumo ymHOxkeHus Ha (-1)*” Takas oOpabOTKa MOKET BKIIOYATh OOpe3aHHe
BXOJIHOTO M300pa)KE€HUs TaK, YTOOBI €r0 pa3Mepbl MPUHSIN OIMKaiIime 4eTHbIC
3HAUYEHUS] TI0 OTHOIICHWIO K HMCXOAHBIM (3TO HEOOXOIMMO JUIsl TPAaBHIBHOTO
ueHtpupoBanusi ~ Dypbe-npeoOpa3zoBaHusi), SIPKOCTHOE  MaclITaOUpOBaHUE,
npeoOpa3zoBanre (GopMaTOB BXOJHBIX U BBIXOJHBIX JIaHHBIX. B03MOXHBI
MHOTOCTYNEHYAThIE TPOLEayphl GUIbTPALIMU, & TAKXKE pa3HOOOpa3HbIe onepaluu
IpeIBapUTEIBHON U 3aKIIIOUUTENbHON 00paboTku. CyIeCTBEHHBIM SBIISETCS TO,
YTO METOJ (UIBTpAIlMM OCHOBAaH Ha HEKOTOPOM u3MeHeHun @Dypre-o0pasa
M300paKEHUS TIOCPEACTBOM MEPENaTOYHOM (PYHKIMU (PUIIbTpa U MOCIEAYIOLIEM
oOpamieHuu  pe3yiapTata Uil TOJy4YeHUs:  oOpaOOTaHHOTO  BBIXOAHOTO

U300paKEHUS.

Dunbmpul, 0CHOBAHHbBIE HA NOPAOKOBHIX CHIAMUCIUKAX

OuIbTphl, OCHOBAaHHBIC HA TOPSAKOBBIX CTATHCTUKAX, OTHOCATCS K KJaccy
HEJTMHEHHBIX MPOCTPAHCTBEHHBIX (GUIALTPOB. OTKIMK (QuiIbTpa ompenensercs
pPEeIBAPUTETHLHBIM YIIOPSA0YMBaHUEM (PaH)XHUPOBAHUEM), 3HAYEHUW MHUKCEIOB,
MOKPBIBAEMBIX MAacKol (QuiIbTpa © TOCIEAYIOIIMM BBEIOOPOM  3HAYCHUS,
HAXOJISAIIETOCS Ha OMPENEICHHON TO3UIUU YIOPSA0UYEHHON TOCIe0BaTEIIbBHOCTH
(T. e. WMeromIero ompeAeneHHbld paHr). [Ipu 3ToM ¢uIbTpans CBOIUTCS K
3aMEIICHUI0 MCXOTHOTO 3HAa4YeHUs IMUKCENs (B IIEHTPE MAcKH) Ha TOJYYCHHOE
3HaueHHUE OTKIWKa GuibTpa. W3 ykazaHHOro Kiacca HauOoyiee W3BECTEH
MEIMAaHHBI (QUIBTP, KOTOPBIA 3aMEHSET 3HAYCHHWE THKCENIsd Ha 3HAYCHHE
MEJMaHbl PACTPEEICHUS SIPKOCTH BCEX IMHKCEIOB B OKPECTHOCTH, BKIIOYAs
UCXONHBbIN. Menuanupie (GUIABTPHI 0COOEHHO 3GGEKTUBHBI TpHU PUIBTPALIAN
UMITYJIbCHBIX IITYMOB, MHOT/Ia HAa3bIBAEMBIX IIIyMaMH «COJIb M TIEPEI», KOTOPHIC

BBITJIAAAT KaK HAJIOKCHUEC Ha H306pa>1<eHHe CJ'Iy‘IElfIHBIX YCPHLBIX U OeJIbIX TOYEK.
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Menuana Habopa 4yMceNl €CThb Tako€ 4uciao &, YTO MOJOBMHA YHUCEN U3
Ha0opa MeHbIIIe WK PaBHBI &, a JIpyras MoJIOBUHA — OoJibilie U paBHbBI &. UTOOBI
BBIMIOJTHUTh MEIUaHHYI0 (QUIBTPALIMIO IS DJIEMEHTa M300paxeHus, HEOOXOANMO
CHauaja yrnopsJI04nTh M0 BO3PACTAHUIO 3HAUEHUS TUKCEIOB BHYTPH OKPECTHOCTH,
3aTeM HaWTH 3HAYe€HUE MEAWAHbl W HAKOHEI] MPHUCBOUTH MOJyYEHHOE 3HAYCHHE
oOpabaTeiBaeMOMy 3JeMeHTY. Tak ansi OKpecTHOCTH pasmepoM 3*3 memuaHou
OyAeT msAToe 3Hau€HUEe MO BEIMYMHE, JJIS OKpecTHocTu S5*5 — TpuHaauaroe
3HA4YCHHE U TaK Jajiee.

AHaTUTUYECKHU JEHCTBHE METUAHHOTO (QUIIBTPA OMPENCTAETCS KaK

(.9 = med g(s.0)

s,teSxy

[IpuyeM mpu BBIYMCIEHUM MEIMAHbl 3HAUYCHHE B caMOW TOuke (T. €. B IIEHTpE
OKPY>KHOCTH) TAKKE YUUTHIBAETCA.

Ecnam HECKONBKO 3JIEMEHTOB B OKPECTHOCTH MMEIOT OJMHAKOBBIE 3HAUEHUS,
TO 3HaYE€HUS OyAyT crpynnupoBanbl. Hampumep, mycTh B OKpeCTHOCTH 3*3 UMEIOT
MecTo ciueayromue 3Hadenus (10, 20, 20, 20, 15, 20, 20, 25, 100). ITocne
yHOpsIAOUEHUsI OHM OYAYyT PacIojoKeHbl cieayrommmM oopazom (10, 15, 20, 20,
20, 20, 20, 25, 100), a, cnemoBarensHO, MenuaHoK OyeT 3HaueHue 20.

XO0Tsl MEIMaHHBIN (PUIBTP 3HAYUTENILHO 00JIee PacpOCTpPaHEH B 00paboTKe
M300paXeHU, YeM OCTaJIbHbIE BUIBI (PUIHTPOB, TEM HE MEHEE, OH HE SIBJISICTCS
CIMHCTBEHHBIM.  Menuana  mpeactaBiasier  coboit  50-bIii  TPOIEHTUIIL
yHOPSAI0YEHHOT0 Ha0opa YuCel.

[Iupoxast MOMyIIPHOCTh MEIUAHHBIX (PHIIBTPOB OOYCIIOBJICHA TEM, YTO OHU
MPEKPacHO MPUCTIOCOOJIEHBI ISl TIOJIaBIEHUS MMITYJIbCHBIX IIYMOB M TIPH 3TOM
NPUBOJAT K MEHBIIEMY pa3MbIBAHUIO 10 CPAaBHEHUIO C JIMHEHHBIMU

CriiaXmuBarOImyuMun (I)I/IJ'IBTpaMI/I.
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HcnonwszoBanue 100-ro mpoLeHTHIs NPUBOAUT K QUIBTPY, OCHOBAHHOMY Ha
BBIOOpE MAKCHUMAJIBHOTO 3HadYeHUs (QUIbTp MakCUMyMa), KOTOPBIA 3ajaercs

BBIPa’KCHUEM

f(x,y) =max lg(s.0)}

(s,t)eSxy

Takoit ¢uiabTp moNe3eH mnpH OOHApyKeHHHM Hambojee SPKUX TOYEK Ha
U300paKeHUU.
Hcnonp3oBanne 0-ro mpoUEHTHIIS MPUBOJAUT K (PUIBTPY, OCHOBAHHOMY Ha

BbIOOPE MUHUMAJIBHOTO 3HaYeHus (GUIbTP MUHUMYMA)

f(x,»)=min lg(s.0)}

(s,t)eSxy

Takolt QuibTp moONe3eH mnpu OOHAPY)KEHHWH HambOJee TEMHBIX TOUYEK Ha
U300paKEHUU.

[Ipumenenne ¢GuabTpa CPEAMHHOM TOYKH 3aKIIOYACTCSA B BBIYUCICHHUH
CpPEIHETO  MEXAY MAaKCUMAJIbHBIM W  MHHUMAIbHBIM  3HAYCHHUSIMH B

COOTBCTCTBYIOHICﬁ OKPECTHOCTHU

7009) = “Imax e .0} + min g0}

2 (s,t)eSxy (s,t)eSxy

OTOT GUABTP OOBETUHSIET METOJbI MOPSAIKOBBIX CTATUCTHK M YCPEAHEHHUSA. DTOT
GuIbTp Jyulle Bcero paboTaeT mpU HAIMYMM TaKUX CIy4alHO pacrpeiesieHHBIX
IIyMOB, KaK I'ayCCOB WJIN paBHOMEPHBIH.

[Ipenmonoxxkum, uto Mbl yganuian d/2 HauMeHbMX H d/2 HanOOMBIIMX
3HAYEHUH SPKOCTU U3 MHOXKECTBA BCEX 3HAYCHUM (QyHKIMH g(s,t) B OKPECTHOCTHU
Sxy- IIycTh gi(s,t) IpencTaBIsAeT OCTABIINECS DIEMEHTHI H300PaKEHNUSA, KOTHYECTBO

KOTOPBIX paBHO (mn-d).
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CDI/IJ'IBTp, I[CﬁCTBHC KOTOpPOIro 3aKjIro4acTtCa B YCPCAHCHHWH OCTAaBIIMUXCIA

3HaquHﬁ, Ha3bIBACTCA (1)I/IJ'IBTp0M YCCUYCHHOTO CPCAHCTO

Jey)=—— g s0),

mn—d (s,t)eSxy
roe d=0,mn—1

IIpu d=0 GuIbTp YCEUYEHHOIO CPEIHETO CBOJUTCS K
cpeaneapupmernyeckomy  puabtpy. B cmywae  d/2=(mn-1)/2  puibTp

TpaHC(HOPMHUPYETCS] B MEUAHHBIM.
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20. C’KATHUE JAHHBIX

BaxxHol 0051aCThI0 MPUMEHEHHSI OPTOTOHAIBHBIX TPEOOPa30BaHUM SBIIAETCA
cKaTue NaHHbIX. Eciyu qucKpeTHbId CUTHAI COAEPKUT N OTCUETOB, TO €r0 MOXKHO
paccMarpuBaTh Kak TOYKYy N-MEpHOro npocTtpaHcTBa. Torma KaXablii OTCUET
ABIIAETCS KOOpAMHAaTOM N-MepHOro BekTopa naHHbIX. /s 6onee sddexTuBHOrO
IPEICTaBICHUS MOYHO OCYIIECTBUTh OPTOrOHAJIbHOE IMpeoOpa3oBaHHe X, YTO

IIPUBOAUT K:

Y=Tx*X,

rnie Y u T — Bekrop Kkod(DpPuIimeHToB mnpeoOpa3oBaHus U MaTpHIla
npeoOpa3oBaHus COOTBETCTBEHHO. Llenbio cxkaTusi JaHHBIX SBJISETCS BBIOOP
noAMHOXKecTBa M koopauHar BekTtopa Y, rae M cymecTBeHHO MeHblie N.
Octanbabie (N - M) KOOpIMHAT MOKHO OTOPOCUTBH, HE BBI3BIBAsI CYIIECTBEHHOM
OIIMOKK TP BOCCTAHOBJIEHMM cHUrHajga 1o M koopauHaTtaM BekTopa Y.
CrnenoBaTelnbHO, CpaBHMBAaThb OPTOrOHAJbHBbIE MpeoOpa3oBaHMs CIEAYET B
COOTBETCTBUM C HEKOTOPHIM KpUTEeprueM OMIMOKU. OJHUM U3 YaCTO MCIOJIb3yEMBIX

SBJISIETCS] KPUTEPUI CPEAHEKBAIPATUUECKOIN OIINOKH.

Ilouck onmumanvnozo npeodpazoeanusn

Haiiném oproronansHoe nmpeoOpa3oBaHue, KOTOPOE C OJTHON CTOPOHBI OYIET
o0ecreunBaTh NpPEICTABICHUE CUTHANA, & C IPYTOM CTOPOHBI OYJET ONTHUMAJIbHBIM
B CMBICJIC CPEIHEKBAPATUIHOTO KPUTEPHSI.

[Iycts T- oproronansHOe mpeoOpa3oBaHue, 3aJaHHOE B BUJIE:

T :[¢1 ¢2 ¢N]a

rie ¢— BEKTOpbl pa3zMmepHocThio Nx1. [Ins ynoOcTBa Ga3ucHBIE BEKTOPHI
{$m} m=1,N, OyieM CUMTATh BEUIECTBEHHO3HAYHBIMUA U OPTOHOPMHUPOBAHHBIMHU.
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JInst kaxx1oro Bekropa X, MPUHAJIEKAIIETO TAHHOMY KJIaCcCy BEKTOPOB MCXOIHBIX

JaHHBIX ITOJIYYUM:
Y=Tx*X, (20.1)
rine X =[x x, .. xql,Y =0y, », . Wl
N3 cootnomenus (20.1) :

X=TY=[y, y, .. yyJ¥ ,9TO MOXKHO 3aIucaTh KaK

N
X =y + 0,0, +...+ yydy :Zy,¢i

i=1

JKenarenbHO COXpaHUTh MOAMHOXECTBO {y,,),,...), } KOOpAUHAT Y W IpH

ATOM MOJYYUTh OLIEHKY X. DTO MOXKET OBITh OCYIIECTBIEHO 3aMEHON OCTalIbHBIX

(N - M) xoopaunat Y 3apaHee BbIOpaHHBIMU KOHCTaHTaMU, YTO TIPUBOJIUT K

/?(M) :Zyi¢i + Zbi¢i3

i=M+1

rme X(M) o6o3Hagaer omeHKy X. OmmOKy, BO3HHKAIOIIYK) IpH

0T6paCI>IBaHI/II/I N-M KOOpAHNHAT MOKHO IIPCACTABUTDL B BUIC
AX =X -X(M) T.e.
M N N N N
AX = X_Zyi¢i - zbi¢i = Zyi¢i - sz‘¢i = Z(yi —b.)g,.
i=1

i=M=1 i=M+1 i=M+1 i=M+1

Taxum 06pa3om, cpeaHeKBaagpaTUYHAs OMINOKa (M) OMpEAENseTCs B BUAC
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s(M) = &{|| Ax|I*} = e{(Av)" Ax}

C y4€ToM nOACTaHOBKH MOJIyYUM

(M) =¢&{ Z Z(yi _bi)n(yj _bj)¢l- T¢j} >

i=M+1 j=M+1

9TO B ynpOH_IéHHOM BHUAC MOXXHO 3aIllNCaTh KaK

e(M) = ZE{(yi _bi)2|}

i=M+1

W3 mocneaHero COOTHOIIEHUS CAEAyeT, YTO IS KaKIOTO BBIOOpa ¢, U b,

noJiy4yaeM omnpeaenéHHoe 3HaueHue &(M). Tpebyercs omnpenenutb Takyro

KOMOWHAITHIO STUX BEJIMYWH, YTOOBI MUHUMH3UPOBaTh &(M). [Ipomemypa BriOopa

OIITUMAJIBHBIX ¢i )41 bi p336I/IBaCTC}I COOTBETCTBEHHO Ha 2 3Tara.

Kak

Ilepewviii 3man

OntumanbHOE 3HaYE€HUE b, ONIPEAEISIETCS U3 BBIPAXKECHUS

0 M 1o
8_biE{(yi_bi) }_ 2[E{yi} bi] 0

Torma E{y}=5,.
B cBoro ouepenp y, =4, -x.

Takum oOpazom

b.=¢ E{x}=¢ % rae E{x}=x

Tak Kak pa3sHOCTb (y, —b,) SABISAETCSA CKAIAPHOU, TO &£(M) MOMKHO 3aUCaTh
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s(M)= Y E{(y,=b)(y,=b)"} (20.2)

i=M+1

IToncranoBka

Vv, =dx b,=¢x B(20.1) npuBOIUT K

e(M)= Y QE{(x-TF)(x-%)"}g,"

i=M+1

Tak kak zx = E{(x—-X)(x—x)"} sABIsAETCS KOBapUAIMOHHON MAaTPHIICH X, TO

IMOJIy4YnuM

(M) = Z¢i2x¢ir (203)

i=M+1

Bmopou 5man

I[J'ISI HaXO0XIACHUA OIITUMAJIbBHOI'O ¢i clIeayeT HE TOJIbKO MHUHHWMHU3HUPOBATDH

&(M) 110 OTHOIIECHHUIO K ¢, , HO U YJIOBJIETBOPUTH OTPAHUYCHHUIO

¢iT|¢i =1
[Ipu aTOM, HCTIONB3YST METO MHOXKUTENEH Jlarpanka, moayunm
Zx ¢i "= ¢iT/1i (204)

IMloncraBnsass  (20.4) B (20.3), mnoJyyuM MUHHMAJIbHOE 3HAYEHUE

CpeIHEKBAAPATUIECKON OITMOKY B BUIE

Emin(M) = i/ll

i=M+1

Takum 00pa3om, pa3ioxxeHue

147



N
X=Y y,¢ TPENCTaBIsIET COOOH PA3NOKEHHE MO COOCTBEHHBIM BEKTOPAM

i=l1
KOBAPUMALIMOHHOM  MaTpHIbl. OTO pa3lIOKEHUE HA3bIBACTCS  PA3IOKEHUEM

Kapynena-JlosBa. B nurepaType mo cTaTUCTHKE 3aJaydl 110 MUHUMU3ALMH &(M)

Ha3bIBAOTCS (PAKTOPHBIM AHAJTU30M WJIM aHAJIM30M TJIaBHBIX KOMIIOHEHT.
Taxum 06pa3oM MOJHO clenaTh 2 BBIBOJA!

1. IIpeobpazoBanue Kapynena-JlosBa sBiseTcs ONTHUMAIbHBIM TS
IPEACTABICHUS  CHTHAJOB MO  OTHOWIEHHWIO K  KPUTEPUIO
CpeaHEKBaPATUIHOMN OIIUOKHU.

2. lockonmpky Y =TX, TO KOBapualMoHHas (QyHKUKMA B oOxacTu

u300paKeHns Y~ ONpeJeNseTcs KakK

S, 1%, T=TY, 7

Tak kak T cocTouT M3 COOCTBEHHBIX BEKTOPOB ZX , TO

zy =diag(A,,4,,... y)

rae A, - coOCTBeHHbIe 3HadeHums » . Tak kak D, - JMaroHambHas

MaTpulla, TO KOOPAMHATHI BEKTOpa MPEoOpa3OBaHHBIX [AaHHBIX  y, B

BBIPAKECHUU ), = ¢/ x HEKOPPEIUPOBAHBI.

N
N3  BeIpaxeHus E_.(M)= z}t,. cieayer, 4Yto A(HPEKTUBHOCTH
i=M+1

korddunmenTa npeodbpazoBaHus  y, IS TPEICTABICHUS BEKTOpa JaHHBIX X

OTIPENICNIIETCS. COOTBETCTBYIOIIMM €My COOCTBEHHBbIM 3HaueHueM. Ecnu kakoii-

60 Kod(h(PUIMEHT y, HE YYHUTBIBACTCS, TO CpEJHEKBaJpaTUYHas OIIMOKa

YBCIMYNUBACTCA HA COOTBCTCTBYIOIICC COOCTBEHHOE 3HAUCHHEC ﬂ,k . Takum 06p8.30M,
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HEOOXOJAMMO BBIOpaTh MHOXECTBO y, COOTBETCTBytomlee M HauOoJIbIIUM
COOCTBEHHBIM 3HAUYEHMSIM, a OCTaJbHBIE y, OTOPOCUTH, TaK KaK HX MOXKHO
3aMEHUTH KOHCTAaHTaMu b, i=M +1,N.

