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CUCTEMBI KJIACCUPUKAIINA OBPA30OB HA OCHOBE
HEVMPOHHOU CETU KOXOHEHA

Heab padoTbl: u3ydyeHue Mojnaeau cetu KoxoHeHa W airopurma
oOyueHuss  0e3  yuuTels.  caMOOpraHu3allds, OCHOBaHHas  Ha
acCOIMaTUBHOM mpaBuiie Xe00a, M MEXaHU3M KOHKYPEHIIUH MEXITY
HelipoHamMu Ha 0a3e 00oOmeHHoro mpaBwia KoxoHeHa; co3maHue u
nccienosanne mojaeian ciiost Koxonena B cucteme MATLAB.

1. KPATKHUE TEOPETHYECKHUE CBEJIEHUSA
1.1 IlocTaHoBKA 3aJ1a4YH

Camoopranu3anyss HEHUPOHHBIX CE€TEd BO3MOXXHA Ha OCHOBE
CaMOOPTaHM3YIOIIUX OIepalliii, KOTOPBIC IPOBOJATCS B Pa3IHMIHBIX
JOKaJIbHBIX CETMEHTAaX CETH.

B cooTBeTrcTBMM ¢ BXOZHBIMH CHTHAJIAMH  OCYIIECTBIISICTCS
aKTHBAIlMs HEWPOHOB, KOTOpPHIE BCJCACTBHEC HW3MCHEHUS 3HAYCHUH
CHHANITHYCCKUX BECOB aIaNTHPYIOTCS K TOCTYHAIOIIMM O0yJaloIuM
BbIOOpKaM. B mpoiiecce o0ydyeHus HAOMI0IaeTCsl POCT 3HAYEHHU BECOB,
IIPU 3TOM CO3JaeTCS IOJIOKHUTEIbHAS OOpaTHasi CBS3b: Oojee MOUjHbvle
8030yHcOaOuUe UMNYIbCHL - OOJlee 8bICOKUE 3HAYEHUSl 8eCO8 - DOIbULASL
AKMUBHOCMb HEUPOHOB.

[Ipp >TOM TNPOUCXOAUT pacCIOCHWE HEUPOHOB HaA pa3IMYHBIC
rpymmbl. OTaeNbHBIE HEHPOHBI WM WX TPYNIBl COTPYIHUYAIOT MEXKIY
coO0OM W aKTUBU3UPYIOTCS, IIOJIAB/ISAS CBOEH AaKTHUBHOCTBIO JIPyTHE
HelpoHbl. [Ipr 3TOM MOXHO TOBOPUTH KaK O COTPYIHHYECTBE MEXKIY
HEeWpOHAMH BHYTPH TPYIIIBI, TaK U O KOHKYPEHIIMH MEXIy HEHUpOHAMHU
BHYTPH TPYHIIBI M MKy Pa3IMYHBIMH TPYIITaMHU.

Cpeaun MeXaHHM3MOB CaMOOpraHMU3allid MOXKHO 6bloeumsb 08d
OCHOBHBIX KIACCA: CAMOOP2AHU3AYUS, OCHOBAHHASL HA ACCOYUAMUBHOM
npasuie Xeboa, u MexaHusm KOHKYPEHUUU MeHCO) HeUupoHamu Ha Oasze
0000wenno2o npasuna Koxonena.

HezaBucumo oT cmoco0oB oOydeHHs] CaMOOPTaHU3YIOMIUXCS CeTel
bonvuloe 3HaueHue umeem U3DLIMOUYHOCHb 00YUAOWUX OAHHBIX, 0e3
KOMOPOU 00yYeHUe HeBO3MONCHO.



[Iupokwuii CIIEKTP 00yJaroIINX JTAaHHBIX, BKJIFOYAIOIIUU
MHOTOKpaTHbIE MIOBTOPEHUS MOXO0XKUX JIPYT Ha Jpyra BEIOOPOK, oOpa3yer
"Gazy 3HaHUK" 1151 00yUYEeHUS CETH, U3 KOTOPOH MyTeM COOTBETCTBYIOIINX
COIMOCTABJICHUI BBIBOJSATCS pElICHUs MO (OPMUPOBAHUIO HA BXOJI€ CETH
ONPEICIICHHOTO BEKTOPA.

