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HUCKYCCTBEHHBIE HEUPOHHBIE CETH:
APXUTEKTYPA, CO3JAHHUE, IIPOBEPKA

E.B. Kyyes

AHHOMayus1. AKTyanbHOCTb NPUMEHEHNS NCKYCCTBEHHbIX HEMPOHHBIX CETEN BO BCEX Chepax XU3HEAeATENbHOCTU Ye-
rioBeka 0ObACHAETCA MX BOCTPEOOBAHHOCTLIO U MPaKTUYHOCTLIO B UCMOMNb30BaHUW. MccnegoBaHbl MPUHLMMBI NPOEK-
TUPOBaHWSi, NOCTPOEHNS N NMPOBEPKN KavecTBa paboTbl MCKYCCTBEHHbIX HEMPOHHBIX ceTel B 0bLiem Buae. NpoBeaeH
aHanus NpUHLMNOB NOCTPOEHNS NCKYCCTBEHHbIX HEMPOHHbIX CETEW, a Takke 0606LLeHe TeopeTUYecKoro matepvana.
B xope npoBeaeHHoro aHanusa n 0606LweHns MHdopMaLmn NpeacTaBneHbl OCHOBHbIE CBEAEHWS, NPUHLMMBI paboTbl
1 MPOBEPKU KayecTBa NonyyYaemblx pesynsraToB, He06xoaMMble ANs MPOEKTUPOBAHUS UCKYCCTBEHHBIX HEMPOHHBIX Ce-
Ten. Pe3ynbtaThl ccnefoBaHWst MOryT ObiTb MPUMEHEHbI Ha 3Tane MPOEKTUPOBaHWSI U MOCTPOEHUS WUCKYCCTBEHHbIX
HENPOHHbIX CETEN HAYVHALWMMK pa3paboTymKamm, YTO NONOXUTENBHO NOBMAUSIET HA VX AarnbHelLlee pa3BuTue.

Knroyesble criosa: HEMPOH; rpadUeHTHbIN CMYCK; Perpeccusi; knaccudukaums.

JKACAJIMA HEMPOH TAPMAKTAPBI:
APXUTEKTYPACHI, TY3YY, TEKIIEPYY

E.B. Kyyes

AHHOMayus. AdaMablH XalooCyHYH Gapablk YeripenepyHae xacanva HeMpoH TapMaKTapbiH KOMAOHYYHYH akTyanay-
yryry anapra cypoo-TananTbiH 60syLy kaHa KOAoHyyaars! NpakTukanyynyry MeHeH TyluyHaypynet. Makanaga arn-
MbICbIHAH Kacanma HelMpoH TapMakTapbiH 4ONGOOPNOOHYH, KYPYYHYH XKaHa WULLTee canaTblH CbIHOOHYH MPUHLMMTEPU
uannaeHred. Xacanva HeMpoH TapMakTapbiH Kypyy MPUHLMNTEPUH Tanfoo, OLOHAOW 3re TeopUsnbIK Matepuanibl
Xanmblfoo Xypryayngy. MaanbsiMaTttapra Tangoo ypry3yyHyH >aHa anmbifIOOHYH JKYPYLLYHAS XacarnMa HEMpPOH Tap-
MaKTapbiH 4ONGOOPNO0 YYyH 3apbiil GOMMOH HErM3rY MaasbiMaTTap, UWTee MPUHLMNTEPU XaHa arnblHraH HaTbliixa-
napablH canaTbiH Teklepyy kepceTynay. MsunaeeHyH HaTbixanapbl xacanMa HempoH TapMakTapbiH 4on6ooproo
xaHa Kypyy 6ackbldbiHAa GaluTanksl UWTen Ybiryydynap tTapabblHaH KONaoHymyLly MyMKyH, Byr anapasiH aHgaH apkbl
OHYIYLUYHe OH TaaCUPUH TUIrM3ET.

TyliyHOyy ce30ep: HENPOH; rPaAMEHTTUK TYLLYY; perpeccusi; knaccudukaums.