Tak kak b, =¢if, TO OCTaJbHBIE y, MOXHO IPUPABHATL K HYJIIO, €CIIU

HCXOJHBIC JaHHBIC ICHTPUPOBAHLI, TO CCTh X=0.

Tak Kak coOOCTBEHHBIE 3HAUCHMS SIBIISIOTCS DJIEMEHTAMU ZY , CTOAIIIMMHA Ha

rJ1aBHOU AUaroHajinu, TO OHH COOTBCTCTBYIOT JHUCIICPCUAM KOG)(b(bI/IHI/ICHTOB

npeobpasoBanus y,. Jis BCeX OCTalIbHBIX NpPeoOpa3oBaHUi » — COMEPKHT

HEHYJIeBble BHEIUArOHaJbHbIE 3JeMEHTHhI. [103TOMy ecTecTBEHHBIM KpUTEpUEM
Opyu BBIOOpPE MHOXXECTBA OCTaBIAEMbIX KO3(P(PUUMEHTOB MNpeoOpa3zoBaHuUs
aBisgeTcss coxpaHeHne M KodhPUIIMEHTOB ¢ HAWOONBIIMMH JTUCHIEPCUSIMHU, a
octanbHbie (N - M) ko3dduimeHToB MOXKHO OTOpoCcuTh. I[IpuBeNEéHHBIN BbIIIE
KpuTepuil  BeIOOpa  KOO(PUIIMEHTOB  MpeoOpa3oBaHMsS HOCUT  Ha3BaHUE

AUCTICPCHOHHOI'O KPUTCPU:I.

Bpie npcaiojaraiocb, 4ro X MMPUHAAJIC)KUT OAHOMY KJIACCy CHI'HAJIOB, HO BCC
PACCYKACHUA JICTKO PACIIPOCTPAHAIOTCA Ha HCECKOJIBKO KIIACCOB. Otnuune
3aKJII04a€TCd B TOM, 4YTO 0a3ucHbIE BCKTOpPbI JIdI COOTBCTCTBYHOLICTO

npeoOpazoBanusa KapyHeHa-JIoaBa SBISIFOTCS COOCTBEHHBIMU BEKTOpaMH OOIIEH

MaTpuIBI Yy, aHe » . Matpuma ) ompemensercs Kak:

z; ZPIZ)H +p22x2 +"'+p1<2x1< ?

I'me K — unciio kj1accoB CUTHAJIOB,

Y., - KOBapHAIIMOHHAS MATPUIIA i-OT0 KJIacca ¢ aHpPHOPHOH BEPOATHOCTHIO

P
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5

Puc. 20.1 Moguens cxkaThg JaHHBIX B COOTHOIIEHUHA M: 1.

IIpu 1udpoBoii 00paboTKe U300paKEHUNM KaXKIbIA JJIEMEHT OOBIYHO

KOAMpYeTCd B BHJIE CIIOBa, coiaepxkamero 6 oOur. Takum 00pa3oM, 3JI€MEHT

M300paXeHNUsI MOYKHO TIPEJICTaBUTh JASCATUYHBIM YUCIOM OT 1 g0 64 umu ot 0 1o

63 (To ectb 64 ypoBHAMH). 3aKOJUPOBAHHBIC, TAKUM OOpa30M, JTaHHBIE OOBIYHO

oOpabaTtsiBaroTcst 6s10kamu pazmepoM NxN, Kak Mmoka3zaHO Ha pHC.

M cTpox

Puc. 20.2

DIIeMEHT U300pakeHUs B 1-OM CTPOKE U j-OM CTOJIOIE MOYKHO MIPEACTABUTH B

BUJIE CIIy4yallHOUW BenuuuHbI f(i,;), a MaTpuiry (NxN) crmydailHbIX BEJIMYMH Kak

[ /@, ))]. Torma nBymMepHOe npeoOpa3oBanue [f (i, /)] 1 00OpaTHOE Mpeodpa3oOBaHUE

MOJKHO 3aIIMCaTh KaK:

[F(u, )] =TLf G HIT
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/G )=T"[Fu,w]T,

rae [F(u,v)] - marpunia kosdduiueHToB mpeoOpazoBaHus, T — marpuia
npeoOpa3zoBaHus.

O6o3HaunM 4Yepe3 o°(i,j) W o’ (u,v) guctepcuu f(i,j) u F(u,v)
cooTBeTcTBeHHO. Ecim GyHKIUS pacrnpeneneHuss TUCHepCund o (u,v) HEU3BECTHA
JUTSL N300paKeHUsI WU Kilacca M300paKeHU, MoIBEpraeMbIX Mpeoodpa3oBaHUIo, €€
MIOJTYYar0T 00BIYHO MoieupoBanreM. OIUH U3 TIOIX0I0B 3aKII0YAETCS B TOM YTO
N300paX€HWE ONMUCHIBACTCS CTATHCTUYECKH Kak MapKOBCKHMM IMPOIECC IEPBOTO
MOpsiZIKa, a CTPOKM U CTONOIBI oOpabaThiBaroTCs He3aBUCHMO. Ecim aucnepcus
KaXKI0T0 CTOJIOIA M CTPOKH paBHA o, TO KOBApUAIMOHHBIC MATPHIIBI IS CTPOK U

CTOH6HOB MOKHO 3aIIMCaThb KaK

zk :O'sz

Pr  Px e P
Pk L p pk2
_ 2
TRe R, =| p° po 1 p

Pk

a p, U p, - KOOGOUIUEHTH KOPPEIAIUU IJISI CTPOK M CTOJOIOB CIyYaiHBIX

BEJINYMH COOTBETCTBEHHO
Torga koBapuallMOHHBIE MaTpHUIlBl B  o0JacTd  NpeoOpa3OBaHUIA,

COOTBETCTBYIOIIHEC Zk 3aIUIIyTCA KaK:
Y. =c’[TR,T'] k=1,2
B cBoro ouepenpb, (yHKIHMS ~pacHpenelieHHus JTUCHepCHU o (u,V)

onpeaensieTcs: Kak

151



52(U,V) = il(uau)iz(vav)

PaccmoTpum  mpocteiimuii  cmoco0  cKaTHS  JAHHBIX, Ha3bIBAEMBIH
30HAJIBHBIM KOAUPOBAHUEM, KOTOPBIN pealin3yeTcs B 3 JTara:
1. TlomyyatoT AByMEpHOE MpPeoOpa30BaHHUE JAHHOTO H300paKEeHUs, MyTEM

00paboTku 6mokamu (NxN).

2. U3  N?*  xoddpduumentoB  npeoOpazoBanust  coxpansior NV %@

KO3 GUIIUEHTOB, 00JaJa0IINX HAUOOIBIINMU JTBYMEPHBIMH JUCIIEPCUSIMU

o’ (u,v). Bce octanmpable K03()QUIIMEHTHI TPUPABHUBAIOTCS HYJIIO.
o N2 o
3. Kaxnpii u3 41 COXpaHEHHBIX KOADPHUITMEHTOB KOAUPYETCS C TOMOIIBI0 k

ouT. 3aremM BoccTaHaBIMBaeTCs COOTBETCTBYIOMMI (NXN) OJIOK C TTOMOIIBIO

0o0paTHOro MpeoOpazoBaHUs.

2
Tax xak Komupyercs Toapko N 41 Ko3(ppueHTOB MpeoOpa3oBaHusi, a HE

N’ UCXOIHBIX 3JIEMEHTOB M300pakeHus s Kaxkaoro (NxN) Oioka, To cpeaHee

YUCJIO OMT HA JIEMEHT BOCCTAHOBJICHHOT'O I/1306pa}KCHI/I}I PaBHACTCA % .

Crnenyer OTMETHTH, YTO MPHU 33JaHHOM M BHIOOp TUMA MpeoOpa3zoBaHUS
onpenensieTcsi 0ObEMOM BBIYUCICHHM, 00BEMOM TpeOyemoil amnmapatypbl U

TpeOOBAHUSIMU, PEIBSIBIIEMBIMU K KAU€CTBY NU300PAKEHHUS.
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21. BBIBOP ITPU3HAKOB 1 PACITO3HABAHME OBPA30B.
HPUHIUII OBYUYEHUSA

3agaua pacrio3HaBaHUs 00pa30B 3aKIIIOUAETCS B KiacCU(UKAILIMM HEKOTOPOH
IpyIIbl 0OBEKTOB HA OCHOBE ONpPEIEIEHHBIX TPEOOBAHHIA.

TpeboBanus 5Tu MOTyT OBITH pa3IMUYHBIMM , TaK KaK B pPa3IMYHBIX
CUTyalUsX BO3HUKAET HEOOXOIMMOCTh B ONpeeIEHHOM THIe Kiaccudukartopa. K
IpUMeEpPY NpU PaclO3HABAaHUU aHTIMHUCKUX OYKB oOpa3yercs 26 kiaccoB o0pa3oB.
OnHako, 4TOObI OTJIMYUTH MIPHU PACTIO3HABAHUU OYKBBI OT KUTAMCKUX HEpOTraudoB
HY KHBI JIMIIb J[Ba KJ1acca 00pa3oB.

[Ipobnema pacmo3HaBaHusl MOJY4YWJIa IIMPOKOE PACIPOCTPAHEHHE TIpU
pEIIEHWH pAa3MYHBIX 3aa4 B pa3IUYHbIX OOJIACTAX HAPOJHOTO XO34KCTBA:
pacro3HaBaHHE PYKONMHUCHBIX OYKB WJIM CIIOB, MEIWIUHCKAas JIHarHOCTHKA,
JMarHOCTHKA HEUCIPABHOCTEH B TEXHUYECKUX CHUCTEMaX, OOHapy>XeHUE IeNu ,
IPOTrHO3 MOTO/IbI , KiIacCU(UKALIKS CEHCMUYECKUX BOJIH.

[Ipocreiimnii MOAXOA K pAaclO3HABaHUIO O00pa30B  3aKIOYaeTcs B
COTIOCTABJICHUU C 3TAJIOHOM. B 3TOM cilydyae HEKOTOpOE MHOXKECTBO 0OpazoB IO
OJTHOMY U3 KaXJI0ro Kjacca oOpa3oB XpaHUTCA B MaMATH MallWHBL. BXoaHO,
NOJUIeKAlIN  pacro3HaHWi0 oO0Opa3 (HEM3BECTHOrO KJlacca) CpaBHUBAETCA C
ATAJIOHOM Kaxaoro kiacca . Kilaccupukanus OCHOBBIBaE€TCS Ha 3apaHee
BBIOpAaHHOM KPHUTEPUH COOTBETCTBUS WM KpUTEpUU moaoous. HeiMu cioBamu,
€CJIM BXOJHOW o0pa3 JydIlle COOTBETCTBYET JTAJOHY i-TO Kjacca o0pa3oB , 4em
ar000My JIpyromMy OSTaJiOHy , TO BXOJHOM 00pa3 KiIaccupuuupyercss Kak
pUHaJIeXKaIIN 1-My Kjaccy 00pa3oB.

Bonee coBepiieHHBIN MOAXO0/ 3aKJIIOYAETCS B TOM , YTO BMECTO CPaBHEHUS
BXOZHOTO 00pasa C 3TaloHaMHM, KiacCU(UKAIUMs OCHOBBIBAETCS HAa HEKOTOPOM
MHO>KECTBE OTOOpaHHBIX 3aMEpPOB , Ha3bIBAEMbIX MH()OPMATUBHBIMH MPU3HAKAMU,
,KOTOpbIE TPEANOaraloTcs HHBAPUAHTHBIMU WM MaJOYyBCTBUTEIbHBIMU I1O

OTHOIICHHIO K UBMCHCHHUAM U UCKAXKXCHUAM .
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B 3tom ciyuyae pacno3HaBaHue 00pa30B MOYKHO pacCMaTpHUBATh COCTOSIIUM U3
JBYX 3ajJad.

IlepBas 3amaua 3akiro4aeTcsi B BbIOOpPE MOJMHOXKECTBA MPU3HAKOB U HUX
YHOpPSAIOYMBAHUIO B 3aJaHHOM MHOXECTBE M3MepeHui. Btopas 3agada
3aKJIIOYaeTCsl B KJIacCU(pUKauuu (MPUHATHU PEUIEHUsT O NPUHAUIEKHOCTU
BXOAHOrOo o0Opa3a TOMYy WIM HMHOMY KJacCy), KOTOpas OCHOBBIBaeTCS Ha
U3MEPEHMSIX OTOOPAHHBIX IPU3HAKOB.

VYnpoumieHHas 0JIOK-CXeMa CUCTEMBI PACIIO3HABAHNUS ITPUBE/IEHA Ha puc. .

-
Bxrodroi obpaz "3
P OrBop »|Knacenchu Pewerue
| HbopMAaTHER ;
bi% NPHIHAKOE y KaTop
L A e L4
Jamep
MpuzHaKoe
Puc. 21.1

Takum oOpazom, MOJIX0/, 3aKIIOYAOIIUNCS B COMOCTABICHUU C ATAJTOHOM ,
MOHO paccMaTpuBaTh KaK YacTHBIM CJydail BTOPOTO MOAXOAAa- MOAXOJa
U3MEPEHUST NPU3HAKOB, INPU 3TOM JTAJIOHBl XPAHATCS B BHJE HW3MEPEHHBIX
OpU3HAKOB , a B KIAcCU(UKATOPE HCIONb3YETCs CIEHUaTbHBIA KpUTEpU
CONIOCTABJICHUS .

MaremaTudecku 3ajadya KjiacCUPUKAIIMU MOXKET ObITh CPOPMYJHUpPOBAHA C
MIOMOIIBIO pa3emstomen (QyHKITIH.

[lycts  o,,w,,...,w, 0003HaUYalOT M BO3MOXHBIX KJIacCOB 00pazos,
MOUIEKAIIUX PACIIO3HABAHUIO W NYyCTh X' =[x,x,,...,x,] = BEKTOp 3aMepoB
TIPU3HAKOB , TJIE x, IPEJOCTABISAET k -bIii 3aMep.

Torna pasgemsromias GyHkupst D,(x) ,0THOCsIasiCs K Kiaccy 006pa3oB

®;,j=1,m, TaKkoBa , 4YTO €CIM BXOJHOH o0pa3 MpeaCTaBICHHBIM BEKTOPOM

NPU3HAKOB X ,IPMHAIJIEKUT KIACCY ,, TO BenuuuHaD,(x) HOIKHA OBITH
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HauOonpiet . Ilycte X ~® 0003HaYaeT, YTo BEKTOP MPU3HAKOB X BXOJHOTO

o0pa3a MpUHAJISKUT KIACCy o, . Toraa MOKHO 3amucarh , YTo JJIs BceX X ~ o,

D,(x)>D,(x)i,j=lm i#j (21.1)

Takum o0pa3oM, B MNPOCTPAHCTBE MPU3HAKOB ()x TpaHUIla pa3OUeHUN ,
Ha3blBa€Mas pelIAoINIe TrpaHulle Mexay o0JIacTsIMU , OTHOCSAIIUMUCS

COOTBETCTBEHHO K KJIACCaM @), , @, , BBIPAXKAETCS yPABHEHUEM
Di(x)—Dj(x)z 0

O6mas cxema kiaccudukaTopa , HCHIOJB3ylomero kputepuit (21.1) u

TUNWYHBIA IBYMEPHBIN MPUMED MpUBEACHBI HA puc. 21.2 u puc. 21.3.

/
yd

PeweHue

JetekTop
Makcumyma

“v ¥y Hl

/

Bbiqucniumenu
Pasdensrowux

yHKyuUl

Puc. 21.2
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Oénacms |,
o o o OMHOCAWAACA K
— knaccy
- oy {x} ] DJ,-{I}
X
Qbnacms ,
OMHOCAWEACH K
Knacey
ofx)<D ; (x) Paspewarowan
zpaHuya
X D(x)-D,(x)=0

>
X X x\ x

Puc. 21.3
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22. BUABI PA3JIEJSIONAX ®YHKIHTA.
KJIACCUPUKATOP IO MUHUMAJLHOMY PACCTOSTHUIO

A. JIu"ellHble pa3aesiomme GyHKINN.

B otoM ciydae B kadecTBe D,(x) HCIONB3YeTCsS JIMHEHHAs KOMOMHAIMA

WU3MEPEHHBIX NPU3HAKOB X, X,,...,X,

n
D, (x) = Z WXy T Wi

k=1

Pemaromas rpanuia Mexy 001acTIMH w, U w, B IPOCTPAHCTBE

IIPU3HAKOB (Qx UMECT BUJ

Di(x)_Dj(x): iwkxk +w,, =0

k=1

W =Wy, — W,
rae

Wn+l = Wi,n+l - Wj,n+1

(22.1)

VYpaBuenue (22.1) mpencraBiser co0Ol ypaBHEHHE THIEPIUIOCKOCTH B

POCTPAHCTBE MPU3HAKOB (.

OoOmass cxema

MpEeICTaBJIE€HA HAa pUC. 22.

BBIYHCJIIMTCIIA

l.

JMHEMHOW  pa3feisonen

s -
X
N‘ >
® -

byHKIINN

o,/

of
Wy

(01» ,N+1 E}

Puc. 22.1
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Eciu m=2,10 cormacuo (22.1) i,j=12 u B KadecTBe Kiaccudukaropa ,

UCIIOJIB3YIOMIETO JIMHEWHYIO pa3lesaionyt0 (yHKIHIO , MOXHO MPUMEHUTH

ITOPOTOBBIN JIOTUYECKUAMN DJIEMEHT.

+1,D(x)>0
~1,D(x)<0

*— - 602 +
1
4 E »— >

Bbixo0= {

® ] Dy, 3

Puc. 22.2

W13 3TOro0 prcyHKa MOJyYuM , YTO €CIIU BBIXOAHOM curHain =+1 , T.e. pu , TO
X ~ w,; ecu BHIXOAHOM curHan=-1, T.e. D (x)<0 ,T0 X ~ o, .

Koraa yucno knaccoB 00pa3oB OoJiblie ABYX, T.€. m >2 MOXXHO IPUMEHUTb
napajuieIbHOE COEAMHEHNE HECKOJIBKUX MOPOTOBBIX JOTHUECKHUX AJIeMEHTOB. [lpu
TOM KOMOHMHALIMU BBIXOAHBIX CHUTHAJIOB M TIOPOTOBBIX JIOTUYECKUX 3JIEMEHTOB

JOCTATOYHBI JUIS Pa3jIMueHUst m KIaccoB mpH 2" >m.

B.KJIaCCI/Id)I/IKaTOD 110 MUHHMMAJIbHOMY PACCTOAHHUIO.

BaxxHplii KJ1acC COCTaBISIOT JUHEHHBIE KIaCCHU(PHUKATOPHI , B KOTOPHIX B
KayecTBe KpUTepus Kiaccu(uKalMMu UCHOIb3YEeTCsl PacCTOSIHUE MEXKIY BXOIHBIM
0o0pa3oM U MHOXECTBOM OINOPHBIX BEKTOPOB WJIHM JTaJOHHBIX TOYEK B
IIPOCTPAHCTBE IPU3HAKOB. [Ipearnonoxum , 4yTto 3aJaHO m ONOPHBIX BEKTOPOB

R,R,,...,R, , TINE€ R, COOTBETCTBYET KJacCCy o0pa3oB w,. Ilpu KJIaCCHU(PHUKAIUH 110
MHUHHUMAJIbHOMY pPacCTOSHUIO OTHOCHUTCIBHO R, R,,....R, BXOJIHON cCUTHaIX
npearojaracTcs NpuHauIeKallluM o, , T.€.