OOyueHre HEHPOHHOW CETH BO3MOXHO OCYILIECTBIIATH 0€3 yUuTes B
TEeX Clydasx, Korga B oOydYaromiel BBIOOpPKE HEM3BECTHBI MPABUIIBLHBIC
(>keymaeMble) BBIXOAHBIE PEaKIINH.

Jlns peanuzanu 3TOTO MOJX0Aa HEOOXOJAMMO BBINIOJHUTH JBa
JTamna.

1) aman obyuenusn — pazpabomams memoowvl pazouenus oopazoe
Ha Kaaccel 0e3 yuumens,

2) aman pacnozHaeanus — evlpadomamv NPAGUIA OMHECEHUs
MmeKyuie2o 6X00H020 00paza K HeKOmMopomy Kaaccy.

Pa3buenne Ha Kiacchl MOXKET OBITh OCHOBAHO Ha MCIOJIb30BaHUU
JOCTATOYHO OOIIMX CBOWCTB KJIACCUDUIUPYEMBIX HH(OOPMATUBHBIX
NpPU3HAKOB 00BEKTOB. B oauH Kiacc momagaroT oOpa3bl MOXOXKUE B
HEKOTOPOM CMbIciie. B 3TOM cilydae KakJaoMy KJIacCy B MPOCTPAHCTBE
MPU3HAKOB COOTBETCTBYET 000COOJIEHHAS TPYyIINa TOUEK.

Torma 3agaua Kiaccu(UKAlMU CBOJMUTCS K  pa3leiCHUIO B
MHOTOMEPHOM MPOCTPAHCTBE HA YaCTH MHOXECTBA TOYEK.

IIpoyecc pazdbuenus muodcecmea obpazos HA KIACCHI HA3bIBAIOM
Kaacmepuzayuei.

HeoOxoaumo dhopManuzoBath ciocod MPOBEACHUS TPAHUIIBI MEXTY
KJIACCaMHU.

CymectByer TAN ~ HEHPOHHBIX  CETE€W, OCHOBAHHBIM  HaA
Konxkypeumnom o6yuenuu (Competitivelearning), B KoTopoM HEHpPOHBI
BBIXOJHOTO CJIOSl COPEBHYIOTCS 32 MPABO aKTUBALMU. [Ipy 3TOM aKTUBHBIM
CTAaHOBUTCS OOBIYHO OJMH HEHPOH-TTOOEIUTENH B CETH HEUPOHOB.

Takum 00pa3oM, B O3TOM cCiydyae pealu3yeTcs MPUHITUII
“mo0enuTesb MOJIy4aeT Bce' .

1.2 O0yueHue HelHPOHHOI ceTH MO NpaBuay Xeb66a

. Xe60, ucciaenayst MexaHu3Mbl (HYHKIIMOHUPOBAHUS IEHTPATIBLHOMN
HEPBHOM CHCTEMBI, YCTAaHOBWJ, YTO CBSI3b MEXIY JBYMSI KIIETKAMU



YCUJIUBACTCSA, €CIIU 00€ KIETKU MPOOYKIAOTCA (CTAHOBSATCS aKTUBHBIMH )
B OJIMH U TOT )K€ MOMEHT BPEMECHHU.
Ecnu j-g1 kieTka C BBIXOJHBIM CHTHaIOM Y j CBsi3aHa C i -1

KJIETKOM, UMEIOIIEN BBIXOJHOW CUTHAI Y; CBSI3bIO C BECOM Wij , TO Ha CUJTY

CBs3H1 O3THUX KIICTOK BJIHUAIOT 3HAYCHHSA BBIXOJAHBIX CUTHAJIOB Yi n Yj .

[ToacTporika CMHANICOB MOYXET MPOBOJAUTHCSA TOJBKO HA OCHOBAHWU
vH(pOpMALIMK JIOCTYITHOM B HEWpOHe, T.e. €ro cocrosHue Y; H

UMEIOIITHUXCS BECOBBIX KO3 (DHUITMESHTOR Wij .

