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IIpakmuueckoe 3anamue Nel. Mooenu neiiponos. Inemenmeol HEeUPOHHBIX cemell U 3a0aua
pazoenenusn 08yx Kaaccos. Annpokcumayusn Qynxyuil.

AHHoTanusi: PaccmatpuBaiorcs  CcTpykTypa W (QYHKIMM  pa3IWYHBIX MOJENei  HelpoHa:
[IEPCENTPOH, CUTMOUAANIBHBIA HEUPOH, ananaiH, [lane-HeipoH, HEHPOH C KBaJApaTUYHBIM CYMMATOpPOM,
CUTMa-TM HEMPOHBI, HEMpoH Xe00a, croxacThuueckas MoJIeTb HeHpPOHa, KyOUYeCKHe MOJIEITH HEMPOHOB.

Inemenmol HEUPOHHBIX Cemell U 3a0a4a pazoeneHus 08yx Kuaccos

IlepcenTpon

[Tpocroit mepcentpon — 310 Helipon MaxkKamnoka-ITutca (puc.l). BecoBsie koddduLIMEHTHI
BXO/IOB cyMMaTopa, Ha KOTOpBIC MOTAFOTCS BXOJIHBIC
curnanet L0 b Ly o0y N oGosnauarorcst (Ui, a moporooe 3mauenme — (U0, Hemumneiinas

GyHKIUS aKTUBALMU / NEepCerTPOHa SBIAETCS CTYINEHYaTOW, BCIEACTBHE YEro BBIXOJHOM CHTHa
HeWpoHa MOKET MPUHUMATh TOJIBKO J1Ba 3HaUeHUs — (0 1 1 B COOTBETCTBUU C IPABUIIOM

l st u =2 0

J(u) = Omugu< 0D

unu -1 u 1 B COOTBETCTBHUH C MPABUIIOM

l g u =2 0

Jiu) = -1l g u <02

rae (/. o0o3HaYaeT BHIXOJHOM CHTHAI CyMMaTopa

N
U= E W;T;. 3

=0

B ¢opmyse (3) npeanonaraercst L0 — L

1

Puc. 1. Heiipon MakKamoka-ITutrca

OGydeHHEe IIepCENTPOHA COCTOMT B TakoM moxbope BecoB Ui, uroGsl  BbIXOIHOI

de{0,1} . de{-1,1}

CUTHaJI 'U coBmaaaa ¢ 3aJaHHBIM 3HAYCHHUCM nin
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C mepcenTpoHOM CBs3aHa 3ajjaya YETKOTO pa3/eieHUs ABYX KIJIACCOB Mo oOyuwaromiel BhIOOpKE,

KoTopas CTaBUTCSA CJIeTYIOIIM o0OpazoM: nMeeTCs 1Ba Habopa
g 1 71 7m ri
BEKTOPOB A5 ya X u ) . 3apanee U3BECTHO, uaro X
) — &) ) —
, l,...,n OTHOCSITCSI K TIEPBOMY KJiaccy, a Y- ,J L.o..,m . KO BTOpoMy. TpeOyercs

MOCTPOUTh  pelIaroniee  MpaBWiIo, T.6.  ONPENeNIUTh  Takylo  (QYHKIHUIO f (X ), 4TO

f(X)>0 f(X)<0

pu BEKTOD X ornocures x IIEPBOMY KJ1accy, a Ipu - KO BTOpOMY.

CurmouajabHbIN HellPOH

Heiipon curmomganbHOrO TUIa MMEET CTPYKTYpY, nogoOHyro moxaenn MakKamnoka-Ilurca, ¢ Toi
pasHHUIed, 4YTO (YHKIUS aKTUBAI[MM SIBJSIETCS HENMPEPBHIBHOM M MOXET ObITh BBIpaK€HAa B BHJIE
CUTMOMJIAJILHON YHUIIOJSPHOW WM OWNoNsipHON (GYHKUIMH. YHHUIONSApHAs (QYHKIHS, Kak MpaBUio,
npencrasisiercs popmysou (puc.2)

f(x) =1/(1 + exp(—px))

b

l__

0,993,

Hb03=107)

(R o
[l

Puc. 2. Yaunonsapuas QyHKIus

= mnh{.i.r)_

TOTJa Kak OunomnsipHast pyHKIuUs 3a1aercs B Bujae (puc.3) I \ )



f(z) = tanh(Fx)

4, T
0.57
T 1 t 1 i
o =4 0 2 i
—0.5+
l._]-l —l"
—h T 5}

Puc. 3. bunomnsipaast pyHKIus

ITapamerp B BIMSET Ha KPYTU3HY rpaduka (yHKIUU / | ) [Ipn p— oc CUTMOUAANIbHAs
byHKIMS TpeBpamiaeTcs B (DYHKIHMIO CTYNEHYaTOro THIA, HUACHTUYHYI0O (YHKIMH aKTHBAIUH

3=1

nepcentpoHa. Ha npakTuke yaiiie BCero UCHoIb3yeTCsl 3HaUEHUE /

BaxHbIM  CcBOWCTBOM cUrMouJanbHOW (QyHKIMHM sBiasercs ee  auddepeHmupyemocts. s
YHUNOJISIPHOHM (PyHKIIMN HMeeM

df (z)/dx = Bf(z)(1 — f(x))
TOrAa KaK JUIs OUIOJIAPHON (PYHKITUU
df (z)/dz = (1 — f(z))%.

[Ipumenenue HEeNpephIBHON GYHKIMM ~ aKTHBAaIllMM  [O3BOJSIET  HCIIOJIB30BAaTh  MpH
00y4YeHUHU epadueHmmuvle Memoowvl onTuMu3auuu. Ilpomie Bcero peamu3oBaThb Memoo HAUCKopeuuie2o
cnycka, B COOTBETCTBUU c KOTOPBIM YTOYHEHHE BEKTOpa

o . AT
== L“ 0,W1,...,U ‘\} IOPOBOAUTCA B  HAIIPABJICHUM  OTPHULATCIBHOIO TI'paauCHTA

F=(y— (,)j/g,r):[e

N

y= f(u) = ./'(Z W;T;).

=0

BCCOB

1es1eBO (QyHKIMH

KommoneHnTa rpaineHTa UMeeT BUI

V.E = dFE/dw; = ex;df (u)/du,



me © — Y — d O3HAy4aeT Pa3HUILY Me)lgjl){;ibalc';wﬁdm_\h /}p[ PEKUIaEMBIM 3HAYEHHEM BBIXOJHOTO

curHaia Heiipona. Ecnu BBectu 0603HaueHue , TO MOYKHO TOJIYYUTb BBIPa)KEHUE,
ONPEACIAIONIEE -0 COCTABIAIOLIYIO IPAINEHTa B BUJE

V;E = ézx;.

3Ha4yeHUs BeCOBBIX KO3(PULIMEHTOB yTOUHSIOTCS 110 (popmyie
wi(t + 1) = w;(t) — adx;,

re @ € (0, 1)

[IpyMeHeHHe TpaIMeHTHOrO MeTona Ui OOYdYeHHs HEHpoHAa TapaHTUPYeT IOCTHIKEHHE TOJBKO
JIOKAJIbHOT'O MUHUMYMa. ILJ'DI BbIX0/Ja U3 OKPECTHOCTHU JIOKAJIbHOT'O MUHHMYMaA PC3YJIbTATUBHBIM MOXKCT
OKa3aTbcsi 00y4YeHHe ¢ MOMEHTOM. B 3ToM MeTozie mporiecc yTOYHEHHsI BECOB ONPENEISeTCs] HE TOIBKO
uHpopManuen o epaduenme QynKyuu, HO ¥ MPEIBITYIIMM U3MEHEeHHEM BecoB. 110100HbI# cr1ocod MokeT
OBITh 33]1aH BBIPAKCHUEM

Aw;(t + 1) = —adx; + BAw;(t),

B KOTOPOM TMEPBBbI WIEH COOTBETCTBYET OOBIYHOMY METOJY HAMCKOpEHINEro CIycka, TOrjga Kak
BTOPOM YJICH, HAa3bIBA€MbIi MOMEHTOM, OTPakaeT IIOCIEIAHEEC H3MEHEHHE BECOB M HE 3aBHCHUT OT

3

(akTHUECKOro 3HaYCHUS IpajueHTa. 3HaueHue '~ BblOupaercs u3 untepsana (0,1).

Annpokcumavyun Qynukyui
Heiipon Tuna "aganain"
B mweiipone tmna "amamain" ([/D[Iptive Llnear Neuron - amanTuBHBIA JTUHEHHBIA HEHPOH)

alanTHBHBIA 1OAOOP BECOBBIX KO3(PPUIMEHTOB OCYIIECTBISETCS B IpOLECCEe MHUHMMHU3ALUU
KBaJPaTUYHOM OINOKH, OTpeiesieMoi Kak

N
E(w)=e*/2=[d - (Z wiz;)|* /2.
1=0

B cBsi3u ¢ BBIMOTHEHHEM YCIOBUSA TUG(HEPCHIMPYEMOCTH IEJIeBOH (YHKIIMU CTaJl0 BO3MOXKHBIM
IPUMEHEHHE AITOPUTMa TPAJUEHTHOTO OOYy4YeHHs. 3HAUEHUS BECOBBIX KO3(P(PHIIMEHTOB YTOUHSIOTCS
CJIETYIOIIAM CITOCOOOM

w;(t + 1) = w;(t) + aex;.
ITane-neiipon

[Tage-HelpOH BBIYKCISET MPOU3BOJILHYIO JAPOOHO-TMHEHHYIO GyHKIHMIO BekTopa -I' . Tak ke, Kak u
JUIS aJJallTUBHOTO CYMMAaTOpPa, YUCIUTENb U 3HAMEHATENIb MOKHO C/IeTaTh JIMHEHHBIMUA QYHKIUAMU L :

N N
Uz/Lz, Uz=) Ug, Lz=) L

1=\) g=u()
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[Tage-HeWpoH MOXKET UCIIONB30BAThCs Kak 00001IeHre HelipoHa Tuna "ajanaidH" B TeX ciaydasx, Korjaa
JMHEWHBIX (YHKIUI CTAaHOBUTCA HEOCTATOYHO, B YACTHOCTH, B 3a/1a4aX MHTEPHOJALMH IMIUPHUECKUX
3aBUCUMOCTEH.

B cnyqae [Tane-nelipona kBaipaTuyHas OmMOKa ONpeaessseTcs Kak

E(U,L)=¢€*/2=(d—-Uzx/Lx)*/2

Y 3HAYCHMSI BECOBBIX KO (PHUITMEHTOB YTOUHSIOTCS 110 CIEAYIOMUM (hopMyiam

N
Ui(t +1) = Ui(t) + aexi/ Y  Ljz;,
7=()

N N
Li(t+1)= L;(t) — aex; Z ( '_,.:‘J,-/(Z /J_,.r_,)").
i=0) =0

HeilipoH ¢ KBagpaTHYHBIM CYMMATOPOM

KBanpaTuunblii cymmaTop MOKET BBIUMCIATH MPOU3BOJIBHBIN MMOJIMHOM BTOPOTO MOPSAJIKA OT BEKTOpa
BXOJIHBIX CUTHAJIOB

Qlz) = Z ;i ZiT; + Zp,.r, + 7.
i,] ]

JUis MHOTOMEpPHBIX HOPMAJIbHBIX PacHpelesIeHUil HEHPOH C KBaJpaTHUYHBIM CYMMAaTOpPOM SIBIISIETCA
HaWIy4yIlIUM KIacCU(PUKATOPOM. MUHUMYM BEpPOSTHOCTU OHIMOKM JaeT KBaJpaTU4Has pa3lensromas
MIOBEPXHOCTD!:

eciu (2 (Z) > “, TO OOBEKT MPUHAICKHUT MIEPBOMY KJIaccy;

eciu (2“) ““<‘~ 0 TO OOBEKT IT 0
, PUHAJUICKHUT BTOPOMY Kiaccy (MPU yCJIOBUHU MPAaBHILHOTO BBIOOpa

koapdurnimenton Q(L)).
KBagpatuunas ommoOka 371ech Onpenensercs Kak
ar :.! . . Y A -3 i
E(qij,pi,T) =e°/2 = (d — Q(x))°/2.
KoadduuneHnTs! KBaaApaTHYHOTO CyMMATOPa YTOUHSIOTCS 110 (hopMysaM

gij(t + 1) = qi;(t) + 2cex;x;,
pi(t + 1) = pi(t) + aex;,
rit+1) =r(t) + ce.

Henocratok Takoro kiaccuukaTopa - 00JIbIIOe YHCIO HACTPAUBAEMBIX ITAPAMETPOB.



Curma-IIn HelipoHbI

Beiie O6bu1H paccMOTpEHBI HEHPOHBI € JIMHEHHOM U KBaJpaTUYHON QYHKIMAMH akTHBauuu. CUrMa-nu
HEHPOHBI ABISAIOTCA UX O0O0OIIEHHMEM Ha CiIydail MpeaCTaBICHHsS (YHKUIMU aKTHUBAIMKA U TOJIMHOMOM

CTENEHW <« v ‘\ - YHCITO BXOOJ0B HeiipoHa:
M

Lz rr;H:,
el

k=1

}

[},

MCPBBIX \ IIEIBIX THCETI, \I

ON 5
- MHOXKCCTBO HHJICKCOR, coOJepHaniec 0/THY H3 BO3IMOKHBIX —) KOMGHH&HI/II/I
A

TJIC

Mojeuan neiipoua Xedoa
CrpykTypHas cxcema Helipona Xc00a COOTRCTCTRYCT cTaHapTHOW dopme Monmenu Helipawa (puc.l).
J.Xe66 1peniomui GopMalibiioe 1PaBUIo, B KOTOPOM BeC 7 Lelpoia u3MENsercs LPOolIOPLUOIATBHO

MNPOHU3BCICHHIO €TI0 BXOJHOI'O H BEIXOJHOI'O CHTHAIOB

Aw; = az;y,

a€ (0,1)

TAC - K03 QUITUCHT 0OyUCHHS.

[Ipn oOydeHNH ¢ y4uuTeneM BMecCTO BBIXOOHOTO CHTHala Y UCTIONB3YETC] OXUjaeMas OT 3TOro
Helfpona peaktns ( [ . B arom caydac mpaswuno XcO0a 3annuchBacTea B RUJIC

Aw; = ax;d,

B KK TOM  ITHEIC OGYqCHT/TST MPOHCXO/TUT CYMMHWPOBAHWC TCKVIIICTO 3HAYCHHA Boca H €ro
npupawenus — L

w;(t + 1) = w;(t) + Aw;

B pesyiprare upumenenuns upasuia Xebda peca 1edpola MOryT LUPUIIMMATL LIPOU3BOILII0 OOJbIINE

3HaUCHHA. O,El[/IH u3 cnocodos ctabunu 3alHH [IpoUecca {)()yqum[ o l'Ip:lB}‘].."Iy Xebba cocTtouT B yucTe

nocueuero siaverms (Ui ymelibiienuoro ua koddduuuenr 3adusanus /. IIpu >rom upasuio Xe60a

nmpeacraBisercs 3 Bnie

w;(t+ 1) = w;(t)(1 — ) + Aw;

-~

3navchHuc / BeiOupactest w3 wHTeprana (0,1) W wame BCCro COCTARISCT HCKOTOPKINA MPOTICHT OT

v < 0.1

KoadduterTa obyucHus (¥ . PekoMCHAYCMEIC HAYCHUS KODQITTICHTA 2a0RRATUST - , Ipn
KOTOpBIX HEHpPOH coxpaHseT OoblIyl0 4acTh MHGOpMaluu, HAKOIUICHHOM B Mpoliecce oOydeHus, U
MOJIy4aeT BO3MOKHOCTh CTA0MIIM3UPOBATH 3HAYCHHS BECOB Ha OIPEICICHHOM YPOBHE.



CroxacTnyeckasi MoJeJIb HelipoHa

B cmoxacmuueckoii mooenu BBIXOIHOE COCTOSIHUE HEWpOHA 3aBUCHT HE TOJIBKO OT B3BEIIEHHOU
CyMMBl BXOIHBIX CHUIHAQJIOB, HO M OT HEKOTOPOH CIIy4aliHOW IIEpEMEHHOM, 3HAY€HUs KOTOPOU
BBIOMPAIOTCS TTPU KXKI0M peanuzanuu u3 uaTepBana (0,1).

B cmoxacmuueckoii  moOdenu HeWipoHa ~ BBIXOJHOM  CHUTHAN Yy NpPUHUMAET  3HAYCHUS +1 ¢
BEPOSITHOCTBIO

Ply=1)=1/(1+ exp(—2pu)),
Py =—1) =1/(1 + exp(28u)),

rae (I obo3HavaeT B3BEUICHHYI0O CYMMY BXOJHBIX CHTHAJIOB HEWpOHA, a B - IIOJIOKHUTEJIbHAs
KOHCTaHTa, KOTopas damie Bcero paBHa 1. Ilpomecc oOydeHuss HEHpPOHA B CMOXACMUYECKOLU
MoOdenu COCTOUT U3 CIEAYIONINX 3TAIOB:

1) pacdeT B3BEIICHHOW CyMMBI

N
U = E Ww;r;
g={)

JUISL KQXKJI0TO HEMPOHA CETH.

)
2) pacueT BEpOsITHOCTU / TOrO, 4TO Y IIPUHUMAET 3HAYCHUE =1

Re (0,1)

3) reHepanus 3HAYEHMUs CIy4allHOM HepeMeHHOU U (GOPMHPOBAHHE BBIXOJHOTO

) VA
curnana , €CIH R<1 \Y -), wm Y B MIPOTUBHOM CITy4ae.

[Tpu oOyuenuu ¢ yuurenem no npasuiny Buapoy-Xodda aganrarus BecoB MpoBoAUTCs 1Mo hopmyrie

Aw; = azxi(d — y).
Heiiponbl Tuma W[

Hetiponsr Turia WTA (Winner [akes [ 1l — "TloGeauTens momydaer Bce') HMEIOT BXOJHOW MOIYIh B
BUJIE aIalITUBHOTO cyMMaTopa. BeixomHoit curHan / -ro cymmaropa onpenensercs rmno ¢popmyine

N

U; = E W;; ;.

7=0

o o .

[To pe3ynpTaTam CpaBHEHHs CUTHAJIOB ui,t =1,2,..., N OTJIeIbHBIX HEHPOHOB MobOeauTeneM
npu3HaeTcst HeiipoH, y koroporo (Ui oxasancs HamGombmmm. HeiipoH-moGenuTens BhIpabaTbIBaeT Ha
CBOEM BBIXOJIE€ COCTOSIHHE 1, a ocTaibHbIC (MPOUTPaBIINE) HEHPOHBI IEPEXOIT B cocTosiHue 0.

st oOyvenust HeiipoHoB WTA yuutens He TpeOyeTcs. Ha HadampHOM dTare ciydailHbIM 00pa3zom
w o
BBIOMpatOTCsl BecOBbIe KOA(MGUIMEHTHI '/ KaKAOro HelWpoHa, HOPMaaH3yeMble OTHOCHUTEIBHO | 10
bopmyne
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/9

;9 9 9 1/2
wij ¢ wiif(wj +wip + ... +wiy) 4.

Ilocne mogaun BXOOHOTO BCKTOPa £r » KOMITOHCHTEI KOTOPOI'0 HOPMaTl30BaHEBI 1IQ (bOpMYJ'Ie

“) )

: : 2 &, . 1/2
'fe’_f(_"fe’_f'/{'!f] . -}'...'J‘}I\']' .

[ F4

olpeJenaeTCa HOGGZ[HTEHB aTata. HOGGZ[HTEHB NepexXo0JUT B COCTOAHHE 1., 9gTO IIO3BOJICT IMTPOU3BECTU

v UL
YTOULICIIME BECOB €1'0 BXOMLILIX JIHIIMA ‘J 1o LpaBuily

wii(t + 1) = wi;(t) + alz — wi;(t)).
TTpouTpaRIIuC HCHPOHBT (POPMUPYIOT HA CBOWX BBIXOJIaX COCTOSHWC (), 9TO OJOKHpYeT mporecc
YTOUHEHHA WX BECOBLIX ](()’.-){l)(bHLl[/ICHT(}B.

BbIX(}ﬂ,HOH curnan ! -ro Ht‘,i:]]'}()Ha MOKET OBITh OMHCAH BCKTOPHBIM OTHOLUCHHUEM

i § il s
u; = w; ¢ = ||w;l|||x|| cos ;.

U;

‘H‘,‘ = ||z|| = 1, 3HAYCHWIC

. w;, U; = COSY .
BekTopamu I w1 T 1. Ilostomy nobenuTeneM oOKazplBAeTCs HEHPOH, BEKTOP BECOB
KOTOpOTO OKas3biBaeTc:d Hanbomee GImskuM TekylneMy o0ydaromemMy BekTopy L . B pe3yibrare modeabl
HelfpoHa YTOUHSFOTCS CTO BCCOBRIC KOMPHUITMCHTRI, 3HAUCHHUS KOTOPBIX TIPHOIMKAIOTCS K 3HAYECHHAM

TEKyLLEero odyvarolero sextopa I .

Hockomeky OTTPCJICTTSICTCS yIJIOM MEXIY

CrenctBieM KOHKYPEHIMH HEHPOHOB CTAHOBUTCS CaMOOpraHuzauus npouecca o0ydeHus. HeilpoHsl
yTQ'—IIISIIO'I' CROM BECA TAKUM Oﬁpﬂ..ﬂiﬂl\d, HTO HPW HPENBARIENTHA TNVIIILI OIIMIKKUX 110 3HAYCHHUSIM BXOOHBIX
BEKTOPOB NoOEIMTENEM BCErga OKa3bIBAETCA OJMH U TOT Ke HelpoH. CHcTeMbl TAKOTO THIIA Yallle BCETO
TPUMELSIOTCH 15l KIACCH(DUKALIMK BEKTOPOB.

Kyouueckue mogenu HelipoHOB

BGI{TOP €I BXOAOHBIX ABOHYHBIX CHIHATOB PACCMATPHBACTCA KAK aIpecC aueiku namMmsTHu, COACPKUMOC

y , N
KoTopon pasuo 0 wiu 1. s pazmepuoctu N Bekropa I CyllecIByer £  BO3MOKHBIX aJpPECOB.

MoxHO paccMaTpWBaTh SUeHKU MaMATH, KaK BepIIHHBI ) -MEPHOTO 2tnepkyoa. SIueliku maMsaTH
MoNmy4yarT 3HAUEHMs He3aBUCHUMO JIPYr OT Jpyra. [TonesHo paccCMaTPHBATH AYEHKA TaMATH Kak

cojep:Kalllie TOTSPU30BAHHEIE TBOWYHBIE 3HAUTCHUS +1, Torma pabora KyOmueckoro Momyns
OIIMCKIRACTCS CICTYFOTIIAM 00pa3oM.

JlpouuHbTit  BXO/ ' WCMOTK3YyCTCS KAk  aapcc MaMsaTH, TIONSPW30RAHHAS JIBOMYHAS BEJIWYMHA

CUMTLIBAETCH M KOLBEPTUPYEICH B LeuouspusoBaunyo  ¢opMy Qyukuuei h (em. dopmymy 1).

. S y = h(Sy)

O6o3HaunM 3HaAYeHHs] TO anpecy -I' yepe3 ~ |, Tak 4TO ° . Takme monmymu MbI Oyaem

Ha3bIBATh Ky6I/I‘IeCKI/IMI/I, I-ITO6I>I MOAYCPKHYTh T'COMCTPHUYCCKOC IPCACTABJICHHUC MHOKCCTBA aApPCCOB
3HAYCHUH aKTHBAIIMU KaK MHOKECTBO BEPILUH cUNEPKyOd.
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3anuch aKTUBALMU B 3aMKHYTO# opme

Paccmorpum JIBYXBXOJIOBBII KyOn4eckui MOZYJIb. CymectByer 4 3HAYCHUS

‘SIII)- -SHI y bl[l- ‘Sll }

aKTUBAIUU { . Beipaxxenue 1t aktuBanuu OyIeT UMETh CIICTYIOITUN BU/I;

U = S{I{}ll — I (1 — .I'-_g) 1 .5'(}1{1 — '] ).l"__l + .Stlty.l'l{_l — .l'»_}') f S| | L1L2,

T = (T, '-’] - BXOJTHOU BEKTOp. Takas 3amuch BbI3BaHA TEM, UYTO TOJBKO OJHO U3 MPOU3BEICHUMN

B CYMM€ JOJI2KHO OBITH HCHYJICBBIM. IIJ'I?I IMOJIIPU30BAHHBIX BXOJI0B A I u A 2 aKTUuBanus

U = {Snn{ | — 21)(1 — 22) + So1(1 — 21)(1 + x9)+
+S10(1 + 21)(1 — 29) + S11(1 + 21)(1 + .r-_:]g/-l.

