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1. HenpoH

HenipoHHBIE c€TU 1 HEMPOKOMINIBIOTEPHBI — 3TO OJHO U3
HallpaB/I€HUM KOMIBIOTEPHOU UHAYCTPUH, B OCHOBE
KOTOPOTO JIOXXUT UJiesl CO34aHNUA UCKYCCTBEHHBIX
MHTE/IJIEKTYaTbHBIX YCTPOWCTB MO 00pa3y U Moso6mio
YeJI0BeYeCKOIr'o MO3ra.
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HenpoHbl YernoBevyeckoro Mo3ara

Cunarncel

HeHapursel

AKCOH




IIPOCTEULINN HEUPOH MOXXET UMETh 10 10 000
OEeHIPUTOB

Ye/I0BeYeCKUM MO3T COLEePXXUT ITPUMEPHO 10"
HEeMPOHOB

KKIbIU HEUPOH CBA3aH C 10°-10* ApyTrUMHU
HEeUPOHAMU

MO3T 4Ye/I0BeKa COAEPYXUT 10'4-10"° B3AaUMOCBSI3eHU



— 2. MaTemaTu4eCcKnm HenpoH

Mak-Kannoka - Nuttca

1943 T. YoppeH Mak-Kannok u Bansrep [lurtc Be1gBUHYIN
TUNOTE3y MaTeMaTU4YeCKOTO HeMpOHa

MaTeMaTU4YeCKUU HEMPOH NMeeT HeCKObKO BXOJIOB Y OAWH
BBIXO/I

yepes BXO/blI (j) MaTeMaTU4YeCKHUii HeHPOH MPUHUMAET
BXO/JHbI€ CUT'HAJIbI (xj)

BXO/IHbI€ CUTHAJ/Ibl YMHO)KAIOTCS Ha BeCOBO# KO3 UIHeHT
(wj) 1 CYMMHUPYIOTCS =
-
j=l1

BBIXOZHOU CUT'HAJI HEUPOHA y AB/ISIETCS HeJIMHEeMHas
dyHkius f{S), KOToOpast Ha3bIBa€TCS AKTUBALIMOHHOM



AKTMBaLMOHHAA PYHKLNA
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a) QyHKIIMS e JUHOTO CKavyKa (0 — mopor 4yBCTBUTE/THHOCTH
HeMpOHa); 6) TMHENHBIN IMOPOT (TMCTEPE3UC); B) U I') CUTMOM/
(morucTudeckast pyHKIIHS).
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MaTemaTundeckme HeENPOHbLI, peanunayrLline
niornyeckmne PyHKUnm

MaTeMaTU4YeCKHUH HeHPOH N300PaKAIOT KPY)KOUKOM
BO30Y)KIQIOIIHUI BXO/ — CTPEJIKOU
TOPMOSSILLU BXOJ, — MAJIEHBKUM KPY)XXO4YKOM

PSIIOM MOXXET 3aIlMChIBAThCS YMCJIO, TOKAa3bIBaloIIee
3HaueHue nopora 0
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3. MepcenTtpoH Po3eHONarTTa

Nnes Mak-Kannoka - [IlurTca 6b11a peain3oBaHa
®pankom PozenbmaTTom:

1953 I. B BUJie KOMITbIOTEPHOU MPOTrPaMMObI

1900 T. B BUJie 3/IEKTPOHHOI'O YCTPOMCTBa,
MOJEeTUPYIOLLEero Ye/J10Be4YeCKUM riaas



X1=

xj=1
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/ITepaLMOHHbIN anropuTM KOPPEKTUPOBKM

BECOBbIX KOO PULIMEHTOB

[TIar 1. ITogats BxogHOM 00pas ¥ BBIYUCIUTH BBIXO/,
repcernTpoHa y

Illar 2, a. Ecsiv BbIXOZ, TpaBUJIBHBIN, TO IEPEUTU HA
1ar 1

[Tar 2, 6. Ecii BbIXO HEITpaBUJIBHBIN W PaBeH HYITIO,
TO YBE/IMYUTH BeCa aKTUBHBIX BXOJ0B, HAIPUMED:

w(t+1) w(t)+x
[lar 2, B. Ecau BBIXOZ HenpaBHnbﬁbm 1 paBeH
eINHULIE, TO YMEHBIINUTD BeCa aKTUBHBIX BXOZ 0B,
HanmpuMmep:

w. ( t+1)=w, ( t) - x.
Ilar 3. IlepeviTu fia Iar 1 U BaB]epH_[I/ITb IpoLecC
oOy4YeHwUs.
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4. MHOrocnowuHbsIn NnepcenTpoH

M. Munckuu v C. [lalinmepT B CBOeM KHUTe
"IlepcenTpoHbI’ CTPOTO MaTeMaTHUYeCKHU TOKa3a /I,
YTO OHOC/IOUHbBIE NMepCeNTPOHbI B MPUHIIUIIE He
CITOCOOHBI pellaTh MHOTHE MPOCThIe 331491