X ~w, , €CIM |X —R| MUHUMAJBHO , TAE |X —R| €CTh pacCTOSHUE MEKIY X

U R.
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PaccrosiHue MOKHO OINPEICTUTh ,HAPUMED, CICAYIOIIMM 00pa3oM
x-Rr|=[x-rY(x-R)]", (22.2)

rJe UHAEKC T OMpCACIIACT OIICPAIHIO TPAHCIIOHMPOBAHMUA BEKTOPA.

U3 MMOCJICAHECTO COOTHOIICHUA CIICAYCT, UYTO
X -R[ =X"X-X"R-XR'+RR,

Tak kak X'X He 3aBHCHT OT i , TO COOTBETCTBYIOIIAS pa3aeisionias
byHKuMg 115 KiaccupukaTopa 1o MUHUMAJIbHOMY PAacCTOSIHUIO UMEET BUJL

D/(x)=X"R +XR" -R'R, i=lm

Kak BugHO W3 3TOro COOTHOIIECHMS, KJIacCU(PUKATOP MO MUHUMAIBHOMY
PACCTOSIHMIO SIBIISIETCS JIMHEWHOW (¢yHKuue. B cBoio ouepenb, CBOHCTBA
KJaccudukaTopa Mo MUHUMAILHOMY PACCTOSHUIO KOHEYHO 3aBUCAT OT TOTO, Kak

BbIOpaHBI OTIOPHBIE BEKTOPHI.

C. KycouHo-nuHenHas pasaeiastoniast HVHKIIIS.

W3noxxeHHast BBIIIE U MOXKET OBITh pacnopocTpaHeHa Ha KHaCCI/I(I)HKauI/I}O
[0 MUHUMAJbHBIM PACCTOSIHUSIM JI0 m MHOXECTB OIIOPHBIX BEKTOPOB. IlycTh
R,R,,...,R 0003HAYalOT m MHOXKECTB OIIOPHBIX BEKTOPOB, OTHOCAIIUXCS

m

COOTBETCTBEHHO K KJaccaM a,,@,,...,®

m

U IIyCTb OIIOPHBIC BEKTOPHI B R,

obGosHaueHsl uepes R, T.e.

raeU; -4uciIo ONOPHBIX BEKTOPOB MHOXKECTBA R, .ONpPENENUM PaCcCTOSHUE MEXKIY

BEKTOPOM BXOJHBIX IIPU3HAKOB M R, CIEAYHOLIHUM 00pa3om.
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d(X,RJ.)= min l.(k) ,

k=l....U;

To ecTh paccrosiHue Mexay X UR, PAaBHO HAMMEHBIIEMY M3 PacCTOSHMU
MEXAYy X M KaxAbIM BEKTOPOM B R, .Takoi kmaccupukaTop OydeT OTHOCHTDH

BXOJHOM CHUrHall K Kjaccy oOpa3oB, KOTOPOMY COOTBETCTBYET OJuxkaiiiee
MHO>KECTBO BEKTOPOB.

Ecmm paccrosame wMexay X I/IRj(k) onpenenuTb coriaacHo (22.1)

pazaensronias QyHKIH B JAHHOM CIydae UMEET BU/I
_ 0 k 1m
D,.(x)_kg%/_k R +X( y ( YR =1,m

Mycrs DY(x)=x"RY + x(rR¥) (R} R®),
Tornma

D,(x)= max {D,"(x)|

k=1...U;
Cnemyer oT™MeTuTH ,uto D )(x) SIBIISICTCS IMHEWHOM KOMOMHAINEH

npu3HakoB .[loaToMy yka3aHHBIN KIacCU(PUKATOP YACTO HA3BIBAIOT KYCOYHO-

JMHEHHBIM KIacCU(PUKATOPOM.

D. TloauaoMuanbpHasg pa3aeisronas QyHKIIH.

[MommHOMUANbHAST QYHKIHUS 7 -OM CTETIEHH MOKET OBITh Tpe/ICTaBeHa B
BHJIE
D[(x)z wilfl(x)—i- W[2f2(x)+...+wiLfL( )+ Wi s
rae f,(x) sasercs Gpopmoit

XZIIXZZZ x,’: npu {kl ;l]lc?;lz”kjn: 1:’0:1N

Pemaromas rpaHuiia MeXIy IByMS KilaccamMH Takke wumeeT Qopmy
MOJIMHOMA r-OM cTeneHu. B wactHOoCcTM , ecnu r=2, pemaronias (QyHKIUSA
HAa3bIBACTCS KBAIPATUYHOM.

B sTom cinyuae

ki k,=1,...,N

(x)=x"x"> ipHn
Syl =i mpu
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Paznensroniast pyHKIms OyneT UMeTh BH]T

N ) N-1 N N
D,(x)= DWWk D D WX X D WX W
k=1 =

j=1 k=j+1

rae L=1/2N(N +3)

B oOmem cinyuyae rpaHuied Aisi KBaIpaTUYHBIX Pa3fesSOmuX (QyHKIIHMA
SBIsieTcsl  TumepOosion. B wacTHRIX choydasx dTo Oyayt rumepcdepa,
TUMNEPIJUIMIICOU]] W TUIEPIJUIMIICOMTANbHBI  munuHap. OOmas  cxema

BBIYMCIIUTENS KBAAPATUYHOTO pa3eieHus IM0Ka3aHa Ha puc. 22.3

g YCTPORCTRD
»——BO3EEOEHNA
B KBAApAT

Dy(x])
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23. CTPYKTYPA CUCTEMBI PACIIO3HABAHUSA OBPA30B C
NPUMEHEHHUEM OPTOI'OHAJIBHBIX IPEOEPA3OBAHUM.
MPUHIUII OBYUEHUS B IBYXKJACCOBOH CUCTEME
PACIIO3HABAHUA

CucreMmy pacrno3HaBaHUs 00pa30B C MPUMEHEHHEM OPTOTOHATBHBIX

npeoOpa3oBaHU MOXKHO TIPEJCTABUTH B BHJIC

afl) I_ »1] I
%] [MckpeTsa x(2) OPT;: y ' T MoHwkeHue T OGyqaembin | Pewenne
S T0p ; Npec6pase- —EHpaar.iipHnm : Il-lknacﬂl;dg]uua mﬁ
/ e 4 —> /] '
x() »(N) Fu
B OTHop NpU3HAKDE -
Puc. 23.1

Yepes x(t) 0003Ha4aeTCs CUIHAI , IPUHAIJIEKAIIUHA OJHOMY U3 K KIacCOB
C.Cy,....Cp .

Ha  nepBom  »3rtame  BbhIOOpa  OCYIIECTBISIETCS  OPTOTOHAJIBHOE
npeobpazoBanue. BTopeiM 3Tamom BbIOOpa TNpHU3HAKA SIBISETCS TMOHM)KEHHE
Pa3MEpPHOCTH, TIOCIIE YETO MOTyYaeM MOJAMHOXKECTBO M TMPU3HAKOB z,z,,...,z,, U3
{¥(M)}={r(1),7(2),...,Y(N)} mpuuém M << N .

[ToHmkaTh pa3MEpHOCTb CIEAYET TaKUM 00pa3oM , YTOOBI COMYTCTBYIOIIEE
TOMY YBEJIIMYCHHE OINMOKH KiIacCU(PUKAUUU OBbLTIO OTHOCHUTEIHHO HEBEIHKO.
Knaccudukarop, wu3o0pakeHHBIM Ha puc. 23.1 sBIsSeTCS  pelIaroIuM
YCTPOMCTBOM, KOTOpPOE O0y4aeTcsi C IIeNIbI0 KiIacCH(PHUKAIMN BXOJHOTO CHTHANa
x(¢), mpuHamIeXkKaIIEro K OHOMY M3 K KJIacCOB.

[Tpuniun oO0yueHus HAWITYYIIMM 0Opa30M MOKHO OOBSICHUTH C MOMOIIBIO
npoctoro mpumepa. lIpeanonoxum, 4To Mbl KellaeM OOyYUTh KIACCHU(PUKATOP

aBTOMATHYECKH KiIacCU(PUIIMpOBaTh o0pa3 Z, MpuHAJUIeKaui 1ubo kiaccy C,,
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6o ximaccy C, .Ilpeamonokum Takke 4YTO OOydaroliee MHOXECTBO (T.€.
MHO)KECTBO HWCTHUHHas KJIacCU(UKAHUSI KOTOPOTO HW3BECTHA) COCTOHUT W3

CIEMYIOIIETO MHOXKECTBA JBYMEPHBIX 00pa3oBZ, , rae Z, OOO3HA4YaeT j-bIi

obpa3 , mpuHaanexammii C,,i=1,2

O6pa3bl {Z]} , HOpuHajjIexamue KiaccamC, m C,, pacrnojlaralorcs B

JBYMEPHOM IPOCTPAHCTBE MPU3HAKOB , KK ITIOKA3aHO Ha puc. 23.2

£(Z)=0

6-5-4-3-210[{123%¥567 89

Puc. 23.2

[lycts Z, m Z, - cpeaHue BEKTOpbl 00pa3oB , cBsizaHHble ¢ C, U C,

COOTBETCTBEHHO. Torma

— | 6 |=— |-2
7o)z o3
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N3 puc. 23.2 BugHO, 4To HanboJjee 1eaecoo0pa3Hoi pemaronieit rpaHuien
(T.e. NWHUEW HA IUIOCKOCTH ), pazaenstomed kiaccel C, U C,, SBISIETCA
CPEIVMHHBIN MEPHEHIUKYJISP K MNPAMOM, COCIUHSIONIEH Z " Z_2 . Cnenyronmum
[IaroM SIBJISIETCSI ONMCAHUE PEIIAOIIENA TPAHUIIBI C TIOMOIIBIO YPABHECHUA.

PaccmoTtpum r00y10 TOUKY Z , MPUHAUISKAIIYIO PEIIaroIel rpaHulle, Kak
MOKa3aHO Ha puc. Tak Kak pemarnas TrpaHUAla SBISIETCA CPEIUHHBIM

TIEPIEHIUKYIIAPOM K IIPAMOI , COeIUHSIONIEH Z, U Z, , TO

HZ —ZHZ = HZ —Z_ZH2 HUJIM B YIIPOLLICHHOM BHJIC

i } (23.2)

z-z)z-1z

[Toacrasmss (23.1) B (23.2), momyduM ypaBHEHUE JIJISl pEHIAIONIEH TPAHUIIBI
B BUJIE

87, +2,67, =27,18 (23.3)

—|2 —|2
Bennuuna O’S(HZIH _HZZH ):27,18 HA3BIBACTCA TMOPOTOM KilaccudukaTopa .

VYpaBaenue (2) pa€t Bcro UHPOpMAIUMIO , HEOOXOJUMYIO IS CO3JaHUS
KJIaccu(puKaTopa. OcHoBHOI XapaKTEepUCTHUKOM, IIPEACTABIAIONIEN
Knaccuukarop , SBISETCA JAMCKpUMUHaHTHas (QyHkimsa &(Z), koropas

OIIPCACIIACTCA KaK
&(2)=82,+2,6Z,-27,8.
Bo3Hukaer Bompoc , 4TO B JACHCTBUTEIBHOCTH JIEJIAET f(Z)? Y100BI

OTBCTHUTH HaA 3TOT BOIIPOC , paCCMOTPHUM HCCKOJIBbKO HCIIBITATCIIBHBIX 06paBOB(T.e.

00pa3oB TOYHAsS KiaccUu(UKaIUs KOTOPhIX HEU3BECTHA), KOTOPbIe 0003HAYUM Kak
Z, (k=1234).

Beraucioum TCIICPb 3HAYCHUC f(Z) JJIA KaXKJ0I'0 N3 UCIIBITATCIIbHBIX 06pa30B
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Z,:£(2)=8(3)+2,6(8)-27,18>0
Z,:£(Z2)=8(-2)+2,6(7)-27,18<0
Z,:&(7)=8(3)+2,6(3)-27,18>0
Z,:&(2)=8(2)+2,6(1)-27,18<0

PaccmoTpenne mocnenHero BBIPaKEHHS MPUBOIUT K BBIBOIY, YTO KOTJA
00pa3 Z JEXHT CIIpaBa OT pellaromieil rpanunpl, To £(Z) >0 1 Hao60poT , Koraa
00pa3 Z IIeXHUT cieBa OT pelaromiel rpanuupl, 1o £(Z) <0. Bee Toukyu nexarme
CIIpaBa OT TPAaHMIBEI OJIMKE K Z,, a TOUKH , JIeXKAIHME CIeBa OT FPAHULBI OJIMKE K

Z, . Taxum oOpazom , Gumaromaps JMCKPMMHHAHTHON (yHKumH &(Z) momydum

CIIEAyIONIee MPOCTOE pEeNIatoNiee MPaBUIIO :

ecn £(2) >0, 10 Z e,

ecmu £(Z) >0, 10 Z€C,

OnucaHHBIA BBIIIIE KJIaCCI/I(i)I/IKaTOP ,HaBBIBaeMBIﬁ AJIEMEHTOM JIMHECHHOM

NIOPOTOBOM JIOTUKH, PEAIU3YETCsl KaK IMOKa3aHo Ha puc. 23.3.

z, 8
. (2]

+1

Zy 26 Buxop=1=>2 = |

-

-1 2718

Puc. 23.3

[Tony4uB TUCKPUMHMHAHTHYIO (QYHKIUIO E(Z), TOBOPAT, YTO KIACCH()UKATOP
oOydyen, T.e. cmocobeH  kimaccuummpoBatb  00pa3bl C  MOMOIIBIO
COOTBETCTBYIOIIIETO PEIIAIONIETO MPaBHia. DJIEMEHT MOPOTOBOM JIOTHKH SIBIISICTCS
KJIACCH(PUKATOPOM , PAOOTAOIINM 110 KPUTEPHIO MUHUMYMa PACCTOSIHHS , TaK KaK
pelaroriee npaBuiIo MOXeT ObITh CHOPMYJIMPOBAHO TAKKE CIICIYIONIUM 00pa30OM:

ecm  Z Onmxe K Zi ,T0 Z e,
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mecnu Z Onuxek Z, ,To ZeC,
PaccMoTpuM  351€MEHT JIMHEWHOM MOPOrOBOM JIOTMKH, Ha KOTOPBIU

BO3JIEHCTBYIOT (dx1) obpasel , rae d>2 . B srom cinywae Z7'=[7,7,...7,]

COOTBCTCTBYIOH_[aH JAUCKPpUMHWHAHTHAaA (bYHKHI/IH 3aIIMChIBACTCA KaK

EZ)=wZ +w,Z, +..+w,Z, -0

rie w,- Beca WM MapaMeTpbl kiaccudukatopa , a 6 - mopor. Beca o u 0

MOJIYYArOTCSl M3 00YydYarolero MHOXKeCTBa. ['paHuiieii B 3TOM cCily4ae SIBISIETCS

THUIICPILIOCKOCTD, OIIpCACIsICMas KakK

Z " @y
2 " i1y
: ¢(z) i
% - y Brixon=1==2 € [
Z, E @y 0 Bexon=-1 =22 = [,

Nopoross anemedT

Puc. 23.4
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24. BATAYA TPEX KJIACCOB OBPA30OB I1O KPUTEPUIO
MHUHHUMAJIBHOI'O PACCTOSAHUA

Panee paccMarpuBaiuiCh acCHEKThl TaAK HA3bIBAEMOW 3a/1aud JBYX KJIACCOB .

PacmipocTpanum 3Ty moHATHS Ha oOumil ciydail Tpéx kmaccos: C,,C,,C,. Ilyctpb

06yqa}0mee MHOXXCCTBO 3aIIMCBIBACTCA KaK

B aTom ciiydyae cpegHue BEKTOpbl 00pa30B paBHbI

— | -2 = 6 | — 8
Z1 = ;ZZ = ;23 =
3 5,6 0,4

Knaccudukarop, pabotamomuidé MO0 MHHUMYMY pAacCTOSHHUS HUMEET

CIeyIollee pellalee MpaBuio : JaHHBIM 00pa3 Z mnpuHamiexur C, , ecnu Z
OJIM>KE BCETO K ? , i=123.
[lycts D, 0603HauaeT paccTosHue obpaza Z orZ, . Toraa nomyuum
— 2 — —
p’=z-Z| =(z-2.)(z-Z)
Vupoiuenue D, IPUBOIMT K

D =7'2-7'Z,-Z72+Z 7. -|2 _2(7;2_%”2-”2] (24.1)
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— 1 — 12
OueBMAHO, 4YTO D’ MHUHHMAIbHO, KOIJa BEJIMYHHA {Z,-TZ—EHZiH }
2
MakcumanibHa. [loaToMy BmecTo BbrumcieHus D, 1mo dopmyne (24.1) mpoie
— 1 — 12
noTpedoBaTh, YTOOBI B KJIACCU(DUKATOPE BHIYUCIISIIOCH 3HAUCHUE {Z 'z _EHZ H } :

Knaccudukatop B 3TOM cilydae OMUCHIBAETCS TUCKPUMUHAHTHBIMU (DYHKITUSMHU.
ST L= 12 .
£(2)=17 Z—Euziu i=123.

i — 12
IloncTaHOBKA YMCIEHHBIX 3HAYEHNUN Z, U HZ ,H PUBOJIUT K

él(z): -2Z,+3Z,-6,5
&(2)=62,+5,6Z,-33,68
& (Z) =87,+0,4Z,-32,08

Takum 06paszom, KiaccupukaTop BelYUCHsSeT Tpu yncna: &(Z),&,(Z2) u &(2)
, a 3aTeM cpaBHuBaeT ux. Kiaccudukarop otHocutr Z K Kiaccy C,, eciu &(Z)
MaKCHMAJIbHO , K Ki1accy C,, ecu &(Z) MaKCUMalbHO U K Kiaccy C,, eciu &,(Z)

MaKCHUMaJBbHO.
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A
10
9
8
? E E_Eg ? 132
E /T\-—-" Jf_‘ Cz
— -~ TV
El ‘ﬂ‘-'\@u/i _El _\\\ ------
o ‘\‘; o3¢ N T
9 g z-7, \ 2%
Ygaao )
1 88,
6 -5-4-3-210

1234567 89

Puc. 24.1 JIBymepHO€E MpOCTPAHCTBO MPU3HAKOB CBA3aHHOE ¢ C,,C,,C,

E—

-2
> by
6.5
5 / 6
) 56 YeTpoReTao PewsHne
i, ! _ Z BelGopa
o 8 MEAKCAMANEHD=
=1 33,68 Mo aHa4HeH
\ a
04 3
32,08

Puc. 24.2 Knaccudukatop s TpéX KJI1accoB 00pa3oB, paOOTAOIIHIA 110

KPpUTCPHUIO MUHUMAJIBHOI'O pACCTOSHUAA.
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YCTpoiicTaD PeweHue
eelBopa
—
MEKCHMAnNEHO-

o 3Ha4eH1

[ ey

@

Puc. 24.3 Knaccudukarop ajis K kjaccoB o0pazoB , pabOTaromuii mo

KPUTEPUIO MUHUMAJIBHOTO PACCTOSIHUA.
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25. METOJ] OTOBPAKEHMUSI IO AJITOPUTMY HAUMEHBIIINAX
KBAJIPATOB

[Ipu oOcyxneHun KiIacCUPUKATOPOB, pPaOOTAOIUX IO KPHUTEPHUIO
HAaMMEHBIIIETO PACCTOSHUS, MPEANOIarajioch, YTo KiIacchl 00pa3oB B IPOCTPAHCTBE

IPU3HAKOB IPYIINHUPYIOTCS BOKPYT COOTBETCTBYIOMIMX UM cpefHux Z, (i=12,...,K)

. OnmHako, BO3MOXeH W apyroi monaxoi. Ilpu sToMm kinaccuduxaTop OOMKEH B
IEepBYI0 OuYepeab OTOOpakaTh 00pa3bl B IMPOCTPAHCTBO pEIICHUIl, B KOTOPOM

oOpa3pl , mpuHaIexamue C, 005S3aTeNbHO TPYNIUPYIOTCS BOKPYT 3apaHee
BbIOpaHHOM Touku V. [IpeoOpa3zoBanue 4, KOTOpOE MO3BOJISET OCYIIECTBIATH 3TO

O0TOOpaKEHHE W3 MPOCTPAHCTBA MPU3HAKOB B MPOCTPAHCTBO PEIICHUN B 00OIIEM
cilyyae BbIOMpaeTcs TakuM , YTOOBI OOIIas CpeIHeKBaJpaThuyHas OIIMOKa ObLia
MuHUMabHON Jlnsa knmaccudukammm HEKOTOporo oOpa3a STOT o0pa3 cHavasa
oTOOpakaeTcss B TPOCTPAHCTBO PEIICHHM, a 3aTeM KiIacCUPUIUPYeTCS Kak

npuHajiexanuil C, , €Cii OH 0TOOpakE€H OJMkKe K TOUKeV, .