ARTIFICIAL NEURAL NETWORKS:
ARCHITECTURE, CREATION, VERIFICATION

E.V. Kutsev

Abstract. Currently, there is an increase in the widespread use of artificial neural networks in all spheres of human
life. The relevance of their application is explained by demand and practicality in use. The purpose of this article is to
study the principles of designing, building and testing the quality of artificial neural networks work in a general way. To
systematize the information obtained in the study of neural networks, an analysis of construction’s principles, as well
as a generalization of theoretical material, was carried out. In the course of the analysis and generalization necessary
basic information, principles of operation and quality control of the obtained results are presented for the design of
artificial neural networks. The results of this article can be applied at the stage of designing and building artificial neural
networks by novice developers, which will positively affect their further development.

Keywords: neuron; gradient descent; regression; classification.
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BBenenue. B ocHOBe cO31aHNS NCKYCCTBEHHBIX HEMPOHHBIX CETEH JIEKUT YEIOBEYECKUI MO3I, B KOTO-
POM B mpoliecce CIMKHOTO B3aUMOACHUCTBUS MEXy HEWPOHAMH, COSIMHEHHBIMU MEXIY OO0l CHHANTHYe-
CKOI1 CBSI3BIO, 00ECIICYMBACTCS BBHITIOIHEHNE OTPOMHOTO KOJIMYECTBA PAa3IMYHBIX (DYHKIUH oprann3Ma. Pomb
HEHPOHOB B UCKYCCTBEHHBIX HEMPOHHBIX CETSX BBIIOJIHAIOT IPOCTEUIINE IPOLIECCOPBI, MOAEIUPYIOLINE He-
KoTOpbIe (DYyHKIMH OMOJIOTHUECKUX HEHPOHOB, KOTOPBIE O0BETUHEHBI B OTPOMHYIO CETh M TIOTOMY CIIOCO0-
HBI pelarh CIOKHbIE 3a1a4u [1].

OnmHUM H3 TEPCIIEKTHBHBIX HANpPaBICHUH B Pa3BUTHH MH()OPMAIIMOHHBIX TEXHOIOTHH BCEX OOIacTei
ABJISICTCA NPUMEHCHUC UCKYCCTBCHHBIX HeﬁpOHHbIX CeTeﬁ, nux BOCTpe6OBaHHOCTb U OPAKTUIHOCTL UCIIOJIb-
3oBanms [2]. K 3amaqam, KOTopbie peniaroTcs ¢ IpUMEHEHHEM HEHPOHHBIX CEeTeH, OTHOCSATCS BOIIPOCHI Kilac-
CU(UKAIIN, PETPECCUH.

MarepuaJjibl 1 METOAbI HCCAeA0BAHNS. HEllpOHHBIE CETH COCTOST U3 HEMPOHOB, CBA3AHHBIX MEXKY CO-
00M, MO3TOMY HEHPOH ABISETCSI OCHOBOM, (P)yHAaMEHTOM HEHPOHHOM ceTH. [1Jis IOITHOTO MOHUMaHHS PaOOTHI
HCKYCCTBEHHBIX HEHPOHHBIX CETell HEOOXOAMMO HAYMHATH C U3YYCHUS OTACIBHO B3STOTO MCKYCCTBCHHOTO
HelipoHa (pucyHok 1).

3HaueHNE HCKYCCTBEHHOTO HEHPOHA BEIUYUCISETCS CISTYIOIIMM 00pa3oM:

S =% xw, +w, (1)
i=1

rae X; — BXOJHbIE 3HAaUECHUs HEMPOHA, OCTYIUBILINE U3BHE UJIM C BBIXOJA Ipyroro HelipoHa; W, — Bec Bxola
HelpoHa; W, — Bec cMelleHHs (He0O0X0IUM ISl TOCTHXKEHUS IOPOra Bo30y K A€HHs HeHpoHa).

3areM K pesynbrary npuMensercs GpyHkuus aktusarmu (OA) Y = F .

Ecnu 3HaueHue HelfpOHA NPEBBIIIACT 33JaHHYI0 BEIMUUHY, TO IPUMEHSIETCSl (DyHKIIMS aKTUBALIUU.

Y HCKyCCTBCHHOTO HEWpOHa OBIBACT HECKOJIBKO BXOOB. Kakblil BXOI yMHOKAETCS Ha CBOI Bec, 3aTeM
MOJTy4EHHbIEC 3HAUEHUSI CyMMUPYIOTCS, U IPUOABISETCS BEC CMELIECHUS (PUCYHOK 2).

