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Heywes A.H. O6pa6oTka uso 6paXkeHnii B cuctemax UCK YCCTBEHHOrO UHTENNEeKTa. M®TU, UC. 2025.



Llenu Kypca

3a4auM KOMNbIOTEPHOro 3peHnA: aBToMmaTnyeckas o6paboTka, BOCCTAaHOB/IEHUE, YNyULLEHNE, CBepXpa3peLleHne, cermeHTaums,
pacno3HaBaHue, MHAEeKcauua, aHaAn3 U aHHOTauuMA, peakTUPOBaHUE U FeHEePUPOBAHME CTPYKTYP CUEHbl Ha M306parKeHUAx 1
BUAEO.

CoBpeMEHHbIE CUCTEMbI KOMMbIOTEPHOIO 3PEHUA PAa3HOODOPA3HbI: OHM Peanmn30oBaHbl KaK Ha OCHOBE KNaCCUYEeCKNX NoAX0a0B
MaTEMATMYECKOro MOAENNPOBAHMA, TaK N C UCNONb30BAHNEM HEMPOCETEBLIX MOAENEN N MALUMHHOIO 06y4yeHnA B 3aBUCMMOCTU OT
TpeboBaHMI ueneson NnaTPopmbl, MacwTabmpyemocTn, orpaHUYEeHN BbIMUCAUTEIbHbIX PECYPCOB, AOCTYNHOCTM 06yYatoLWwmx
AAHHbIX, CTOMMOCTM pPa3paboTKM K aKcnyaTaumu.

Knaccnueckme metogbl MaTeMaTUUYECKOro moaennposaHma 061aaatoT 06bACHUTEIbHbIMUM CBOMCTBAaMM M BoCcTpeboBaHbI B
OTBETCTBEHHbIX CUCTEMAX, rAe TpebyeTca A0CTOBEPHOCTb 1 BbICOKMI ypoBeEHb be3onacHocTu. HelpoceTeBbie noaxoabl 0606watoT
KNacCM4YecKme peLlleHua nytem obyyeHna napameTpoB Mogenem Ha NoAroToBAeHHOM obyyatolen BbIbOpKe NPUMEPOB,
cneunanmnsaumm HEMPOCETEBBIX aPXUTEKTYP M TUNOB C/I0€B, UCNONb30BAHMNA PETYASPU3aLMN NAPaMETPOB U IAaTEHTHBLIX MOAENEN,
yyeTa CBOWCTB M306parKeHN U OrpaHUYeHmnM B YCNOBUAX HEAOCTATKa 0byyatowmx NnpMmepos.

Ynop aenaercs Ha U3/10KEHMN OCHOB U 6a30BbIX aAropUTMOB 06pPabOTKN M306parKeHUN, HA MOHUMAHUK B3aUMOCBA3EeN U
OrpaHUYEeHM paccmaTpuBaeMbix MeTogoB. PaccmatpuBatoTcs 6a3oBble Mogenu perncTtpaumm 1 NnpeactaBaeHns N30 parkeHun,
PEeLLaoTCA 334a4N PEKOHCTPYKLUMA M306parkeHna anrebpamyeckumm meTtogamm U Ha OCHOBE CNEKTPasibHOM Teopun GUnbTpaLuuy,
n3naratoTcs Noaxoapbl BblaeneHns MHGOPMATUBHbBIX MPU3HAKOB U CXKATUA N306paXKeHnn, OCHOBbI BEMBAET-TEOPUN U
MHOromacwTabHOro aHann3a ¢ Uuenbto ganbHenwen obpaboTkn n aHanmsa. NMpu U3N0XKEHMM TaK Ke paccmaTpumBatoTca 0606 eHms
N HEMpPOCETEBbIE PELLUEHUA TEX N UHbIX 3343,

Llenb Kypca — aaTb npeacTaB/ieHne o npegmeTte o6paboTkm 1 aHann3e n3obparkeHnn, NO3HAKOMUTb C MaTEMATUYECKMMMU
MOAENAMMU, UCNONb3YIOLWMMNCA B KOMNbIOTEPHOM 3PEHWNU, BbIPaboTaTb MHTYULMIO NPU PELLEHNM 33434 U MOCTPOEHUU
WHTENNIeKTYa/IbHbIX CUCTEM.

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.



SefepantHbi KCCNeQOoBATENLCKUA UEHTD

UHdopmaTuka
n YnpaBneHue

POCCHMHCKON akanemMmim HaykK

-

Mopaenb nHTennekTyanbHOU CUCTEMDI
00paboTKM N aHann3a nsobpaxxeHus

JNlekuyma 1

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.



YTO Takoe UHTeNnneKr ?

MmmaHyun KaHT (Immanuel Kant
y ( ) MHTennekT — 370 ocMbic/ieHHan (ymcTBeHHasn)

p 1781 nccne Y cnocobHoCTb YenosekKa (paCCYﬂ.OK, pa3ym, I/IHIyI/ILI,I/IFl),
((l'(pl/lll/ll-(a YACTOIO pasyma» / . - H N H I H 3 CT o

pa3yma, B OTpbiBE OT 3H3HVII7I, nonyv4yaembiX sSMMNPUNYECKUM (OI'IbITHbIM) I'IyTéM. (M3 cnoBapA GPUNOCOPCKMUX TEPMUHOB)

“Mopenb nHtennekTta” no KaHty: “ecsKkoe Hawe 3HaHUE HQYUHAEemcs ¢ 4Yyecma, rnepexooum 3amem K paccyoKy u 3aKaH4YuU8aemcs 8
pasyme” (KaHm W. Cou. 8 6m. M., 1964, c. 340).

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.



YTO Takoe UHTeNnneKr ?

MmmaHyun KaHT (Immanuel Kant
y ( ) MHTennekT — 370 ocMbic/ieHHan (ymcTBeHHasn)

p 1781 nccne Y cnocobHoCTb YenosekKa (paCCYﬂ.OK, pa3ym, I/IHIyI/ILI,I/IFl),
((l'(pl/lll/ll-(a YACTOIO pasyma» / . - H N H I H 3 CT o

pa3yma, B OTpbiBE OT 3H3HVII7I, nonyv4yaembiX sSMMNPUNYECKUM (OI'IbITHbIM) I'IyTéM. (M3 cnoBapA GPUNOCOPCKMUX TEPMUHOB)

“Mopenb nHtennekra” no KaHty: “scakoe Hawe 3HaHUe HAYUHAemcs ¢ 4yecme, rnepexooum 3amem K paccyoKy U 3aKaH4usaemcs 8
pasyme” (KaHm U. Cou. 8 6m. M., 1964, c. 340).

[Mo3HaHUe cpeanbl Yepes opraHbl 4yyecme, d)EHOMeHbI — nNpoeKkyunn obbeKToB MUPa B CO3HAHNUN Yepe3 OlMbIT, TO YTO Mbl MO3HAEM.

Kateropum — atpmbyTbl, CBOICTBA CYLLHOCTEN, KNaccbl NaTTepHoB. CucTema (cxema) KaTeropuin — BPOXKAEeHHbIe NAaTTEPHbI BO3MOMKHbIX
CYXAEHUN.

Cy)XXaeHunAa KaTeropmamm — MHCTPYMEHT NO3HaHUA UHTENNEKTOM (paccyOKom): aHAaIUTUYECKUE U CUHTETUYECKME CYXKOEHUS,
anpuopHble (a priori) n anoctepmopHble (a posteriori) No oTHOWeEHUIO K peHoMeHaM, K onbITy. PeasibHOCTb NO3HaeTcA Yepes cuctemy

CYXAOEHUN paccyaKa (“meopemuueckasn Hazpy3Kka” $aKToB): pazym ¢popmupyem sewju (peHOMEHbI) Yepes anpuopHble 3HaHUA U
CUCTEMY CYXAEHUI, 0bycnasausarowjue Nno3HaHue.

n «u

HoymeHbl (“Bewwm B cebe”, “unctbie” ¢paKTbl) — HEMO3HABaeMas HanpAMYyHo peasibHOCTb 13-33 OrPaHNUYEHHOCTU paccyakKa,
CYLLECTBYIOLLLAA HE3aBUCUMO OT HaLLero Bocnpuatua. “Mbl 3Haem TO/IbKO TO, YTO MOXKEM 3HaTb”.

PasyM — e,D,MHCTBEHHbIVI UCTOYHUK 3TUKN (Mopaanoro I'IOBE,EI,EHVIH), MMeeET perynaTtuBHoe 3Ha4YeHune: perynaTtop AsnUxeHnAa mbiC/in K
uenam CMCtematnyecroro eamHcTea, gaet Cucremy npynHUMNOB, KOTOPbIM AO0NXKHO yO0BNETBOPATb BCAKOE 3HaHUE.

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.



YTO Takoe UHTeNnneKr ?

MmmaHyun KaHt (Immanuel Kant) “MbICAN 663 COAEpPsKaHMA — MYCTb,

22 anpens 1724 - 12 ¢espana 1804 cosepuaHune 6e3 noHATUIA — cnenbl.”
«KputnKa ymctoro pasyma», 1781 r. - uccneposaHne no3HaBaTeIbHOM BO3MOMHOCTU

pa3yma, B OTPbIBE OT 3HAHMIN, NOYYAaEMbIX SMMUPUYECKUM (OMbITHLIM) NYTEM.

deHOoMeHbI — NPOEeKLNM 0OBEKTOB MMPA B CO3HAHWM Yepe3 OMbIT, TO YTO Mbl MO3HAEM.
Cuctema Kateropum — BPOXKAEHHbIE NAaTTEPHblI BO3MOXHbIX CBOMCTB CYLLLHOCTEN.
CyXAaeHua KaTeropmamm — MHCTPYMEHT NO3HaHUA UHTeNNeKToOM (paccydkom): “pasym ¢popmupyem sewju”.

HoymeHbl (“Bewm B cebe”, “unctbie” pakTbl) — HENO3HaBaeMan HanpPAMYH PeanbHOCTb M3-33 OFPaHUYEHHOCTM paccyakKa.

U

IlaHHble
OpraHbl UHTennekr
YyBCTB (paccynoK, pa3ym, CO3HaHUe)
/ \ AnpuopHele cUHMemuy4ecKue
NprobpeTeHHble 3HaHNA BpoxkaeHHble 3HaHNA paclmpsAoLme 3HaHWA 6e3 onbiTa?
anocmepuopHsie 3HaHUA U3 OMbITa, arpuopHbIe 3HaHUA A0 OnbITa, §
CUHMemu4ecKue Cy>KaeHunA aHanuMuYyeckue cykgeHmna - ———> MaTtemaTu4eckni BbiBoA §
(paclumpsatoLwme 3HaHNA) - SMIUPU3M (06bACHUTEIbHbIE) - paLMOHaNN3M (HoBble 3HaHMA 6e3 N3MepeHuit,
KasyanbHble GU3. moaenm)

«Bce Tena nmetot TaxecTb» [MpOTAKEHHOCTL, BPpEMS:
«Hebo cnHee» «Bce Tena npoTaKEHHbIEY

«Y KBagpara 4YyeTbipe CTOPOHbI»

Be3 anpuopHbIX CUHTETUYECKUX
CYXKAEHWNI HEBO3MOXKHO NO3HAHKUE
$bEeHOMEHOB.

Heywes A.H. 06paboTka n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.



YT0 TaKkoe MHTenneKT ?

Mogaenb nHTeNnNeKTa B KOHTEKCTE OKpYXKatoLei cpeabl

/

[aHHbIe

)

CeHcopHa“n
cucrema

NcnonHuTenbHas
cucTema

NHTennekT
(paccynok)

Pasym
(co3HaHMe)

|

NHTenneKT B LULMPOKOM CMbIC/e

[ e

OKpyKatouwaa cpeaa

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.



CeHcopHasn
cmctema

* OboHsAHME
* OcAaszaHune
* Cnyx

* 3peHune

* BKyC

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.

IaHHble

)

YT0 TaKkoe MHTenneKT ?

—

NHTennekrt
(paccyaok)

)
4=

T

Pasym
(co3HaHue)

NcnonHuntenbHasa
cucTtema




YT0 TaKkoe MHTenneKT ?

CeHcopHasn
cmctema

IaHHble

— UHTennekr )
(paccynok) | <

* OboHAHMKE
* OcA3aHue
* Cnyx

* 3peHune

* BKyC

NHCTpYyMeHT

* Jlornyeckuii BbIBOA, 1 paccyxaeHune
* ObuweHne Ha A3blKe

* MMaTTEpPHbI aHaNM3a U obyyeHune

* AATOPUTMbI MPUHATUA PELLEHN

/N

OnbITHbIE 3HAaHUA
(HaBbIKK,
3SMMNUPUYECKUN NMPOrHO3)

ANpUOpHbIE 3HaHUA,
(npaBwuna norukmn)

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.

N

Pasym
(co3HaHue)

NcnonHuntenbHasa
cucTtema

e Bo3gencreme Ha
OKpYKatoLlyto cpeay
* [lepemelleHune B
NPOCTPaHCTBE
(MobunbHOCTD)

10



YT0 TaKkoe MHTenneKT ?

=

[aHHbIe
CencopHan | o | WHTENNEKT | s Pasym UcnonHuTenbHas
cncrema (paccynoK) | ¢=======| (co3HaHMe) cucTtema
e O6OHAHUE NHCTPYMEHT PerynaTtop Mogenu usmeHeHus cpegbl
e Ocsa33HMe y * Adanmayus ¥ aBTOHOMHOCTb (6yaywero)
* JTorMyecKkuii BbIBOA, U paccyXaeHune (ONTUMUCTIYECKME
e C * Oby4yeHune n nepeobyyeHue ’
NyX * ObuieHne Ha Aa3blke . n NneccuMmmncTUYecKme,
° 3pEHMe * [laTTEepHbI aHanM3a n obyyeHmne Lenenonaraxue u flocraHoska daTtanncTnyeckue)
* BKyC * AIFOPUTMbI NPUHATUA PeLLIEHN 3aAad
* YnpaBneHue yepes IMouum 1
yAOBI'IETBOpEHHOCTb
Mortusauum notpebHocTaAM

SN\

ANpUOpHble 3HaHWA, OnbITHbIE 3HaHUA
(npaBuia nornku) (HaBbIKY,

3SMMNUPUYECKUIN MPOrHO3)

YTO NnepBUYHO: paccyaoK Uaun pasym?

loe rpaHMua paccyaka u pasyma? MoryT v dyHKUMM pasyma bbiTb cieacTBUEeM Pas3BUTUSA
MHTEeNNIeKTa-paccyaKa?

YpoBeHb pasyma onpeaenseT cTeneHb aBTOHOMHOCTU? Pa3BuTHE pasyma — He0bXoaMMOCTb
NPy yBEIMYEHNM AaBTOHOMHOCTU?

Co3HaHMe — Bbiclee/HeobXxoaMmoe COCTOHMNE pa3yma?

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.