[lo amamormm ¢ W3BECTHBIMH TMPHUHIUIIAMHA CaMOOPTaHU3AINN
HEPBHBIX KJIETOK, OBLI TIOCTPOEH alroput™M oOydeHus Xe00a,
OCHOBAHHBIN Ha CIICTYIOIIEM MPaBHUIIC KOPPEKIIUU BECOB:

W, (1) =W (t—1) + Y, " -y ™ 1)
rae Yi(n_l) - BBIXOJHOE 3HaueHHe |-r0 HelipoHna (N —1)-ro cios;
Y j(”)- BBIXOJHOE 3HaUYCHHE | -ro HekpoHa (N)-To cios;
W;; (1), W;; (t —1) - BecoBbie KOdbDHUUMEHTBI CUHATICA, COEIMHSIONIETO | -1 1

] -1 HelipoHbI Ha uTepanusax t u t —1 cOOTBETCTBEHHO;

o - K03QhUIMEHT 0O0yUYEHUSI.

BaxxHo oTmMeTuTh, dYTO TpU OOY4YEHHWHU JAHHBIM METOJOM
VCUNUBAIOMCS CBAZU MEHCOY COCEOHUMU HEUPOHAMU.

CymectByeT Takxke nuddepeHunanbHblid MeToa o0yueHus Xeb0a, B
KOTOPOM KOPPEKITUS BECOB MPOU3BOIUTCS 110 hopmy!Jie:

W, (1) =W; (t—1) + oY, " Pt -1 -, " Pt -01- vV ) - YV t-D] (2)

N3 dhopmynbl crenyeT, 4To HauOOJIbIINE Beca MOJIy4aloT CUHAICHI,
COCIMHSIONINE T€ HEWPOHBI, BBIXOABl KOTOPBHIX Haubojee JAUHAMUYHO
U3MEHSIOTCS.

Lonnwiii aneopumm o6yueHus umeem 6uo:

1. Ha craguum uHUIMaIU3allMd BCEM BECOBBIM K03 duIMeHTaM
MPUCBAUBACTCS HEOOJBIIINUE CIyYaliHbIC 3HAYCHMUSI.

2. Ha BXxoabI ceTu mogaeTcs BXOHONW 00pa3 v CUTHAJ BO3OYKICHUS
pacpoOCTPaHSIETCS MO BCEM CJIOSIM CETH.

3.Ha ocHOBaHMM TIONyYEHHBIX BBIXOJHBIX 3HaueHWd Yj, Y; IO
dbopmynam (1) wmm  (2) TPOWMBBOAWUTCS  H3MEHEHHE  BECOBBIX



KO3 (HUITUEHTOB.

4. Tlepexon Ha mar 2, MOKa BBIXOJbI CETH HE CTAOMIU3UPYIOTCS C
3aJJaHHOM TOYHOCTHIO. [Ipr 3TOM Ha BTOPOM IIAre HUMKJIA MOMEPEMEHHO
MIPEABSABISIIOTCS BCe 00pas3bl 00yJaromero MHOKECTBA.

Bun oTkiauMka Ha KaXKIbld KJIacC BXOJHBIX 0Opa3oB HEU3BECTEH
3apaHee W TPEJCTaBISIET COOOM TPOM3BOJIBHOE COYETAaHUE COCTOSHHUUN
HEWpPOHOB, OOYCJIOBJICHHOE CIy4allHBIM paclpeicicHHeM BECOB Ha
cTaguyu uHUIManu3anuu. HecMoTps Ha 3TO ceTb 0000IIAaeT MOXOXKHE
00pasbl, OTHOCS UX K OJHOMY KJlaccy.