B ciyuae N - BXOJIOBOTO MOAYJIS MTOTYYHM

N
U = Z Oy H{ | + 2; )1/2‘\'.
\ j=]

OO0yueHue KyOM4eCKNX HEHPOHOB

KyOuueckue HeHpOHBI 00y4YaIOTCs MyTeM U3MEHEHHsI COACPKUMOTo staeiiku ux mamsaTu. O0o3HaunM
yepe3 '+ omepanudi0 MHKPEMEHTA-yCTAaHOBKM COAEPKUMOTo s4Yeku B +1, depe3 '-' omepanuro
JEKPEMEHTA-yCTaHOBKH B -1.

[TycTh B HAYATFHOM COCTOSTHUM BCE SUEHKH KyOMUYECKOro HepOoHa yCTaHOBJIEHbI B HOJIb. O0603HAUUM
SIYCUKH, aipecyeMble 00yJaroIei BEIOOPKOM, Kak IIEHTpaIbHbIC SUCHKHU WM [CHTPHI. Sueiiku, Onu3Kue K
LHCHTpaM B CMBLICJIC paCCTOSHUA XeMMI/IHI‘a, 6y,£[€M HaCTpanBaThb Ha TC KC UIIU 6JII/13KI/IG K HUM 3HA4YCHHA,
YTO U CaMU LIEHTPHI, T.€. JOJKHA MPOUCXOAMTH KJIacTepH3alusl 3HAYECHUIN SYEHKU BOKPYT IIEHTpa. ITO
YCIIOBHE JIOJDKHO BBITIOJHATCS Ui CETH U3 KYyOMUECKHMX HEHPOHOB. AJITOPUTM OOy4YEHHS CTPOUT TaK
HaszbIBaeMoe pa3dueHue BopoHoro, mpu KOTOpOM 3Ha4YeHHE B SUYEHMKE Ompenensercs 3HAYCHUEM B
6J'II/I)I(aI‘/JIH_I€M LHCHTPC, a H‘-IGﬁKH, PAaBHOYOAJICHHBIC OT LCHTPOB, OCTANOTCA YCTAHOBJICHHBIMU B HOJIb.
Kyb6uueckne HEWpOHBI OMyCKaloT OONbIIYI0 (YHKIMOHAIBHOCTb, Y€M IMOJIyJIWHEHHBIE, U MO3TOMY,
BO3MOJXXHO, IMO3BOJIAIOT PCHIATH TC KC 3aa4U IMMPHU MCHBIICM KOJIMYCCTBC MOI[y.HQI\/'I.

KonTpoabubie Bonpocs! 1131(I1TK-4):
1. OCHOBBI HCKYCCTBEHHOTO UHTEIJIEKTAa. OCHOBHBIE MOHSTHS U ONPEACIICHUS
2. OCHOBBI HCKYCCTBEHHOTO MHTEIIIEKTA. . OOIaCTh TPUMEHEHUSI.
3. Kparkuii uctopuueckuit 0630p pa3zsutus padot B obnmactu NU.
4. Kak ykazare B mporpamme [IpoBOTHUK AMPEKTOPHIO, comaepkamiyto Bce Qaitnbl Lazarus. —
npoekra’?
5. Kak 1o6aBuTh B MPOEKT eIie oaHy (GopMy U yKa3aTh CBI3aHHBIN ¢ HEH (Hhaia-Moayis?
6. Kak ynanuts u3 npoekra popmy (c momoisto [ 1l ject Manager)?
7. OOpaieHue K cipaBoYHOU cucteme [ elp
8. Menro u xkomaunsl Lazarus: mento File, menro Edit, menro Search, menro View, menro Run,
MeHI0 c[ mpl hent, merro [ [ [1s.
9. Tonocka kHOMOK OBICTpOro AocTyna Speedbar, JoKanabHBIE MEHIO. speedmenu.
10. PaGora ¢ popmamu, nanutpa komnoHeHToB, Object Inspect! r, Hanmrcanue koja.
11. KoMnuianusi NpoeKkTa, HHTErPUPOBAHHBIN OTIIAUUK, (ailsibl, CO3JaBaeéMble CUCTEMOM.
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Ilpakmuueckoe 3anamue Ne2. Mooenu neiiponos. Yacmo 2. Inemenmul HEUPOHHBIX cemell U 3a40a4a
pazoenenusn 08yx Kaaccos. Annpokcumayusn Qynxyuil.

AHHoTamus: PaccmaTpuBaroTcs: penieHue 3aJayd JIMHEMHOTO pa3lesieHus NBYX KJIaccoB
METOZOM IIEHTPOB Macc, alfOPUTM OOYy4YeHHs MEPCENTpPOHA, BHJbI OOyuUeHHs, reoMeTpUYecKas
MHTEpIIpeTaIys 3a1a4 pa3/IeIeHUs] IBYX KIIACCOB.

Jluneiinoe pazoenenue Kiaccos

COCTOHUT B IIOCTPOCHUU JIMHEUHOTO pelaroIero IpaBuia, T.€. TaKoro
w = (wp,..., W, )

vr <0

= Y — Ko BTOpOMY.

BEKTOpa rue W0 — nopor, uro mpu WI > 0 gekmop I’ OTHOCUTCS K

IICPBOMY KIIAccCy, a IIpH {

Pasnmenenne MeHTPOB Macc - MpocTelnmit cmocol nmocTpoeHus peratomiero npasuia. CyTb 3TOro
CrIoco0a 3aKTI0YacTCs B BEITUCICHUHT BCKTOPA BCCOB TICPCENTPOHA 1o cexytouelt popmyie

n

w -{Z.\" —Z)’-’)/{u +m),
J=1

1=1

i —
T X ; t=1,...,n OTHOCATCS K TMCPBOMY Kiaccy, a
BTOPOMY.

KO

JIuHeiiHbIe pelnaiue NpaBuia, NOCTPOEHHbIE HA OCHOBAHUM Pa3/CiICHUs LEHTPOB Macc, MOI'yT
omuOarLcs 1a upuMepax u3 odydaowmeid BolOOpKM JaXe B TeX ClydyasX, KOI/Ia CYIIECTBYET H
0e3omubdoq1oe  Jmueinoe  pasyenenne. OuaKko MeTON IIEHTPOB MacC IOJe3€H KakK CpeiCcTBO
OIpEAeTICHUS HaTaJbHOTO 3HAUYCHHS BEKTOPa BECOR I AJIrOPUTMa 00yUeHUs IIEPCENTPOHA.

Ancopumm 06 HeRUA REPCERMPOHE RO OMOCTLHHIM RPUMEPAM
1. llpu w3HaAwanRHO 3aJTAHHBEIX  3HAUCHUSX  BECOB W ya BXOJl HEHWpOHA IOJAETCA

oOydarowuii éexmop L u PACCUNTLIBACTCH SHUHECHUE BBIXOTHOTO curnana /* Ilo pe3yJibTaTaM
CPaBHCHHUS Yed YTOUHSTIOTCSI 3HAYUCHUS BCCOR,

2.Beam Y — d , 1O wi,t=1,...,. ¥ 11& U3MEHSIOTCS.

3.Bewm Y — ”,_ a d=1] , TO 3L1a9€1IMs BECOB Y TOUHSIOTCS no hopmyiie
w;(t+ 1) = w;(t) + azx;,.a € (0, 1),

e (¥ — xoxppurmrerT obyueHN, A HOMep TIPEIBIAYIIETO YUKIA.

4. Eem Y =1 ,a (1 = (), 10 3Hauenns Becos yTounsoTes n0 Bopmyse
w;(t+ 1) = w;i(t) — ax;.

B 0000m1enH0ii hopme 0OyueHue nepcenTpoHa Ha BeKTope I BbIpaxaeTcs: GopMynoit
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wi(t+1) =w;(t)+ald—y)z;,i=1,...,] N.

Ilo 3aBeplIeHUH  YTOYHEHHUS  BECOBBIX  KOI(PQUIMEHTOB  MPEACTABISAIOTCA  OYeperHO

oOydaromuit gekmop ' 1 CBA3aHHOE C HUM odxcudaemoe 3navenue ( { , ¥ 3HAYCHUS BECOB YTOUHSIOTCS
3aHOBO. JTOT MpPOLIECC MHOTOKPATHO TOBTOpSieTCS Ha Bced oOyuwaromiel BBIOOpKe, MOKa He OyayT

JINKBUJIAPOBAHBI PA3INYUs MEXAY BCEMH 3HAYEHHUSIMH Y U COOTBETCTBYIOIIUMH UM OXNCUOAEMBIMU
3HAYEHUIMU (f :

QOobyuenue no ecemy 3a0aUHUKY

[TocTpoum oOyuaromIyto BEIOOPKY
(V. .., VRV s VM (X o X =Y ooy =Y™),

B oOyuaromeii BBIOOpPKE BBIAEISAIOTCS BCe ! i 1€(1,. .., n,n+l,..., nTm -], s

(Vi.w) >0

KOTOPBIX HE BBINOIHSICTCA HEPAGEHCMEBO , rie W' — gexmop BecOBBIX KO3((HUIUEHTOB
Heifpona. O0603HaYMM 3TO MHOXeCTBO uepe3 Err. Bexkmop ' MoauduuupyeTcst TOJIBKO MOCie MPOBEPKU
BCei 00yuaroiei BHIOOPKHU:

w=w+ a Z V.

VieErr

rl
He TpeOyercs XxpaHWTh BCE MHOMXECTBO Err - JOCTAaTOYHO HAKAIUIUBATH CYyMMY TGX‘ , Ha
KOTOPBIX nepcenmpon OumbdaeTcs:

Aw =w+ a Z Ve

VieErr

Kak moka3pIBalOT WCIBITaHUsA, O0y4EHHUE 710 BCEMY 3aJauyHUKY, KaK MPaBHIIO, CXOAUTCS ObICTpee,
4yeM 00y4YeHHe 70 OTAETbHBIM IIPUMEpaM.

Hpome.ﬂcymouﬂbtﬁ eapuarnm: 06yueuue no cmpanuyam

OOyuaroiee  MHOXKECTBO  pa3OMBaeTcsi Ha  IOJAMHOXKECTBa  (CTpaHMLIBI) M 3agaercs
IIOCJIE0BATEIBHOCTD MPOXO0KIEHUS CTPAHHULL: CTOJIBKO-TO IIUKJIOB 70 IEPBON CTPAHUIIE, IIOTOM CTOJBKO-
TO no BTOpod u T. 1. Koppexyus Bextopa (I’ mpoBOAUTCSA MOCTE MPOXOXKIEHUS CTPaHUIBL. 3aJauHHUK
pa3buBaeTcsi Ha CTPAHULBI 70 PA3TUYHBIM HBPUCTHUECKUM IpaBHJIAM, Hampumep, 70 NpaBuiay "ot
mpoctoro K cioxHomy'. Kak Tmoka3bpiBaeT MpakTHKa, 4Yalle BCEro HAWJIYUYIINM  SIBISIETCA
o0y4eHHe no BceMy 3aJlauHUKy, MHOTJa (TpU OOJBIIOM 33/Ja4HHKE) - 00YUEHHUE 710 CTPAaHUIAM, pa3MeEphbI

KOTOPBIX ONpeAeNsitoTcs 00beMOM JOCTYMHON ONepaTUBHOM MaMATH.
I'eomempuueckas unmepnpemayun TUHEUHO20 PA30€ICHUA KIACCO8

ITycte B HeilipoHe B KayecTBe (PYHKLIMHM AaKTUBAI[MM HCIOJNB3YyeTCs CTyHeHuaTas @hyHkyus (CM.
dopmyny (1) Jlexkuuu 2). JIuneliHoe pa3aensroniee IPaBuiio IEIUT BXOJAHOE NPOCMPAHCME0 Ha JIBE YaCTH
TUIEPIIIOCKOCThIO, KiIacCU(UUUPYsl BXOAHBIE BEKTOPBI KaK OTHOCSIIMECS K 1-My Kiaccy (BBIXOIHOM
curHan - 1) wmm 2-my kiaccy (BeixomHoil curHan - (). Kputndeckoe ycioBue kiaccuukanuu
(YypaBHEHHE pa3esIOMIeH eunepniockoCmiL)
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N
(w, ) = Z w;z; =0
1=0

B { I\ }-MCpHOM MPOCTPAHCTBE (mpocTpaHcTBe BXOJIHBIX CHTHAJIOB)
pasaeuAIomas URepItOCKOCHDb HEPLEILIMKYIIIPHA

w' = (wy,...,wy)

BEKTOpY * Bexmop BXOIHBIX

= (D524 LN ) AET 8hiX00 I , e

rr = (z',w")/||w||

€ro npoexyus = W

CUTHAOB d

Y,
Ha gexmop I’ Gomble,

oI 1yls 10 eunepniockocmu. B N +1 -MEpHOM (pacIIUPEHHOM)

w.z) =0
HpOCTpEL[lC-'l'Be ('.’?.{jﬁ'E.’-pf?.-".{()CK()C??’."-b, OlLIHCLIBAeMast ypaBHeHI/IGM ( ! ) .
BeKTOpy (I’ u MpOXOUT UCpe3 HAYAI0 KOOP,IMHAT NPOCmpancmea npusHakos (00pazos).

UCM pUCCONHIE o H‘“/‘ ‘ “.’

OpTOTrOHAaJbHA

Ipumep
B 1pyxMepHOM MPOCTPAHCTBE BXOAHBIX CHTHAJIOB YPABHEHUE cUNEPNIOCKOCHIU UMEET BUJL
wo + w1y + woxs = .

wy =we =1, ,wy=-1.0
T1+x20—1,0=0

IIpn [0JIy4aeM

yYpaBHeHHeE 2UNepri0CcKoCmu, KOTopas INpeicTaBleHa Ha puc.l MyHKTHpHOH
nuHUel, Tnepecekaromeit ocm  KoopaumHar B Toukax (1.5, 0) wm (0, 1.5) coOTBETCTBEHHO.

w=(1.1)

o ) o
— HOpMa/L K PasuciiioOlmICH eunepniocKocmu, [ — 8€eKmop, OTHOCANIUUCA K

(w., P)

3mech:
] )
IIEPBOMY Kl1acey, MTOCKOIIbKY NPOeKyus BEKTOpa Ha

HopMaiih U7 Gosrnie _‘f“’/ ‘ “f‘H ; @ — sekmop,  OTHOCAIMHCS KO  BTOPOMY  KJaccy,

nocxonbxy(“"Q) < —wp/||wl|.

AT
P’
1.5
\\ )
‘\
I"'|.
LN y
vem ey ; 1,'!’ — (11 1}
.
A1
Q e
.
- “l\.
.\-'\'\.‘ : \\\
'\\ b
S o -
- - - hJ -
T 1.5 €Iy
I\_\'\. "\
. :

Puc. 1.
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Hacmpoiika eecoeoco éexkmopa

Mgb1  TpeGyem, dTOOBI 6ekmop BECOB B PACHIMPEHHOM TPOCTPAHCTBE OB  OPTOTOHAJICH
pelaromie eunepniockocmu, i nI0CKOCHs IPOXOANIa Yepe3 Hadalio KoopAauHat. OO0yJaronIyro BEIOOPKY
y (V.,d '
(3amaunuk) s ledpoua MOXKIIO  PACCMATPUBATL  KAK  MIIOMKECTBO — LAp {- ]_._ rie V.
BX0OHOIL GBEKIOP, d - kaacc (8pixo0, MPUHUMAKLWMNA OJHO U3 ABYX 3HA4YcHWH, Hanpumep, 0 wia 1),
KOTOpOMY TMpuHamiae;kuT V . Takoli Tun oOydeHHS Ha3bIBaeTCs OOyUeHHEM ¢ YUHMTENeM, T.K. Mbl
COO00IIacM CCTH, KAKHM JIOKCH OBITE BRIXOTHON CHTHAN JUTS KA IoTo BCKTOpA BXO/THRIX CHTHAITOB.

T[yc-Tb AT HEKOTOPOTO " BLEITIOUJIHACTCA {[ — l . HO &bIXO0 CeTH

y = fl(V,W)] =0,

> _ ) . — 0 ) W) < 0. )

rae -/(”) l npu U -~ “_, u I (©) ( npu (I < “_, Tal (V. W) U (yron ¥ Ha

v Vo W Gomme W/ 23 s .
puc.2  mexmy  BekTopamu Vow OonbITc ). Urtobel wWCnpaBWTH  CUTYAIWiO, HYXKHO
NIOBEPHYTE GEKHOP BECOB | , MpuUOMIKasg ero HampaBleHHe K HampaBlIeHHIO BekTopa V. B To ke
BPEMS W3MCHCHHC HC JIONKHO OBITH CIWITKOM PC3KWAM, YTOOR HC WCTOPTHTH YKC BHITIONIHEHHOE
oOyderme. Mpl gocruruem obeux ueiel, eciau 100aBUM K BEKTOPY HaCTL BEKTOpA | , 4TOOBI
IOJIYIUTh HOBBIU gexmop
'I * r
W=W+aV, 0<a<l.
[Ipennonoxum TENnepb, uro (I = “, al — l (yron ¥ Ha puc.2 MEXKITY
. , == €y . ,

BGKTOpaMI/I‘ u W mvenpme 7 / = ). Temepp HYXHO YBEIUYHTH YroJdl MEXIY Wl , 4TO

MoJIy4ac€TCsd IMyTEM BbIYUTaHUA YaCTH ‘ nus3

W =W —aV.
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—aV

o< mw/2

Puc. 2. Hactpoiika BekTopa BecoB

PesynpTHpyromas 3anuce ©UMeeT BU:
W' =W +a(d - y)V.

Ilapamemp (¥ Ha3bIBAETCS CKOPOCTHIO OOYUCHHUSI.

Aneopumm 00ydeHus HepoHa (TmepcenTpoHa) OyaeT UMETh BU:

repeat
3 V(V,d)

begin

¥ = h[(W.V)]: ify # dthenW' =W + a(d — y)V;
end

(y=d for V(V,d))

until
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KonTpouasnsie Bonpocsi 1132(ITK-4):

Monenu 1 METO/IbI PEeLICHUs 3a1ay.

CereBbie mogenu. [IpoaykioHHbIE MOJEIH.

Monenu u MeToabl pemienus 3aaad. CrieHapuu.

WNuTennexkryanbHbIii nHTEPDEIAC.

Knaccudukanus ypoBHE#H MOHUMaHMS.

Hetipoduszmonoruueckas aHamorus.

Peanuzarus OyneBbIX QPyHKIMIT HEHPOHHBIMU CETSIMHU.

[IpenonpeneneHHble TUIBI JAHHBIX: IEPEUNCIUMBIE TUIIBI, BEIIECTBEHHBIE THIIbI, THIIbI
naHHbIX, crnemuduunbie 111 Wind[ws, npuBeqeHHE W TpeoOpa3oBaHUE THIIOB,
MacCCHUBBI, JNINHHBIE CTPOKH.

9. DneMeHThl ynpaBiIeHUs peJaKTUPOBAHUEM. .

10. Knaccel 1 cokpbITHE HHGOPMAIIAH.

11. Knaccel 1 Mmogynu.

12. Moaynu u 0651acTh BUIUMOCTH.

13. Monynu 1 mporpaMmsal

14. nadopmarus o TUIIE HA TATe BHITIOJTHCHUS.

15. OykcupoBKa M3 OAHOTO KOMIIOHEHTa B APYTOU.

PN R LD =



18

IIpakmuueckoe 3anamue Ne3. 3a0aua neauHnenno2o pazoenenus 08yx Kiaccos. Memoo
Mmakcumyma npagoonoooous. Heiipogpusuonozuueckan ananozus.

Memoo maxkcumyma npaeoonooodus

Paccmotpum 3amauy paszfeneHus ABYX KJIACCOB, C KaXKJbIM M3 KOTOPBIX CBSI3aHO BEPOSITHOCTHOE
pacrpeieleHde B MPOCTPAHCTRE BEKTOPOB I 3HaueHUH MpH3HaKoB. byaem o0o3HavYaTh MIOTHOCTH 3THX

¥ Y . 9 f
. Pla A=1.2 0 -
paCHpeJJ,eJleuldﬂ ( ( { ) ( L COObl'l‘l/le, cocrosmee B 'J.'ONI, 10 ()67)8?{??’."- llplflllamle}[{ﬂ'f

i)

BEPOAMHOCHDb IPULIAIENKIIOCTH 00bekTra K { [ }-My Kilaccy lpu YCIOBMM, YTO Ol XapaKrepuzyercs
BEKTOPOM TIpU3HaKOB -I'- M3BeCTHasA U3 TEOPUU BepOsTHOCTH dopmyna balieca maert

t) = P(C;)P(z|C;)/ Y P(C))P(x|C;)

J

{1 }-my KITaccy. [lac WHTCPCCYCT aTIOCTCPUOPHAS 8EPOAMILOCIIG,

P(C;

P(C '
£ (Ci) — GEPOAMHOCHL TIOABNEHU 00bekTOB | ! }-ro kmacca. s HOpMATbHBIX k
MEPHLIX paclpejeleni

P(z|Ci) = 1/{(2n)"?(det 3_")2exp[—3(z—M"), (3") " a
M*)|},

{ . .
rae M' _ MATEMATHYECKOE oxnnanue I p {1 }-m Knacce, { Z } —
KOBapHallMOHHad mampuya A1 { | }-ro Kmacca. B pesynsTaTe 00padOTKH JaHHBIX HaXomAT

: i . 3 T
CTaTUCTHUCCKWC OTCHKH { Z tu M. myeTh is { [ }-TO Kmacca WMCFOTCST BCKTOPHI <L « « ol
TOTraa rojaraem

T T

_ 1 | :
M= 2)r,(D u= ;Z{_.;--;, — M})(x] — M).

J=1 1=1

Munumusayus 8 popmyne baiieca nmaer mpocroe pewarowee npasuno: ' NpUHAAICKUT [ -My

s T a8 M P Wils . .
][(,‘,J]}[((I'.l /—/; .
KJIacCy, C€CJIin J JJIs1  BCEX -« , T.C BI:I6I/IpaeTC$I TakKoHu Kiacc, A
Tl P
KOTOPOT'0 6epOAMHOCID I {-( 116 Makcumanbha. [Tockomeky B ¢opmyne  baiteca  nmus
BCEX ,‘ 3HaMeHaTeJII> o0mmui, To pemaiomee npasuio puodpeTaeT CIeAYIOMUi BUA: BEIOUpaeM TO a’

) 2 ‘
JUISL KOTOpOFO[ )1 ( MakcuManbHO. J[ms HOpManmbHOTO  pacmpeneNneHus YI0O0HO
npojorapuMupoBaTh 3Ty BenuduHy. OKOHUATEIBHO TIOTy4aeM:

I mpuHAUIOKUT | -MYy KIIACCy, €CIIH CPEIN BEITHUNH

By = /H/’(('_,) — (_Iur/:fZ"]/'..’ — |(: M), Z I
M| /2
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)
BCITUYUHA ! ! - MakcWMakRHAas. l'akum 0o0pa3oM, pas3zessomei SBISETCs MOBEPXHOCTh BTOPOTO
MOPSAZIKA, & OMEPALMK PA3JcNEeHNs HA 1BA Kjacca BBIOJHACT KBAJPATHUYHBINA aIallTUBHBIN CyMmMamop B
xomOunaunf( ¢Aoporddpin uenuueiinbm ouementoM. T10poroBeIi 51EMEHT BBHIYUCISCT CTYICHYATYIO

byHKLMIO , B pesylibrare s IEpBOro Kiacca nojyyuM oTeerT 1, 1uig Broporo - 0.
Heilipodhusuoaozuneckaa anaiocua

Wncs wenonszoranus 11C ¢ kpanpaTHYHBIMU CyMMaTOpaMu JJIsl YJIYYIIEHHs] CIIOCOOHOCTH CETH K
0000Le1Io dazupyercs 1a xopomo u3secTHOM (akte uHIyKnuu B ectectBeHHbIXx HC, korma
BO30OY:KIeHHE B OJHMX OOJIACTAX MO3Ta BIUsSET Ha Bo30yxkaeHue B apyrux. [Ipocreiimeit

opMaTMzaIMCH 3TOTO SRISCTCS BRC/ICHWC KOO(OUIMEHTA, TPOIOPLUHOHATEHOTO cHrHaTy or J -ro

. . . (
HEWpoHa, B BeIMUNHY Beca [ -ro cHUTHala k -ro HelipoHa. CHaOiUB Takoe npouseedeHie BECOM lij —
"KO3(QpPUTIHCHTOM UHAYKITMH", TOTYYHM pacCMaTPUBAEMYIO apXUTEKTYpPY

y = flQ(z) + L(z) + P],

. (e N ) . ) ,
rae (2“ ) H L (Z) - COOTBETCTBEHHO KBaJpaTU4HAs W JMHEHHas ynkyus, / const

i 3 . )
, 'I - ¢yuryus akTHRATIUN  HCHpoHa. Kosgpuyuenmor QyHKIMHA (2 , L u  Koucranta I smusiorcs
MOJICTPOESUHBIMH NAPAMETPAMU, OTIPEACTIIOIUMMUCS B X0JI€ 00y4eHusI.