* JInyHOCTb, MOAenb cebAa
* CamopedneKkcma n caMmocosHaHue

(apekBaTHOCTL Mopgenu)
B MU3MEHYMBOW BHELLUHEN cpee

Mpu cboe apgantaummn n obHapyKeHUn paccornacosaHHocTM Mopgenm byaywiero c
OMNbITOM BO3HWKAIOT IMOLIUU - YYBCTBO ANCKOMOpTa/cTpaxa HeonpeaeneHHoCTy,
yepes 4oPaMUHOBYIO CUCTEMY CO34a€TCA NOTPEOHOCTb — MOTUBALUA B
KomneHcauum owmnbKkn Mogenun v 3anyckaetca nosegeHue ee ob6HoBNeHUA
HOBbIMM 3HaHMAMM (peweHne aunemmbl exploration vs exploitation). B ciyuae
ycrnexa 3To NpuBoAMT K 3MOLMK ya0BAETBOPEeHUA (40DaMUHOBbIM BCNIECK —
Harpaga 3a obyuyeHue). Namatb 0 4odaMMHOBOM Harpaze - 4yBCTBO NKOGONBITCTBA,
MOTUBUPYET NPOAKTUBHOE NOBTOPEHME NoBeaeHUA ana obHoBneHnAa Moaenu v
camoobyyeHus. 11



CeHcopHasn
cmctema

* O6oHsHMKE
* OcA3aHune
* Cnyx

* 3peHue

* BKyC

YT0 TaKkoe MHTenneKT ?

IaHHble

), | VIHTE/INEKT — Pasym
————

(paccyaok)

NHCTpYMEHT

* J/lornyeckmii BbIBOA N paccyKaeHue
* ObweHne Ha A3bIKe

* [MaTTEpHbI aHaNAn3a n obyyeHmne

* ANTOPUTMbI NPUHATUA PeLleHni

Mbicantb — onepunpoBatb C AaHHbIMU C MOMOLWWbLIKO UHTEN/IEKTA

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.

N

(co3HaHue)

NcnonHuntenbHasa
cucTtema

Perynatop

* Adanmayusa N aBTOHOMHOCTb
* ObyyeHune n nepeobyyeHune

* llenenonaraHune u [locTaHOBKa
3a/au

* YnpaBieHune 4yepes IMoOLUU 1
MoTtusauuu

* JInyHoCTb, Moaenb cebs

* Bo3gencreme Ha
OKpYXatoLlyto cpeay
* [lepemelleHune B
NpoCTpaHCcTBe
(MobunnbHOCTD)

* CamopedneKkcms 1 caMoco3HaHue

12



YT0 TaKkoe MHTenneKT ?

NaHHble :
CeHcopHas — UHTennekr — Pasym
cnucrema (paccynok) | e======| (co3HaHue)
NHCTPYMEHT PerynsTop
* O60oHAHME . « Adanmayus v aBTOHOMHOCTb
e CAVX * OGU.I,EHVIe Ha A3blKe * LlenenonaraHune n [NNoctaHOBKa 3a4au4
y o ﬂaTTeprI aHan3a m 06yqume * YnpasneHue yepes Imouun n Motusaumm
* 3peHue . A . * JInuHoCTb, Moaenb ceba
* BKyC NATOPUTMBI MPUHATUA PELLIEHNA * CamopedneKkcuna n camocosHaHume
AnNpunopHble 3HaHUA OnbITHblE 3HAHWA
Oeaykuna UHayKumna
No anpPUOpPHbLIM NPaBUNIAM, no npeueaeHTam,
mojgenam anoCcTepuUopHble 3HAHUA
AHanutmnyeckue mogaenu, ObyuyeHue no npeueneHTam, No
3KCNepTHble CUCTEMDI IMANPUYECKUM AAHHbIM
Ob6bAcHUTENbHAA PYyHKLMSA, BbiABNEHME CKPbITbIX 3aKOHOMEPHOCTEN U

NOCTPOEHWE NpaBua BbiBOAA (MHTepnpeTauuit) MOCTPOEHNE IMMNUPUYECKUX NPABUN

FHeywes A.H. O6paboTka usobparkeHuii B cUCTEMaX UCKYCCTBEHHOro UHTennekta. M®TU, UC. 2025.

NcnonHutenbHasa
cucTema

* Bo3gencreme Ha
OKpY»KaloLLyto cpeay

* [lepemeleHune B
npocTpaHcTee (MobnabHOCTD)

* Y10 nepBUYHO: AeAYKUMA NN NHAYKLUNA?
* MoXeT M 3BO/IIOLMOHHO BO3HUKHYTb AeAyKumna?

* MOHO 1 MaWWUHHbIM 0byYeHnem (MHAYKUMEN)
NO/IYYUTb HOBOE Ka4eCcTBO UHTENNEKTa — 0bbACHEeHMe
(neaykumio, cBA3HYO LEenoyky mbicnein - CoT)?

13



YTO TaKoe UHTeNNeKT

?

[aHHble
CeHcopHan — VHTENNEKT | comimm) Pasym NcnonHutenbHaAn
cucrtema (paccypok) | === (co3HaHue) cUCTemMa
L l'/'lul'-i'é?ii)'i/'i\'/'\'é'ﬁl? ............................................... Seren somcicrone e

* O60oHAHME

* OcAaszaHue
* Cnyx

* 3peHue

* BKyC

-

AnpunopHble 3HaHKMA
Aeaykuuna
Nno anpUOPHbIM NpaBuNam,
mogenam

|

AHannTnyeckme moaenu,
9KCMNEpPTHbIE CUCTEMDI

|

Ob6bAcHUTENbHAA GYHKLMS,
NOCTpPoOeHMe NpaBua BbIBOAA (MHTepnpeTaLnii)

Heywes A.H. O6paboTka usobpakeHuii B cUCTeMax UCKYCCTBEHHOTrO UHTennekta. M®TU, UC. 2025.

* JlTornyeckunii BbIBOA, U paccyKaeHue
* ObLeHMe Ha A3bIKe

* [1aTTepHbI aHaNn3a U obyyeHue

* AITOPUTMbI NPUHATUA peLlleHn

N

OnbITHbIE 3HAHUA
UHayKuua
no npeueaeHTam,
anocCTepuopHble 3HAHUA

|

O6yuyeHne No npeueneHTam, No
SMMNUPUYECKUM AaHHbIM

|

BbifiBNEHUE CKPbITbIX 3aKOHOMEPHOCTEN U
MOCTPOEHNE IMMNUPUYECKUX NPABUN

* ADanmayus ¥ aBTOHOMHOCTb
* ObyuyeHue 1 nepeobyyeHune
* LlenenonaraHue u MNoctaHoBKa 3a4ay

* YnpasneHue yepes Imouun n Motusaumm
* JInyHOCTb, MOAeNb ceba

* CamopedieKkcma n camoco3HaHume

OKPYIKaIoLLYIO cpeay
* [lepemeleHune B
npocTpaHcTee (MobnabHOCTD)

B nonHOM cmbicne UHTeNNeKT BKAOYaeT B cebs He

TO/IbKO CMHTE3 HOBbIX 3HAHUWN U3 IMNMNPUYECKNX AaHHbIX,

HO N 0OBACHUTENBbHYIO QYHKLMIO, NOLIarosoe
aHa/INTUYECKOE PacCy}KAeHMe KaK 1 noyemy 6bi10
NoJIy4eHO TO UNIU UHOE pelleHne (MoHUMaHue).
O6bAacHUTeNbHaA GyHKUMA — HeobxoaMmas
COCTaBAAOLLLAA MPUNOKEHUN, CONPAMNKEHHbIX C
6€30NacHOCTbIO, PUCKOM A5 KU3HU N 300POBbA.

CunbHbit UU (AGI) , aBTOHOMHbI pasymHbin UUN —

WHCTPYMEHT, NMOMOLLHWUK UIN KOHKYPEHT YeN0BEKY?
14



* u3obpaxkeHue

* 3BYK

* Kapauorpamma

* BpEMEHHbIe pAabl
° <>

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.

Mopaenb nHTenneKkTyasibHou CUMCTemMbl

R .

CeHcop, I : MpenobpaboTka, . AHanus, :
permcrpauyma, ——)) BblaeneHue ) Knaccudpukaums,
KogmposaHue 5 NPU3HAKOB NPUHATUE peLeHnii | :

d
) PepjeHUe

15



CeHcop, I

KoaunpoBaHue

* u3obpaxkeHue

* 3BYK

* Kapauorpamma

* BpEMEHHbIe pAabl
° <>

WHTEN/IEKTYA/IbHOWN

Mopaenb nHTenneKkTyasibHou CUMCTemMbl

perncrpauus, [ BblAeneHne [

MpepnobpaboTka, AHanus,
Knaccmbukaums,
NPU3HAKOB NPUHATUE PELLUEHUN
v=TU,wWg) d=C(v,wg)

F(LW) = (C>T)(I,wc,wr) = C(T(I,wr), wc)

W = {w¢, wr}

Mopenb

= {T,wyg, C,w,}

cucTembl N

meTtodbl, aAITOPUTMbI

napameTpbl

d
) PepjeHUe

MeToabl U NnapameTpbl MOAENN MOTYT ObiTb 06yYaembl Ha OMNbITHLIX AAHHbIX MW NONYYEHbl aHAIMTUYECKU
Ha OCHOBE MaTEMATUYECKOTro MOAEIMPOBAHUA U aNPUOPHO 3a4aHbl SKCMEPTOM.
B cnydae obyyaembix napameTpoB roBOPAT O MalUMHHOM 0by4YeHuu.

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.
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Mopaenb nHTenneKkTyasibHou CUMCTemMbl

CeHcop, I MpenobpaboTka, . AHanus, d
permcrpaumas, ) BbloeneHue ) Knaccmbukaums, mmmmmm) Pe|jeHme
KogmpoBsaHue NPU3HAKOB NPUHATME pPELLUEHNN

v=TU,wWg) d=C(v,wg)

* u3obpaxkeHue

* 3BYK

* Kapauorpamma

* BpEMEHHbIe pAabl

°*<...> F(I,W) — (C OT)(I,Wc,WT) — C(T(I,WT),Wc)
W = {w¢, wr}
Mopgenb
NHTENNEKTYaNbHON {T' Wr, C, WC}

CUCTEMDb! N

MEeTOAbl, a/ITOPUTMbI napameTpbl

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.



Mopagenb BblaeneHMA NPU3HAKOB

X
W N3o6paxkeHune f(x): (x,y) — {0,255},
0<x<W,
H 0<y<H
yV

N306parkeHne f(x,y) - U3bbITOYHO, MOAENMNPYETCA ABYMEPHBIM MapPKOBCKMM MPOLLECCOM.
ABTOKOppenAuMoHHan GyHKLMA CTaLMOHAPHOIo MapKOBCKOro npouecca NepBoro nopaaka:

— 326 326+ 2.2 B _
Ky y (1, v %2, ¥2)=M{f G, y1) f (%1 + T v1 + Ty)} = Ky (Tr, 7y) = Ke |ad+ad} ~ Ke~lTxl-ay|ty|

18

Heywes A.H. 06paboTka n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.



Mopagenb BblaeneHMA NPU3HAKOB

X
W N3o6paxkeHune f(x): (x,y) — {0,255},
0<x<W,
H 0<y<H
yV

N306parkeHne f(x,y) - U3bbITOYHO, MOAENMNPYETCA ABYMEPHBIM MapPKOBCKMM MPOLLECCOM.
ABTOKOppenAuMoHHan GyHKLMA CTaLMOHAPHOIo MapKOBCKOro npouecca NepBoro nopaaka:

— 326 326+ 2.2 B _
Ky y (1, v %2, ¥2)=M{f G, y1) f (%1 + T v1 + Ty)} = Ky (Tr, 7y) = Ke |ad+ad} ~ Ke~lTxl-ay|ty|

k. (x)= Gz_e_ah' o fy 2620 Haunbonee n3bbiTouHble (NpeacKkasyemble)
% * ' X T obnactm - paBHOMepHble No APKOCTM obnacTu,
: k(2) ' OKPY!EHHble rpaHnULaMKn No-pasHoOMY
OPMEHTUPOBAHHbDIX, PA3/IMYHbIX MO APKOCTH
nnocKkoctei/obnacrei.

KoHTypHble npu3Haku (edges) — nepenaapl
| 4/ A \ APKOCTN, HEOAHOPOAHOCTU, FPaHNLbI

O4HOPOAHbIX 0bnacTen, HeCYyT MakCMManbHoe
ABTOKOppenAyuMoHHas JHepreTnyecKkni Konnyectso MHGopmauunmn. Insa ymeHblleHUn

d)yHKuIMﬂ CNEeKTP MOLWHOCTH N36bITOYHOCTU M306pa>KeHMH, BblAENAIOT
rPaHUYHbIE TOYKN.

+ o
1
MokazaTenb u3bbmouHoctn: A= . j |k, (7)] dt MpeobpasoBaHue aeKkoppenauum (otbennmsaHusa) — BblaeneHmne
2 Pa3HOCTHbIX HEOAHOPOAHOCTEN, Hanbonee NHGOPMATUBHbBIX NMPU3HAKOB.
— 00

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.



Mopagenb BblaeneHMA NPU3HAKOB

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.
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[PaHUYHbIE TOYKHK
(HeogHoOpoAHOCTU, Nepenaapbl
APKOCTW) BblAENALOTCA
Pa3HOCTHbIMM OMNepaTopamm Ha
OCHOBE MPOM3BOAHbIX NO
HanpaBaeHuto. KOHTYpHaA
TOYKA — MOJIOXKEHME C
JIOKA/ZIbHOr0 MaKCMMyMa
MOAYNA NMPOU3BOAHOMN NO
HanpaBAeHMUIO.

Mopagenb BblaeneHMA NPU3HAKOB

4
oy

of
ol 1

»

4
oy

lh = —
o = argmax i

Heywes A.H. 06paboTka n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.
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Mopagenb BblaeneHMA NPU3HAKOB

df (x,y) = gdx + ﬁdy = (Vf,dr),

0x dy rmer = (x,y)7,dr = (dx,dy)T
Mpsamas L 8 0bnactu () , , 3afaHa NapameTpuYecKu:
r = al + pn; >dr=adl =df(x,y) =(Vf,a)dl,
L.B: a= (COS'B’ Sinﬁ); \ Hanpasnatowmi BekTop

p = —xsinfs + ycosp;
[PaHUYHbIE TOUYKMK df(x
(weonropoaroctu, nepenager /(¥ € L) = V(o y) = LED _(vf a) = frcosp + fusing = 197 e, y)lcosys
APKOCTU) BblAENAOTCA ': dl

N

npoekuunAa rpagneHTa Ha HanpasiaeHne a

Pa3HOCTHLIMM onepaTopamu Ha
OCHOBE NPOMU3BOAHbIX MO
HanpaBaeHuto. KOHTYpHaA

TOYKa — NONOXKEHME C

NOKa/NIbHOrO MaKCMMyMa

MOZYNA NPOU3BOAHOM MO af
HanpaB/AeHUIo. ETR

= argmax|Vf|
l

22

Heywes A.H. 06paboTka n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.