B kadecTBe (yHKINU aKTHBAIMN BCE OOJBINYIO MOMYISIPHOCTh IPHOOPETACT TaK Ha3bIBaecMast (PyHKIUS
ReLU — Rectified linear unit. ImaBHbIMH JOCTOMHCTBAMH JaHHON (PYHKIMH SIBISICTCS MPOCTOTA M IJIaBHAS
YHCIIOBasI «IIKaIa BO30YKICHUsD HEHpoHa (PUCYHOK 3).

HelipoHHast ceTb COCTONT M3 MHOXECTBA HEHPOHOB, COCAMHEHHBIX TaKMM 00pa3oM, YTO BBIXOJ OJJHOTO
HEHWpOHa SBIIETCS BXOJIOM JPYTOTO (PHUCYHOK 4).

IpesckaspiBaeMblil mpusHak ¥ MOKET OBITH:

»  KOJIMYECTBEHHBIM — 3ajlaua PerpecCuH;
»  MeTKOH Kilacca — 3a/1a4a KilacCu(UKaInH.

B 3aBucumocTu ot TpeOyeMoil 3aaun OyJieT 3aBHCETh apXUTEKTypa HeHpoHHOH cetu. s 3agaum pe-
TPECCHH BBIXOTHOH CJIOH COCTOHT M3 OJHOTO HeHpoHa (PUCYHOK 5, a), a I 3a1a4ll KIIACCH(UKAIINT BBIXOM-
HOI CJION HEHPOHHOH CEeTH UMEET TaKOe KOJIMYECTBO, CKOJIBKO MMEETCs KIacCOB (PUCYHOK 5, 0).

X1

CuHancel
X2 g

5 \ biXxon

” S AKCOH oY
Xn

wo
Bxoabl CmelleHue

Pucynok 1 — MckyccTBeHHBII HEHPOH Pucynok 2 — Heckonbko BX010B
HCKYCCTBEHHOTO HEHPOHA
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Pucynok 5 — HefiponHsie ceTu /iist 3a1a4: a — perpeccun; 0 — KiiacCUpUKaium

Fyy (x) — (hyHK1IMs, KOTOpas MpeoOpasyeT BX0oJ HEHPOHHOMN CETH B BBIXOJ (PUCYHOK 2).
Fuy (X) =X, x W + X, x Wy + W, (2)

Oneparus «softmaxy» — orneparus mepexoja oT YUceN K KiaccaM (BEpOSITHOCTHBIM MPUHAIICHKHOCTSIM).

[ycts @,b — 3Hauenus, KOTOpBIE BbIANA HEHPOHHAS CETh B BBIXOJHOM CIIOE (PACCMOTPUM OMHAPHYIO
kjaccugukanuio). Toraa ynucia MOXXHO pacCMaTpHBaTh Kak BEPOATHOCTH MPHHAIICKHOCTH KiaccaM. JTa
oriepanyst ¥ Ha3bIBACTCA ONepareit «softmaxy.

a b

e e (3)
(e +e")’ (e" +e)’
JIy1s1 MHOTOKJIACCOBOI oreparu «softmax» (cM pruCyHOK 5, 6) HCIOab3yeTcs cleayromias hopMya:
2% e(a(k—l))
Pr (Y = 0) = eh + %’ PI‘(Y =k~ 1) - (e(ao) + e(“(m))) ’ “4)
rae Qy,-.., 4, | — BBIXOIbI HEMPOHOB MOCIEAHETO CIIOS.

Teneps, KOrma pacCMOTPEHBI OCHOBHBIC THUIIBI HEHPOHHBIX CETEH, HCOOXOIMMO OIPEACTHTh IIaHBI pe-
LIeHUs 3a]1a4 PETPECCUU U KJIaCCU(PHUKAIINU.
[Tnan pemenus 3aa4 perpeccHy U KIIACCU(PUKAIIMN C TIOMOIIBIO HEHPOHHOH CETH:
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1. Bsstb TpeHupoBouHYyI0 BEIOOPKY (TB) — Hab0op 00BEKTOB C M3BECTHBIMH 3HAUCHHUSIMH IIEJIEBOTO TIPH-

3naka Y .
2. 3anarb OCHOBHBIE MTapaMETPhbl HEHPOHHOM CETH: KOJTUYECTBO CJIOEB, KOJIMYECTBO HEMPOHOB Ha Kax-

JIOM CJIO€, TUII CBA3M MEXK]ly HEHPOHAMHU U T. 1.