Peanuzayua dyaeeotx yHKuii HelPOHHBIMU COMAMNU

IIpoctoit nepcenmpon (netipon MakKamnnoka-IIurca) c BECOBBIM
) = (—0.0 '
BEKTOPOM u i‘- 0, 1, 1) pCcamA3yCcT 2UNEepnioCKOCHb
T1+ 10 = 0.9
u 6yeny (yrxmumo MM ot aeyx apryventos - | u *I'2, kaxpiit 3 KOTOPBIX MOKET GBITH HyJIeM
WM eauHuueii. 1lpu w=(-1.5,1,1) riepcenmpoH PEAIN3YET 2UNEPNIOCKOCHb

T1+2T2=1.0

u Oynepy ¢ymkuuto M. OnHako, nepcenmpor He MOXKET BOCIPOM3BECTU JIaXKe TAKYIO IMPOCTYIO
¢ynkmmto kak WUCKIINOYAIOUWEE WJIM. Ona npuHUMaeET 3HaueHue AVWHULIBI, KOTJa OJWH U3
aprymenros paseu eauinue (1o ue oda) (radi.l).

Tabnuua 1. Bynesa dyuxuus MCKITKOUAIOIIEE
N

_—— O O
—
o
—~
~
~

—_— o = O
O == O

O1y GYHKOWIO pealiM3yeT JIBYXCIOWHAs HEHUpOHHas cemwb, TpEJCTaBIeHHAas Ha pwuc.l
(curnan L0 = 1 pe ykazaH). IlepBblii ciOi Takol CETM COCTOMT U3 JIBYX HEMPOHOB, KaXKIbld W3
KOTOPBIX peIN3yeT pPa3leIoILyI0 cUnepnioCKOCHb B IBYMEPHOM IIPOCTPAHCTBE BXOJHBIX JAHHBIX.

[lepBas cunepniockocms ONMUCHIBAETCS ypaBHEHUEM
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€I + Lo = U.-h).

a BTOpasi - ypaBHEHUEM

—&L] — L9 = —1.9.
CootBercTBYIOIINE BEKTOPBI
d — (0 & 2 e M1 E T
- = | ().-:.l.l)Hu = (1.0, —1. l).HeﬂpoﬂBO

¢bynkuio U ot ABYX BBIXOJHBIX CUTHAJIOB HEUPOHOB MEPBOTO CIIOSI.

BCCOB

BTOPOM  CJIO€

T &,

Puc. 1. /IByxcnoitnas cetb, peanusytomias Gyuakuuo MCKJITKOUAROILIEE NJIN

l-'fg
™
,1 \\
v
\\
\‘\ \\ L
\\\ (0.1) N (1.1)
™. \\
.
\\ \\
~ ~
™ N
.’ ‘\\ . - ?—
{OD} A (l{]) D 'l
S '/\2
. (e
“
.

Puc. 2. I'unepmiockoctu, peanuzyromue pyakuuto MCKIIFOYAIOUIEE NI

HMCIOT

peanu3yer

BEIXOJHBIM CHUTHAJIOM CETH 6y):[eT 1, CCJIM BXOJHBIC CHUTHAJBI CETHU COOTBCTCTBYIOT TOYKaM
IMPOCTPAHCTBA BXOJHBIX CUTHAJIOB, PACIIOJOKCHHBIM MCKAY BBIIICYKAa3aHHBIMU THIICPINIOCKOCTAMHU, T.C.

toukam (0,1) u (1,0) (puc.2).
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Buioenenue evinykivix odnacmeii

Cepbe3Hoe OrpaHMYEHUE PA3JACTAIONIMX IMOBEPXHOCTEH  OJHOCIOMHBIMU  CETAMH  MOKHO
MIPEOI0JIETh, JOOABUB JOMOJHUTEIbHBIE clion. Hampumep, ABYXCIIOHHBIC CETH, TOJydaeMble KacKaIHbIM
COCIMHEHUEM OJHOCIIOWHBIX CeTel, CIIOCOOHBI BBIMONHATH OoJiee 00mMe KiIacCU(DUKAIMK, OTICISS
TOYKH, COJCpIKAIINECS B BBIMYKJIBIX OMPAaHUYCHHBIX M HEOTPAaHUYECHHBIX 00jacTsXx. O0JIacTh BBHIMyKIIas,
€CIIi I KKIBIX JBYX €€ TOYEK COCOUHSIONINN WX ompe30K MEeUKOM JIKUT B oOmactu. OOnactsb
OrpaHHYEHA, €CITM €€ MOXKHO 3aKJIIOYUTh B HEKOTOPBIH IIap.

Beimie nmpuBeieH nmpumep BBIICICHHS BBITYKIONW 00aCTH IBYMS THIIEPIUIOCKOCTSIMHE (pean3anus
¢ynkuun MCKIIIOYAIOUIEE WMJIM). AHanoruyHo B MEPBOM CJIO€ MOXKET OBITh HCIOJIB30BaHO 3
HEWpoHa C JadbHEHIITMM pa30MeHUEM TUIOCKOCTH M CO3JJaHueM 00J1acTH TPeyrojbHOH GopMel (Ha puc. 3,

w! = (0,1,0), w?=(0,0.1), w?® = (-1, -1, =1)

4, ', BXOJBl C HYJIEBBIMH BECaMU HE
yKa3aHbl).

BxittoueHneM JOCTaTOuHOrO YUCiia HEMPOHOB BO 6X00HOU CIIOW MOKET ObITh 00pa30BaH BBHITYKIIBIN
MHOTOYTOJBHUK (MHOTOTPaHHUK) JKermaemMoi ¢opMmbl. Tak Kak Takue MHOTOTPAaHHUKH OOpa30BaHBI C
noMoIIbio onepaunit M Hayx obnacTsiMu, 3a1aBaeMbIMU Pa3JCSIONIMMU JIMHUAME (TUIIEPIUIOCKOCTAMU
€IMHUYHOW Pa3MEPHOCTH), TO BCE OHU BBITYKIIBI.

_‘ .I.r::,.

Puc. 3. 'unepmiiockocTy, BBIIEISIONINE HA TUIOCKOCTH BBITYKIIYIO (TPEyTroJIbHYIO) 001acTh
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Puc. 4. HeiiponHas ceTb, BBIIESIONIAs HA MJIOCKOCTH BBIMYKIYIO (TPEYroiabHY0) 0071aCTh

Buvioenenue neevinykvix oonacmei

Touku, He COCTaBIAIOLIME BBIMTYKJIONW 00JIaCTH, HE MOTYT OBITh OTAENEHBI OT JAPYTUX TOYEK
MPOCTPAHCTBA  JBYXCIOWHOW  ceTblo. Hetipon BTOpOrOo  ciosi He  orpanwdeH  (QyHkouedr .
Tpexcinoitnas cems sBIsAETCS 6onee oO1ei. OrpanuueHus Ha BBITYKJIOCTb
OTCYTCTBYIOT. Helipon TpeThero ciiosi IpUHUMAaET B Ka4eCTBE BX0/1a HAOOP BBIMTYKJIBIX MHOTOYTOJIbHUKOB,
U UX JIOTHYeCKasi KOMOWHAIIHMS MOKET ObITh HEBBITYKIIOM.

[Tpu noGaBneHNN HEHPOHOB YKCIO CTOPOH MHOTOYTOTHHUKOB MOXET HEOTPAHHUYEHHO BO3PACTATh.
DTO MO3BOJIAET ANIPOKCUMHUPOBATH 00JIACTh JIF000M (OpMBI C 000 TOYHOCTHIO. BrobGaBok HE Bce
BBIXOJHBIE OOJIACTH BTOPOTO CJOS JOJDKHBI Tepecekarbes. ClemoBaTellbHO, BO3MOXXHO OOBETUHUTH
pa3nuyHble  00JacTH, BBHIMYKJIBIE W  HEBBINYKJIbIC, BbIIaBas Ha BbIXOJAe | BCAKHHA  pas,
KOT/JIa 6X00HOU 6eKmop MPUHAJICKUAT OJHOU U3 HUX.

Ha pwuc.5 mnpuBeneH mnpumep BBIACICHHUS HEBBIMYKIONH 007acTH, NPENCTaBICHHON B BUjE
00bEIUHEHUS ABYX TPEYroJbHbIX obOsactell. [IATh HEMPOHOB MEPBOrO CIIOSI PEATU3YIOT PA3JAEISIOIINE
THIIEPIIOCKOCTH, JIBa HEMpPOHA BTOPOTO CIIOS PEAM3YIOT TPEXBX0J0BbIe (yHKUMU U, Helpon TpeThero
cnos  peamusyer ¢ynkmuio MJIM.  BecoBble  BEKTOpBI, OMKCHIBAIOIINE  COOTBETCTBYIOIINE
TUIEPIIIOCKOCTH, UMEIOT BUJL:

w! =(0,1,0), w?=(-1,-1.1), w’=(-1,-1,-1),
wt = (-1,1.-1), w’=(0,0,1).
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Iy

(0,1)

(0,0)

HJIH

|
; " /

w'

\

Puc. 5. [Ipumep BbIiCICHHS HEBBITYKJIONW 00J1aCTH

Kontpoasubie Bonpocsl I133(11K-4):

. Metoa makcumyMa mpaBaono100us.

. Heiipodusnonornueckas aHaIOTHsI.
KoMImoHeHTHI NPOIYKIIMOHHBIX CHCTEM.
Crpareruu peuieHuid opraHu3aiy IoucKa.
[IpencraBienue MpocThiX (HaKkToB.

[Tpumepsl mpuMeHEHUS JIOTUKH JUTSI IPEACTABICHUS 3HAHUI
['pynnupoBaHue KHOMOK OIIIMA.

Cnucok co MHOTUMU OMIUSIMU.

9. CtpykTypa MEHIO.

10. Pa3nuuHble poau 3J€MEHTOB MEHIO.

11. M3MmeHeHME 3IEMEHTOB MEHIO.

12. CoOblITHS, CBSI3aHHBIE C MBIIIBIO.

13. Yepuenwue u pucoBanue B cucreme wind! ws.

14. TlocTpoeHne HHCTPYMEHTAIbHOMN JIMHENUKH.

N YR W
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Ilpakmuueckoe 3anamue Ned. 3adaua nenumneitnozo pazoenenus 06yx Kiaccos. Hacmov 2.
Peanuzayusa oynesvix pynkyuil neiupounvimu cemamu. Boloenenue evinyknvix oonracmeil.

Buowt cemeii

B MHOTOCTONWHBIX (CIOUCTHIX) ceTax (puc.l) HEUPOHBI MEPBOTO CJIOS MOTYYAIOT BXOIHBIE CUTHAIHI,
npeoOpasyloT UX U MepeaarT HelpoHaMm BTOporo cios. Jlanee cpabaTsiBaeT BTOpPOU CJIOW | T.A., 10 71 -
oro, KOTOpBIﬁ BBLAACT BBIXOAHBIC CUI'HAJIbI IJIA MHTCPHOPLETATOPA U IMOJIB30BATCIIA. Ecmu ne OrOBOpPCHO

NPOTUBHOE, TO KAXIBIH BBIXOJHON CUrHas !/ -ro ClIos TOJaeTCs Ha BXOJ BCEX HEHpoHOB / + 1 -T0.
Uucno HEHPOHOB B KaXJOM CJIO€ MOXET OBbITh JIOOBIM M HUKAK 3apaHee He CBSI3aHO C KOJIMYECTBOM
HEHPOHOB B Jpyrux ciosix. CTaHAapTHBIA coco0 MOJa4Yd BXOJHBIX CUTHAJIOB: BCE HEHPOHBI MEPBOTO
CJIOS TIOJTYYalOT KaXAbIA 6x00H0oU curHai. HanbompIee pacnpocTpaHeHUE TOJYIHIIA TPEXCIOWHBIC CETH,
B KOTOPBIX KaKIbI CIONH MMEET CBOE HAaMMEHOBAHME: MEPBBI - 6X00HOU, BTOPOM - CKPBITBIN, TPETUH -
BBEIXOIHOM.

Cnoit 1 Cnoii 2 Cnoi n
Bxontsle BrixoaHsie
- - i — -
CUrHABI CHIHAIbI
VBEJIUYNUTH n300paKeHne

Puc. 1. MHorocnoliHas (ClIoucTast) CeTh

MOHOTOHHBIE CIIOUCTBIE CETH - YACTHBIN CIIy4all CIIOMCTBIX CETEM C IONMOJIHUTEIBbHBIMU YCIOBHUIMU
Ha CBSI3U W 3jeMeHThl. Kaknplii ciiol, KpoMe BBIXOJHOTO, Pa30MT Ha JBa OJO0Ka - BO30YXKIAIOIHUA H
TopMO3samui. CBsI3W MEXKAY CIOSIMH TaKXe MOAPa3JeNaioTcs Ha JBa TuMa - Bo3Oyxmaromme (c

MOJIOKUTETPHBIMA BECAaMH) W TOPMO3sue (C OTpUIATENbHBIMU Becamu). Eciam ot Omoka <1 k

L)
6)101<y( BEIyT TOJILKO BO30OYXKIAIONIME CBS3U, TO OTO O3HAYAET, YTO JIOOOW BBIXOJHOW CHUTHAI

L

61oka SABIISICTCS ~ MOHOTOHHOM  HeyObIBaromiedl  (yHKkmmed  J000ro  BBIXOAHOTO  CHUTHANA

L)
Groka 1. Eci ke 5TH CBS3H TOIBKO TOPMO3SIIIKE, TO 000 BBIXOJHOW CUTHAN OJoKa (" spnseres
MOHOTOHHOW HEBO3PACTAIONICH (PyHKITHEH.

B nonHOCBSI3HOM CeTH KaXAblil HelipoH NEPENAET CBOM BBIXOAHON CUTHAJI OCTAJIbHBIM HEHpPOHaM, B
TOM 4YHCIie U caMoMy ceOe. BBIXOJHBIMU CUTHAJaMH CETH MOTYT OBITh BCE WJIM HEKOTOpPHIE BBIXOJHBIE
CUTHAQJIBI HEHPOHOB TIOCJIE HECKOJBKUX IUKIOB (PYHKIMOHMPOBAHUS ceTH. Bce BXOIHBIE CUTHAIBI
MOJAIOTCA BCEeM HeWpoHaMm. JIs TIONHOCBSI3HOW CETH 6X0O0HOU cymMmamop HEHpoHa (PaKTUUECKU
pacriagaercsi Ha JiBa: MEPBBbIA BBIYMUCISIECT JIMHEHHYIO (DYHKIMIO OT BXOJHBIX CHUTHAJIOB CETH, BTOPOH -
JUHENHYI0 (YHKIIMIO OT BBIXOJHBIX CUTHAJIOB JIPYIMX HEMPOHOB, MOJYYEHHBIX HA MPEIbIIYIIEM MIare.
[TpuMepoM MONHOCBSI3HON CEeTH SABISIETCS cemb Xongunoa.

CroucTo-uuMkiIn4eckue (pekyppeHmuvle) cemu OTINYAIOTCA TE€M, YTO CJIOM 3aMKHYTHI B KOJIBIIO -
MOCIICHUI MepeaeT CBOM BBIXO/IHbIE CUTHAIBI IepBoMY. Bee ciiou paBHONpPaBHBI U MOT'YT KaK MOJIy4aTh
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BXOAHBIC CHUIHaJbl, TaK W BblJaBaTb BbIXOJHBIC. Takue cetu A0 MOJYy4YCHHUSA OTBCTa MOI'yT
q)YHKHI/IOHI/IpOBaTB HCOTPpaHUYCHHO J0JII'0, TaK K€, KaK 1 ITOJTHOCBA3HBIC.

CnouCTO-TIONMHOCBS3HBIE CETH COCTOSIT M3 CIIOEB, KAXKIBIA W3 KOTOPHIX, B CBOIO 0uepelb,
MPEJCTaBIsIeT COOON TONHOCBI3HYIO cemb. [Ipn GYHKIIMOHMPOBAHWUM CHUTHAJBI MEPENAIOTCS OT CIIOS K
CIJIOIO, M TIPOMCXOJUT OOMEH CHTHAJIaMH BHYTPH CIOsl. B KaX10M ciioe mpolecc MpoTeKaeT CIeTyIUM
0o0pa3oM: IPHEM CUTHAJIOB C MPEABIAYIIETO CJOS (MJIM BXOJHBIX CHUTHAJIOB CETH), OOMEH CHUTHajJaMu
BHYTPH CJIOf, IIepeiada MOoCIeayomeMy clIolo (MK Ha 66ix00). IlogoOHbIe ceTu A0 MOJydeHUs OTBeTa
(GYHKIIMOHHPYIOT OINPENEICHHOE YHCIO TaKTOB, COOTBETCTBYIOIIEE KOJIUYECTBY CIOEB, TAaK K€, KaK U
CIIOUCTBIE CETH.

[ToTHOCBSA3HO-CIIOUCTBIE CETH IO CTPYKTYpE TaKue ke, KaK M MpeAbIAyIue, HO (QYHKIMOHUPYIOT
no-apyromy. B Hux He paszzpenstorcs ¢a3zbl o0OMEHa BHYTPH CJIOSI U TIEpeaud CIEIYIOMIEeMY: Ha KaKI0M
TaKTe HEHPOHBI BCEX CIIOEB MPUHUMAIOT CUTHAJIBI OT HEMPOHOB KaK CBOETO, TaK M MPEABIAYIIETO0, OCIe
4ero nepefaeT CUrHajibl Kak BHYTPHU CJI0sl, TaK M MOCHeAyIoeMy (MU Ha 6bixo0). J1o momyueHus: oTBeTa
1o100HBIE CETH MOTYT (DYHKIIMOHUPOBATh HEOTPAHUYECHHO JIOJIT0, TaK K€, KaK M IMOJIHOCBS3HBIE.

DynKuuonuposanue cemei

Cetu nepuoanyeckoro ¢pyHkiuonuposanus. [Ipocreiime nmpencraBieHust 00 STUX CETAX TaKOBBHI.

B HayanbHBI MOMEHT COCTOSIHUS BCEX HEMPOHOB OJMHAKOBBI, BBIXOJHBIX CHUTHAJIOB HET.
[TogaroTcss BXOIHBIE CHUTHANIBI, OMPEACISIONINE aKMUueHOCmb CEeTH (HYyJeBOM TakT). Jlamee BXOmHBIC
CUTHAJIBI MOT'YT MOAABATHCS HA KAKIOM TakTe (YHKIIMOHUPOBaHMS. Ha KaKI0M TakTe MOTYT CHUMAThCS

BBIXOAHBIE curHabl. [Tocme k raxtos UK QYHKIIMOHUPOBAHUS 3aKaHUYUBACTCS, U cemb BO3BPAIACTCS
B HCXOJHOE€ COCTOSIHME, TOTOBasi K HOBOMY IHKIY (akTy). Mexay aktamMu (yHKIMOHHUPOBAHUS MOTYT

BCTaBJIATHCS aKThl oOO0yueHus. B oOmem ciydae, B pe3ynbTare yukid U3 k Takros HeupoHHas
cemb BBIJa€T B OTBET  HAa  IOCJIENOBATENbHOCTh W3 k HAaOOpPOB  BXOJHBIX  CHUTHAJIOB

IIOCJIEI0BATEIbHOCTD k HaOOpPOB BBIXOAHBIX CUTHANOB. Yale HCIONB3yeTcs YIPOILICHHBIM BapHaHT:
BXOJHBIE€ CUTHAJIBI ITOAAOTCA TOJIBKO B CAMOM Hayaje, BBIXOJAHBIE CHUMAIOTCSA B CAMOM KOHIIE.

JUis CIIOMCTBIX M CJIOUCTO-TIOJIHOCBSI3HBIX CETeM HadajbHBIC CIOM IO Mepe CpadaThIBaHUs
0CBOOOXKIAIOTCS U MOTYT 3aHMMAThCSl HOBOW 3ajjaueii, moka MocieHNue CIIOU 3aKaH4YMBAIOT padoTy Haj
npensiaymeid. Cetu nepuoandeckoro (PyHKIMOHUPOBAHUSA 10 XapaKTePy HMCIOJIb30BaHHs HATIOMHHAIOT
OBM: Ha Bompoc cieayeT OTBET, NpUYeM BOCIPOM3BOAUMBINH. MHaue oOCTOMT Jeno ¢ CceTsiMu
HENPEepbIBHOIO (GYHKIIMOHUPOBAHUSI.

HemnpepsiBHOE  (yHKIIMOHMpOBaHWE HEHPOHHOW CeTH 0o0Jiee COOTBETCTBYET HWMEIOIIUMCS
NpEACTABJICHUAM O IMOBCACHHUU KUBBIX CYIICCTB, YCM IICPUOJUICCKOC. Onvim IMMOKa3bIBACT, YTO, YCPCAY
UUKIbl (DYHKIMOHUPOBAHUS M OOY4YEHMS, JUISl TaKMX CETe MOXHO MOJYyYUTh XOPOUIME PEe3yNbTaThl
anantauud. J{nsg HenmpephBHOTO (DYHKIIMOHUPOBAHHS HEOOXOAWMBI CETH C IUKJIAMHU: TOJTHOCBS3HBIC,
CJIIOUCTO-IUKIIMYCCKHUEC UJIHU ITOJTHOCBA3HO-CJIOUCTBIC.

Hacmpoiika neiponnsix cemeit 013 peuieHua 3a0ay

Tema nmanHoro paszzaena - ¢GopMHpOBaHHE HEHPOHHBIX CETEH I pemieHus 3amad. [Ipexnae dem
IPUCTYIIUTH K IIOMCKY ITapaMETPOB CETU, HYKHO IIOCTaBUTH 3a4a4y, T.€. OTBETUTH Ha BOIIPOCHI:

1. Kakwue curnainel ceth OyaeT moaydarsb?
2. Kak mbI Oyz1eM HHTEpIIPETUPOBATh CUTHAJIBI, IIOCTYTAIOITNE OT CeTU?
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3. Kak mbl OyneMm oueHuBaTh paboOTy CeTH, €ClIM CeTh O0ydaercss MyTeM MUHUMH3AIHUN
omuOOK (T.. YTO TaKO€ BEKTOp OMMOOK M KaK BBIYUCISICTCS IieneBas (DYHKIUS — OIleHKa
(byHKIMOHMPOBaHUS ceTH)?

OTBeThl Ha AAaHHBIC BOIIPOCHI BOIUIOIIAKOTCA B CHGI_IYCTpOI\/'ICTBaX WM IporpamMmax: B
npenoopadboTINKe, HHTEPIPETATOPE OTBETOB, OIICHKE.