Mopagenb BblaeneHMA NPU3HAKOB

d 9,
df (x,y) = a—fdx + a—fdy = (Vf,dr),
x y rmer = (x,y)7,dr = (dx,dy)T
Mpsamas L 8 0bnactu () , , 3afaHa NapameTpuYecKu:
r = al + pn; >dr=adl =df(x,y) =(Vf,a)dl,
L.B: a= (COS'B’ Sinﬁ); \ Hanpasnatowmi BekTop
p = —xsinfs + ycosp;
[PaHUYHbIE TOUYKMK df(x
(seomsoponvioc neperag (€ 1) = V) = LEP (v, a) = frcosp + fusing <[V Cey)lcosy,

N

npoekuunAa rpagneHTa Ha HanpasiaeHne a

Pa3HOCTHbIMM ONepaTopamm Ha
OCHOBEe NPOU3BOAHbIX NO
HanpaBaeHuto. KOHTYpHaA

df (x,
TOYKA — NONOXKeHMe C = max V[)’ (x, y) — maxM — IVf(x, y)|
NNOKaNbHOrO MakCMMyMa : B 15 dl
MOAYNA NPOM3BOAHOMN MO of . e ) = V(e )| — afz afz
HanpaB/IEHUIO. Jl 4 (x,;%leaf)zix'y mﬁax gp\X,Y) = (x,;gleaf)l(x,y f X, Y)l = (x,;%lea()l(x,y Ox ay

v
oy

= argmax|Vf|
l

23

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.



Mopagenb BblaeneHMA NPU3HAKOB

df (x,y) —gdx+gdy = (Vf,dr),

0x dy rmer = (x,y)7,dr = (dx,dy)T
Mpsamas L 8 0bnactu () , , 3afaHa NapameTpuYecKu:
r=al+ pn; =>dr=adl =df(x,y)=(Vf,a)dl,
L.B: a= (COS'B’ Sinﬁ); \ Hanpasnatowmin BekTop

p = —xsinfs + ycosp;

[PaHUYHbIE TOYKHK df(x y)
(HeogHOpOAHOCTH, Nepenaapl f(x €L) = V,B (x, y) —
APKOCTK) BblAENAI0TCA 1 |
Pa3sHOCTHbIMM ONepaTopamm Ha
OCHOBE MPOW3BOAHbIX MO
HanpaBaeHuto. KOHTYpHaA
TOYKa — NONOMKEHME C

a_ (Vf,a) = frcosp + fysinf =||Vf(x,y)|cosyg
N

npoekuunAa rpagneHTa Ha HanpasiaeHne a

df (x,y)

= |Vf(x, )l

= max Vg (x,y) = max

NNOKaNbHOrO MakCMMyMa B 15 dl

MOZY/IA NPOU3BOAHOW MO af afz afz

HanpasaeHuo. ER i = max maxVp(x,y) = max |Vf(x,y)|= max |— +——
(X Y)EQ xy B (X, Y)EQ ,y (xY)EQ xy | 0x Oy

v/ G y)I/\, mmm) KnaccuuecKkuii NoaXop, - KOHTYPHbIE TOYKK
(nokanbHble MaKCUMYMbI MO OKPECTHOCTU MOAYNA rPaAneHTa )
g l 1, argmax IVf(x y)I ¢ I'g Xy ¥~ He Ha rpaHuue obnactn (okHa Q , )
E(x,y) = (,Y)EQ y,y
f 0, uHaue
lo = argmax || = argmax|Vf|
I dl I AHanutnyecKana NpusHakoBaa moaenb:

{KOHTYpHbIE TOUYKKU} -> {KOHTYpHas moaenb} -> {BbICOKOYpOBHEBOE onmcaH%}

CemaHTHyecKune cBAa3mn NPn3HaKoB

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.



[PaHUYHbIE TOYKHK
(HeogHoOpoAHOCTU, Nepenaapbl
APKOCTW) BblAENALOTCA
Pa3HOCTHbIMM OMNepaTopamm Ha
OCHOBE MPOM3BOAHbIX NO
HanpaBaeHuto. KOHTYpHaA
TOYKA — MOJIOXKEHME C
JIOKA/ZIbHOr0 MaKCMMyMa
MOAYNA NMPOU3BOAHOMN NO
HanpaB/IEHUIO.

fix€el)

of

W[

lp = argmax

Mopagenb BblaeneHMA NPU3HAKOB

d 9,
df (x,y) = a—fdx +a—fdy = (Vf,dr),
Y rmer = (x,y)7,dr = (dx,dy)T
Mpsamas L 8 0bnactu () , , 3afaHa NapameTpuYecKu:
r = al + pn; >dr=adl =df(x,y) =(Vf,a)dl,
L.B: a= (COS'B’ Sinﬁ); \ Hanpasnatowmi BekTop
p = —xsinfs + ycosp;
df (x,y) ;
= Vp(x,y) = — - =(Vf,a) =|frcosB + fisinB|= |[Vf(x,y)|cosyg
0f
=721 = Ve(x,y) = E(f(x +1,y)cosB — f(x —1,y)cosp +
£, = of +f(x,y + 1)sinf — f(x,y — 1)sinf)
Y oyl

af
dl

_ /f of*
=argmax ) +0y 25

Heywes A.H. O6pa6oTka uso 6paXkeHnii B cuctemax UCK YCCTBEHHOIO UHTENIeKTa. M®TU, UC. 2025.
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Mopagenb BblaeneHMA NPU3HAKOB

df (x,y) —%dx+gdy = (Vf,dr),

0x dy rmer = (x,y)7,dr = (dx,dy)T
Mpsamas L 8 0bnactu () , , 3afaHa NapameTpuYecKu:

{r = al + pn; =>dr =adl =df(x,y) =(Vf,a)dl,
B

a = (cosp, sinf3);
p = —xsinfs + ycosp;

[PaHUYHbIE TOUYKMK ( )
(neopropowoct, nepenage [ (X € L) = V) = LX) v a) [Fecosh + fusing = IV (x, ) lcosy
APKOCTW) BblAENALOTCA ' dl
Pa3HOCTHbIMM onepaTopamm Ha af
OCHOBE NPOM3BOAHbIX NO fx = Ix = Vg (x,y) = > (f(x + 1,y)cosB — f(x — 1,y)cosp +
. K
:(;):]t:lrf)aaEnneoHnMo};leH01/1|-|e“(/:pHa’:| fy = g 2 2 +f(x,y + Dsing — f(x,y — Dsinp)=
: dy|
JIOKaZIbHOTO MaKCMMyMa | . . C N
MOAYNA NPOU3BOAHOI MO z Z fx+i=-1y+j-1) G,B (i,j) = <Fx,yeﬂ xy’ Gﬁ>ﬁ=1 .
HanpaBAEHMUIO. ! i=1j=0 A AAPO CBEPTKM )
fx—1,y—-1) f(x,y—1) fx+1,y-—-1)
Fyyeqa,, = mat2zvec| f(x—1y) fx,y) f(x+1,y)
: -1 fx—1L,y+1) flx,y+1) fx+1,y+1)
[
l df 0 ) 0 _sinf 0 BaHK GunbTPOB
0= argmax —| = argmaxIVfl = 1 0 -1 0 0 0 0
dl G = 5 mat2vec| —cosf 0 cosp 1(0 . 0) 1(_1 0 1)

2 . ' 2
of*  of’ 0 sinp 0 2\o 1 o 0 0 0
=argmax |[— + —
¢ ox Oy "~ maTpuua agpa cBepTKM 26

Heywes A.H. O6pa6oTka uso 6paXkeHnii B cuctemax UCK YCCTBEHHOIO UHTENIeKTa. M®TU, UC. 2025.



[PaHUYHbIE TOYKHK
(HeogHOpOAHOCTK, Nepenagbl f(x €L)

APKOCTW) BblAENALOTCA
Pa3HOCTHbIMM OMNepaTopamm Ha
OCHOBE MPOM3BOAHbIX NO
HanpaBaeHuto. KOHTYpHaA
TOYKA — MOJIOXKEHME C
JIOKA/ZIbHOr0 MaKCMMyMa
MOAYNA NMPOU3BOAHOMN NO
HanpaB/IEHUIO.

Mopagenb BblaeneHMA NPU3HAKOB

L

>

vf

=)

l

Il = arggnaxIVfI =

=argmax ox Ty

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.

Vﬂ (x, y) = <Fx,yeg Xy’ Gﬁ> Gg = %mathec

Be(on)

- UMeeT MaKCMMyM B Touke (X, y) ecnu
OKpecTHoCTb () umeeT npoduib 6anskui K Gg

0 —sinf
—cosf 0
0 sinfs

MaKcMmym Koppenaunm oKpecTtHoCcTn GyHKUUM u npoduns aapa

<Fx’yeﬂ ey’ Gﬁ> KOHTPACcTUpPYeT nepenagbl U FrPaHULbI.

Gg

1

2

cosf

1

cosf

0606weHue: apyrve npodunn aapa {G;} MoXxHoO
MCNo/b30BaTb A/1A BblAeneHUa Apyrmux no ¢opme

ocobeHHoOCTEN U Heo,zl,Hopo,u,HOCT1

_ei/’i:

G 1 G

v

v

27
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[PaHUYHbIE TOYKHK
(HeogHOpOAHOCTK, Nepenagbl f(x €L)

APKOCTW) BblAENALOTCA
Pa3HOCTHbIMM OMNepaTopamm Ha
OCHOBE MPOM3BOAHbIX NO
HanpaBaeHuto. KOHTYpHaA
TOYKA — MOJIOXKEHME C
JIOKA/ZIbHOr0 MaKCMMyMa
MOAYNA NMPOU3BOAHOMN NO
HanpaB/IEHUIO.

Mopagenb BblaeneHMA NPU3HAKOB

L

>

vf

l

dl

= argmax|Vf| =
l

=argmax ox Ty

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.

=)

VB (x,y) = <Fx,yeﬂ Xy’ Gﬂ>

- UMeeT MaKcumym B Touke (x,

0 —sinf 0
, Gg = > mat2vec| —cosf 0 cosf
Be(0,n) 0 sinfs 0

y) ecnu

OKpecTHoCTb () umeeT npoduib 61n3kuni K Gg

MaKcMmym Koppenaunm oKpecTtHoCcTn GyHKUUM u npoduns aapa

<Fx’yeﬂ ey’ GB> KOHTPACcTUpPYeT nepenagbl U FrPaHULbI.

Gp

1 T
> cosf

G

v

1
——cosf

0606weHue: apyrve npodunn aapa {G;} MoXxHoO
MCNo/b30BaTb A/1A BblAeneHUa Apyrmux no ¢opme
ocobeHHOCTEN U HeO,EI,HOpO,D,HOC'I;‘ef/’I:

% G

v

2

KapTbl npuU3HaKos
Nnsa mHosxkecTtsa agep {G; }:

MNOUCK NOKasIbHbIX MAaKCMMYMOB

max maxVp(x, Nno Kaptam
X Y)EQ xy B ﬁ( y) P

npu3HakoB 0606LLaeTcs NOPOroBom
dyHKUMEN punbTpaymu:

v

KaHabl
28




Mopagenb BblaeneHMA NPU3HAKOB

KapTbl npu3HakoB

Vi (x, 3’) = <Fx,yeﬂ xy’ Gl>

Bao4yHo-TENINLEBO NpeAcTaBAeHME ABYMEPHOWN ABYKaHa/IbHOM CBEPTKM:

fi
fz\ f maTpuua Tenamuya
f3 a\\b\ic\\d\

\6—— >
\
\f\a\\b wendl

f\a\b\c \
h h\\g f\a b \\

1\ h\ \f\a. ~

\\\
NN N

i

KaHa/bl

MpeacTtaBneHWe onepaunm CBEPTKU U BblAeNneHNA NPMU3HAKOB KaK
YMHOeHMe BCcero n3obparkeHms Ha 6,104HO-TENNMLEBYIO MAaTPULLY:

V = WY,
CBepTouyHbie 2D aapa nytem pa3BepTKU B BeKTOpa popmupytoT maTpuuy W

r7ie f — BEKTOp - pa3BepTKa M306pakeHUs mat2vec(f(x, y)) no ctonbuam JIMHEITHOTO OMepaTopa 6/I04YHO-TEMINLEBOTO BUAA:

W=Toeplitz({G;}) — 6n0uHO-TENNIMLEBA MaTPMLA, MOCTPOEHHAA U3

MHOEeCTBa BEKTOPOB-pa3BepToK {G;} cBepToUHbIX aaep. X, 2D cransipHbix npovaBenetii

- j 0

2D caeprka Z x|f(xy) Terumuesa 3ance
f (x, y ) *D —_ <

[ |
T 1T I
_ 0 0 I T T
T[T |
l 2 0 x| fGw W
. o [ f
| v
1D ckansapHbix NpousBeqeHnn
% P P TennnueBaa matpuuya

2w ' npeacraBneHune aapa
D U x — ANA 0AHOro KaHana G;

\ ' / Wij = Witg,j+1 = Wi—j

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.



Mopagenb BblaeneHMA NPU3HAKOB

KapTbl npu3HakoB

Vi (x, 3’) = <Fx,yeﬂ xy’ Gl>

> BnhoyHo-TenAnueBo npeacTaB/ieHMe ABYMEPHOWN ABYKaHA/IbHOM CBEPTKMU:
= b-" {J':='1
L | f f
A\ £ maTpuua Tenamuya
B ’ \\ \\ =
f 3 -\g,\}\\c\ d el
_— b \f\\g\\b\\\c\\\d\ .
N\ SN N .
N g\\\f\\\g \\\b\\\\c\ N \
KaHanbl Mg e b
N NN R N
L 1\\\\:\\5\\\\\\\\\%_ \
MpeacTtaBneHWe onepaunm CBEPTKU U BblAeNneHNA NPMU3HAKOB KaK ' Wij = Witt,j+1 = Wi—j
YMHOeHMe BCcero n3obparkeHms Ha 6,104HO-TENNMLEBYIO MAaTPULLY: \ ' /

V = Wf,
r7e f — BEKTOp - pa3BepTKa U306parKeHUs mat2vec(f(x, y)) no ctonbuam,

W=Toeplitz({G;}) — 6n0uHO-TENNIMLEBA MaTPMLA, MOCTPOEHHAA U3
MHOMECTBa BEKTOPOB-pa3BepToK {G;} cBepTOUHbIX Aaep.

CBepTouyHbie 2D aapa nytem pa3BepTKU B BeKTOpa popmupytoT maTpuuy W
JIMHENHOro onepartopa 6,104HO-TENNNLEBOIO BUAA:

Y 2D ckanspHbix NPON3BEREHNA

(T 0
3a43a4a No/IHOTbI NPU3HAKOB — 3a4a4a PEKOHCTPYKLUMU: 2D ceepTka Z ) 0 . | f(x,y) T'l‘*‘”f:‘l”“ﬁf’a sarnce
Myctb 3 cxopawmiica pag f(x,y) = X a; ¥i(x,y): f = Pa fEy) W] - < : i
V=WWa = a=W¥)"'V=WP)Wf=Wf G; Y0 " el re mim
aN

MaTpuua AyanbHbIX BEKTOPOB
Mpu3HaKM coBnaaatoT ¢ KO3PPULUMEHTAMM PA3OKEHUA, NONHAA
PEKOHCTPYKLMA NO NPU3HAKOM ByaeT, ecnu:
W=W=WwW=y1

\%%
\ o [ ] f
| Val
1D ckansapHbix NpousBeqeHnn
% P P TennnueBaa matpuuya

ZI [T 11 npeacTaBneHue aapa
Z‘ : ONA oAHOro KaHana G;

| X1 |

detW = 0

LT E X |

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.