3. Cocrasuts pyrkmuo Fyy (X) . TlycTh Y; To4HOE 3HAYEHHE LENEBOro mpu3Haka Y st [ -ro 06b-
exta u3 TB; Fy (x,-) — 3HaueHue (yHKIMU HEHPOHHOM ceTu a1 I -ro o0bekTa n3 TB — 1714 3aqa4u perpec-
CHUHU.

ITycts TB coctout n3 00bEKTOB X; X, , Ul KOTOPBIX W3BECTHBI MX TOYHBIE METKH KJIACCOB V|  V,
U HEWPOHHAS CETh IA€T BEPOATHOCTH Py P, NPUHAATIEKHOCTH K MCTHHHOMY KJIacCy. BEIMUCATh BHIpasKEHUS
JUISL BEPOSATHOCTEN Pr(Y = 0) u Pr (Y =k - 1) — JUISL 3371291 K1acCu(puKayu.

4. CocraBuTh PyHKIHIO MOTEPh (CymMMapHas ommOka Ha TB) 11st 3a1auu perpeccun:

L(w) = (FNN (xl)_yl)2 +<FNN (xz)_y2)2 +~-+(FNN (xm)—ym)z. (5)

Jis 3amaum KaccuuKaimu:
Lw)=-Inp -Inp,—...—Inp,. (6)

5. OTHOCHTEIBHO NMEPEMEHHBIX W; — 3HAUCHHUS BECOB, HEOOXOMMMO HaWTH TOYKY MHHUMYMa (DYHKITUH
L (W) . Touka MuHIMYyMa OyJIET ONPEACTATh ONTUMAIBHBIC Beca HEHPOHHOM ceTu.

6. IlpucBouTth Becam HEHPOHHOI CETH HAlICHHBIE ONITUMAJILHBIC 3HAYCHHUS.

7. IlpaxkTuuecku NPUMEHSTh HEHPOHHYIO CETh HAa 00BEKTAX, KOTOpBIC HE MpuHaanexkar TB.

OOmuii MIaH TPEHUPOBKH HEHPOHHBIX CETEH BRIMISAMUT CICAYIONIMM 00pa3om:

1. 3anmaHue apXUTEKTypbl HEHPOHHOMU CETH.

2. Cocrasnenue pyHkuuu noreps L (w) o 3aganaon TB.

3. Haxox/aeHne onTUMaIbHbBIX 3HAUCHUI BECOB HEHPOHHOM CeTH ITyTeM HaXOXKACHUSI MUHUMYMa (yHK-
LIUH [10TEPb.

4. TlpenckazaHue HEHPOHHOMN CETHIO 3HAUEHU /1T HOBBIX OOBEKTOB.

s HaXOKIeHNsT MUHIMYMa (YHKIIAH MTOTEPh L(W) HCHOJb3YETCsl TaK HA3bIBAEMBbIM «METOJ| rpau-
entHoro ciyckay (I'C). Ero MoXHO CpaBHUTB ¢ OOBIYHBIM IIAPHKOM, KOTOPBIH MOA AEHCTBUEM CHIIBI TKECTH
CKaTBIBACTCS B CaMYIO IITYOOKYHO 00J1aCTh IOBEPXHOCTH (PUCYHOK 0).

Tenepb HEOOXOMMO CMOJIEMPOBATh JBMKEHUE apuka. [l 3Toro 3anaaum juuny mara /. Crenas
war JUMHbL A, mapuk GyeT 0CTaHABIMBATBLCS U JyMaTh, B KAKYIO CTOPOHY €My Jalbllle KATUThCS.

nokaneHblIE MUHUMYMBI
7
’

1
1

|
Y

Pucynok 6 — JlokabHbIe MUHUMYMBI
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ITycTh MIap¥K HAXOAUTCS B TOUKE ¢ KOOpAUMHATOU . Torma HoBasi ToYKa @) paBHA:
.- ’
a =a,- f'(a,)xh. (7)

[Tocne »Toro Mpouecc MOBTOPSAETCS 10 T€X MOp, MOKa HekoTopas d, He OyaeT Onuska k 0 UM eciu 3a-
JTAHO KOJIMYIECTBO UTEPALMl — [TOKAa OHU HE 3aKOHYATCSL.