Wrak, mpexzae veM QGOpMHpOBATH cemsb, HEOOXOIUMO co3aTh €€ OKpyxkeHue. B mporecce
00y4eHHs, KpOME TOT0, UCTIONb3YIOTCS:

1. Ooyuaromas BeIOOpKa (cucTema, paboTaroiasi ¢ UICXOAHBIMH JTAHHBIMH );
2. Vaurenb, MOAUPUITUPYIOIIHNHI TApaMeTPhI CETH;
3. Kontpacrep (cucrema, yrnpouaroiias HEHpOHHYIO CETh).

Ilpeoobpabomka dannwvix

HopmupoBka 1 IeHTpUpOBaHKUE JaHHBIX (MIpeaoOpaboTKa) UCIOIB3YIOTCS MOYTH Beera (KpoMe Tex

Clly4aeB, KOTJla JaHHbIe MPEJICTaBISIOT co00i OuHapHbIe BEKTOPHI ¢ KoopauHatamu 0,1 miu s of| , 1100
CUMBOJIbHBIE ToOchenoBaTenbHocTH). Llenp 3Tux Hp€06pa30BaHI/II/I - cHenath Tak, 4TOOBI Kaxkjas

KOMIIOHEHTa BEKTOpa JAHHBIX JIeKajda B OTpe3Ke | L, l] (I/IJ'II/I { ” ) wiM, Mo KpailHed Mepe, HE
CJIMIIKOM J1aJIeKO BBIXOJMIIA U3 3TOTO OTpe3Ka, U €€ XapaKTepHbIi pa30poc Toke ObUT Obl €MHUYHBIM.

. ) - -
CrannmapTHbIe MpeoOpa3oBaHMUs UCXOTHOM BBIOOPKHU & + // 7 Lo =v v v v s &

P — [P L] v P Ny { P\ o| ¥ A
r; = [z} — M(z})|/o(z}) ., 2} = [ — M(z)]/mazx|z} — M (%)),
N L
rae Li 1 -51 KOMIIOHEHTa BEKTOpa -!"P,

‘ ' ‘ J

M \Z;) = | Z o }/ n_ BBIOOPOYHAS OLIEHKA MaTEMAaTHUECKOTO OKUIaHHsI £ ;
Py . - p 1/2

o\2 l ) = {Zr ['f 1 ‘\[('l 1 IJ / n } - BbIOOpOYHAs OIICHKA CPEIHEr0 KBaJpaTHUYHOTO

J’}
oTkJoHeHUs. Jlto6oe u3MeHeHue BHIOOPKU {'J JIOJDKHO, COTJIACHO 3TUM (QOpMylaM, MEHATh U
HOPMHPOBKY. HOpMHpOBKa M LIEHTpUPOBAHHE BIUCHIBAIOT UCXOIHYIO BBIOOPKY B KyO CO CTOPOHOM 2,

BCPIIMHAMU KOTOPOT'O ABJIAAIOTCA BCKTOPHBI C KOOpAUHATAMU :t l
Humepnpemauu}l omeemoe cemu

[Ipy wuHTepmpeTanuu BBIXOJHBIX CHUTHAJIOB CETH HEOOXOOUMBI aKKypaTHOCTh U IOpOM
M300peTaTeIbHOCTh, BEJlb OT 3TOTO HCTOJIKOBAHHUS 3aBUCIT TPeOOBaHUS, KOTOPHIE Mbl MPEIbIBISIEM K
pabore HC. Ynaunast ux ¢opMyaupoBKa MOKET YHIPOCTHTh OOyU€HUE U MOBBICHTH MOYHOCHb PAOOTHI,
HeyJlayHasi — CBECTH Ha HET MpeAbIAyIINe YCUIHUS.

MacmrabupoBaHue SBIISICTCS €CTECTBEHHOW omeparueil mpu o0pabOTKe BBIXOAHBIX CHUTHAJIOB.
Cranzmapraeie (o6espasmepernsie) HC popmupytorcs Tak, 4T0ObI X BBIXOJHBIC CHTHAIIBI JIEXKAIH B

—1, \a. b

l ] (nnm “) l } ). Ecau HaMm HY»KHO TIOJTyYUTh CUTHAJT B HHTEpBaie | , TO HYXHO

y € [-1,1].

MHTEpBaJlax [

peoOpa3oBaTh BEIXOAHON CHTHAT

y=(a+b)/2+ (b—a)y/2.
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B 3amauax kmaccudukanuu HamOoiee pacnpoCTpaHEHO MPABMIIO HHTEPIpETaluu '"moOeanuTeNb
3abupaer Bce': YMCIO HEWPOHOB PABHO YHMCIY KJIACCOB, HOMEpP HEHpPOHA C MAaKCUMAJbHBIM CHUTHAJIOM
MHTEPIIPETUPYETCA Kak HOMep Kiacca. K coxkaneHuto, eciii KJIacCoB MHOTO, TO 3TOT HAIVISIAHBINA METOA
SIBJIIETCS CIIUIIKOM PaCTOUYUTENbHBIM, MOTPEOISET CAUILKOM MHOTO 8bIXOOHbIX HELPOHOE.

3uaxosas uxHmepnpemas rpedyer ’L‘OJJIJKOA = lo ga2m neiipouoB (71l - uucno knaccos).
swiman Uk .

Crpontcs oHa Tak. IlycTh Yi Yk COBOKYIIHOCTH BBIXOJHBIX CHTHAJIOB HEHPOHOB. 3aMCHHMM B

3TOI>1 MACIICANBATCIBHOCTH MOMOMKHTENIBHBIC HHCTd COMHAHAAMMA, d OTpPIL[aTeHbHLIe - HyJ'IHMI/I.

Honyqeuuylo LOCIEA0BATECILIIOCT L uy.ueﬁ W ElUIInL, paccMarpiBacyM Kak HOMEP Kiiacca B ,Z[BOH‘-IHOﬁ
3aIlluCH.

IlopsnkoBad unmepnpemayus SBIIeTCd  eme Oojlee  eMKoM, udeM 3HakoBas. B  Hell ¢

e . ok N
[TOMOIITBEO k HeHPOHOB MOKHO OIUCATh IIPHHAIIEKHOCTE K k1 wraccanm (aHe £ Xax JJs 3HAKOBOM).

Yly s o= 3 Yk
[Tycts Yi Yk . ppxommse  cHrHambL. [lpoBeneM WX  COPTUPOBKY UM 00O3Ha4YUM
i nomep ! -ro curuana nocue copruposkn (1 coorBerCIrByer HAHMEHBIIEMY CHTHAITY, k-

(M1, N2, ey M) paccMOTpHM  KaK €060, KOJHUPYIOIICC

aepes /

HaumbOonbuiemy). IlepecTaHoBky
HOMEp Kiacca. Beero Bo3momxio ki LIEPECTALIOBOK. JFTUM UIITEPLPETaTOPOM MOXKHO I10Jb30BaThCH,

€CIIM  XdpaKTepHasd OLIMOKA BREIXOJHOIO CHUTHANA MEHbINEe l/ '* axe npu k=10 [OJIy4aemM

(< 1/10)

peanu3ycmeIc TpcOOBaHWS K TOTHOCTH n forareic Bo3MokHOCTH (10! KIaccoB).

Ouenka cnocodrocmu cemu pewiiimes 3a0aqy

B mamHOM pasmerne paccMaTpHBarOTCA TONBKO CETH, BCE 3JIEMEHTBI KOTOPBIX HEMPEPHIBHO 3aBUCST
OT cBoux aprymenrros. [Ipeuonaraercs, 4ro Bce BXOilibe Jallibie 11peilodpadboTanbl Tak, YTOOBI BCeE

a.bl.
BXOOHLIE H BLIXOAIILIS CUITIANLI CETH JISHKAIH B dJMalia3olie llpld.e_\'l.llel\'lblx BXOAHBIX CUTHAJIOB | J

Hetiponnast  cemb BLIMUCISET  LEKOTOPYIO 6eKiop-QyLKIMUIO F' or BXOJHBIX  CHUTHAJIOB.
OTta ghynkyust 33aBUCAT OT TapaMeTpoB ceTH. (OOyueHWe CeTH COCTOMT B IOAOOpe Takoro Habopa
[IapaMCTPOB CCTH, TTOORI BCIIHUTIMHA

Z:Ff“'ﬁ ) — ./',!T”,

Lp

ObLIa MMIMMAIILIIOA (B Mieale paBiia 11YyJIo), 3UeCh {f ¢ } - MIIQKECTBO aNIIPOKCUMUPYEMBIX
byukruit. JIag Toro, YTOOHI nelponndas cemts MOTIIa XOpOIUIO TPHOIM3UTh 3aJaHHYI0 TaOJIUYHO

byHKLMIO I , LEOOXOUUMMO, 4TOOLL pealu3yemas Cerblo (VHKysL F MPU MU3MEHEHHH BXOJHBIX

! . |

1 5, ;
curHaioB ¢ . Ha [’ Moria U3MEHUTb 3HaueHUe C f Ha f * OueBHIHO, YTO HanOOJICE TPYAHBIM IS
CEeTH JIOJDKHO OBITh MpHONMKeHHe (YHKIMM B TOYKAX, B KOTOPHIX HPU MajJOM H3MEHEHHH BXOJHBIX
CUTHAJIOB TPOUCXOAMUT Oousiblioe H3MEeHeHue 3HaueHus ¢(yHkiuu. Takum o0Opa3oM, HauOOJIBIIYIO

CIIO)KHOCTh OyZIeT NpeaCTaBiiATh MpHUOIKeHne GQYHKIUU I B TOYKaX, B KOTOpPBIX JOCTUTaeT

=P/l =2
MAaKCUMYMa 6blpadrceHue Hf / ) > " JAns  aHATMTHYECKH  3aJaHHBIX  (DYHKIHIA
BEJINYUHA

sup. (|| f(@) = f@)l/llz = yl|)
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HaszpiBaeTcs KoHcTaHTOoW Jlummmma. Mcxomass w3 3THX  COOOpakeHW, MOXHO J1aTh
clenyrolee onpeodesieHue CI0KHOCTH 3a1auH.

o ] !
CH0XHOCTD anNpOKCUMALUU MaOIUYHO 3A0AHHOU QYHKYUU I , KOTOpast B Toukax I’ NpuUHUMaeT

!
3HAYCHUS f , 38J1a€TCs1 BRLIOOPOYHOM OLIEHKON KoHcmanmel Jlunmmia, BEIaucisieMoi o gopmyoe:

A, = max(|| f(z") = f(z)|/|lz* = z27||)
= w17 — S - l)

Orenka (1) siBisieTCst OLICHKON KOHCcmanmul JIMMIIUTIA aTPOKCUMUAPYEMOM (PYHKITUU CHU3Y.

KoncranTa Jlunmmuiia ceTr BBIYUCISETCS 10 Cleayolen hopmye:
A, = sup, (|| F(x) — F(y)||/||x — y||)

Jnst Toro, 4yToOBl OLEHHUTH CIIOCOOHOCTh CETH 33JaHHOW KOH(UIYpaluu pemuTh 3ajady,
HEO0OXOIMMO OIICHHTHh KOHCTAHTY JIWMImwia ceTH W CpaBHUTH €e C BbIOOpouyHOW omenkou (1). B

ciryyae “ M1 < A\ cemp NPUHIUITHATIBHO HE crioco0Ha pemuTh 3adauy

\H

annpokcumayuy GyHKITII , * OnHako w3 * 2 '\f elle He CleyeT YTBEpKIEHHE O CIIOCOOHOCTHU

CEeTH amnmpOKCUMHUPOBAThH (DYHKITHIO I !
Kouncmanma /lunwuya cuemouoatoHoi cemu

PaccMOTpuM  CIIOMCTYI0 CUTMOMAAIBHYIO cemb (cemb C  CUTMOUJANBbHBIMU ~ HEMpOHAMM) CO
CIEAYIOUIMMH CBOMCTBAMU:

1. Ywuciao BXOAHBIX CUTHAJIOB - 1.

2. Yucno neiiporos B ! -m croe - /i

3. Kaxnaplii HEHpOH NIEPBOrO CJIOS MOJIY4YaeT BCE BXOJHBIE CHUTHAJIBI, a KaXKAbld HEHpPOH
JH000r0 IPYroro ciaos Nojay4yaeT CUTHAJIbI BCEX HEHPOHOB MPEbLAYILErO CIIOSL.

4. Bce HEUPOHBI BCEX CJI0€B HUMEIOT OJINHAKOBBIE byHKIAHA

AKTUBALUN f{-'” - l/{l e PX),

5. Bce cuHanTuueckue Beca OrpaHMYEHbI 110 MOYJIIO €AUHULICH.
6. Bceru 77l cnoes.

B stom CJIydac OLICHKA KOHCmAaHmbvl Jlummmuna cetu paBHa:

m—1

.\” g ,-;m{fj””m] i H H; 2)
1=1

@®opmyna (2) moATBEpXKAAET SKCIEPUMEHTAIBHO YCTAHOBIEHHBIH (hakT, dYTO, 4YeM Kpyue

XapaKTEePUCTUIECKas (hyHKyus HEMpoHa (T.€. 4eM OOJIbIIe B ), TeM OoJee ciioxHbIe GYHKIUU ((HyHKITHI
c OompIelt KOHCTAHTOH JIMmiuia) MoXeT anmpOKCUMUPOBATh cenb C TAKUMU HEHPOHAMH.
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Kontpoasubie Bonpocsl 1134(I11K-4):
1. Peanu3zarus OyneBbIX QYHKIMI HEHPOHHBIMH CETSIMH.
Brigienenre BBIMYKIIBIX 00IacTe.
OCOoOEHHOCTH TUTAHUPOBAHUS 1IeJICHANPABICHHBIX JICHCTBUI.
OLEeHKY CIOKHOCTH 337a4y TUIAHUPOBAHUS.
Ha3naueHne sKCEepTHBIX CUCTEM.
CrpyKTypa 3KCIEPTHBIX CUCTEM.
Pemienue 3a1aun KOMMUBOSDKEpPa CeThio Xonpuiia.
Mammba bonsiimana.
9. ®dyHKUHS KOHCEHCYCA.

10. Coznanue quanoroBoil MaHENH.

11. Vkaxute, Kakasg quarpaMma pacCMaTpUBAET CUCTEMY KaK COBOKYITHOCTb MPEIMETOB

12. Kakue OCHOBHBIC TMOHSATHS HCHOJNB3YIOTCS MPH CO3MaHUM (PYHKIIMOHAJILHOW AHMarpamMmbl
IDEF0?

13. Kakue ¢pynkuuu peanusyiorcs B IC opraHu3alilioOHHOTO yIpaBJIeHUs?

14. Vxkaxure coctaBistoniye tansl npoektupoanus NC.

15. Yro otpaxaer monens KL UC?

16. Kakas wmogmenp XXI| nHambonee OOBEKTHBHO OTpakaeT peajbHBIM MPOIECC CO3AaHUS
CJIOXHBIX cUCTEM?

S A
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Ilpakmuueckoe 3anamue Ne5. Muozocnoiinsle cemu cuemouodanvHo2o muna. Anzopumm
oopammnozo pacnpocmpanenusn owiuoku. Memoowst unHuyuanu3auUU 8€Ccos.

AHHOTanusi: PaccMatpuBarOTCs:  MHOTOCJIOWHBIA — TEPCENTPOH, aJITOPUTM  OOpPaTHOTO
pacmpocTpaHeHus OIIMOKH, Mmoxdop kodp¢uiuenta oOydeHus (OJHOMEpHAs MHUHMMH3ALNUA),
METO/Ibl MHULIMATU3AI[MH BECOB CETH.

Anzopumm 00pamno2o pacnpocmpanenus OuuoKu

BossmeM aByxcrnoitHyro cems (puc. 1) (6xodwoti cnoti He paccMarpuBaercs). Beca HeHpoHOB
MepPBOTO (CKPBHITOTO0) CI0SI TOMETHUM BEPXHUM UHACKCOM (1), a BBIXOHOTO CJI0S - BEpXHUM UHJIEKCOM (2).

Vi =02 8

BI)IXOI[HBIG CUTrHaJIbl CKPBITOTO CJIOA obo3Hayum /7 - , d BBIXOODHOI'O CJIOA -

vi;j=12,..., M.

bynem  cuutare, 4TO ymkyus  akmusayuu  HEUpPOHOG 3aJaHA B
CUTMOUJAIBHOW YHUNONSIpHOW wiu OumonsipHoi  ¢opme. [lnga ympomieHuss onucanus Oynaem

HNCITIOJB30BaAThH pacmnpeHHoe 0603H3H6HI/I€ BXOIHOI'O BeKTOpa CCTU B
e aumas [N 5 ™ S
suge & = L0y L1y« oy TN To = 1 C r
Je , TI€ COOTBETCTBYET Mopory. C BEKTOpOM -I- CBsS3aHBI JBa
BBIXOJHBIX BGKTOpa CCTH. eeKmop (baKTI/IIIeCKI/IX BBIXOJHBIX
B -
CHUTHAJIOB U= [-U“' ) IO YMm 1 U 6eKMOp 0KUTAEMBIX BBIXOJIHBIX

(1 p— :(!’(). (,[ ..... f[_\,f]-!..

CHUTHAJIOB

(1) (2)
. w; w;
[lens oOydeHHsI COCTOUT B TOAOOPE TAaKMX 3HAYCHUN BECOB J u J nIns BCeX CIIOEB CETH,

4TOOBI MPH 33JaHHOM BXOIHOM BEKTOpE -I’ MONyYUTh Ha BHIXOJIE€ 3HAYCHHS CUTHAJIOB Yi , KOTOpbIE C
TpeOyeMoii TOYHOCTBIO OymyT COBIIAJIaTh c OXKHTaeMBbIMHU
| =1.2 '

3HAYCHUSAMU d s vy M BreixogHoii  curHan / -ro  HEWpOHA  CKPBITOTO  CIIOS

OmnuchIBaeTCs (PyHKIMEH

Puc. 1. [Ipumep nByXciI0HHOM HEMPOHHOU CETH
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B BrIxXOgHOM clioe A -# Hetipor BBIpAOATHIBACT BBIXOAHOW CUTHAI
i\ K N

e = FO_wigv) = FO_wi FO_wii'z)))

i=() 1=() 7=0

s (bOpMy.]'II)I CJICOAYCT, UTO HA 3Ha4YeHue BbIXOJHOI'O CUTI'Hajla BIIMAIOT BECa oboux CJIOEB, TOTrJa KakK
CHUTHAJIbI, BblpaGaTbIBaeMHe B CKPLITOM CJIOC, HC 3aBUCAT OT BECOB BBIXOIHOI'O CJIOs.

OcHOBYy anropuTMa OOpaTHOTO pPACHpPOCTPAHEHUsT OIMMOKH COCTaBIsACT IIeeBast hyHKyusl,
dbopMynupyeMas, Kak TpPaBHIO, B BUAC KBaIPAaTUYHOW CYMMBI Pa3HOCTEH MEXAy (DaKTHUECKHUMH H
OKU/IaeMBbIMH  3HAYCHUSMH BBIXOJHBIX cHrHaloB. Jlnsg oOywaromieid  BBIOOPKH,  COCTOSIIEH

us P IPUMEPOB, yeneas yHKYuUs UMEET BUJ

Munumuzayus ueneBoid (YHKIIUU JOCTHTAETCS YTOYHEHHUEM BEKTOpa BecOB (OOyueHHeM) I0o
dbopmyne

w(t + 1) = w(t) + Aw,

rac

Aw = as(w), B

(Y - xo3¢p¢unmeHt odbydeHus, a s(w) . HampaBJeHUuEe B MpocTpaHcTBe BecoB (). Bribop 3TOrO
HAalpaBJIeHNs1 OOBIYHO OCHOBAH HA ONPE/ICICHUH T'PaIUeHTa [EIeBON (DYHKIIMH OTHOCUTEIHHO BECOB BCEX
cnoeB cetd. Jls BecoB BBIXOAHOTO CIIOS 3ajJadya MMEET OYEBHAHOE pemieHue. s Ipyrux cioes
UCTIONIB3YETCSI AICOPpUMM  0OPAMHO20 PAcnpocmpanenus owiubku. PaccMOTpuM ero Ha IpuMmepe

l

JBYXCJIOMHOM ceTu. B 3TOM cityuae npu P = yenesas (hyHKyus OMPEACISETCS BRIPAKCHUEM

M K M K J

Fw) = “( :f’j,flf'g)—rh.-]g/'—) — ”( “;flf( “';[l'l"'_f)}u
j
i=0 k=1 t=0 ' :

k=1 (

tl) )

KommoHneHTsl rpaameHTa paccudMThiBalOTCS —auddepeHmpoBanueM 3aBucumoctd  (2). B
MIEPBYIO Ouepedsb OTMPECIIIIOTCS Beca HEHPOHOB BBIXOIHOTO CIIOS. [[J1s1 BBIXOJHBIX BECOB MOJIyYaeM:

f)[:‘/f)u'f} = (y; — d;)[df (< /({u j Vi,

rac
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A
) (2)
= W, v;
1=0)
Ecau BBecTn 0003HayeHmE

o\ = (y; — d;)|df (u /(Iu ]

i

TO COOTBCTCTBYIOINYIO KOMIIOHCHTY TI'paaWCHTa OTHOCHUTCIIBHO BECOB BLIXOAHOI'O CJIOSA MOXKHO
NpeaACTaBUTh B BUAC

A /9...02) _ 9l2)
OE [Ow;;" = 0; " v;.

3)

KoMmoHeHTsl TpaflieHTa OTHOCHUTEIHHO HEWPOHOB CKPBITOTO CJOS ONPENEsIOTCS Tak >Ke, HO
OIMHCHIBAIOTCS 0O0JIee CIIOXKHOW 3aBHCHMOCTBIO, CIEAYIONMEH W3 CYIIeCTBOBaHHUS (DYHKIUU, KOTOpPAs
3aJlaHa B BUJIE

M
(")]f/(')u'jl::' = Z(!Ik - ([!.-)[‘[.‘/1:/‘{‘3][”"'H/d“'i_:}]-
k=1
Orcrona nonyyaem

M

(')l:‘/(')u‘:i_: = Z(,{M—d;‘-][d_/'( uf} ')/(l'ufl]ff';f'[rl_l'(ui“)/rlui“].rl,.

k=1
Ecau BBecTH 0003HaUYECHUE

M

('):'lI = Z(t/; —d}) r/l u; /”’“; ]u'" ui”)/(/u'“

k=1

TO MOJIYYHUM 6blpasxceHue, ONMpCaACIIAOICC KOMIIOHCHTBI I'paiuCHTa OTHOCUTCIIBHO BECOB HeﬁpOHOB
BXOJHOI'O CJIOSA B BUEC

(1) _ 5
OE[w;;" = 0; ;. 8

B o6oux cayuasx (¢popmynsl (3) u (4)) onucanusi TpaiueHTa UMEIOT aHAIOTUYHYIO CTPYKTYPY U
IPEJCTABISAIOTCS MPOU3BEACHUEM JBYX CUTHAJIOB: NEPBBI COOTBETCTBYET HAYaJIbHOMY Y311y JaHHOMN
B3BCILICHHON CBS3M, a BTOPOM — BEIWYUHE IIOTPEIIHOCTH, IIEPECHECEHHOM Ha Yy3€l, C KOTOPBIM
3Ta €643b YCTaHOBIEHA. Onpedenenue BEKTOpa TpaJueHTa Ba)XXHO Ul TOCJIEAYIOUIEro Impolecca

s(w) ,

YTOUYHEHUS BECOB. B Ki1accuueckoM aneopumme o6pamuo2o pacnpocmpaneHus OuuOKYu 6eKmop
BbIpaxeHuH (1) 3a7aeT HanpaBlieHUEe aHTUTPATUCHTA (Menmoo0 HaucKopeuule2o cnycKka), Io3TOMY

Aw = —aVE(w).
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B cooTBeTCTBHM C alrOpUTMOM OOPATHOTO PACHPOCTPAHEHHUS OMIMOKU B KaXJIOM ITUKJIE OOy4YEeHUs
BBIJICIISIIOTCS CIICTYIOIIHE ATATIbI:

1. Ananus HEWpOHHOW ceTH B NPSAMOM HAaIPaBICHUM Nepeaayd HH(OpMAIMU IMpH TeHepaluu
BXOJHBIX CHTHAJOB, COCTAaBISIOIIMX  OYEpeqHOl 6exmop L' B pe3ynaprate Takoro aHaimmsa
PacCUUTHIBAIOTCS 3HAUCHUS BBIXOTHBIX CI/II‘HaJIOB HeﬁpOHOB CKpI:.ITbIX CJIOGB U BBIXOI[HOI‘O CJI0s, a TaKXKe

& n) (1)
COOTBETCTBYIOIIHNE NPOU3BOOHbIE (/ [” ]/d” (H ” /d” yr e ‘({ )/ ,
GyHKIMH aKTUBAMK Kaxa0ro ciiosi ( /71 - KOJTU4eCTBO CIIOEB CETH).