1.3 O0y4enue HeiipoHHoiIi ceTu Mo npaBuy Koxonena

DTOT aITOPUTM TO3BOJISIET YCTAHOBJICHUE 3HAUCHUN CHHAIITUYECKUX
K03 HUITMEHTOB HA OCHOBAHHUH MIPEABIAYILECH UTEpaIin

Wi (1) =Wy (t=2) +ar (Y™ — Wy (t-1) (3)

OOydeHrne HEHUPOHHOW CETH CBOJIWTCS K MHUHUMH3AIMA Pa3HOCTU
MEXJY BXOJHBIMH CHHAIICAMA HEHWPOHOB MOCTYMNAKOIIMX C BBIXOJOB
HEUPOHOB TPEABIAYIIETO CJIOSI C BECOBBIMU KO3(DPUIIMEHTaMH €ro
CHHAIICOB.

B stom cnydae peanusyeTcs NpUHLUIN «RoOedoumenv noJiyuaem
éce». Takoil mnonxonq B OOyYEeHHM HEHUPOHHON CETU HA3bIBAIOT
KOHKypupyouwum o0yueHuem.

[IpuBeneHHas mpoueaypa pa3oMBaeT MHOXECTBO BXOJHBIX 00pa3oB
HA KJIACTEPHI MPUCYIIUE BXOAHBIM JIAHHBIM.

B npaBunbHO 00y4eHHOW CETH ISl TEKYIIETro BXOAHOTO oOpasza X
aKTUBU3UPYETCS  TOJbKO  OJWH  BBIXOJHOW  HEUPOH-TIOOEIUTEND,
COOTBETCTBYIOIIUK KJIACTEPY, KOTOPHIA IONATACT B TEKYIIUHA BXOIHOWU
obpa3 X. _

1.4 MeToabl onpeaeieHlsi HeHPOHA-TO0eUTEJIA

Cy1uiecTByeT Ba METO/Ia OTpeiesIeHHs] HEHpOHa mooeuTes.

Ilepsviii. memoO  OCHOBaH Ha  BBIYMCICHUM  CKaJIAPHOTO
npousseneHuss X -W , T.e. MAKCUMAJIbHOE 3HAYEHHE 3TOTO HPOU3BEICHHS
onpenenser HeiipoH. Ilpy  5TOM  OOBIMHO  BEKTOpl X W

W HOpManu3yroTcs.



JUIsi  KaXZIOro BBIXOJHOTO BEKTOpAa BBIYHUCISIETCS CKaJspHOE
MPOU3BE/ICHUE

Yo=3 Wi X; =W, - X, ¥0=k, Y,<Y,. (4)
i

3aTeM ompesenseTcss HeMpoH-mooeauTenb. Jlanee ycraHaBIMBAIOTCS
3HAYCHUS:
IUIA  KaXA0ro HeHWpoHa mnobeautens mnojararoT Y, =1, a ana

oCTanbHBIX ycTaHaBimuBatoTcs Y =0.
Kak Tonbko ompenensercsi moOeanTeNb, €r0 Beca KOPPEKTUPYIOTCA
o ¢hopmyie:

W (1) = W) @) ~Wi (1)

- ()
Wi () + e (x(t) - W, (1))
B »TOM ciydae peneHHMe Ha MOJYJb IO3BOJSET HOPMAIU30BAaTh
BekTopa W, .

CormacHO 3TOMy  BBIPDQXEHHUIO BEKTOp BECOB  BpalllaeTcs
(«ITOIKpYYHBAETCS») B CTOPOHY BekTopa X (puc. 1).

Pucynok 1. Bpaiienre BeCOBOTO BEKTOpa B MpoIiiecce 00yueHust

B npouecce o0yueHus, IpH NpeIbABICHUU TEKYILEro Bekropa X,
ompeaesieTcs OMMKaNIINi K HEMY BECOBOM BEKTOP HEMpOHA moOeauTeNs,
KOTOPBII «IIOAKPYYUBAETCS» 110 HAIPABICHHUIO K X .