B I'C HeoOxonumo BbIOpaTh Ha4aJIbHYIO TOUKY JJIsl CIycKa (HauaslbHble 3HAYCHUs BECOB HEMPOHHOM ce-
TH). OOBIYHO 3Ta TOYKA BBIOMpAeTCs ClIy4aiiHO, HO OT Hee 3aBucUT ycnex ['C. Ecnu HayanmbHBIC 3HAUCHUS
BECOB HEHPOHHOU ceTn moaoOpaTh HeyauHO, TO MOYKHO OKa3aThCs Ha IIATo, a, ciefoBarenbHo, I'C octaHo-
BUTCSI U HAKY/Ia HE TIOH/IET, TAK)KEe MOYKHO TTOTIACTh B 30HY OCCKOHEYHOTO CITyCKa.

Jns 60pbOBI ¢ TAKUMHU CTyYassMU UCTIOJIB3YIOTCS CIEIYIOIIUE alTOPUTMBI:
»  MHHIMAJIMA3AIMs BECOB M HOPMAaJIM3allHsl JAHHBIX — ITO0Na/IaHKe Ha IUIaTo;
»  perysipu3anus — OCCKOHEUHBIN CITyCK.

CyTh HHUIMATIU3ALHHI BECOB COCTOUT B CIICIYIONIEM — HaYaJIbHbIC 3HAUCHUS BECOB CBSI3M MEXITy HEHpO-
HaMH TOJIHOCBSI3HOTO CIIOA HEOOXOIMMO 3aJaBaTh CIyYalHBIMH YWCIaMU M3 JMara3oHa [—b; b], rae
b>1/n, n — xonmuuecTBO HEHPOHOB B KAXkKIOM U3 JIByX MOJHOCBA3HBIX CIIOEB.

Eciu 4uciao HeHpoHOB B JIBYX COCETHUX IOIHOCBSI3HBIX CIIOSIX pasHoe, TO # HaXOMUTCs KaK CpelHee
apudMETHUECKOE YHCIIa HEHPOHOB B cOCEHMX ciosax: A = (A + 1,) / 2 . PaccMOTpeHHbIN BU MHHIMATH3A-
LMK BecoB — MHUIManu3anus Kcasbe.

Hopmanusanus JaHHBIX — 3TO MPUBEJCHHE TaHHBIX K OXHOMY Macuitaly. ITocie HOpMmanu3anuu Bee
JIaHHbBIE CTAHOBSTCSI Oe3pa3MEepHBIMHU U MPUHAJJICKAT OJHOMY nuana3ony. Jlanusie TB HyxHO HOpMau30-
BaTh Mepe]] TPEHUPOBKOI HelpoHHOH ceTu [3].

PaccmoTpuM 11Ba criocoba HOpMaITH3aIHH:

1. Iycts X = {xl,...,xm} BCe JaHHBle U3 cTondua X , @ = min {xl,...,xm}, b= max{xl,...,xm} -
MHHUMAJIbHOE U MAKCHMAaJIbHOE 3HA4YeHHE B CTOJOIIE.

Tora HOPMAJTU30BAHHBIH CTOJOEI] COCTOUT M3 3HAYCHHIA:

X —a

X[ = m . (8)

I[Tocne HOpMaIU3alUK 3HaYeHus B cTonOne X NPUHAJJIEKAT HHTEPBAITY [0; 1] .
2. Ilycts X = {x1 ey xm} BCe JanHble u3 cronona X . Toraa BeMuYMHA M HAa3bIBASTCS CpEeIHUM 3Ha-
yenueM npusHaka X .

g Xt t X, )
=

Bennunna Ha3pIBaeTCS OTKIIOHCHUEM IIpru3HaKa X .