BBeném oroOpakeHue Mo METONy HAWMEHBIIUX KBaJpaTOB, HA KOTOPOM
OCHOBBIBAIOTCSl ~ KJIaCCU(PUKATOPhl C MHHUMAJIBHBIM  CPEIHEKBAIPATUYHBIM
PACCTOSTHUEM .

PaccMOTprM MHOKECTBO M - MEPHBIX 00pasoB Z,, j=1.2,...,N, , KOTOpbIE

JIOJDKHBI OTOOpaKaThCsl B OMNPENEIEHHYI0 TOYKY B K - MEPHOM IPOCTPAHCTBE |,
0603Ha4aeMyI0 ¥, =[v,,v,,...,v,].

Haiiném nmpeobpa3oBanue A4, KOTOpoe OTOOpakaer {sz} B TOYKY V;, TaKUM
obpa3om, 4ToOBl  OOIIAs  CpeIHEKBaJApaTU4YHAas  OIIMOKa,  BbI3bIBacMas

0TOOpaKeHHEM , ObIJIa MUHUMAJTBLHOM.

OG6osHauum  pesynbTaT OTOOpaxkeHus obpasa Z; wuepe3sLl,. Torma

g

COOTBETCTBYIOIIHI BEKTOP OIMIMOKHU OyJIeT paBeH

g, =L, ~V,=AZ,~V, (25.1)
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W13 Beipaxkenus (25.1) cnenyet , 4To oO11asi cpeAHEKBaApaTHUHAS OIINOKA MIPH

0TOOpaKeHHH Z, B V, ONPENENAETCSA KaK

| 2>

1/—

[ToncTanoBka (25.1) B (25.2) npuBoaut k

N ’
_ZHAZ VH = L34z, -v) (az, -7,)-

Nl Jj=1

AZ,) Az, - 24z, v, +v, v, = (25.3)

l 1

Ff“

1

E

{Z AAZ,-27, 4V, +v. |’ }

\MZ

Tak KaK 4 M0JDKHO OBITH BBIOpAHO TakK , YTOOBI ¢ OBLII0O MHUHUMAJIBHBIM, TO OHO
MOJTy9aeTCsl B pe3yJIbTaTe PEIIeHUs ypaBHEHUS V & =0,

YTO IIPUBEACT K

—ZV {Z A’AZ} v ZV {z AV}+—ZV {|V|| }: (25.4)

1]1 i Jj=1 ljl

[Tockosbky

Mz
N
N—
Il

= | )
Mz
~
N

AF
N

1

~.
Il
—_
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4TO IMO3BOJIACT OIIPCACIUTD A Kaxk

A{Z’KZ@{%(@Z;Q]I

Jj=1

Jj=1

Paccmorpum mpumep . IlycTe MHOKECTBO {sz} MMeEeT BUJL

1
YTO COOTBETCTBYET N, =5. [lycts V, = H Toraa

j:VZ.Z,;:H[S 5]+H[5 6]+m[5 7]+M[6 6]+H[6 7=
g P O A T A S S ]
L il I e L e ol L o S ]

Torna

L 0,129 0,0475
~ 10,129 0,0475

Jlanee BBIYUCIAM

L.=AZ.

g y

0,883 0,930 0,978 1,06 L11
L, = Ly = Ly = Ly = Ly =
0,883 0,930 0,978 1,06 L11
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10 ‘
9
0.8
8 Z;‘g? v Zz-j
7 2V T2y
6 Zaw 0.6
<
04
4
S MNpoCcTpPaHCTEO D2 MpocTpaHETBO
npuaHakoe FIELUEHL'IIH
1
1234567 8¢9 - 010203040506 O.F0B09 1-'-

Puc. 25.1

[lonsiTMe pACIIMPEHHOTO TMPOCTPAHCTBA MPHU3HAKOB HEOOXOAMMO MpHU
p33pa6OTKe KJIaCCI/I(bI/IKaTOpa C MUWHHUMAJIbBHBIM CPCOAHCKBAAPATUIHBIM
pacCTOSTHUEM.

Takoe MoOHsITHE BBITEKAET U3 ONMPEIEICHUS JUCKPUMUHAHTHON (QYHKIIUN

EZ)=wZ +w,Z, +..+w,Z, 0
B MAaTpUiHOM BHUAC 3TO COOTHOHICHMWEC MOKHO 3aIlluCaThb KakK
&z)=wz,

A

e W' =[ww,,..,w,0k2'=[2,2,,....2, -1]=[2'-1]

3 1OCIeIHEro COOTHOLIEHMS CIEMyeT , YT0 Z MOYKHO MOIYYUTh M3
JaHHOro 00pa3a Z INPHUIMCHIBAHHEM K HEMY JOINOIHUTENLHOW KOODAMHATEL
paBHo# -1. IIpocTpaHcTBO , cocTosiee U3 (d +1)-MEPHBIX 00Pa30BZ , HA3bIBAETCSA

pPaCIIMPEHHBIM IIPOCTPAHCTBOM IIPU3HAKOB.
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26. KIACCUD®UKATOP JJIsI PACIO3HABAHUS TPEX KJIACCOB
OBPA30B 10 KPUTEPUIO HAUMEHBIIEI'O
CPEJHEKBAJIPATUYHOI'O PACCTOSAHUA

Knaccudukarop mist  pacrno3HaBaHus TpEX KIACCOB , pabOTAIOIIMKA IO
KPUTEPHUIO0 HAMMEHBIIETO CPEHEKBAAPATUYHOIO PACCTOSIHUS MOYKHO MPEACTABUTH

WJUTFOCTPATHUBHO CIICTYIOIIUM 00pa3oM

Zi Ez 1

5 -
Q= Q- 0% ()
Zl

, z, A s
o = (a -
O A 7, 2 1
- -
MNpocTpaHcTeo A PacwuperHos 7
_ NpWaHaKos NPOCTREAHCTED '
2 s NPW3HAKOB
1
n=p L= AF
]
M
-
0 MpocTpaucTeD
=1 pELEHKA
Fé |1;"r3 = U |:|
Puc. 26.1

OnpenenseM npeoOpazoBanue 4 , orobpaxkaromee ZeC, ;k=123 BV, B

CMBICIIE HAWMMEHBIIMX KBaJIpaToB . BplOepeM B KadecTBE BEpIIUHBI TPEX
€AMHUYHBIX BEKTOpPOB , Kak MokazaHo Ha puc. OO003HAYUM anpUOpHbBIC

BEPOSITHOCTHU KiaccoB C, uepe3 P, . [IpeoOpazoBaHne 4 MOKHO HEMOCPEICTBEHHO

HAWUTU U3 COOTHOIIECHUS
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P&y s P&s 5 P&, s
ALY 72,7 +—2N 7,7, +—=2» Z,. 7, |=
Nl_,Z:l: 171y NZJZ:; 2j72) N}; 3773

—iilfz” +£§VZ” +£§VZA’
Nl 11) N2 = 272j5 N3 = 3735

j=1
Pemast 310 ypaBHEHHE OTHOCUTEIIBHO A , MOJYYUM

A=S S u;

%(KZY.): EYz) (26.1)

(2,2:)=E{22'} (26.2)

OuyeBuaHO, YTO S, U S, SABJIAIOTCA MAaTPULIAMH B3aMMHOM KOPPENALMU U

aBTOKOPPENALUK COOTBETCTBEHHO. CilelyeT OTMETUTb, YTO MATpuUla A HMEET
pasmepHOCTh  [3x(d +1)]. Jma kmaccupukamum obpaza Z'=[2,7,,...,Z, 1]

Kaccu()MKATOp BBIUMCIISET B NEPBYIO odepenb L= AZ , a 3aTeM OTOOpaxaeT Z B
IIPOCTPAHCTBO peuieHuil. [Ipu 3TOM mNpuMeHseTcs clieayruee peraroiee

IPaBUJIO MO KPUTEPHUIO MUHMMYyMa PacCcTOSHUSA : ecnu L HauOosiee OJU3KO KV,

1

TO Z wiaccuuimpyercs Kak mnpuHamiexanmii C, . Pacctosamst , KoTOpbIe

BBIYHCIIACT KJIaCCI/I(bI/IKaTOP OIIPCACIIAIOTCA KaK

DI =|L-V|,i=13;Te.

1

2

D7 =(L-v,) (L-v)=|ef ~2v/L+ )

2
Tak kak |V}|'=1 ,ro D} OyneT MHHHMAJIBHO ,KOrja V/L MaKCHMalbHO.

1

[ToaTomy BMecCTO D} B TOCIEAHEM COOTHOIICHHH JOCTATOYHO, YTOOBI

1

KJ1acCU(DUKATOP BBIYHUCIISI
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d=VL (26.3)

Moacrasnsas  V'=[1 0 ol¥;=[0 1 ol¥/=[0 0 1] m L=4Z B (26.3)

MOJIy4aeM

d1 1 0 o0
dy|=|0 1 0|4Z=4Z
d,| [0 0 1

[o%)

Matpuiia npeobpa3oBaHusi 0003HaYAETCs KaK

ay  adp a, 6
A=lay ay a,, 6,1,
a4y a,, 0,

TJI€ d, MPEJCTaBISIOT COOO0M CIEAYIOINE TUCKPUMUHAHTHBIE (DYHKIIMH , KOTOPbIE

OTPEICIIAIOT Ki1acCu(pUKATOP

&Z)=d =a,Z +va,Z,+...+a,Z,—0,.
M3 nocnenHero COOTHOIICHUS caeayer , 4T1o KHaCCI/I(i)I/IKaTOp ITOJIHOCTBIO
ompeesieTCs MaTpUIle TpeoOpa3oBaHus 4 , KOTOpasl TOMydaeTcss N3 MHOKECTBA

oOyyarorux o6pa3oB.Jlyig  Kkinaccupukanuu JTaHHOTO o00pasza KiaccudukaTop

BBIYMCIIAET TpH uucia &(2),&(Z) u &(2).

Ecimu max{&,(Z)} =&, (Z), To atoT 00pas npunuceiBaercs C, .
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Zl

»
z, Pewenwe

X Komnapa- -
Z, TOp ‘

. Z e, ecny

max{é,(Z )}= £.{Z)

Puc. 26.2 Ctpykrypa kinaccupukaropa 1 Tpex KIaccoB
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27. KIACCUDPUKATOP J1JIs1 PACIIO3HABAHMUS K KJIACCOB
OBPA30B 10 KPUTEPUIO HAUMEHBIIEI'O
CPEJHEKBAJIPATHOI'O PACCTOSAHUA

3amaya TpEX KIACCOB MOXET OBITh 00oOmIeHa miusi ciaydas K KIIAccCoB.
Pacmmpennsie  00pasel, mnpuHamiexkamue C; OTOOpaXKaroTcs B BEPIIUHE

equanaHoro K-sekropa V;
V. =[0---010---0],

I7Ie HEHYJIEBOW JJIEMEHT «[» HaxoauTcs B i-od mo3uuuu V; = i=1,K. Bmecto

MaTpuilbl MnpeoOpazoBaHuss A pa3MepHOCTbIO 3x(d+1) mosydyaem maTpuily

pa3MepHOCTBIO K x(d +1)

A=S5,S;,20e

S RINW ) = EWZ)
i=l j=1

K

==

i=1

PIN(2,2,)=E(ZZ)

Mz

~.
I

Takum  0o0pa3oM,  AUCKPUMUHAHTHBIE  (QYHKIUH,  OINPEACIAIONINE

KHaCCI/I(bI/IKaTOp, HUMCIOT BU [

S(2)=ayz +ayz, +-+a,z,-0,i=1LK

1
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[
. 2 (2) | BLLBHUIE
: - >
& HI AR 2 e, ecnul
EL
2 (2) maxle, (2= ¢,(2)
Byn
=1

Puc. 27.1 Ctpykrypa knaccudukaropa k kimaccos

[Ipu oOcyxaeHnn KiIacCUPUKATOPOB MO MHUHUMYMY PACCTOSHUS MBI
OrpaHUYMBAINCH PACCMOTPEHHEM TOJIBKO JMHEHHBIX KiIacCU(pUKATOPOB , T.€.
KJIacCU(PUKATOPOB ,KOTOPHIC 00IAIAI0T JIMHEHHBIMA Pa3ACIISIONIUMH TPAHUIIAMA B
pocTpaHCTBE Npu3HAKOB. COOTBETCTBYIOILLYIO MPOLENYypy OOy4EeHHs] HETPYAHO
MOJYYUTh JJIs CAydash KBAAPATHUYHBIX pa3eNAIONIMX TPaHUI], HO TMPU 3TOM
peanuzanusa kiaccuukaropa ycioxHsiercs. KpaapaTuuHblii  kiaccudukaTop

OoNpCACICTCA NTUCKPUMUHAHTHBIMU (byHKI_[I/IHMI/I BUIa

d d-1 d d -
E(2)= Z:wijzj2 +Z ijkzjzk + ijzj -0,i=1,K (27.1)
j=1 J=1 k=j+1 j=1
N3  mociengHero  COOTHOIIEGHHST — CleAyeT,  4TO  KBaJpaTU4HAs
JUCKPpUMUHAHTHAA  (DyHKIHS E(z)yumeer  [(d+1)/(d+2)]/2  BecoBbIX

K03 (PHUIIMEHTOB WM TapaMETPOB, & UMEHHO:

2
d TIapaMeTPOB , COOTBETCTBYIOMHMX KO3()GHUUMEHTAM IIPH z; — W,

d TapaMeTPOB , COOTBETCTBYIOMMX KO3()(PHUIMEHTAM IIPH z; — W,
dd-1)/2 IapamMeTpoB, COOTBETCTBYIOIINX korddulrieHTam npu

Z,Z, =Wy, ] #k
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opor- 6.

[TpuBenéHHbIE BBIIIE TApAMETPhI OIPEACIIIIOTCS B Mporecce 00yUeHNs .

JIJis OSICHeHUsT peaiu3alii Kiaccu(pHuKaTopa, CBI3aHHOTO C BBIYHUCICHUEM
(27.1) onpenmenum (-mepHBII BeKTOp (G, KOOPIUHATBI KOTOPOTO f1,f,....fp
ABIAIOTCS PYHKLIMAMH z; , i=1,d. IlepBble d koopauHaT BekTopa G MMEIOT BHJL
z0,z2,...,z, crueaywomme [d(d—1)]/2 KOOPAUHATHI BCEM MAPAM Z1Z2,Z1Z3, ..., Zy,Zy,
MOCJICIHUE o KOOPMHAT MPEACTaBISIOT CO00M 2,2, . z,,.

Torpa peanuzauus kinaccupukaropa OyJeT UMETh BUJ

!

Jf; =le 1
El
— k| il
fi=Z
Z KeanpaTuuH o : £(2)
— | e fi=ZZ, 7 5
Z;  |npeoGpa3os
. | anwe ; B
) fg =Zi ’
.—
. |4
_'If 5‘]’
L
Puc. 27.2

E(2)=wf,+W,f, +...+szQfQ—®i
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28. MOJIEJIb HEMPOHHOM CETH. OBYYAIOIIIUI AJITOPUTM IS
NEPLHENTPOHA

[Ipu pazOuenuu Ha JBa Kjacca peanusaius Kiaccupukaropa MOXKET OBbITh

OCYHICCTBJICHA C ITIOMOIIBIO ITOPOTrOBOTO YCTPOI‘/’ICTBa

n+l

R=1,ecru WX >T
R=-1l,ecuW'X<T

Puc. 28.1

OTH 1BE BBIXOJIHBIC BEIMYHUHBI(PEAKIIUN MTOPOTOBOTO YCTPOUCTBA ) OOBIYHO
0003HauaroTcst Kak / ¥ -/ COOTBETCTBEHHO

Ecnu 3amanbl 1Ba MHOXecTBa 00pa3oB, MPUHAJJICKAIINX COOTBETCTBEHHO
KJlaccaM ,,w, , TO pelIeHUe UIIETCS B BUJE BEKTOpa BecoB W , o0naaaroniero rem
CBOMCTBOM, UTO JJisi BCeX 00pa3oB Kjacca , BBINOJHSETCS ycloBue WX >0, a
It Bcex oOpa3oB Kiacca w, - ycloBue WX <0. Ecnu oOpasbl kiacca o,
YMHOXUTb Ha -1 ,TO SKBUBAJICHTHOE YCJIOBHE W'X >0 CTAaHOBUTCS OOIIUM JIJIs BCEX
00pa3oB.

[Ipuuém Kilacc yCTPOMCTB, MNpeIOXKEHHbIX B Hadaine 80-x TrojioB

AMCPHUKAaHCKHUM y‘-IéHBIM Po3enOmaTroM © Ha3bIBaEMBIX InepucnTpoHaMmu

5
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MPEICTABIACT €CTECTBEHHYI0 M OO0JaJafoNIyt0 OOJBITMMH BO3MOXKHOCTSIMU
MOJIeNb MpoIliecca 00ydeHUsT MaIlIHH.
OcHoBHasi MoOfenb MeHenTpoHa, oOecleyuBaronias OTHECEHHE olpasza K

OJIHOMY U3 33JIaHHBIX KJIACCOB MPHUBEJECHA HA puC. 28.2.