Mopaenb nHTenneKkTyasibHou CUMCTemMbl

CeHcop, I MpepnobpaboTka, . AHanus, d
perncrpaums, ) BblaesieHne ) KnaccmbuKaums, mmmmmm) Pe|jeHme
KoAnpoBaHUe NPU3HAKOB NPUHATME peLLUEHUN

v=TU,wWg) d=C(v,wg)

* u3obpaxkeHue

* 3BYK

* Kapauorpamma

* BpEMEHHbIe pAabl

I F(ILW) = (CT)(I,w¢,wr) = C(T(I,wr), we)
W = {w¢, wr}
Mopenb
NHTENNEKTYaNbHON {T’ Wr, C, WC}

cucTembl N

MeTOAb!, a/ITOPUTMbI napameTpbl

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.



Mopaenb Knaccudpumkauum
Knaccbl

MBa + OcuHa () s X0, W [MpocTpaHCTBO NPU3HAKOB

g ) o /
%\E% QQ ++

J © X = (xl,xz)T

" + + 4+
w :Xl,l \
2 NPU3HaKa:
P Obpas B
x1 =1 NPU3HAKOBOM
X, =W NPOCTpaHCTBe

x = (x4, xz)T

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.

Yem “npowe” cTpyKTypa NpOoCTpaHCTBa NPU3HAKOB, rae
NPU3HaKKN 06pa3ytoT KOMNAKTHbIE CBA3HbIE MHOXECTBA
3N1eMeHTOB NPM3HAKOB (KnacTepsbl), TeEM npoLle
pPa3nennTb 3T MHOXECTBA Ha Knaccbl 06beKToB. B
NpPOCTENLLEM CNYyYaE — IMHEMNHO, C MOMOLLbI IMHENHbIX
pelaowmx Nnpasu.
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Mopaenb Knaccudpumkauum
Knaccbl

Hopmanb K npamois

7 n Yem “npouwe” cTpyKkTypa NpocTpaHCTBa NPU3HAKOB, rae
_ _ T
/ l w = T = (w1, wy) NPU3HaKM 06pa3yoT KOMMNAKTHbIE CBSA3HbIE MHOXKEeCTBa
3N1eMeHTOB NPM3HAKOB (KnacTepsbl), TeEM npoLle

pa3gennTb 3TM MHOXKECTBA Ha Knaccbl 06beKToB. B
NpPOCTENLLEM CNYyYaE — IMHEMNHO, C MOMOLLbI IMHENHbIX

w
peLLatowmx npasmn.
2 nNpu3HakKa:
x1 =:l
o =W d — paccTosiHMe TOYKM B MPU3HAKOBOM MPOCTPAHCTBE A0
, =

pasaenswoulen npamon. YHem obpas rnybxke norpyeH B CBOM

_ T
x = (x1,%7) KNacc, TeM JOCTOBepHee pelleHune:

(n, x)
d= —b=wix—>bs0, w = (wy,w,)T
dYHKUMA aKTUBALUK lIn||
(noporosas) o
y =o0(wix; + wyx, —b) ={1,—1} — nuHeilHoe pelwatowee npasuno.
o(d)
4 \_Y_/
+1 NHanKaTop
nonynaoCKOCTU
d
—1

33
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Mopaenb Knaccudpumkauum
Knaccbl

Hopmanb K npamois

7 n Yem “npouwe” cTpyKkTypa NpocTpaHCTBa NPU3HAKOB, rae
_ _ T
/ l w = T = (w1, wy) NPU3HaKM 06pa3yoT KOMMNAKTHbIE CBSA3HbIE MHOXKEeCTBa
3N1eMeHTOB NPM3HAKOB (KnacTepsbl), TeEM npoLle

pa3gennTb 3TM MHOXKECTBA Ha Knaccbl 06beKToB. B
NpPOCTENLLEM CNYyYaE — IMHEMNHO, C MOMOLLbI IMHENHbIX

w
peLLatowmx npasmn.
2 Npu3HakKa:
x1 - l
o =W d — paccTosiHMe TOYKM B MPU3HAKOBOM MPOCTPAHCTBE A0
, =

pasaenswoulen npamon. YHem obpas rnybxke norpyeH B CBOM

_ T
x = (x1,%7) KNacc, TeM JOCTOBepHee pelleHune:

(n, x)
d= —b=wix—>bs0, w = (wy,w,)T
dYHKUMA aKTUBALUK lIn||
(noporosas) o
y =o0(wix; + wyx, —b) ={1,—1} — nuHeilHoe pelwatowee npasuno.
a(d) \ )
. Y -
+1 dopManbHbI HEMPOH MHankaTop
nonynaoCKOCTU
> xy W1 ~ T
d y y = o(Wr'x)
X9 W = (er Wy, b) )
b/ % = (xlr X2, _1)T

Mak-Kannok — Mutrc (1943)
34
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Knaccbl

MBa + OcuHa (O

A

W
2 Npu3HaKa:
x1 = l
xZ =W

X = (xl, xZ)T

OYHKUMA aKTUBALUM
(noporosas)

o(d)

+1

Qv

Mopaenb Knaccudpumkauum

d — paccToAHME TOUYKM B MPU3HAKOBOM NPOCTPAHCTBE A0
pasaenswoulen npamon. YHem obpas rnybxke norpyeH B CBOM
KNnacc, TeM AOCTOBEpHEE peLleHune:

_(n,x)

d =
In||

—b=wlx—-bs0,w=(w,wy)T

y :\U(W1x1 + wyx, — b) }= {1,-1}

Y —

dopmanbHbIN HENPOH NHAanKaTop
NONYMNNO0CKOCTH

Y . a,-1)

Mak-Kannok — Mutrc (1943)

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.

Hopmanb K npamois

Yem “npowe” cTpyKTypa NpOoCTpaHCTBa NPU3HAKOB, rae

_ _ T
w = = (wy,w3) MPU3HaKN 06Pa3ytoT KOMNAKTHbIE CBA3HbIE MHOXECTBa

3N1eMeHTOB NPM3HAKOB (KnacTepsbl), TeEM npoLle
pa3gennTb 3TM MHOXKECTBA Ha Knaccbl 06beKToB. B
NpPOCTENLLEM CNYyYaE — IMHEMNHO, C MOMOLLbI IMHENHbIX
peLlaoLWmx Npasun.

“ObyueHune” HeMpoHa NyTem perpeccum.
MaKcummsauma ymcna Nnpumepos X; C BEPHOWN Knaccmdpumkaumen:

Score=21[yi>0|xi=’+’]+zl[yi<0|xi=’® 'l - max
w,
i B

b
MHK
n
= ¢(wix —b) 1
o L= —Z(?i — (W"x; — b))" > min
1—e @ n =1 w,b
@ (d) = 4
cmrN\omp,zla te ¥ € {1, —1}- UCTUHHBbIE Knacchl, N-NpMmepbl
, ¢ (d)
L HenpepbiBHaa GpyHKUMA aKTMBALMK

p MHK - cMeLLeHHas oueHKa
/ 1 35



Knaccbl

2 Npu3HakKa:
x1 - l
Xy = "\

x = (x4, xz)T

OYHKUMA aKTUBALUM
(noporosas)

+1

o(d)

Qv

Mopaenb Knaccudpumkauum

d — paccToAHME TOUYKM B MPU3HAKOBOM NPOCTPAHCTBE A0
pasaenswoulen npamon. YHem obpas rnybxke norpyeH B CBOM
KNnacc, TeM AOCTOBEpHEE peLleHune:

_(n,x)

d =
In||

—b=wlx—bs0,w=w,wy)T"

y :\U(W1x1 + wyx, — b) }= {1,-1}

Y \_Y_/

NUHpnkaTop
NOIYNNOCKOCTH

dopmanbHbIN HENPOH

Y . a,-1)

Mak-Kannok — Mutrc (1943)

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.

Hopmanb K npamois

Yem “npowe” cTpyKTypa NpOoCTpaHCTBa NPU3HAKOB, rae
NPU3HaKKN 06pa3ytoT KOMNAKTHbIE CBA3HbIE MHOXECTBA
3N1eMeHTOB NPM3HAKOB (KnacTepsbl), TeEM npoLle
pPa3nennTb 3T MHOXECTBA Ha Knaccbl 06beKToB. B
NpPOCTENLLEM CNYyYaE — IMHEMNHO, C MOMOLLbI IMHENHbIX
pelaowmx Nnpasu.

“ObyueHune” HeMpoHa NyTem perpeccum.
MaKcummsauma ymcna Nnpumepos X; C BEPHOWN Knaccmdpumkaumen:

Score =21[yi > 0]x; =’+’]+zl[yi <0lx;="0O ] - max
w,
i i
MHK
n
yi = ¢(w'x —b) 1
l L= —Z(fli —powlx; — b))2 — min
—d n wW,Wg
1—e i=1
¢ (d) = T304 _
t+e ¥ € {1, —1}- UCTUHHBbIE Knacchl, N-NpMmepbl

JlorncTtnyeckasa perpeccus

P(y|x) = o(y(WTx; — b)), ¢ (2) =

1 CUTMOUAHAA MOAENb
1+e~%2  QYHKUUW BEPOATHOCTM

Makcumym anoctepropHoit log-dyHKuMK npasaonogobus B, , (y]x):
n

1
EZ In (1 + exp(7;(wx; — b))) — min
i=1

L
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Mopaenb Knaccudpumkauum

Knaccbl
OcuHa ()
N [na pa3snenmmocTtm CNOXKHOM KOHUrypauum
N
qu NPM3HAKOB K/1acCoOB TpebyeTca A0NONHUTE/IbHbIE
AQ% [ pasgensarowme npamble, a 3HAYUT U HOBbIE
HENPOHDI.
\ 4
< o
\\&

2 Npu3HakKa:
X1 = [
Xy = W

OYHKUMA aKTUBaALUMU

o(d)
t

BTOpUYHbIe (NaTeHTHbIE) NPU3HAKK

Y1

+1 V1,2
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Mopaenb Knaccudpumkauum

Knaccbl
OcuHa ()
R Mpwn pobaBneHMN HOBbIX HEMPOHOB, NX BbIXOAbl
ij y, =(=1,-1)T 0b6pa3yloT NaTEHTHOE NPOCTPAHCTBO BTOPUYHbIX
%Q% [ NPU3HAKOB, KOTOPble TpebyeTca TaK e
Knaccmounumnmposatb.

2 Npu3HakKa: 1= (1 y12) = (a(wfx — by),c(Whx — bz))
X1 = [
Xy = W

X = (x1»x2)T

BTOpUYHbIe (NaTeHTHbIE) NPU3HAKK

Y1

OYHKUMA aKTUBaALUMU

o(d)

i
+1 V1,2

38
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Mopaenb Knaccudpumkauum
Knaccbl

V1,2
SO D oo ronamian
B A
yl = (_11_1)T + yl
l » V1,1
! © +

2 nNpu3HakKa:
X1 = [
Xy = W

X = (le xZ)T

BTopuuHble (naTeHTHbIE) NPU3HaKK

Y1

OYHKUMA aKTUBaALUMU

o(d)

i
41 V1,2
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Mopaenb Knaccudpumkauum
Knaccbl

\ J1aTeHTHOe NPOoCTPaHCTBO
MBa +  OcuHa () A pocTp

N ?E/, BTOPUYHbIX MPU3HAKOB
y, = (-1, -7 \ Y1
b
L \Qi »YV1,1
v @ +
T
W3 = (W3,1»W3,2)
2 . _ _ T b T b y2 = o(W3y, — bs3)
NPU3HaKa: Y1 = (3’1,1:3’1,2) = (o(wix —by),0(wyx — by)
X1 = [
X =W Cnoii 1 Cnoii 2
x = (xq,x)7 BTopuyHble NPMU3HAKKN B TAaTEHTHOM
NPOCTPAHCTBE KAaccuduumMpyoTcsa Ha ABa
/ KN1acca NyTem NOCTPOEHMA B HEM
o pa3genaoLlLen NPsmon 1, COOTBETCTBEHHO,
YHRUMA akTBaLiun X {1,—1}  AobasneHua knaccupuumpyowero
G‘T(d) HeMpoOHa BTOPbIM C/I0EM B CETb.
+1 ﬁ
y
—1 MNepuenTpoH

Po3eHbnaT (1958) 40

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.



Mopaenb Knaccudpumkauum
Knaccbl

V1,2
N JlaTeHTHOe NPOCTPAHCTBO

?E/, BTOPUYHbIX NPU3HAKOB

— (1 1T Y1
y1=(-1-1) \ N
[ bs

MBa + OcuHa (O

l v, = o(w3y; — bs)
2 Npu3HakKa: 1= (1 y12) = (a(wfx — by),c(Whx — bz))
X1 = l
x; =W Cnoii 1 Cnoii 2 — \ + >Y2
X = (xl, xz)T -1 \ +1

OYHKUMA aKTUBaALUMU

X 1,-1) J[1ByXxCNoMHasA HEMPOHHAsA ceTb AN
0$d) JBYXK/1aCCOBOM KNaccnduKaumu
+1 ﬁ
= i 4 e o(d), d) = who(Wyx + by) — b,
-1 _ T — (—_h _hAT
—1 nepulen-rpOH wl - (Wl, WZ) rbl - ( bl; bZ)
Po3seHbnat (1958)

41
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Mopaenb Knaccudpumkauum

CnoxxHoe NpOoCTPaHCTBO
npu3HakoB TpebyeT
MCNO/b30BAaHMA HECKO/IbKUX
pa3genaowmx NpAamMbIX, a 3HAYUT
N [,ONONHUTENbHBIX HEMPOHOB B
nepBoMm cnoe. Yem cnoxkHee
NPU3HAaKOBOE NPOCTPAHCTBO, TEM
6onblue HeMPOHOB TpebyeTcA /

ONS UX pasgeneHus, n, 3Hauur, l
pPa3mMepHOCTb 1aTEeHTHOro b 7 > X1
NPOCTPAHCTBA BO3pacTaer. 1

y, = (c(Wix —by),c(wyx — by), ...)

Cnonl Cnoin 2

Y2

d(x) = w%+10'(W1x + bl) - bN+1
---;WN)T; bl = (_bli _bZJ sy _bN)T

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.



