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BBEJIEHME

CoBpeMeHHOE pa3BUTHE COLUAIBHO-3KOHOMUYECKOI0 O0IIECTBA, CBSI3aHHbIE
C HHTCHCHBHBIM BHEJIPEHHUEM HOBBIX TEXHOJIOTHH, MPEIBABISIOT HOBBIC
TpeOoBaHUs K oOpa3oBaHMIO. bpicTpopacTymuii moToK WHGOpPMAIUHU, pa3BUTHE
TEXHUKM WM [POU3BOJCTBEHHBIX  TEXHOJOTMH  NOTPEOOBAajIO  CMEHBI
o0Opa3oBaTeNpbHON MapaAurMel: HE 0Opa3oBaHUE Ha BCIO )KU3Hb, a 00pa3oBaHHE
yepe3 BCIO kKU3Hb. OCHOBHAsA 3a/iaya IIKOJIbI ABJISIETCS MOATOTOBKA TBOPYECKOM,
00pa30BaHHOM JIMYHOCTH, CIIOCOOHOW K HEMPEPHIBHOMY CaMOOOpPa30BaHUIO U
CaMOpPa3BUTHIO.

OpHoil w3 (QyHAAMEHTAIBHBIX XapaKTEPUCTHUK OOPa30BaHHON JUYHOCTU
SBIIIETCSL CIIOCOOHOCTh TMPOEKTHUPOBATH ACATENBHOCTb. B COBpEMEHHOM MIKOJIE
IPOEKTHAsT JAESATENbHOCTh  OOYyYaloOlIUMXCSl SIBISETCS HEOTHEMIIEMOW YacThbIO
o0Opa3oBaHMsI, KOTOpas OTKPBIBAET LIMPOKHE BO3MOXKHOCTU JUIsI IPUOOpPETEHHUS
YMEHUS HaxXOIAUTb WHTEPECHBIE BUIBl JACATENBHOCTH, H3ydaTb YCIOBUSA
MPaKTUYECKON JEeATEIbHOCTH, OCYIIECTBIISTh AEATEIbHOCTh Ha MPAKTUKE, JENIaTh
BBIBO/IBI U OLICHUBATh PE3YJIbTATHI.

OCHOBOI TIPOEKTHOW JEATEIbHOCTH SIBISETCS Pa3BUTHE MO3HABATEIbHBIX
HaBBIKOB OOYyYaroOUMXCd U KPUTUYECKOTO MBIIUICHUS, pPa3BUTHE YMEHUS
OpPUEHTHPOBATHCS B UH(POPMALIMOHHOM MPOCTPAHCTBE U YMEHUN CaMOCTOSITENIbHO
KOHCTPYHpOBaTh CBOM 3HaHWs. Pa0oTa Hax mnpoekToM oOO0ydaroIuMmcs Jaer
BO3MOXXKHOCTh TNPUOOPECTH HABBIKKU W YMEHHUS, KOTOpPbIE IMO3BOJISIIOT UM
aJanTHUPOBATHCA MOCJIE OKOHYAHUS IIKOJIbl B HOBBIX dKU3HEHHBIX YCIOBUSX.

Peanuzanus MeTona nNpoeKkTOB HAa MPAKTUKE MPUBOAUT K U3MEHEHUIO POJIU U
GyHKIMM Tefarora. YUYuTeNnb IPU TaKOM IOAXOJIE€ BBICTYNAE€T KOHCYJIbTAHTOM,
NapTHEPOM, OPraHU3aTOPOM MO3HABATENILHOMN JESITEIbBHOCTH CBOMX O0YUYarOIIUXCS.
U nana Ttoro, 4troObl AOOUTHCS OIpPENETCHHBIX pPe3ylbTaTOB B IMPOCKTHOU
JESITEIbHOCTH, YYUTENI0 HEOOXOAMMO TMPOU3BECTH HCCIEIOBAHUE JMYHOCTHBIX
XapaKTEPUCTUK OOYYaIOIIMUXCs, KOTOpPhle OYIyT ONpPENeNsiTh €ro YyCHEUIHOCTh B

CO3/IJaHUHU MPOEKTA.



Opuum u3 Haubosee 3PPEeKTUBHBIX UHCTPYMEHTOB JJIS1 HHTEIIEKTYalIbHOTO
aHalv3a JaHHBIX CTadd HEWpoOHHbIE ceTh. HelpoHHbIE CceTH CIOCOOHBI
aHaJIM3UpOBaTh,  KIaCCU(PUIMPOBaTh, IPOrHO3MPOBaTH U  paclo3HaBaTh
uH(bOpPMAITHIO.

Hcnonp30BaHne HEHPOCETEBBIX TEXHOJIOTMM OTKPBUIM HMHOM MOJIXOJ K
METOJI0JIOTUU TOCTPOECHUS KOMITBIOTEPHBIX MaTEMaTUUECKUX Mojenel. Tenepp, He
3aJlyMBIBalOCh HaJ| 3aKOHAMU OOLIECTBEHHOI'O Pa3BUTHUS, €CTECTBEHHBIX HAYK WU
T.JA., UCXOAS U3 OJHOTO TOJBKO SMIIMPUYECKOIO OINbITa, IPEACTABICHHOTO
OOy4arolMMH TMPUMEpPAaMHU, MOKHO CTPOUTh KOMITBIOTEPHBIE MAaTEMaTHYECKHE
MOJIeJIA, KOTOPbIE CaMHU H3BJIEKAIOT ATH 3aKOHBI M MO3BOJSAIOT MX 3(P(HEKTUBHO
UCITOJIB30BATh JJIs PELICHUS IMPOKOI0 Kpyra MPaKTHYECKUX 3a/1a4.

TexHonorum co3gaHusi MHTEIUIEKTYaJIbHBIX WH(OPMAIMOHHBIX CHCTEM Ha
OCHOBE HEMPOCETEBBIX TEXHOJIOIMI B HACTOSLIEE BpEMs HAXOMATCS Ha NEpPEIHEM
Kpae Hay4yHO-TEXHUUYECKOI'0 NMPpOorpecca U YCIEnHO ObI0T BCE PEKOPbI 110 TeMIaM
Pa3BUTHS M KOJMYECTBY NPAKTUYECKUX MPHIOKEHUI B pPa3IU4HbIX 00JaCTIX
YeJIOBEUECKON JEeATENbHOCTH. MHTE/UIeKTyalnpHass CHCTEMa, OCHOBaHHas Ha
TEXHOJIOTUSIX ~HEHPOHHOW CETH, TOMOXET MPOrHO3UPOBATH  PE3YIbTAThI
CTYJEHYECKON MPOEKTHOM JESITEIIbHOCTH HAa OCHOBE MX JIMYHBIX XapaKTEPUCTHK U
00pa30BaTeNbHBIX JOCTHXKEHUHN, U, TAKUM 00pa3oM, pejiaraTh peKOMEHIANH 10
U3MEHEHHUIO MapaMeTpoOB MPOEKTHOM MEATEeIbHOCTH JUIsl TapaHTUPOBAHHOIO
JNOCTHKEHHSI BBICOKMX PE3YJIBTATOB.

AKTyaJbHOCTh  NPUMEHEHHS COBPEMEHHBIX METOAOB  aHajuu3a W
IIPOrHO3UPOBaHMs O0YCIIOBJIEHa HEOOXOAUMOCTBIO (POPMHPOBAHUS y CYyOBEKTOB
o0Opa30BaHMsl, B YACTHOCTU Y YUMUTEJEH, JOCTOBEPHBIX 1 OOOCHOBAHHBIX 3HAHUI O
NEPCHEKTUBHON paboTe B MPOEKTHOM IEATETLHOCTH B IIEJISIX MOBBIIICHUS KAYeCTBa
IUTAHUPOBAHMSI CBOEH pabOThI B IIKOJIE.

OObeKT  HCCIeOBaHUA:  OpPraHM3alMsg  TIPOEKTHOM  JEATEIbHOCTH

IIKOJIbHUKA.



[Ipenmer wuccrnenoBaHus: METOAMKA IMMOA0Opa MapaMeTpoOB IPOEKTHOM
NEATETLHOCTH C YYETOM XapakTePUCTHK JIMYHOCTH M YYEOHBIX JOCTHXKEHUN
YYEHHKa, 00ECIIEYMBAIOIIETO YCIEUTHOCTh €r0 MPOEKTHON JESTEIbHOCTH.

[ens: pa3zpaboTka VMHTEJUICKTYaJIbHON CHUCTEMBI, CITIOCOOHOM
MIPOTHO3UPOBATh  PE3yJbTaThl IMPOEKTHOM JIEATEIBHOCTH IIKOJBHUKOB HAa
OCHOBAHHMH MX JIMYHOCTHBIX XapaKTEPUCTUK U YUECOHBIX TOCTUKEHUMH.

3anauu:

1. [IpoBecTn aHanmu3 JUTEPATypbl C IEIbI0 OCBOEHUS HEHPOCETEBBIX
TEXHOJIOTUH JIJI1 KX UCTIOJIb30BAHUS IIPU PENICHUH NEJArOTMYECKUX 3a/1a4.

2. [TpoBecTn aHaNMM3 TUTEPATYPHI C IEITBI0 U3YICHHUS METO/1a IPOCKTOB, €TO
pOJIK, 3HAUEHHUS U MTPAKTUKHU UCTIOJIB30BaHMS B IIpoliecce 00ydeHUsI.

3. [IpoBecTr aHAIM3 JTUTEPATYPHI C TIETBIO BBISBICHUS ITAKETOB MPHUKIIATHBIX
porpaMM HW/WIU A3BIKOB TMPOTPaMMHUPOBAHUS, HAIPABICHHBIX HA pPeaTU3aIUI0
HEUPOCETEBBIX TEXHOJIOTUH.

4. CipoeKTUpOBaTh HWHTEIUIEKTYaJIbHYIO CHUCTEMY Il MPOTHO3UPOBAHUS
pEe3yJIbTAaTOB IPOEKTHOM AEATEIBHOCTH IKOJIbHUKOB.

5. Co3gaTh MPOTpaMMHBIA KOMIUIEKC, PEaIU3yIOUMH IpPOrHO3UPOBAHME
PE3yIbTaTOB MPOEKTHOU JIEATEIILHOCTH HA OCHOBE HEMPOCETEBBIX TEXHOJIOTHH.

6. PazpabotaTts pekoMeHmANMM [JII Y4YUTEIEHM 1O MCHOJIb30BaHUIO
MHTEJUICKTYaJIbHO  CHUCTEMbl  IPOTHO3WPOBAHUS  PE3YJIbTATOB  MPOECKTHOU

ACATCIBHOCTH IMKOJIBHUKOB.



I''TABA 1. TEOPETUYECKOEOBOCHOBAHME CO3JAHUSA
HUHTEJJIEKTYAJIBHOW CUCTEMBI TPOTHO3UPOBAHUSI
PE3YJbTATOB MPOEKTHOMN JEATEJBbHOCTHU IIKOJIBHUKOB
1.1 HeiipoceTeBble TEXHOJIOTUM U UX MUCIIOJIb30BAHUE [JIS CO3IaAHUS
HHTEJJIEKTYAJbHbIX CHCTEM

B Hacrosiiee Bpems pazBuUTHE HAYKU M TEXHUKHU JIOCTUTJIO TAKOTO YPOBHS,
KOTJIa CTAHOBUTCSl YK€ pPEaJbHbIM CO3JAaHUE HMCKYCCTBEHHOTO HHTEJUIEKTA, WIIH
TOYHEE, MOJISTUPOBaHNE (MMUTAIIMS) BO3MOXKHOCTEH U CIIOCOOHOCTEH YesIoBeKa, a
PEILICHUE YKA3aHHBIX OCHOBHBIX 33Ja4 C MMOMOIIBIO MPOTPAMMHBIX U arapaTHbBIX
cpencts.[10]

CucremMoil UCKYCCTBEHHOTO HMHTEJIJICKTa SIBJISIETCS] MpOrpaMMHas CHUCTEMA,
KOTOpasi HMMUTHPYET HAa KOMIIBIOTEpE IIPOLECC MBIIUICHUS 4enoBeka. Jlid
CO3/IlaHUsI TaKOW CHCTEMBI HEOOXOIUMO H3YYUTh CaM IIPOIECC MBIIIICHUS
YEeJI0BEKa, PEIIAIOIIEeTO OIPEICICHHBIE 3aauyd WIM IMPUHUMAIOIIET0 PEIICHUS B
KOHKPETHOM 00J1aCTH, BBIICIUTh OCHOBHBIE ATAIlbl ATOTO Ipoiiecca U pa3padoTaTh
MIPOrpaMMHBIE CPEICTBA, BOCIIPOU3BOAIINE UX HA KoMmmbloTepe. CieaoBaTesibHO,
CcriocoObl M METOJIbI HMCKYCCTBEHHOTO MHTEIUIEKTa MPEAMNOJaraloT MpoCcTon
CTPYKTYPHBIH IMOJX0JI K Pa3padOTKE CIOXXHBIX MPOTPAMMHBIX CHUCTEM MPUHSITHUS
pemenmii.[14]

NcKyCCTBEHHBIM MHTEIUIEKT - 3TO HalpaBlieHUE WH(OPMATUKH, IIEIbIO
KOTOPOTO SIBJIIETCS pa3padO0TKa ammapaTHO-MPOrPAMMHBIX CPEJICTB, TO3BOJISIOIINX
MOJIb30BATENIIO-HENPOTPAMMUCTY  CTaBUTh W  pellaTh CBOM  TPAAULIMOHHO
CUMTAIOIINECS MHTEJUICKTYAIbHBIMU 3a7auu, o01asick ¢ 9BM Ha orpannyeHHOM
MOJIMHOKECTBE €CTeCTBEHHOTO si3bika.[20]

Bpiaenstor aBa  OCHOBHBIX CTPAaTErMUYECKUMX HAIMPABJICHUS CO3JIAHUS
WHTEJJIEKTYaJIbHBIX CHCTEM: TEXHOJIOTUM HKCIEPTHBIX CHUCTEM, HEWPOCETEBbIC
TEXHOJIOTHH.

DKCIiepTHasi CUCTEMa - KOMIIBIOTEpHasi MporpamMma, CIiocoOHasi 3aMEHUTH
CHEIUAINCTA-IKCIIEpTa B PEIICHUU MPOOJIEMHON CHUTYyallud WU KOHCYJIBTAIMH

MEHee KBaIM(PUIMPOBAHHBIX TOJIb30BaTeNed. OKCHEpPTHAs CHCTEMa Hadalu
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pa3palaThIBaThCs UCCIAEAOBATEIIMU UCKYCCTBEHHOTO HHTEIEKTa B 1970-X ropax,
a B 1980-x momyymnu KOMMEPUYECKOE HOJKpEIUIEHUE. OJKCIEpPTHAas CUCTEMaA
paboTaeT B ABYX peKHMMax: INpUOOpETEHHE 3HAHUI M pelleHue 3aaad. B pexume
npuoOpeTeHus] 3HaHWKM TPOUCXOAHMT (GopMupoBaHue Oas3pl 3HaHU. B pexume
pelieHns 3anad OOIIEHHWE C HKCHEPTHOM CHCTEMOH OCYIECTBISET KOHEUHBIN
10JIb30BaTeNb. TakuMm 00pa3oM, HUIes HUCIOJIb30BAHUS TEXHOJIOTMHM IKCIEPTHBIX
CUCTEM 3aKJIIOYAETCAd B IOJYYEHUM 3HAHUK OT JKCIEPTa M MX MOCIENYIOIIEM
UCI0JIb30BaHuu. [ 35]

HeliponHble ceTH W HEHPOKOMIBIOTEPHI - 3TO OAHA U3 o0JacTeu
KOMIIBIOTEPHOW HMHAYCTPUHU, B OCHOBE KOTOPOM JICKHAT WA CO3aHUA
UCKYCCTBEHHBIX HMHTEJUIEKTYaJbHBIX YCTPOMCTB «I0 o0O0Opa3y M 10J00UI0»
genmoBeueckoro Mo3ra.[35] Ha3Banue crparerun HEHPOHHON CETH CBSI3aHO C TEM,
YTO OHA OCHOBAaHA Ha HEWPOOHMOJIOTUU YEJIOBEUECKOTO MO3Tra: YeJIOBEYECKUN MO3T
ABJISCTCS JOBOJIBHO CJIOKHOM CTPYKTYpOH, a 3JIEMEHTAPHOW EIMHULIEN 3TOU
CTPYKTYPHI SIBIISIETCS HEUPOH.