Cemvamka 5 Cemyanmia A Cemvamka R

R

-
peaxuus

VYCTpOHCTBO COCTOMT M3 CETYATKHM S CEHCOPHBIX 3JIEMEHTOB , KOTOpHIE
CIy4alHBIM 00pa30M COCIMHEHBI C AaCCOIMATUBHBIMHM JJEMEHTAMH BTOPOM
ceruatku A . Kaxapiii U3 3J1eMEHTOB BTOPOM CETYATKU BOCIIPOU3BOJUT BBIXOIHOU
CHUTHAJI TOJBKO B TOM CJIy4ae ,eCJIM JOCTATOYHOE YHMCIO CEHCOPHBIX 3JIEMEHTOB,
COCAMHEHHBIX C €r0 BXOJIOM, HAXOJIUTCS B BO30YKIEHHOM COCTOSSHUU. CEHCOpHBIS
3JIEMEHTBI MOXKHO pacCMaTpyMBaTh B KAaYECTBE YCTPOMCTB, C MOMOIIBID KOTOPBIX
BCS CHCTEMA BOCHPUHMMAECT W3 BHEIIHEW Cpelbl CTUMYJbI ,T.€. KaK HEKHUE
M3MEPUTEIILHBIE YCTPONCTBA ,a ACCOLIMATUBHBIC AJIEMEHTHI —KaK BXOJHYIO YacCTh

CHCTCMBEI.
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Peakuus  Bcell  cucTeMbl  IPONOPIUOHAIbHA  CyMME  B3STBIX €
onpenenéHHbIMA BeCaMH PEaKIUi AJIEeMEHTOB aCCOIMAaTHBHOM ceTdaTku .Takum
o0pa3om, 0003HAUMB Yepe3 X; PEaKIHUIO i-TO aCCOIMATUBHOTO dJIEMEHTA U 4epe3 w;

- COOTBGTCTBYIOHII/Iﬁ BCC ,pCAKIINIO CUCTCMbBI MOJKHO 3aIIMCAaTh KakK

RzgmszX

i=1

Ecmu R>() , 3Ha4UT TIPEeNbSBICHHBIA cHCTeMe 00pa3 MPUHAJICKHUT KIACCy
o,, eciii R<() ,T0 0Opa3 OTHOCUTCSA K KJIACCy ,.

OTMeTuM ,4TO MEpUENTPOHHAs] MOJENIb MPEACTaBIsIeT Cco0oil  3a
VCKJIIOUCHUEM CEHCOPHOW CETYATKUM HE YTO HMHOE, KAK Pealln3alui0 JIMHEWHOU
pematonieit GyHKIUU.

Cxemy ,nipuBeI€HHYIO Ha puC 28.2, JErK0 pacnupoOCTPaHUTh Ha Ciydyau
pas3ielieHus Ha  HECKOJIBKO  KJIacCOB  IIOCPEACTBOM  YBEIMYEHMS  4MCIa
pearupyroumx 3JIEMEHTOB B R- ceTyaTKe.

Knaccudukanuss mnpoBOAUTCS OOBIYHBIM CIOCOOOM: paccMaTpUBAIOTCS

3HaueHus peakuuid R, R, Ry, tne M- ducio kjaaccoB U oOpa3 NpUYHUCISETCs K

KJaccy ,,eCld R;>R; 1 BCEX i+ j.
OCHOBHYIO MOJZENIbL MOXHO TaKXKe JIETKO paclIpOCTPaHUTh Ha Clydau
HEJIMHEWHBIX pemaromux (QyHKIUA BBEJIEHHEM COOTBETCTBYIONIMX HEIMHEHHBIX

npeoOpazoBaTeneil Mex 1y ceTyatkamu A u R.

Oobyuaruwuii anzopumm O0asa nepyenmpoHa CBOIUTCS K IIPOCTOM CXeMe
UTEPATUBHOIO OINpPENEIEHUs BEKTOpa BECOB W.JlanuM KpaTKOe ONpPEAEIICHUE dTOU
CXEMBI,KOTOPYI0O OOBIYHO HA3bIBAIOT aJTOPUTMOM MEpLEnTpoHa. 3aJaHbl [Ba
oOyJaronue MHOXECTBA, IPEICTABISAIONIUE KIACChl @, U @, COOTBETCTBEHHO.

ITycts W(1) HayalibHBIM BEKTOP BECOB, KOTOPBIN BHIOMPAETCS IPOU3BOJIBHO.
B takom ciyuae k-biii mar o0yueHust BBITJISIAUT CIETYIOMIMM 00pa3om

Ecmu x(k) e o, u W' (k)x(k) <0, To BexTop BecoB W(k) 3aMmeHsIETCSI BEKTOPOM
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Wk+1)=Wk)+ex(k),(1) (28.1)

II€ C-KOPPEKTUPYIOLIEE MTPUpAICHUE

Ecmu x(k) e w, u W' (k)x(k) >0, To W(k) 3ameHnsieTcst BEKTOpOM

W(k+1)=W(k)-cx(k), (28.2)

B IpOoTUBHOM ciiydae W(k) He uamensercs ,T.e.

W(k+1)=W(k)

WHpIMH CITOBaMU, aNTOPUTM BHOCHT U3MEHEHUSI B BEKTOp BecOB W B TOM U
TOJBKO TOM Ciy4dae ,eciii o0Opa3 MpeabsBICHHBIM Ha k-M 1are ObUT MOpH
BBITIOJIHEHUU OTOTO IlIara HEMPaBWIbHO KJIACCU(PUIMPOBAH C TOMOIIBIO
COOTBETCTBYIOIIETO BEKTOpa BecoB . lIpuuém KoppekTupyrolee MpupaiieHue
JOJKHO OBITh TIOJIOKUTEIIHHBIM .

Od4eBUHO, UYTO aJITOPUTM TMEPIENTPOHA SBISIETCS MPOILEAYpPON THIMA
TOJKPEIUICHNEe - HakKa3aHue» ,IpUYEM TOAKPEIUICHHEM 3a TPAaBUIBHYIO
Kkiaccudukauoo odpasza CIyXUT OTCYTCTBUE HakazaHws .IHBIMU clioBaMH, €CIv
o0Opa3 kiaccu(UIUPOBaH MPABUIBHO, TO CHUCTEMa TOJKPEIUIIETCS TEeM, YTO B
BEKTOP BECOB W HE BHOCUTCS HUKAKUX U3MEHCHUHU.

C npyro#i cTtopoHbl ecid o0Opa3 KiacCU(UIUPOBAH HEMPABUIBHO H
npousBeaeHue W' (k)x(k) oxaspiBaeTCsl MEHBIIIE HYJS , KOTJIa OHO JOJKHO OBITh
OoJbIIe HYJISA, CHCTEMa HAKa3bIBACTCS YBEIWYCHHUEM 3HAYCHHSI BEKTOpPA BECOB
W(k) na Benmu4uuHy, IPONOPIHOHANBHYIO0 X(k) . TouHO Tak ke, ecliu Mpou3BeICHUE
W' (k)x(k) oka3biBaeTcsi OOJbIIE HYJS , KOT/a OHO JOKHO OBITh MEHBILIE HYJIS,
CHUCTEMA HAKa3bIBACTCS IIPOTUBOIOJIOKHBIM 00pa3oM.

CXOaUMOCTh anropuTMa HACTyMaeT MPU MPABHIBHON KiIacCH(HUKAIMU BCEX

00pa3oB ¢ TIOMOIIBI0 HEKOTOPOTO BEKTOpa BecoB. Ecim 3amaHHBIE KIIACCHI
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JIMHEHHO pasaciCHbl , TO AJITOPUTM HCPLCIITPOHA CXOAUTCSA 3a KOHCYHOC YHCIIO

UTEpaLU.

[Tpumep: paccMoTpuM 00pa3bl npeacTaBieHHbIe Ha puc. 28.1 n 28.2

Xa

® =)

DEﬁJg

Puc. 28.1

o]

L

i)

X

Ma
dix)=-2x,+1=0
7 @ o
- O i
0 1/2 T
Puc. 28.2

Crnenyer npUMEHHUTH K 3TUM 00pa3am ajiropuTM MEpPUENTPOHA C TEM, YTOOBI

C €ro IMOMOIIBI0 OMpeNeInTh BECOBOM BekTop pemeHus. OcmoTrp 00pa3oB

IIOKA3bIBACT, YTO JABa 3aJJaHHBIX KJIaCCa JIMHEHO pasacinuMbl U CIICOAOBATCIIBHO

IIPUMCHCHHUC AJITOPUTMA OKAKCTCA YyCIICIITHBIM.

Jlo Hauvajma paboThl aJropuTMa TMOMOJHUM Bce o0pasbl. I[lpu sToM

paccMaTpuBaeMble KiIacchl 00paTATCs

{001}
w: {011}

w,: {101}
w,: {111}

3amaB c=1, W(1)=0 wu npeabsBUB 00pa3bl B YKa3aHHOM BBIIIIC TOPSJIKE ,

noJtyuumM (I10 11aram)
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W (Dx(1)= (0 0 0 o}
0
W(2)=W(1)+x(1)=| 0
1

W(2)x(2)= (0 0 1){1 =7
0
W3)=w2)=|o

1

1
W3)x(3)= (0 0 1){0 —]
1

-1

W(4)=W(3)-x(3)= ( 0

0

1

W (4)x(4)= (-1 0 O)[l =-1

1
W(S)=WH4)=| 0
B cBa3u ¢ ommbOkamMu KiaccupUKalMd KOPPEKIMS BEKTOpa BECOB
mpou3BOAWIACh Ha 1-M 1 3-M B cooTBeTCcTBUM ¢ popmymamu (28.1) u (28.2).

Tak kak noJiydyaemblil pPe3yJibTaT MOXHO CUMTaTh HMCKOMBIM PELICHUEM

TOJIKO B TOM Cilydyae, KOrja ajJrOPUTM OCYIIECTBUT O€3 OIIMOOK MOJIHBIA UK
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UTEpAIMil MO BceM 0o0paszaMm, oOydaroIiee MHOXKECTBO CIIENYET MPEIbSBHUTH €IIé
pa3. [Iporecc 00y4eHUsT CUCTEMBI MPOIOIKACTCS TIPH X5=X 1,X6=X2,X7=X3,Xg=Xy.

BTopo# nukn urepanyu NpuBOAUT K CIEAYIOIIUM PE3YJIbTATAM:

W’(5)x(5)= (-1 0 0)0|=0

W(6)=W(5)+x(5)=| 0

W’(6)x(6)= (-1 0 1)1 |=1

-1
W(7)=W(6)=| o
1

1
W(7)x(7)= (-1 0 1)0|=-1+0+1=0
1

-1 1 -2
W(S8)=W(7)-x(7)=| 0 |-|0o|=] 0
0 1 0

1
W(@8)x(8)= (-2 0 0)1|=-2
1

-2
W(9)=W(8)=| 0
0

HOCKOHBKy B JaHHOM IMUKJIC HTCPpAlIMH COBCPHICHO HABC OI]_II/I6KI/I, BCC

00pa3bl IPEIBSBIAIOTCS €lIE pas.
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0
W(9)x(9)= (-2 0 0)0|=0
1

-2 0 -2
W(10)=W(9)+x9)=| 0 |+ |o|=] 0
0 1 1

0
W10)x(10)= (=2 0 1)1 |=-2x0+0x[+Ix1=1
1

-2

W(11)=W(10)=| 0
1

1
W((ADx(11)= (-2 0 1)0|=-2x1+0x0+1x1=-1
1

-2
W(12)=W(11)=| 0
1

1
W(12)x(12)= (-2 0 1)1|=-1
1

-2
W(13)=W(12)=| o
1

[TockonbKy B JaHHOM IIMKIIE WTEpalluii COBEpIIEHa OjHa OIINOKa, BCE

00pa3bl IpeIbsBIAETCA elE pas.

0
W'(13)x(13)= (-2 0 1)0|=1
1
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-2
W(14)=W(13)=| o
1

0
W (l4)x(14)= (-2 0 1)1|=I
1

-2
W(15)=W(14)=| o
1

1
W(15)x(15)= (-2 0 1)0|=-2xI+Ix1=-1
1

-2
w(16)=w(15)=| o
1

1
W(16)x(16)= (-2 0 1)1|=-2x1+Ix]=-1
1

-2
W(17)=W(16)=| 0
1

Htak 3a yeTblpe uTepanuu Bce 00pasbl KIAaCCUPHUIMPYIOTCS MPaBUIBHO.

BexkTop perienus umeeT BU
W=(-2 0 1)
CooTBeTcTBYyIOIIEH peraroiieit GpyHkiuen oyner

d(x)=-2x,+1
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[IpupaBHMBaHME 3TOW (YHKIIMKW K HYIIO JNa€T ypaBHEHHUE pa3Aeiistoleh
TPaHULIBI.
YMHOXHUB Bce 00pa3bl Kjacca w, Ha -1 ,alroput™ mneprenTpoHa MOXKHO

3aIIMCaThb KaK

w (k), ecauw"(k Jx(k) > 0

Wkt )= {W(k) + ex(k), ecnuW ' (k x(k) < 0

TJI€ C-MOJIOKUTEILHOE KOPPEKTUPYIOIIIEE MPUPAILICHHE.

Obdoowarowuii anzopumm nepyenmpona

Paccmorpum M knaccoB o, w,,...,o,, .

[TycTh Ha k-0i1 utepanuu npoieaypbl 00ydeHUs] CUCTEME TIPEIBBIAECTCS

o6pas3 x(k) , npuHagexamui Kaccy o, .Bbraucnsrorcs 3HaueHus M peraronmx

byHKIMi
(k)] =W, ()x(K); j=12,....M.
3aTeM eciu BBIIOJIHSIOTCS YCIOBHS
difx®)]> di[x(®)], j= LM i=]
TO BEKTOPBI BECOB HE U3MEHSIOTCS, T.€.
Wk+1)=W;(k),
JlomycTuM C APYTO¥ CTOPOHBI , UTO JJISI HEKOTOPOTO /

di[x(k)] <d)[x(k)]
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B sTom ClIydac IMpoOU3BOAATCA CIICAYIOIMINE KOPPCKIHNHU BCCOB

Wilk+1)=Wi(k)+cx(k
Wik+1)=W(k)-cx(k)
Wikt 1) =Wi(k)
Jj=12,...M;j =i;j =l

I'JI€ C-TIOJIOKUTENIbHASI KOHCTaHTA.
Ecim mpu paccMOTpEeHHMH 3TOrO cCilydas KIAcChl pPasAeiuMbl, TO 3TOT

AJIr'OPpUTM CXOOUTCA 3a KOHCYHOC YHUCIIO I/ITepaI_[Hﬁ IIpH IIPOU3BOJbHBIX HAYAJIbHBIX

BekTopax W;(1).
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29. UICKYCCTBEHHBIE HEMPOHHBIE CETH

29.1. OBIIME TEOPETUYECKHUE CBEJAEHUA

IIpuBenem OIHO M3 ONPENENECHN NCKYCCTBEHHBIX HEMPOHHBIX CETEN:

Hckyccmeennasa neiiponnasa cemy (MHC) — 3TO CyLIECTBEHHO MapajlieIbHO
pacmpeieNIeHHbIN TpoIieccop, KOTOPBIA 00agaeT ClIoCOOHOCThIO K COXPAHEHUIO U
penpe3eHTaIuu ONBITHOTO 3HaHusA. OHa CXOJIHA C MO3TOM B JIBYX aCHEKTaX:

e 3HaHUE NpUoOpeTaeTcs CEeThIO B IpoLecce 00yUueHus;

® JUIsl COXpaHEHUS 3HAHUS UCIIONIb3YIOTCS CUIIbI MEKHEHPOHHBIX COCTMHEHUN,

Ha3bIBaEMbI€ TAKKE CUHANTUYECKUMH COCAMHEHUSMHU.

PabGorta wneiiponnoit ceru (HC) coctour B mnpeoOpa3oBaHUM BXOJIHBIX
CUTHAJIOB BO BPEMEHH, B PE3yJIbTATE YEro MEHSIETCS] BHYTPEHHEE COCTOSIHUE CETH U
dopmupytorcs Beixoanble BozaeiicTBus. O6sryHO HC omepupyet nudpoBbiMu, a
HE CUMBOJIbHBIMU BelnunHaMu. bonbmmHcTBo Mozeneir HC tpeOytor oOyueHus.
B obmiem ciydae, 00yuenue — 3T0 Takoil BHIOOP MapaMeTpOB CETHU, IPU KOTOPOM
CeTh JIyYllle BCEro CHpaBIsETCS C MOCTaBJIEHHOW mpobiieMoil. OO0yueHne — 3To
3a/laya MHOTOMEPHOW ONTUMM3ALMU U VISl €€ PEIICHUs CYIIECTBYET MHOXECTBO
aJITOPUTMOB.

CoBpemennble uckyccTBeHHble HC 1eMOHCTpUPYIOT Takue IIeHHbIE
CBOMCTBA, KaK:

1. Obyuaemocms. BoibpaB onany u3 mozaeneit HC, co3naB ceTh v BBHIOTHUB
QITOPUTM OOYUYEHUS, Mbl MOXXKEM OOYYHUTh CETh PELICHUIO 3a/1a4d, KOTopas el 1o
CHUJIaM.

2. CnocobHocmv « o06006wenuro. Ilocne oOydeHHS Ce€Th CTaHOBUTCS
HEYYBCTBUTEIBHOH K MajbiM HM3MEHEHUSM BXOJHBIX CHUTHAJOB (IIyMy WIH

BapHalMsIM BXOJHBIX 00pa30B) U JaeT MPaBUIbHBIN pe3yIbTaT Ha BBIXOJIE.
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3. Cnocobrocmov Kk abcmpazuposanuto. Ecay npeapsiBUTh CETH HECKOJIBKO
UCKaXCHHBIX BApUAHTOB BXOJHOr0 00pa3a, TO CETh CaMa MOXKET cO3[aTh Ha
BBIXO/JIE U/I€AJIbHBIN 00pa3, ¢ KOTOPhIM OHA HUKOT/a HE BCTpeyasach.

K 3amagam, ycnemno pemaemMbiM HC Ha pgaHHOM »JTame WX pa3BUTHSA

OTHOCATCA:

® pacno3HaBaHME 3PUTEIBHBIX, CIYXOBBIX 00pPa30B;

® ACCOLIMATUBHBIN MOUCK HHPOPMAIIUU U CO3[JTaHUE ACCOIMATHUBHBIX MOJIEIIEH,
CUHTE3 peuH, (OopMHpOBaHUE €CTECTBEHHOTO S3bIKa;

e (QopMUpOBaHHE MOJEIEM U pa3IMYHBIX HEJIMHEHHBIX U  TPYIHO
ONMCBHIBAEMBIX MAaTEMAaTH4YECKH CUCTEM, IIPOTHO3UPOBAHUE PA3BUTHUS ITUX
CHUCTEM BO BPEMEHU,;

® CHCTEMBI YIIPABIICHUS U PETYIMPOBAHHUS C IPEACKA3AHUEM;

e pa3HOoOOpa3Hble KOHEYHbIE aBTOMAThI: CUCTEMbI MacCOBOTO OOCITYKUBAHHUS
1 KOMMYTAllUH, TEJIEKOMMYHHUKAIMOHHBIE CUCTEMBI,

® I[IPUHATHE PELICHUW M AUArHOCTHKA, MCKIIIOYAIOIIME JIOTUYECKUN BBIBOJ,
0COOEHHO B 00JIACTSIX, TJI€ OTCYTCTBYIOT YETKHE MAaTEMAaTUYECKUE MOJEIIU:
B MEJMIIMHE, KpUMUHATIUCTHKE, PUHAHCOBOM cdepe.