1 _\2 —\2
sxz\/ ((xl—x) +...+(xm—x)). (10)
m-—1
Torma HOpMaTM30BaHHBIN CTONIOEI] COCTOUT M3 3HAYCHUU:
X=X
X; = s— (11)

X

C BeposATHOCTBIO 95-99 % 3HauCHHS HOPMATH30BAHHOTO CTOJIOIA TPUHAIEKAT HHTCPBAILY [—3; 3] .
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Jannbie TB HEOOX0MMMO HOPMAITU30BATH IIEpe]l HaYalloM TPEHUPOBKHU HelpoHHoM ceTr. Korja cets Oy-
JIET HATPCHUPOBAHA, TO TPH TOJyYCHHH HOBOTO 00BEKTA JIISI IIPEICKAa3aHUs ero Takke HEOOXOIHMMO HOpMa-
JIM30BaTh, UCIIOJIb3Ys YUCIIOBBIE XapakTepucTuku TB.

[Tocne oOydyeHUsT HEWPOHHOM CETH Beca y Hee MOTYT OKa3aThCs 10 aOCONIOTHON BETUYUHE OYCHb OOJb-
muMH. B pesynsrare HeOONbIIOE N3MEHEHHE B HELENEBBIX MPHU3HAKAX MPUBEICT K OONBIIOMY M3MCHEHHUIO
MpeicKa3aHHOTo pu3Haka [4].

3amper HEWPOHHOM CETH Ha MOUCK CIUIIKOM OOJBIINX BECOB HEOOXOIMMO BIHCATh B (PYHKIUIO MOTEPh
(5) nnum (6) caemyronM o0pa3om:

Ly, =L(w)+C(w +..+w]), (12)

rme C — nekotopas HeOTpULATENbHAS KOHCTaHTA (€€ HEOOXOAMMO BBIOPATH); w,2 +...+ w,f — KBaJparsl Be-
COB CBSI3M U CMEIICHMUSI.

Koncranta C — 570 3HaueHue BecoB HellpoHHOI ceTn. OHa OTpaXkaeT KOMIPOMMCC MEXy JByMs IIpO-
THBOIIOJIOKHBIMHM 3a/1a9aMH:
> mouck MuUHMMyMa (QyHKIUHU 1oTeph L (W) ;
»  YMCHBIIICHHE BECOB CCTH.

Yewm 6onbire konctanta C, TeM Bblllle IPHOPHUTET BTOPOH 3a/1auu, 1 HA0GOPOT — ueM OJIMKe KOHCTAHTA
C x HyIr0, TEM BBIIIE MPUOPUTET TIEPBOM 3a/1a4H.

OpHUM U3 CIOCOOOB MOBBIIICHUSI TOYHOCTH MTPECKa3aHMsI HEHPOHHOMN CEeTH SBIIAETCS CO3aHNe MHOXe-
CTBa HEHPOHHBIX ceTel (aHcamOllsT) Ha OCHOBE CO3JaHHOM. JIaHHBIM CIIOCOO MOCTUTAETCS TMyTeM MpHUMEHe-
HUs JponayTa.

JpomnayT — 3To nmpenHaMepeHHasl IeaKTUBAIMS YaCTH HEHPOHOB Ha mare oOy4eHus (PUCYHOK 7).

B kagecTBe oTBeTa HEHPOHHOI ceTH HEOOXOAUMO B35Th YCPEIHEHHBIH OTBET Ka)/I0TO YieHa aHCaMOJIs.
TounoCTh Bcero aHcamOIIs BBIIIE TOYHOCTH KayKAOTO M3 €T0 WICHOB.

ITepen Tem, kak npousBecTu oauH mwar ['C, cayyaiflHbIM 00pa3oM HEOOXOJUMO BPEMEHHO HCKIIIOYHUTH
W3 HEHPOHHOM CeTH 4acTh HEHPOHOB. [1py 3TOM BO3SHHKHET HOBAsI CETh C HOBOHM (DYHKITMEH HEHPOHHON CeTH
Fyy (x) Y HOBOHM (DyHKLIHEH MOTeph L(W). [To nanHOW (hyHKIMU MOTEPH L(W) OCYILECTBISIETCS. OJIUH
mrar ['C u mepecunThIBaroTCs Beca ceTh. M Tak HeoOXOIMMO PacCUUTaTh IS KayKIOTO WiICHA aHCaMOIs.