Mopaenb Knaccudpumkauum

CnoxxHoe NpOoCTPaHCTBO
npu3HakoB TpebyeT
MCNO/b30BAaHMA HECKO/IbKUX
pa3genaowmx NpAamMbIX, a 3HAYUT
N [,ONONHUTENbHBIX HEMPOHOB B
nepBoMm cnoe. Yem cnoxkHee
NPU3HAaKOBOE NPOCTPAHCTBO, TEM
6onblue HeMPOHOB TpebyeTcA /

ANA UX pasaeneHuns, U, 3HauuT, l y
Pa3MepHOCTb IaTEHTHOrO 7 > X1 1.4
by Pasgensatowas
NPOCTPaHCTBA BO3pacTaer. FUNEPNNOCKOCTb B
— T T MHOromepHoOMm
= (c(wix —by),0(wy,x —b,), ... \
y1 = (o(w; 1), 0(w; 2)) ) ( T . ) naTeHTHOM
. Croii 2 Y2 = 0(We)1 6 npocTpaHcTBe
Chon 1 non BTOPUYHbIX
NPU3HAKOB
— \ + >V2
-1+
Y2 “MpocToTa” (nMHeNHaA pa3aennmMocTb) NPOCTPAHCTBA
_ -
1,-1} NPMU3HAKOB AOCTUIAETCA YCAOXKHEHNEM MOAYNA UX
/;?N+1 BblAE/IEHMA, YTO N03BOAAET NCNO0/b30BaTh “npocton”
1 KnaccuduKkaTop. Takum obpasom, cywectsyet obpaTHas
CBA3b MeXKAY C/IOXKHOCTbO MOAYAS BblAe/IEHUA NPU3HAKOB
— T
d(x) =wy,,0(Wix+ by) — bysq M CNOMHOCTBIO KNaccudukaTopa.

Y2= a(d(x))
-1 3agaua obyuenna: Score= ) 1]y, >0lx="+"]+ 2 1[y, <0jlx="0O '] - max 43
[ [

Heywes A.H. 06paboTka n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.



Mopaenb Knaccudpumkauum
MHoroknaccoBaa KnaccudpuKayms

NepuenTpoH Cnoii 1 Cnoir 2 “Softmax”
Po3eHbnaT (1958)
d d )
Y11 1 e* Y21
U(W{1x - b1,1) YK od — (0,1)
i=1 )
y d 1
2 edz Y22
X a(w{zx — b1,2) K—edl > (0;1)
i=1 )
‘ : logits
Y1i,N
dK dg y
e 2,k
O'(W{Nx - bl,N) \ K—ed (0;1)
i=1€¢""

Logits: d(x) = W,o(W,x + b;) — b, Embedding space
T T
W1 = (W1,1; W1,2; ey W]_,N) ) b1 = (_bl,ll _bl,Zl vy _bl,N)

T T
W2 = (W2,1' W2,2, veny WZ,K) , b2 = (_b2,1' _bz’z, veny _bZ,K)
y,(x) = softmax(W,6(W;x + b;) — b,)

Embedding space

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.

BepoaTtHocTn ana K-knaccos



Mopaenb Knaccudpumkauum
MHoroknaccoBaa KnaccudpuKayms

NepuenTpoH Cnoii 1 Cnoir 2 “Softmax”
Po3eHbnaT (1958)
d d )
Y11 1 e* Y21
U(W{1x - b1,1) SK 4. — (0,1)
V1,2 q \
2 edz Y2,2
X U(Wz,zx — by 2) YK od; — (0,1)
i=1 )

/\ : logits
d d
o(wl yx — by y) @ K L_ }iﬁ (0,1)

Logits: d(x) = W,o(W,x + b;) — b, Embeddmg space
T T
W1 = (W1,1; W1,2; ey W]_,N) ) b1 = (_bl,l' _bl,Z' ey _bl,N)

T T
W2 = (W2,1' W2,2, veny WZ,K) , b2 = (_b2,1' _bz’z, vy _bZ,K)
yo(x) = softmax(Wza(Wlx + b,) — b,)

CE L —_ Zy log(yz(xl, Wl, b]_; WZJ bZ)) - w1’ll;l;l’i‘ll“,12’b2

- Kpocc- 3|-|Tponm| Mepa CXOXecCTu pacnpeaeneHua y; npuHagnexHocTu K
MCTUHHOMY KNaccy C NpeAcKasaHHOM moaenbio pacnpeaeneHnem y, (x;), rae
y; — one-hot BeKTop Ana npumepa i, rae MeTKa Kaacca — UHAEKC C Embedding space
HEHYNEBbIM 3/1IEMEHTOM, OCTa/IbHble 3/1eMEHTbI Hy/IEBbIE.

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.

BepoaTtHocTn ana K-knaccos
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Mopaenb Knaccudpumkauum
MHoroknaccoBaa KnaccudpuKayms

NepuenTpoH Cnoii 1 Cnoir 2 “Softmax”
Po3eHbnaT (1958)
d d ) i)
Vi1 1 et V2,1 @)
a(w{lx - b1,1) —ZK edi — > (0;1) 8
=
V1,2 y . X
2 e %2 V2,2 4
x O'(W’{’zx — bl,Z) W —> (0;1) E
=1 y l:[
‘ ) =
: logits 5
Yi,N lg_:)
- K dy edk Y2,k &
O'(WLN.X' - bl,N) SK .4 (0;1) 8_
i=1€"" Q
(]

Logits: d(x) = W,o(W,x + b;) — b, Embedding space
T T
W1 = (W1,1; W1,2; ey W]_,N) ) b1 = (_bl,l' _bl,Z' ey _bl,N)

T T
W2 = (szl, W2,2, veny WZ,K) , b2 = (_b2,1' _bz’z, vy _bZ,K)
y,(x) = softmax(W,6(W;x + b;) — b,)

I

X x X

CE: L =— y’{log(yZ(xl; Wli bll WZJ bZ)) = min

W,,b{,W,,b, LeHTponaa

i=1

Normalized:

y,(x) = softmax <W2 —ii > = softmax(cos(W,, ¥,)) Embedding space Normalized Embedding Zgace

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.




HeilpoceTteBaa mogenb — annpoKcMmauma pewaowen GyHKLUK

CTpyKTypa moaenu pelwarouwein GyHKUMuN:

d(x) = d(xpxz, - Xp) Wy110(Wix + by) — byyq = 2 WnN+1,q O_(&qj bq) byy1 = —by41 + z h U(}’q(x) q)

q=1 q=1

hq yd(x)

PasnoxkeHune pyHkumn d(x) Ha B3BeLleHHY0 cymmy “HepaBHOMepHbIX” N “ctyneHek”, npu 3Tom Beca hg vrpaloT posib aAANTUBHBIX

nonpasokK B 3HayeHue d(x), KoTopble BbIbMpatoTca U3 GUKCMPOBAHHOIO MHOMECTBa {hq} B 3aBMCMMOCTM OT 3HadYeHna Y, (x).
®yHKumA X3Bucaiiaa c koapduumeHntom h, nmeet Bknag B 3HaueHne d(x) npu y,(x) = by, nHaue nonpaska h, urHopupyertca.

d(x)
A
Moporosas GpyHKLMA aKTMBALUM —
dyHKUMA XaBucanga (“ctyneHbka”)
o(y)
‘ +1
—by+1 O y
! >
b
3 4 - by y

47
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Teopembl 06 annpokcMmauum

ObobuieHne: d(x) = d(xpxz: ---;xp) = Wy4+10(WiX + by) — byyq = z WN+1,q U(ng - bq) —byy1 =

N n N n
= z WN+1,q0 WapXp = bg | = b1 = z z WapXp | = z bq z e
p=1

q=1 Y p:l =0 p= 1\ ) CI:O

g Po = —by41 qbq,p(xp)

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.



Teopembl 06 annpoxcumau,uu

Ob6obuweHmne:

N
= z WN+1,q0 WapXp — Dq
g=1 v \p=1
Dy, Py = —by+1

Teopema Koamoroposa-ApHoabaa (1957, 1961):

—bN+1—z

q=0

z WapXp | =

p=1'‘ry
¢q,p (xp)

d(x) = d(xpxz; - Xp) Wh10(WiX + by) — byyq = z WhN+1,q U(qu b ) by+1 =

N
ch

q=0

Z ‘ﬁq,p (xp)
p=1

AnaVf:[0,1]" - R — nenpepbisHas, ¢, ,:[0,1] > R — HenpepbisHaa u He 3aBucut oT f, ®,: R = R — Henpepbisan 1 3aBUCKUT OT f =

2n
f(x) = f(xl,xz, ...,xp) = Z (o))
q=0

z Pg,p (xp)
p=1

NopeHy (1962): ®,— @; LUnpexep (1965): O, = O(- +q), qbq,p(xp) = Apgb(xp + nq), rae ¢: [0,1]

dyHKumA, 4,1 € R.

* Teopembl He gatoT MHPOPMaLUKM O CTPYKTYpe PyHKunn P, ¢.

* Teopembl He AatOT peuenTa Kak HAUTU MK NOCTPOUTb GYHKLMN D, ¢.

— [0,1] — Bo3pacratowan HenpepbiBHanA

* KAN — B KauecTtBe PyHKUMN D, @ Ncnonb3yroT ogHOMEPHbIE CNAANHBI C 06y4aeMbIMM NapameTpaMu.

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.
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Teopembl 06 annpokcMmauum

O6obuieHue: d(x) = d(x1»x2» ---;Xp) = Wy10(Wix + by) — byyq = z WhN+1,q U(ng - bq) — by =

N n N n
= z WN+1,q0 WapXp = bg | = b1 = z z Wa.pXp Z Pq Z Ba.p(%p)
p=1

q=1 Y p=1 q=0 p= 1\_y_; g=0
by, Py = —by41 qbq,p(xp)

Teopema LibibeHKo (1989) - (YHUBepcanbHas Teopema annpoKcumaLumn)

AnaVf:[0,1]" - R — nenpepebisHan, Ve > 0, 3w, € R%, a,,0, ER, G(,w,a,0):[0,1]" - R,
rpew = (Wl, Wy, ..., WN)T, a = (C(l, as, ..., aN)T, 0= (01, 92, vy QN)T,
N

Gx,w,a,0) = z ag <p(ng + Hq), @ (z) —nobaa curmomaHas HenpepbiBHaa GyHKUMA, Hanpumep, @ (z) =
q=1

1
1+e~2’
(“rnapKan ctyneHbKa”)

BbinonHsetca: |G(x,w,a,0) — f(x)| < e pnaVvx € [0,1]".

Ntob6aa HenpepbiBHAA PYHKUMA Ha eAUHUYHOM Kybe paBHOMepPHO NpunbnKaetca ABYCIOMHON HEMPOHHOM CETbIO C
CMrmonaHon GyHKUMEN akTUBaLUMUM.

Teopema He yKasbIBaeT YeMy PAaBHO YMC/I0 HellpoHoB N B MEPBOM CN0€ M KaK OHO 3aBUCUT OT CTPYKTYPbl GyHKUUMK [ ©
3HaQYeHUA TOYHOCTU E.

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.
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Vi=o (<Fx,yeﬂ Xy’ Gi)) = a(Wyf)
f = mat2vec(f),W,=Toeplitz({G;})
x = mat2vec({V;})

CsepTouHaA HeilpoceTeBas MoAaenb

=

Kak BblaeneHue npusHakos (F, G;), Tak 1
NX HeMmpoceTeBan KnaccnduKauma
NPOWN3BOAUTCA NYyTEM IMHEMAHOro
NnpoeupoBaHUA BXOAa HA IaTEHTHbIe
NPOCTPAHCTBA C NOC/AeAYIOLLEN
HennHeHoM (noporosoit) puabTpaumen
pesynbTata U NoNyYeHUsa akTUBaLUi
a(Wof).

BbigeneHune NpU3HaKoB peanusyercs
KaK HelpoceTeBaa KnaccupuKkauma no
MHOKECTBY NAaTEHTHbIX JIOKANbHbIX
NaTTePHOB, KOTOpPbIE ONpeaensatoTca
0by4aeMbIMU CBEPTOYHbIMU A4epamu
G;. B obwem cnyyae, cBepTOYHAA 4YacCTb
MOZAENN MOMKET COAEPKaTb HECKONbKO
CNoEeB.

I(x,y)

(24,24)

KaHa/ibl

a((wz, x)

= by)

V2= 0(Wy10(Wix + by) — byyq)

G;, w,, - obyyaembie napameTpbl

Yemy paBHoO i, N?

(21,21)

N

S
N306parkeHune

Heywes A.H. 06paboTka n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.

Backbone

Pooling
§,=5,=3

Convolution
K, =K, =4

—

——————

CBepTOYHasA YacTb, BblAeNeHUe XapaKTepPHbIX
NPU3HaKOB, UX dpunbTpaumna n otbop

r

s, = 5, = 4

(1,1)

b4t
Y2

O+ Vn

— —

—~—

MonHOCBA3HbIN
Knaccnpukartop

Habop 13 G; dpunbtpos

W11

Wa1 | W3l

Wi2

Wa2 | W32

Wi3

Wa3 | W33
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Heywes A.H. O6pa6oTka uso

O6yuyaeman MHTenNeKTya/lbHaA cMcTema

I NpepobpaboTka, v AHanus, d
— BblaeneHue == | gnaccuduKaums, )
NPU3HAKOB NPUHATUE peLLEeHWiA
v=TU,wWgp) d=C(v,w)

HeunpocerteBasa moaenb MHTENNIEKTYa/IbHOU CUCTEMDI

(24,24) (21,21)
: I__hh“__'_"_"'—'—- aam 7.7) (4,4)
IS EEEEEEEEEEEEE TN Pﬂnling : [
5,=S,=3 _
Convolution
K, =K, =4
— — R — =
v ~ v
N306paxeHue BblaeneHmne xapakTepHbIX NPU3HAKOB, X Rnaccngukatop 6
NPOCTPaHCTBE
dunbTpauma n otbop naTTepHOB

52

6paXkeHnii B cuctemax UCK YCCTBEHHOIO UHTENIeKTa. M®TU, UC. 2025.



Heywes A.H. 06paboTka nsobpakeHuii B cucre

O6wan cxema NOCTPOEHUA UHTENNIEKTYa/IbHOU CUCTEMDI
ABYXKNnaccosou Knaccupukauum

Obyuatowan BbiIbOpKa
Positive

| BBy

ObyueHue

!

Negative

s va
755 .

!

BbigenexHue
nPU3HaKoB

MaX UCKYCCTBEHHOro uHtennekra. M®TU, UC. 2025.

Knaccudpukauyua —»\N

!

BbipeneHue
NnpuU3HaKos

——

Knaccndpmkauma (==

Pacno3HaBaHue, aHanu3, TecT

53

DET (FRR-FAR)/
ROC (TPR-FPR)

TP
Recall = TPR = -

FAR = FPR = ikl
B N

FN
FRR = FNR = —-



ba3osble apXUTEKTYpbl HEUPOCETEBbLIX MoAenen

Knaccudpukartop

WO WZ
w;

Yy
X 4 N BepoaTHOCTH
Embedding K/1accoB
space
backbone KnaccnduKkaumoHHbIN
C/0M
K 1
eW:2 KZ(x;)
CE Lzz:z:”- lo —  max
Yikt0g K ngz(xl) Wy, W1,b1, W,
k=1i=1 Zj:le

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.