Ha puc. 29.1 noxa3zaHa cTpykTypa mapbl THUIHYHBIX OHOJIOTMYECKUX
HEHUPOHOB. JIeHAPUTHI HIYT OT TEJIA HEPBHOM KIIETKU K IPYTUM HEMPOHAM, 1€ OHU
IIPUHUMAIOT CUTHAJIBI B TOYKAaX COCAUHEHHUs, Ha3bIBa€MbIX CHUHancaMu. [Ipunsarsie
CHMHAIICOM BXOJHBIE CHTHAJIBI TMOJABOJATCS K TEIy HEWpOHA. 311eChb OHU
CYMMHUPYIOTCSI, IPUYEM OJHU BXOJbI CTPEMSTCS BO3OYAUTH HEUPOH, Apyrue —
BOCIIPEISITCTBOBaTh €ro Bo30yxJaeHuto. Kornga cymmapHoe Bo30yXA€HHUE B Tele
HEHpOHA TMPEBBIIIAET HEKOTOPBIA MOPOr, HEWPOH BO30YX AAeTCs, MOCHUIAS TI0
aKCOHY CHUTHAaJl JPYruM HEHWpoHaMm. Y 3TOH OCHOBHOM (hYyHKIIMOHATHHOM CXEMBbI
MHOTO YCJIO)KHEHUH U UCKJIFOYEHUH, TEM HE MeHee OOJIbIIMHCTBO MCKYCCTBEHHBIX

HEHUPOHHBIX CETEU MOJAEIUPYIOT JIMIIb 3TU ITPOCTHIE CBOMCTBA.
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I TERO KAE/RKU

Axcor Aercpums:

Lunanc

Puc. 7.1. buonornueckuii HeMpoH

OCHOBHBIM 3JIEMEHTOM HEUPOHHOW CETH SIBJISIETCA HeUPOH, KOTOPbIM
OCYLIECTBJISIET OMEPALMIO HEIMHEHHOro NmpeoOpa3oBaHUs CYMMBbl MPOU3BEIECHUN

BXOJHBIX CUTHAJIOB Ha BECOBBIC KOA((PHUITUEHTHI:

y=f(iwixl- +T7), (29.1)

i=1

rnie X=(x;Xx,...,X,) — BEKTOp BXOIHOTO cHUTHama; W=(w;w,, ... w,) — BecOBOH

BeKTOp; T - mopor; f— Tak Ha3bIBaeMasi PyHKIUSI aKTHUBALUH.

CxeMa HEHpOHHOro ’yeMeHTa u3o0pakeHa Ha puc 29.2. Kaxmomy i-my
BXOJYy HEWpOHAa COOTBETCTBYET BeCOBOM KO3(PUIMEHT w; (CHUHAIC), KOTOPbIN
XapaKTepU3yeT CUIy CHUHANTUYECKOW CBA3M IO aHAJOTUU C OHUOJOTHYECKUM

HEUPOHOM.
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Puc. 7.2. ckyccTBEHHBIN HEWPOH

Becosoit BekTtop W, mopor 7 u mnoporoBas (QyHKUUS f ONPEAENsIOT
NOBeIeHUe JI000ro HepOHa — ero Peakiuio Ha BXOAHbIE JaHHbIe. BennunHa Beca
W; OIIpeZeIIAeT CTENEHb BIUSHUSA BXOJA [ HAa BBIXOJ HEMpPOHA, a 3HAK — XapakTep
BiusiHUA. Kaxaplii U3 BXOJIOB CBSI3aH C HEKOTOPHIM MCTOYHHMKOM HH(OpManuu
(peuenTop, (opMmupyOIIMIA NPU3HAKU, paclpeneuTeNbHas sS4eika, BBIXOJ
apyroro Heipona). IlonoxurenbHble Beca XapakTepHbl U1 BO30YKIAIOLIMX
CBSI3€H, CIIOCOOCTBYIOIIMX IMOBBIIIEHUIO aKTUBHOCTU HeWpoHa. OTpHIaTerbHbIE,
KaK IIPaBUJIO, COOTBETCTBYIOT TOPMO3SIIUM CBS35IM.

Ilopoz, ecnu OH WCHOJIB3YETCS, SBISIETCS XapaKTEPUCTUKOM, 3aJar0LIen
Ha4yaJIbHBI yPOBEHb AKTUBHOCTH (IIPM HYJIEBOM BXOJE€) MW IOMOTarolen
HAaCTPOUTh HEHPOH Ha MOPOroByl0 (hyHKLHUIO. MI3MeHeHHe mopora 3KBHUBAJIECHTHO
CABUTY TMOpOroBol (QyHKuuMM 1o ocu abcuucc. Psmg  aBTOpoB  BBOIAT
JIOTIOJTHUTENBbHBIA BXOJ] HEHPOHA X,, BCErJa paBHbIN /, 1 0003HAYAIOT MOPOT Kak
€ro BeC Wy. JTO IO3BOJISIET YNPOCTUTh BbIpaxkeHHe (29.1) m mareMaTHyeckyro
3allUCh HEKOTOPBIX aIroOpuTMOB o00ydeHus. OpHAKO HaA MpaKkTUKE NpU
IIPOrPAMMHOM  peaju3allid d3TO HE MNPUBOJUT K DOKOHOMUU BpPEMEHH U
CIOCOOCTBYET OIMIMOKaM, KpOME 3TOT0, MOPOr MOKET HACTPAMBAThCA MHAYE, YEM
BECOBOM BEKTOP.

DyuKyusa aKkmueayuu VCNOJIb3yeTCs JUIsl OTPAHUYEHUS BBIX0/1a HEHPOHA B
3aJJaHHOM JIMama3oHe M JJIsl HEJIMHEWMHOTOo MpeoO0pa30BaHUs B3BELICHHOW CYMMBI.
[Tocneanee mo3BoJsieT HEHPOHHOMY KJacCU(PHUKATOPY allpOKCUMHUPOBATH JIFOOYIO

HEJIMHEHNHYI0 TpaHUIly MEXAYy KilaccamMu B MPOCTPAaHCTBE 00pa3oB. DyHKIUsA
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AKTHBallnu BLI6I/IpaeTC$1 I KOHerTHOI‘/II 3aJa4u Hu ABJIACTCA HEU3MEHHOMU

XapaKTePUCTUKON OTACIIBHOTO HEUpOHa.

MoryT ucnosb30BaThes clieayonme GyHKIUA aKTUBALUU U UX TUOPUJIBIL:

1) nunetinas GyHKIUSA y=AX;

2) b 1, x>0
MOpOToBasi PyHKIUS ) = ;

P P = 0,0 <0

I, x>0
3) 6unonspHas moporopasi QyHKIUS ) = ;
-1,x<0
4) curmouanas ¢pyHkuus (puc. 29.2)
ye—t (292)
(I+e™™)

Puc. 7.2. Curmonnnbie pyHKINH aKTUBALIUU
5) 6unosnspHas curmoniHas QyHkuus (cMm. puc. 29.2)

y=ﬁ—1; (29.3)
+e

6) runiepOoomueckuii TanreHe (puc. 29.3)
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y=th(x)= ex_—_ (29.4)

Puc. 7.3. T'unepOonuvecKkuii TaHTEHC

Jns xknaccudukatopoB daiie Bcero mpuMeHsoT GyHkiuu (29.2) — (29.4),

MOCKOJIBKY OHU HEJIMHENHbIE U X0poIlo AU depeHIupyoTCs.

Beca ® 1Dopor KOHKpPETHOTO HEMPOHA SABIAIOTCA HACTPauBAEMBIMHU
napameTpamMu. OHU colep:KaT 3HAHMS HEWPOHA, ONPEIEISAIONUE €T0 IOBEICHNUE.
[Iporiecc HACTpOMKHM 3THX 3HAHUKA C LEJIBI0 NOJYYEHUsS HYKHOIO IOBEACHUS

HA3bIBACTCA O0yUCHUEM.

HeiipoHHas ceTb — COBOKYIMHOCTh HEMPOHHBIX JIEMEHTOB M CBSI3E€H MEXKITY
HuMH. C10eM HEUPOHHOW CETH HA3bIBAE€TCSI MHOKECTBO HEHPOHHBIX 3JIEMEHTOB,
Ha KOTOPBIC B KaXJBIH TaKT BPEMEHH IMapalICIbHO TOCTYMaeT MHGOpPMAIUs OT
IpYyTUX HEUPOHHBIX DJJIEeMEHTOB ceTu. [lomMuMO c0€eB HEUPOHOB YaCTO
HCIIOJIb3YETCA MOHSITHE BXOJIHOT'O pacnpenenuTeEIbHOrO cJ104..
PacnipenenurenbHblii  CJIOM  TepellaeT  BXOJHBICE CUTHalbl Ha  IEPBBIA

00pabaThIBaIONIUI CII0M HEHPOHHBIX AIEMEHTOB (puc. 29.4).
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Puc. 29.4. PactipeaenuTenbHbIN CION

VY 060 HEHPOHHON CETH MOYKHO BBIJICIUTH 2 peKUMa paboThl: 00yueHue
u BocnpousBeneHue. Ha stame oOydyeHHs HACTpauMBaIOTCS Beca M MOPOTH BCEX
cinoeB. BocniponsseneHue sBisieTcs 3TanoM 00padoTKK MH(pOpMaLUK, CIeTyOMUM
3a o0yueHueM, IIpU ITOM Beca U MOPOTH, KaK MPaBUIIO, HE U3MEHAIOTCA. boinbioe
BIUSIHUE Ha (DYHKIIMOHMPOBAHUE CETU OKA3BIBAET €€ TOIMOJOTUs — apXHUTEKTypa

CJIOEB U CBA3EU MEXy HEUPOHAMMU.

Ha cnoco6e o0pabGoTku uHpOpMaIuy periaroiM 00pa3oM CKa3bIBaeTCs
HaJIM4M€ WIM OTCYTCTBHE B CETH OOpaTHBIX CBsizeil. Ecim oOpaTHBIX CBsi3el HET
(kaxabpli HEMpOH Moyy4yaeT HMH(OpPMAIUIO TOJBKO OT HEUPOHOB MPEABIIYIIUX
CJI0€B), TO 00paboTKa MHPOPMAITUU TPOUCXOIUT B OJJHOM HAIMPABJICHUU 32 YUCIIO
TaKTOB, paBHOE uuciy cioeB. [Ipu Hammuuu oOpaTHBIX cBsizeld MHGpOpManus
MOJKET MPOXOJIUTH YepPEe3 CETh MHOTO pa3 10 JOCTHKEHUS KaKoro-1uoo ycnopus. B
clly4ae, €CJIi YCJIOBHE JOCTHUTHYTO, TOBOPAT, YTO CETh CTabuiau3upoBanach. B
o0111eM cily4ae CXOAUMOCTh HE rapantupyercs. TeM He MeHee Halluuhe OOpaTHBIX
CBA3EH MO3BOJISIET pelaTh 3aJauyd C MPUBICYECHUEM MEHBIIETO YUCIIa HEHPOHOB,

YTO YCKOPSIET MPOLECC OOYyUEHHS.

I[J'DI Jydmaero rMOHMMaHHuA JaHHOT'O BOIIpOCa NPUBCACM OAHY U3 BO3SMOKHBIX

knaccupuxaiuit HC B 3aBUCUMOCTH OT pa3IMYHBIX XapaKTEPUCTHK:
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1. Tlo Tumy BXOaHOUM HH(POPMAIINHN:
e apamoroBeie HC  (ucmomp3yror wuHbOpManui B dopme
NENUCTBUTEIbHBIX YUCEN);
e neonuHble HC (omepupytor ¢ mHbopmalueil, npeacTaBieHHON B
JIBOUYHOM BHJIE);
2. Tlo xapakTepy oOy4eHHUS:
e ¢ yuurteneM (M3BECTHO BXoaHOE mpocTpaHcTBO pemeHuid HC);
e 0e3 yuutens (HC ¢gopmupyer BBIXOAHOE MPOCTPAHCTBO pPEIICHUI
TOJIBKO Ha OCHOBE BXOJIHBIX BO3JCHCTBUN — CAMOOPTraHU3YIOIIHECS
CeTH);
3. Tlo xapaktepy HaCTpONKH CUHAIICOB:
® ceTu ¢ PUKCUPOBAHHBIMH CBsI3MU (BecoBbie K03 unnentsr HC
BBIOMPAIOTCS Cpasy, UCXOJIS U3 YCIOBUS 3a7a4H);
e CeTM C JMHAMHUYECKHMMM CBs3siMH (B mporecce OOydeHHs
MPOUCXOIUT HACTPOUMKA CUHANITUYECKUX CBSI3EH );
4. Tlo merony oOyueHus
e HC c anroputmMom 006paTHOTO pacipoOCTpaHEHHS OLIHOKH;
e HC c KOHKypeHTHBIM 00y4YEHUEM;
e HC, ucnons3yromue mpasuio Xeo0a;
e HC c rubpugupim oOydeHHMEM, B KOTOPBIX HCIOIb3YIOTCS
pa3IMYHBIC aITOPUTMBI 00YUCHHS;
5. Ilo xapakrepy cBsizen:
e HC c npsiMbIMu CBA3SIMU;
e HC c oOparabIM pacnpocTpaHeHUEM UH(pOpMaIIK;
6. Ilo apxurekType U 00y4eHHUIO:
® [IEPCENTPOHHBIE CETH C MPSAMBIMU CBA3SIMU;
e camoopranmsywnuecs HC (HC Koxonena, HC amantuBHOTO

pe3oHaHca, peuupkyisiquonasie HC);
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e HC c oOpatubeiMu cBszamu (HC Xondwunma, HC Xosmmunra,
JIByHAIpaBJICHHAS acCOLIMAaTUBHAS NaMsTh, pekyppenTHbie HC);
e tubpugaeie HC (HC Bcrpeunoro pacnpoctpanenus, HC c

paauanbHO-0a3uCHOM (PYyHKIIMEH aKTUBAIIUN ).

29.2. HEHPOHHASI CETh XOII®WIJIA

Cerp Xomndwima —  OJHOCIOWHAs, CUMMETpUYHAs, HeJIUHEHHas,
aBTOACCOIMATUBHAS HEWpPOHHAS CEeTh, KOTOpas 3allOMHHACT OwHapHBIC /
ounonsipusie  00pas3bl. CeTh XapaKTepu3yeTcs HajluyueM OOpaTHBIX CBS3EH.
Tomonorus cern Xomdwuinga mokazana Ha puc. 7.5. Mudopmamus ¢ BeIxona
KKJ0T0 HEMpoHa MOCTYIaeT Ha BXOJ BCEX OCTANbHBIX HeWpoHOoB. OOpasbl mis
naHHoM Moaudukanuu ceth Xonduigaa KOAUPYIOTCS OUMOJISIPHBIM BEKTOPOM,

cocTrodmmM u3 I u —/.

Puc. 7.5. Tononorus cetn Xondunaa

OOyuenne. OOyueHHWE CETH OCYIIECTBISETCS B COOTBETCTBHH C

COOTHOIIICHHUEM
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k k. . —
Wy = Zal a]’ l;ﬁ]’ IS i,j:I’n’ (295)

IJI€ W;; — BEC CBA3U OT i-I'0 HEMPOHA K j-MY;
1 — KOJIMYECTBO HEHPOHOB B CETH;
m — KOJIMYECTBO 00Pa30B, UCTIOIB3YEMBIX JIJIsT 00YUCHUS CETH;
k . v o
a; — i-W 31IeMeHT k-ro 0bpasa u3 oOydaromieil BEIOOPKHU.

Marpuiia BecoBbIX K03 (OHUITUEHTOB

W]] W]2 W]n
w w cee W

| W21 V22 2n | (29.6)
Wil Wn2 Wan _

B kadectBe Marpuipl BecOBbIX K03((uiMeHTOB XOm(puij HCHOIb30Bal
CUMMETPHYHYIO MaTpully (w;=wj) C HyJIEBOM TIJIaBHOHM JauaroHansro (w;=0).
[locneaHee yciaoBHE COOTBETCTBYET OTCYTCTBHIO OOpPaTHOM CBSI3M HEUPOHHOIO
jlieMeHTa Ha cebs. B kauecTBe (yHKUMM aKTHBAalMKM HEHUPOHHBIX 3JIEMEHTOB
MO>KET HCIOJIb30BAaThCS KaK MOPOTOBasi, TAaK U HEMpepbIBHAS (DYHKIIUS, HAPUMED

CUTMOMIHasA UJIN FI/IHep6OHI/I‘-IeCKI/Iﬁ TaHI'CHC.

bynem paccmartpuBaTh HEHPOHHYIO ceTh Xomndwina ¢ JUCKPETHBIM
BpeMeHeM. Torja Tpu KMCHOJb30BAHUM MOPOTOBOM (PYHKIIMM AKTHUBAIIMM OHA
HA3bIBACTCS HEUPOHHOW CETHIO C JHUCKPETHBIM COCTOSHUEM M BPEMEHEM.
HeliponHasi ceTb ¢ HenpephlBHON (yHKIIMEH aKTUBAIlUM HA3bIBAETCS HEUPOHHOMU
CEThI0O C HENPEPHIBHBIM COCTOSSHUEM W  JUCKPETHBIM BpeMeHeM. [lpu
UCIIOJIb30BAaHUU  HEMPEPHIBHOTO BpeMEHHW Mojelb Xomnduiga Ha3bIBaeTCs

HETIPEPBIBHOM.
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Jlna onucanusi (yHKIIMOHUPOBAHUA Takux cered Xomuia UCHOIb30Bal
anmapaTr craTuctuueckor ¢usuku. Ilpm 3TOM Kaxnapli HEWpPOH HMeEeT JBa
COCTOSIHUSI aKTUBHOCTH (I, —I), KOTOpble AaHAJOTMYHbl 3HAYEHUSM CIIMHA
HEKOTOPOH YacTuLbl. BecoBoil KoApPUIUEHT W;; MOXKHO HUHTEPIIPETUPOBATH KaK
BKJIAJ] 11011 j — YaCTULIbI B BEIMUMHY MMOTEHIMANA | — YaCTHULbl. XOI(uia nokasai,
YTO IIOBEICHUE TAKOM CETH AHAJIOTMYHO NOBEACHUIO JIM3UHIOBOTO CIIMHOBOIO
crexia. [Ipu 5TOM OH BBEN MOHATHE BBIYUCIUTEIBHON YHEPIUHU, KOTOPYIO MOKHO
UHTEPHPETUPOBATh B BUAE JaHAmadTa ¢ JoJuHAMU W BnaguHamu. CTpyKTypa
COEIMHEHUN ceTu ompenensier odepraHus jdanamadra. Heliponnas cetb
BBIIIOJIHAET BBIYMCIICHUS, CJIEAyS IO IYTH, YMEHBINAIOLIEMY BBIYHMCINUTEIbHYIO
SHEPIrUI0 CETU. JTO MPOUCXOJHUT IO TeX IOp, MOKA IIyTh HE MPUBEAET HA JHO
BIIAAVMHBL. JIaHHBIM MpoLEecC aHAJIOTMYEH CKAaTHIBAHWIO KaIUIM MXUIAKOCTH IO
CKJIOHY, KOTJla OHa MHHUMHU3HMPYET CBOIO IOTCHIUAJIBHYIO HSHEPTHI0 B IIOJIE
TATOTeHUs. Bmanuuel W nonuHbl B ceTH XomMQuiga COOTBETCTBYIOT Habopam
uHbOpMaIuu, KOTOPYIO XpaHUT ceTb. Eciu nmpoliecc HaunHaeTcsi ¢ NpuOInKEHHON
WIM HENoJHOM wuH(pOpMalMu, TO OH CJeAyeT IO NyTH, KOTOPBIA BEAET K
Omwkaiimeil  BmaguHe. OTO  COOTBETCTBYET  ONEpalMd  acCOLIMATUBHOTO
pacro3HaBaHMUs.