Ecnu mocne MCKIIIOYEHHsT YacTH HEMPOHOB HEWPOHHAs CeTh MepecTaeT ObITh CBA3HOM, TO €CTh OTCYT-
CTBYIOT ITyTH OT BXOIHOTO CJIOSl K BEIXOTHOMY, TO (OPMHUPYETCS HOBOE MHOXKECTBO HEHPOHOB IS HCKITIOUC-
HUS JI0 TeX MOp, IIOKa CETh HE CTAHET CBSI3HOM.

Pucynok 7 — O0bIuHas (2) ¥ mocie NpUMeHeHUs aporayTa (0) HeHpPOHHBIC CETH
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AJIrOpUTM UCKIIIOYEHUS] HEUPOHOB!

1. @uxcupyercst BEpoATHOCTh UCKIIIOUEHHUS HelipoHa P (OOBIYHO B HHTEpBaje [0.2; 0.5] ).

2. Ha kaxnom mare I'C 151 Ka)a0ro HelpoHa HEHPOHHOM CETH MPOBOUTCS CIydyaHOE HCTIBITAHUE —
HCKJIIOYaTh €ro U HET.

3. dopmupyercs HEHpOHHAS CETh U3 OCTABIIUXCS HEHPOHOB, JJISl HEE BBHIMMCHIBACTCS CBOS (DYyHKITHS
norepb. [Tocne atoro ocymectugercs oaus mar I'C u qponayT HOBTOpsieTCS.

Korna HelipoHHas ceTh HATPEHUPOBaHA C MMOMOIIBIO JPOTIAyTa JJIsl IPOBEPKU MPEACKA3aHUS CETH Ha HO-
BOM 00BEKTE, HEOOXOAMMO BBIXOJ KaX/10T0 HEHPOHA YMHOXHUTH Ha BEPOSTHOCTh UCKIIIOYEHUsT P 3TOrO HEH-
poHa.

HarpennpoBaHHyt0 HEHPOHHYIO CE€Th HEOOXOAUMO MPOBEPUTH HAa TOYHOCTh U aJ€KBaTHOCTb. [1Jis 3TOTO
HEOO0XO0IMMO MHOXKECTBO OOBEKTOB C M3BECTHBIMH OTBETaMH (pa3MEUYeHHYI0 BBIOOpPKY — PB) pa3duts Ha aBe
yacTu: TpeHupoBouHyto (TB) u Banunaunonnyto (BB) Bei6opku (06s14no 80 u 20 % coorBercTBeHHO). [Ipn
9TOM TPEHHPOBATh HEHPOHHYIO CeTh HeoOXoarMo Ha TB, a mpoBepsATh TOUHOCTH U aJIEKBaTHOCTh Ha BB.

®Dopmyna A onpeeseHusl TOHHOCTH HEMPOHHOM CEeTH CyIeCTBEHHO 3aBUCUT OT THIIA 33Ja4M — 3a/1a4a
perpeccun Wix 3aja4a KiacCupUKaInm.

ToyHOCTB 331241 PErPECCUU ONpeAeseTcs Mo caenyomei Gopmyse:

1
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), (13)

rne MAE — mean absolute error — cpeaHss aGCoMOTHAS OMMOKA; /1 — KOJHYECTBO BBIXOJHBIX HEHPOHOB;
Y, — ucTuHHOE 3Hauenue (pusHaK Y ); 7, — 3HAYEHHE, IPEICKA3AHHOE HEHPOHHOM CETHIO.

Jlis ompeneneHus TOYHOCTU 3aJa4i KiIacCH(UKAIUU HEoOX0ANMO MH(OPMAIHIO 3aHECTH B MAaTPHILY
omuboK (Tadbmuna 1).

Tabmuma 1 — Marpuiia ommook

Marpuna omunbok WctunnbIN K1ace
0 1
[Ipenckazannbliii Ki1ace 0 il N
1 FP TP

TP — true positive — KJ1accu(pUKaTOp BEPHO OTHEC 0OBEKT K pacCMaTPUBACMOMY KIIaccy.

TN — true negative — KJIaCCU(HUKATOP BEPHO YTBEPKIACT, YTO OOBEKT HE MPUHAIICKHUT K pacCMaTPHUBa-
eMOMY KIraccy.

FP — false positive — kiaccuukaTop HEBEpHO OTHEC OOBEKT K pACCMATPHBAEMOMY KIIACCY.