LleHTpounabl Knaccos

Embedding space
(c eBKAMAOBOM METPUKOMN)
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ba3osble apXUTEKTYpbl HEUPOCETEBbLIX MoAenen

Knaccuopukarop

WO WZ
w;

y
X V4 | BepoAaTHoCTH
Embedding K/laccoB
space
backbone KnaccndmKkaumoHHbIN
cnom
W,
0 w1
X KnaccmdpumKkauma no oTKPbITOMY CNIUCKY
Z J J
—> (k-6nunrkanwmnx cocenein)
Embedding
space

backbone

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.

X

Embedding space
(c eBKAMAOBOM METPUKOMN)
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Ba3oBble apXUTEKTYpbl HENpPOCeTEBbIX MoaeNneu

Knaccudpukarop
W, w W, x O‘( \z(xi)
1 Y ® 0 Q;Q
X z R BepoaTHOCTH '1“ o
Embedding KNaccos ® 0O \\ ©
©
space + ?
backbone KnaccnduKkaumoHHbIN o ® + Y\ N L
ﬂ o + 8 ST s
PeKOHCTPYyKuMA ° = +7
AsTo3HKoaep (AE) Q; ¢ Embedding space
© (c eBKIMZOBON METPUKOM)
z
Latent
space

Encoder Decoder T

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.



Ba3oBble apXUTEKTYpbl HENpPOCeTEBbIX MoaeNneu
Knaccud)MKaTop

Wo

W; y
X z BepoaTHoCTH
Embeddmg K/laccoB
space

backbone KnaccndmKauMoHHbIN
cnou

PeKOHCprKuMﬂ
ABTO3HKOAep (AE)

PeKOHCTpYyKUUA
BapuauunoHHbii ABTO3HKOAep (VAE)

zZ

Latent

space

Encoder Decoder T Encoder Klf—loss Decoder T

z=u+o0®¢, €e~N(0,I)

Perynsapusauma B NaTEHTHOM NPOCTPaHCTBE:

1
KL (¥ (1(@),0@|I¥(0.D1)) = 5 (It@I + 0@l ~ N ~ logdet(o(2))) - min

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.



ba3oBble apXUTEeKTypbl HEUPOCETEBbLIX MOoAaeNneu
Knaccud)MKaTop

W

W; y
X z BepoaTHoCTH
Embeddlng K/laccoB
space

backbone KnaccndmKauMoHHbIN
cnou

PeKOHCprKu,vm
ABTO3HKOAep (AE)

PeKOHCTpyKuUUA feHepauus
BapuauunoHHbiv ABTOoaHKOoaep (VAE)

—>

4 X
Latent Z
space
Encoder P Decoder T Encoder Decoder JlaTeHTHoe
KL — lOSS T NPOCTPAHCTBO Decoder

z=u+o0®¢, €e~N(0,I)

58

Heywes A.H. O6paboTKa n306pakeHuii B cUCTeMaxX UCKYCCTBEHHOTo uHTennekta. M®TU, UC. 2025.



ba3oBble apXUTEeKTypbl HEUPOCETEBbLIX MOoAaeNneu
Knaccud)MKaTop

Wo

W; y
X V4 BepoAaTHoCTH
Embeddlng K/laccoB
space

backbone KnaccndmKauMoHHbIN
cnou

PeKOHCprKu,vm

PeKOHCTpYKUUA
AsTo3aHKoaep (AE) PYKL, leHepauua

BapuauunoHHbii ABToaHKOoAep (VAE) (GAN)

—>

Z

zZ

{0,1}

Latent

space L, — loss
Encoder Decoder T Encoder Decoder T JlaTeHTHoe

KL—IOSS npocTpaHctBo Generator Discriminator

z=u+o0®¢, €e~N(0,I)

Generative Adversarial Network

©
?C Xpo O
a5 — 2(x;) 's

: z(x;) OO ——c)
M% “I Olo! .

59

Heywes A.H. O6paboTKa n306pakeHuii B cUCTeMaxX UCKYCCTBEHHOTo uHTennekta. M®TU, UC. 2025.



ba3oBble apXUTEeKTypbl HEUPOCETEBbLIX MOoAaeNneu

Knaccud)uKaTop PekoHcTpyKuma (VQ-VAE)

W, w

! Yy x V4 z ¥
X Z BepoaTHocTH l
Embeddlng K/laccoB -

— loss

>pace Decoder

backbone KnaccndmkaumoHHbIn Encoder  code book T
cnoi P(z)~Uniform(0,1)
PEKOHCprKLI,Mﬂ ﬂ

PeKoOHCTpYyKUUA

AsTosnkoaep (AE) BapuauunoHHbiv ABTOoaHKOoaep (VAE)

l[eHepauywus
(GAN) x

z X —y VAN
0,1
Latent 4 0.1}
space L, — loss
Encoder Decoder T Encoder Decoder NateHTHOE -
KL - 1055 T npoctpaHcteo Generator Discriminator
z=u+o0®¢, €e~N(0,I)
Generative Adversarial Network
©)
. Xpo O
5 N 2(x) s
M(é(xi) OB——0
O'I e X

Heywes A.H. O6paboTKa n306pakeHuii B cUCTeMaxX UCKYCCTBEHHOTo uHTennekta. M®TU, UC. 2025.
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ba3oBble apXUTEeKTypbl HEUPOCETEBbLIX MOoAaeNneu

PekoHcTpyKuma (VQ-VAE) feHepauua
JlaTeHTHOI mopaenbito

W,
A y (inpainting)
X zZ BepoaTHOCTH x
Embeddlng K/iiaccos — DDPM —
L, —loss

>pace E Decoder
backbone KnaccMpmKaumoHHbIN ncoder  code book T
Encoder penoising Diffusion Decoder

Knaccud)MKaTop

cnov P(z)~Uniform(0,1) Probabilistic Model
PEKOHCprKLI,Mﬂ ﬂ
PeKoHCTpyKUuA l[eHepauywus
AsToaHkopep (AE) BapuauunoHHbiii AsTosHKoaep (VAE) (GAN)
7 X — /\
0,1
Latent z 0.3
space L, — loss
Encoder Decoder T Encoder Decoder JlateHtHoe -
KL — 1053 T npoctpaHcteo Generator Discriminator

z=u+o0®¢, €e~N(0,I)

61

Heywes A.H. O6paboTKa n306pakeHuii B cUCTeMaxX UCKYCCTBEHHOTo uHTennekta. M®TU, UC. 2025.



ba3oBble apXUTEeKTypbl HEUPOCETEBbLIX MOoAaeNneu

PekoHcTpyKuma (VQ-VAE) feHepauua
JlaTeHTHOI mopaenbito

W,
A y (inpainting)
X zZ BepoaTHOCTH x
Embeddlng K/iiaccos — DDPM —
L, —loss

>pace E Decoder
backbone KnaccMpmKaumoHHbIN ncoder  code book T
Encoder penoising Diffusion Decoder

Knaccud)MKaTop

cnon P(z)~Uniform(0,1) Probabilistic Model
PEKOHCprKLI,Mﬂ ﬂ
PeKoHCTpyKUuA l[eHepauywus
AsToaHkopep (AE) BapuauunoHHbiii AsTosHKoaep (VAE) (GAN)
7 X — /\
0,1
Latent z 0.3
space L, — loss
Encoder Decoder T Encoder Decoder JlateHtHoe -
KL — 1053 T npoctpaHcteo Generator Discriminator
ﬂ z=pu+0Qe e~N(0,I)
CermeHTauusa
(UNET)

H Latent &—‘
CE-1

space 0ss <]

Segmentation

62
mask

Heywes A.H. O6paboTKa n3o6pakeHuii B cUCTeMax UCKYCCTBEHHOro uHTennekta. M®TU, UC. 2025.



ba3oBble apXUTEeKTypbl HEUPOCETEBbLIX MOoAaeNneu

PekoHcTpyKuma (VQ-VAE) feHepauua
JlaTeHTHOI mopaenbito

W,
A y (inpainting)
X zZ BepoaTHOCTH x
Embeddlng K/iiaccos — DDPM —
L, —loss

>pace E Decoder
backbone KnaccMpmKaumoHHbIN ncoder  code book T
Encoder penoising Diffusion Decoder

Knaccud)MKaTop

CNoW -
P(z)~Uniform(0,1) Probabilistic Model
PEKOHCprKLI,Mﬂ ﬂ
PeKoHCTpyKUuA l[eHepauywus
AsTosHKoaep (AE) BapuaumnoHHbIii ABToaHKogep (VAE) (GAN)
7 x — /\
0,1
Latent z 0.3
space L, — loss
Encoder Decoder T Encoder Decoder JlateHtHoe .
KL — 1053 T npoctpaHcteo Generator Discriminator
ﬂ z=pu+0Qe e~N(0,I)
CermeHTauusa
(UNET) OpHoKnaccoBas KnaccuduKaums
(inpainting)

space 0ss <]

Segmentation
mask

Yuurtenb CrypeHrt
b z
X
Latent
CE-1 backbone
L, — loss

63

Heywes A.H. O6paboTKa n306pakeHuii B cUCTeMaxX UCKYCCTBEHHOTo uHTennekta. M®TU, UC. 2025.



Mopaenb nHTenneKkTyasibHou CUMCTemMbl

CeHcop, I MpenobpaboTka, . AHanus, d
permcrpauyma, ) BblaeneHue ) Knaccmbukaums, mmmmmm) Pe|jeHme
KogmpoBsaHue NPU3HAKOB NPUHATME pPELLUEHNN

v=TU,wWg) d=C(v,wg)

* u3obpaxkeHue

* 3BYK

* Kapauorpamma

* BpEMEHHbIe pAabl

e F(I,W) = (C OT)(IJWC'WT) = C(T(I'WT)rWC)
W = {w¢, wr}
Mopgenb
NHTENNEKTYa/IbHOM — {T' Wr, C, WC}

CUCTeMb! N

METOAbl, aNTOPUTMBbI napameTpbl

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.



lnas
Yepes rna3s noctynaet okono 70-90 % nHdopmaummn U3 oKpyxKatowero mupa.

d=20 mm, macca: 7—S8r

McTouHunku: https://tr.pinterest.com/pin/837528861940109495/ https://www.behance.net/gallery/428809/Your-beautiful-eyes



O

[nasHoe abn0OKo cocTonT N3 060110‘-IEK, KOTOpPble OKPYHKAKT BHYTPEHHEE AAPO /1a3a.

CneKrtpanbHaA
NJAOTHOCTb
N3Ny4yeHusa

£l

0 60 500

ﬁﬁ

fnas v ceTyatka

3aaHAa8 Kamepa CteknoBugHoe Teno

PanyxHas

ocyaucTas
obonoyka

o0o0no4ka

[NepenHas

Kamepa
P CeTyartka

Porosuua 3pUTENbHbLIN

PecHu4HOe Teno HEPB

BenoyHas obonoyka (cknepa)

3payek: d=2..8 Mmm, ynpaBaaeTca paayKKo
XpycTtanuk — nuH3a, f =14 .. 17 mm, 60-70% m3 BoAapl, ~6% U3 }KMPOB, yNPaBNAETCA PECHUYHOWN MbILLEN, nornouwaet 8% ceeTa
B BUAMMOM AManNa30oHe, He NPOoNyCcKaeT KOPOTKOBOJIHOBOE U3NYyYeHuUe.

>
[Mano4vku
[@HrNMO3HbIE (75-150 mnH)
KNeTKuU CkoTonunyeckoe 3peHune
Konbouku

(6-7 mnn)
doTonunyecKoe 3peHune



2 MEM
nano4ka

/‘
=X
§ Konbouka
§ AUCKN——
o
= < uTonnasm
z
=
3 MemMBpaHhbl

\ LNy M

&

| mMuTOXOHApMM L

CVMMAPHAA "IVBCTEN-
TCARHOCTE FIasn

UVBCTBUTENBHOCTH

CRpacHbie”

“ICNCHBIC

“cnune”

760
A QUIIHA CRETOROTT BOJHEL), HM

HeHopMmupoBaHHaA cnekTpanbHaa YyBCTBUTE/NIbHOCTb PeLenTopoB

470 500 SO0

s34

380 420 564

3emHan aTMochepa MMeeT OKHO NPO3PaYHOCTU B AnanasoHe aamH BosiH 300—1500 Hm.

NMaznouKu U KoON6oYUYKHU

Manoykum c PoO4ONCNHOM

420 h3d4 hod

100

30—

HopMmanusosaHHoe
MorToleHHeE

400 500
Benbin uBeT — BO36yXAeHME BCEX KONDOYEK

HopmupoBaHHaa cneKkTpasibHasA YyBCTBUTE/IbHOCTb
peuenToposB C pa3/InuHbIMU NMUTMEHTaMMU

600

AdnnHa BoAHLL [HM)

Konbouku c
MOAONCUHOM

%

700

TUn KonGoYek Haseanwe | OuanasoH | Makcumym vyecTeuTensHocTul 1<
S (OPN1SW) - "TpuTaH”. "uMaHonad” | B 400-500 HM | 420—440 HM
M (OPN1MW) - "gedTad", "xnoponad" | y 430630 HM | 234545 HM
L (OPN1LW) - "npoTan”, "aputponab” | p 500-700 Hm | 564-580 HMm

[Ma/Io4KN — CBETO-BbICOKOUYYBCTBUTE/IbHbIE, HOYHOE 3peHune
Konb0o4yKM - LBETO-BbICOKOUYYBCTBUTE/IbHbIE, JHEBHOE 3pEHUE

Mopor 3puTtenbHoro owyuieHmna coctaBnaet 100—200 poToHOB B 1 cekyHAay



Manouykn n Konboukmn
OuHammndeckuin usetoson adpdekt PexHepa (1838 r.).

Nnnto3usa useTta, Habnogaemas npyu MepLaHMu APKOCTU NajaloLLero ceeta, Unm npu B3rnage Ha
ObICTPO MEeHSLLIMEC NN ABMKYLLMECs YEpHO-6enble obnacTn, BcneacTsne pasnmMyHoro
BpEMeHW peakuuu/agantaumm pasfmyHbIX TUMOB KONOOYEK Ha BCMbILLKA CBETA.

OnuTenbHOCTb TEMHOIO/CBETNONO NOMEn Npu UX YepeaoBaHUM BIUSIET Ha CTENEHb akTUBaLUn-
BOCCTaAHOBMNEHUS pa3nn4YHbIX TUMOB KONBoYek No pasHoMmy.

[Mpu BpalleHun ancka beHxema npoTnB YacOBOW CTPeESike, CO CKOPOCTbLIO 5-10 00./c BHelLHee
KOMbLO KaXXeTCs KpacHbIM, cpefHee — 3efieHbiM, BHyTpeHHee cuHuM. [pu BpaweHumn B
NPOTUBOMOSIOXHYIO CTOPOHY LiBETA MEHAIOTCH MECTaMM.

N3MmeHeHne APKOCTHbIX Avck beHxema (1894 r.)