CBoil myThb Ha PYCCKMH pBIHOK HEHPOHHBIE CETH CTald BMECTE C
(MHAHCOBO-KPEAUTHOM 00JacTM, B KAKOM MECTE€ 3aHMHTEPECOBAaHHBIE B
COBEpIICHCTBOBAHUU  YMO3AKJIIOUUTEIbHOM  JAESATENbHOCTh OaHKM  Haydaiu
JVHAMUYHO COJEpKaTb HEHPOHHBIE CETHBIE TEXHOJIOIMYECKUE IIPOLIECCH B
CTPYKTypa SKOHOMHUYECKHX JOMOJHEHUM.

OTnnYuTeNbHOM OCOOEHHOCTHIO HEMPOHHBIX CETOK MPEICTaBISIETCS HX
YyMEHUE MEHATh COOCTBEHHOE JAEUCTBUS (MOATOTOBKA) B CBA3M C IEPEMEH B
HapyKHOU c(epe, u3Biekas TaitHble TpadapeTsl ¢ cTpyu nHpopmanuu. B B Takom
cilydae Bellb IEPHOJ METOABI MPENOAaBaHUs HUKAK HE MPU3BIBAIOT TOT WU WHOM-
WM TOATOTOBUTENBHBIX TO3HAHMM O B3aMMOOTHOUIEHUSX, HMEIOIINUXCA B
HACTOSIIEH cdepsl, - CleyeT TOIBKO MOJ00paTh JOBOJIBHOE YUCIO 00pa3IoB, YTO
OOpHCOBBIBAIOT ~ JCWCTBHS HMMHUTHPYEMOH KOHIENMIMM B MHUHYBHIEM. B
MPOMBIIIUICHHOM CTENEHU MOArOTOBKA COCTOUT B OTHICKMBAaHUHU KO3(PHUIIMEHTOB
B3aMMOCBSI3€M Cpeau HeMpoHaMu. B xozae nmpernogaBaHusi HEUPOHHAS JIUHUSI MOXKET

PACKpPLIBATb HCIIPOCTLIC B3AMMOOTHOMICHUA CPCAN BXOJOM a TAKIKEC BBIXOIOM, HO
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KpPOME TOTO HCIOJHATH COYeTaHWe. JlaHHO€ 3HAYWUT, 4TO K€ B CIy4ae €ClH
MOJTOTOBKAa MUHOBAJIO OJIArOIMOIYYHO, JIMHUAS MOKET BO3BPATUTh BEPHBIA MTOT B
OCHOBE HWH(MOpPMAIMU, YTO HEJOCTABAIM B ydyalled BBIOOPKE, HO KPOME TOTO
HETOJIHOIIEHHBIX a Takke / MO0 «3allyMJICHBIX», OTYAaCTH HMCKPUBIECHHBIX
uHpopmariiuu.[33]

HeiiponHnslie ceTu SIBJISIFOTCS 3¢ HEeKTUBHBIM UHCTPYMEHTOM
MHTEJUICKTYaJIbHOTO aHAJIN3a JJAHHBIX, TO €CTh OHHM MO3BOJISIIOT U3BJIEKATh 3HAHUSA
U3 JaHHbIX. HellpoHHBIE CeTH OCOOEHHO XOpOIIO 3apeKOMEHAOBAIM ce0si MpHu
pemeHnr  3adad  KiIacCU(UKAIMU, TMPOTHO3MPOBAHUSA, KOAUPOBAHHUS U
JEKOUPOBaHUS  MH(POpMAIIMM W 1O  CPAaBHEHUIO C  KJIACCUYECKUMU
MAaTEMATUYECKUMHA MOJICIISIMA UMEIOT DS NPEUMYIIECTB: Y HUBEPCAIBHOCTD.
Heiiponnbie ceTM HE 3aBUCAT OT CBOWCTB BXOJHBIX JIAHHBIX W CTEIEHU HX
dopmanuzaruu. Ilpocrota. Vcnonb3oBaHuMe HEHPOHHBIX CETH HE TpeOyeT
CHEIUATbHONU MOJTOTOBKH, B OTJIMYHME OT CTATUCTHUYECKUX METOJIOB, TPEOYIOIIUX
(GyHIaMEHTAJIbHBIX 3HAHUN U3 00JIACTH TEOPUU BEPOSITHOCTEW M MaTEeMaTHYECKOM

ctaTucTUKU. CriocoOHOCTh 00padaThIBaTh OOJIBIINE OOBEMBI JAaHHBIX.

Puc. 1 Cxema npocroii HelipoceTH. 3eIEHBIM LIBETOM 0003HaUEHBI BXOHbIE HEHPOHBHI,

roJyObIM — CKPBIThIE HEHPOHBI, )KENTHIM-BBIXOAHON HEUPOH.

C ¢usuyeckol TOUYKM 3pEHHs, HEHPOHHAs] CEeTh SBJSETCS MOJIEIBIO
YEeJIOBEUECKOTO MO3Ta Ha CTPYKTYPHOM YpOBHE. AHaIM3Upys (OpMyibl, ¢
MOMOIIBI0O KOTOPBIX OH TIpeoOpa3yeT CHUTHaJbl, MOXHO YBHJETh, YTO C
MAaTEMATUYECKOM  TOYKM  3PEHUs  HEUpOHHAs  CETh  SIBJISETCS  JIMIIb
anmpoOKCUMATOPOM, KOTOPBIA 3aMeHsieT (YHKIIMI0O MHOTHX apryMEHTOB CyMMOM

GyHKINNA, KaKIas U3 KOTOPBIX 3aBUCHUT TOJIBKO OT OJTHOTO apTyMEHTA.



P. Xext-Huibcen qokasan, 4To yHUBEpCaIbHONM HEUPOHHOM CETBHIO SIBIISIETCS
HEHUPOCETh C OJHUM CKPBITHIM CJOEM, MPHUYEM AaKTHBAIIMOHHBIE (YHKIIMH €Tro
HEHPOHOB  JIOJDKHBI ~ OBITh  CUTMOMAHBIMH.  HeoOxoaumoe — KOJIMYECTBO

CHHANITHYCCKUX BECOB HEHPOHHOM CETH OIpeaenseTcs GopMyIIoi:

Jlll"'lll-(:J - o i
m e Nw N_I.' (Nl I) [N'L ‘I‘ N} 1 ]} + Nl

rie NX — KOJIMYECTBO HEUPOHOB BXOAHOTO ciiosi; Ny — KOJHUYECTBO
HEHPOHOB BBIXOJIHOTO €J10s1; () — KOJIMYECTBO 3JIEMEHTOB MHOKECTBA 00yUYarOIINX
MPUMEPOB, T.€. KOJIMYECTBO Map BXOAHBIX U BBIXOJHBIX BEKTOPOB X q U Dq; Nw —
HEOOXOJMMOE YHCIIO CHHANTHYeCKHMX cBsa3el. Heobxomumoe KoOIU4EeCTBO

HeﬁpOHOB CKPLITOI'O CJIOA HBYXCHOﬁHOFO HGﬁpOCGTI/I 6yz[eT PaBHO:

_ Nw
N Nx + Ny

Ha npaktrke 4aimie BCero MCHOJIb3yKOTCS HEUPOCETH, UMEIOIINE OJWH WU
JIBa CKPBITBIX CJIOSl, IPUYEM KOJUYECTBO HEUPOHOB B CKPBITHIX CIOSIX OOBIYHO
kojeomercs oT Nx/2 1o 3Nx.[33]

Taxum oOpa3om, HelipoceTeBasi TEXHOJIOTHUS 00J1aaeT JByMs Ype3BbIUaiiHO
MIOJIE3HBIMHU CBOMCTBaMHU: - CIOCOOHOCTBIO 00y4aThCsl HA KOHKPETHOM MHOKECTBE
PUMEPOB; YMEHUEM CTA0MIIBHO paclio3HaBaTh, IPOTHO3UPOBATh HOBBIE CUTYALIMH
C BBICOKOM CTEIEHbIO TOYHOCTH, IPUYEM B YCIOBUIX BHEIIHUX IIOMEX.

[Ipy wWcnonb30BaHUM HEHUPOCETEBOM TEXHOJIOTMH padoTa CTPOUTCS B

HECKOJIBKO 3TAaIlOB.



C 1. [Mocranoska 3amaun

|

[ 2. DOpMHPOBAHHE TIPHMCPOB

!

( 3. lMpoekTHpoBanne ceTu

{

( 4. OGyuenue cetu

U

A i

[ 5. lposepka cetn

U

\__/

( 6. Mcenenosanme npeaMerion obracru

I

Puc. 2 Cxema npuMeHeHHUs METOZa HEHPOCETEBOTO MAaTEMAaTUYECKOT0 MOIEIIMPOBAHHUS

Oran 1. [locTanoBka 3agaun

Ha sToM »Tame omnpenensiroTcss LENIH MOACIUPOBAHUS, YCTAHABIMBAKOTCS
BXOJHBIC W BBIXOJHBIC MapaMeTphbl MOJIETH, a TaAKXKE CTPYKTypa (COCTaB U JIJINHA)
BXOJIHOTO BEKTOpa X, U BBIXOJHOTO BekTOopa D. B KauecTBe KOMIOHEHT BXOJHOTO
BeKTOpa X BaXXHO BBIOpaTh 3HAYMMBIEC TMapaMeTPbl, KOTOPHIE OKa3bIBAIOT
CYILIECTBEHHOE BIIUSIHUE HA PE3YJIbTAaT.

Brixonnoit Bektop D hopmupyercs Takum, 4TOObI €r0 KOMIIOHEHTHI JaBaJIH
BO3MOXXHOCTh MOJYYUTh OTBETHl Ha BCE IMOCTaBJICHHBIE BOMPOCHL. KOMIIOHEHTHI
BXOJHOTO BekTOpa X M BBIXOJHOIO BeKTOpa D mpeacTaBistoT coboi yuca.

Otan 2. PopMupoBaHuE IPUMEPOB

Ha »toM »srame Qopmupyercs coaepkKuMoe BXOAHBIX W BBIXOJHBIX
BEKTOpOB. B pesynbrare cozmaercss MHOXKecTBO nap {Xq ;Dq} (q = 1,...,Q), rae
TakKas mapa COCTaBJISET MPUMEpP, XapaKTePU3YIOIMUNA MPEMETHYIO 00IaCTh.

UucnoByro uH(pOpMaIMio, TMPUTOTOBJICHHYIO IS BBOJAa B HEWPOCETh,
JKEJaTeIbHO HOPMHPOBaTh - MNpuBecTH K pAuanazony [0,1] wimm [—1,1]. Bcee
MHOKECTBO NMPUMEPOB pa3zduBaloT Ha oOydaromiee L u tectupyromee T. OObr4HO
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00BEM TECTHPYIOIIETO MHOXKECTBa BbIOHpatoT He MeHee 10—15% ot oOyuaromiero.
HeoOxoaumplii MUHUMAIBHBIH 00BEM OOYydYarOIIEr0 MHOXECTBA 3aBUCUT OT
3a/1a4yu.

Panee nis pacdyera MHMHHMMANbHO JOMYCTUMOTO O0beMa OOydarolero
MHOKECTBa pekoMmeHjoBanach ¢opmyrna: Q = 7 Nx + 15 [3], B koTopoit Nx-
KOJIMYECTBO BXOJHBIX MapaMeTpoB HeWpoceTeBO Moxaenu. OIHAKO B INPAKTHKE
IIPUMEHEHUSI HEHWPOCETEBBIX TEXHOJOTMM BCTPEYAIOTCS Clly4au, KOrja Juis
pelIeHus 3aJad XBaTaeT 3HAYMTENIbHO MEHBIIETO KOJMYECTBA OOydaroluX
IPUMEPOB.

Ortan 3. [IepBoHaYaIbHOE MPOEKTUPOBAHUE CETU

Crpykrypa HEHpoCeTH BBIOMPAETCSI B COOTBETCTBHUHM C TPAKTUYECKUMU
PEKOMEHJAIUSIMU.

1. KonudecTBO BXOAHBIX HEMPOHOB NEPCENTPOHA JOJDKHO COBHAAATh C
KOJIMYECTBOM BXOJHBIX MapaMeTpOB, T.€. C Pa3MEPHOCTBIO BEKTOpa X, KOTOPBIA
OIPEJIENIEH YCIOBUSIMU PEIIAEMOM 3aauH.

2. KomnyecTBO HEMPOHOB BBIXOAHOIO CJIOSI JOJDKHO COBHAAaTh C
KOJIMYECTBOM BBIXOJHBIX MMAPAMETPOB, T.€. C PA3MEPHOCTBHIO BBIXOJAHOTO BEKTOpa
D, 4T0 Tak)ke OnpeeneHo yCIOBUIMH 3aJa4H.

3. Koau4ecTBO CKpPBITBIX CIOEB IEPCENTPOHA, COIVIACHO TEOpeMe XexTa-
Hunbcena, 40MKHO OBITh HE MEHEE OJHOr0, MPUYEM HEUPOHBI B CKPBITHIX CIIOSX
JIOJKHBI UMETh CUTMOUIHYIO aKTUBAIIMOHHYIO (DYHKIIHIO.

4. Konu4yecTBO HEHPOHOB B CKPBITBIX CJIOSIX MOMKET ObITh MPUOIMKEHHO
orieHeHO 1o Gopmyne Xexta-Hunbcena.

_ Nw
N N + Ny

OpHako ero >KejaTelibHO YTOYHATH (ONTUMHU3HPOBATH) Uil  Kaxaou
KOHKPETHOM 3a/1a4H.

5. Hapsny c oOydarommm MHOXECTBOM NpuMepoB L B paccMoTpeHue
BBOJAT TECTUPYIOLIEE MHOKECTBO IpUMeEpoB T. [ npoeKkTrupoBaHusi HEUPOHHBIX

ceTer u paGOTBI C HHMH HMCCTCA MHOXCCTBO CIICHHAIIBHBIX IIPOIrpaMM,
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HAa3bIBAEMbBIX  HEUPOCUMYJIATOpPAMH, HEUPOMMMHUTATOPAMH, HEUPONAKTaAMHU.
MHorue u3 3THUX OPOrpaMM HUMEIOT (YHKIMH aBTOMATHYECKOH ONTHMH3ALUU
HEUPOHHBIX CETEM.