B pesynpbrare BekTOpa BECOB HEHMPOHOB  BpPAILAIOTCA IO
HaIpaBJIECHUIO K TeM O00JacTsM, II€ HAXOJIUTCS MHOTO BXOJHBIX 00pa3oB
(T.€. KJIacTepoB), YTO MPOJIEMOHCTPUPOBAHO HA PUCYHKE 2.
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PucyHok 2. YcTaHOBJIEHUE BECOBBIX BEKTOPOB HEUPOHOB B IIEHTPHI
KJIACTEPOB

Bmopoii memoo OCHOBaH Ha BBIYMCIICHUU E€BKJIMJIOBA PACCTOSHUS.
[Tpu peanu3zanuu 3TOro MeToAa onpeaeinsercs K- HeHpoH-moOeauTeNb
JUIS KOTOPOTO BBIMIOJIHSIETCS YCIIOBHE!
W, X| < % - X]. ®
OueBugno, uto ecnu Bektopa X m W HOpMalu30BaHBEL, TO 3TOT
METOJI JAaeT Pe3yJbTaTbl AHAJIOTHYHBIE, pE3yJbTaTaM HAa OCHOBAaHUU
NIEPBOr0 METO/A.
[locne ompeneneHuss  HEHWpPOHA-TIOOEAUTENST  OCYIIECTBIISICTCS
KOPPEKTUPOBKA €ro Beca 1o hopMmyie:

W (t+1) =W, (1) + a(X (1) W (1)). (7)



1.4 IlpuMep BbINOJHEHUS PAdOTHI

1. B oxume “CommandWindow” cpeast MATLAB BBemute

koMaHny Nntool. Ortkpoercs OKHO TrpadUYECKOr0 HHCTPYMEHTA
noJip3oBareis nntool.

2. Haxxmute kHomky “New”.

3. B rexcroBom mosie BBoAa ‘‘Name” BBeauTe UM HEMPOHHOM CETH,
HanpuMep hnclass.

4. B BeimagatomeM crucke “‘NetworkType” BeiOepuTe HO3UINIO
“Competitive” (puc. 3).

;7 Create Metwork or Data I. — ﬁ]
— - — . o e
Metwork | Data|
Name
nnclass
Network Properties
Metwork Type: :ECumpetitive v:
Input data: :{Select anInput)] -
Mumber of neurons: 2
Kohonen learning rate: 01
Conscience learning rate: 0.001
[ ] view ] [ %% Restore Defaults ]
L{,) Help [ ,{ Create ] ’ @ Cloze ]

Pucynok 3. Beioop nosunuu “Competitive” B BbIltaalomeM CIIHUCKe
“NetworkType” oxHa co3gaHuss HEHPOHHOH CETH TpapUIECKOr0
WHCTPYMEHTA IoJib30oBaTes NNtool.
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5. OtkpeiB Ha Bkiaaky ‘‘Data”, co3gaiite BXOJHbIC JaHHBIE P,
KOTOpbIE OyAYyT UCIOJIB30BaHBKI sl 00yueHus cet, Hanpumep [.1 .8 .1 .9;
2.9 .1 .8]u BxomHble JaHHBIE A, KOTOpBhIE OYIyT HCMIOJIB30BATHCSA IS
CUMYJISIIIMU (PYHKITMOHUPOBAaHUS HeHWpoHHOM ceTu, Hampumep [0 1 -1; 0 1
-1].

6. Ortkporite Briagky ‘“Network™. B Beimajaromiem crucke
“Inputdata” BeiOepure mo3uruio P. B TexkcroBom Tmosie BBOjA
“Numberofneurons” BBeauTe KOJMYECTBO HEHPOHOB B CKPBHITOM CJIOC
paBHOE 1BYM (puc.4).

1 '/ Create Network or Data - — A g— I_l:l | |_ﬂh
bl metwork Data
Mame
nnclass
Network Properties
Metwork Type: Competitive -
B - :
Input data: L > |
8 Mumber of neurcns: 2
Kohonen learning rate: 01
Conscience learning rate: 0.001
FL|
1
|
: ’ mview ] ’ %% Restore Defaults ]
@Help ’ \,j Create H @Close ]
'.- . Taaae—— — - — e c— il ol ————

Pucynok 4. OkHO co31aHusi HEUPOHHOM CeTH TpaUUecKOro MUHCTPYMEHTA
noJib30Batest NNtool ¢ HacTpoeHHBIMU TTapaMeTPaMH.
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7. Haxwvure xHomky “View”. OTKpoeTcs OKHO, CoJepKaIiee
N300paKeHNE MOJICII HEHPOHHOM ceTH (puc. 5).