2. Co3znaHue cemu obpamHo2o pacnpocmpaneHus OLIMOOK IyTeM H3MEHEHHs HallpaBJIeHUi
neperadyn CUTHAJIOB Ha OOpaTHbBIe, 3aMeHa (YHKIWH aKTHBAIlMM WX MPOM3BOAHBIMH M I0oJada Ha
OBIBIINI 6b1X00 (2 B HACTOSAIIMI MOMEHT - BXOJI) CETH CUTHAJIa B BHJIE PA3HOCTH MEXIY (PaKTHUECKUM U
OXHMJaeMbIM 3HaueHHeM. [l ompeneneHHol TakuM 00pa3oM CeTH He0OXOIMMO PAaCCUUTATh 3HAYCHUS
TpeOyeMbIX OOpaTHBIX Pa3HOCTEH.

dfl -u.l[j]},/ Htr.lm

% — d,

£y
Ty Yy — dy
Y 1) 1 : 2)
Wy df{uf N/ Ou," Afus™y ) dul”

Puc. 2. Cetp 00paTHOTO pacpoCTpaHEHUs OLIMOKH

3. YtouHneHue BecoB (0OyueHHE CETH) MPOU3BOIUTCS IO NMPEAJIOKEHHBIM BbIIIE (OpMyIaM s
OPUTHHAIBHON CETU U AT cemu 00pamno20 pacnpocmpanenus OMNOKHY.

4. OnucaHHBIA TpOIECC CIEAYyeT MOBTOPUTH JJS BCEX OOYYaloIUX MPUMEPOB 33JavHHKa,
IIPOJOJDKAsl €ro BILIOTH [0 BBINOJIHEHHS YCJIOBHS OCTAHOBKM anroputMa. JlelWcTBue anropurma
3aBepllaeTcd B MOMEHT, KOIJa HOpma IPAJAEHTa YINaAeT HWXKE anpuopu 3aJaHHOIO 3HAYCHHS,
XapaKTEPU3YIOLETr0 MOYHOCMb TIPOLecca 00yUSHHUSL.

PykoBOACTBYSICH pHC. 2, MOYHO JIETKO ONPEACTUTh BCE KOMIIOHEHTHI I'PaIneHTa LIeIeBOi (PyHKIIUY,

T.€. BCE YaCTHBIC NPOU3800Hble PYHKIINH I no secam cerm. st 3TOrO, ABUTAsICh OT BXOJIOB CETH

(k)
w

(OBIBIIUX BBIXOJIOB), HY)KHO TIEPEMHOKUTH BCE BCTPEUAIOIIMECS HA TyTH BEJIMYHHBI (Kpome BecoB '/

AT (k)

OF Jw:;

IUIE KOTOPBIX PAaCCUUTHIBACTCS YACMHAA NPOUIBOOHAS J ). Kpome Toro, tam, rme Iyru

CXOJIATCS K OJJHOHM BEPIIMHE, HY)KHO BBIIIOJIHUTH CI0JCeHUe TIPON3BEACHUH, TOTyYeHHBIX Ha dTUX JyTaX.

2
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(')]“/u'['."):'
Tak, wHampumep, uTOOBI IIOCYUMTATh IPOM3BOAHYIO ~ 12, HyXHO NepPeMHOXKHTb

. [2] |:.3] P " ( ] }
BEJIMYNHBI Y2 — df‘ (” [ ”‘.3 )/{,”2 y 1 ], a JUId BBIYMCIICHHS NPOU3BOJHOM dl‘/” 21

IMOCUUTATh MMPONU3BCACHUSA

HYXHO

m = (y1 — dy) X [Of ”cl'.’a)/(.)”[lza]”_;i}

i

= (yo — do)[Of u.l_,'"” )/(')u'.l_,zj]u'.l,'.“;'J

J

Ifl “g_n )/E)uf} L T1.

¥ 3aTEM CJIOXKHUTh 3TH IIPOM3BEIEHHUS M PE3YIBTAT YMHOKHTD Ha
Taxum 06pa3om, MOITyIUM

(')lf/f)u"i.l_,] = () + o) [Of ( uf_,“)/i)u.‘_,“].rl —
= [(y1—d,)[Of Hu];’} ]/()arllgl]:f"ii}+(;j:—fb)[(’)f( u.i_,'")] ]/(')u.(_,'")] )| ul”_),] X
X i(')_/'(u.{h,] ")/(')ui,“].rl = I Z{_ yr—di) [0 f uf])/(')uf}]U';.,'Ti,i[(')f[_ u.{_,l ")/(')u.i,“].

!I' l
Oonomepnan onmumu3auus

Bce nomaroBeie METOABI ONTUMU3ALMU COCTOAT U3 ABYX BaKHEUIINX YaCTEH:

. BBIOOpA HaIpaBJICHUS,
. BBIOOpA I11ara B JaHHOM HarpasieHuu (moaoop koddduimenta oOydeHus ).

MeToapl OTHOMEPHOM ONTUMH3AIUU AT () PEKTUBHBINA CIIOCOO 71 BEIOOpA IIara.

B npocreiitem ciydae ko3 dunment oOyueHus pukcupyercs Ha BeCh IEPUO ONTUMHU3AIMH. JTOT
CIIOCcO0 MPAaKTUYECKH HCHOIB3YeTCsl TOIBKO COBMECTHO C METOJIOM HaHMCKOpeiIero crycka. BenmnanHa
no0MpaeTcs pa3leNbHO I KaX/I0TO CJI0s CeTH 1o (hopmyIe

a < min(l/n;),

rae /! oGosnauaer KoxHuecTBO BXOAOB ! -r0 HEHpOHA B CIIOE.

Bonee >ddexTuBHBII METON OCHOBaH Ha aJanTHUBHOM moadope koddduuumenta (¥ ¢ yuetom
baxTHyeCKOi JTMHAMHKH BEJINYHHBI IeTIeBOI byHKIHH. Crpaterus U3MECHEHHUS

3HavyeHus (Y ompenensieTcss MyTeM CPaBHEHUS CYMMAapHOW IOTPELIHOCTH & mal -t UTEpalUU C €€
IPEBbIAYIINM 3HaUeHUEM, TPUYEM PACCUUTHIBACTCS 10 hopMyIie

M

€= [Z“}! - d;]:]]/f-

i=1
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JIs1 yCKOpCHUST TTpoTiccca OOYICHUS CITCIYCT CTPCMUTRCS K HCMPCPHIBHOMY YBCTHUIcHUR0 (¥ mpu
OJTHOBPEMEHHOM KOHTPONE MPHPOCTA NOTPELUIHOCTH MO CPABHEHHUIO € €€ 3HAYEHWEM Ha MpPeablIylieM
mare. ITezHaun TeibHbIA POCT LHOIPCHIHOCTH CHUTACTCS JLOIYCTUMbBIM,

Ecnau norpewnoctu wal -1t ul -i MTEpALMAX OOOZHAMMTL CoOTBeTcTBeHHO — [~ u &1,

a Kooghpuyuenmpl 00yYeHUs HA OTUX IKE HTEpalUaX — =1y Ot | 10 suauenue =1+ cnenyer
PacCUMTHIBATE TI0 (hOpMYIIe

(l!.l — (1;/),!. (‘(l.'lll :_:‘! > Af{_!—l

Qi1 = QP;, €CIN & K Kyéy-

roe K kosDUUMEHT  JOMYCTMMOTO  mpupocTa  morpelunoctd, / )d . K03 (hULUAEHT

YMEHEITTEHUst Q, Pi . koxdpurmenT yremuaenmns (V.

Haubouee >dpdexrnsupiii, xorsi v nauboiee ciaoxibid, meroy nogdopa kodgduuunenros odyueHus

CBSI3aH c HaMpaBIeHHOM MMHUMU3ALMENR LeneBoM (pyHKLIMM B BLIOPAHHOM
HanpapTeEnn !+ Heobxomumo TaK moxoGpate snawenue 1 ITOOBI HOBOE
pemenue 141 = Wi 7 (USE coorperctBoBan0  MHHMMYMY LeneBOi  (YHKUMM B JAHHOM
HaTparIcHUN ! -

Touck MHHHMYMd OCHOB4H HA4 NONMHOMHANBHO almnpoOKCHMAaLlHK LleJ'[eB()FI ('I)}'HI(LU*][/I. BblﬁepeM
AT AULIPOKCUMALIMW MHOCOWACH BLOPOLrO LIOPAAKA

-) .
E(w) = Pya) = asa” + aja + ay,
rne ”—), ”I 4} ”“ s k‘(]ﬂ()‘)d)?e‘ifﬁ‘{{H?}?hI, ONPEAETIEMRBIE R 1THKTE ONMTHUMHRAIIHW. I[.."IFI pacyeTa JITUX
K03(h(HULMEHTOB UCHOIB3YEM TPHU MPOU3BOJIBHBIE TOUKH wh, W2, U 3, nexamme B HampapiaeHHH !
T.C.
S — . - 9 9
w; =w+o;8, t=1,23.
CooTBeTcTBYIONIME STUM TOYKAM 3HAYCHHUS 11eJIeBOM PyHKIINU E(w) 0003HaYNM Kak
Blo;) =FE; = E(w;), 1=1,2,3.
2 \ 5)
Koosppuyuernmor 12, (11 y () paccunThiBatOTC B COOTBETCTBHM C  PCIICHHEM CHCTEMBI
> ¢
YpaBHEHUI (%). Hns onpeaeeHus MHUHUMYMa MHOTO4JIEHa I 2(Q ) €ro
) 9 ot
TIPOM3BOHAS dI —’/ da = 2axa + a IPUPaBHUBACTCS K HYIIO, 9TO TI03BOJISET
- 0. 7 .
IIOJIYYUTh Xmin = ”l/“”-f. Ilocne mOACTaHOBKU BBIPAXKECHUN UL ]‘l‘ l-’ I'-"- B (opmyny

wis Ymin nonydaem

Qmpin = Q2 — [(.”'._’ - ”1)2(. [;"..’ - ]‘;.’i) -
—(n-_:—n;;)'“}(lfg—]f])}/‘_’[((1-_»—(11}(]:‘-_)—] 3)—(ao—a3)(Ey—E))].
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Memoovt unuyuauzauyuu 6ecos

OOyueHrne HEWPOHHBIX CETEH MPEACTABISICT COO0OM TPYAOEMKHH TMpoIecc, TAIeKO HE BCerjaa
JAIONMUKA OXHUAaeMble pe3yiabTaThl. [[poOieMbl BO3HUKAIOT HM3-3a HEIMHEWHBIX (YHKIIMA aKTHUBAIIHH,
00pa3yIoIUX MHOTOYHCIICHHBIC JOKAIbHbIE MUHUMYMbL, K KOTOPBIM MOMKET CBOJUTHCS IPOLECC
oOyuenusi. [IpumeHeHHe MeETONOB TJI00AIbHONW ONTUMHU3ALKUK YMEHBIIAET 8ePOAMHOCHb OCTAHOBKH
mporecca oOydeHHs B TOYKE JIOKAJTbHOTO MHHHMYMa, OJHAKO IUIATON 3a 3TO CTAHOBUTCS PE3KOE
YBEJIMUEHUE TPYIAOEMKOCTH M JJIUTEIBHOCTH oOyueHus. [[ns mpaBuiibHOTO moadopa YHpaBISIOMIUX
napamMeTpoB TpeOyeTcsi 00BIION onvim.

Ha pe3ynbTarel 00y4eHHs] OTPOMHOE BIHMSHHE OKa3bIBaeT MOAOOP HauyalbHBIX 3HAUCHHH BECOB
cetd. BbiOOp HadadbHBIX 3HAYEHHH, TOCTATOYHO OJM3KUX K ONTUMAIbHBIM, 3HAYUTEIBHO YCKOPSIET
nporecc obydenus. K coxaneHuro, He CyIIECTBYeT YHUBEPCAILHOTO METOJa MOA00pa BECOB, KOTOPHIA
OBl TapaHTHPOBAT HAXOXKIACHUE HAMTYUIIIeH Ha4aaIbHON TOUKH JIJIs JTFOOOM peraeMoin 3a1auu.

HenpaBunbHbIi BEIOOp AMana3zoHa CIlydailHBIX 3HAYCHUH BECOB MOXKET BBI3BAaTh CIHUIIKOM paHHEE
HACBHIIIEHUE HEHpPOHOB, B pe3ylbTaTe KOTOPOro, HECMOTPs Ha MpoJoJpKaoleecs Oo0ydYeHHE,
CpeAHEKBaIpaTUUHAsL no2peuHoCmb OyIeT OCTaBaThCS IMPAKTHUYECKH IMOCTOSIHHOM. DTO 0O3Ha4ano Obl
NONIaJIaHKE B CEIUIOBYIO 30HY LI€JIEBOM (DYHKIIMM BCIEICTBUE CIMIIKOM OOJBIIMX HAadaJdbHBIX 3HAYEHUH
BecoB. llpm »TOM B3BELIEHHAass CyMMa BXOJHBIX CUTHAJIOB HEHpOHAa MOXET HMETh 3HaAYeHuUe,
COOTBETCTBYIOIIEE TIIYOOKOMY HACBHILEHUI0 CUTMOMJAIBHOW (DYHKIMM aKTHBAlMM, U MOJAPU3ALUSL
HaChIIIeHUsT OyzneT oOpaTHa OXHIAEMOH. 3HaueHue BO3BPATHOTO CUTHAJA, T'€HEPHPYEMOE B METOJIe
00paTHOrO paclpoCTPaHEHUsI, TPONOPIUOHAIBHO BEIMYHMHE MPOU3BOJHONW OT (YHKLIMU aKTUBALMK U B
TOYKE HACBIIEHUs ONM3Ko Hymo. [loaToMy W3MEHEHHs 3HAuYeHU BECOB, BBIBOJAIINE HEUPOH U3
COCTOSIHUSL HACBILEHMs, MPOMCXOAAT OuYeHb MeJuleHHO. [Ipouecc oOydeHus HAJOIro 3acTpeBaeT B
CeIUIoBOM 30HE. HetipoH, OCTAIOMIMKCS B COCTOSIHMM HACBIIICHHS, HE y4YacTBYeT B IpeoOpa3oBaHUU
JTAHHBIX, COKpaiias TakuM oOpazoM 3((PeKTHBHOE KOIUYECTBO HEUPOHOB B CETH. B wmTore mpormecc
00y4eHHs YpE3BBIYAWHO 3aMEUIAETCs, MO3TOMY COCTOSIHUE HACBHIIIEHUS OTACIbHBIX HEHPOHOB MOKET
JUIATHCA MTPAKTUYECKH HEMPEPBIBHO BILIOTH O UCYEPIIAHUS JINMUATA UTCPALIU.

VYnanenue cTapToOBON TOYKM AKTHUBALlMM HEWPOHOB OT 30HBI HACBINIEHUS JOCTUTAeTCs IyTEM
OrpaHUYCHUS [MANA30HA CIydalHbIX 3HaYeHWM. [lodT BCE OLEHKM HUDKHEH M BEPXHEH TI'paHULl
Juarna3oHa JOMYyCTUMBIX 3HaueHui jexar B uHTepBaie (0,1). Xopomme pe3yiabTaThl 1aeT paBHOMEPHOE

Y — ¢) / : } l;""-J
pacpenesieHue BECOB, HOPMAJIM30BaHHOE ISl KaXKIO0r0 HEHPOHA 110 aMIUIUTYIE Win &/ \Nin) ,
rae Vin o3Hauaer komMUECTBO BXOJOB HelipoHa. Beca oporos 1t HEMPOHOB CKPBITBHIX CJIOEB JOJIKHBI

[IPUHUMATh CIIy4alHbIE 3HAYCHUS U3 MHTEpBAJIa (— l/ Win, 1/ Win -l, a JUIs BBIXOJHBIX HEHMPOHOB -
HYJICBBIC 3HAYCHUS.

KonTtpoasnsie Bonpocs II35(1TK-4):

AnTOpUTM 00pPaTHOTO PacIpOCTPAHEHUS OITHOKH.
MeTob1 MHUITMATH3ALUN BECOB

Oransl pa3pabOTKU SKCIIEPTHBIX CUCTEM.
WuTepdeiic ¢ KOHEUHBIM MOJIb30BATEIEM.
[IpencraBienue 3HaHUN B SKCIIEPTHBIX CUCTEMAX.
VYpoBHU NpeICTaBICHUS U YPOBHH JI€TAIbHOCTH.
Opranu3anys 3HaHUH B pabodeil cucteme.
Opranu3zanus 3HaHUN B 0a3e NaHHBIX.

Mertoabl MOUCKa PENICHUN B AKCIIEPTHBIX CUCTEMAX.
Kak wHaseBaercs kmaccupukanus, oObeAUHAOMAsS B cede CHCTeMBl 00paboTKu
TpaH3aKIH?

11. Cucremsl NONIEPKKU IPUHSITHS PEILIEHUN.

12. HHpopManmoHHO-CIIPABOYHBIC CHCTEMBI.

N I A
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13.  OdwucHbie nHGHOPMAITMOHHBIE CUCTEMBI
14. Kak Ha3bIBalOTCS CBSA3M, KOIZIAa OJHA U Ta K€ 3allMCh MOMKET BXOJHUTH B OTHOIIEHHUS CO
MHOTHMH JIPYTUMH 3aITUCIMU?
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Ilpakmuueckoe 3anamue Neb6. Memoowt 2nodanvhou onmumusayuu. InemeHmol 2100a1bHOU
onmumuzayuu. Anzopummer umumauuu omoxcuca. I'enemuueckue anzopummel. Memoo
GUPMLYATIbHBIX YACHUY,.

AHHoTanus: PaccmarpuBaloTcs: OCOOECHHOCTH 3aJadyd ONTHMH3AINK, BO3HUKAIOIICH MpH
0oOy4YeHHUU HEHPOHHBIX CETEH; aJIrOpUTMbl BHIOOpA HAINpPaABICHUS MHHUMHU3AINHA: QJITOPUTM
HAWCKOPEUILIEro CIIyCKa, MapTaH-METOMbl, OJHOLIArOBbIA KBA3WHBIOTOHOBCKUM METOJ U
CONPSIKEHHBIC TPAUEHTHI.

Yuueepcanonsiit nymo 06yuenusn

Cy1iecTByeT YHUBEpCAIbHBIN nyms 00ydeHUs HEUPOHHBIX CeTeH - MUHUMU3aYUs OLUEHKH KaK Hes18HO
3a0annol pyukyuu mapameTpoB cetu. [Ipu peanusanuu 3Toro nMoaxoaa Npeanoaaraercs, 4ro:

vy
e 3a71aHa 00ydJaroIiast BRIOOPKa, COCTOSIIIASI U3 BEKTOPOB BXOIHBIX CUTHANIOB [

p
e M3BCCTHBI Tpe6OBaHI/I$I K COOTBETCTBYIOIIMM BBIXOAHBIM CHIHaJlaM {/ , 33(1)I/IKCI/IpOBaHHBIe B

E(y?)

(GYHKIMH OIIEHKH
e OIICHKA E' no seeit BBIOOpKE WM KAKOW-THOO €€ YacTH CTPOUTCS H3BECTHBIM CIIOCOOOM IO

E(y?)

3HAa4YCHUSAM .

b

[Tocne moaroroBku (co3maHue oOydarommie BHIOOPKH, BBHIOOP (DYHKIIMHM OIICHKH, IpenoOpadoTka
BXOJHBIX JAHHBIX W T.I.), TPEAIIECTBYIOIIEH OOyYEHHIO, MMEEM CIIOCO0 BBIYMCICHHUS HEKOTOPOM

byHKIAN E , MUHUMU3aYUsl KOTOPOH Kak (QYHKIUM [apaMeTpoB HACTPOUT cemdb ISl  TPABUIBHOMN
paboTHI.

Ocobennocmu 3a0auu onmumusayuu, 603Hlll('a10meﬁ npu 06yueuuu HeﬁPOHHblx cemeil

3amaun ONTUMU3AIUN HEUPOHHBIX CETel MMEIOT psiJ] cienn(puyeckux orpaHnudeHuil. OHM CBSA3aHBI C
N
OTPOMHOH pa3MEpHOCTBIO 3aAauu OoOyueHHs. UHCI0 mapaMeTpoB MOXKET JOCTHraTh 10" u 6onee. B
. 3
IOPOCTEUIINX MPOrPaMMHBIX HMHUTATOpaX Ha IEPCOHAIBHBIX KOMIBIOTEpaxX Moa0HpaeTcs 107

! .
10 napameTpoB. M3-3a BICOKOW pa3MEpHOCTH BO3HUKAIOT /IBa TPEOOBAHUS K aJITOPUTMY:

1. Orpanuuenue no namatu. [lycts 71 - yncno napamerpos. Ecin anroputm tpeOyeT 3aTpaT
)

namsaté nopsinka /!7, To OH BpsiI M NPUMEHUM Uit o0ydeHus. JKenatenbHO MMETh alrOpPUTMBI,

KOTOpbIe TPEOYIOT 3aTpaT NaMsATH kn,k = const

2. Bo03MOXHOCTH HapajjiebHOTO BBIUMCICHUS Hanbosee TPYIOEMKHX 3TAlloB alroOpuTMa, 1
YKEJIATEeIbHO HEUPOHHOU CETHIO.

3. OOyueHHBI HEHPOKOMIBIOTEP JOHKEH ¢ MIPUEMIIEMOM TOYHOCTHIO peliaTh BCE TECTOBBIC
3agaun. [losToMy 3amada oOydeHHUS CTAaHOBUTCS MHOTOKPUTEPHAIIBHOW 3a/Jadell ONTHUMH3AINU:
HY)KHO HaWTH TOYKY OOIIEro MHHUMYyMa OoJibiioro uncia ¢GpyHkuuid. O0yueHrne HeipoKoMIbIoTepa
MCXO/UT U3 TUIIOTE3BI O CYIIECTBOBAHUH ITON TOUKH.

4.  OOyd4eHHBI HEUPOKOMITBIOTEP JOJKEH HMETh BO3MOXKHOCTh IPHOOpETaTh HOBbIC HABBIKU
0e3 yrpaThl cTapblXx. Bo3moxxkHo ©Oonee cmaboe TpeOOBaHHME: HOBBIE HAaBBIKM MOTYT
COIIPOBOXKAATHCS nomepel moyHOCmuy B CTapblX, HO TIOTEPsl HE JOJDKHA OBITh CYIIECTBEHHOH. DTO
03HAYaeT, YTO B JIOCTATOYHO OOJBIION OKPECTHOCTH HAaWJEHHOW TOYKU OOIIEro MUHUMYMa OLIEHOK
WX 3HAYCHHS] HE3HAYUTEIbHO OTIMYAIOTCS OT MUHUMANBHBIX. Tak, iMeeM deThipe CrieruuIecKux
OTpaHUYEHUS, BBIICIAIOMINX 00y4deHe HEHPOKOMITbIOTepa U3 OOLINX 3a]a4 ONTUMH3AINH:

e ACTPOHOMHUYECKOE YUCIIO TapaMeTPOB;
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e HEOOXOJIMMOCTH BBICOKOT'O Mapauiesn3Ma Ipu 00yueHuH;

e MHOTOKPUTEPHAILHOCTH PEIIAEMBbIX 33]1a4;

e HEOOXOIUMOCTh HAWTH JOCTATOYHO IIHPOKYIO O0JIaCTh, B KOTOPOW 3HAYEHUS BCEX
MUHUMH3UPYEMBIX QYHKIUH OIU3KH K MUHUMAJIbHBIM.