Oran 4. OOy4eHue cetu

enb oOydeHus sBISICTCS MOI0O0paTh CHHANTHYECKHE Beca Wij Tak, YTOOBI
Ha KKl BXOJHOW BEKTOp X MHOXECTBa 0OydYarolux MpUMEpPOB HEHpOCeTh
BblJaBajga BEKTOP Y(, MUHUMAJIbHO OTJIMYAOLIMICSA OT 3aJlaHHOIO BBIXOJHOTO
BekTopa Dq. DTa nenb JocTUraeTcs myTeM MCHOIb30BAHMS aITOPUTMOB 00yUEHUS
HelpoHHOU ceTH.[34]

[Tocne oOy4eHHUS! BBIYUCISIOT CPEIHEKBAAPATUUHYIO (MJIM MaKCUMAJbHYIO)
OIIMOKY HEHUPOHHON CETH KaK Pa3HUILy MEXy IOJYyYUBIIMMUCS B PE3YJbTaTe
BBIUMCJICHU KOMIIOHEHTAMH BBIXOJHOTO BEKTOpa Y U €ro JTAJOHHBIMHU
(3aaHHBIMK B MIpUMEpax) KOMIOHEHTaMu BekTopa D. OmuoOKy, BEIYHCICHHYIO Ha
npuMepax oOydaromero MHoxecTBa L, Ha3bpIBalOT OIIMOKON 00ydyeHHs U
o0o3HayarT kKak €L, a ommOKy, BBIYMCICHHYIO Ha MNpPUMEpPAX TECTUPYIOIIETO
MHOKecTBa T Ha3pIBalOT OUMIMOKOW 00O0OIIEHUs, WM OLIMOKOM TECTUPOBAaHUS U
00o3HauaroT Kak £71.[35]

Oran 5. [IpoBepka (1 ONTUMU3ALINS) CETU

[IpoBepka o0oOmIAIONIUX CBOWCTB HeWpoceTd (MHOTAA JaHHBIA JTam
Ha3bIBAIOT TECTUPOBAHUEM HEMPOCETH) NPOUZBOAMUTCS HA TECTUPYIOUIEM
MHO’KECTBE MPUMEPOB, T. €. Ha TeX MPUMEPax, KOTOPbIe HE ObUIM HUCIIOJIb30BAHbI
py O0yYEHUHU CETH.

Ecnu pazHuna Mexxay KOMIOHEHTaMH KeJlaeMOro BBIXOJHOTI0 BekTopa Dq u
JEUCTBUTEIBHOIO BBIXOAHOTO BEKTOPA Y( OKAXKETCA HE3HAYUTEIBbHOU, TO MOXKHO
NEePEXOAUTH K CIEAYIOIIEMY, 3TaIly 6, HE BBIMOJIHSS ONTUMU3AIUIO CETH.

Ecau ke morpemrHocTh 0000IICHUS CETH OKaKETCS HEITPUEMIIEMO OOJIBIIION,
TO HaJO0 MOMBITATHCS ONTUMHU3UPOBATH CETh. JTa OMepalus COCTOUT B Mojadope
HamOoJiee MOAXOMASIIEeH [ JaHHOW 3aJauyd CTPYKTYpPhl CETH, KOJMYECTBA
CKPBITBIX CJIOEB, KOJUYECTBA CKPBITHIX HEHPOHOB, KOJMYECTBA CHUHANTHYCCKUX

CBSI3€H, a TaKkKe BUJIA U NTApaMETPOB aKTUBAITMOHHBIX (PYHKIIMI HEHPOHOB.

12



[Tpu BBIOOpPE ONTUMANBHON CTPYKTYpHI CETU CJIEIyeT MOMHHUTb, YTO LEJb
ONTUMU3ALIUN CETU COCTOUT B MUHHUMM3AIMH NOTPEIHOCTH 00001enHus €T, HO He
NOTPEenIHOCTH 00yueHus L.

PesynpraToM onTMMH3alMd W TNPOBEPKHM CETU SBIIAETCS T[OTOBas K
UCIIOJIb30BAHUIO HEWpoceTeBass mMaTeMaTHdecKass MOJIelb MPEeIMETHON o00sactu
MHTEJUIEKTyalbHas HH(POpMaAIMOHHAS CUCTEMA.

Ortan 6. MccnenoBanue nNpeaMeTHON 001acTH - MHTEIIEKTyalbHbIA aHAIN3
JAHHBIX

[Tytem MIPOBEACHUS BBIYHCIIATEIbHBIX HKCIIEPUMEHTOB Ha
MAaTeMaTHYECKOW HEUPOCETEBOM MOJEIBI0 JOCTUTAKOTCS LIENIH MOJACIUPOBAHUA U
HaXOJATCSI OTBETHI HA MOCTaBJIEHHbIE BOIpockl. Hampumep, MOTyT OBITh pelieHbl
TaKUe 3a/1ayy, KaK ONTUMH3ALUs MOJIETUPYEMOTO O0BEKTA, MPOTHO3UPOBAHUE €TI0
OyAyIIMX CBOMICTB, BBISIBICHHE 3aKOHOMEPHOCTEHN NPEAMETHOM 00J1acTH U JIp.

['oBOps 0 BaXXHOCTH METOJA MAaTEMaTUYECKOIO MOJEIUPOBAHMS, OTMETHUM,
YTO B HACTOSIIEE BPEMS OH SIBJISIETCS OJJHUM U3 HauOosee 3(PPEKTUBHBIX METOJIOB
NOJIy4eHHUs] HayyHbIX 3HaHMM. C HCIOJIB30BAHMEM METOJA MAaTEMaTUYECKOTO
MOJICJIMPOBAHUSL PACCUUTHIBAIOTCSA, MPOEKTHPYIOTCSA, ONTUMH3UPYIOTCSI HOBBIE
TEXHUYECKUE U CTPOUTENIbHBIE KOHCTPYKLMH, COCTABIISIIOTCS IPOTHO3BI MOTOBI,
IPOTHO3UPYIOTCSI ~ CTUXUHHBIE  O€ICTBHS, COCTaBJSIOTCS  HSKOHOMHUYECKUE
IPOTHO3bI, HA OCHOBE KOTOPBIX ONPEIEISAETCS HSKOHOMHUYECKAs MOJIUTHKA
OTJIEJbHBIX KOMITAHUN U LEJBIX TOCYIAPCTB.

HeiiponndopmaiinoHHble TEXHOJIOTUUA OTKPBUIM HHOM MOAXOJ K CaMOMYy
METOy TOCTPOEHHS KOMIBIOTEPHBIX MaTeMaTH4YeCKux wmoxaened. Ha paHHbIN
MOMEHT, HE€ 3aJyMbIBasChb O 3aKOHaX (U3UKHU, XUMHUHU, OUOJOTMM, MEIULHUHBI,
COLIMAJIBHOTO pPa3BUTUS U T.A., OCHOBBIBASICh Ha CAMOM 3MIIUPHYECKOM OIIbITE,
NPEACTABICHHOM  HAa  JIWJAKTUYECKUX  NPHUMEpPax, MOXXHO  IOCTPOUTH
KOMIIBIOTEPHBIE MaTEMATHUYECKUE MOJIENU, KOTOpbIe OyIyT HE3aBUCUMO U3BJIEKATh
9T 3aKOHBI U MO3BOJIATh UM 3(P(HEKTUBHO pabOTATh, UCMOJIB3YIOTCS JIsl PEIICHUS
LIMPOKOIro Kpyra NpakTU4YecKuX 3a1ad. [1osiBuiICs HOBBII HHCTPYMEHT U3BJICUEHUS

3HAHUM U3 JaHHBIX, HOSBOJ’ISIIOIHI/Iﬁ 3aHOBO OTKPLIBATb (byH,Z[aMCHTaJ'IBHBIG 3aKOHBI
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IPUPOABI, BBIABIISTH PAHEE HEU3BECTHBIE 3aBUCHMOCTH W HCIIOIB30BATh MX JUJIS
pELIEHNs] KOHKPETHBIX MPAKTUYECKUX 3a/a4.

HelipoceteBas MmatemaTdecKasi MOJEIb PEarupyeT Ha U3MEHEHHE BXOIHBIX
napaMeTpoB U BeleT ceOsi TOUHO Tak ke, Kak Bena Obl ce0s cama mpeaMeTHas
obnacte. IloaTomMy Haj TakoW MOJENBI0 HAJAO MOCTAaBUTHh KAaK MOYKHO OoJiblIe
HKCIEPUMEHTOB. MOXXHO MONpoOOBAaTh TOMEHATh HEKOTOPbIE W3 BXOJHBIX
apamMeTpoB M IOCMOTPETh, KaK IPH 3TOM MEHSIOTCS 3HAYEHHS] BBIXOJHOTO
BEKTOpa Y.

MOXHO czenaTh BBIBOJI, YTO IMOCIJIE 3aBEPUIEHUS MOJHOIO LHKIA PELICHUS
3a/layd BO3MOJKHBI J[Ba MyTH: HCIIOJb30BaTh B JalbHEHIIEH paboTe CO3AaHHYIO
CUCTEMY, 4YTO BIIOJHE IMPUEMJIEMO I OJHOIO CIIEHHMAJIACTA, PEIIAOIIETo
ONnpeNenEéHHbId KpPyr 3a7ad, WM CO3/1aBaTh HE3aBUCHUMBIC MPUIIOKECHHS IS
KaXIOW 3aJayd B BHJIE OTAEIBHOrO (pailia, KOTOPHIM MOMET HCIOJIb30BaThCS

APYIruMH IporpamMmmamMu.
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1.2 CymHOCTh MeTO/A2 IPOEKTOB, €r0 POJib, 3HAYEHHE W MPAKTHKA
HCIOJIb30BAHMS B Npouecce 00yueHus

B nacrosiee Bpemsi B 00pa3oBaTeNibHYIO JeATeIbHOCTD KO BBOJSAT HOBBIC
MeJJaTOTMIECKUE TEXHOJOTHUH, UCIOJIB3YIOT aKTUBHBIC METOABl OOY4YCHUS, B TOM
YHUCJI€ U METOJ| MPOEKTOB. DTO MPOUCXOJUT MOTOMY, YTO OOBIYHAs IIKOJA, B
KOTOPOM YUYEHHMK BBICTYIAET 0OBEKTOM 00yUYEeHUSsI, TEPSET CBOIO aKTyalbHOCTh. Ha
€€ MECTO MPUXOIUT Jpyrasi IIKojJa, B KOTOPOW OOydaromuecs: MOTYT MpPOSIBUTH
CBOM TajJaHThl M HWHIUBUIYAIbHOCTb, HAYYUTHhCS BBIOMpaTh W MNPUHUMATH
pelieHus.

Co BpemeHeM ujes MeToJa NMPOCKTUpPOBaHUsI MeHsieTcs. M3 KoMmoHeHTa
COBPEMEHHOT0 O00pa30BaHUsi OHA CTAHOBUTCA BaXKHOM YAaCThIO MOJHOCTHIO
Pa3BUTON U CTPYKTYpHpPOBaHHOHN cucTteMbl oOpa3oBanusi. Ho cyTh ocraercst Toii
JKE€: pa3BUBATh Yy CTYJEHTOB MHTEpPEC K OMpPEAENICHHBIM IpoljeMaM, KOTOpbIe
TpeOyroT 00JajaHusl JIOCTATOYHBIM KOJIMYECTBOM 3HAHUN B paMKaxX MPOEKTHOU
JESITENbHOCTH. B COBpEMEHHOU MENaroruke METOJ MPOEKTa CUUTACTCS OJHOU U3
JMYHOCTHO-OPUEHTUPOBAHHBIX TEXHOJIOTHUN OOydeHHsI, KOTOpas co4YeTaeT B cebe
npoOJIeMHBIM  MOJXO0J, TPYNIOBBIE METOABI, pedICKCUI0, HCCIEeI0BaHUs,
UCCIIEIOBAHUS U IPYTHE METO/BI.

[lepen npennaszHaueHHOM paboOTOI MoJpazymeBaeTcs pabora, B 06a3e Kakoi
HaXOJWTCSl aKTUBAIMsl TO3HABATEJBLHOM a TakXke (PaKTHUYECKON DJIEMEHTOB, B
CIEACTBUM KAaKOM YUYEHHUK COBEPIIACT Pe3yJIbTaT, BIAACIOIIMNA WUHIWBUIAYAIbHOU
(mopoit 6becripucTpacTHOM) CBEXECTHIO.[ 19]

[IpoexkTHOE OOyUeHUE - JAHHOE YYPEKJCHHE TPEHUPOBOUYHOIO JIBHXKCHUS,
OoOpaIlIeHHOr0 B pa3pelieHue CTYyACHTaMH TPYAHOCTEH TNpenojaBaHus B 0asze
HE3aBUCHMOTO CO3bIBA JIAHHBIX B 0a3e 4epT a TaKkKe UHTepIpeTaluu nHhopmaluu,
HEOTHEMJIEMOTO  OOBSCHEHHUS a TaKkKe MPUCIOCOONCHHUS  JalbHEHIIHMX
PE3YNBTATUBHBIX TPEHUPOBOYHBIX COOBITUN, MX CAMOMHEHHUS a TaKKe IMOHSATHUS
uToroB. B B TakoM ciydae Beab MEpPHOJ, IMOJATOTOBKAa OOpETaeT BBICOKUM
WHJUBUAYAJIbHBIA CYyTh, YTO K€ CYIIECTBEHHO YBEIUYUBAET MOTHUBUPOBKY JIJIsi

MPENnoJaBaHMUIO.
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VY4eOHbIlI NPOEKT, KaK KOMIUIEKCHBIA M MHOTIOLEJIEBOM METOJA, HMEET
00JbIIIOe KOJMYECTBO BHIOB U pasHOBHIHOCTEH. UTOOBI pa3oOparbcs B HHX,
TpeOYIOTCS pa3InuHbIE BUABI KIIaCCU(PUKALIUN.

B cootBercTBMM € TUIIOJOTMYECKUMH IPU3HAKAMHU: KOJUYECTBOM
YYaCTHUKOB, JOMUHHUPYIOUIUM METOJOM, XapaKTepOM KOHTAaKTOB, CIIOCOOOM
KOOpPAMHALMH, TPOAOJDKATEIBHOCTBID MOYHO BBIJEIUTh CIEAYIOLIUE THIIbI
IIPOEKTOB:

N0 JOMHUHUPYIOIIEMY METOAY: HCCIEA0BaTeNbCKUE, HH(POPMAIMOHHBIE,
TBOPUYECKHE, UTPOBBIE, TPUKIKOUYCHUECKHUE, MPAKTUKO-OPUECHTUPOBAHHBIE;

[0 XapakTepy COAEpKaHWA: BKIIOYAIOT OOYYAIOLIErocss U €ro CeMblo,
00y4aroIIerocs u MNpupoay, o0ydarolerocss U pyKoTBOPHBIA MUp, 00y4arouierocs,
OOLIECTBO U €ro KyJIbTYPHbIE IEHHOCTH;

0 XapakTepy ydacTus OOYydYaromIerocs B MPOEKTE: 3aKa3uuK, JKCIEPT,
VICIIOJIHUTENb, YIACTHHUK OT 3apOKIACHUS UJIEU 10 MOJyYECHUS Pe3yJIbTaTa;

[0 XapaKTepy KOHTAKTOB: OCYIIECTBIISIETCA BHYTPHM OJHOM BO3pPAaCTHOU
IpYIIbl, B KOHTAKTE C JIPYrOl BO3pACTHOW rpynmnoi, BHyTpu OV, B KOHTaKTe ¢
CEMbEH, YUPEKACHUSIMHU KYJIbTYPhI, OOIIECTBEHHBIMU OpTaHU3alUSIMU;

10 KOJMYECTBY YYaCTHUKOB: WHIWBUIYaJbHbIM, IApHBIA, TPYIIOBOM M
(bpOHTANBbHBIN;

10 TPOJIOJLKUTENBHOCTH: KPATKOCPOUHBIN, CPEAHEN MPOJOIKUTEIBHOCTH U
JTOJITOCPOYHBIi.[29]

BoJPIIMHCTBO aBTOPOB OTMEYAIOT, YTO MCIIOJIB30BAHUE METOJA ITPOEKTA
CIIOCOOCTBYET Pa3BUTHIO CAMOCTOSITEIBHOCTH Cpeld OOYy4YaloIIMXCA, YYUT HX
OOBEKTHBHO OIICHMBATh CBOIO JCSITEIBHOCTh, Pa3BUBAET KOMMYHHKATHBHBIC
HaBBIKM, B IIpoliecce paboOThl Had MPOEKTOM IIKOJbHUKH  Pa3BUBAIOT
OpraHu3alMOHHBIE U pe(IeKCUBHbBIE CTIOCOOHOCTH.