- ~
A4\ Custom Neural Metwork (view) EM

Layer

Input

W

-

Pucynok 5. Mojenp HEHPOHHOU CeTH
8. 3akpoiiTe OKHO ¢ HM300paKEHHEM MOJCIM HEHPOHHOU CETH U
HaxmuTe kHOTKY “Create”. Haxxmure knomnky “Close”
9. JIBaXX/1bl KJIMKHUTE MBIIIIKONW 110 HAMMEHOBAHUIO HEHPOHHOMN CETH
B OKHE rpaduecKkoro HHCTPyMEHTA IoJib3oBareist NNtool.
10. B otTkpeIBIoIeMCs OKHE OTKpoWrte BKiIagky “Train”. B
BbITIa1aroleM crucke “INnputs” Beioepute nosuruio P. HaxxmuTte kHOMKY

“TrainNetwo rk” OTKpoOeTCst OKHO 00yUIeHUS HCHPOHHOM ceTH (puc.k 6).
-‘\. Neural Network Training (nntraintool) |

MNeural Network

Input

Algorithms

Training: Randorm Weight/Bias Rules  (trainru)
Performance: Mean Squared Error  (mse)
Calculations:  MATLAB

Progress

Epoch: 0 | 1000 iterations | 1000
Time | 0:00:03 |

Plots

Plot Interval: O 1 epochs

w Maximum epoch reached.

| @ Stop Training @ Cancel

== — = === —

Pucynok 6. OkHO 00y4eHHsI HEHPOHHOU CETH
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11.I1epeitnute Ha BKiIagky “Simulate”.

12. B BemmaparomeMm crucke “Inputs” BeiOepute mno3ummioA.
Haxxmute kHonky “Simulate Network”,

Jlo)K1uTech OKOHYAHUS IPOTrOHA HEMPOHHOM CETU U 3aKPOWTE ITO
OKHO.

13. PaccMoTpuTe NOJIy4YEHHBIN pe3yIbTarT.

14. CnenaiiTe BBIBOJBI.

2. 3AJAHUA 1A CAMOCTOATEJBHOI'O BBIITOJIHEHUSA

1. Co3naTh HEMPOHHYIO CETh, KOTOpPAsi MPOU3BOJIUT KIACCU(PUKALIUIO
Ha ocHOBe cyioss KoXoHeHa W MPOU3BECTH HAYAJIBHYIO WHHUIMAIIM3AIUIO
BECOB HEMPOHHOM CETH.

2. Tloctpouts o0O0y4awIlyr0 BBIOOPKY, KOTOpas IO3BOJIAET
MpPaBWIbHO KJIACCU(MUITMPOBATh 3aJJaHHYI0 IPOBEPOUYHYIO BBIOOPKY.
Koopaunatel Todyek oOydaroimied BBIOOPKH JOJDKHBI OBITH MOJA00paHbI
reoMeTpUYEecKu. [[J11 3TOro nepBOHavYabHO HAHECTH TOUYKHU MPOBEPOUYHON
BBIOOPKHM Ha TrpadUK, OPUEHTHUPOBOUHO MOCTPOUTH BOKPYT KaXKJIOW W3
ATUX TOYEK HECKOJIbKO TOYEK OOydarolied BBIOOPKH, 3aTE€M 3aIucaTh
KOOPAMHATHI ATUX TOYEK B MAacCUB 0Oyuarolieil BbIOOpKU. Ha kaxayro u3
TOYEK MPOBEPOUYHOU BBIOOPKHU JOJDKHO MPUXOJIUTHCS HE MEHEe 3 TOYEK
oOyuarorieit BHIOOPKH.