Marprna BeCOB ABISETCA OWATOHAJIBHO CHUMMETPUYHOW, IpUYEM BCE
JUArOHaJbHBIE 3JIEMEHTHI paBHBI ().

Bocnpoussenenue. Heliponnas cetb Xonduiga MoxeT (QyHKIMOHUPOBATh

CI/IHXpOHHO J51 aCI/IHXpOHHO. I[J_Iﬂ BOCHpOI/ISBe,[[eHI/Iﬂ I/ICHOJILSyeTCﬂ COOTHOLICHHUC
n
Cli(t+])=f ZWUCZ](Z) R (297)
Jj=1

1€ a;(t) — BBIXOJ j-TO HEMPOHA B MOMEHT BPEMEHH 7, a f — OnHapHas / OUIoIsIpHas

(GYHKITUS aKTUBAIINH;
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f(x)= (29.8)

[Ipu paboTe B CHHXPOHHOM pEXHME Ha OJUH TakT pPabOTHI CETH BCE
HEHpPOHBI OJHOBPEMEHHO MEHSIOT COCTOsIHME. B ciyuyae acMHXpOHHOW paboTh
COCTOSIHUE MEHSET TOJBKO OJWH CIIy4alHbIM HEHpOH. MTepanuu mponoinKaroTcs
710 TeX IOp, TIOKa CETh HE MPUAET B CTAOMIIBHOE COCTOSIHUE.

Bo Bpems Bocnpou3BeneHUS MCXOIHBIM BeKTOpoM a(0) sBuseTcs
HEKOTOPBIA TECTOBBI 00pa3, HE COBMAjaIOUIMil ¢ oOpa3amu U3 0Oydaromen
BbIOOpKU. B mporecce ¢yHkimonupoBanus mno ¢opmyne (29.8) ceTb MoiDKHA
NPUUTH B COCTOSIHME, COOTBETCTBYIOIEe oOpasy u3 oOyuarolieil BBIOOPKH,
Han0oJIee MOX0KEMY Ha TECTOBBIM.

MaxkcuManbHOE KOJMYECTBO 00pa3oB, KOTOPOE MOXHO 3allOMHHUTH B

Marpune W He npeBbIlIacT

n

m= , (29.9)
2lnn+1Inlnn

rac n — KOJIMYCCTBO HCﬁpOHOB, qTo CJICAYCT OTHECTHU K HCAOCTATKAM ATOH CETH.

29.3. MHOI'OCJIOUHBIN NIEPCEIITPOH

MHoroca0iHbIH nepcenTpoH SABJISIETCSI CETBIO C PSIMBIM
pacrpocTpaHeHueM curHaiga (0e3 oOpaTHBIX CBs3€il), 00ydaeMoOW C y4HUTEJIeM.
Takas ceTb crocoOHa anmMpPOKCUMHUPOBATH JIOOYI0 HEMPEPHIBHYIO (QYHKIIHMIO WA
IpaHUIly MEXAy KIaccaMU CO CKOJIb YrOJHO BBICOKOW TOYHOCTBIO. Jljisi 3TOTO
JIOCTaTOYHO OJIHOTO CKPBITOTO CJIOSI HEHPOHOB C CUTMOUAHON (PyHKUIMEH

aktuBanmu (29.2) — (29.4), T.e. MHOTOCJIOWHBIIN TTEPCENTPOH OOBIYHO COCTOUT U3 3
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CJIOCB: IICPBOI'O paCpCACIUTCIBbHOIO0, BTOPOI'O CKPLITOI'O U TPETHCT'O BBLIXOJIHOI'O

(puc. 29.6).

Puc. 29.6. MHOrocnolHblii NePCEnTPOH

Takas cerb UMeeT n BXOJOB U 1 HEHPOHOB PACHpPENEIUTEIBLHOTO CIOs, /1
HEHPOHOB CKPBITOTO CJIOS U 71 BBIXOAHBIX HEHPOHOB. VcoIb3y0TCs 1BE MATPULIbI
BECOB: CKPBITOTO CJIOSl V Pa3MEPOM nx/i U BBIXOAHOTO CJIOS W pPa3MepoM /Axmi.
Kpome 3Toro, ¢ KaxabpIM CIIOEM HEWPOHOB CBSI3aH MAacCUB INOPOToB: O — s
CKPBITOTO €105, 1" — 71 BBIXOAHOIO. DTH JIaHHbIE IPEJACTABISIIOT co00i 3HaHUA
CETH, HACTpauMBaeMble B IpolLecce OOYUYEHHS U ONPEIEINAIOIIUE €€ IOBEACHHUE.

[lepcenTpoH QyHKIMOHHUPYET MO CAEAYIOMUM GOpMYIIaM:

g =1 vyxi+0)), (29.10)
i=1
h

k=S wikg i +Ti)- (29.11)
j=1
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B kadectBe GyHKIIMM aKTHBAIIMU WCIIOJB3yeTCsl oaHa U3 PyHkimit (29.2) —
(29.4). Bun dbyHKIMu onpeaessieT AUana3oH 4Kucel, B KOTOpoM paboTaeT ceTh. B
JnanpHelieM OyJleT HCIHOJIb30BaThCcsi curMougHas ¢GyHkius (29.2), umeromas

oOnacth 3HaueHuii ot 0 1o /.

OOyueHue ¢ yuyuTesneM CTaBUT Mepe]] CeThIO 3a/1ady 0000IIUTh p MPUMEPOB,

roor R r o r r
3aJJaHHbIX IapaMu BeKTopoB (x', '), r=1,p. Bektop x" =(x],x,,..x/,.x ) B
ciydae 3a7aud Kiaccu(ukanuy 3amaeT BXOIHOW o0pa3 (BEKTOp MPHU3HAKOB), a

BEKTOp V' =(y),¥.,..Y,,..y. ), 3aualomMid OSTAIOHHBIA BBIXOJA, JOJUKEH

KOJIMpPOBaTh HOMEp Kiacca. [Ipu 3TOM ecTh MHOKECTBO BapUAHTOB KOAUPOBAHUS.
OntuManbHbIM MPEICTABIACTCS KOAUPOBAHUE, KOTAa HOMEP KJIacca ONpPEeIIsIeTCA
HO3UIMEN eMHNYHON KOMITOHEHTHI B BEKTOpE )/, @ BCe OCTaIbHBIE KOMITOHEHTHI
paBHbl (). Kaxnaplii BBIXOJHOW HEUPOH COOTBETCTBYET OJHOMY Kiaccy. Takoi
Croco0 MO3BOJISET MPH KIACCH(PUKAIIMH ONPEACIIATh BEPOATHOCTH KAKIOTO Kilacca
10 BEJIMYMHE Ha BBIXOJIE COOTBETCTBYIOIIETO HEMPOHA (UeM OJIHKe K €IUHUIIE, TEM

BEPOSITHOCTH OOJIBIIE).

OOydeHue mepcenTpoHa MPOBOAUTCS C MOMOUIBIO ANTrOpUTMa OOPATHOTO
pacnpocTpaHeHus: OIIMOKHU, KOTOPhIH MHMHHUMH3UPYET CPEeIHEKBAIPaTHUYHYIO
OIMOKY HEUpPOHHOU ceTu. J[Jig 3TOTO C 1EeJIbI0 HACTPOMKU CHHANTHUYECKUX CBSA3EH
UCIIONB3YETCSI METOJl TPaJUEHTHOIO0 CIyCKa B MPOCTPAHCTBE BECOBBIX
K03 (PUIIMEHTOB U MOPOroB HEHPOHHOU ceTu. PaccMoTpuM anropuTM oOpaTHOTO

pacrpoCTpaHEHUs OUTUOKH.

1. Ha nepBoMm 3Tamne npouCcXOAUT HadaJlbHAsi MHULIMAIN3ALUA 3HAaHUHA CETH.
[IpocTenmmii BapuaHT TaKOWM WHHULMAIM3AlMM — IIPUCBOUTH BCEM BECAM U

roporam ciay4daiiHble 3HaUEHMS W3 Auarna3ona [-1,1].
2. Jlajee 11 KaxI0# mapbl BEKTOPOB (X', ) BBIOIHSETCS CIIEAYIONIEE:

2.1. JIns BXOJHOTO BEKTOPA PACCUUTHIBAIOTCS BBIXOJbI HEHPOHOB CKPBITOTIO

CJI0sI ¥ BBIXOJIBI ceTH 110 opmyiiam (29.10), (29.11).
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2.2. ITpouCXOaUT KOPPEKLMs 3HAHUM CETH, MPU 3TOM IJIaBHOE 3HAUCHHE
UMEET OTKJIOHEHUE peabHO MOJYYEHHOTO BBIXOJA CETH ) OT UICAIbHOIO0 BEKTOpa
y'. CorimacHo METOAy TPaJUE€HTHOIO CITyCKa, H3MEHEHHE BECOBBIX KOA(P(PHUIIMEHTOB

Y TTIOPOTOB HEUPOHHOM CETH MPOUCXOINT IO CIASAYIONTUM (popMyiaM:

) OF
Te(e+ D =TeO)+a 2 o, (29.13)

rae E - cpeqHekBapaTuyHas olnMOKa HEMPOHHOM ceTu i1 OHOTO o0pasa, a o —
napamMeTp, ONpeAeNIONUil CKOPOCTh 00yueHusl. POpPMYJIIbI 3allMCaHbl B TEPMUHAX
BBIXO/IHOTO CJIOS, AQHAJIOTMYHO BBINIAIAT (OPMYNBl JJIi  CKPBITOIO  CJOA.

CpennekBaipaTUyHas OUIMOKA CETH BBIYUCIISIETCS KakK
IR r 2
E==3h ). (29.14)
2 k=1
Ommbka k-ro HeHpOHa BBIXOHOTO CIIOST OMPEEIIACTCS KaK
dy =——=y, ~ Vk- (29.15)

Bripasum npousBoanbie u3 ¢opmyn (29.12), (29.13) uepe3 nerko BbIYUCITSEMbIC

Benu4uHBL. OTNpeeuM B3BEIICHHYIO CyMMY, apryMEHT (DYHKITMM aKTUBAIIMH KaK

h
Sk=Zijgj +Tk' (2916)
j=1
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MOHO IIPCACTABUTH KaK:

oWy
E E Oy, S
OF _ OF Oy 95 (29.17)
é’ij é’yk é’Sk 0”ij
E
rae j—: dj = yli — Y — omubKa k-ro HEUpOHa; O _ f'(S,) — npousBOAHAs
Yk k
oSy, : .
GYHKIIUNA aKTUBAIUW; = g — 3HAYCHHUE j-TO HEHPOHA NPEABIAYILErO CIOSL.
W .
Jk
[Tosmyuaem
OE ,
=di [ (Sp)g ;- (29.18)
ow ik
J
ISy
AHaJIOTUYHO, C YYETOM TOTO, UTO ——— = [, TIOJTydaeM
T},
OJE OE Oy 0S ,
= K22k — g f'(Sk). (29.19)

ﬂTk _ﬂyk ﬁSk ﬂTk

Beca u moporu CKpbITOrO CJOsl TakKe KOPPEKTUPYIOTCS MO (opmysiam,
aHaniorudubM (29.12), (29.13), ¢ yuetom (29.18) u (29.19). Ilpu sTomM rinaBHOM
TPYAHOCTBIO SIBJISIETCSI ONPEIEIICHUE OIIMOKM HEHWpPOHAa CKPBITOrO CJl0sA. ITY
OLIMOKY SIBHO ONPENCNUTh MO (opmysie, aHATOrHUHOM (29.15) Henb3s, oIHAKO
CYILIECTBYET BO3MOXHOCTh paccuuTaTh €€ uepe3 OIMUOKM HEHPOHOB BBIXOJHOIO
ciosa (oTcroAa MPOM3OLUIO HAa3BaHHME aJrOpUTMa OOpPaTHOrO PacHpOCTPaHEHUs

OIINOKN):
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=Y d f(Spwi (29.20)
=]

[IponsBogHbIe OT (PYHKIMA aKTHBAIlUM TOXKE JIETKO PACCUMTHIBAIOTCS,

HaAIpUMep, JUIsl CATMOMIHON PYHKIIUU TIOJTydaeM

!

1

f'(Sk)—(—S)) =SSOU =Sk =y L= yp)- (29.21)

(I+e
AHaJIOrM4HO:

(th(Sp)) =1-y?;

2 gl -y’
(I+e ™) 2

Takum 00pa3oM, MOKHO 3amucaTh OKOHYATEIbHBIC BhIpaKeHHsS (29.12),

(29.13) nnst ABYX CIOEB, UCTIOIB3YIOMIUX CUTMOUHYIO (DYHKIIHIO:

Wik =Wix +av(U-yr)drg;, (29.22)
T =Ti + oy (1= yg)dy, (29.23)
vii =vij+ g ;(I—g;)ejx;, (29.24)
Q;=0;+p;U-gje;. (29.25)
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B st popMynsl BBOAUTCS TOMOJHUTENBHBIN mapameTp — [ — CKOPOCTh
00y4YeHHUsI CKPBITOTO CJIOSl, KOTOPBIM MOXET OTJIUYaThCs OT aHAJIOTUYHOIO
napameTpa i BBIXOAHOTO CJI0sA. PekoMeHIyeTcs: M3MEHSTh CKOPOCTH O0y4YeHUs
00paTHO MPOMOPIMOHAIBHO KOJMYECTBY IIaroB 2 ajiroputMa OOy4YEeHUs, OJJHAKO
3TO HE BCETJA ONPABIbIBACT CEOsl HA MPAKTHKE.

3. Ilocne TOro, Kak KOpPpEKIUs 3HAHUN NPOU3BEACHA I KAXKIOW Maphbl
BEKTOPOB, MOXKHO OIEHUTh CTENEHb YCICIIHOCTU OOy4YeHUsI CeTh s
ONPEAECICHNUSI MOMEHTA 3aBEPIICHUS anropuTMma. [ 3TOro MOKHO MCIOIb30BaTh
B KAaueCTBE KPUTEPHUS MAKCHUMAJIbHYIO IO MOAYJII OIUOKY Ha BBIXOAE dj,

NOJIYYEHHYIO Ha mare 2. Y CJIOBHEM MPEKpaIEHUs 00yYEHUs B 3TOM ciiydae Oyaer
max|dy|< D,k =1Lm,r=1,p, (29.26)

rae D — 1oCTaTouHO MasieHbKas KOHCTaHTa — BETMYMHA MaKCHMAaJbHOW OIMIMOKH,
KOTOPYIO TpeOyeTcss JAoCTHYb B Iporecce oOydeHus. Ecmu ycinoBue (29.26) He
BBINOJIHSETCS, TO WIAr 2 OBTOPSETCS.

CriocoOHOCTh  mepcenTpoHa-kKiaccupukaropa pa3iensTh o00pa3bl B
IPOCTPAHCTBE MPU3HAKOB IMPEXK/E BCETO 3aBUCUT OT €ro CKpHITOro cios. MiMmeHHo
Ha OTOT CJIOM BO3JaraeTcs 3ajada CJellaTh MHOXECTBO KIJIACCOB JIMHEWHO
pa3feNuMbIM Ui YCHEIIHOM paboThl BBIXOAHOTO ci0sA. OYeBUAHO, YTO YEM
OoJbllle HEHPOHOB B CKPBITOM CJIOE€, TeM OOJIbLIEE KOJUYECTBO MPUMEPOB ATOT
CIION MOXeT pa3aensaTh. Kpome 3Toro, yBeaMueHHe 4Hclia MPU3HAKOB BXOJHBIX
00pa3oB Takke CIOCOOCTBYET YCHEIIHOMY WX Pa3JeieHHI0 B TIPOCTPAHCTBE
npu3HakoB. OHAKO yBEIMUYEHUE ITHX MapaMeTpPOB MPUBOAHUT K POCTY OMIMOOK
CeTH M BpeMEHH OO0yueHHUs. YBEIWYEHHE Pa3MEpPHOCTU BXOJOB 7 MPHUBOIUT K
pOCTy OIIMOKM amnmpoKCUMAaIMM CETH, BO3HUKAIOLIEH H3-3a 0000IIEHUS JaHHBIX.
VYBenuueHue 4ucia HEUPOHOB /i CKPBITOTO CIIOS MPUBOAMT K POCTY OILIMOKH,
CBSI3aHHOM CO CJOXHOCThIO Mojenu. IlepcentpoHy serde mpoBecTH (PYHKIIMIO
yepe3 3TaJOHHbIE TOYKH, OAHAKO IPU 3TOM 0000IIaromas ClocOOHOCTh CETH
yxyamaetcs. OH XyXe MpeJCKa3bIBaeT MOBEICHUE aNMPOKCUMUPYEMON (PyHKINUU
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Ha oOpa3ax, HE BXOIMIIMX B OOydaromylo BbIOOPKY. Takoe COCTOSHHE CeTh
Ha3bIBACTCS MEPEOOYUCHUEM.

OnTuMaabHOE COOTHOIICHHUE MCXKIY 9TUMHU IMapaMCTpaMi OLICHHUBAIOT KaK

h~ \/E . (29.27)
n

OKCIIEpUMEHTHl TIOKa3bIBAIOT, YTO OOy4YeHHEe MAaKCHMaJbHO YCIIEIIHO
IIPOXOJIUT HA MHOKECTBE KJIACCOB, XOPOWIO (>KEJIATEIbHO JIMHEWHO) pa3/IeIeHHbIX
B [POCTPAHCTBE MPHU3HAKOB. IDTO  JOCTUraeTcs  yAAuHbBIM  MOAOOPOM
UHGOPMATUBHBIX MPU3HAKOB. Eciin Kjacchl B MPOCTpaHCTBE MPU3HAKOB XOPOIIO
KJIACTEPU3YIOTCS, T.€. 00pa3bl KaXKJIOro Kiacca COCTaBJISIOT KOMIIAKTHYIO TPYMILY,
JOCTATOYHO YAAJICHHYIO OT JPYTHMX TIPYII, TO €CTh BO3MOXHOCTh YMEHBIIUTH
pa3Mep oOydaromield BbIOOPKH p (MCHOJB3YIOTCS TOJBKO LEHTPHI KJIACTEPOB) U
3aT€éM YMEHBIIUTh YHCIIO HEUPOHOB /. DTO MPUBOJIUT K YCKOPEHUIO OOy4YEeHUS U
yllydiaeT paboTy Kiaccupukaropa.