H.B. Matsmt u B.A. Kanpueit, T.M. MatreeBa, E.A. Mumenko, C.E.
[[IuioB monararT, 4TO B MPOLECCE MPOEKTHAas JEATEeIbHOCTh CIIOCOOCTBYET

Pa3BUTHIO CJIEIYIONTUX CIIOCOOHOCTEH y MKOJILHUKOB:
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KOMMYHHKATHUBHBIX, KOTOpbIE pa3BUBAIOTCS B TpoIecce O0OCYXIeHUs
TBOPUYECKUX 3aJaHUi, OpraHM3allMi KOHCYJbTALIMM C YYWUTEJIEeM, 3allUThl B
OOIIIEHUH CO CBEPCTHUKAMU CAMBIX CMEJIbIX UJIEH;

JMYHOCTHBIX, & HIMEHHO CaMOOBITHOCTH M THUOKOCTH MBIILICHUS, (paHTa3uu,
J1r0003HATEIBHOCTH, 3JOPOBBIX TBOPUECKUX aMOUIINN;

COLIMAJIbHBIX: CIIOCOOHOCTU K KOJIJIEKTUBHOM JESTENBHOCTH, T'OTOBHOCTH
COOJI0IaTh CAMOIMCIUIUINHY, TEPIUMOCTH K MHEHHIO IPYTHUX;

JUTEPATypHO-TUHTBUCTUYECKUX: OMUCAHUE HJIEH, pa3padOTKa PEKIaMHOIO
npaiic-imcTa, UMIPOBU3aLHUs B POLIECCE 3AIIUTHL;

MaTeMaTUYECKHX: pacyeT 3aTrpar, COooTHeceHwe GopMbl U 00BEMA,
IIPOCTPAHCTBA U BPEMEHU;

XYJI0’)KECTBEHHO-COMAaTUYECKUX: pa3pabOoTKa U3AEIINA, UX TU3ailH;

MaHUIYJISATUBHBIX: yMEHHE N0JIb30BaThCS UHCTPYMEHTAMHU U
IPUCIIOCOOICHUSMU, KOOPANHALINS IBUKCHHUIA;

TEXHOJIOTMYECKUX: HAarJgIHO-00pa3Hasg NaMATh, aOCTPAaKTHO-JIOTUYECKOE
MBILLUICHHE.

C. [T'epacumoBa TOBOPHUT, YTO HApPAAY C BBIIIENEPEUYUCICHHBIMU
CHOCOOHOCTSIMM Yy OOY4YalOIIMXCS Pa3BUBAIOTCA ONEPALMOHHBIE CTPYKTYpPHI
YMCTBEHHOM JESTEIbHOCTH (CIOCOOHOCTh K aHalIM3y, CUHTE3Y, KOHKPETU3aluu U
T.71.).[ 18]

JUis peanu3anuu MeTo/la MPOEKTa B Y4eOHOW [eATEIbHOCTH YUUTEIIO
HEOOXOJMMO TMPOU3BECTH TOYHOE M3YyYEHHE CYIIHOCTH METOJla MPOEKTOB,
OpPUEHTHPOBATHCS HA KPUTEPUH OLIEHKHU MPOCKTHON AESATENbHOCTH, (HOPMHPOBATH
N03HABATEJIbHbIE HABBIKM KPUTUYECKOTO MBIIUICHUS, YMEHUS OPUEHTUPOBATHCS B
a uH(pOpMAaIIMOHHOM MpocTpaHcTBe. Opranusys paboTy HaJ MPOEKTaMu, CIEIyeT
HA4aTh C W3YYEHHMsS] MHTEPECOB OOYYaroIIMXCS, BbIOOpAa TEMAaTHKU MPOEKTOB U
MOJIFOTOBKU YYEHUKOB K pabOTe M0 3TUM MPOEKTaM.

Jlenasi BBIBOA, MOXXHO OTMETHUTH DPSII MMPEUMYIIECTB Y METOJ/Ia MPOCKTOB: Y
oOyJarommxcs MOSBISETCS YBEPEHHOCTh B IMOJYYECHHBIX 3HAHUSX, Pa3BUBAIOTCS

CIIOCOOHOCTH K CaMOCTOATCIbBHOMY 06y‘l€HI/IIO; OCHOBHOC OTJIMYHEC IIPOCKTHOI'O
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MOJIX0JIa OT JIPYTHX, B TOM, YTO OOydJaroIuecs 0epyT Ha ceOsl OTBETCTBEHHOCTH 3a
CBOE 0Opa3oBaHWe; 00ECIEUMBAET YCIEIIHOE YCBOCHHE Y4eOHOro MarepHuaia o

OHpCHeHGHHOﬁ TCMC.
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1.3 IlakeThl NPUKJIAAHBIX IPOTPAMM M SI3bIKH POTPAMMMPOBAHUS,
HANpaBJICHHbIE HA PeaIn3alMI0 HeHPOCeTeBbIX TEXHOJI0T Uil

B naHHbII MOMEHT OOJIBIIYIO MOMYJISIPHOCT B 33jja4aX 00paOOTKU TaHHBIX
NOJIy4atOT  HEHUpOHHbIe ceTHu. HelpoHHas ceTh  NOpeacTaBiseT  coOOM
BBICOKOIAPAIJIEBHYIO JIUHAMUYECKYI0 CHUCTEMY C TOMOJIOTMEN HANpPaBIEHHOTO
rpada, KOoTopas MOXET TOJydyaTh BBIXOJHYI0 MH(POPMALIUIO MyTEM PEAKIUH €€
COCTOSIHUS HA BBIXOJIHBIE BO3JECHCTBUS.

Heliponnble ceTH NpUHUMATH pEIICHHE OOIIMPHBIA AMana3oH MpPoOJIeM:
KJIACCU(PHUITMPOBAHHUE IIPEAMETOB, pacIio3HaBaHHE 3aKOHOMEPHOCTEMN.
OnpeneneHue TUNOB, MOJEIUPOBAHUE, ANPOKCUMHUPOBAHHUE, CHABIMBAHUE
uHpopmaruu. MHOTOQYHKIIMOHATFHOCTh @ TaK)Xe HY>KHOCTh HEUPOHHBIX CETOK
NOPOXKAAET  NpoOJeMy  HMX  OCYIIECTBIEHHMM B Pa3IMYHBIX  CTHIIAX
MpOrpaMMHUPOBAHUSI BMECTE€ C NPUMEHEHHEM PAa3HbIX HAYYHO-TEXHUYECKHUX
CTEKOB, 4YTO K€ 00s53aHO  JONYCTUTh  IOJb30BAaTbCS  COBPEMEHHBIC
TEXHOJIOTHYECKHE MPOLECCHI B KaXKIbIH c(hepbl C IOIBHKHBIX JOMOJTHEHUHN BIIOThH
JI0 HOPJAOBBIX.[22]

C MMUIIEHBIO OCYIIECTBICHUM HEHUPOHHOM y3bl B JIIOOOM  cliOre
IPOrpaMMHUPOBAHUS TOHAIO0ATCS ONPEEIEHHOE YUCIO KOMIIOHEHTOB:

HEMOCPEICTBEHHOE MOHMMaHNE O0OBEKTOB HEMPOHHOM CEeTH, aHAJIOTUYHBIX B
pPaBHOM MEpE PaBHO KaK HEHWPOLHUT, B3aUMOCBSA3b, CIIOW, BXOAbI HO KPOME TOTO
BBIXO/IbI CETH;

MPEACTABIICHUE B PEXUMAX CJIOTa APXUTEKTYpPbl CETH: CBS3M U3 YHCIIA
IIacTamMu, UX KOJIMYECTBO HO KPOME TOTO THII;

nporpaMMHbie (DYHKIIMH, PEaTH3yIOIIe CIocoO0bl 0OYYEHHUSI CETH, YTO Ke
0o0naaroT BCEeraa BO3MOXHOCTH IMO3BOJUTH MPOJAEMOHCTPUPOBATH KOJUYECTBO
CTOJIETHI 00YyYEHHUS, yCTAHOBUTH 1I€JIEBYIO HESICHOCTH;

COXpaHEHHUE, HO KPOME TOT0 IEPETpy3Ka YEPT HEMPOHHOU CETH.

OnHrM ¢ MHOTOLIETIEBBIX CTHJIEW ITPOrpaMMMPOBAHUS MpEACTaBIseTcs Java.
B sToM cnore moxket ObITh popmMupoBaTh paBHO Kak [10 ¢ nenbio npuMeHeHus B

OoJbIIMX HWHAyCTpUaNbHBIX pexkumax (Java EE), Takum (oOpa3zoM a Takxe
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nononHeHuss ¢ uensio 1ardopmel Android. Java mpezacraBnsiercss 0OBEKTHO-
HaIpaBJICHHBIM CTUJIEM, TPUHAJICKHUT JIJISI CTHIJISIM IMPOTPAMMHUPOBAHUS BMECTE C
MOIITHOM THUITU3AIlUEN.

[IporpamMmmMupoBaHue ¢ HYJISI XOPOIIIO COTIACyeTcs ¢ 0OBEKTHOM MOJACIBIO U
MO3BOJIICT YYHUTHIBATh OCOOCHHOCTH KOHKPETHOW CETH, YTOOBI HCIOJB30BaTh
TOJILKO TE€ OJJIEMEHTHI, KOTOpble HeoOXoammbl. Neuroph mpencraBisieT
rpau4YecKuii MHTEPEC W YIMPOIINAET CO3JAaHHE CETEBOH apXUTEKTYPHI, MO3BOJISS
peaM30BBIBaTh  OOJIBIIMHCTBO  W3BECTHBIX  TUINOB  HEHPOHHBIX  CETEH
Deeplearning4j, mo3BoJisieT pemiath 3agadyd TIyOOKOro OOydeHHs, a Takxke
ONITUMH3UPYET BBIYUCIICHUS C HCIIOIB30BAHUEM PACIPEACICHHBIX PECYpPCOB.
OcHoBo#l 1711 BbIOOpa MOJXOJa SBJISIETCS MpoOsiemMa, KOTOPYH HEOOXOIUMO
PEIINTD.

[Ipomie Bcero pa3obpaTbcs € MNPUHIMIIAMH PaOOTHl HEUPOHHBIX CETEH
MOkHO Ha nipumepe Teachable Machine o6pa3zoBarensHoro nmpoekra Google.

B kauecTBe mpumepa BXOJHBIX JAHHBIX, TO YTO HEOOXOAMMO 00paboTaTh
HeliponHo# cetu B Teachable Machine ucnonb3yercst nzobpaxenue ¢ kamepsl. B
KauyeCTBE BBIXOJHBIX JaHHBIX — TO, YTO JOJDKHA CIelaTh HEWPOHHAS CETh IOCIEe
00pabOTKHM BXOMSIIUX JIAHHBIX MOKHO HMCIIOJH30BaTh 3BYK. Kak TOIbKO HEWpOHHA
ceTb oOydeHa, e€¢ MOXKHO HCIoib30BaTh. Teachable Machine moka3siBaeT
K02 (PHUIMEHT «yBEPEHHOCTH» - HACKOJBKO CHCTEMa YBEpPEHaA, YTO el MOKa3bIBAIOT
OJIMH U3 HABBIKOB.

Alyuda Neuro Intelligence - uelipoceTeBoe mporpaMMHOe OOECIICUCHHE U
pacmmpenue s Excel, mpemHazHaueHHOE IJIsi TMPOTHO3WPOBAHUS W aHAIM3a
JAHHBIX, TIOJIJIEP’)KUBAET HECKOJIHKO aJITOPUTMOB.

Amygdala — nporpammHoe o0ecriedeHHe ¢ OTKPBITHIM UCXOAHBIM KOJIOM JJIs
MOJIETUPOBAHUSI HEUPOHHBIX ceTel, HanmncaHHoe Ha C++.

Jlist co3nanusi coOOCTBEHHOM HEMpPOHHOM ceTu moHamooutcs Python - ogun
U3  HamOoJiee  MUHUMAJIUCTHYHBIX W PACHPOCTPAHCHHBIX  SI3BIKOB
nporpammupoBanus, u Tensor FIow - otkpeitas oudauorexka Google mist coznanus

Y TPSHUPOBKH HEHPOHHBIX ceTeid.[14]
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https://teachablemachine.withgoogle.com/

Python sBasiercss kpoccmiaaThOpMEHHBIM BBICOKOYPOBHEBBIM  SI3BIKOM
IPOTPAMMHUPOBAHKS OOIIET0 HA3HAYEHUs, OPUEHTHPOBAHHBIM HA TOBBIIIICHUE
MPOU3BOJIUTEIIBHOCTH TpyJa pa3pabOTIYMKOB M YHUTA0EIBHOCTH Kojaa. SI3BIK
BKJIFOYAET B c€0sI MHOXKECTBO IMAKETOB M MOMYJEH, KOTOPhIE OOCCIECYMBAIOT €r0
yHUBepcaJIbHOCTh. HOBBIE Bepcum ¢ J100aBIICHHUEM WM HW3MEHEHHEM S3BIKOBBIX
CBOICTB BBIIIYCKAIOTCS HE PEKE OJIHOTO pa3a B ABA C MOJIOBUHOM roja.

Python npencraBnsercs kpoccriaaThOPMEHHBIM BEICOKOYPOBHEBBIM CTHIIEM
MpOTpaMMHUPOBAHUSL BCEOOIIEro Ha3HA4YCHUsS, HAIpPaBJICHHBIM B yBEJIWYCHUE
MPOU3BOJIUTEIIBHOCTH Pa0OTHl CO3JaTENeH a TaKXKe YUTA0EIbHOCTH KOJHPOBKH.
Ctuiib cOJIEpKUT B ceOe Macca MaKeToOB a TakyKe MOJYJIEH, YTO TapaHTUPYIOT €ro
MHOTO(YHKIIMOHAIBHOCTh. HOBBIE Bepcuu BMecTe ¢ IpuOaBIEHHUEM JHOO
MEPEMEHON SI3BIKOBBIX KAUYECTB M3/IAIOTCS HUKAK HE MOpExe |-ro oJHaXAbl B 2
BMECTE C CEPEANHOM JIETA.