3. IlpousBectu oOydeHHE HEHPOHHOM CETH Ha COCTABJICHHOM
oOyuaroriei BHIOOpKe.

4. MHcnonb3ys OOy4YeHHYHO HEHPOHHYIO CE€Th, IPOM3BECTH
KJIACCU(PUKAIINIO TPOBEPOYHOTO MHOKECTBA.

5. IlpenocraButh oTueT. CopepkaHUE OTUYETA:

TUTYJIbHBIN JIUCT;

TEeMa U LIeJb paboThI;

dbopmanbHas MTOCTAHOBKA 3aJlauy KiiacCU(PUKaIuu;

OCHOBHBIC TEOPETUUYECKUE CBEJICHUS;

3a/laHue, YYUThIBas CBOM BapUaHT;

Ope/CTaBUTh  rpaduyeckoe W TaOJMYHOE  TPEJCTABJICHUE
00yYaroIIero MHOXEeCTBa,;

OpeACTaBUTh  rpaduyeckoe W TaOJMYHOE  TIPEJCTaBJICHUE
IIPOBEPOYHBIX TOYEK;

BBIBOJIBI.
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Tabauma 1
BapuaHTsl HHIUBUAYATbHBIX 3aJaHUN
KonnuectBo [KoopauHatsl TOYEK IIPOBEPOYHOTO
No KJIaCCOB  [MHOXECTBa, HOMEp Kiacca, K KOTOPOMY
BapHaHTa MPUHAJICKUT JTaHHAS TOYKA
1 3 [0;0]-1; [1;1]-2; [-1;-1]-3;
2 4 [2;1]-1; [1;0]-2; [0;-1]-3;
3 5 [0;0]-1; [1;1]-1; [-1;-1]-3;
4 6 [1;0]-1; [-1;1]-2; [-1;-1]-2;
5 / [0;0]-1; [1;1]-2; [-1;-1]-3;
6 8 [0;0]-1; [1;1]-1; [-1;-1]-1;
7 3 [-1,0]-1; [-1;1]-2; [-1;-1]-3;
8 4 [0;1]-1; [1;-1]-2; [-1;-1]-3;
9 5 [2;0]-1; [1;1]-2; [-1;1]-2;
10 6 [0;0]-1; [1;1]-2; [-1;-1]-1;
11 7 [0;0]-1; [1;1]-1; [-15-1]-2;
12 8 [0;0]-1; [1;1]-2; [-1;-1]-3;
13 3 [0;0]-1; [1;1]-1; [-15-1]-1;
14 4 [0;1]-1; [1;-1]-2; [-1;-1]-3;
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3. KOHTPOJIBHBIE BOITPOCBHI

1. B dem 3akmrouaeTcs mpaBuio o0ydeHus Xeo6a?

2. Kak ocymiecTBisieTcst OACTPOKa CHHAIICOB?

3. Kak ocymecTBisieTcss KOPpEKIns BECOB?

4, Ha xakoM MpUHITAIIE OCHOBAH MeTo]1 00ydeHus Xeb6a?

5. Kak Bemomnnsercs audepeHnnanbHbiii MeTo 1 00ydeHus Xeooa?

6. Chopmynupyiite airoputm ooydeHust Xeo0a.

7. Yto Takoe kinactepuzanust ”HHOPMATUBHBIX TPU3HAKOB?

8. Kakue HsTambl BBIMOJHSIOTCS MJIS peaau3anuu oOydeHus 0e3
YUUTEIIS?

9. B yem 3akirovaeTcs 3a1aya kinaccuukanuu?

10. B uem 3akmouaetcs uaes ooyuenuss HC mo mpaBmny Koxonena?

11. B uem 3akirovaercs ujiesi KOHKYpUPOBaHUS HEMPOHOB?

12.Kakne METOIbI OIpEICIIEHUS HEWpOHa-TI00eTUTEeIS
CYIIECTBYIOT?