FN — false negative — ki1accudukaTop HEBEpPHO YTBEPIKAALT, YTO OOBEKT HE IMPUHAIICKUT K paccMaTpu-
BacMOMY KJIaccy.

To4HOCTB OmpeneNseTcs mo GopMyie:

recision = e (14)
P TP+ FP
IMonHoTa onpeaensercs no Gpopmyse:
recall = L 15
TP+ FN’ (15)

CrpeMsTcs, 9TOOBI TOYHOCTH M MoHOTa ObIH paBHE! 1 (100 %).
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Ecnu ommbka HelipoHHO# ceTn naxe Ha TB BbIcOKast, TO 3TO 03HAYAET, YTO MMEET MECTO HeZ000yUCHHE
cetr (underfitting). B aToM ciay4ae HE0OXOMUMO B3sITh 00Jice MOIIHYIO HEHPOHHYIO CETh (C OONBIINM YHC-
JIOM HEHPOHOB).

Ecnu ommbka HeliporHoit cetn Ha TB Hu3kas, a ommbka Ha BB BeICOKast, TO 3TO O3HAYAET, UTO MPOU30-
o nepeodyuenue (overfitting). B aTom ciyuae He0OXOAMMBI:

»  peryisapu3anus;
»  JponayT;
»  HCIONB30BaHUE OONBIINX JAHHBIX.

3aki04eHue. Pe3ylbraTel TEOPETUYECKOTO UCCIIEA0BAHM [T03BOJISIIOT CEIaTh CIEAYIOLINE BEIBOADIL:

1. B 3aBucumocTH OT TpeOyeMoii 3a1auu (perpeccuu Win Kiaccu(ukaym) OyIeT 3aBHCETh apXUTEKTY-
pa HEeMpOHHOM ceTu.

2. Jns pelieHus pa3jinyHbIX 3334 C MOMOIIbI0 HCKYCCTBEHHBIX HEHPOHHBIX ceTell HeoOXOIMMO HX
IIPAaBUJIBHO U JOCTATOYHO HATPEHUPOBATh, UCIIOb3Ys IIPU ITOM METOABI IPOBEPKU TOUHOCTHU IPEACKAa3aHUS.

3. Mg 6opbObI ¢ nmonananueM HadanbHOW Touku I'C Ha TIIaTO U 30HY OECKOHEYHOIO CIyCKa IpPU MU-
HUMHK3AIH (yHKIMN moTepb <<Eqn0437.wmf>>, HeoOX0qMMO MCIIONB30BaTh AITOPUTMBI HHUITHATIH3AINT
BECOB, HOPMAJIN3ALIUHU JIaHHBIX, a TAKKE PEryspU3altu.

4. lloBbIIIEHHE TOYHOCTH TPEACKA3aHUS MCKYyCCTBCHHOW HEHPOHHOM CETH MOXKHO JOOWTHCS ITyTEeM
IIpUMEHEHHs JpornayTa (MpeIHaMepeHHOH! 1eaKTUBAllMK YacTH HEMPOHOB Ha I1are 00y4eHus).

5. «C nomolp0 HEHPOHHBIX CETEM BO3MOKHO peajln30BaTh HEBEPOSATHBIE TeXHOJIOruu. I1aBHOE mipe-
HUMYIIECTBO HEMPOHHBIX ceTell — UX caMoo0yyaemMocTh» [5].

6. HckyccTBeHHBIC HEHPOHHBIC CETH B MEPCIIEKTUBE [0 MHOTUM HATIPaBICHHUSAM OyIyT HCIOIb30BATHCS
BCE LIMPE BO MHOTHUX 00JaCTAX, Ill€ He HYKHbI CIMIIKOM HHTEJUIEKTyaJbHbIE PEIIEHUS, BBIIOJIHAEMbIE JKHU-
BBIM 4esioBeKoM. Hackompko ObI He OblTa YMHA HCKYCCTBEHHAsI HEHpOHHAsI CEeTh, OHA BCerna OyleT 3aBHCETh
OT CBOETO CO3/aTesl — YeIoBeKa.

Ioctynuna: 02.06.22; peuensuposana: 16.06.22; npunsra: 20.06.22.
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