Python Beimenser nemnsiil psaa xapakTepucTuk. K konmudecTBy ero crnernuduk
JIOITYCKAETCSI TPUYUCIIUTD:

1. TlomHOCTBIO MEXaHMYECKOE PEryJIMpOBaHHE MaMsIThIO. DTa pPOJb JacT
BO3MOXXHOCTh IpOTpaMMepaM HUCKIIOUYUTh OECIMOKOWCTB COIJIACHO TMPEAJIOTyY
MOTPEOHOCTH paccpeloTaunuBaTh MO0 N30aBISATH BOCIIOMUHAHUS.

2. BrwimonHeHne AeiCcTBUIM UCTIONHAETCS B HanOoIee BEICOYAMIIIEM CTEIICHU
a0CTpakIMii YaCTUYHO COTJACHO OOCTOSITENILCTBY 30/I4€CTBA CJIOTa, YAaCTUYHO
BCJICJICTBUE HApAIICHHOW OMOJIMOTEKE KOJIOB, ITOCTABIIIEMON COBMECTHO BMECTE C
Python.

3. CKOpOCTh WCIIOJTHEHHS TPOEKTOB, MpONUcaHHbIX B Python BeckMma
BO3BBIIICHHA. JlaHHOE OOBEAMHEHHO BMECTE C JUIS TOTO, YTO JK€ KIIIOUEBBIC
oubnmuorexkn Python mnponucansr B C++ a Takke HCIOJIHEHUE NpodieM
3aXBaThIBAE€T MEHBIIIC BPEMEHH, HEXKEJIU B MHBIX CTUJISAX BHICOYAMIIIEIO CTEICHH.

4. MaccuB ciocoO€H COoIep>KaTh MPEAMETHI Pa3HBIX BUIOB.

5. 3HaueHHEe KaxJa0ro BUJIa MOXKET SBJISITHCS OMPECICHO MEPEMEHHOM.
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OcHoBHBIM HepocTaTkOM Python sBrsieTcs HemoiHash KOHTPOJIUPYEMOCTh
SI3BIKA, TIOCKOJIbKY MTPOUCXOAUT YaCTUUHAS TPAHCISIIINS K BHYTpeHHEH hopme Koa
0aiiTa, BBIMIOJIHEHHOTO HHTEpIpeTaTopoM Python.[22]

Hama  wHTennmekTyanpbHas  CHCTEMa  MPOTHO3UPOBAHUS  MPOCKTHOM

JCATCIBHOCTH IIIKOJIBHHUKOB 6y,Z[eT IMIOCTPOCHA Ha A3BIKC IIPOIrpaMMHUPOBAHUA

Python.
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I'JIABA 2. CO3JAHUE U OIIUCAHUE PE3YJBTATOB PASPABOTKU
UHTEJUIEKTYAJIBHONH CUCTEMBI TPOTHO3UPOBAHUSA
PE3YJIbTATOB NPOEKTHOM JEATEJBbHOCTH IIKOJbHUKOB
2.1 IlpoekTHpOBaHMe HHTE/LUIEKTYAJbHOI CHCTEMBbI IPOrHO3MPOBAHMS
pPe3yJbTATOB NPOECKTHOM /1eITeIbHOCTH HIKOJIbHUKOB

[IpoBenem HaOmOAEHUE 3a TEM, KaK YYMUTEIb OCYILECTBISET BBIOOP
«MEPCHEeKTUBHBI»  UIsi  OOydalomuXcsl  MPOEKTHhIX  3afaHuil. TepmuH
«IEPCHEKTUBHOE» MPOEKTHOE 33JaHUE O3HAYAET, YTO TeMa 3aJaHMs 3aUHTEPECYET
oOydJaromerocsi, YTo OH 00JaJaeT KOMILJIEKCOM 3HAaHUW U YMEHUH, JOCTATOYHBIX
JUISL  BBITIOJIHEHHS] TPOEKTHOTO 33JaHUsl, YTO JIMYHOCTHBIE XapaKTEPUCTHKU
0Oy4aroerocsi, KOTOpble Mbl OMNPEACIWIN ISl MPOTHO3UPOBAHUS PE3YJIbTATOB
(caMOCTOSATENBHOCTD, LEIEYCTPEMIIEHHOCTh, OPraHW30BaHHOCTb, YCHIYUBOCTD,
CHOCOOHOCTh K aHAJIMTUYECKOHN JNEATEIBHOCTH U JIp.) MO3BOJIAT €MY CIPABUTHCS C
IpEeoJIaraéMbIM 00bEMOM aHAIUTUYECKON W/WIIH SKCIIEPUMEHTAIILHON PabOThI.

Yuutens popmupyer 3anuch, B KOTOpor (GUKCUPYET PaMUIIUIO UMS, KIIacc,
3aTeM, KaK MPaBUJIO, BBIICHAET MHTEPECHl U aKTUBHOCTh 00y4aeMoro (Hampumep,
3aHMMAETCS JIU LIKOJBHUK B KPYXKKaX B paMKax JIOMOJHUTEILHOTO 0Opa30BaHMS
win (akylIbTaTUBOB), y4acTBOBaJ JM B OJUMIMANAaX W HACKOJBKO YCHEIIHO;
BBICITYIITUBAET IMOKEJIaHUsI 00y4aeMoro B OTHOIIICHUH TOW Hay4HOU oOsiactu (1160
IpOCTO y4eOHON IUCHUIUIMHBI), B paMKax KOTOpPOMl MpeArnonaraeT BBINOJIHATh
OpoekT (T.e. peanu30BbIBATH MPOEKTHYIO JEATENbHOCThH); 3HAKOMHUTCS C
pe3ynbTaTaMu y4eOHOUM AesATENbHOCTU (HAalpUMep, U3y4aeT OLIEHKU 3a MPOILIbINA
y4eOHBbI TOJ); BBISICHSAET, HACKOJBKO MPUIEKEH (HAampuMep, B OTHOILIECHUU
BBIMIOJIHEHMSI JIOMAIHUX 33JaHuil) W AUCUMILUIMHUPOBAH IIKOJbHUK/CTYAEHT
(HanpuMep, MPOIyCKaJl JIU OH 3aHATHS 0€3 YBaKUTEIbHOW MPUUMUHBI WU MOTyYall
JM 3aMeUaHMs 3a MI0X0e MOBEICHNE B CTeHaX 00pa3oBaTeIbHON opranuzanun). B
cllyduae BO3MOKHOCTH BBITIOJIHEHUSI KOJUIGKTUBHOTO (MJIM HWHIMBUAYAJIbHOIO)
MPOEKTHOTO 3a/JlaHMsl, YYUTENIb OILIEHMBAET KOMMYHHMKAOEIbHOCTh (YeIOBEK-
YEJIOBEK, YEJIOBEK-NPUPOJA,  YEJIOBEK-3HAK, YEJOBEK-TEXHUKA) W  THII

TeMIiepaMeHTa 00y4aemMoro (XoJIepuK, CAHIBUHUK, (PJIeTMaTHK, METAHXOJIUK).
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B pesynbrate y memarora cobupaercs 10 a Takxke Oosee XapaKTEpUCTHK,
OTIPENEISIONNX HHANBUAYAILHOCTh OOYYarOMIeToCsl a TakKe »JIIONe  ero
TPEHUPOBOYHOU paboThl. JlaHHOE a TakKe CTaHyT HayalbHbIE XapaKTEPUCTHKU,
MOABEPrHYB 00pabOTKE YTO BMECTE C MOAJACP>KKOM COOCTBEHHBIX IMO3HAHUU a
TaKXe IMPENoAaBaTeIbCKOTO HABbIKA, IENAror CO3JaeT PEUICHHUE KacaTelbHO
BEpPOSTHOCTU H(PGEKTUBHOTO HCIIOJHEHHUS] TPEIHAa3HAYeHHOrO 3aJadyd, MOTOM
dbopmanm3yer a Takxke mpeamnojaraeT oOydaemMomy (ITOAPOCTKY) CYIIHOCTH
npeIHa3HAaYeHHOW paboThI.

Jns sToro, aysg TOro uToObl CO37aTh HEMPOCETEBYI0 TOUYHYIO (opma
«Y4UTEeNb, MCHOJHSIONIET0 MOAOOpP MPUTOJHOW MpPEeAHA3HAYCHHOW BOIPOCHI C
1eabl0 00y4aeMoro (BMECT€ C MOHHUTOPUHTOM 3()QPEKTUBHON OCYIIECTBICHUU
IJIaHa)», MEePBOHAYATIBLHO JIMIIb 00s3aH clelaTh CBOM BHIOOp BMECTE C BXOJHBIM
BEKTOPOM X a TaKK€ BBIXOJSAIIMM BEKTOPOM D, yCTaHOBHMB MX pa3MEpPHOCTH, a
TaK)Ke JOTOBOPUTHCS KACATEIHLHO OXBATHIBAEMOM JIFOOOTO JIEMEHTA.

B BekTtope X mpeaycMOTpeHbl MapaMeTphbl, KOTOPhIE YUUTENIb BBISICHSAET Y
oOy4aromierocsi. B kauectBe KOMIMOHEHTHI X1 3a/1aHa JIMYHOCTHAS XapaKTEPUCTUKA
YYEHHUKA - CAMOCTOSTEIbHOCTh, B KaU€CTBE X2 - MO3HABATEIbHBIM MHTEPEC, X3 -
y4eOHbIE JIOCTMDKCHHS Ha «XOpOUI0O U OTIUYHO», x4 - HHTepec K
HCCIIEIOBATENIbCKOU AEATEIBHOCTH, X5 — OPraHM30BaHHOCTh. HO Ka) bl yuuTelb
B MIPOTpaMMe MOXKET U3MEHSATh Ha CBOM MapaMeTphl, €CJIU 3TO HE0OXOIUMO.

B BbixogHom BekTope D 3akomupoBaH pe3yibTaT OyJeT U 00y4aromuuics
yCIEIIEH/HEYCTENIeH B MPOEKTHOW JEATeIbHOCTH, C Y4YE€TOM KOMIUIEKCHOTO

OLICHHUBAaHH KOMIIOHCHTOB.
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Puc. 3. [IpunnunuanbHasl cxeMa HEMpOCEeTeBOM MPOTHOCTUYECKOM CUCTEMBI IIEJarorndyeckoi

POOJIEMBI

Mopenb OMOJOTMYECKOrO0 HEHWpPOHA - MATEMaTUYECKUW HEHPOH - HMEET
HECKOJIBKO BXOJIOB M OJIMH BBIXOJ, MOXKET CYIIECTBOBaTh B BO30YKICHHOM U
HEBO30YXJEHHOM COCTOSHUSIX, MpPHYEM IEpexo]l B BO30YKIEHHOE COCTOSIHHE
3aBUCHAT OT BEJIMYMHBI NMOCTYMNAIOMUX K HEMY CUTHAJIOB M CHJI MEKHEHMPOHHBIX
CUHAIITUYECKUX CBsA3ed. Yepe3 BXOAbl MAaTeMaTUYECKUM HEUPOH IPUHUMAET
BXOJHbIE curHambl X1, x2,.., X],.., XJ U CyMMHpyeT HX, YMHOXas KaXIbIi

BXOJHOM CUTHAJI Ha HEKOTOPBI BECOBOM KOA(DPHUITUCHT Wi:
J
A L WiX;.
j=1

BecoBbie koa(PuiiMeHTsl Wj UMEIT omnpeaeaeHHbd (uznueckuit cMbicia. OHuU
UMUTHUPYIOT DJEKTPONPOBOJHOCTH HEPBHBIX BOJIOKOH, TE€X CaMbIX, KOTOpbIC
OMOJIOTM HA3BIBAIOT CHJIAMU MEXKHEHMPOHHBIX CHHANTHYECKUX CBS3EH WM
CUHANTUYECKUMH BecamMu. Yem HTH Cuiibl OoJibllie, TeM OOJbIICH BEIMYUHBI
CUTHaJbl MOMAJAl0T B HEUPOH, M TEM BBIIIE BEPOATHOCTh €ro Mepexoja B
BO30YXXJIEHHOE COCTOSIHME. bHOoJIOrM MpUIaT CHJIaM CHHANTHYECKUX CBS3eH
OYCHb BA)XXHOE 3HAYCHHE, Iojaras, YT0 MMEHHO C MX MOMOIIbI0 YeTOBEYECKHUI
MO3T KOAUPYET BCIO MMEIONTYIOCS y HeTo nHpopmaIuio. B nckyccTBEeHHOM MO3re -

B HCprOHHBIX CETIAX MO3I€ - BCA I/IH(l)OpMaLII/ISI TOXEC KOAUPYCTCA B BHIC
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MHOXECTBA YHCEJI, XAPAKTEPU3YIOIIMX CHUJIBI MEKHEUPOHHBIX CHHANTHUYECKUX
CBsI3EH Wj.

3areM HEOOXOAMMO MPUTOTOBUTH MHOKECTBO OOYYAIOMIMX MPUMEPOB, YTO
JIOTyCKaeTcsi CPOPMUPOBATH B OCHOBE HUTOTOB MPOEKTHOM pabOThI MOJPOCTKOB 32
OpouuIbld  TOA ~ 00ydeHWH.  3aMeTUM, UYTO  CBOWCTBO  HeipoceTeBoi
MPOTHOCTHYECKOW KOHLEMIUU HEMOCPEJICTBEHHO HaXOIUTCS B 3aBHUCHUMOCTU C
BEIOOpa OOpa3IOB HWTOTOB TPEIHA3HAYCHHOW pabOThl MOAPOCTKOB, HUTO
HaXOJMJIMCh OTOOpaHbl C Menblo Hee mpenojaBanus. C 1enplo oOecreyeHbs
BBICOYAMIIIEr0 CBOMCTBA MOICTUPOBAHUS HEHPOHHYIO TUHUS HEOOXOIUMO YUHTD B
oOpasiax AesITeIbHOCTh Pa3IMYHBIX BO3PACTHBIX KOMITAHUN 00y4arOIIUXCA.

[Ipu dopMupoBaHUK OOJBIIOTO KOJIMYECTBA ydalllUX OOpa3IloB HaAMU ObLI
IPUMEHEH CHOCOO AHKETHMPOBAaHUA: OOYYaIOIIUKCS, YTO pPaHEE OCYIIECTBIISLI
MpEeIHA3HAYCHHYIO TPY/J B MUHYBIIEM TPEHHPOBOYHOM, HAIOJIHSET HaJJIe)Kalue
CTPOYKH aHKEThI KacaTeJIbHO COOCTBEHHOM BHENIKOJIBHOM a TaK e BHEIIKOJILHOM
paboTsl. ITorn TpeHUpPOBOUYHON pabOThI IMIKOJIBHUKOB 3aKPEIJICHBI B KJIACCHBIX
KypHajax.

N3 aHKET U KIACCHBIX KYpPHAJIOB Mbl (hOPMUPYEM BXOIHOM BEKTOP (X1, Xz,
...), @ TakXke 3Has YPOBEHb pE3yJbTATOB OLIEHKA IPOEKTHOM AESATEIbHOCTU
IIKOJIbHUKA (T.K. TPOEKT ObLI 3alllMIEH B TPEAbIAYIIEM Y4eOHOM TOMY), MBI
bopMHpyeM «3TaJOHHOE» 3HAYEHHE HEHpPOHA BBIXOJHOTO cJos (MpOEeKTaM
«IIKOJILHOTO» YPOBHS YCTAHABJIMBAEM OLIGHKY «HE3a4YTeHO», a TMPOeKTaM
«paliOHHOT0» WUJTU «TOPOACKOT0» YPOBHEN YCTAHABIMBAEM OLICHKY «3aUTEHOM).