CTUMYIoB ANCKa Nno BpeMeHn

o ¥ ; —_’]bpuo(c;
https://www.psy.ritsumei.ac.jp/akitaoka/benhamtop.jpg

o P

N i - 'r—l_Hwb(e

- 2 & b
L P"C(f

-—

"

Schramme J. Changes in pattern induced flicker colors are mediated by the blue/yellow

opponent process // Vision Research, 1992. 32 (11): 2129-2134.
68
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NMaznouKu U KoON6oYUYKHU

3pUTenkHanA
OCb
|

”‘__.’_““&\
/ ~ [INCK 3pUTENLHOMO HEpPBa

J Konboukm

—
L=F

—
P
]

nnﬁn

40° 3pUTENLHOrO

20" Hepsa  20°
N

=N

- {

u i S N i S T I I i i ] ]
- 80" 60° 40° 20°\ 0" 20" 40" 60
| HocoBan nonoBWHA CeTYaTKM BUco4yHan NnonoBWHa CETYATKM

! H'uEI-ITpﬂJ‘II:HﬂH
AMKa JKCLUEHTPUYHOCTBE\CETHATKH

MnoTtHocTb peuentopos,1 0'/mm’
o0

Cnenoe NATHO
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JHaMmnyeckmnit AnanasoH YyBCTBUTE/IbHOCTU 1333

Peakuus rnasa Ha UBMEHEHME OCBELLIEHNE SABMAETCSA HEMNHENHOMN.
MuHMManbHO cyObeKTMBHO ollyLLaeMoe npupatleHne AS k doHy apkocTn |

OOCTUraeTcs npyu HEKOTOPOM MOPOroBoM 3HavyeHuu Al. NNpu yBenndeHum I 3HayeHune
Al
Al pacTeT nponopLMoHanbHO, Tak YTO OTHOLLEHuEe n ~0.02 —oTHOWweHne Bebepa - y I
KOHCTaHTa B cpefHeM gunanasoHe SPKOCTEN. .%l
di
[MoporoBoe MMHMMASIBHO pasnnyMMoe oLyLeHne APKOCTH:. dS(I)~T.
Cyb6beKTMBHO-BOCNPUHUMAEMbIN YPOBEHb SPKOCTU I2 Yo
dl I
(3akoH BeGepa — dexHepa, 1860 T.): S(I)~ [—~Klog(I) + C = AS = K log (—2)
§ ! hh ) N T Y N N N
AuHamMuyecknn amanasoH — MakcumarbHasa BenuumHa AS = S, 54 — Smin B
Imax—Io Anmewoculbnocms [
norapnpmMmnyeckoMm maclutadbe, KOHTpacTHOCTb Bebepa: — - B uMCXOAHOM. MWHUManbHO CyObEKTUBHO
‘ S(I) 0 oLlyuiaemas ApKoCTb
3 KOHTpaCTHaﬂ YYyBCTBUTEJNIbHOCTDb
/ : W11
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AS . ,
I 0.5 o pe—
\ : i doH I
= 2[ | | -~ O0F 0
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= | /0 o T sl Al
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= |
S ¥ ! l 1.0 F |
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HeWpoHHanA KneTtka U CMHanc

AeHApMTbI
MocTcMHanTU4eckue
noTeHuyuanabl aKCOH 24+
Ca
X1 AKCOHHbIN XONMUK | o
CuHanc —
no1'e|-| uuman AEMCTBMH zg;;g:am"”ec““”
X, 2 5 | HefpoMeauaTop _
BO36yXaeHue TOpMO3KeHMe
W3 Na"' MUenuHoBas Na*,Ca®* K*
X3 o60n04Ka \4 RedeIon
 [MoteHumMan pAenACTBUA NO aAKCOHY [AOCTUraeT MNPECUHANTUYECKOr0 OKOHYaHMA HEeWpPOHa W BbI3bIBET
nenonapusaumio membépanbl: Ca?t BXoguT B KNETKY. oy @ DS antieCn
e Ca’* cTumynvpyeT CAMAHME W OTKPbITME BE3UKY/ B CUMHONTUYECKYIO LWesb C BbiCBOBOXAEHMEM
HelipomeaMaTopos. MocTtcMHanTuyeckue
o o noTeHuunaabi
* Heupomeaunatopbl aAnddbyHaAMpPYOT 4Yepe3 wenb (20-40 HM) K MNOCTCMHANTUYECKOMY HEWPOHY W
CBAI3bIBAOTCA C pPeuenTtopom. OTO OTKPbIBAeT MOHHbIE KaHa/sbl B MembpaHe B 3aBUCMMOCTM OT TMNa
HeMpomMeaMaTopOB. Mopaenb HelipoHa
« Ec/u HelipomeamaTop — BO36YKAAOLWMIA, OTKPbIBAIOTCA KaHa/bl ANnA Bxogda B knetky Na*, Ca?*, kotopble
YBE/IMYNBAKOT NOKA/IbHbIM NOTEHUMAN MeMbpaHbl (aenonapusaums).
* Ecau HeiipomeamaTop — TOPMO3HOM, OTKPbIBatOTCA KaHanbl ana sxoga Cl~/ sbixoga KT, koTopble cunbHee
YMEHbLLAT I0Ka/IbHbIM NOTEHUMAN membpaHb! (rmnepnonapusaums).
* B aKCOHHOM XO/IMMKE MHTErpPUPYIOTCA CUTHaANbl C MeMBpPaHHbI OT AEHAPUTOB NO BpemeHu. Ecam cymma {0,1,0}
CUrHaNoB Bbille Nopora, TO reHepupyeTca noTeHuuan aelictemna (maccosbin Bxog Nat ¢ nocnepyrowmm W3 b
MaccoBbiM BbIxoaoM KT - umnynbc), KOTOpbI pacnpocTpaHAETCA MO aKCOHY. X3 /
e [Onddysma uanm obpaTHbIM 3axBaT HeMpomegmaTopa NEPCUHANTUYECKMM HEWPOHOM OCTaHaB/AMBaET Mopor akT1Bauum
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FaHrNMo3HbIe
AKCOHBI KINeTKu

3pUTENLHOro

SN

AMaKpuHOBble
KNeTKu

BunonsapHbie
KNeTKu

FopusoHTanbHbIe

KrneTKun
|

[yTb 3puUTEeNbHOro cCUrHana

doTopeuenTopsbl

Konbo4ka

ceTHaTkKu

[/

BHyTpeHHUM cnomn

CpeaHun cnon

HapyXHbin crion

Mano4yka [MurMeHTHbIN 3NUTENUNA

Cknepa

Cocyaucran obono4ka

JlarepancHoe xoneHyaroe Teno

3puTenshas 3puUTeNbHLIA TPakT
NY4UCTOCTD 3pUTensHbIA NepeKpecT
3puTencHui Heps
JleBwii rnas
3puTensHas kopa Bepxtuia

XONMUK

meduniver.com

@ Mpasbiii rnas

* ®doTopeuenTopbl (MaNOUYKN, KONBOUYKKN) 06 bEANHAIOTCA B rPYNNbl BUNONAPHLIMU M FTOPU3OHTA/IbHBIMU HEMPOHHbBIMW KNETKAaMK CETYATKW.

*  OTKAUKMK 6VII'IOI]FIprIX KNETOK Ha pa3gpaxeHne peuentopos nepegaroTca Ha C/ION TaHTNNO3HbIX K/Z1ETOK, KOTOpPbie B HanbonblUen cTteneHu

pPearnpyoT Ha KOHTPACT U JIOKa/IbHYIO PasHULLY peakuuit coceHUX rpynn peuentopos (MPUBOANT K BbIAENEHUIO IMHUIA U TPAHUL, OOBEKTOB).

* 3Ta MHPOPMaLUA MO 3pUTEIbHOMY HEPBY Yepe3 NaTepasibHble KoNeHYaTble Tesla NOCTYNaeT B 3pUTE/IbHYIO KOpy.

* CurHanbl oT NeBoro u MNpaBoro rna3a pa3genAarTcd U COBMECTHO nepeaaroTCA B Z1EBOE U MNpaBoe nonywapuma anAa obecneyeHuns crtepeo

3peHus.
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APKMI TOUEUHBIVA CBET  §(x, y) MNepsuyHana obpaboTka nsobpakeHuna B ceTyaTke

(ToueuHbIit ctumyn) . Ceer
S N306pakeHne Ha ceTyaTke — KOMBUHaLMA @ Peakuma Ha To4eUHBIN CTUMYN CTaHOBUTCA
aKTMBaLMii peL,enTUBHbIX Nonei z h(xy,nm=T (6(x=n,y—m),x,y) cne:v:umu
/'y i\ §: 8
F6Y)= [ [ 1m)T (S(x=n,y=m),x,y)dndm & | Bossymaenme - Topmonenme | £
!
R >\ 3 ," A" r % Peakuum ot
- ; (ApKKi TOueuHbI cBeT) ;0 / peuenTMBHOrO nNonA
§ ) \ raHrIMO3HbIX KNETOK
> 5 ol |5 (npocTpaHcTBEHHOE
B 3puTeNIbHbIN HEPB é -- @ n H n pacnpeaenenne
HenpoHsi 3-ro memb6paHHOro
nopsagka: noTteHuuana)
raHrAMo3Hble
Y MmeHbwieHne anamerpa yenrpa PN
KN1eTKU npu ysennyeHmn cunbl ceera
HeipoHbl 2-ro Bo3byxxaeHune
nopsagka:
bunonsapHblie
KNETKM
HenpoHbi 1-ro
nopsaaka: HanpasneHune
Hanool CBETOBbIX NyYen
Konbouku
[MUrMeHTHbIN o P — -
3NNTENNN
LleHTpanbHas MNepundepus
AMKa 73

Mapp 4. 3PEHME: MHOPMALMOHHbIM NOAXOA K U3yYeHMIO NpeacTaBaeHns u 0b6paboTku 3putenbHbix 0bpasos. M.: «Paguno u casb», 1987.
Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.



APKMI TOUEUHBIV CBET  §(x, y) MepBuuyHan obpaboTka nsobpaxkeHuna B cetTyaTke

o Ceer
(ToueuHbI cTUMmyn) - o ERRS
N306parkeHne Ha ceTyaTke — KOM6UHaLMA Peakuma Ha To4eUHBIN CTUMYN DTN
aKTMBaLUMii peLenTUBHbIX nNonei h(x,y,n,m) =T (5(x-n,y -m),x,y) ~
\
[} et

\
Boabyxaenue , Topmoxenwe [
/ \ '

2

f = —n,y- R
(X, V) LLI(n,m)T(&(x n,y—m),x,y)dndm g

\ 0

H

:

.

[

(apkwnii ToueuHbiii ceet)

AKTMBaUUmn
peuenTMBHOro nNonsa

< P=

raHrMMO3HbIX KNEeTOK

) 3puTesibHbIN HEPB
HenpoHbi 3-ro
nopsagkKa:
raHr1InO3HbIE
KNEeTKN

Y MeHblieHne anamerpa yeHtpa PN
NPH YBENHYEHHUK CHUNbI CBETA

Cxema narepazibHOro TOpMoKeHuUa

Bo3byxxaeHune

HenpoHbl 2-ro
nopspka:
bunonspHble
KAETKN

Stimulus

A B C

|
1

Toanie level

HenpoHbi 1-ro
nopspka:
Masouku
konbouku

HanpasneHne
CBETOBbIX Jly4Yen

[MTnrMeHTHbIN

Tonic level

ANUTENNN W |
LleHTpanbHas MNepudepus \/'
Fanrnuosxas \
aMKa Kinka

Mapp 4. 3PEHUE: MUHPOpMaLMOHHbBIV NOAXOA K U3y4YeHUIO NpeACcTaBieHus U 06paboTKM 3puTenbHbix 06pasos. M.: «Paano u ceasby, 1987.
Heywes A.H. O6paboTKa M306pakeHuii B cUCTeMaX UCKYCCTBEHHOTO uHTeanekta. M®TU, UC. 2025.



APKMI TOUEUHBIV CBET  §(x, y) MepBuuyHan obpaboTka nsobpaxkeHuna B cetTyaTke

- Ceer
(ToueuHblit cTumyn) i3 CTaHOBMTCA
F N3o06pakeHune Ha ceTyaTke — KOMbUHauma ¢ Peakuua Ha ToueuHbIN cTumyn CNeNALLNM
aKTUBaLMIiA peLenTMBHbIX nonei § h(x,y,n,m) =T (5(x-n,y-m),xy) i
%Y
0 © 'Y ,’\ 35 ol
2 - 7y g A B C
F6y) = [ [ 1m)T (5(x=n,y—m),xy)dndm j BosGynawwe ; Topmonanme [ P
~0 2 o\ oL« \ /A A _ o) _ | Tonic tevel
(ApKKi TOueuHbI cBeT) z < > / : \/
a ) > § @ N ¥ n AKTUBaLUU
3 _ PUTENIbHBIV HEPB (o H peuenTMBHOro Nons
Henpowbi 3-ro FaHI/IMO3HbIX KNEeTOK
nopsagka:
raHr1MoO3Hble Y MmeHbwenne anamerpa yentpa PN
KNeTKW npv ysennuyeHmn cunbl ceera
1 Moaenb NaTepasbHOro TOPMOXKEHUSA
HelipoHbl 2-ro Bo3byxxaeHve oagpupusecrus
u
nopspka:
bunonspHble
KNETKU
HenpoHbl 1-ro o
I O0H Ol
nopsaaka: HanpasneHune cuenan
nanouku 1 CBETOBbIX JIyYen
Konbouku
il . /

A * \
[TMrMeEHTH bIN — R — >—1 " }—o0 gk
3NUTENUN  Pewenmaps! a, o ,’4 I‘z s

LleHTpanbHas Mepundepus (relaoios & sorboons)  Bocabie RN PR g
l'aHrnuosKas Homep
AMKa xnerka
cueHana
PEYEnmopa

Pratt, W.K. Introduction to Digital Image Processing. CRC Press, 2013. (Ha pyc.a3: MpaTT VY. Undposas obpaboTka nsobpaxkeHuit: Mep. c aHrn.—M.: Mup, 1982.)
Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.