Yuem ocpanuuenuit npu odyvenuu

Jly1st mapaMeTpoB CETU BO3MOXKHBI OTPAHUYEHHUS IPOCTEHIIIETO BUAA!

< <

Wimin X W; X W; max-

OHU BBOAATCSA W3 Pa3IMYHBIX COOOpaKEHH: 4TOOBI M30€kKaTh CIUIIKOM KPYTBIX WIH, HA00OPOT,
CIIUIITKOM TIOJIOTUX XapaKTePUCTHUK HEUPOHOB, YTOOBI MPEAOTBPATHTH MOSBICHUS CIUIIKOM OOJBIIUX
K02 (D PUITMEHTOB yCUIIEHUS CUTHAJIA Ha CHHATICaX ! T.II.

VYyecTh orpaHUYCHUST MOKHO, HAIIPUMED, MEMOOOM UMPAPHLIX yHKYUll TAO0 METOIOM MTPOCKITUH:

» Vcnonb3oBanue memooa wmpagpnblx — yHKyui 03HAYACT, 9YTO B  OLCHKY E no0aBisieTcs
mrTpadsl 32 BBIXOJ TAapaMeTpoOB W3 OOJIACTH OrpaHHuYeHHH. B~rpagueHT E BBOJISITCS MTPOM3BOIHBIC
mrpaHbIX QYHKIUHA.

o [IpOeKTHBHBIA ~ METON  O3HA4aeT, 4YTO €CAM B CETH  NPEIAraeTcsi — M3MEHEHHE

napamerpos Ui+ Wi u Wi JUISL HEKOTOPBIX ! BLIXOMHT 3a OrPaHUYCHUS, TO CIICAYET MOJIOKUTh
W;, ecimm w;pin < Wi < W pax
W;: = { Wimax, €CIN W; > W; max
Wi min,  €CJIH W; < w; min

[IpakTrKa MOKa3bIBaET, YTO MPOSKTHUBHBIA METOI HE MPUBOIUT K 3aTpymHeHusM. OOpaiieHue co
mrpagHbIME QYHKIUSIMH MeHee ycrienrHo. [lanee OyneM cuuTarh, 9TO OTPaHUYCHUS] YITCHBI OJHUM W3
METOJIOB, U Oy/IeM TOBOPUTH 00 00ydeHUH KaK 0 6€3yCIOBHON MIUHUMU3AIUH.

Bbl60p HANPAeICHUA MUHUMU3AUUU

0
[Tycth 3aJIaHO HAYaJIbHOE 3HAYeHUe BEKTOPa napamerpoB (' wm

- - ’
E = E(w") - y
: poreypa  OJHOMEPHOW  ONTHMHU3ALUK  JIAeT
1 1)
e(r) = E(w’ + xs)

BBIUUCIICHA ()YHKYUs OLICHKH

NpUOIMKEHHOE MTOJI0KEHHE MUHIMYMa (BooOI11IE TOBOPSI, IOKAJIBHOTO).

Haubonee oueBHOHBIN BBIOOpP HANpaBieHHS S A OJHOMEPHOM ONTHMHU3AIMHM - HAalpaBlICHUE

AQHTUTPAUECHTA 1D
8§ =—VE.

BribepeM Ha Kaxa0M 11are 3TO HampaBjieHHE, 3aTEM MPOBEIEM OJHOMEPHYIO ONTUMU3AIIIIO, TOTOM

CHOBA BBIUUCIUM 2paoueHm E u T.J1. DTO - METO/I HAUCKOPEUIIIETO CITyCKa, KOTOPHII MHOT/Ia paboTaeT
xopomo. Ho Heucmonp3oBanue wHGOpPMAIMU O KpUBHU3HE (PYHKIIMU OIEHKH (IeIeBOM (YHKIIUH) H
pe3koe  3aMenyieHHe ~ MUHUMHU3allMd B OKPECTHOCTH  TOYKHM  ONTHUMAIBHOTO  PEIICHUS,
KOI'Jla epaduesm NPUHUMAeT OYeHb Majble 3HAYeHHUs, 4YacTo JeNal0T aleOpumm HAUCKOpeue20
cnycka HU3K03((HEeKTUBHBIM.
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Jpyroi cuocod - ciydaillblii BLIOOP naupasiends S s 04oMepIiold olrrnmuszauuud. O rpedyer
OoNBIIOTO WYHMCAa MIATOB, HO 3aTO MpeJelsHO MpOcT — €My HEOoOXOJUMO TOJNBKO MpsMoe
GYHKIMOHHUPOBAHNE CETH C BBIUHCICHHEM OLCHKH.

Hapman-memooni

AT HCOpaBIeHHs HEJOCTATKOB HAHCROPEHIEro cCHycka pa3spabOTaHBl HTCPANHOHHBIE N
MO (PUTITPOBAHHBIH MAPTaH-MCTOJTHL.

UTcparuonneiit  mapTaH-McTon ( k -MapTaH) CTPOUTCA CIcAyronmmM  obpaszom. B HauanmsHoOl
Touke ! pY BLIYUCISETCH SPUOUEHT OLEIIKU E u AEJAeICs Liar LHAUCKOpeHero Clycka - i O1oro
UCIIONR3YCTCSl  OTHOMCpHAS onmumuzayus. Jlance CHORA BRIYUCTACTCS cpaduenm E & samomscres
CITYCK (T.C. TICPCMCITICHWC B HaNPaBICHUW aHTHTPATMCHTA), M OMTUCAHHBIN TTPOTICCC TTORTOPSICTCS k pas.
TMocne A maros HaWcKOpeHIIero  cmycka moiaydacM  Touky (U m TTPOBOINM  OJHOMCPHYIO

| , K 0
ontumuzauny m3 (' B nampaenenun S W — W ¢ gavanbHbiM warom (4 | . Mocae sroro

UK (OB TOPACTCH.

Moauduimponansbii NapTas-MeTon TPEOYET 3anoMUnanus JONONNWISARHEX napamerpon. Oun

0
cTpouTcst  cnenyrommm  obpasom. W3 W nemactes  qiea Tmara HaWCKOPCHINICTO  CITYCKA.

| 2 2 0
[Momyuaem (' u W07, Jlanee BLUIOJISEM OMLOMEPIYIO OuTUMU3aUMIO B naupasienuu (0 — U
3 o ) 4
[Momywaem ', Jlamee remonHsgercs Hawckopedmmuit crmyck w3 (U1, Tlomywaem (U, Brmonngen
2 A 2 O
OAHOMepHYI onTuMusauuio w3 (7 B nanpasnenun (8 — W Tlonyuaem W' u~1.80. Taxkum
2K 2k— 2h+1
obpazom, uerunie U LOJy4AeM  LAMCKOpedmm  cuyckom  u3 U . ueaeriibie U -
2k-2 e AT 2k=2
OmHOMEpIOH  owrmMusaumein  n3 U B LAupaBlenng O w- —u (nagaiibubLi
mar O = | ). Kak noxazana npaktuka, MOAMMIMPOBAHHBIN MAPTAH-METOX B 3ajauax oGydeHus

paboTaeT myurnie, Tem k -TIapTaH.

0010014206611 KEATHHBIOMOHOCCKUI MEIMOO U CORPANCCHHBIC 2PAOUCHINbI

D,

B T¢x CIAVUIadX, ROTa ABIBICTCS TIONNORHUTCIIEHO OWpC,T[CJTCHT—TOﬁ MO < BTOPBIX TTPOW3BO/THRBIX

OLCHEX ]: » HAaWIYHIIKMM CHHTACTCH [ILIOTOIHOBCKOC LAlPaABICLIHE
e \
Fe I / ) 9 v l o

C ucnonp30BaHueM 3TOH {bopmynb] KBaApPaTHYHbIC (I]()]f))*lb] MHHHMHW3IHPYIOTCA 34 OOWH Wlar, OJHaKo,
OPUMEHSTE 3Ty GOPMYITY TPYIHO IO CTCTYIOMINM TIPAIHHAM:

. Bpemsa. Ilouck  Bcex  BTOpbIX  NPOU3BOAHBIX  (DYHKLHU E u obpaieHue
MATPHIRI D 2 TpelyeT GOMRINUX RRIUUCTUTETRHRIX 2aTPAT.
2. IlamsTs. st perieHus 3ama4 00JIBIIIOM pa3sMepHOCTH N Tpedyercs
V2 D3
XPaHUTh 4 DJIEMEHTOB MATPHIIBI *~ 2  — 3TO CJIIMIIKOM MHOTO.
3. Marpuna / ) 2 He Bcer/a sIBJISICTCS MOJIOKUTEIILHO OMPEICTICHHOM.

st mpeojiofieHnsi 3THX TPYIHOCTEH pa3paboTaHa macca MeTonoB. Mmes KBa3sMHBIOTOHOBCKHX
METOZIOB C OrPAHMYEHHOM MaMSThIO COCTOUT B TOM, YTO MOMPABKAa K HAMPABICHUIO HAUCKOPEUILIETro
CIIyCKa OTBICKMBAETCS KaK pe3ysbTaT ACMCTBUs MaTpHllbl Majoro panra. Cama mampuya He XpaHUTCS, a



41

€€ JIeMCTBHE HA BEKTOPBI CTPOUTCS C IMOMOILBIO CKAJSPHBIX MPOU3BEICHUN HA HECKOJIBKO CIELHAIBHO
MoA00paHHBIX BEKTOPOB.

-
[Ipocteiimmii U BecbMa 3(HpEKTUBHBIN METOH OCHOBAH HA BFGS thopmyne (bpaitnen-dueryep-
lNonpadapa-ITanio) u ucuonun3yer pe3yinrarsl upeibLityiero wara. Odo3nadum:

ok - Halpaslelye ClLyCcKa 1a L -are,;
(8758

- permumma A mara ( k- mar - cosur Ha Sk y;

(]} . ;
] k- epaduenm Qf)yh‘R Hii OOCHKH B HAYAJIIEHOM TOUKS A -I'0 II1ara,

Yk = 9k — 9k—1 - m3menenue rpamuenta B pesyTsTate A -ro mara.
BFGS - dbopmyla Juis LALPABIELNA CLYCKA L1 k + 1 v wave umeer BUL
Sk+1 = —Gk+1 + [(Sky Gk+1)Uk + (Yks Gk+1)Sk)/(Yks Sk)—

—hyeSk(Sks Gre+1)/ (Yks Sk) — SE(Yks Yk) * (Sks Gks1)/ (Yies Sk J,

rac \Z,Y) . cranapiioe npouszéedeiiiie BCKTopor ' u Y.

Lcmm OJHOMCPHYE) OINTHMH3AIIHKY B IIOMCKE IHara IIpOBOIHTE JOCTAaTOYHO TOYHO, TO
o (4]0
HOBBII z.’padueum } k+1 6Y,HET IMPaKTHUYCCKH OpPTOroHaleH I[IPCIBIIYIIEMY HallpaBJICHHUIO CIIYCKa,

T.€. (Sks Gk+1 ) = “. [ Ipu aTom popmyna juts Ok+1 YIPOTIACTCS:

Ski1 = —Gk+1 + SE(Yks grs1)/ Yk, Sk).-

Oro - ¢opmyna meroga conpsbkeHHbIX TpaaueHToB (MCI'), koropomy TpeOyercs AOCTaTOYHO
aKKypaTHasi OJIHOMEPHAsI ONMuMU3ayusi pyu BEIOOpE 1mara.

B ONHCaHHBIX METOJAX MPEAMONAraeTcs], 4T0 HAa4YaIbHOE HANpaBIeHue crmycka ©0 —Y90. Tlocne
HEKOTOPOH TOCIIEJOBATEIILHOCTH 13 k: maros 11e71ec000pa3HO BO3BPAIIATHCS K HAUCKOPEHILIEMY CITYCKY

S}
- IPOBOIHTE pecmapm. OH UCTIONB3yeTCs B TeX CIydasx, koraa odepeanoe 4+ 1 - mroxoe manpasienue
CIyCKa, T.€. JBIDKEHHE BIOJb HEro MPHUBOJIUT K CIHMIIKOM MaJeHbKOMY IIary JmOo BoOOIIe HE JaeT
yIIydIIeHUSI.

Kontposabubie Bonpocsl 1136(I1TK-4):

DJeMeHTHI IT00aTbHOM ONTHMH3AITHH.
ANTOpUTMBI UMUTALIUU OTKUTA.

I'eHeTnyeckue aaropuTMel.

Merton BUpTyalnbHBIX YaCTHL.

MeTtob1 paboThI CO 3HAHHSIMH.

OCHOBHBIE ONPEICTICHMUS.

[ToaroToBUTENBHBIA U OCHOBHOM 3TAIlbl.
Cucrembl TpuoOpeTEHNS 3HAHUH OT IKCIIEPTOB.
dopmanuzanus KaYeCTBEHHBIX 3HAHUM.

AERSIR RO S



10.
11.
12.
13.
14.
15.
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[TpuBenuTe mpumep GpopMaTu3ari KaYeCTBEHHbBIX 3HAHUH.
I'uGpuaHbIil anropuT™M 00yUYeHUs HEYETKHUX CEeTeH.

Urto Takoe reHepanuzanus’?

Uro Takoe nonumoppuzm?

B kakom ciydae roBopsiT 0 3aBUCUMOCTH MEXy Kilaccamu?

Kak cooTHOCSATCS MEXTy COO0M TOHSTHS arperaii U KOMIO3UITIH?
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Ilpakmuueckoe 3anamue Ne7. Paouanvnbvie HelpoHHble cemu.
Mamemamuueckue 0cHo8bl paduanvHvix cemeii. Paduanvnasa neitponnasn cems.

dnemenmat 2n100aNbHOU onmumuzauuu

Bce npencraBieHHbIe paHee METOIBI 00YUEHUsST HEUPOHHBIX CETEH SIBISIOTCA JIOKaTbHBIMU. OHU
BEIYyT K OHOMY U3 JIOKAJIbHBIX MUHUMYMOB LI€JIEBOI (DYHKIINH, JIeKAIEeMy B OKPECTHOCTH TOUYKHM Hayaia
oOyuenusi. TONbKO B CUTyaIluu, KOT/IA 3HAYeHUe TI00ATBHOTO0 MUHIUMYMa H3BECTHO, yIAeTCS OICHUTH,
HaxXOJUTCS JIM HaWJICHHBIN JTIOKATbHBIN MUHUMYM B TOCTATOYHOWU OJIM30CTH OT UCKOMOTO pemeHus. Ecim
JIOKAJIbHOE PEIICHUE MPU3HACTCS HEYIOBICTBOPUTEILHBIM, CIEAYET MOBTOPUTH MpoIecC 0Oy4eHUS Mpu
IpYTUX HayaldbHBIX 3HAUYEHUSAX BECOB U C JPYTUMHU YIPaBISIIOIMIMMU MapamerpamMu. MokHo 1m0o
MIPOUTHOPUPOBATH TOMYYEHHOE PEIIeHHWE W HavyaTh OOYYeHHE MPHU HOBBIX (KaK MPABHIIO, CIy4YailHBIX)
3HAYEHUSX BECOB, JINOO U3MEHUTH CIy4ailHBIM 00pa30M HaiJIeHHOE JIOKaJIbHOE pelIeHHuEe (BCTPSXUBAHHE
BECOB) M MPOJIOJKUTH OOyUEHHUE CETH.

[Ipu cnydailHOM mnOpHUpalIeHUH BECOB NEPEXOJ B HOBYIO TOUKY CBf3aH C OIpPEACIICHHON
BEpPOSITHOCTBIO TOTO, YTO BO30OHOBJICHHE TIpoliecca 00yUeHHUs BBIBEACT nouck u3 "cheprsl mpuTsHKEHUS"
JIOKAJIbHOT'O MUHUMYMa.

[Ipu pemeHun peanbHBIX 3a/7a4 B OOIIEM ciydyae Ja)xke MpUOIU3UTENbHAs OLIEHKa III00aIbHOTO
MHHAMYyMa OKAa3bIBACTCS HEW3BECTHOMW. /0 3TOIl MpHYMHE BO3HMKAET HEOOXOJMMOCTh INPHUMEHEHUS
METOAOB TNI00ANbHOM onTUMM3auuu. PaccmMoTpuM Tpu M3 pa3paOOTaHHBIX IMOAXOJOB K TIII00aIbHOMN
ONTHMU3AIMN: METOJ] UMHUTAIINH OTXKUTA, ceHeMuYecKue aneopummspl 1 METO BUPTYAIbHBIX YaCTHII.

AJlZOpllmel umumauuu omacuza

MeTto UMHTALIMU OT’)KUTa OCHOBAH Ha MUJIE€, 3aMMCTBOBAaHHOM M3 CTaTUCTHUECKON MexaHUKu. OH
OTpakaeT IMOBEJEHUE pACIUIaBIEHHOTO MaTepuaja IpPU OTBEPAEBAHUU C MPUMEHEHMEM HPOLEAYpPHI
oTKura (yrnpasisieMoro OXJax/IeHus) Mpu TeMIrepaType, ocie0BaTeIbHO MOHMKAeMOIl 10 HYJISL.

B mporecce MEUIEHHOTO yIPaBIsAEMOro OXJIaXKICHUS, HA3bIBAEMOIO OTXKUI'OM, KPUCTAJUIM3ALMS
pacrijaBa COpOBOXKAAETCS TTI00AIbHBIM YMEHBIICHUEM €r0 SHEPIUHU, OJTHAKO JOITYCKAIOTCS CUTYalluH, B
KOTOPBIX OHa MOXXET Ha Kakoe-TO BpeMsl BO3pacTarh (B 4YaCTHOCTH, NPH IOAOTPEBE paciuiaBa ajs
NPEJOTBPAILICHUS CIUIIKOM OBICTPOrO €ro OocThiBaHMA). biaromapst JOmycTUMOCTH KpaTKOBPEMEHHOTO
MOBBIIIEHUS] SHEPIreTUYECKOTO YPOBHS, BO3MOKEH 8bIX00 U3 JIOBYIIEK JIOKAJIBHBIX MUHUMYMOB SHEPIHH,
KOTOpBIE BO3HMKAIOT MpPU peaju3aluu mporecca. TONbKO MOHMKEHHE TeMIepaTyphbl 10 aOCOIIOTHOTO
HyJsl JIelaéT HEBO3MOJXKHBIM KakKoe-THOO CaMOCTOSATEIBHOE IOBBIIIEHUE HSHEPreTUYeCKOro YpOBHS
pacruiaBa.

MeTox WMHUTAMM OTXKWTA TMPEACTABISIET COOOM aNrOPUTMHUYECKHUN aHAIOT (HU3UIECKOTO
Hpouecca ynpaBHHGMOFO OXJIAXKACHU . Knaccnqecxnﬁ aﬂeopumM UMUTAOUU OTXXUI'da MOXKHO OIINCAaTh
CJIEIYIOIIAM 00pa3oM:

1. 3aH}'/C:FI/ITB' _Tiporecc M3 HayanpbHOW  Toukw (I’ mpw  3aJlaHHOM  HavaJIbHOU
Temmeparype I' = [Hm.f'.
2. IToka T > “, IIOBTOPUTH L pa3 cieayromnme JeHCTBUS:
o  BbIOpaTh HOBOE pemieHue ! v’ u3 okpectHoctu U7 ;

A=FE) - E(w).

o  paccuuTarh H3MEHEHHE LeeBOU QyHKIMH *

/
o  ecm A "“<“~ ”, npuHsATh (' = U' ; B mporwmBHOM ciy4ae (mpu A > “)

exp(—A/T)

/
npuHATh, 9ro (' == U’ ¢ BepOATHOCTHIO MyTeM TEHEepaluH CIy4aiHOTo
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, . .

yucia R u3 WHTEpBaja (0, 1) c MOCIEAYIOLIUM CpaBHEHUEM ero co

3HA4YCHHUCM Gl [)( A/T ". Eciun G /){ A/T) - jl) , IIPUHSATH HOBOC
/

pewenne (' == ' ; B IPOTUBHOM Clly4ae IPOUTHOPHUPOBATH €TO.

(T := »T)
3. YMEHbIIUTh  TEMIEPATypy c
(0.1)
BBEIOMpPAEMOro U3 HHTEpPBAIA '
4. ITocne CHIDKEHUS TeMIepaTypsl J0 HyJIs TPOBECTH OOydYeHHUE CETH JIFOOBIM
U3 0emepMUHUPOBAHHBIX Memo008 JTOKATbHOW ONTHUMH3AINK BILIOTH A0 JOCTHKCHUS MUHUMYyMa
1eneBoil QyHKIIUH.

UCTONb30BaHueM  Koddduuuenta 7,

, 1 BEpPHYThCS K 1I. 2.

HauGopirero ycKopeHUss WMUTAIMM OT)KHTa MOXHO JOCTHYhL ITyTEM 3aMEHBI CIyYaiHBIX
HAYalbHBIX 3Ha4eHW BecoB (I’ TmIaTENbHO MOAOOPAaHHBIMH 3HAUEHHUSMHU C HCIOJIb30BAHUEM JIFOOBIX
JOCTYITHBIX CTIOCOOOB MPEeBAPUTETHHON 00pabOTKH HCXOAHBIX JaHHBIX.

MeTon WMMHTAllUUM  OTXKWTA  OKa3bIBaeTcs OCOOCHHO  yHa4HBIM  JJIS  MOJIMMOJAIBHBIX
KOMOMHATOPHBIX MPOOJEM C OuYeHb OOJBUIMM KOJWYECTBOM BO3MOJKHBIX pEIIEHUHN, HampuMep,
g Mauwiunvl  bonvymana, B KOTOPOH KaxXI0€ cCOCMOAHUE CUcCmemMbl CUUTAeTCd JOMyCTUMBbIM. Ilpu
pelieHnr HanboJjee paclpoCTPAaHEHHBIX 33/1a4 00YUEHUS MHO2OCAOUHBIX HEUPOHHBIX cemeli HaTydlIne
pe3ynbTaThl B OOIIEM CiIy4ae JOCTUTAIOTCS MPUMEHEHHEM CTOXACTHYECKH YIPaBISIEMOTO METoJa
MOBTOPHBIX pecmapmog COBMECTHO C IETEPMUHUPOBAHHBIMU aITOPUTMaMHU JIOKAJIbHOW ONTUMM3AIINH.

TI'enemuueckue anzopummbol

l'enemuyeckue  aneopummsl UMUTUPYIOT — TIPOLIECCHl  HACJIEJAOBAHMS  CBOMCTB  KUBBIMU
OpraHM3MamMM UM  TEHepUpYyIOT  I[OCJIEOBATEIbHOCTH  HOBBIX  BEKTOpoB {[',  coaepikamiue

W= jun,we, ..., H',,]!
ONTUMU3HUPOBAHHLIC NCPEMCHHBIC! L .

BBIITOJIHAKOTCA onepayuu TpEX BUAOB: celeKkyusl, CKpCIIUBAHUC U Mymayusi.

IIpun 3TOM

Ha wHavanpHOW cTaguy BBIMOTHEHHUS TEHETUYECKOTO alTOpUTMa CIyYaiHBIM  00pa3om
MHULUAIU3UPYETCS OIpeesieHHass MOMyNsiuus XpomocoMm (BektopoB (L7 ). Pa3mep mnomynauuu, Kak
MPaBUJIO0, MPOIMOPLHOHATIEH KOJUYECTBY ONTHUMHU3HPYEMBIX MapaMeTpoB. CIHIIKOM Mayas MOMysius
XpOMOCOM MPHUBOJUT K 3aMBIKAHMIO B HETTyOOKUX JIOKAJNbHBIX MHHMMYyMax. CaHIIKOM OOJbIIOE UX
KOJIMYECTBO YPE3MEPHO YJIMHSIET BBIYMCIUTENBHYIO MPOLEAYPY M TAK)KE MOXKET HE MPUBECTH K TOUKE
I00aIbHOTO MUHUMYMA.