[lens oOydeHUsT HEUPOHHOW CETH: UTEPALMOHHO KOPPEKTHPYS BECOBBIC
Kod(huimeHTsl J0OUThCA COBMAJEHUS (BO3MOXHO C HEKOTOpOW Majou
MOTPEIIHOCThIO) PACUETHOTO W ATAJIOHHOTO 3HAYEHUSI BBIXOJHOTO HEWpOHa s
KQKJIOTO U3 00yJaronux mpruMepoB.

B kauecTtBe crocoba rcnonp3yeM npuHIuUIbl Xe066a. C 1enpio HCpaBICHUS
CHUHANTUYECKUX BECOB (B3BCIICHHBIX KOA()(PUIIMEHTOB HEUPOHHON Y3bI) CTaHEM
OIMH 3a JPYrdM BBICOKOMEPHHMYATh BXOJIHBIE CBEACHUS, HaJICKAIIHE

chopMupoBaHHBIM OOy4aroluM oOpasiam. B ciyudae ecim, Kk nmpumepy, B BBOJ
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MepPCenTPOHA MPEAbSIBISUINCH BXOIHBIE CBEJICHUs (paBOPUTA MECTHOTO CTENICHU a
TaK)K€ BBIXOSIINN 3HAK y OCCIPUYMHHO OOHAPYKUBAJICS OJUHAKOBBIM INTYKE,
3HAYAIUM «3a4TE€HO)», B TAKOM CJIy4yae UCIPABIIATh CHHANITUYECKHE Beca W) HUKAK
HE Heo0xoauMo, TakuM (00pa3oM paBHO Kak OTKIWK mepcenTpoHa TtouHa. HO B
CJIy4yae €Clii BBIXOASIIMN 3HAK OYYTHJICS OJIMHAKOBBIM HYJIIO, YTO K€ HEBEPHO, B
TaKOM CJIy4ae HaJIJIe)KaJIo MOBBICUTH (CTUMYJIMPOBATh) BeCa 3TUX JACUCTBYIOIIHMX
BXOJIOB, YTO COJEHCTBOBAIM BO30YXIEHUIO HEWpoHa. PyKOBOJCTBYSICh JaHHOMU
MBICJIM, JOIYCKaeTCsl CKOHCTPYHPOBATh IOBTOPHBIM METOJ HCHPABICHUS
CUHANTUYECKUX  BECOB, TapaHTUPYIOIIMKA  MOATOTOBKA  MEPCENTPOHA B
HEO0OXOJIMMOM TE€UCHHUH.

[lar 1. /laT4uKOM CiTy4aifHBIX YHCe BCeM CHHAaNTH4eckuM BecaM W (j = 1, .
. ., 5) W MOpPOry YYyBCTBUTEIBHOCTH HEMpOHAa O MPUCBOUTH HEKOTOPBIE Majble
CJIy4aiiHblC 3HAYCHUSI.

[ar 2. IlpeabsBUTH NEPCENTPOHY JaHHBIE KAKOro-IMOO 00yYaroiero
npuMepa, T.€. BXOAHOH BekTop Xj (] = 1, . . ., 5), COOTBETCTBYIONIMI MapaMeTpam
OJIHOTO M3 IIKOJIbHUKOB, aHKETHBIE U YUEOHBIE PE3yJIbTaThl KOTOPOTO B MPOIILJIOM
Oy U3BECTHBI, & TAK)KE U3BECTHBI PE3YJIbTATHI €r0 MPOCKTHOMN JAEATEIIBHOCTH.

[ITar 3. HelipoH BBINOJIHSET B3BELIEHHOE CYMMHUPOBAHUE BXOJAHBIX CUTHAJIOB

S:Wl*X1+W2*X2+W3*X3+W4*X4+W5*X5

1 BbIpaOaThIBaeT BBEIXOHOM curHai y=I1, ecnu S > O, unu y=0, ecu S < O.

[IIar 4, a. Eciiu BBIXOAHOM CUTHAN MPaBUJIbHBIN, TO IEPEUTH HA wiae 2.

[ITar 4, 6. Eciu BBIXOJHOW CUTHAd HENPaBUJIBHBIA W paBeH HYJIO, TO
YBCJIIMYUTh BeECa AaKTHBHBIX BXOJOB: HAIlpPUMEp, JOOABUTH KaKIOMY |-MY
CHHAIITHYECKOMY BECY BEJIMYMHY J-TO BXOJHOTO CHTHAJIa

Wj(t + 1) = Wj(t) + X

Torna, ecnu Bxo ObUT HEAKTHBEH, T. €. Xj = 0, TO j-if CHHaNTHYECKUIi BeC He
u3MeHuTcs. Eciu oke BXoA ObLI aKTHBEH, T. €. X] = 1, TO |-ii CHHAOTHYECKHI BEC
OyJeT yBeJIUYEeH Ha CIUHHUILY.

3nech u ganee t o3HayaeT HOMEP WUTEPALMH, KOTOPhIE B MCKYCCTBEHHOM

MHTEJUIEKTE Ha3bIBAIOT onoxamu; Wj(t + 1) - HoBoe 3HaueHue (Ha HOBOM 3MOXE)
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J-ro cuHanTH4ecKoro Beca; Wj(t) ero crapoe 3HaueHue (Ha IpeabIAYILIECH 310Xe).

[IIar 4, B. Eciu BbIXOAHOW CUTHAN HEMPaBWIbHBIA M PaBEH €AUHUIIE, TO
YMEHBIINTh BECAa AKTHUBHBIX BXOJOB, HAIPUMEp, C IOMOIIBIO AHAJOTHYHOU
(bOpMYJ'IBII Wj(t + 1) = Wj(t) —X;.

[ar 5. IlepeliTn Ha wae 2 WK 3aBEPIINTH MPOIECC 0OyUCHHUS.

[locne Toro, kak OyneT YyCTaHOBJIEHA aJ€KBATHOCTb HEUPOCETEBOM
MaTeMaTHYeCKONM MOJENM U paccMaTpUBaeMol mpeaMeTHOW oOnactu (B
YaCTHOCTH, TEeAarornueckoi mpoodsiemMe BhIOOpa MOAXOASIIECH MPOESKTHOM 3a1ayu
JUIsT 00y4aeMoTo ¢ MPOTHO30M YCIICITHOM pean3aliiy MPOEKTa), T.€. MOSBUTCS
YBEPEHHOCTh, YTO HEHWPOCETh NPABWIBHO CTABUT MPOTHO3bl YCIEIIHOCTH
BBITIOJTHEHUS TPOEKTHBIX 33JIaHUil ydalllUMCSl, B TOM YHUCJIE HOBBIM, KOTOPBIX B
o0yyJaroieM MHOXKECTBE HE ObLIO, MOXKHO MTPOBOAUTH MCCIIEAOBAHUS TPEAMETHOMN
00JIaCTH MyTEeM BBITIOJIHEHUS KCIIEPUMEHTOB HaJl HEHPOCETEBOM MaTeMaTHUYECKOM
Moenblo. Hanpumep, mocTaBUB ¢ MOMOIIBI0 HEUPOCETH KAKOMY-THOO ydameMmycs
MPOTHO3 YCIEIIHOCTH BBIMOJHEHUS] MPOEKTHOTO 3aJaHusi, MOKHO MOMPOOOBAThH
MOBapbUPOBATh €r0 BXOJIHbIE TMapameTpbl. Tak, U3MEHUB MPEAMETHYIO 00JIaCTh,
KOTOPYIO IIKOJIbHUK U3y4asl B paMKaX KPY>KKOBOW paOOThI, U BBE/I €€ B KAUECTBE
BXOJIHOTO MapaMeTpa HEUPOCETH, MOKHO CIIPOTHO3UPOBATH, KAaKOBa Oy/IET OIICHKA
3a BBINOJIHEHUE MPOEKTHOrO 3adaHusA. MOXKHO TONBITAaThCA  YIYUYIIUTh
MPOTHO3HBIE OLIEHKH YYalllerocs MYyTeM HW3MEHEHUS HEKOTOPBhIX BXOJHBIX
napaMeTpoB,  HalmpuMeEp,  CHPOTHO3UPOBATh  pE3yJbTaThl  BBIIOJIHEHUS
KOJUICKTUBHOTO WJIM MHJIMBUIYaJIbHOTO MPOEKTA, U MPEIJI0KUTh BAPUAHT 3a1aHUSA
C HaWJy4dlllUM TporHo3oM. B pesynbraTe HaOMIOAEHUS 32 COOTBETCTBYIOIIMMU
M3MEHEHUSIMU-OTKIIMKaMU BBIXOJIHOTO BEKTODA, MOXHO BBITIOJTHUTD
MPOTHO3UPOBAHUE YCIEITHOCTH BBIMOJHEHUS MPOCKTHBIX 3aJaHUM y4dallluMCs B
3aBUCUMOCTH OT U3MEHSEMBIX BXOJHBIX IMapaMeTPOB U pa3paboTaTh HA OCHOBAaHUHU
ATUX MPOTHO30B MOJIE3HBIE PEKOMEHIALINH.

HcxoaHbIiikoa

import random
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# HelipoHHas ceTh, y KOTOPOIl:

# - 5 BXOOB

# - OJIMH cII0¥ ¢ OJTHUM HEHpPOHOM (0)
class MathModelNetwork:

# KoapdunmreHTsl HEUPOHHOU CETH

wl=0
w2=0
w3=0
w4 =0
w5 =0
b1=0
def __init__ (self):

# 3anonHenue K03(PGUIMEHTOB HEHPOHHON CETH CIIyYailHBIMU 3HAUCHUSIMU
self.wl = random.randint(-1, 1)
self.w2 = random.randint(-1, 1)
self.w3 = random.randint(-1, 1)
self.w4 = random.randint(-1, 1)
self.w5 = random.randint(-1, 1)
self.bl = random.randint(-1, 1)

# DOyHKIMS aKTUBALIUU
def act(self, x):
return 1if x >=0¢else 0

# PesynbTat paboThl ceTH

def result(self, x1, x2, x3, x4, x5):

S=x1*self.wl +x2 * self.w2 + x3 * self.w3 + x4 * self.w4 + x5 * self.w5 +
self.bl

return self.act(S)

# TpeHupoBKa cetu

def train(self, x1, x2, x3, x4, x5, yt):

# llonmyuyeHne oTBeTa HEHPOHHOM CETH
yr = self.result(x1, x2, x3, x4, x5)

if yr 1= yt:
# Ecnu oTBeT HEBepHbIN U paBeH (), HO IPaBMIIbHBIN - 1
ifyr==0:

selfwl +=x1ifx1!=0else O
selfw2 +=x2 if x2 1=0else O
self w3 +=x3if x31=0else 0
self. w4 +=x4 if x4 1=0 else O
selfws +=x5if x5 1=0else 0

29



self.nl+=1
else:

# Ecnu oTBET HEBEpHBIN 1 paBeH 1, HO paBUJIBHBIHN - 0

selfwl-=x1ifx1!=0else0
selfw2 -=x2ifx2!'=0else 0
self w3 -=x3ifx3!'=0¢else 0
selfw4 -=x4 ifx4 '=0else 0
selffws -=x51fx51=0¢else 0
self.bl-=1

# OOy4eHue HEMPOHHOM CETH ¢ Havaia
def reset(self):
self. _init_ ()

# Co3nanue 1 00y4eHUE HEUPOHHOU CETU--=-======================-

# HelipoHHas ceTh
nt = MathModelNetwork()

# 3apyxaeT gaHHble u3 (aitna

def loaddata(pathfile):

try:

with open(pathfile, 'r', encoding="utf-8") as f:
return f.readlines()

except IOError:

return []

# Coxpansier kKo PuIeHTs HelpoHa B (aili
def savedata(pathfile):

try:

with open(pathfile, 'w', encoding="utf-8") as f:
f.write('BecoBbie koaddunmenTs! Helipona:\n')
fwrite("wl =" + str(nt.wl) + '\n")
fwrite("w2 =" + str(nt.w2) + '\n")
f.write("w3 =" + str(nt.w3) + '.\n")
f.write("w4 =" + str(nt.w4) + '.\n")
f.write("w5 =" + str(nt.w5) + '\n")
f.write('Cmemenue Heiipona:\n')

f.write("bl =" + str(nt.b1) + '\n’)

return 1

except IOError:
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return O

# CoxpaHsieT JaHHbIE I OOy4YEeHUS CeTU B CITUCOK KOPTEXKEH, s y100CcTBa
def trainData(tdata: list):

name =0

args = []

res =[]

for s in tdata:

If s.strip() == "

continue

if name == 0:

name =1

continue

if len(args) == 5:

if s.strip().upper().find("YCIIELLIEH') '= -1\
and s.strip().upper().find('"HE') == -1:
args.append(1)

else:

args.append(0)

res.append([*args])

name =0

args.clear()

continue

if s.upper().find("TIPUCYTCTBYET") I=-1:
args.append(1)

else:

args.append(0)

return res

# O0Oyuaer ceTh

def train(tdata: list, nt: MathModelNetwork):
ddata = trainData(tdata)

# Hucno snox o0y4eHus

cnt=0

f=True

# 1{uki B 1iukIie, 00y4YeHHe CETH

while True:

cnt+=1

# OOydeHue ceTu

for args in ddata:

nt.train(*args)

# IlpoBepka ceTu Ha JOCTOBEPHOCTH 00yueHus. Eciu ceTh Ha Bce



# oOydJaroniye MpuMepbl BbIIACT MPaBUIIbHBIN OTBET - CETh 00y4eHa
f=True

for args in ddata:

r = nt.result(*args[0:5])

if r 1=args[5]:

f = False

# BBIXOI[ N3 IIUKJIa, €CJIU CE€Th Jajia BO BCEX 06yqa}01unx ImpuMepax
# NpaBUJIbHBINA OTBET

if f:

break

return cnt

# Tectupyer ceTb

def result(data: list, nt: MathModelNetwork):
name =0

args =[]

for s in data:

if s.strip() == "

continue

if name == 0:

name =1

print(s)

continue

if s.upper().find("TIPUCYTCTBYET") I=-1:
args.append(1)

else:

args.append(0)

print(s)

if len(args) == 5:

if nt.result(*args):

print("YcmemieH B MpOSKTHOM AEATSIIBHOCTH')
else:

print('He ycremmeH B MpoeKTHOW ACSITEILHOCTH')
print()

name =0

args.clear()

# JlaHHbIE 1711 TECTUPOBAHUS

data =]

# llosryyeHue qaHHbBIX 1J11 TECTUPOBAHUS
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while True:

print('Beioepute nevictaue:')

print('3arpy3uth nanubie - 1.")

print('BeiBecTu 3arpyKeHHbIC JaHHBIC - 2.")

print('O0yuenue cetu - 3.")

print('TectupoBanue cetu - 4.")

print('BeiBectu BecoBbie KOAPGUIUCHTHI U CMEIICHUS HEHPOHOB - 5.")
print('3amucarh BecoBbie KOAD(UIMEHTHI U CMEIICHUS HEHPOHOB B (haiis
«coefficients.txt» - 6.")