APKMI TOUEUHBIV CBET  §(x, y) MepBuuyHan obpaboTka nsobpaxkeHuna B cetTyaTke

v Ceer
(ToueuHblit cTumyn) . CTaHOBITER
. U3obpaxkeHne Ha ceTyaTke — KOMbuHauma 8 Peakuus Ha TouedHbIN cTumy” CNeNALLNM
aKTUBALMI peL,enTUBHbIX nonei & h(x,y,nm)=T(5(x-n,y-m)x,y) o
© o g [} "\\ " "l A B C
I
f(x,y)= f I I(n,m)T (5(x—n,y—m),x,y)dndm § | Boabyxaeune , Topmoxenme ; (M
—0— \ 80 \ /] ‘\\ W '\\ 3 | Tonic level
(ApKMi1 ToueuHblii cBeT) g % > / \/
: TNl
> i N L/ A
3 n ¥ n KTUBaL UM
o <+—
kG B 3pUTENbHBIN HEPB = @ u peLenTMBHOro Nons
€MpOoHBbI 3-T0
nopEAKa' raHr/IMO3HbIX KNETOK
raHrMMo3Hble Y MmeHbwenne anamerpa yentpa PN
D NPY YBeNHYeHUH CuNbI CBETA
HeipoHbl 2-ro Bo3byxxaeHune
nopsgka:
bunonapHblie )
VG ¢
KNETKU A
A
- ji ‘\’ - I 0
HewpoHbi 1-ro N\ N o [-1] o]0
nopsaka: HanpaBneHue x* - Y
:gﬂgzsim” CBETOBbIX Iy4en , , , ., BHMMaHMe Ha rpaHuubl
| 5 x“+y*—20° XH¥
y h(x,y) =V°G(x,y) = 2 e 20
[MTUrMEeHTHbIV I P - . o

3NUTENNN
LleHTpanbHas Mepundepus

AMKa

Mopaenb peuenTMBHOro NOAA raHIMUO3HbIX KNEeTOK
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APKUIA TOYEYUHbIN CBET
(ToueuHblit cTumyn)

5(x,y)

M306parkeHne Ha ceTyaTke — KOMBMHaLUA
AKTUBaLMI peuenTUBHbIX Noneu

£
fo0y) = | [ Hm)T (s(x=n,y—m),x, y)dndmg
oo \ -0
S
:
2
[y

(apkwnii ToueuHbiii ceet)

) 3puTesibHbIN HEPB
HenpoHbi 3-ro

nopsagkKa:
raHrAno3Hble
KNeTKn

Bo3by>xaeHwne

HenpoHbl 2-ro
nopspka:
bunonspHble
KAETKN

|
1

HenpoHbi 1-ro
nopspka:
Masouku
konbouku

HanpasneHne
CBETOBbIX Jly4Yen

[MTnrMeHTHbIN

3NUTENNN
LleHTpanbHas MNepudepus

AMKa KieTka

Pratt, W.K. Introduction to Digital Image Processing. CRC Press, 2013. (Ha pyc.a3: MpaTT Y. Undposan ob6paboTka nsobpaxkeHuii: Nep. ¢ aHrn.—M.: Mup, 1982.)
Heywes A.H. O6paboTKa n3o6pakeHuii B cUCTeMax UCKYCCTBEHHOro uHTennekta. M®TU, UC. 2025.

lawrnuosnas | &
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NepBuuyHana 06paboTKka n3obpakeHUa B ceTyaTke

PeaKLuA Ha TOYEYHbI CTUMYA
h(x,y,n,m)=T(5(x-n,y—m),x,Y)

Boabyxaerue ,7, TopmoxeHue |
1

\, \\ /

U
/
/

I
3 8
] \
\ ] \
I \
/

Ceer
CTaHOBMTCA
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~
.

PeanbHana ApKOCTb

Tonic level

Monocbl Maxa

Cy6beKTnsHoe BocnpuaTue

BHMMmaHMe Ha rpaHuLbl



ApKWii Toueuneiii ceer 5, ) [1@PBUYHAA 06paboTKa n3o0bparkeHnsa B ceTyaTKe U 3pUTESIbHOU KOpPEe MOo3ra

(ToueuHbIt cTmyn) N306parkeHune Ha ceTyaTke — KOMbUHaLMA

. » aKTUBaLMW peLenTUBHbIX NoNeN PeaKuma Ha TOYEUHbII CTUMYA Komnosuuus aKTMBaLwii noneii
f(x,y)= I I I (n,m)T (5(x—n,y—m),x,y)dndm Caer
g @ CTaHOBMTCA FAHIMMUMO3HbIX KN1ETOK -
§ h(xy,nm)=T(s(x—ny-m)xy) mo NoON0COBUAHOE peLenTUBHOE none
§. \ oy Nl KNETKWU 3pUTeNbHOM Kopbl
S | Boabyxapenue ,° TopmoxeHue / \ ron
8 U I' \\ ’I ‘\
-0 #I £ ‘I .
: {
3puUTeNbHbIN HEPB  § |
Heit 3-ro] P S @nj ®n
POHbI 3-TO > S R u
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Penenminnme o
6Mnonﬂprle E_ FAHPJITHOGHLIX KIICTOR
KNeTKN l
‘ i v v v v
== l] i 4 ] Frnerkn TRITEUIEHO T,
HeﬁpOHbl 1-ro : T T T T KOUTEHUATOND T
| I |
nopsAaka: HanpaBneHve | | |
nanouku u CBETOBbIX Jly4en ! J/
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o) : /C;I T NOJHOCORMIHIM
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I'ImrmeHTqum i — el r
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LleHTpanbHas Mepundepus —
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ApKuii ToueuHbii ceeT  §(y,y)  11€PBUYHAA 06paboTka U3obpakeHna B ceTyaTKe U 3puTENbHON KOope Mo3ra

TOUYEUYHbIN CTUMVA N306parkeHune Ha ceTyaTke — KOMbUHaLma
( il aKTMBaLMi1 peLenTUBHbIX nonei Peakuna Ha ToueuHbI cTUmy”n Mopaenb peuentusHoro
f(x,y)= I I L(n,m)T (5(x—n,y—m),x,y)dndm Caer NONOCOBUAHOIO NONA KNETKU
o 2 ChaneaT 3pUTENbHO KOpbI
§ h(x,y,nm)=T(5(x—n,y—m),x, y)m:'-?mm
g“ I OkoHHoe npeobpazoBaHua Pypbe
= ' \‘ ] 1
3 B°°°V”‘“Q,/ Y TopuDRN): i (dyHKuMA Tabopa)
-0 C \\/ 4" ‘L P4 \
; =1 ML Y ra h(x,y) = o ~T|a?(x=x0)?+b*(y=y0)?] *
3p|/|Tej'|be||2 HepB i 4 b \“i", e —Zni[kx(X—xo)+ky(3’—YO)]
HeipoHbl 3-ro > ° n @ n L
nopsaka:
raHrAno3Hble
KNEeTKW
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'__{’ Petenrusibie noas _at?
6Mnonﬂprle : 1‘-|. TRHPHOGHBIN KIIETOR € 20 COS(27T(k$ﬂ',' + kyy))
KNEeTKW !

i vV v v

- i ) ) ) _ Kinerkn narepaiasioro
HeliboHb! 1-ro : o _lll_ - -:_'._- KOICHUATOND TENa
nop::p,Ka' HanpaBneHme i f J l High frequency along axis
Ranotn 1 CBETOBbIX IyYeNn J{)
Konboukm | MpocTas kneTka Kopwl
4 : / C MO ORMITH LM

O\
Y, Peuenmineios —T\ PELENTHRHLIM MO7eM
[MUrMeHTHbIN Pescimmos E

ANMUTENNN V m;;'l KOROIl KIeTEN o /

LleHTpanbHas Mepundepus
AMKa
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MaTtemaTuyeckue mogenm peuenTUBHbIX NONer KNeTKU 3puTelbHOU KOpbl MO3ra

OKOHHOe npeobpasoBaHue Pypbe
(PyHKuMA Mabopa)

N3mepeHna akTMBaLMi peLenTUBHbIX
nonen B 3pUTENbHOM KOPEe KOLLKMN

e_n[az(x_xO)z'l'bz(y_yO)z] %
% e—27‘ti[kx(x—x0)+ky(y—y0)]

2D Receptive Field

AnnpoKkcumauma peLenTUBHbIX
nonen cemencreom GpyHKumn Nabopa

2D Gabor Function

) bl 2
xX"+y Xty

VG(x,y)=— %e 20° ,%e_ 20°

Pa3HocTHaa ownbKa
annpoKcnmavunm

Difference

_ . o _ S o JTannacmnaH yHKuUKMmM Maycca
J. Daugman. Uncertainty Relation for Resolution in Space, Spatial Frequency and Orientation Optimised by Two-

Dimensional Visual Cortical Filters // Journal of the Optical Society of America, 1985, vol. 2, pp. 1160-1169 VzG( ) [xz + y2 ~Dr* 1;":’{
x,y)=

=0

o~ Tla?x?+b?y?| ,—2milkyx] 5 e—n[a2x2+b2y2](1 — 21k, x — 2(mk,)%x?)=

kgzcn' _[22+b2 2] kgzc —[22+b2 2] ,kx —[22+b2 2]
= 1_a2 e Tax Yl ——1V Ve T¥X YI+i= e mMe* y

2a% a

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.



BbliaeneHne npu3HaAKoOB 3pUTENIbHON CUCTEMOMA.

dunbTpaLmAa 3HAYUMbIX NPU3HAKOB  f(x,y,c) - npoekumn nona I(x,y) Ha cemeiicTso
(KaHaNbHbIA MeXaHM3M BHUMAHUA)  PasHOCTHbIX puabtpoB T (6(x —n,y —m),x,y) :

f ( ,c)

f(x,y,c)= T T I(n,m)TC(5(x—n,y—m),x,y)dndm

—00 —00

. (5(Ax,Ay))

-=

High frequency along axis ~

wer frequency Even lower freauenc

_T cos(2r (krz + kyy))

bunbTpaLna NPM3HAKOB NO
BbIPA*KEHHOCTU

[NoporosaAa akTuBaumA <
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O6wan moaenb 3pUTENIbHON CUCTEMbI HAa OCHOBE
CBEPTOYHON HEUPOHHOMN CeTH

f(x, y ”l(n m)T, (5(x —n, y —m))dndm
I(x,y) Backbone
(24,24) (21,21)
T — 7.7) (4,4)
I. . cnnvu ion BB
I | .I(Jr=f(rt Punling
5 = 5,, =3
Convelution
K,=K,=4
N _—— e~ g
i 2 W
N306pakeHne CBepToYHasA 4acTb, Bblae/IeHNe XapaKTepPHbIX
c NPU3HAKOB, X dGunbTpauma n otbop
+—>
N N

CBEPTKH

e e

Ha BXoae
N306parkeHne
Ha BbIxoae
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ApXUTEKTypa ceTu
AlexNet

MapameTpos: 60 mnH.

Henponos: 650000
Cnoun: 5 cBePTOYHDIX,
3 NONHOCBA3HbIX

N306parkeHns Becos 96 aaep 11x11x3 nepsoro
ceepTouHoro csof AlexNet, obyueHHble aBymsA
rprynnamu Ha asyx GPU.

BbiaeneHne HU3KOYPOBHEBbIX MPU3HAKOB CBEPTOUYHOM

HeMpPOHHOU ceTU, 0byueHHOM Ha ImageNet

Max 128
pooling

BuAaHa BblparKeHHan CTPYKTYPa MOHOXPOMHbIX
PA3HOCTHbIX GUNBLTPOB, UMetloLLUX fabop-noaobHble

npodunn.

192

192

2

dense

Max
pooling

192

192

128 Max
pooling

dense

2048

dense

2048

1000

ImageNet LSVRC-2010 (1.2 mnH.)
error rates:

top-1: 37.5%

top-5:17.0%

Krizhevsky Alex, Sutskever Ilya, Hinton Geoffrey E. ImageNet Classification with Deep Convolutional Neural Networks// NIPS 2012, pp. 1106-1114

Heywes A.H. O6paboTKa n3o6pakeHuii B cUCTeMax UCKYCCTBEHHOro uHTennekta. M®TU, UC. 2025.
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MexaHWU3M BHMMaHMA 1 BbIOOP NPU3HAKOB

BHMMaHMe — n3bupatenbHaa HanpaBAEeHHOCTb BOCNPUATUA Ha TOT AN MHOM OOBEKT, NOBbILLIEHHbI MHTEPEC K 0O BEKTY C
LEeNbo NOMIYYEHUA KaKNX-TMOO AaHHbIX Npw:

* BbiIcCOKOYpOBHEBOM KOTHUTUBHOW 06paboTke nHbopmauum

* HU3KOypOBHEBOM HEOCO3HAHHOM NPeaobpaboTKM CUrHaN0B C OPraHOB YyBCTB

* Moaenb atTeHtoaTopa U cenekuuu (. bpoabeHT, 3. Tpucman, [1. HopmaH): otbop peneBaHTHOM K

o O6wana moaenb
noaaBaeHne HepeneBaHTHOM MHPOPMALMN.

* PecypcHaa moaenb [l. KaHemaHa: pacnpegeneHue 3agad npu ncMxonorm4yecKkom pecypce BHUMaHUA
OrpaHUYeHHOro obbema.
CeHcop
I/\
e | o MpenoGpatorka, Bbiaenetve
=
eunenve 2 x i
©
s v
m_ e CeHcoOpHaa NaMATb
(2]
BOCNpUATHUE -
m dunbrpauma, otbop NprU3HaKos
BHUMaHMe BbINONHAET GYHKUMM PUALTPA, NPeAoTBPALLAIOLIErO BpemeHHas paboyas namaThb
neperpysKy KOrHUTUBHOM CUCTEMbI, U KOTOPbIN A0/IKEH NPUMEHATLCA ]
B Ha4ya/Jie uan B npouecce o6paboTkmn MHPopmauun. KorHutnBHaa obpaboTka 84

https://ru.wikipedia.org/wiki/BHumaHue

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.



CeovicTsa
BHUMaHUSA

HanpaeneHHOCTb
Ha OAMH OObeKT

/

/!

MexaHnam BHUMaHUA

MpMMepbl NepeKkNtoYeHNA BHUMaAHKUA

HanpasneHHOCTb
Ha HECKONbKO 00bLeKToB

\ : MNabuparensHOCTb :

KoHueHTpauus

YCTONYMBOCTL

Pacnpeaenexue

MepexknioyaeMocTb

A 4

Obbvem

Heywes A.H. 06paboTka n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.
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MexaHn3am BHUMaAHUA

N3bupatenbHocTb (“/Inyo”)

Jluuo Ha Mapce:
3HaMEeHUTbIV CHUMOK «BukuHra-1» B 1976 rogy

N
-

npocetesom mogenbto

.’A

HeycTonumBoCTb BOCNPUATUA VS TMOKOCTb BOCNPUATUA, “cocTA3aTeNIbHble aTaKK” Ha BOCnpuATHE.

Heywes A.H. 06paboTka n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.



HeycToMumMBOCTb M ONTUYECKNE N3N

Mnnto30pHbIN KOHTYP [NapannenbHble NpamMmble BAnAHMe KOHTEKCTa Ha BoCnpuATHe

: 3 4 3 » 1
g 2 : - ) > \ i z




1. NoHnmaHue bMoNOrMYeCcKUX MexaHM3MOB NO3BOIAET CTPOUTL
3P PeKTUBHbIE cMcTeMbl 06paboTKM M306parKeHUN,
cneumannsnpoBaHHble ANAa BOCNPUATUA YEeNOBEKOM.

2. Bnonornyeckme npeanoCbINKU ABAAIOTCA UCTOYHUKOM
BAOXHOBEHUA A1 NOCTPOEHUA MaTEMATUYECKUX Moaenemn
MHTENNEKTYaNbHbIX CUCTEM.

Heywes A.H. O6paboTKa n306pakeHuii B cUCTeMaxX UCKYCCTBEHHOTo uHTennekta. M®TU, UC. 2025.