Hpyroif mpoOiemoii SBIsSETCA TO, YTO JITOPUTM TPATUEHTHOTO CITyCKa He
rapaHTUPYeT HAXO0XKICHHUE I100aTbHOr0 MUHUMYMa CPETHEKBAAPATUYHON OIIMOKU
cetu (7.14), a rapaHTUpyeTCsl OINpEIEICHUE TOJIBKO JIOKAJIbHOTO MHHUMYyMA.
[IpoGnembl, BO3HMKAIOIIME B IMPOILECCE TPAJAUCHTHOTO CIIyCKa, MOXKHO
IIPOAHATM3UPOBATH HAa IpUMepe (YHKIHMH OMIMOKH, CXEMATUYECKH N300paKeHHOM

Ha puc. 29.7.
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/4
>
Puc. 29.7. Cxematuueckasi GyHKIIHS OUTUOKU CETH

Ha puc. 29.7 noka3aHbl 4eTbIpe KPUTUYECKUE TOUKHU, MPOU3BOAHAS (PYHKLINU
OIKUOKK B KOTOpHIX OynM3Ka K Hym0. Touka A COOTBETCTBYET JOKAJIbHOMY
MUHUMYMY. [Ipu3HakOM MJOCTM)KEHHS JIOKAJIbHOTO MHHHMyMa B TIpoIlecce
0oOy4eHHs SBJISETCS TOJIHOE MPEeKpalleHne yMeHbIeHus: omuoku (29.26). B atom
ClyyaeM MOXET TIOMOYb IIOBTOPHOE OOy4YeHHE C JPYrdM HadalbHBbIM
pacrpeieieHueM 3HaHui (TyT MOKET ITOMOYb Cly4daitHasi HHUIManu3amnus). Touka
B — noxanbHpI MakcuMyM. B ciiydae momajgaHus B OKPECTHOCTh TaKOM TOYKH
CKOPOCTh PE3KO TMaJlaeT, 3aTeM CHOBa ObICTpo pacTeT. He cymecTByeT cmocoba
npeacKa3aTh, B KaKyl0 CTOPOHY JIy4Ile IBUTATbCS M3 TOYKH C IMPOU3BOTHOM,
onmu3koil k Hymo. Touka C — Touka meperuba, XapakTepusyeTcs IJIUTEIbHBIM
yYMEHbIIIEHHEM CKOpOCTH. Touka D — ri1o6anbHblii MUHUMYM — II€JIb aIrOpUTMAa.

CyIecTBYIOT ~ MHOTOYHMCIICHHBIE ~ CIIOCOOBI ~ ONTHUMH3AIMU  METoAa
IPAJUEHTHOTO CIyCKa, TMPU3BAaHHbIC YIYYIIUTh TOBEACHUE alIropurMa B
NOJMOOHBIX KPUTHYECKUX TOuKaxX. O(PQPEeKTUBHON MOAUPUKAIUMEH SBISIETCA
BBEJICHHE MOMEHTA, HAKATUIMBAIOILIETO BIMSHHUE IPAJIMEHTa HA BECAa CO BPEMEHEM.

Torna Benmuunna Aw (29.12) B MOMEHT BpeMeHH ¢ OYJIeT BBIUHCIATHCS KaK

Aw(t) = aZ—E + Aw(t - 1), (29.28)
W
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rae 4 - TapaMmeTp, OMNpeNesioNMil BeIWYuHy BiusHus MomeHTa. C
ucrojiab3oBaHueM (29.28) ckopoCTh U3MEHEHHUS BECOB BO3PACTaeT HAa y4yacTKax C
MOCTOSTHHBIM 3HAKOM IPOMU3BOJHOM. B OKpPECTHOCTSAX MHHUMyMa CKOPOCTh PE3KO
najaeT 3a cueT KojeOaHus 3HaKa.

JloctonHcTBa anroput™Ma — OOJIbIIAsE CKOPOCTh B TOYKax IMeperuoa,
BO3MOXXHOCTh TI0 WHEPIMHM MPEOJ0JIeBaTh HEOOJBIINE JOKAIbHBIE MHUHUMYMBI.
HenocraTku — emie oAWH MapaMeTp, BEIMYUHY KOTOPOTO CIEAyeT MOAOUpaTh U
HaCTpauBaTh.

DOTOT W JApyrve ajropuTMbl ONTUMM3ALUU OOYy4YEHHUS MepCcenTpoHa
MO3BOJISIOT YIYUYIIUTH PabOTy CETH B YCIOBHUAX IJI0X0M cxoaumoct. OTHAKO OHU
YCIIOXKHSIOT MPOIECC O0YUEHHUsI, HE TApaHTUPYS B TO K€ BPEMsI TIOJIHOTO yCIeXa BO
BCEX Ciyvasx. Ycnex oOydeHHs Kiaccu(ukaTopa 3aBUCUT OT CaMOI0 ajlropuTMa

oOydeHus U KauecTBa 00yJaromiel BEHIOOPKH.

29.4. CETb PO

Cerp PB® (pagmanpHast Oa3ucHas (QyHKUMSA) SBJISETCS  aHAJIOTOM
MHOTOCJIOHOTO mepcenTpoHa (puc. 29.8). CKOpocTh OOyYECHHS TaKOW CeTH
ropasz/io BbILIE, MPUYEM JOMYCKAETCS MOJHOCTbIO AHAIMTUYECKUM MOAXOA K
pacueTy BecoBbIX Kod(p¢uiueHToB. OIHAKO OSTH MOJIOKUTEIbHBIE MOMEHTHI
CONPOBOXAAIOTCSI  PSAJOM  HEAOCTAaTKOB, TIJIABHBIM M3 KOTOPBIX  SIBJIAETCA
yXyALIeHHEe TOYHOCTH ammnpokcuManuu. CeTh o0namaer xopouieil oboOmaromen
CHOCOOHOCTBIO  TOJIBKO NIl OTPaHMYEHHOr0 Kjacca AanlpOKCUMHUPYEMBIX
¢ynkuuii. B kauyecTBe kiaccuukaTopa Takas CeTh MOXET C YyCIeXoM
OPUMEHATBCA B CIly4ae XOpOILIEH KIacTepH3aluu KJIacCOB B IPOCTPAHCTBE

IIPU3HAKOB.
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Puc. 29.8 Tommonorus cetn Pb®

VYnopomienue paboTel U 00ydeHHUsl TOCTUTaeTCsl 32 CUET BBEJIEHUS BMECTO
CKPBITOTO CJI0A HEWpPOHOB ciiosl Pbd sueek. Kiaccuuecknil 3ak0H, O KOTOPOMY
Takas s4yeiika QyHKIIMOHUPYET, ONpeneseTcs: popMysioii rayccoBoro KojaoKoa:

.12

gj=exp ————— |, (29.29)

o

TJIe X — BXOJHOH BEKTOP; ¢/ — BEKTOP, OMPEEIIONIHII MAaTEMaTHUECKOE OXKUTAHIE
(meHTp KJIacTepa B IPOCTpaHCTBE Mpu3HakoB) Pb®  sueiiku; o —
CpPEAHEKBAAPATUIYECKOE OTKJIOHEHUE WM MapameTp, 3aBUCSIIMN OT BEJIIMYUHBI
pa3zbpoca 00pa3oB kiacca OT ero IeHrtpa (puc. 29.8). B nmanHOM BBIpaKeHUU

CBKJIMI0BO paCCTOHHI/Ie MC}KIIy BCKTOpaMI/I XU fj BBIUUCIIICTCA KAK
Jl? _ J\2 J\2 \2
x—t7) =(xp—t7)" + (o —15) o+ (x, —1)7

OO0y4yenue. PO syeiiku 00ydaroTcst myTeM moAdopa IeHTpa U OTKIOHEHUS
Kaxaoi u3 Hux. s knaccudukatopa B KauecTBE LIEHTpa BBIOMpAETCS LEHTP
KJIacTepa B IPOCTPAHCTBE MPU3HAKOB, KOMIIAKTHO COJEPKalIero o0pa3bl OJHOIO U

TOTO K€ Kjacca. B HpOCTGﬁIHCM ClIy4ac, €CJIM KJIaCC 3a4acCTCd OJHHUM HACAJIbHBIM
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oOpa3zoM, 3TOT o0pa3 u OyAeT SBIATHCS BEKTOPOM ¢ — meHTpoM PB®D sueiiku.
[TapameTrp pa3Opoca KaKAoW sSYEHKU BbIOMpAEeTCsl B 3aBUCUMOCTH OT BEJIMYUHBI
paauyca KjacTepa WIM pPacCTOSHUSA JO COCEOHUX LEHTpoB. Psa  aBTOpoB
PEKOMEH/IyeT BhIOMpaTh O KaK MOJIOBUHY PACCTOSIHHS A0 ONIMKaWIIero LEeHTpa
sYEiKU, COOTBETCTBYIOIIEH Apyromy kinaccy. KonuuectBo PB®D siueex BbiOupaercs

TaKUM 00pa3oM, 4TOOBI TOKPHITH TAyCCOBBIMU KOJIOKOJIAMU BCE KJIACCHI.

Puc. 7.9. Ilpumeps! pynkuunii PBO sueex

C OJIMHAKOBBIM LIEHTPOM M Pa3HbIM pazdpocom

Brixoanoii ciioit PB® cetu 00BIYHO COCTOUT U3 CYMMUPYIOIIUX SIYEEK

h

VE= D Wik - (29.30)
j=1

DTO MO3BOJNSET MPU OINPEIEICHHBIX YCIOBHUSAX HCIIOJIb30BaTh CHCTEMY
JIMHEVHBIX YPAaBHEHUU I OIIPENENIEHUS BECOB BBIXOJHOIO ciosA. B npyrux
0OCTOSITETLCTBAX MOYKHO MCIIOJIb30BaTh AJITOPUTM TPAAUEHTHOIO CIycKa s
HACTPOMKH BECOB BBIXOJHOTO cJosi ((YyHKIMS aKTHBAallMd B JAaHHOM CJyyae
auHeiHas). C y4eToM TOro, 4To 00y4aeTcsi TOJBKO BBIXOJHOW CIOW HEWPOHHOU
CETH, a CKPBITHIM YK€ HAcTpOoeH, 0OydeHHE TaKOW CETH MPOXOJIUT Ha MOPSIOK
ObICTpee, YeM aHAJIOTMYHOTO MHOTOCIIOHOTO MEePCENnTPOHA.

®opmyna (29.22) ynpoiaercst A0

215



MOCKOJIBKY (DYHKITMSI aKTHUBAIlMM B BBIXOJHOM ciioe ceTu Pb® nuneitHas u ee
npou3BoAHas paBHa 1. [[n9 KOppeKmMHM BECOBBIX KOI(P(GUIIMEHTOB BBIXOIHBIX
CYMMUPYIOILUX SYEEK UCIOJIb3YETCs TOIBKO (29.31).

KoHTponb 3aBepiiieHus aaropurMa o0y4eHus MPOU3BOIUTCS aHATOTHYHO.

BocnpousBenenue. Cetb pyHKuronupyert mno dhopmynam (29.29) u (29.30).

OueBuaHoO, uTto GyHKIMA Ha Beixoae Pb® cetu Oyner mpencraBiste coOoi
CYNEpIO3UIIMI0 TayCCOBBIX KOJIOKOJOB. B 3TOM 3akitouaercs OrpaHUueHUe
JAaHHOTO Kilacca kiaccudukatopoB. Kpome »Toro, mpu HeygauHOM BbIOOpE
NpU3HAKOB Oo0bIION MpoOiaemMoil siBisieTcss BbIOOp KkonudecTBa PBD sueek,
ONPENECICHNE UX LEHTPOB M OTKIOHEHUs. C ymeHblieHHeM uucia PbD sgueek
yiIydiraercs 0O0OOIIeHHe MJaHHBIX CEThI0, HO MOTYT TPOSBISTHCS OOJIBIINE

OIMOKH B ATAJIOHHBIX TOYKaX.

29.5. KOHKYPEHTHASI HEUPOHHAS CETh

Camoopranusyromuecsi HeMpoHHBbIE ceTh oOydaroTcsi 6e3 yuutens. OHH
CIOCOOHBI aIaNTUPOBATHCS K BXOJHBIM JaHHBIM, HCIOJB3YS COJAEpIKalluecs B
ITUX JAHHBIX 3aBUCUMOCTH. Takue CeTH UCIOJIb3YIOTCS JJIA HaxXOXJeHus Oolee
KOMITAKTHOTO ~ OMMCAHMSI JAHHBIX (CKAaTWsl), KJIAcTepU3alliH, BBbIIEICHUS
MIPU3HAKOB.

KonkypeHTHas cerb SBIETCA  IPOCTEUIIENM  CaMOOPTraHU3YIOLIEUCS

HEHWpPOHHOM ceThlo (puc. 29.10).

216



Puc. 29.10. KonkypeHTHass HEiipoHHAasI CETh

[IepBbIil CcOM SBISETCA pacHpeneuTeNbHbIM. HEHpoHbl BTOPOTO Cios

GYHKITMOHUPYIOT 110 hopmyIie

n .
vj = Yowix; =|w/ [rfeosar, (29.32)
i=1

rae x=(x;, X,...,X;,...,X,) — BXOJIHOU BEKTOp; W j=(w1j, W, «ee, Wi, ..., Wyj ) — BEKTOP
BECOBBIX KOA((UIMEHTOB HelipoHa, a | x | U [w’| — MX MOAYIH, & — YIOI MEXIy
HUMH.

Oo0yuenne. Ilpm oOydeHUHM HEHPOHHON CETH MpPH IOJa4Ye KaKI0TO
BXOJHOTO BEKTOpa OIMpeenseTcs HeHpoH-noOenuTenb, ajsa Kotoporo (29.32)
MaKCUMallbHO. [[7s1 3TOro HeHpoHa CHHANTUYECKUE CBSI3M YCUJIMBAIOTCA IO

bopmyie
wy(t+1)=wy(t)+[xi-wi(1)), (29.33)

rae [f— CKOpoCTh OOyUeHUSI.
Cwmbica 3TOll (QopMyNBI B TOM, YTO BEKTOpP BECOBBIX KOA(D(OUIIMEHTOB
HelipoHa — mobemuTens “TIOBOpadMBacTCs’ B CTOPOHY BXOJHOTO BEKTOpa, TEM

camMbIM aKTHMBHOCTh HEHpOHa yCHJIMBaeTCs. Y 100HO paboTaTh C HOPMHUPOBAHHBIMU
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BXOJIHBIMM W BECOBBIMM BEKTOpaMH, KOrja MX Moayib paBeH l. HopmupoBka
YpaBHHUBAET LIAHCHl B KOHKYPEHIIMM HEMPOHOB C pa3HbIM MOJYJEM BEKTOpPA
BeCOBbIX KO3(hduimeHnToB. Boipaxenue (29.32) ajig HOpMHPOBAHHBIX BEKTOPOB

OyJZleT BBITJISAACTh Kak

n
yj= ZWU-xl- =cosa, (29.34)
i=1

a BeIpakenue (7.33):

Wi (0)+ Bx; —wy (1))

: Ay (29.35)
w! (1) + B(x —w/ (1))

Wij'(f+]):

CrnydaiiHOe HayalbHOE pacIpesielieHhe BECOBBIX KOI(DPHUIIMEHTOB MOXKET
IPUBECTU K TOMY, YTO HEKOTOpbIE HEHPOHBI HUKOTJIA HE CTAaHYT MOOEIUTEISIMHU,
TaK KaK UX BECOBBIE BEKTOPBI OKAXYTCA YIAICHHBIMHA OT BCEX BXOJIHBIX BEKTOPOB.
CymiectByeT psa MOAU(PUKALNNA aNropuTMa 00ydeHUSs, TTO3BOJISIIONIUX YCTPAaHUTh
OTOT HEAOCTATOK. XOPOILIHWE pe3yJbTaThl HAa NPAKTHKE I0KAa3ajJ0 YacTOTHO—
3aBUCUMOE KOHKypeHTHOe oOydeHue. CoriacHO HeMy, HEUpOH-TOOEAUTENb
ONpeNeAeTCs N0 MHHUMYMY NPOU3BEICHHS EBKIHUIOBOIO PACCTOSHHUS MEXKIY

BXOJHBIM 1 BECOBBIM BCKTOPOM H KOJIMYCCTBOM HO6€I[ JaHHOTI'O HGﬁpOHaﬁI

d, = m@n(‘x - ‘ ). (29.36)
J

[ITanchl HelipoHa HA MOOETy YMEHBIIIAIOTCS ¢ KOJUYECTBOM MO0, YTO JaeT
MPEUMYIIECTBO JPYTUM HEUpPOHAM.
KonkypentHoe oOydeHHe NpOJOIKAETCS O TeX IOp, MoKa MaKCUMYyM

CBKIINO0BOIO PACCTOAHNA MCKIOY JIFOOBIM BXOAHBIM BCKTOpOM u
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COOTBETCTBYIOIIUM €My BEKTOPOM BECOB HEHpOHA-MOOeAuTeNsl HE JOCTUTHET
3a/IaHHOT'0 MaJIOTO 3HAYEHUSI.

KonkypentHass  ceTb  MO3BOJIIET  pa30UTh  BXOJHYIO  BBIOOPKY
HOPMHUPOBAaHHBIX BEKTOPOB Ha m (KOJMYECTBO BBIXOJHBIX HEMPOHOB CETH)
KJIACTEPOB, PACIOJIOKEHHBIX Ha TOBEPXHOCTH THMepcdepbl B MPOCTPAHCTBE
NPU3HAKOB EIUHUYHOTO paauyca. BXoaHble BEKTOpHI, MPUBOASAIIKME K MoOene
OJIHOTO U TOTO K€ HelpoHa, OTHOCAT K OJTHOMY KJIacTepy.

KoxoHneH npeajioxuil BHECTH B MPABUIIO KOHKYPEHTHOTro o0ydeHus (29.33)
UHGOPMAIUIO O PACTIONOXKEHUH HEHPOHOB B BBIXOAHOM cioe. 1 3Toro HeipoHbI
yHOpSAOYMUBAIOTCS B OJHOMEpPHBIE WJIM JABYXMEpHblE pelieTku. Bpoautcs
(GYHKIHS, KOPPEKTHPYIOIIasi U3MEHEHHE BECOB B 3aBHCHUMOCTH OT PACCTOSHHS 10
HelpoHa—TiobenuTens A(t k,j) — cuna BIUSHUAS MKy HEHpOHOM—TIO0eAUTENIeM k U
HEHPOHOM j B MOMEHT BpemeHu t. [ns j=k sta ¢yHKuus Bcerna paBHa [ u
YMEHBILIAETCS C POCTOM PACCTOSHUS MEXy k 1 j B perieTke. C TeueHHEM BPEMEHU
paauyc BIusSHUS OOBIYHO cyxkaerca. C HCIONIb30BaHMEM 3TOH (YHKUMHU Beca

MCHAIOTCA AJIA BCEX H€I>'Ip0HOB CC€TH, a HC TOJIBKO AJIA HCﬁpOHa-HO6€HHT€HHI

Wylt+1)=wy )+ h(tk ) (swy(0) (29.37)

B kauectBe hyHKIMU /(T k,j) MOKET UCIIOJIB30BATHCS TayCCOBBIM KOJOKOJI C
napamMeTpoM O, 3aBUCAIIMM OT BpEMEHHM WM (YHKLIMS BHUAA ‘‘MEKCHUKAHCKas

mrsmna’.
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A (k)

— g

Paccrosnue

Puc. 29.11. [Ipumep ¢pynkuuu paccrosanus B ceTsix Koxonena

B pesynbrare MmoauduKanuu KOHKypeHTHOro oOydeHust ceTh KoxoHeHa He
TOJIBKO KIJIACTEPU3HPYET BXOAHBIC MPUMEPHI, HO U YHOPSAOYMBACT MX B BHUJE
OJTHOMEPHOM  WIM  JBYXMEpPHOH  pEUIeTKH. OTO  MO3BOJSET  IOJYYUTh
JOTOJHUTENbHYIO HH(pOpManuio o Onu3octu kinactepoB. Ecnum nBa kiactepa
IPOEIUPYIOTCS HAa COCEIHUE HEUPOHBI PELIETKH, ITO TOBOPUT 00 MX OJIU30CTH B
UCXOJHOM TpoCTpaHcTBe mnpu3HakoB. OOpaTtHoe HeBepHO. l3-3a yMmeHblIeHUS
pPa3MEpPHOCTH TMPOCTPAHCTBA OTHOIIECHHWE OJIM30CTH COXPAHSAETCS TOJBKO IJif

OI'PAaHUYCHHOI'O YHCJia KIaCTCPOB.
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