MHorvre noHMMaJIv, YTO HAZO YCJIOXKHSATD CTPYKTYPY
MepcenTPOHOB



~ [1ByXCNOWHbIV NepCcenTpoH, peanuayoLLni
doyHkuuto "Mcknroyatowee NJ1A"
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Anroputm obpaTHOro pacnpocTpaHeHus
OLLUNOKU

IIar 1. MHunMaimsanuvs CMHAIITUYeCKHUX BeCOB U CMellleHU M

Iar 2. Hpe,ZI,CTaBJIEHI/Ie 13 00y4aroiei BBIOOPKH BXOAHOTO BeKTOpa X
= (x1, x2, ) M COOTBETCTBYIOIIETO €My BBIXOJJHOTO BEKTOpPA Dq =

d1 dz, . )N
(k) = Z (k) (k 1)

Ilar 3. HpHMOI/I TIPOXOZ,

[ITar 4. O6paTHbI TPOXOZ
WO )= wP @)+ aw® (1) Awle+1)=n50y

U

5&) — (d _y.) .(l _y') 5§® = yl(k)( (k))zé(kﬂ)wl(lkﬂ)

[Ilar 5. [ToBTOpEHMe MmIaroB 2—4 HEOOXOAMMOE YHUC/IO Pa3
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Ha 5 IIIare aJITOPUTMA BBIYUC/ISETCS CpeTHEKBAZAPaTUYHAS OIINOKa,
ycpenHeHHas 1o BceM 00y4JalouiiM MpuMepaMm:

qfﬁ(d -

=1

TAX)Ke BBIYMCIISETCS MAaKCHMaJIbHasi PAa3HOCTH MEX/Y JKeJIaeMbIM U
baKTUYeCKUM BbIXOAAMU TTepCeNTPOHa:
)61

UTEPALUOHHBIU MPOLECC 3aKAHYMBAECTCS MOC/IE TOrO, KaK
MOT'PEITHOCTH €, JOCTUTHET 3aJJaAHHON BeJTUMYHHBI, THOO TIPH
TOCTYDKEHUH TIpeie/TbHOTO YK CJIa TT0X O0y4YeHUS.

£ = max(]dl. =
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3agayu, pellaemMble € NoOMOLLbI0 HEUPOCETEN

€C/IM €CTb MaTeEMATHU4YE€CKasd MOJE/Ib KaKOTI'O-TO IIpoLeccCa, TO
N3y4asi B/INSTHUE BXOAHBIX IIAPaMETPOB HAd BbIXOJAHbIE, MOXXHO
pelInTb 3a4a4y OIITUMHU3ALIN MOAE/TUPYEMOTO ITpoLeCCa

eC/IU MaTeMaTU4YeCKasi MOZe/ib SIB/ISIeTCSI HeCTAllMOHAPHOM, TO
€€ MOYXHO MCII0/1b30BaTh JJIS1 pelleHus 3a/a4
IIPOTHO3UPOBAHUS

eC/Id MaTeMaTHYeCcKast MoZie/ib pab0TaeT B peaibHOM peXXruMe
BpeMeHH, TO pe3y/IbTaThl MaTeMaTHUY€CKOTO MOZIe TUPOBAHUS
MOT'YT OBITh OTIEPATHBHO TepeiaHbl OTIePATOPY, YIIPAB/ISIOLIEMY
00'bEKTOM, WJI MOTYT OBITh HEIIOCPEICTBEHHO BBeIeHbI B
PUOOPBI, YTO MO3BOJISIET PEIATh 33/Ia4H YITPABIE€HHS

MOZie TUPYEMbIM 0ObEKTOM HJTH MPOIIeCCOM

HeHpPOHHBIE CEeTH MOTYT PelllaTh 3a/Ia4M PAaClIO3HaBaHUS U
KaccuPUKAIUU 00pa3oB, IpUYeM Mo, 00pa3zaMy MOHUMAIOTCSI
3pUTe/bHbIe N300paYKeHUsT, CAMBOJIbI, TEKCTHI, 3a1laXxH, 3BYKH,
IITyMBbI
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HeBepbanbHOCTHL K "LLECTOe YyBCTBO
HENPOCETEN

Kak 1 yenoBedeckuii MO3r, HeHpoceThb CITOCOOHA
BBIBOJUTH 3aKOHOMEPHOCTH, [e/IaTh JOTAaJKH,
OTKPBIBAaTh 3aKOHBI NPUPOAbI. HO, Tak e, KaK U
Yye/l0BeK, HeMpoceTh He CITOCOOHA K YETKOMU
$bOpMY/THPOBKeE aJITOPUTMA, ITO3BOTHUBILIETO C/IE/IATH TO
WJIA NHOE YMO3aKJII0UeHue.