Cenexyus XpoMOCOM ISl criapuBaHus (HE0OOXOIUMOTO ISl CO3JaHUSI HOBOTO MOKOJICHHS) MOKET
OCHOBBIBAThCSI Ha pa3HbIX IpuHnunax. OMHUM U3 Hauboyiee pacHpOCTPAHEHHBIX CUYMTACTCS MPUHIIHIT
ANUTAPHOCTH, B COOTBETCTBUU C KOTOpPHIM Hambojee MpHUCIOCOOJIeHHbIE (B CMBICIE LIEJIeBOM
(GYHKITUHN ) XPOMOCOMbBI COXPAHSIOTCS, @ HAUXY/IIINE OTOPAKOBBIBAIOTCS U 3aMEHSIOTCS BHOBb CO3/ITAHHBIM
MTOTOMCTBOM, MTOJIYY€HHBIM B pe3yJIbTaTe CKPEIIUBAHUS TTAp POAUTEICH.

Cy1iecTByeT OrpoOMHOE MHOKECTBO METOJOB CKpPEIIMBaHUS, HAYMHAS C MOJHOCTBIO CIIY9aliHOTO.
[Tpu B3BEMIEHHO-CITyYaifHOM CKPEIIUBAHUH YYUTHIBACTCS UHDOpMayus O TEKyIIeM 3HAYCHHH IIEJICBOMN
¢byaku. OTOOP MOXKET MPOUCXOIUTH 710 IPUHIUIY PYJIETKU; TPU ITOM nIoujadb CETMEHTa Kojeca
PYJIETKH, COIMOCTaBICHHOTO KOHKPETHOW XpOMOCOME, MPOMOPIMOHATFHA BEIUYMHE €€ (YHKIHA
MPUCTIOCOOJIEHHOCTH Flw)=-E \u ), rjie E(w) - ee yenesas yHKyus.

[porecc ckpemuBaHusi OCHOBAH HA PACCEYCHUU Mapbl XpOMOCOM Ha JIBE YaCTH C TOCIETYIOIUM
oOMEHOM JTHX 4YacTell B XpomMocoMmax poauteneit (puc. 1). Mecmo pacceueHus Takxe BbIOHMpaeTcs
cirydaitHeIM 00pa3oM. Kolm4ecTBO HOBBIX MOTOMKOB PaBHO KOJHYECTBY OTOPAKOBAaHHBIX B PE3yJIbTaTe
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CeJICKIIMHU (pa3Mep MOIMYISIUN OCTAETCsl HeM3MEHHbBIM). [Ipu3HaeTcst JOMyCTUMBIM MEPEHOC B OYEPETHOE
MMOKOJICHUE HEKOTOPBIX CIy4aiiHO BEIOPAHHBIX XPOMOCOM BOOOIIIE O€3 CKPEIINBAHMUS.

Xpomocoma | Xpomocoma 3
b, b, by b,

Xpomocoma 2 Xpomocoma 4
b b by b,

Puc. 1. [Ipouecc ckpenuBanus

[Tocnennss TCHETHYECKas oreparnus - 9TO MYMAayusi. ITpn JBOMYHOM
KOJMPOBAHUU MYMayus COCTOUT B MHBEPCHU CIy4allHO BBIOpaHHBIX OUTOB. [IpH KOTMpPOBAaHUM BEKTOPOB
JNECATUYHBIMU UYUCIIAMU Mymayus 3aKII04aeTcsd B 3aMEHE 3HAa4eHUs Kakoro-nubo 3JeMEHTa BEKTOpa
JAPYTUM CITy4aiiHO BHIOpaHHBIM 3HaueHUEM. Mymayus 00ecTIeYrBaeT 3alUTy KaK OT CIMIIKOM OBICTPOTO
3aBepILIEHMs aJITOpUTMa (B Cilydae BIDaBHUBAHUS 3HAYEHUH BCEX XPOMOCOM M LI€J€BOM (QYHKINN), TaK U
OT TPE/ICTaBJICHUS B KAKOH-TMO0 KOHKPETHOW IMO3UIMH BCEX XPOMOCOM OJHOTO M TOTO K€ 3HAYCHUS.
OnHako HEOOXOIUMO UMEThH B BUJY, UTO CIIy4dailHble Mymayuy IPUBOJAT K IOBPEXKICHHUIO YK€ YACTUIHO

|
MPUCTIOCOOIEHHBIX BEKTOPOB. OOBIYHO Mymayuu OABEpTraeTcs He Oosee | - 5% Oum BCeH MOMYJISAIIUA
XPOMOCOM. DJIEMEHT, IOJIBEPracMblid Mymayuu, OTOUpaeTCs CIydalHbIM 00pa3oM.

JlokazaHo, 4TO Kax/10e Mocieayroliee NOKoJIeHNne, ChOPMUPOBAHHOE CENEKIIUEH, CKPEIIMBAHUEM
U MyTalueW, MMeeT CTaTUCTUYECKH JY4YIlUe CpeIHUE MOKa3aTelu MPUCIOCOOIIEHHOCTH (MEHBIIIHNE
3HA4YEHUs 1eNIeBON (DYHKIIMN).

B kadecTBe OKOHYATENBLHOTO pPEIICHUS MPUHUMAETCS HauOoliee MPHUCIOCOOICHHAS Xpomocomd,
UMEIOLIAs MUHUMANbHOE 3HAYeHue yenegol ¢hynkyuu. I'eHeTHHYecKuil mpouecc 3aBepliaeTcs b0 B
MOMEHT TCHEpaIlliu YAOBIETBOPSIONMIETO HAC pEIIeHUs, JMOO TpPH BHINOJHEHUH MAaKCHMAaIbHO
JOMYCTUMOT0 KojudecTBa urepauuid. [Ipu peanuszanuu reHeTHUECKOro mpolecca OTCIEKUBAETCS, Kak
NPaBUJIO, HE TOJIBKO MUHUMATIbHOE 3HAYeHUue yeneeou QyHKyuu, HO W CpeIHee 3HaueHue no Beeil
MOMYJISILIUM XPOMOCOM, a TaK)Ke UX Bapuanuu. Pemenue 06 0cTaHOBKE aJITOPUTMa MOXKET IPUHUMATHCS U
B Clyyae OTCYTCTBUS Iporpecca MHHUMHU3AIMHN, ONPEAENsieMOro 70 U3MEHEHUSM Ha3BaHHBIX
XapaKTEePUCTHK.

Memoo eupmyanvHbix yacmuy

Metoa BUPTYalIbHBIX (CIIy4aifHBIX) YaCTHUI] MOXKET HAJCTPaMBATHCS MOYTH HAJl JIIOOBIM METOA0M
ontumuszanuu. OH co3iaH AJis:

1. MOBBIIIEHUSI YCTOWYMBOCTH OOYUEHHBIX CETeH;
2. BBIBOJIA CETEHl U3 BOHMKAIOUINX MPU 00YUEHUH JTOKATBHBIX MUHUMYMOB OIICHKH.

OcHOBHas uzes METo/Aa - HCIOJIb30BaHUE CIYYalHBIX CIBHUIOB apryMeHTa M CyMMHpPOBaHHE
MOJTYYEHHBIX 3HaueHNH QyHKunm ans ycpeanenus. OXnuaaeTcs, 4To B pe3yabTaTe YMEHBIINTCS BIUSHNC
penbeda MUHUMU3UPYEMOH (YHKLIMU HA MPOILECC MUHUMM3ALKUU U OTKpOeTcs Oosee npsamot nyms K eé
r100aJIbHOMY MUHUMYMY.

Mertoa ciay4aiiHbIX 4aCTHI] COCTOUT B TOM, YTO K ONITUMHU3UPYEMOH TOUKE (YacTUIlEe) J0OaBIIAETCS
HECKOJIBKO JIPYTUX, TPACKTOPUH KOTOPBIX MOJIYYArOTCS M3 TPACKTOPUHU JAaHHOM YacTHUIbl CIBUIOM Ha
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CIIy4alHbIN gekmop. DTU "BUpPTyalbHblE" 4YaCTHIBl BPEMS OT BPEMEHU YHMUTOXKAIOTCA M POXKAAIOTCS
HoBble. Cnyck (Mumumusayus) CTPOUTCA TaK, YTOOBI YMEHBIIMJIOCH 3HAYeHue CyMMbl 3HA4EeHUH
ONITUMHU3UPYEMOH (DYHKIIMH B yKa3aHHBIX TOUKaX.

PaccmMoTpuM oOIMH W3 BapuUaHTOB alropuTMa BUPTyalbHbIX dacTull. Ilycte TpeOyercs
Ny H,,(w)
HaiTh Munzany Gy Y " IMapamerpnt  cern  pazdmBalOTCS Ha  TPYNIBl  CTPYKTYpPHO
DKBUBAJICHTHBIX. JI1 KakKIOOH TPYHIIEl 3a7aeTcs CBOW unmepeai cydanHbIXx casuros. Omnpenensercs
YHUCIIO BUPTYalbHbIX uacTvl /! u re”epupyetca /1 — l cnyyalfHEIX BEKTOPOB r1,72) -5 Tn- L.
HX xoopounamel 11€3aBUCUMO 1 PABLIOMEPLLO PACLIPEIS/Ielibl B 3a1a11bIX HHTEpBaJIax.

1{) , ~ (3
Hagaupuoe uonoxeune ocuosuoi gacruunt - (1 Haganpuoe nojgoxenue ! -oif BUPTyaabHOM

U .
w'+ri,t=1,.... n— 1

YaCTULIbl Cryuaiinblii sexmop 11 Il -l BUPTyalnbHOM 4YacCTULIBI

CTPOHTCA TAK:

f'” — (.’.I _';’_ f-'__} _‘_ * o _!'_ f'”_l)’])
04,
n ce NMOJNOKEHHUE 3404€TCA BCKTOPOM u / n. Bcem qacTuiam, KpoME n 'ﬁ,
. . P, 1/2
MNpUCBAUBACTCH GeC ‘ 1 5 l) < I ‘ < l q I _g TTOMYyHacT gec ‘ 1 /!’ . I[aﬂee

MUHUMUBUPYEICH (HYHKIUS

Hwy(w)=H
+H

(w 4+ 71)

pg(w) + W(H,,
(W + 1rp-1)) + Wi Hpo(w + 13).

Py
Aizopuma JIOKAULIOH O1'TUMU3alMKd MOsKeT ObiTh BLIOpall 111000 - OT Hauckopeiiero cnyCKa u
[apTaH-MeTOA0B 00 Memood CONPANCCHHBLX 2PaAOUeHmos. Brioop /1 B
/ r i /¢ l
(1) . W,, = W/n" ER
BUJIC u OTTPCIICIIACTCST JIRYMST OOCTOSITCTHCTBAMM:
1. st Kasuofl KOOpMMUATLL BeKropa | 71 jucuepcus OyaeT COBIAazaTh C JUCIIEPCHEI

KQOPHIAT BEKTOPOR Fiyt = L, ..., n— 1 ;

H

-
2. st KBagpatuuueix Y \w) TOYKH MHHHMyMa /Y {

w)  Hy(w)

COBIIAJYT.

B merone BuUpTyanbHBIX YacTUI[ BOHHMKACT BaKHBIM BOIMPOC: KOTAA YHUYTOXKATh HMMEIOLIUECS
BUPTYaJIbHbIEC YACTULIBI U TOPOKIATh HOBBIE?

Ectb Tpu BapuaHnrta:

1. dynkuus H wlw) MUHUMU3HUPYETCS 0 T€X MOp, MOKa CKOPOCTh OOyUEHUsl HE YyIaJeT
HUKe KpuTuueckoi. [Tocime 3TOro BHOBb HMPOM3BOAAT CIIydalHbIE CABUTM YacTHIIbI, U OOydeHUe
MIPOJIOJKAETCA.

2. IlopoxkaeHre HOBBIX YAaCTHUIl MPOU3BOAMUTCS TMOCIE KaXJIOr0 IHUKJIA 0a30BOTO alrOpUTMa
ONTUMHU3ALINH - TIPH pecmapmax. Hampumep, mociie KakJoro mara MeTojia HauCKOpenIiero ciycka,
MOCJI€ MapTaH-I1ara UTepaMOHHOr0 NapTaH-MeToa U T.I1.

3. Ilpu Kaxa0M BBIYMCIICHUH OLICHOK U TPaJIMEHTOB.
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[TepBsiii cioco6 Hanbonee koHcepBaTHBeH. OH JOJITO COXPAHSET BCE TOCTOMHCTBA M HETOCTATKU
MPEIIECTBYIONIEr0 CIyCKa, XOTs HANpaBlieHUE IBUKEHHS MOXKET CYIIECTBEHHO H3MEHHUTHCS IpH
MTOPO’K/IEHUU HOBBIX BUPTYaJIbHBIX YACTHII.

Tpernit croco® BHOCHT CIIy4alHBIA MPOIECC BHYTPb 0a30BOr0 ajJropuTMa, B pe3yibTaTe
BO3MOXHbI KOHCGaHHH AaXC Ipr OI[HOMepHOﬁ OIITUMMU3aAIIUN. Ero MpEUMyIICCTBO - SKOHOMUS ITaMSTH.

Haubonee mnepcrneKTHBHBIM TpEACTaBIseTCS BTOpoi cmocod. OH, C OIHOW CTOPOHBI, HE
paspyuatoT 0a30BOr0 ajJropuTMa, a ¢ JPYrod - 3a CYeT MHOTOKPAaTHOTO MOPOKIEHUS BHPTYaJbHBIX
YaCTHUIl MMO3BOJISET MPUOIUZUTHCS K TTI00aThbHOMY MHOXECTBY. METOl BUPTYaIbHBIX YaCTHUI[ UMEET BCE
JOCTOMHCTBA METOJI0B TJI00aIbHOW ONTUMHU3ALMHU, HE HCIOJB3YIOUUX ClydailHble BO3MYILIEHUS, HO
JIUIIEH MHOTUX UX HEJIOCTaTKOB.

Xopolue pe3yabTaTbl 00y4eHUs TPUHOCUT 00beOuHeHUe aIlTOPUTMOB TII00ATbHON ONITUMH3AITAN
C 0emepMUHUPOBAHHBIMU Memooamu JTOKaNbHON onTuMu3anuu. Ha mnepBoM sTame oOydeHus ceTu
NpUMEHSIETCS  BBIOPAHHBINA @ieopumm TII00ATbHON ONTHMU3AlMU, a TIOCiE JOCTHDKEHHUS —IIeIeBOM
(byHKIKEH ONMpeneIeHHOr0 YPOBHS BKIIIOYACTCS JAECTEPMUHUPOBAHHAS ONmMUMU3ayus ¢ UCTIOIb30BAHUEM
KaKOT0-JIN0O0 JIOKATEHOTO aJITOPHTMA.

Yemovipe muna ycmouuueocmu

HaBbiku 00ydeHuss HEHPOKOMIIbIOTEpA JOJDKHBI OBITh YCTOMYMBBI K BO3MYILICHHUIO PA3IHYHBIX
TUnoB. Pa3paboTyrku HEHPOKOMIBIOTEPOB BBIACISIOT YETHIPE THIA YCTOMYHMBOCTH:

. K CIIy4alilHbIM BO3MYULIEHUSAM BXOJHBIX CUTHAJIOB;
. K QUIyKTyaIusiM apaMeTpoB CETH;
. K pa3pylLIECHUIO YaCTH 3JIEMEHTOB CETH;

AW N~

. K 00y4EHHUIO HOBBIM NIPHUMEPAM.

B KOHKPCTHBIX CUTYyallUsAX HGO6XO,Z[I/IMO A0O0MMPEACIATh BOBMYIICHUS, 770 OTHOICHUIO K KOTOPBIM
HY)XKHO BBIpa0OaThIBaTh ycmouuugocms. Hampumep, Mpu pacrio3HaBaHUN BU3YaJbHBIX 00Pa3IOB MOXKHO
BBICJIUTHh HECKOJBKO paBHOBHI[HOCTCﬁ BO3MyH.ICHHﬁ BXOOHOro CHTIHaja. HpI/I6aBJ'I€HI/Ie CHy‘I&ﬁHOI‘O
curHaa (mym QoHa), 3aTEHEHHWE YaCTH MCXOJHOTO H300paKEHUs, WCKAKEHUE H300paKeHUs
HEKOTOPBIMU ITPe0Opa30BaHUSIMH.

Jis  BBIpaOOTKM YCTOWYMBOCTH TIEPBBIX TPEX THIIOB TIOJE3HBI T'EHEPaTOPhl CIYYaHBIX
HUCKaxxeHnil. J[Jis ycTOMYMBOCTH 1-ro THIA eenepamop UCKaKEHUW MPOU3BOIUT BO3MYIIIEHHUE BXOHBIX
CUTHAJIOB W TEM caMbIM IpeoOpa3dyer oOyuaromet npumep. [ig  yctoiumBoctH  2-T0
THUIIA 2eHepamop UCKAKEHUN MEHSET CIIy4aiiHbIM 00pa3oM mapaMeTphbl CEeTH B 3aJJaHHBIX Tpeaeax, a sl
YCTOMUMBOCTU 3-rO THMA - yJAlseT CIy4ailHO BBIOPaHHYIO 4YacTh CETH, COCTOSALIYI0 W3 3alaHHOTO
KOJIMYECTBA DJIEMEHTOB (HEUPOHOB, CHHATICOB).

B cymecTBeHHONW KOHKPETH3allMM HYKIAETCs YETBEPThIM THUI YCTOMYMBOCTH, T.K. TPYAHO
MIPEJICTaBUTh cebe ycmouyueocms K 00y4eHHIO TI000MY HOBOMY npumMmepy. Eciu NpuHATH THIOTE3Y, U4TO
o0y4eHHe HOBBIM IMpHUMepaM OyaeT AEeHCTBOBATh HA CTAapble HABBIKM TaK K€, KaK CIy4YailHbIN CIBUT
MapaMeTpoB, TO IMOJIy4aeTcsi, YTO BbIPaOOTKA YCTOMYMBOCTH 2-TO THUIA SBIAETCS CPEACTBOM IS
o0y4yeHHus ycCTOH4MBOCTH 4-ro Tuma. Jlpyroe cpeiactBo - BbeIpabOTKa YCTOWYMBOCTH K OOYyUEHHIO
OT/ACJIbHBIM MIPUMEpPaM, YK€ BXOIAIIUM B 3aJa4HUK. ITO CBOMCTBO YCTOMYMBOCTH |-r0 THIIa COCTOHUT B
TOM, 4TO OOyYeHHEe A0 MHUHUMYyMa OIICHKH 1o Iobomy (ogHOMY) M3 OOydYarolmuX MPUMEPOB HE
pa3pyllaeT HaBBIKA PEIICHHS OCTalbHBIX. Bo3MylleHHe 34ech COCTOMT B HW3MEHEHUHM Ipoliecca
o0Oy4eHusl.
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Jlis BbIpaOOTKM yCTOMYMBOCTH 1-TO THIMa MpUMEpbl NPEAbSBISIOTCS CETH HE BCE cpasy,
a no OTHOMY, U cemb YYUTCS KKAOMY M3 HHUX JI0 mpenena. /s BeIpaOOTKH BaKHEWIIeH yCTOMYMBOCTH
4-ro THHa Takasg TMEPUOAMYECKH Tpou3BoAMMas 'mopua" Tmporecca OOydeHHs] MOXKET OBITh
noJje3Hoi. Onvim MOKa3bIBACT, YTO 00yUYEeHUE MO3BOJSET BHIPAOOTATh YCMOUYUEOCHb K BECbMA CUIIbHBIM
BO3MyIlleHHeM. Tak, B 3aayax pacrno3HaBaHUsSl BU3YyaJbHBIX 00pa3oB ypOBEHb IIIyMa Ha BBIXOJE MOT B
HECKOJIBKO pa3 MPEBOCXOAUTH OOIIYI0 HHTEHCHUBHOCTh CHTHAJIA, CIy4ailHBI CHBHUT MapamMeTpoB -
nocturath 0.5-0.7 ux mpeaenpHOro 3HaueHusd, paspymenue - 30-50\% snemenrtoB. U, Tem He MeHee,
oOyueHHas cemw nenaet He 6osee 10\% ommnboK!

KonTpoasubie Bonpocsl 1137(I11K-4):

,_
SOoXAANN R DD~

P
AW N —

,_
e

16.

MareMaTnuuecKue OCHOBBI PAJIHAIIBHBIX CETEH.

PannanbHas HEipOHHAs CETh.

CucTembl MIOHUMAaHUSI €CTECTBEHHOTO SI3bIKA.

[TpenmnochbuIKyu BOZHUKHOBEHUS CUCTEM MTOHUMAaHMSI €CTECTBEHHOTO S3bIKa.

[lonumanue B quanore.

[Tpumeps! cucTeMbl 00paOOTKH €CTECTBEHHOTO SI3bIKA.

Mertoabl 03ByYUBaHUS pEUH.

Haubonee pacnpoctpaHeHHBIE CUCTEMbBI CHHTE3a PEUH.

PeueBoii BbIBOI MHPOpPMALIUH.

ABTOMAaTUYECKUI KOMITBIOTEPHBIA CUHTE3 PEUU IO TEKCTY.

Mertonbl CUHTE3a peyn.

O6o0meHnHas pyHKITMOHAIBHAS CTPYKTYpa CHHTE3aTopa.

Kaxk Ha3pIBaeTCsi COBOKYIMHOCTH IEUCTBHII CO CTPOTO OIMPEACIICHHBIMU MTPABUIIAMHU BBITIOJIHEHUS
Kak Ha3piBaeTcs eMHasl cucTeMa TaHHBIX, OPraHU30BaHHAS 10 OMPEJICTICHHBIM paBUiIaMm,
KOTOpPBIE MTPEIyCMATPUBAIOT OOIIME TPUHITUIIBI OTIMCAHUS, XPAaHEHUS 1 00paOOTKH JTaHHBIX
Kaxk HaspiBaeTcst popMann3oBaHHasi CHCTEMA CBEJCHUN O HEKOTOPOH MpeIMEeTHOM 00J1acTH,
coJieprKarias JaHHbIE O CBOWCTBAaX OOBEKTOB, 3AKOHOMEPHOCTSIX MPOLIECCOB U MpaBUIa
MCIIOJIb30BaHUS B 33JJaBAEMbIX CUTYAIUSIX 3TUX JAHHBIX JIJISl MPUHATHUS HOBBIX PEIICHUN
Kak Ha3biBaeTcs Bcsi COBOKYIMHOCTh TOJIE3HOM MH(DOpMALMK U IPOIEAYP, KOTOPhIE MOXKHO K
HEel MPUMEHUTD, YTOOBI MPOU3BECTH HOBYIO HH(POPMAIIHIO O MPEIMETHOM 001acTH
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Ilpakmuueckoe 3anamue Ne8. Pekyppenmmuvie cemu nHa oaze nepcenmpona. Ilepcenmponnasn
cembd ¢ oopammnoi ceéaszvio. Pexyppenmnan cemo Inemana. Cemv RTRN. Aoanmuesnasn
pezonancnan meopus (APT). Cemv APT-1. Apxumexmypa u paboma. Cnoii cpasuenusn. Cnoi
pacno3naganus.

Annomayua: Paccnampueaiomea mamemMamuiecKkue 0CHo6bl paOU@IbHblX cemetl u Memoobl ux
odyuenua. Ilpouszeodumea cpagnenue paouaibHbix U CUZMOUOATIBHBIX HEUPOHHBIX cemell.

MHnoeocnotinvle HetiponHble cemu, TPEACTABICHHBIC B NPEABIAYIIUX pasleiaxX, BBITOJIHIIOT
anmpoKCUManui0 (YHKIIMA HECKOJBKUX TEPEMEHHBIX ITyTEM MPeoOpa3OBaHUS MHOHCECMBA BXOTHBIX

A
nepemennbx L € / ?)'\ B MHOXECTBO BBIXOJIHBIX MepEMEHHBIX Yy € R !.
| MrMoujanbHas yHKyYus akTUBALlMM O  CBOEMY  XapakTepy  OCYILECTBISET  anmpOKCUMAIUIO
riobanpHOrO THIA. B pesynbTare ee Helpor, KOTOPBIA OB OMHAXABI "BKIIOYECH" (TIOCE MPEBHIICHHUS
CYMMapHBIM CUTHAJIOM OIpPEJIEJICHHOI0 MOPOrOBOr0 3HAUYEHHs), OCTAETCS B ’TOM COCTOSIHUM MPU JII000M
3HAYEHUHW CHUTHaJa, MPEBBIMIAONIEM JaHHbI mopor. [loaromy mpeoOpa3oBanue 3HaueHUs (QYHKIHUU B
MIPOU3BOJILHON TOYKE MPOCTPAHCTBA BBHIMOJIHAETCA 00bEIUHEHHBIMU YCHIIMSIMA MHOTUX HEMPOHOB, YTO U
0OBSICHACT Ha3BaHUE TII00ATIbHASL ANNPOKCUMAYUSL.