print('O6HyIUTH ceTh - 7.")

print('Beriiti 3 mporpammel - 0.")

answer = input()

# BbIX0J U3 IporpamMMBbl
if answer.strip() =="'0"
break;

# 3arpy3ka JaHHBIX

elif answer.strip() =="1"

data = loaddata(‘database.txt’)

if len(data) == 0:

print('He ynanoce 3arpy3uth TeCTOBBIC JaHHBIC U3 (aiina database.txt')

else:

print('lanHble 11 TECTUPOBAHMSI YCICIIHO 3arpykeHbl U3 (aiina database.txt')
data = [ _.strip(\n") for _ in data]

print()

# BBIBOJI 3arpy>KEHHBIX JJAHHBIX
elif answer.strip() =="'2"

if len(data) == 0:

print('lanHble HE 3arpy>KeHbI.')
else:

for s in data:

print(s)

print()

# OOyueHue cetu

elif answer.strip() =='3"

print('Ckopoctb 00yuenus cetu = 1.")

tdata = loaddata('training.txt")

if len(tdata) == 0:

print('He ymanock 3arpy3uth oOyuaroriye mpuMepbl u3 daiia training.txt')
else:

print('lanusle a1 00ydYeHHs YCIICITHO 3arpy KeHbl U3 daiiia training.txt')
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tdata = [_.strip(\n ") for _ in tdata]
cnt = train(tdata, nt)
print('Cets o0yuena.\nYuc:o smox odyuenus: ' + str(cnt) + ")

print()

# TecTupoBaHHE CETU

elif answer.strip() =='4"

if len(data) == 0:
print('lanHble He 3arpy’KeHBI. ')
else:

result(data, nt)

print()

# BriBecTu BecoBblie KOG DHUITUESHTHI
elif answer.strip() =='5"
print('BecoBbie k03¢ dUIMEHTHI HelipoHa: ')
print("wl =" + str(nt.wl) + ")
print("w2 =" + str(nt.w2) + ")
print("w3 =" + str(nt.w3) + ")
print("w4 =" + str(nt.w4) + ")
print("w5 =" + str(nt.w5) +".")
print('Cmerenue Hevipona: ')
print("bl =" + str(nt.b1) + ")

print()

# BriBecTu BecoBbie K03 PUITUEHTHI B (paitn

elif answer.strip() =='6".

if savedata('coefficients.txt'):

print('KoaddunmenTs! ycnemHo coxpanens B (aiin coefficients.txt.")
else:

print('He ynanock coxpanuth koadduiments B (paiin coefficients.txt.")

print()

# OOHYNIHUTH CETh

elif answer.strip() =="'7".
nt.reset()

print('Cerp oOHyeHa.")

print()
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2.2 IIporpaMMHBIiIl KOMILJIEKC, PeaJU3yIIHi NIPOrHO3UPOBAHNE Pe3yJIbTATOB
NPOEKTHOM 1eATeIbHOCTH HA OCHOBE HEHPOCEeTeBbIX TEXHOJIOI M
Ha nannpiif MOMEHT mporpamMma mnpejcrapiieHa B Python daiine «Main.py»,
B KOTOPOM MPUCYTCTBYET HMHTEPAKTUBHOE MEHIO, PEaTM30BAHHOE MPHU TMOMOIIU
KOHCOJIM. MOXHO 3arpy’kaTh UCXOHbIC JaHHBIC U3 0a3bl JaHHBIX, POCMATPUBATH
UX, TPOCMaTpUBaTh HCHOJIb3yeMble KOI(PPHUIMEHTH ceTH, 00ydaTh CETh MHOTO
pa3, oOpabaTbiBaTh UCXOAHBIC JAHHBIC, BBIBOAUTH HCIOJIb3yeMble KOA((UIIUEHTHI

B (paitn «coefficients.txty.

Run: - Main

3uipAHoea CeeTnaHa

L CaMoCTOATENBHOCTE - OTCYTCTBYeT
= = [o3HaBaTenbHuli MHTepec - oTcyTcTeyeT
s YyebBHule QOCTHMMEHMA Ha “XOPOWS W OTNMYHO® - MPUCYTCTEYET
2 - WHTepec Kk McCnefoBaTeNbCKOW [AeATENbHOCTH - NPUCYTCTBYeT
& OpraHuz0BaHHOCTE - OTCYTCTBYeT

YcneweH B I'IpOeKTHOF\ OeATeNbHOCTH

o Anena

CaMoCTOATENEHOCTE - NPUCYTCTBYET

MNozHaBaTenbHLl MHTEpEC - OTCYTCTBYET

YyebHble OOCTUXEHMA Ha UXOPOWO U OTAMHMHO® - OTCYTCTBYET
WHTepec K WMCCNenoBaTeNbCKOW AeATENEHOCTH - MPUCYTCTBYET
OpraHu=20BaHHOCTE - MPUCYTCTBYET

He ycneweH B I'IpOeKTHOF\ AeATEeNLHOCTH

BuibepuTe gedcTBMe:

3arpy=uth OaHHee - 1.

BriEeCTH 3arpyxeHHble OaHHbie - 2.

06y4eHue ceTn - 3.

TecTupoBaHue cetn - 4.

BoiBecTH BecoBble KO3GPUUMEHTH M CMelWleHMA HeilpoHoB - 5.

3anucaTe BecoBse KO3PPMUMEHTH M cMeweHWA HelponoB B $aln wcoefficients.txt» - 6.
Q6HynuTE ceTe - 7.

BuiiTu w2 nporpamms - ©.
Cxpurwom 1. Ilpumep 6vi600a
VcxonHble qaHHbIC 111 00pabOTKM CEThIO HaXxoasTes B daitne database.txt.
IIpu ux nobaBneHMH HEOOXOAUMMO MpUACpPKUBATHCS OodopmieHus daitia.
3anucate ®UO yuenuka, 3areM S5 MOObIX KauecTB B cToiOuk. Ecim kauecTBo
IPUCYTCTBYET HEOOXOAMMO HAamWcaTh pSAAOM ¢ HUM cioBo — «lIpucyrcTByeT».
Ecnu cioBa Het, moapa3yMeBaeTcs, YTO KaueCTBO OTCYTCTBYET. Peructp maHHBIX
HE Ba)KEH.
[Mpunumaem, uro bl=- © , Torna ¢pyHKIMS aKTUBAIIUK HEHPOHA:

(X1*wW1+x2*W2+x3*W3+x4*w4+x5*w5+b1)>=0 — 1 unaue 0.
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@aiin training.txt comepxut oOydaromuye MpUMEPBI, B TOM ke (opmare,
qT0 U Qaitn database.txt.

JInst Hayasia paboThl IPOrpaMMbl HEOOXOIMMO ClIEaTh 2 I1ara:

—  3arpy3uTh JaHHbBIE Uil 00paboTku u3 (aitma 6a3er ganHbIX. [lox
Ha3BanueM database.txt. OH Bcerga DOKEH HAXOIUTHLCS B TOHM JK€ MAIlKe, YTO U
cama nmporpamma;

—  0o0yuuTh HEHpOHHYIO ceTh u3 (ailla o00yJarommx MOpUMEPOB
training.txt. B ¢aiine 7 npumepoB. PexomeHayeTcs caenath 7 MUKIOB OO0YYCHHS
CeTH.

B mporpamme nannble [UIsi 0OydeHust xpaHsarcs B ¢aiure training.txt.
JlaHHBIC /IS TECTHPOBAHUS pabOTHI ceTH XpaHsaTcs B Qaiine database.txt. lannbie
¢aiinel XpaHATCS B JUPEKTOPUU C TMPOTPaMMONW M COOTBETCTBEHHO YHUTAIOTCSA
ABTOMATHUYECKH, UX MOKHO U3MEHSTh aBTOMAaTHYECKH.

3aHYCKaeM IIporpamMmy, y HaC MOABJEICTCA JaHHOC JHAJIOI'OBOC OKHO.

& C\Users\User\Desktop\dist\Main.exe
Bl i

ALMEHTHE M 0
HMEHTHl ¥ 3 OHO n wcoefficients

Cxkpunwom 2. Ilpumep pabomwi ¢ npocpammou
Brogum nudpy 1 m Haxxumaem KHomky Enter — 3arpyxkaeM HCXOmHBIC
JaHHble B mporpammy. Jlajee MoXeM MOCMOTPETh 3arpyEHHbIE HCXOIHBIC

JTaHHBIE — BBOIUM LU(py 2.
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& C\Users\User\Desktop\dist\Main.exe

JMUHMEHTHl M
ALUMEHTH M

NBHOCTE
eNbHBIH HHTepec
THXEHHMA H

uT e - 7.
BLIATM W2 mMporpammel - 8.

Cxkpunwiom 3. 3aepyoicennvie OaHHble
Jlanee, Halo 00y4YUTh HEUPOHHYIO CETh MPUHUMATH PEIICHUE: MPOYUTAThH
KauecTBa y oOydaromierocs (B HalleM ciiydae Mbl ONPENeTuiIn 5) — HaKUMaem 3.

Ha Bonpoc ckoJbKO 310X 00y4eHHs! IPOBECTH, BBOJUM 7 O0YYaIOIINX TPUMEPOB.

JMUHMEHTHl M
ALUMEHTH M

Cxpunwom 4. Obyuerue HelUpOHHHOU cemu

[IporecTupyem cetb Ha 2 TecTOBbIX npumepax. Haxumaem 4 —

BBIIIOJIHACTCA TECCTUPOBAHUC CCTH.
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& C\Users\User\Desktop\dist\Main.exe

MLMEHTH M ]
LUMEHTH M EHMA HeH 2 efficient

Ckpunuwiom 5. Bvieoo pezynomam ycnewnocmu/neycnewnocmu 006y4aowe2ocs 6
NPOEKMHOU OesimeabHOCmU
B mporpamme MOXHO NpocMOTpeTh KO3(p(ULHEHThl OOYYEHHOH CETH,
HaxaB 5. [lanee HeoOXOaUMO BBITPY3UTh KO3 (ULMEHTH B (aiin, HaxaB 6 u

3aBepIIUTh paboTy ¢ nmporpammoit Haxkas 0.(cMm. [Ipunoxenue 1)

“ coefficients.txt — BrokHoT

®aiin  Mpaeka ®opmar Bug  Cnpaeka
becoshle KO3PPULMEHTH HelipoHa:
wl = 8.

w2
w3
wd
ws = -2.
Cmewenune Heipowa:
bl = -2.

3.
2.
3.

Crpoka 1, cronBey, 1 100%  Windows (CRLF) UTF-8

Cxpunwom 6. Codeparcumoe ¢haiina coefficients.txt

38



2.3 PexoMeHAal UM ISl yYUTEICH M0 MCII0JIb30BAHUIO HHTEJLICKTYAJIbHOM
CHCTEeMBbI IPOTHO3MPOBAHMS Pe3yJIbTATOB MPOCKTHOM 1eITeJIbHOCTH
IIKOJbHUKOB

Jlnis moy4eHusi BXOAHBIX JAHHBIX OBbUIO MPOBEICHO aHKETUPOBAHHUE (CM.
[Tpunoxenue 2,3,4) cpeau oOydaroIIMXCsA W TMOJy4eHO 9 HAOOpOB OTBETOB.
JlaHHBIE, TMOJYyYEHHBIE B pE3YyJIbTATE AHKETUPOBAHUSA SBIIOTCA OCHOBOW JIA
oOydeHust HelpoHHOH ceTu. [ToCKoIbKy 00ydeHHE OCYIIECTBISICTCS UTEPAIIMOHHO,
HE00XOMMO MOCTOSIHHOE HCIOJIb30BAHUE ATUX JTAHHBIX.

Anpobarnusi mporpaMMHOTI0 KOMIUIEKca mpoxojauia Ha 6aze MBOY COLI
81. AHKeTHpOBaHHUE MPEITIOKEHO 9 OOydarouMMcs, KOTOpPbI€ pean30BhIBATIN
CBOM MPOEKTHI B MpEIbIIYIIHE Tojia, Ojarojgapsi 4eMy Mbl BUIUM pPE3yJIbTaThI,
npejcTaBiieHHbIe B Tabnuie.(cM. [Ipunoxenue 5)

AHanM3upysi pe3yJabTaTbl AHKETUPOBAHMS KAYECTBO «CAMOCTOSATEIbHOCTHY
IPUCYTCTBYET TOJIBKO Y 33% oOyuarouuxcs, 00bsICHIETCS TEM, YTO OOJIBLIIUHCTBO
OOy4YaroIMXCs HE MOTYT BBINOJHATh MPOEKTHYIO JAESITENBHOCTh 0€3 MOMOIIH
yuutensa. CamocrosiTenbHasi paboTa SIBISETCS OJIHUM W3 BOXKHEUMIIIHUX 3JIEMEHTOB
MO3HABATEJIbHOM JIEATEIbHOCTH YYaILlUXCS; CTHUMYJIUPYET pabOTOCIOCOOHOCTD,
MOBBIIIAET TPOYHOCTh 3HAHUM.

Pe3ynbTaThl  aHKETHpOBaHUSI  HAa  OMNPEACICHUE  HHTEHCUBHOCTHU
MO3HABATEJIbHOIO  MHTEpeca TMOKa3blBalOT, uTto y 33%  oOywaromuxcs
MHTEHCUBHOCTh TO3HABATEJILHOTO MHTEPECA BbIpaykeHa c/1ab0 Ha HU3KOM YpOBHE.
DTO CBSI3aHO € TEM, 4YTO B Kjacce OOy4YarOTCs JETH C pa3HbIM YPOBHEM
CIIOCOOHOCTEM, Yy OAHUX MpOsBIsAE€TCA OOJbllas CTENEHb 3aMHTEPECOBAHHOCTH,
CaMOCTOSITEIbHOCTH B NPHUHSTUU 33/1a4d W IOMCKE CIoco0a €€ BBINOJHEHUs, a
JIpYrue HE TMPOSBISIOT HWHUIMATUBHOCTH CaMOCTOSITEIBHOCTH B IIpoliecce
BBITOJIHECHUS 3aIaHUM.

VY4eOHBIE TOCTHKEHHMSI OBLIM  BBISBICHB W3 KJIACCHBIX KYPHAJIOB
oOyuyaromuxcsi, 67% yYEHHUKOB ydaTrcsi Ha «XOpPOIIO U OTIUYHO», 4UTO

COOTBCTCTBYCT BLICOKOMY YPOBHIO YCIICBACMOCTHU.
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Crout 00paTuTh BHUMAaHUE HA TOT ()AaKT, YTO OTBEYAs] HA BOIPOCHI AHKETHI
K MHTEPECY UCCIEA0BATENBCKON NESTENBHOCTH, PE3YJIbTAThl MIOKA3aIu, YTO BCErO
67% o0yyaroluxcsi MOJ0ATY 3aHUMAIOTCS KaKOW-HHOYAb YMCTBEHHOW pabOTOM,
KOTOpBIE 3aWHTEPECOBaHbl B TOM, YTOOBI IMOCTHYb YTO-TO HOBOE, a Ipyrue
oOy4aronirecs: He XOTAT 3aHUMAThCS TAHHOM JESITEIbHOCTHIO.