M3BecTHBI CIy4au, KOTJa HeMPOCeTH JeMOHCTPUPYIOT
dbeHOoMeH, Ha3bIBaeMbIU B YKM3HH II€CTHIM YYBCTBOM.
OHU C ycIiexoM H3BJIeKaloT 3HAaHHWS U3 aHa/IM3a
WHPOPMaIH, U3 KOTOPOM, Ka3a/IoCh ObI, 3TU 3HAHHUS
H3BJI€Ybh HEBO3MOXKHO.
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MeToabl 00y4YeHUs HEUPOCETEN

AeTepMUHUCTCKUE CTOXaCTU4YeCcKue
MOACTPOMKA BECOB MOACTPOMKA BECOB
IpeCTaB/IsIeT COOOM MIPOU3BOAUTCS HAa OCHOBE
YXECTKYIO IeMICTBUY,
I10c/jeJ0BaTe/IbHOCTD MMOAYMNHSIOIIUXCSI
OeNCTBUM HEKOTOPOMY CJIy4auHOMY

MPOoLLeCCy



OCHOBHasi Ipo6ieMa 0O0y4eHUsI TepCcenTPOHOB
COCTOUT B TOM, YTO IOBEPXHOCTh (ll;YHK]_[I/II/I
o160K OOBIYHO UMeeT OYeHb CJIOKHYIO GpOpPMY CO
MHOYXeCTBOM JIOKaTbHIX MUHHUMYMOB.

AKTYa/IbHBIM SIB/ISIE€TCS Pa3BUTUE METOLOB
I1I00a/TbHOM ONMTUMHU3AINH, KOTOPHIE

TTO3BOJISIOT HAUTH T7100a/TbHBI MUTHUMYM
MHOTO3KCTPeMaIbHOMU 1ie/ieBor PYyHKIINHU
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[ eHeTU4eCKnn anropuTm

npenaoxeH /bx. XomnaHgoM B 1970-X rofax

UMUTUPYET NIPUPOSHBIN ONITUMU3ALMOHHBIU MIPOLLECC,
IIPOUCXOAAIINMN IPU 3BOIIOLIUU XUBBIX OPraHU3MOB

OCHOBHbIE uaeu Teopuu HYapin3za lapsuHa:
eCTeCTBEeHHBIN OTOOP U reHeTHYeCKoe HacieJoBaHHe

MYyTalHsi — ©3MCHCHHWE I'€CHOB



Onepauusa ckpeLlmBaHus, NpuMeHsemas B
reHETUYECKMNX arnropmuTmMmax

XpoMocoma oTIa XpomocoMa 1-TO MOTOMKa

XpomocoMa MaTepu XpomocoMa 2-ro MOTOMKa
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[TogrotoBka BXOOHbIX NapaMeTpoB

ycIex CO3JaHUusA HEMPOHHOM CeTU BO MHOTOM 3aBHUCHUT
OT YZIAYHOTO TToA00pa 0O0YYaIOINX TPUMEPOB

CJIeAyeT YYUTHIBATh, UYTO He BCE MapaMeTPhl
peaMeTHOM 00/1aCTH BAUSIIOT Ha BBIXOJHOM BEKTOp Y

He3Ha4YMMble [IapaMeTPHhI He cjieZlyeT BKIK4YaTh B
CITMCOK MAapaMeTPOB BXOAHOI'O BeKTOpa X

Ha ITepBOM 3Talle B BeKTOp X BK/TIOYAIOT KaK MOYKHO
OoJIbIIIe TTAPAMETPOB
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OnpegeneHne He3Ha4YMMbIX MapamMeTpoB

aHa/IM3a 3HAaYeHU BeCOBBIX KO3 PUITMeHTOB
BXOAHBIX HEHPOHOB. Ec/ii y Kakoro-mn60 BXOAHOTO
HeMpOHA CUHANITU4YeCKHe Beca 3HAYUTE/IbHO MEHbIIIe,
YyeM y IPYIr'uX HEMPOHOB, TO 3TOT BXOAHOU HEUPOH
CKOpee BCero COOTBETCTBYET HE3HAYUMOMY IapaMeTpy
BeKTopa X

BO3MYILl€HUSI 3HAYE€HUU BXOAHBIX IapaMeTPOB U
QHAJ/IN3a PeaKl U1 CeTHU HAa 3TU BO3MYyLIeHUus. Eciun
CeTh He pearupyeT WIH C/Ia00 pearupyeT Ha U3MeHEeHU s
3HAYEeHHUST KaKOTo-T00 BXOAHOTO ITapaMeTpa, TO 3TOT
IapaMeTp He ABJIsIeTCA 3HAYUMbBIM
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PeKkyppeHTHbIe CeTU
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