Jlpyroii croco6 0ToOpaxeHus BXOJHOTO MHOM#Cecmaad B BEIXOTHOE 3aKITI0YAeTCsl B IPeoOpa3oBaHuN
MyTeM aJanTaluy HEeCKOJIbKUX OJMHOYHBIX alMpPOKCUMHUPYIOIMIMX (YHKIHMHA K OXKHAAEMbIM 3HAYEHUSM,
IpUYeM 3Ta a0anmayusi IPOBOAUTCS TOJIBKO B OrpAaHMUYEHHON 00JaCTH MHOTOMEpPHOIO IMPOCTPAHCTBA.
[Tpu TakoM moX01e omobpasiceHue BCETO MHO#CeCcmea NaHHBIX MPEACTABIET cO00M CyMMY JIOKaIbHBIX
npeoOpazoBanuii. C y4eToM poiM, KOTOPYIO UTPAIOT CKpbimble HeUpoHbl, TIPEoOPa30BaHUS COCTABISIOT
MHOKECTBO OA3UCHbIX (HYHKYUL JTOKAIIBHOTO TUIA. BhIMoIHeHHe 0MHOYHBIX (QYHKIUHN (IPU HEHYJIEBBIX
3HAUEHUSX) PErHCTPUPYETCS TOJIBKO B OTPAHMUYEHHOW OOJACTH MPOCTPAHCTBA JAHHBIX - OTCIOJIa H
Ha3BaHUE JOKaIbHAs annpoKCUMayusl.

a) 0) -

++++++++++

Puc. 1. Mnmoctpanus cmoco00B pa3ienieHus MPOCTPAHCTBA TaHHBIX: a) CHTMOUJAIBHBIM HEUPOHOM; 0)
paguanbHbIM HEMPOHOM

Ocoboe ceMelCTBO 00pa3yloT CeTH C paguanbHOW 0a3MCHOM (yHKIMEH, B KOTOPHIX HEWPOHBI
pearn3yoT (YHKIWH, paavaibHO HM3MEHSIOIINECS BOKPYI BBHIOPAaHHOTO ILIEHTPa M MPUHHMAOLIAE
HEHYJIEBbIC 3HAUEHUS TOJHKO B OKPECTHOCTU 3TOTo ImeHTpa. [lomoOHBIe (QYHKIMH, OMpeneiseMble B

BUJIE PT) = ¢ ||; - l(” ), OyzneM Ha3blBaTh paJUAIbHBIMU Oa3ucHoiMu Qynkyusmu. B Takux
CeTAX pOJIb HEMpOHa 3aKIYaeTcsi B OTOOpaXXEHMM DPAJUAIBLHOTO IMPOCTPAHCTBA BOKPYT OJMHOYHOM
3alaHHOU TOYKHU (ueHtpa) 1100 BOKPYT' TPYIIIBI TaKUX TOYEK,
obpasyromux xracmep. Cynepno3uyusi CATHAJIOB, MOCTYMNAIOUIMX OT BCEX TaKUX HEMPOHOB, KOTOpas
BBITIOJIHSACTCSI  BBIXOAHBIM ~HEHPOHOM, TIO3BOJISIET MOJYYHUTh 0MOOpadiceHue BCET0O MHOTOMEPHOTO

MIPOCTPAHCTBA.

Ceru panuaiabHOTO THIA MPEACTABISAIOT COOON €CTECTBEHHOE 00NO/IHeHUe CATMOUIATbHBIX CETEH.
CurMouanbHbINA HetipoH IPECTaBISETCS B MHOTOMEPHOM MIPOCTPAHCTBE 2UNEPNIOCKOCHbIO,
pasfensomen 3To npocmpancmeo Ha ABE KaTeropuu (ABa Kiacca), B KOTOPBIX BBIMOJHAETCS OJHO W3
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(w.x) >0 6o (w.xz) <0

JBYX YCJIOBHIA: JTHOO . Takoil moaxoa NpoAEMOHCTPUPOBAH HA PUC.

la.

B cBow ouepedw, pamuanbHblil Hetipon TIpencTaBisaeT coboi runepcdepy, KoTopasi OCyIIECTBISIET
[IapOBOE pa3zesieHre MPOCTPAHCTBA BOKPYT LIEHTPAIbHOM TOUKH (puc. 16). IMEHHO C 3TO# TOUYKHU 3peHHUS
OH SIBJISIETCS €CTECTBEHHBIM JOMNOJHEHHUEM CUTMOMIAIBHOTO HEMPOHA, MOCKOJIBKY B CIIy4ae KpyroBOH
CUMMETPUU JaHHBIX TO3BOJIIET 3aMETHO YMEHBIIUTh KOJIHYECTBO HEUPOHOB, HEOOXOIUMBIX IS
pasfesieHns pa3nyHbIX KiaccoB. I[1ocKOMbKY HEWPOHBI MOTYT BBIIOJHATH pazinyHble (DYHKIUH, B
paluaIbHBIX CETAX OTCYTCTBYET HEOOXOAMMOCTD UCTIOIB30BAHUS OOJIBIIOr0 KOJTUYECTBA CKPBITHIX CIIOEB.
CTpykTypa THUOUYHOM pPaJUaTIbHON CETH BKIIIOYAET 6XOOHOU CIOW, HA KOTOPBIA TOMAIOTCS CUTHAJIBI,
OIMCBIBAEMBIE BXOJHBIM BEKTOPOM -I° , CKPBITBIM CJIIOM ¢ HEWPOHAMHU PAJMAIBHOIO THUIIA U BBIXOJHOU
CJIOM, COCTOSIINH, KaK TIPABUIIO, U3 OJTHOTO HJIM HECKOJIBKHUX JIMHEHWHBIX HEUPOHOB. PYHKYUSA 8bIXOOHO20
HeupoHa CBOINUTCS UCKJIIOUUTEIIBHO K B3BELICHHOMY CYMMUPOBAHUIO CUTHAJIOB,
TE€HEPUPYEMBIX CKPbIMbIMU HEUPOHAMU.

Mamemamuueckue 0CHOGbL pAOUATIbLHBIX Cemell

MareMaTtnueckyto OCHOBY (YHKIIMOHUPOBAHUS paualbHBIX ceTei coctaBisieT Teopema T. Koepa
0 pacro3HaBaeMOCTH 00pa30B, B COOTBETCTBUU C KOTOPOU HEIMHEHHBIC MPOCKIIMU 00pa30B B HEKOTOPOE
MHOTOMEPHOE 1pOCMPAHCmME0 MOTYT OBITh JTMHEWHO pa3JielieHbl ¢ OOJbIIe BEpOSITHOCTBIO, YeM IPU UX
IIPOEKLIMH B NPOCMPAHCMEO C MEHBLIEN pa3MEPHOCTHIO.

(1)

Ecnu sexmop panunanbabix QyHKUNN B N . MEPHOM BXOJHOM IPOCTPAaHCTBE 0003HAUUTH T \** /|
TO 3TO HPOCMPAHCMEO ABISIETCSl  HEIUHEWHO T~ - pa3feisieMblM Ha JIBa IPOCTPAHCTBEHHBIX

KJIacca X u X TOrJa, KOrja CyleCTBYET TaKou gekmop BecoB (L' | uyTo

wlo(z) >0,z € X,
wlo(z) < 0,z€ X~.

o S o, S
['pannIa MEXTy 3STUMH KJIacCaMH OMPEEISETCS ypaBHCHUEM w' () = [],

JlokazaHo, 4TO KaXKJ10€ MHOXKECTBO 00pa3oB, CIIydaifHBIM 00pa3oM pa3MEMICHHBIX B MHOTOMEPHOM

MPOCTPAHCTBE, ABISETCA T - pa3[eliieMbIM C BEPOSITHOCTBIO | MPH YCIOBUU COOTBETCTBEHHO OOJIBILION
pPa3MEepHOCTH ITOTO MPOCTpaHcTBA. Ha mpakTHke 3TO 03HAYAET, YTO MPUMEHEHHE JOCTATOYHO OOJBIIOTO
KOJIMYECTBA CKPBITHIX HEHPOHOB, pealu3yolux paauaibHble QyHKIUU \ -], rapaHTUpyeT pelieHue
3a1aun Ki1acCU(UKAIMU TIPU TOCTPOSCHUH BCETO JIUIIL JIBYXCIOHHOM CETH: CKPBITHIM CJIOW JOJDKEH

o) . . .
peaJ'II/I?)OBaTb eeKmop T ( ,a Gbl)COC)HOM CJl0U MOKET COCTOATH N3 CAUMHCTBCHHOI'O ITUMHCHUHOT'O HeI/IpOHa,

KOTOpBIﬁ BBIITOJHACT CYMMHPOBAHUC BbIXOAHBIX CUTHAJIOB OT CKPBITBIX HeﬁpOHOB C BECOBbBIMH
kod(urmenTaMu, 3aJaHHBIMU BeKTOpoMm {17

[Ipocreitmas Hetipornas cems pamuaIbHOTO TUTA (YHKIIMOHUPYET IO MPUHIMITY MHOTOMEPHOU
WHTEPIOIALNH, COCTOSIIEH B 0TOOpaKeHUH pa3iIuYHbIX BXOJHBIX
it = 1.2

BEKTOPOB **'1* -+ P w3z Bxogmoro N -MEpPHOTO MPOCTPAHCTBA BO MHOXECTBO W3 P

) — )
YUCEN d nt=12,..., P, s peai3anyu 3TOrO mporecca HEOOXOIMMO
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) .
HUCIIOJIB30BATh l CKPBITBIX HCHUPOHOB paauajibHOIO TUIIA n 3a4aTb TAaKYIO (bYHKI_II/IIO

0TOOpaXKeHUs F(a ), JUTsL KOTOPOI1 BBITTOJIHSETCS YCIOBUE UHTEPIOSIIUN

Fl(z;) = d,.

cnonssosanue CKPBITBIX HEHPOHOB, COCIUHAEMBIX CBS3AMH C BECAMH C BBIXOJHBIMHU
JUHEWHBIMU HEWpOHAMHM, O3HadaeT (HOPMHUPOBAHHME BBIXOAHBIX CHUTHAJIOB CETH IMYTEM CYMMHPOBAHUS
B3BELLICHHBIX 3HAYEHUH COOTBETCTBYIOIMX Oa3sucHbIX (yHKIMHA. PaccMoTpuMm paauanbHYyIO cemb ©

(z:, d;)

OJHMM BBIXOJIOM H p o0yJaroImuMi  Tapamu IIpumeM, UTO KOOpPOUHAMBI KAXKIOTO

nus3 l) HOCHTPOB Y3JIOB CCTU ONPCACIIAAIOTCA OOAHHUM H3 BCKTOPOB A t, T.C. (*' = t. B atom ciIydac
B3aUMOCBA3b MCXKAY BXOJHBIMH W BBIXOJHBIMHU CHUTHAJIAMU CCTU MOKCT OBITh OoIrpeacicHa CHCTEMOM

ypaBHEHUM, TUHEHHBIX OTHOCUTEIIEHO BECOB, KOTOpasi B MATPUYHOM (hOpME UMEET BU:

Y- -w=d, 3

= (|lZ; — -
{H J : H] onpesieNseT paauanbHyl0 (QYHKIMIO C LEHTPOM B TOYKE Lic

w = |wy,wy,..., ”.J‘J! Hff — :(!l.({: ..... (/!,}f

I
BBIHYICHHBIM BEKTOpOM * ./ |

JlokaszaHo, 4To JUIs psijia paauaibHbIX (YHKIMA B Cllydyae

Ty F ToF ... Ty

KBaJpaTHas ~ MHTEPIOJSILUOHHAS Mampuya T~ SBISETCS  HEBBIPOKIECHHOW M TNpPU  ITOM
HEOTpHIIATENIBHO onpeneieHHoM. [loaTomy cymecTByeT pernienue ypaBaeHus (1) B Bune

W =4, -

4TO MO3BOJIACT NOJIYUUTh 6€Kniop BECOB BbIXOOHO020 HelpoHa CCTH.

Teopernueckoe pernieHHue MPoOJIEMBbI, MPEICTABICHHOE BBIpAKEHHEM (2), HE MOXKET CUHTAThCS
a0COJIOTHO MCTUHHBIM 1O MPUYMHE CEPhE3HOTO OrpaHHUYCHHs OOIIMX CBOMCTB CETH, BBITEKAIOUINX M3
ceTaHHBIX BHavaje ponyuieHui. [Ipu oueHb O0NbIIOM KOTUYECTBE 00Y4aIOIINUX BEIOOPOK U PaBHOM EMY
KOJIMYECTBE pagualbHBIX (QYHKIMHA MpobiieMa ¢ MaTeMaTH4eCKOM TOYKM 3pEHHS CTAHOBUTCS
O0ecKOHEYHO! (TJIOXO CTPYKTYPUPOBAHHOM), MOCKOJIBbKY KOJIMYECTBO YpPaBHEHMI HAUMHAET MPEBBIIIATH
YHCIIO0 cTeneHel cBoOoAbI (PU3UYECcKOro mpouecca, MoaeanpyeMoro ypapHenueM (1). to o3Havaer, 4To
PE3yJIbTaTOM TaKOTO YPE3MEPHOr0 KOJMYECTBA BECOBBIX KOI(PPHUIMEHTOB CTAHET adanmayus MOACIN K
pasHOro poja IIyMaM WK HEPEeryJIspHOCTSIM, COPOBOXKIAIOIMM oOyuatomiue BeiOopku. Kak ciencrsue,
MHTEPIIONUPYIOIAsl 3T JTaHHBIE TUIIEPIIOBEPXHOCTh HE OyJeT IiafKoil, a o0olmaronire BO3MOKHOCTH
OCTaHyTCS OYCHb CIa0BIMHU.

YroObl MX YCHJINTH, CIEAYET YMEHBIIUTH KOJUYECTBO PAJUAIBHBIX (YHKIMHA W TOJIYYUTH U3
U30BITOYHOTO 00bEMa JaHHBIX JOMOJTHUTEIbHYIO HHOOPMAIUIO VIS pe2yisapu3ayuy 3a1a9i U yayqIIeHns
ee 00yCIIOBIEHHOCTH.

Paouanvnas neiiponnasn cemso

) .
Hcnonb3oBanue B paznomeHHHI bazucHvlx QyHKyutl, TIE P - 510 xomauectso o0y4aromux
BBIOOPOK, HEAOMYCTUMO TAKXKE M C MPAKTUYECKON TOUKH 3PEHHSI, TOCKOIBKY OOBIYHO KOJUYECTBO ATHX
BHIOOPOK OYEHb BEJIMKO, U B pE3ylbTaTe€ BBIYMCIUTENbHAS CIOXXKHOCTh OOYy4aromiero ajropurma
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CTAaHOBUTCS 4Ype3MepHou. PemieHue cucremsl ypaBHeHHH (1) pa3MepHOCTHIO pXPp nmpu  OOBIIHMX

snauennsix I cranosutes 3aTPyIHUTENbHBIM. Tak k€, KaK M JUIsl MHOTOCJIOMHBIX ceTel, He00X0aAuMO
penylHpoBaTh KOJIMYECTBO BECOB, YTO B 3TOM CIy4ae CBOAUTCS K YMEHBIIEHHIO KOJIMUYECTBA OA3UCHbIX
@yukyuii. [103TOMY OTBICKMBAETCSl CyOONTHMAJIbHOE PEIICHHE B MPOCTPAHCTBE MEHbBILEH pa3MEpPHOCTH,
KOTOpOe c JOCTaTOYHOM  TOYHOCTBIO anMnpoKCUMUPYET  TOYHOE  pEIlEHHE. Ecmn

OTPAaHUYUTHCS K 6asucnsimu @yHKyusAMU, TO aNMPOKCUMUPYIOIIEE pEIIeHHEe MOXHO TMpEACTaBUTH B
BHJIC

F(z) = fi+ fot,..., - e 8

rie f, w;p\ Hl o (.JH )s K < 1”, MHOKECTBO IIEHTPOB,

KOTOpbIE HEOOXOOUMO OIpenenuTs. B ocobom ciydae, eciu HPUHATH K = P, moxno HOJYy4YHUTh

TOYHOC PCIICHHUC Ci = & .

Yamie Bcero B KadecTBE pajuanbHON (yHKUMU mpumeHsiercsa ghyukyusa Iaycca. Ilpu pazmemieHnu
ee LIEHTpa B Touke (7 OHa MOKeT OBITH OMpe/IeieHa B COKPAIIeHHOH hopMe KaK

o(z) = gl = cill) = exp(=|lz — cill*/207).

T - napavemp, oT 3HAYCHHS KOTOPOTO 3aBHCHT LIMPHHA (QYHKIIHH.

B 5TOM BEIpasKEHUMN
[Tony4yeHHOe pelIeHHE, MNPEACTABIAIONIEe ANMPOKCUMUPYIOMIYIO (YHKIHIO B MHOTOMEPHOM
MPOCTPAHCTBE B BHJE B3BEUICHHOW CYMMBbI JIOKQJbHBIX Oa3MCHBIX pagUalIbHBIX  (YHKIHHA
(6vipasicerue (3)), MOKET OBITh UHTEPIIPETUPOBAHO PATUAIBHON HEHPOHHOW CEThIO, MPEICTABICHHON HA

puc. 2 (mIs YOPOILIESHUS OTa cemb UMEET TONBKO OJHH 6biX00), B KOTOpou !/ ompenensercs
3aBUCUMOCTBIO (4). DTO cemb C IBYXCIONHON CTPYKTYPOM, B KOTOPOU TOJIBKO CKPBITBIA CIION BBITIOJIHSIET
HETMHEWHOE omoopadsceHue, peannu3dyeMoe HeHpoHaMu C 0a3WCHBIMH pagHalbHBIMH  (YHKIUSMHU.
BrixonHoi Hetipon, Kak NpaBUJIO, JIMHEEH, a €ro pojib CBOJUTCS K B3BEHICHHOMY CYMMHPOBAHHUIO
CUTHAJIOB, TOCTYMAIOIIUX OT HEHPOHOB CKpPBITOro cios. Bec Wy, kak u IpU  UCHOJb30BaHUU
CUTMOUJANBHBIX (YHKLMH, MPEACTaBIAET MOJSIPU3aLni0 (TIOPOr), BBOAAILYIO MOKa3aTelb MOCTOSHHOTO
cMmereHus QyHKIUU.
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Puc. 2. O60011eHHAs CTPYKTYpa paIualibHON CEeTH

IlonyyenHnas apxumexkmypa paIlualIbHBIX CETEH HMMEET CTPYKTYpPY, AHAJIOIMYHYIO MHOIOCIOMHOMN
CTPYKTYpPE CUTMOMAQIBHBIX CET€ C OIHUM CKPBITBIM CJIOEM. POJb CKpPBITBIX HEMPOHOB B HEW WUIparoT
0a3ucHble paaualbHble (YHKIHMM, OTIMYAIOIIMecs CBoed (OpMOH OT CUTMOMAAIBHBIX (DYHKIHA.
HecMoTpst Ha OTMEYEHHOE CXOACTBO, CETH ITHUX TUIOB NPUHUUIHUAIBHO OTIMYAKOTCA IPYr OT Apyra.
Panuanbnas cems uMeeT (QUKCUPOBAHHYIO CTPYKTYPYy C OJHHM CKDPBITBIM CJIO€M U JIMHEWHBIMH
BBIXOJIHBIMU HEHPOHAMM, TOTJla KAK CUTMOHWJAJIBHASA Cemb MOXKET COJEpkKaThb PANMYHOE KOIUYECTBO
CIIOEB, a BBIXOJHBIC HEHPOHBI OBIBAIOT KaK JIMHEWHBIMH, TaK W HEJIWHEHHBIMH. Y WCIOIh3yEeMbIX
paguanbHBIX  (QYHKIIMA  MOXeT ObITh  BechbMa  pa3HooOpasHas  CTpykTypa. HenuneitHas
pajMaTbHas (byHKYUs KAKIOTO CKPBITOro HelfpoHa MMEeT CBOM 3HAUYCHHS MapameTpos (i u T, Torma
KaK B CUTMOUJAJIbHON CEeTH MPUMEHSIOTCS, KaK MPaBUII0, CTAaHIAPTHbIE (PYHKIUN aKTUBALUU C OJTHUM U

TEM K€ JUII BCEX HEHPOHOB IapaMeTpoM 'i. ApryMEeHTOM paguagbHOW (YHKLIHU SBISETCS
SBKIIMI0BO paccmosnue obpasua ' or  memtpa (7, a B  CUIMOMIATBHOM  ceTH -  93TO

y e
CKaJIIPHOE npouseedenue BekTopos ' I

KonTtpoasnbie Bonpocs I138(1TK-4):
1. IlepcenTpoHHas ceTh C OOPATHOM CBS3BIO.
2. PexyppeHTHas ceTb DibMaHa.
3. Cerb RIRN.
4. CucreMbl MallIMHHOTO 3pEHUSI.
5. OCHOBHBIE IPUHIUIIBI WIIH LIEJTOCTHOCTDh BOCIIPUSTHS.
6. Pacro3HaBaHue CUMBOJIOB.
7. CTpyKTYpHO-ISITEHHBIA 3TAJIOH.
8. Ypoku mamumHHOrO uTeHus ot [l gnitive [lechn(1[ gies.
9. Pacno3HaBaHue pyKOMUCHBIX TEKCTOB.
10. CocrosiHue U TEHACHIIMH Pa3BUTUS UCKYCCTBEHHOI'O UHTEIJIEKTA.
11. Ycnexu cucteM HCKYCCTBEHHOTO MHTEJIEKTA U UX IPUYUHBI
12. Kaxkue u3 stanos cozganust UC BXOAAT B CTaANI0 TEXHUYECKOTO TPOEKTUPOBAHUS?
13. Kakwue u3 nmokasareneil OTpakaroTca B CXEME MapIIpyTa ABUKECHHS JOKyYMEHTa?
14. Kakue oOCHOBHBIE TOHATHSI UCIIOJIB3YIOTCA IIPU CO3/JaHUU JlaiarpaMM NOTOKOB JAHHBIX?



15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
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VYKaXuTe OCHOBHbBIE KOMITIOHEHTHI IMarpaMMbl MOTOKOB JaHHBIX

Cetp APT-1. Apxurektypa u pabdora.

Croii cpaBHEHUS.

Croii pacrio3HaBaHus.

Cucrembl MOHUMAaHUS €CTECTBEHHOTO SI3bIKA.

[Ipenmnochuikyu BOZHUKHOBEHUS CUCTEM MTOHUMAaHUS €CTECTBEHHOTO S3bIKA.
[Tonnmanue B guanore.

[Tpumeps! cucTeMbl 00paOOTKH €CTECTBEHHOTO SI3bIKA.

Meroabl 03By4MBaHUS pEUH.

Haubonee pacnpocTpaHeHHBIE CUCTEMBI CHHTE3a PEUH.

PeueBoii BeIBO HHMOpMAITIH.

ABTOMaTHYECKUN KOMITBIOTEPHBIA CUHTE3 PEYH IO TEKCTY.

Meroap! cunTe3a peun. O600meHHas (yHKIIMOHATBHAS CTPYKTYypa CHHTE3aTOpa.
Monynb TMHTBUCTUYECKOW 00paOOTKH.

JInHrBHCTHYECKMI aHAIIN3.

dopMUpOBaHKE MTPOCOTUUECKUX XAPAKTEPUCTHUK.

[ MHTE3aTOp PYCCKOM peyH.