BonpmmHCTBO O00ywaromuxcsi, a UMEHHO 78% YMEIOT OpPraHHU30BBIBATH
CBOIO JIeSITeNbHOCTh.(cM. [Tpunoxenue 6)

ITo pe3ynpTaTaM 3alIUMThl UCCIEAOBATEIBCKUX MPOEKTOB B MPOILUIOM TOAY
U3BECTHBI PE3yJbTaThl YCIENTHOCTH/HEYCIEITHOCTH B MPOEKTHOMN AESITeIhbHOCTH,
T.€¢ 00y4aroluecs, KOTOpbIE YCIEIIHbI B POEKTHOM IE€ATEIbHOCTH, KaK MOKa3aln
pe3yJbTaThl, 3aHUMAIM TPU30BBIE MECTA HA TOPOJCKOM YPOBHE 3alIUTHI
UCCJIEI0OBATENBCKUX MPOEKTOB, JaXe, €CId y 00y4arolerocs BBISIBICHbI HE BCE
KAueCcTBa, MPUCYIIUME K IMOJOXKUTEIBHOMY PE3yIbTaThl B 3aIIUTE IPOCKTOB.
OOyuaromuecs, KOTOpble HE YCIELIHbI, PEain30BaJ CBOM IPOEKTHl TOJIBKO Ha
IIKOJIbHOM YPOBHE, U 110 OTBETaM aHKETUPOBAHMS Y 3THX O0Yy4YaIOIIUXCs KauecTBa
1100 COBCEM HE MPOSIBISIIOTCS, IMOO MPOSBISIOTCSA YACTUYHO.

Tect «Onpenenenrie MHTECHCUBHOCTH MMO3HABATEIBHON MOTPEOHOCTH

(mo B.C. FOpkeBuu)

Lenb: onpeneneHre 4yBCTBUTEIbHOCTH K HOBU3HE U JIFOO03HATEIBHOCTH Y

00yyJaroImuxcs.

WNucrpyxknus: Pebsra, nepen Bamu nexart 6anku ais otBetoB. Celuac s

MpPOYUTAI0 TATH BONPOCOB, a Bamia 3amaya BeIOpaTh Ty OyKBY OTBETa,
KOTOPBIi

Bawm Onmxke.

1.Kak yacTo BbI, HE OTpBIBasCh (Yac — MOJTOpA), 3aHUMAETECh KaKOM-
HUOY b

YMCTBEHHOU pabOTON?

a) 4acTo;

0) nHOT 1A,

B) OYEHB PEJIKO.
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2. Uto BBI IpEANOYNTAETE, KOT/Ia BaM 3aJ]aH TPYIHBIA BOIIPOC «HA

CO00Pa3UTENBHOCTEY?

a) MOMY4aroCh, HO CaM HaJly OTBET;

0) Kor/1a KaK;

B) MOMPOIIY MOJICKa3aTh MHE B3POCIBIX

3.MHoOro 71 Bbl UUTAETE AOMOJTHUTEIILHON JIUTEPATYPhI?

a) IOCTOSIHHO MHOTO;

0) UHOT1a MHOTO, MHOTJ]Ja HUYETO HE YUTAalO;

B) MaJjIoO WJIM COBCEM HUYETO HE YNTAIO.

4. HacKoJIbKO AMOIMOHAJIBHO KaXKIbId U3 BAC OTHOCHUTCS K MHTEPECHOMY
JUTSL Bac

3aHSTHIO, CBA3aHHOMY C YMCTBEHHOU pabOTOM?

a) OYEHb IMOIIMOHAJIHHO;

0) KoT/1a KaK;

B) DMOIIMH SIPKO HE BHIPAKCHBI.

5.YacTo 5111 BBI 334a€TE BOIIPOCHI?

A) gacro;

0) HE OUeHb

B) OUEHb PEKO.

O6paboTka gaHHBIX. 3a KaKIbIA OTBET «a» - 5 0amioB, «0» - 3 Oaa, «B» -

1 6amn. THTeHCMBHOCTH TTO3HABATEILHON IMTOTPEOHOCTH OIpEeIesSeTC s

MOJTy4eHHOW cyMMOit 6amnoB: 17 — 25 — Beicokuii ypoBeHb, 0 — 16 — HU3KHiA

YPOBEHB

41



«Moe OTHOIIIEHHE K NCCIIEIOBATEIbCKON NI TCILHOCTHY
(}O.A. Kazumuposa — moguduirpoBaHHasi)

l. «H/cnpIThiBaclib JIM Thl JKEJTAHUE 3aHUMATHCS HCCIIEIOBATEIIbCKON
JEATEeIIbHOCTBIO?)

a) Jla, UCIIBITHIBAIO;

0) oueHb XOTeJ OBbI;

B) HUKOT/Ia HE TyMas 00 3TOM;

I') HET, MEHS 3TO a0COIIOTHO HE UHTEPECYET

2. «Kakue BonpocChl Thl Yallle BCEro JIFOOUILb 3a/1aBaTh?»

a) THTEPECHO, KaK 3TO clenanu’?

0) moyemy Tak MPOUCXOIUT?

B) KaK OH (OHO, OHa) BO3HHK?

I) s He JII0OJII0 3a71aBaTh BOIIPOCHI

3. «Kakoe yyactue Thl IPUHUMACIIb B SKCIEPUMEHTAIBHOW AECSATEIbHOCTU
BHE YPOKOB?»

a) s 0010 MOCeIaTh KPYKOK XyA0KECTBEHHOIO TBOPUYECTBA, TaM MHE

HPaBUTCS CMEIIMBATh KPACKU U 3KCIIEPUMEHTUPOBATDH C Pa3HBIMU

MaTepuaiaMu;

0) MHE HPaBUTCA 3aHUMATHCS KOHCTPYUPOBAHUEM;

B) 51 XOKYy Ha CEKLUIO «S1 U MpUpoaa», TaM MOXKHO YTO-HUOYAb pACCMOTPETh

B MUKPOCKOIT;

I') 1 HE IPUHUMAIO YYacTHUs B 3TOU J€ATEIbHOCTH

4. «Xoten ObI Tbl, 4YTOOBI B3pOCHBIE MOIACPKUBAIM TBOE >KEIIAHUE
3aHUMATbHCSI

HCCIIEIOBATENIBCKOM AEATEIBHOCTHIO?)

a) 1a, TOTOMY 4TO 3TO OYE€Hb MHTEPECHO;

0) 1a, MOTOMY YTO s XO4Yy y3HaBaTh MHOTO HOBOT'0, XOUYy OOJIbIIIE 3HATD;

B) /14, MOTOMY YTO MHE 3TO NMPUTOJUTHCA B CTAPIINX KIJIACCAX;

I') MHE 3TO HE HY’KHO, HE X0Uy

Kpurepun oueHnBanums:
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1 Bompoc (1,2 — 2 6amnna, 3 — 1 6amr, 4- 0 6anI0B);
2 Bompoc (1,2,3 -2 6anna, 4 — 0 6annoB);

3 Bompoc (1,2,3 - 2 6amna, 4 — 0 6amioB);

4 Bompoc (1,2,3 — 2 6anna, 4 — 0 6ayI0B).

Ot 0 na 4 Gamia — HU3KUI YPOBEHb

Ot 5 10 8 6aIIOB — BHICOKUN YPOBEHD
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Pe3ynbrarhl aHKeTHPOBaHUS 00YYAIONINXCS, YYACTBOBABIIUX B MPOEKTHON

JACATCIBbHOCTHU
I bl =
o
= S 5 x £ £
2 = <) > 5 > o
Q = = >) X (]
e 0 S H 2 e O M =
A jas) T = =R = e =
5 =2 o 0o = = (S =
L = = & O g B o =
= o SRl vws 2 g S H
2 2 3 Z28| 8¢Sk 2 CERE
o s 8 TS5 af 5 = 25z 5
- S 5 2 858 5 & = AR
< S = T e % E O O o O O WO
o O = E ~ R Y| S EH o AR E D
Cysopos Uinbs | + + + + + YCIICLICH
bypnakosa - + + + + yCHeLIeH
Hapbs
AJ‘IGKC&HL{pOBa - - + + + yCHeLIeH
Anena
Crne3knHa - - + - + HE
Haranbs YCIIEIIEH
IlIeBenena - - - - - HE
Kpucrtuna yCIICLLIEH
PemernukoBa | - - - - - HE
Amnacracus YCIICLICH
ITorepsieBa + + + + + yCIICILLIEH
AHrenuHa
3bIpsiHOBA - - + + - yCIEIIEH
Caetiiana
IMunr + - - + + HE
AneHa yCIICILIEH

44




CamocCcToATeNnbHOCTb

H BbICOKUI
YPOBEHb

I'pagux 1. Ilpoyenmuoe pacnpedenernue yposHs camMoCmoamenbHOCmMu y

00yuaowuxcs

Mo3HaBaTenbHbIN UHTEpEC

M BbICOKUI YPOBEHDb

I HU3KMIA YpOBEHD

I'pagux 2. Ilpoyenmrnoe pacnpeoenenue yposHs NO3HABAMENbHO20 UHMEpPeca )

ooyuarowuxcs
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YyebHble fOCTUXKEHMA HA "XOpPOLUO U
OTANYHO"

I'pagux 3. Ilpoyenmuoe pacnpedenenue yuebHbIX 00CMUNCEHUL V 00YYAIOWUXCS

UHTepec K uccnepoBatesibCKOM
AEATe/IbHOCTH

H BbICOKMI ypOBEHb

I HU3KUI YPOBEHb

I'pagux 4. Ilpoyenmmnoe pacnpedenenue unmepeca K ucCCiedo8amenbCKoll

0esimenbHOCMU Y 00VYaAoUWUXCSL
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OpraHn3oBaHHOCTb

H BbICOKMI ypOBEHb

I HWU3KMUI YPOBEHDb

I'pagux 5. Ilpoyenmuoe pacnpedenernue yposHs OpeaHu308aHHOCMU Y

ooyuarowuxcs
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SAKJIFOYEHHUE

HeilipoundopmalinoHHbple  TEXHOJOTHM  OTKPBUIM ~ HMHOM  MOAXOA K
METOIOJIOTUH ITOCTPOEHUS KOMIIBIOTEPHBIX MAaTEMAaTUUECKUX Mozenel. Tenepp, He
3aJlyMBIBasiCb O 3aKOHaX (PU3UKH, XUMUHU, OUOJOTHUH, MEIUIIMHBI, COLMAIBHOTO
pPa3BUTHA U T.J., OCHOBBIBAsCh HA CAMOM 3MIIMPUYECKOM OIBITE, IPEACTABICHHOM
Ha OCHOBE Y4YEOHBIX MTPUMEPOB, MOKHO CTPOUTH KOMITBIOTEPHBIC MAaTEMaTHYECKUE
MOJIeNId, KOTOpble OyIyT HE3aBUCUMO HM30JIMPOBATH ATU 3aKOHBI M TMO3BOJIAT HUX
3¢ (HEKTUBHO HUCIHOIB30BaTh. PEIICHHE MIMPOKOTO Kpyra MNpPaKTHUYECKUX 3ajad.
[TosiBMJICS HOBBIM MHCTPYMEHT H3BIICUCHMSI 3HAHWM W3 JAHHBIX, MO3BOJISIOLIUN
3aHOBO OTKpbIBaTh (hyHAAMEHTAJbHbIE 3aKOHbl MPUPOJBI, BBIABISATH paHEe
HEHU3BECTHBIE 3aBUCHMOCTH W UCIIOJNB30BATh HX JUIA PEUIEHUS KOHKPETHBIX
IpaKTHUeCKUX 3aaad. HelipoHHble ceTu cTaiau oAHUM U3 Hanbosee 3PPEeKTUBHBIX
WHCTPYMEHTOB HHTEJUICKTYAJIbHOTO aHAJIN3a TAHHBIX.

B pabore paccMOTpeH M MpOBEIEH aHalu3 JUTEPaTyphl HEHPOCETEBBIX
TEXHOJIOTUA M UX HCIIOIb30BAaHUS IPH PELICHUH MENarorMyecKux 3aad, ONHUCaH
METOJa IIPOEKTOB, €r0 POJb, 3HAYEHUE W IPAKTHKA HCIOJIB30BAHUS B IIPOLECCE
oOyuyeHusi, pacCMOTPEHbl MAKETbl MPUKIAAHBIX MPOTPaMM HW/WUIU  SI3bIKOB
IIPOTPaMMUPOBAHUS, HAIIPABJICHHBIX HA PEAU3aIUI0 HEUPOCETEBBIX TEXHOIOTUN.

HeiipoceTeBble TexHONMOTUU SBIAIOTCA d()PEKTUBHBIM CPEACTBOM aHaJIM3a
JMaHHBIX. [ OCTpOoeHUsT HEMPOCETEBOM MaTeMaTHYeCKOW MOJAEIn HEeO0OXO0IUMO
ONPENEIUTHCS C BXOJAHBIMU U BBIXOJHBIMUA BEKTOPAMHU.

B nanHolt paboTe UWHTEIEKTyallbHas CHCTEMa CO3/1aBajlaCh METOJIOM
HEUPOHHBIX CETeW, T.K. OJHUM M3 €€ TJAaBHBIX IMPEUMYLIECTB SBISIETCS
CPaBHUTEIIBHO HM3Kas TPYAOEMKOCTh CO3JaHUs IPHU BBICOKMX IOKA3aTeIsAX
IIPOTHO3UPOBAHUS M TeCTHUpOBaHUA. IIporpaMMHBIN KOMIUIEKC, peanusyer
MIPOTHO3UPOBAHUE  PE3YJIBTATOB  IPOEKTHOM  NESITENBHOCTH HA  OCHOBE
HEUPOCETEBBIX TEXHOJOTUN. B TO BpeMs Kak g CO3JaHMSI SKCIEPTHOU CUCTEMBI
TpeOytoTCsT TOABl  pabOThl  KOJUIGKTHBA  y3KONMPO(PUIBHBIX  CHCIHAIUCTOB,
sbdexTuBHAasS HEWpPOHHAas CETh MOXET ObITh CreHepupoBaHa M O0yyeHa C

HCCKOJIbBKHUX IIOIBITOK ITOJB30BaATCIICM HeﬁponaKeTa. Taxxke k NpeUMyicCTBY
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MOXHO OTHECTH BO3MO>KHOCTh BBISIBIEHUSI HOBBIX, €Ill€ HEU3BECTHBIX JKCIEpPTaM
3HAHUU U 3aBUCUMOCTEM.

Hcnonb3oBanne HEUPOHHBIX ceTell MO3BOJISIET 3(PGEKTUBHO MPOBOAUTH
MHTEJJIEKTYaJIbHbI aHAJIU3 JAHHBIX U BBISIBISATH 3aKOHOMEPHOCTH.

Pa3pabortanHasi mporpamMma, Mpu TECTUPOBAHUU TOKa3aja JTOCTOBEPHOCTD
poruo30B 100%, 4yTo ABIAETCS XOPOIIMM PE3YIbTATOM.

Takum 00pa3oM, TOCTABJICHHBIC 3aJ]a4M PEIICHBI, EJIh TUTIJIOMHON paOOThI
JIOCTUTHYTA: pa3paboTraH IPOrpPaMMHBIN KOMILJIEKC, pean3yIoIHi
WHTEJJICKTYalIbHYI0 ~ CHCTEMY  IPOTHO3UPOBAHUSI  PE3YJIbTATOB  IMPOEKTHOMU
JEATEIIbHOCTH IIKOJIbBHUKOB Ha OCHOBE MX JTMYHOCTHBIX XapaKTEPUCTUK U YUEOHBIX

JTOCTVKECHHUMN.
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