13. Kak ocymecTBIseTCd YTOYHEHHE BECOB Ui HEUPOHa-
nmooenurensa?

14. TlpuBecTH T€OMETPUUYECKYI0 HHTEPIPETAUIO OOy4YEHHUS BECOB
o mertony KoxoneHa.

PEKOMEHJATEJBHBIA CIMCOK JJUTEPATYPbI

l.bopucosckuii, C.A. HeupocereBple MOAEIN C HEPAPXUUECCKUM
MPOCTPAHCTBOM  HMH(GOPMATHBHBIX  TMPU3HAKOB JUISi  CErMEHTAIMU
MJIOXOCTPYKTYypupoBaHHbIX u3o0paxenuit/ C.A. bopucosckuii, A.H.
bpexunena, P.A. TomakoBa// buomenunuackas paanosnaekrponuka, 2010,
—Ne 2. — C. 49-53.

2. Ix Ty, I'oncanec, P. [lpunmunel pacno3HaBanus oopazo / P.
['oncanec, JIxx Ty — M.: Mup, 1978. — 411 c.

3. Kopenesckuii, H.A. HelipoHHbIE CETH C MAaKpOCIOSIMU JJIs
KJIacCU(UKAIIMU ¥ TIPOTHO3UPOBAHUS TMATOJOTUN ceTuaTtku riia3za / H.A.
KopeneBckuii, P.A. TomakoBa, C.II. Ceperun, A.®. Priooukun //
Menununckas texunka, 2013. — Ne 4. — C. 16-18.

4. TomakoBa P.A. TeopeTudeckue OCHOBBI U METOABI 00paOOTKH H
aHaJaM3a MUKPOCKOMMMYECKUX U300paKeHni OmomMatepuaioB: MoHorpadus



15

/ P.A. Tomakosa, C.I'. EmenssinoB, C.A. ®unuct. — Kypck, FOro-3arm. roc.
yH-T, 2011. =202c.

5. TomakoBa P.A. UHTe/IeKTyanbHbIE TEXHOJOTUM CETMEHTAUU U
KJIaccuduKammu OMOMEIUIIMHCKUX H300pakeHuid: MoHorpadus / P.A.
Tomakosa, C.I'. EmenssanoB, C.A. ®uwmuct. — Kypck, FOro-3arm. roc. yH-T,
2012. - 222c¢.

6. TomakoBa, P.A. CTpyKTypHO-(PYHKIIMOHATILHBIE —PEIICHUS
HEUYETKUX HEHUPOHHBIX CETEeW [JI1 HHTEIICKTyalbHBIX CHCTEM aHajn3a
pasHoTumnHbIX npusHakoB/ P.A. TomakoBa, C.A. ®unuct, B.B. Xunus,
C.A. TopbOarenko//®yHnaMeHTaIbHBIE W MOpPUKIaAHBIE  MPOOJIEMBbI
TeXHUKHU U TexHoynoruu, 2011. — Ne 1. — C. 85-91.

7. TomakoBa, P.A. VYHuBepcalbHbIE CETEBbIC MOJEIM IS 3aaad
kinaccupukanuu OouoMenunuHckux gaHHeix / P.A. Tomakoma, C.A.
®unuct, Sa 3ap o // M3Bectus HOro-3amagHoro rocyaapCTBEHHOIO
yauBepcuteTa, 2012, — Ne 4-2(43). — C.44-50.

8. Tomakosa, P.A. Merton 00paboTKH 51 aHaJIM3a
CIIOKHOCTPYKTYPHPYEMBIX N300paKCHHM Ha OCHOBE BCTPOSHHBIX (PYHKITHI
cpenst MATLAB / P.A. TomakoBa, C.A. ®wmict //BectHuk YUTHHCKOTO
rocyaapcTBeHHoro yausepcuteta. — 2012, — Ne 1 (80). — C. 3-9.

9. TomakoBa, P.A. HeiipoceTeBble MO MIPUHATHS PEIICHUN IS
JTMAarHOCTUKK 3a00JI€BaHUN JIETKMX Ha OCHOBE aHaim3a (IrooporpamMm
rpyasor kierku / P.A. TomakoBa, M.B. Hdiogun, M.B. Tomakos //
buomenunuHckas paguosnexkrponuka. — 2014, — Ne9. — C. 12-15.

10. Xaiixun, C. Heliponnsle ceTu: moaHbli kype / C. XalkuH. — M.:
000 «M1.A. Bunesmcy, 2006. — 1104c.



